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Appendix A - Water Quality Standards Regulation 

Water Quality Standards Regulation 

(40 CFR 131; 48 FR 51405, Nov. 8, 1983; Revised through July 1, 1991; amended at 
56 FR 64893, Dec. 12, 1991; 57 FR 60910, Dec. 22, 1992) 

TITLE 40-PROTECTION 
OF ENVIRONMENT 

CHAPTER 1-ENVIRONMENTAL 
PROTECTION AGENCY 

SUBCHAPTER D-WATER 
PROGRAMS 

PART 131-WATER QUALITY 
STANDARDS 

Authority: 33 U.S.C [25] et seq. 

[Amended at 56 FR 64893. Dec. 12, 
1991; 57 FR 60910, Dec. 22, 1992] 

Subpart A -General Provisions 
see 
131.1 Scope 
131.2 Purpose 
131.3 Definitions 

131.4 State Authority 
131.5 EPA Authority 
131.6 Minimum requirements for water 

quality standards submission. 
131.7 Dispute resolution mechanism. 
131.8 Requirements for Indian Tribes to be 

treated as States for purposes of 
water quality standards. 

Subpart D- Federally Promulgated Water Quali- trial. and other purposes including naviga- 
ty Standards. tion. 

131.31 Arizona. 
131.33 - 131.34 [Reserved] 

Such standards serve the dual purposes of 

131.35 Colville Confederated Tribes Indian 
establishing the water quality goals for a 

131.36 Toxics criteria for States 
Reservation specific water body and serve as the regu- 

Subpart A - General Provisions 

latory basis for the establishment of wa- not complying with CWAs 303(c)(2)(B) 
ter-quality-based treatment controls and 

§131.1 scope. 

Thus part describes the requirements 
and procedures for developing, reviewing, 
revising and approving water quality stan- 
dards by the States as authorized by sec- 
tion 303(c) of the Clean Water Act The 
reporting or recordkeeping (information) 
provisions in this rule were approved by 
the Office of Management and Budget un- 
der 3504(b) of the Paperwork Reduction 
Act of 1980, U.S.C. 3501 et seq. (Approv- 
al number 2040-0049). 

strategies beyond the technology-based 
levels of treatment required by sections 
301(b) and 306 of the Act. 

§131.2 Purpose 

Subpart B - Establishment of Water Quality 
Standards 

131.10 Designation of uses. 
131.11 Criteria 
131.12 Antidegradation policy 
131.13 General policies 

Subpart C - Procedures for Review and Revision 
of Water Quality Standards 

131.20 State review and revision of water 
quality standards. 

131.21 EPA review and approval of water 
quality standards. 

131.22 EPA promulgation of water quality 
standards. 

A water quality standard defines the 
water quality goals of a water body, or 
portion thereof, by designating the use or 
uses to be made of the water and by set- 
ting criteria necessary to protect the uses. 
States adopt water quality standards to 
protect public health or welfare, enhance 
the quality of water and serve the pur- 
poses of the Clean Water Act (the Act) 
“Serve the purposes of the Act” (as de- 
fined in sections 101(a)(2) and 303(c) of 
the Act) means that water quality stan- 
dards should, wherever attainable. pro 
vide water quality for the protection and 
propagation of fish. shellfish and wildlife 
and for recreation in and on the water and 
take into consideration their use and value 
of public water supplies, propagation of 
fish, shellfish, and wildlife, recreation in 
and on the water, and agricultural, indus- 

§131.3 Definitions. 

(a) The Act means the Clean Water 
Act (Pub. L 92-500, as amended. (33 
U.S.C. 1251 et seq.)) 

(b) Criteria are elements of State water 
quality standards, expressed as constitu- 
ent concentrations. levels. or narrative 
statements. representing a quality of wa- 
ter that supports a particular use. When 
criteria arc met, water quality will gener- 
ally protect the designated use. 

(c) Section 304(a) criteria are devel- 
oped by EPA under authority of section 
304(a) of the Act based on the latest sci- 
entific information on the relationship 
that the effect of a constituent concentra- 
tion has on particular aquatic species 
and/or human health. This information is 
issued periodically to the States as guid- 
ance for use in developing criteria. 

(d) Toxic pollutants are those pollu- 
tants listed by the Administrator under 
section 307(a) of the Act. 

(c) Existing uses are those uses actual- 
ly attained in the water body on or after 
November 28, 1975, whether or not they 
are included in the water quality stan- 
dards. 

(f) Designated uses arc those uses spec- 
ified in water quality standards for each 

(9/14/93) 



IOl(g) and 518(a) of the Clean Water 
A~I. uatcr qualIly standards shall not bc 
construed to supcrscdcr or abrogate rights 
to quantities of water 

(b) States (as defined In 5131 3) may 
ISSUC ccrlifications pursuant IO the rc- 
qulrcmcnts of Clean Water Act section 
40 I. Revisions adopted by States shall be 
applicable for use in issuIng State ccrtih- 
cations consistent with the provisbons of 
$131.21(c). 

(c) Where EPA determines that a 
Trlbc qualifies for treatment as a State 
fur purposes of uarcr quality standards. 
rhc Trlbc Ilkcwlsc ~UJII~IC~ fur treatmen 
d\ .I Sl.iic for purpox~ d ccrlificalions 
cunductcd under Clcun U’atcr A~I scc(lon 
401 

($131 4 rcblscd at 56 FR 64893. kc I?. 
;99t1 

$131.5 EPA authority. 

]§I 31.5 former paragraphs (a)-(c) rc- 
designated as new (a) and (a)(l)-(a)(5) 
at 56 FK b4893, I>cc 12, IVY t] 

(a) Lndcr scci~on 303(c) or the Act, 
L:PA IS to rcvicu and to approve or disap 
prove State-adopted water qualIt stan- 
ddrds. The rcvicw involves a dctcrmtna- 
lwn of: 

(I) Whether the Stale has adopted wa- 
tcr uses which arc conslstcnt with the rc- 
quircmcnts of the Clean Water Act; 

(2) Whether the state has adopted cri- 
tcria that protect the designated water 
uses; 

(3) Whether the State has followed its 
legal proccdurcs for revising or adopting 
\randards; 

(4) Whether the State standards which 
do not include the uses specified in section 
lOI(a)(?) of the Act arc based upon ap- 
propriate tcchmcal and vxntific data and 
dnalyscs. and 

(5) Whcthcr the SI~IC submission 
mcc~s the rcquircmcnts lncludcd In 
51 31 6 of this part If EPA dctcrmlncs 
that State water qua111y standards arc 
c‘onslstcnt with the factors listed in 
paragraphs (a) through (c) of this section, 
EPA approves the standards EPA must 
dlsapprovc the State water quality stan- 
dards under scctlon 303(c)(4) of the Act, 
If S~atc adopted standards arc not consis- 
tent with the factors Ilstcd In paragraphs 
Ia) through (c) of this section EPA may 
also promulgate a new or revised standard 
u hcrc ncccssary to meet the rcquircmcnts 
uf the Acr 

(b) Scctlon 401 of the Clean Water Act 
authorlxs EPA 10 ISNC ccrtlficatlons pur- 
suant IO the rcquircmcnts of scctlon 401 
In an) case whcrc a State or Interstate 
agency has no authority for IssuIng such 
ccrtihcations 

[§I31 S(b) added at 56 FK 64893. DCC 
12. 19911 

5131.6 Minimum rquircmcnts for waler 
quality standards submission. 

The following clcmcnts must be Includ- 
cd In each State’s water qualIt> standard\ 
,ubmltrcd IO tlPA fur rcvlcw 

(a) Use dcsignJllans c‘onsrslcnt with the 
pruvlblons of scctlonh 101(a)(?) and 
303(c)(!) of the Act 

(b) Methods used and analyses con- 
ducted to support water quality standards 
rcvlsions 

(c) Water qualit) criteria sutfisicnl tu 
protect the designated uses 

(d) An antidegradation policy consis- 
1cnf ~lth 5131 I? 

(cj Ccrlrficstlon by the Stare Attornc) 
Gcncral or other appropriarc legal author- 
II> ullhln the State that 1hc uatcr qualit) 
btandards were duly adopted pursuant IO 
Slalc law. 

(f) Gcncral InformatIon uhlch will aId 

I~IC Agency In dctcrmlnlng the adequacy 
of the sclcntlfic basis of the standards 
which do not include the uses specified In 
scctlon 101(a)(2) of the Act as well as 
Information on gcncral polrc~cs applicable 
to State standards which may affect thclr 
application and Implcmcntallon. 

$131.7 Dispute resolution mechanism. 

(aj Where disputes between Slates and 
lndlan Tribes arIse as a result of dllfcrrng 
water quality standards on common bod- 
ICS of water. the lead EPA Regional Ad- 
ministrator. as dctcrmlncd based upon 

Ok18 circular A-105. bhall be rcsponslblc 
rar acting In accordance with the pro\)- 
wns of this scstlc)n 

(bj The Regional Administrator shall 
attempt to resolve such disputes where 

(I) The dlffcrcncc In water qualIly 
standards rcsLI1b in unreasonable consc- 
qucnccs; 

(21 The dispute is bcrwccn a State (a, 
defined in $131 3(~) but cxclu~i~c of JII 

Indian Trlbcsj and a Trdx which EPA 
has dctcrmlncd quahfics to be trcatcd as a 
State ror purposes d waler quall1> slan- 
dardh. 



(3) A reasonable cfTort to rcs~lvc the 
dtsputc without EPA involvement has 
ken made. 

(4) The requested relief IS consistent 
with the provistons of the Clean Water 
Act and other relevant law. 

(5) The dttfcrtng S~atc and Trtbal wa- 
tcr quality star&rds have been 3dopicd 
pursuant to SI~IC and Tribal law and ap 
proved by EPA: and 

(6) A valtd wrtttcn request has been 
submitted by ctthcr the Tribe or the 
Slate. 

(c) Either a State or 3 Tribe may rc- 
quest EPA to resolve any dtsputc whtch 
s3ttstics the crt1crt3 of paragraph (b) of 
1hts sectton Wrtttcn requests for EPA tn. 
volvcmcnt should bc submtttcd to the lead 
Regional Admintstrator and must in- 
cludc 

(I) A concise statement of the unrca- 
sonablc consequences that arc alleged to 
have arisen because of differing water 
quality standards; 

(2) A concise dcxriptton of the actions 
which have been taken to resolve the dis- 
pute wIthout EPA Involvement; 

(3) A cuncix tndtcatJon of the w31cr 
qualtty st3ndards provtston which h3s rc- 
sultcd in the alleged unreasonable consc- 
quences; 

(4) Factual data to support the alleged 
unreasonable conscqucnccs. and 

(5) A statement of the rclicf sought 
from the alleged unreasonable consc- 
qucnccs. 

(d) Where. in the Rcgmnal Admtnistra- 
(or’s Judgmcnl. EPA tnvolvcmcnt is ap 
propriatc based on the factors of para- 
graph (b) of thts sectton. the Regional 
Admtntstrator shall. wtthtn 30 days, nott- 
fy the parties in wrtttng that he/she IS 
lntttattng 3n EPA dtsputc rcsolutton ac- 
tton and solictt thctr wrtltcn rcsponsc. The 
Rcgronal Admintstrator shall also make 
reasonable efforts to ensure that other in- 
terested indivtduals or groups have notrcc 
of this action Such efforts rh3ll Include 
but not bc limited to the following. 

(I) Wrtttcn notice to rcsponsiblc Trrbal 
and State Agcnctcs, and other affected 
Federal Agcuctcs. 

(2) Koticc CO the specific Individual or 
entity that 1s alleging that an unrcason- 
able consequence 1s resulting from diffcr- 
mg standards having been adopted on a 
common body of waler. 

(3) Public ntnlc‘c tn Ioc.tI ncw\p.rpcr\. 
r&to. 3nd iclcvt~lon. 35 appraprtJtc, 

(4) Publication in trade Journal ncws- 
letters. and 

(5) Other means as appropriate 
(e) If in accordance with appltcablc 

State and Tribal law an Indian Trtbc and 
State have entered into an agreement that 
resolves the dispute or cstabltshcs 3 mcch- 
;IIIIV~ for rcsolvtnp a dtrpu1c. EI’A rh.111 
dcfcr to this agrccmcnt whcrc II IS con\t\- 
tent with the Clean Water ACI and whore 
11 has been approved by EPA. 

(fj EPA dispute resolution actions sh3ll 
bc consistent with one or a combination of 
the following options. 

(I) ,bfrdiorion The Rcgtonal AdmInts- 
trator may appoint a mcdtator IO mediate 
the dispute. Mcdrators sh3ll be EPA cm- 
ployccs, employees from other Fcdcral 
agencies. or other tndividuals with appro- 
priate qualifications. 

(ij Where the State and Tribe agree to 
parttcipatc in the dispute rcsolutton pro- 
cess. mediation with the intent to cstab 
lish Tribal-State agreements. conststcnt 
with Clean Water Act scctlon 518(d) 
shall normally bc pursued as a first cfforl. 

(ii) Mediators shall act 3s neutral 
facllttators whose function IS IO cncauragc 
cornmuntcation 3nd ncgotratton bc~uccn 
all parties to the dispute. 

(lit) Mediators may establish advisory 
panels, to consist in part of representa. 
tivcs from the affected parties, to study 
the problem and recommend 3n approprt- 
31~ solulron. 

(iv) The procedure and schedule for 
mediation of individual disputes shall bc 
determined by the mediator In consult;l- 
tion with the parties. 

(v) If formal public hcarlngs arc held In 
conncctton with the acttons tJkcn under 
thts paragraph. Agency rcqutrcmcnts ~1 
40 CFR 25.5 shall bc followed. 

(2) .4rhrrorron. Where the parttcs to 

the dlsputc agree to parttctpatc In the dts- 
putt resolution process. the Regional Ad- 
mtnistrator may appoint an arbilrcltor or 
arbitration panel to arbitrate the drsputc 
Arbitrators and panel members shall be 
EPA employees. employees from o1hcr 
Federal agcnctcs. or other tndtvlduals 
with appropriate qualificattons. The Rc- 
gional administrator shall sclcct as arbt- 
tr3tors and arbrtration panel members tn- 
drvrduals who arc agreeable to all parties. 
arc knowledgeable concerning the rc- 
qutrcmcnts of the water qualtty standard> 
prc,gr;im. have ;I b;l\tc undcrst;tnd~np of 
the pol1t1~11 and cconomtc tntcrchts of 

Tribes and States tnvolvcd. and arc cx- 
pcctcd to fulfill the duttcs faIrI> and em- 
parliall! 

(I) The arbitrator or arbttrstton p3ncl 
shall conduct one or murc prtv3tc or pub 
IIC: mccttnps ulth the pJr1tcs .IIIJ ac‘~tvcly 
u)II~I~ tniormatton prrt.ttntnp tr) the cf- 
lcita oi Jt!fcrLng w.iIcr q(u,tl~ty prnul rc’- 
qutrcmcnts on upslrcam .tnJ Jc)wnslrcdm 
dtschdrgcrs. cumpdrattrc rtaks IU public 
health and the cnvtronmcnt. cconumtc lm- 
pacts. present and hrsiortcal water uses. 
the qu311ty of the w3tcrs sub)ccl 10 such 
s13ndards. and other factors rclcvanl IO 
the dtsputc such as u hclhcr prqwscd wu3- 
tcr qu~lil) crttcri3 3rc more stringent 
:hdn nccosclry to support dcstgnatcd uses. 
more strtngcnt than natural bxkground 
u3tcr qu3l1ty or uhcthcr dc\tgnatcd uses 
arc rcasonabir gt\cn n.ttur.tI background 
u,itcr quality 

(II) Folloutng cclnstdcr3ttLm of relevant 
fxtors 3~ dcfincd In pdr.rgr3ph (f)(2)(1) 
of this section. the arbttrator or 3rbttra- 
tron panel shall have the aurhortty and 
roponstbtlrty to provtdc 311 prlrtics ;Ind 
the Regional ,\dmint,tr~tor utth a wrrt- 
ten reiummcndatron fur rcsL)lutltin of the 
dtsputc Arbltralwn pncl rc~clmrncnda- 
ttons shall. In gcncrdl. be rcachcd by ma- 
jortty vole. tioucvcr. uhcrc the parties 
agree to btndtng arbttratron. or where rc- 
qutrcd by the Rcg~t)n~l Admtntstrator. 
rccernrncnddtlons oi \uch .Irhltrcltlon 
panel5 m.ty bc undntrncru~ dcirstuns. 
W’hcrc btndlng or non-btndtng arbttr3tmn 
panels c3nnot reach .I undntntous rcc’om- 
mcnddlxm aflcr a rcasan3blc period of 
ttmc. the Kegtonal Admtnrktrator may dr- 
rcct the panel IC, ISSUC 3 non-btndtnp dcct- 
rton by rnaJortty vole 

(III) The arbitrator or arbttrdtton panel 
mcmbcrs may consult utth FPA’s Office 
of Cicncral Counsel on legal 15sucs. but 
otherwIse bhall h3bc nab r’l />urrz commu- 
ntc3ttons pcrtatntng II, the drsputc. Fcdcr- 
31 employee+ u ho arc 3rhltr,ttor\ or arbr- 
tratton panel mcmbcrs sh.ill be ncutr3l 
and shull not bc prcdtspoccd for or agdtnst 
the poslrton of any dtsputtng p:lrty based 
on uny f,cdcral Trust rcsponstbtltttcs 
which thctr cmploycrs may h3vc utth rc- 
spcct to the Tribe. In 3ddttron. arbttrators 
c)r arbttratmn p3ncl mcmbcrs who arc 
f.cdcral employees shall XI mdcpcndcnt- 
ly from the norm31 tlrr.!rchy ut1hin thctr 
rigcncy 



panel’s rccommcndation unless they vol- 
untarily cntcrcd into a binding agreement 
IO do so 

(v) If a party IO the dispute believes 
that the arbitrator or arbitration panel 
has recommended an action contrary to or 
InconsIstent with Ihc Clean Water ACI. 
the party may appeal the arbitrator’s rcc- 
ommcndation IO the Regional Admints- 
Irator. The request for appeal must be in 
writing and must include a description of 
the statutory basis for altering the arbi- 
trator’s recommendation. 

(vi) The procedure and schedule for ar- 
bItration of individual disputes shall be 
dctcrmincd by the arbitrator or .rrbiIra- 
Iion panel in consultation with parties 

(vii) If formal public hcartngs arc held 
in connection with the actions taken un- 
dcr this paragraph Agency rcquircmcnts 
at 40 CFR 25 5 shall bc followed 

(3) Dispute Rrsolutron De/oulr Proce- 
dure Where one or more parties (as dc- 
fined in paragraph (g) of this sectton) rc- 
fuse IO participate in either the mediation 
or arbitration dispute resolution proccss- 
es. the Regional Administrator may ap 
point a single oflictal or panel lo review 
available Information pcrtatning IO the 
dispute and IO issue a written rccommcn- 
datton for resolving the dispute Review 
officials shall be EPA employees, cmploy- 
ccs from other Federal agcncics. or other 
indtviduals with appropriate qualilica- 
Itons. Review panels shall include appro- 
priate members lo be selected by the Rc- 
gional Administrator in consultation with 
the parttcipating parties. Rccommcnda- 
Itons of such review officials or panels 
shall, IO the extent possible given the lack 
of participation by one or more parties. be 
reached In a manner identical to that for 
arbitration of disputes spcctfied in 
paragraphs (f)(2)(1) through (f)(2)(vii) of 
this sectton 

(g) Dejijin~frons For Ihc purposes of this 
scclion 

( I ) Dlspufr Kesolu/ron Mvchanrsnt 
means Ihc EPA mechanism cstablishcd 
pursuant IO Ihc rcqutrcmcnts of Clean 
Water Acl section 518(c) for resolving 
unreasonable consequences that arise as a 
result of differing water quality standards 
that may be set by States and Indian 
Tribes located on common bodies of ua- 
lcr. 

(2) Parfrrs IO a State-Tribal dispute In- 
clude the State and the Tribe and may, at 
the dtscretton of the Regional Administra- 

Ior. include an NPDES permittee. citizen. 
citilcn group. or other afcctcd entity 

[§I 31 7 added (II 56 FR 64893. Dee 12. 
I9911 

$131.8 Requirements for Indian Tribes IO 
be treated as Stales for purposes of 
water quality standards. 

(a) The Regional Administrator. as dc- 
Icrmincd based on OMB Circular AIOS. 
may treat an Indian Tribe as a State for 
purposes of the water quality standards 
program if the Tribe meets the following 
criteria. 

(I) The Indian Tribe IS rccognircd by 
Ihc Sccrctary of Ihc Interior and meets 
the definitions in 5131 3(k) and (I). 

(2) The Indian Tribe has a governing 
body carrying out substanttal govcrnmcn- 
IJI duties and powers. 

(3) The water quality standards pro 
gram IO be administcrcd by the Indian 
Tribe pertains IO the management and 
protection of water resources which are 
within the borders of the Indian rcscrva- 
Iion and held by the Indian Tribe. within 
the borders of the Indian reservation and 
held by the United States in trust for In- 
dians, within the borders of the Indian 
reservation and held by a member of the 
Indian Tribe if such property interest IS 
subject IO a trust restriction on alienation, 
or otherwise within the borders of the In- 
dian reservation, and 

(4) The Indian Tribe IS reasonably cx- 
pcctcd IO be capable. in the Regional Ad- 
ministrator’s judgment. of carrying out 
the functions of an cfTecIivc water quality 
standards program in a manner consistent 
with the terms and purposes of the Acr 
and applicable regulations 

(b) Rcqucs~s by Indian Tribes for Ireat- 
mcnl as Stales for purposes of water qual- 
ity standards should bc submitted IO the 
lcad EPA Regional Administrator The 
application shall include the folIowIng in- 
formation 

( I ) A statcmcnt that the Tribe IS rccog- 
nircd by Ihc SccrcI.try of the Interior 

(2) A descriptive statcmcnt dcmon- 
strating that the Tribal governing body is 
currently carrying out substantial govcrn- 
mental duties and powers over a defined 
area The statement shall. 

(i) Describe the form of the Tribal gov- 
ernment; 

(ii) Describe the types of governmental 
functions currently performed by the 
Tribal governing body such as, but not 

limited IO. the cxerctsc of police powers 
affecting (or relating IO) the health. safc- 
I). and welfare of the alfcctcd population. 
taxation. and the cxcrctsc of Ihc power of 
cmtnent domain; and 

(III) Identify the source of the Tribal 
govcrnmcnt’s authortry IO carry out Ihc 
govcrnmcnlal functions currently being 
performed. 

(3) A dcscrtptivc statement of the Indi- 
an Tribe’s authority IO regulate water 
quality. The statement shall include: 

(I) A map or legal dcscrtption of the 
area over which the Indian Tribe asserts 
authority IO regulate surface water quali- 
ry. 

(II) A statement by the Tribe‘s legal 
counsel (or equivalent offtctal) which dc- 
scrtbcs the basis for the Tribes assertion 
of .ruIhoriIy. 

(tit) A copy of all documents such as 
Tribal constiIu:Ions. by-laws, charters. ex- 
CCUIIVC orders. codes. ordinances. and/or 
resolutions which support the Tribe’s as- 
sertion of authority; and 

(iv) an identification of the surface wa- 
Icr for which the Tribe proposes IO cstab- 
ltsh water quality standards 

(4) A narrative statement describing 
the capability of the Indian Tribe IO 
administer an C~~CCIIVC water quality stan- 
dards program The narrative statement 
shall include: 

(i) A description of the Indian Tribe’s 
previous management cxpcricncc includ- 
ing. but not limited IO. Ihc administration 
of programs and services authorized by 
the Indian Self-Determination and Edu- 
cation Assistance Act (2s U.S.C. 450 cr 
scq ). the Indian Mineral Development 
ACI (25 U SC 2101 PI seq ). or the Indt- 
an Sanitation Facility Construction Activ- 
IIY Act (42 U.S.C. 2004a); 

(ii) A list of existing environmental or 
public health programs administered by 
the Tribal governing body and copies of 
rclatcd Tribal laws. ~~IICICS. and rcgula- 
lions; 

(III) A description of the entity (or cnti- 
IICS) which exercise the exccut~ve. Iegisla- 
Iive. and judicial functions of the Tribal 
govcrnmcnl; 

(IV) A description of the cxlstlng or pro 
posed. agency of the Indian Tribe which 
will assume primary responsibility for cs- 
Iablishing. reviewing, implementing and 
revising water quality standards; 

(v) A description of the technical and 
administrative capabilities of the staff IO 



admintster and manage an elfectivc water 
qualtty standards program or a plan 
which proposes how the Tribe will acquire 
additional administrative and technical 
expertise The plan must address how the 
Tribe will obtain the funds to acquire the 
adminrstrativc and technical expertise. 

(5) Additional documentation required 
by the Regional Administrator which, in 
the judgment of the Regional Administra- 
tor. is necessary to support a Tribal rc- 
quest for lrealmenl as a Stale. 

(6) Where the Tribe has previously 
qualified for treatment as a State under a 
Clean Water Act or Safe Drinking Water 
Act program, the Tribe need only provide 
the rcqutrcd informatton which has not 
been submitted in a previous treatment as 
a State application. 

(c) Procedure for processing an Indian 
Trtbc’s applicatton for treatment as a 
Slate. 

(I) The Rcgtonal Administrator shall 
process an application of an Indian Tribe 
for treatment as a State submitted pursu- 
ant IO 131.8(b) In a timely manner He 
shall promptly notify the Indian Tribe of 
receipt of the applicatton. 

(2) Within 30 days after receipt of the 
Indian Tribe’s application for treatment 
as a State. the Regional Administrator 
shall provtdc approprtatc notice. Notice 
shall 

(i) lncludc Information on the sub 
stance and basis of the Tribe’s assertion of 
authority IO rcgulatc the quality of rcscr- 
vation waters; and 

(it) Bc provided IO all appropriate gov- 
crnmcnlal cnlrlrcs 

(3) The Rcglonal Admintstrator shall 
provtdc 30 days for comments IO be sub 
milted on the Tribal application. Com- 
ments shall be limited IO the Tribe’s asscr- 
lion of authority. 

(4) If a Tribe’s asserted authority is 
subject IO a compcttng or conflicting 
claim. the Regional Administrator. after 
consultatton with the Secretary of the In- 
terior, or his designee. and in consider- 
ation of other comments received. shall 
determine whether the Tribe has adc- 
quatcly demonstrated that it meets the 
requirements of I3 I .8(a)(3). 

(5) Where the Rcgtonal Administrator 
dctcrmlncs that a Tribe meets the rt- 
quircmcnts of this section. he shall 
promptly provide written notification IO 
the Indian Trlbc that the Tribe has quali- 
fied IO bc treated as a State for purposes 

of water quality standards and that the 
Tribe may initiate the formulation and 
adoption of water quality standards ag 
provable under this part. 

[§13l.S added at 56 FR 64893. Dee 12, 
I9911 

Subpart B-Establishment of Water 
Quality Standards 

$131.10 Dtsignrtion of uses. 
(a) Each State must specify appropri- 

ate water uses IO be achieved and protcct- 
cd. The classification of the waters of the 
State must take into consideration the USC 
and value of water for public water sup 
plies. protection and propagation of fish. 
shellfish and wildlife, recreation in and on 
the water, agricultural. industrial. and 
other purposes including navigation. In no 
case shall a State adopt waste transport or 
waste assimilation as a designated USC for 
any waters of the United States. 

(b) In designating uses of a water body 
and the appropriate criteria for those 
uses. the State shall take into considcr- 
ation the water quality standards of down- 
stream waters and shall ensure that its 
water quality standards provide for the 
attainment and maintenance of the water 
quality standards of downstream waters. 

(c) States may adopt sub-categories of 
a use and set the appropriate criteria IO 
reflect varying needs of such sub-catcgo- 
rics of uses, for instance. IO differentiate 
between cold water and warm water fish- 
eries. 

(d) At a minimum, uses arc deemed at- 
tainable if they can bc achieved by the 
tmposition of ctlluent limits required un- 
der sections 301(b) and 306 of the Act 
and cost-effective and reasonable best 
management practices for nonpoinl 
source control. 

(c) Prior IO adding or removing any 
use. or establishing subcatcgorics of a 
use, the State shall provide notice and an 
opportunity for a public hearing under 
5 I 3 I .20(b) of this regulation. 

(f) States may adopt seasonal uses as 
an alternative lo reclassifying a water 
body or segment thereof IO uses requiring 
less stringent water quality criteria If 
seasonal uses are adopted, water quality 
criteria should be adjusted IO reflect the 
seasonal uses, however. such criteria shall 
not preclude the attainment and maintc- 
nancc of a more protective use in another 
season. 

(g) States may remove a designated USC 
which is nor an cxisttng USC. as dcfincd in 
5131 3. or cstabltsh sub-catcgorics of a 
USC If the State can demonstrate that at- 
taining the dcstgnatcd use \s not fcaGblc 
because. 

(I) Naturally occurring poilutant con- 
centrations prevent the attainment of the 
use; or 

(2) Natural, ephemeral. intermittent or 
low flow conditions or water lcvcls prevent 
the attainment of the USC. unless these 
conditions may be compensated for by the 
discharge of sufftcicnt volume of cfllucn: 
dtschargcs wtthout violating State water 
conscrvatron rcqurrcmcnts IO enable uscs 
to bc met. or 

(3) Human caused condtttons or 
sources of pollutton prevent the attain- 
ment of the use and cannot bc rcmcdrcd 
or would cause more cnvtronmcntal dam- 
age IO correct than IO lcav,c In place: or 

(4) Dams, diverstons or other types of 
hydrologic modifications preclude the at- 
tatnmcnt of the USC. and II IS not fcastble 
IO restore the water body IO IIS original 
condttton or IO operate such modrficatron 
In a way that would result In the attain- 
ment of !hc use; or 

(5) Physical condttions related IO the 
natural features of the water body. such 
as the lack of a proper substrate, cover. 
Row. depth. pools. riffles. and the like. un- 
related IO water qualtty. preclude attain- 
ment of aquatic life protection uses; or 

(6) Controls more stringent than those 
required by sections 301(b) and 306 of 
the Act would result in substantial and 
widespread economic and soctal Impact 

(h) States may not rcmovc designated 
uses if 

(I) They arc existing uses. as defined in 
f I3 I .3. unless a use requiring more slrin- 
gent criteria is added; or 

(2) Such uses will be attatncd by tmplc- 
mcnting effluent limits rcqulrcd under 
sections 301 (b) and 306 of the Act and by 
implementing cost-effective and rcason- 
able best management practices for 
not-point source control. 

(i) Where existing water quality stan- 
dards specify designated uses less than 
those which arc presently being attatncd. 
the State shall rcvtsc IIS standards IO rc- 
fleet the uses actually bclng attatncd 

(J) A State must conduct a USC attatna- 
bihty analysts as dcscrtbcd In 8131 3(g) 
whenever. 



(i) The State designates or has dcslg 
natcd uses that do not Include the uses 
tpcclhed In SCCIIO~ lOI(a)(Z) of the Act. 
or 

(2) The Stale wlshcs to rcmovc a dcslg- 
natcd use that 1s spcclficd In secllon 
101(a)(?) of the Act or to adopt subcatc- 
gw~es of uses spcclltcd In scctlon 
101(a)(2) of the Act which rcqulrc less 
slringcnl crrtcrla. 

(k) A State is not rcqulrcd to conduct a 
UIC’ attalnablllty analj.\ls under this rcgu- 
1.1t1on uhsncbcr dcblgnatlng uses which 
~rtiludc ~ho\c ~pcctftcd In ,cclron 
11)1(.1)(?) of the ACI 

gl31.11 Criteria. 
(.I) Inclusion of pd~uronfs 

( I ) Sratcs muIt adopt those water qual- 
~th crltcrla that protect the dcslgnatcd 
use Such crltcrla must bc based on sound 
tclcntltic rationale and must contain suff”- 
ixnt paramclcrs or cons(Itucnts to pro- 
ICCI the dcslgnatcd use For waters uith 
multlplc USC dcslgnatcons. the crltcrla 
\hJll rupp)rt the most xnsltlvc use 

(2) Totrt po/luluntr Slalcs mu31 rc- 

\IC* urltcr ~uJIII) d.iLi and informalion 
on (jllrchargcs to Idcntlfj rpccltic uatcr 
\Mnilc\ uhcrc ti,x\c pollutant> may bc ad- 
\cr\cl) allccllnp uJtcr qu.1111y or the at- 
tdlnmcnt of the dcblgnatcd uatcr USC or 
uhcrc the Icvcls of IONIC’ pollutants arc at 
.I Ic\cl IO warrant concern and must adopt 
crltcrld for such 10x1~ pollutants appl~ca- 
blc to rhc uatcr hod) \ufTiclcnt IO protect 

tbc dc\lgna\cd ux Whcrc ;1 State adopt\ 

n.Irr41I\c crilcri3 for toxic pollulants lo 

prvtcct drblgndlcd ux>. the Stcl~c must 

praldc Inrormalron Idcntif!ing the mcth- 
tJ b> uhlch the SUIC Intends to regulate 
pjlnt c~)urcc dl\chsrgcx of IOXIC pollutants 
(III *dtcr qu,rl~t! Ilmltcd xgmcnts based 

on tuch n.irrdtI\c crlterld Such informa- 
tion rn.1) bc lncludcd as pdrt of the stan- 
d.ird\ or mu) bc Included In documents 
gcncrdtcd b:, the Stare In rcsponsc to the 

U’drcr Qua111) I’lJnnlnp and Vanagc- 
~rlcnt Rcgul.illon\ (JO Cl-R p.irt 35) 

(b) I-orm of crltcrI;I In cstabllshing crl- 
tcrt.1. Sla~cx should 

(2) k\l.ihll\h nJrratl\c L‘rllcrIJ or critc- 
11.1 b.l\cJ upon blun~~~nltorlng methods 

whcrc numcrlcal crltcrla cannol bc cstab Subpart C-Procedures for Review 
lashed or IO supplement numcTxal crllc- and Revision of Water Quality 
rla Standards 

$131.12 Antidegradrtion policy. 

(a) The State shall develop and adopt a 
statcwldc antldcgradatlon pol~cj and 
Identify the methods for Implcmcntmg 
such polxy pursuant to ttus subpart The 
antldcgradallon policy and implcmcnta- 
tlon methods shall. at a mmlmum. bc con- 
mtcnt ulth the following 

(I ) Elrlbtlng Instrcarn ualcr ux\ dnd 

Ihc Icbcl of water qu~l11) nscss>Jry lo pro- 

tcct the erlstlng uses sh.tll bc malntalnrd 
and protected. 

$131.20 Stat review l d revision of water 
quality standards. 

(2) Where the quality of the waters cx- 
cccd lcvcls necessary to support propaga- 
tion of fish. shellfish. and wildlife and rcc- 
rca(ion In and on the water. that quality 
shall bc maintained and protected unless 
the State finds, after full satisfaction of 
the Intcrgovcrnmcntal coordination and 
public participation provlsrons of the 
State’s continuing planning process, that 
Jlloulng lower uatcr quality is ncccssarj 
10 .iccommodatc impurlunl cconomrc or 

XKI.II dcvclopmcnt In the rlrca In uhlch 
the waters arc located In .IllouInp \uch 
dcgrJd.iliun or loticr ullcr qu~11ly. the 
SI~IC shall absurc \ratcr quality adcqualc 

to protect existing uses fully Further. the 
State shall assure that there shall bc 
achlcvcd the highest statutory and rcgula- 
tory rcqulrcmcnts for all new and cxlstlng 
pomt sources and all cat-ctTcctlvc and 
rcasonablc bcs~ managcmcnl practlccs for 
nonpoinl source control 

(a) Store review. The State shall from 
time IO time, but at least once every three 
years. hold public hearings for the pur- 
pose of rcvicwrng applicable water quality 
standards and, as approprlatc. modifying 
Jnd adopting standards Any water body 
xgmcnt with uatcr qudllt) standards that 
do not rncludc the uses spccificd In section 
101(a)(?) of the Act shall bc rc-cxamincd 
cbcry three years IO determine if any new 
Information has become avarlablc If such 
new Information indicates that the uscs 
specified In section 101(a)(2) of the Act 
are attainable, the State shall revise IIS 
standards accordingly. Procedures States 
establish for ldcntrfylng and rcvrcwlng 
water bodies for rcvxw should be incorpo- 
rated Into their Continuing Planning Pr@ 
ccss 

(b) Publrc parrtcrpa/ron The State 
\hall hold a public hearing fur the purpose 
oT re~xuing water quality standards, In 
accordance with provIsIons of State law, 
EPA’s water quallty management rcgula- 
(ion (40 CFR 130.3(b)(6)) and public 
partlclpation regulation (40 CFR part 
25) The proposed uatcr quality stan- 
dards revision and supportrng analysts 
bhall bc made available IO the public prior 
I\) \hc hearing 

(3) Where high qualit) udtrrs c‘onstl- 
IUIC an outstanding National resource, 
such as uatcrs of Katlonal and Slate 
parks and wlldllfr refuges and waters of 
cxccplronal rcctcalWUl or ecological slg- 

nificance. that water quality shall be 
malntalncd and protected 

(4) In those casts uhcrc potential wa- 
ter quahty Impairment associated with a 
thermal discharge I) lnvolvcd. the an- 
tldcpradatlon pol~c) and Implcmcntlng 
method shall bc consistent ulth xctlon 
3 I6 of t hc ACI 

(c) Subntrrrol ro EPA The State shall 
\ubmlt the results of the review. any sup 
porting analysis for the USC attainability 
analysis. the methodologies used for site- 
ipccific crltcria development. any general 
polrcrcs appllcablc IO waler qua111y stan- 
dards and any rcvlslons of the standards 
to the Rcgronal Admlnlstrator for review 
and approval, within 30 days of the final 
State action to adopt and ccrtily the rc- 
b lscd standard. or if no rcvIslons arc made 
JS a result of the rcvicu. ulthln 30 days of 
the complclion of the rcvlcu 

$131.13 General policies. 

$131.21 EPA rebien and approval of water 
quality standards. 

Sl;l~c\ may. JI thclr dlscrctlon. Include 
In thclr SUIC brandards. pol~c~cs gcncrall) 
JlTcctlng thclr appllcatlon and Implcrncn- 
tdtton. such as mixing lone\. IOU flous 
and variances Such pul~c~cs arc subJrc1 IO 

f’P4 rcbleu Jnd approral 

la) After the Stale submits IIS officially 
Jdopted rcvlslons. the Rcgronal Admtnls- 
trator shall either 

(I) Notify the SIJIC ulthln 60 days 
that the rcvislons arc approved. or 

(2) Notify the State uithln 90 days 
that the revlslons arc dlsdpprovcd Such 



‘~~oI~~~~IIwI of dlbapproval shall spcc~f) 
the changes nccdcd IO ashurc compllancc 
with the rcqulrcmcntb UC the Acl And this 
rcgulatlon. and \h.lll caplaIn why the 
State st.lndJrd I\ nol In compllancc wllh 
such rcquircmcnls Any new or rcvlscd 
State standard muhr be accompanxd by 
some type of supportIng analysis 

(b) The Rcglonal Administrator’s ap 
proval or disapproval of a State water 
quality standard shall be based on the rc- 
qulrcmcntr of the Act as dcscrlbcd in 
$§I31 5. and I31 6 

(c) A SI~IC water qual~\y standard rc- 
mains In etTcct. cvcn though dlbapprovcd 
by EPA. unlll rhc Srarc rcvlscs 11 or EPA 
promulgates a rule that \upcrscdcs the 
State water qual~t) \tsndard 

(d) F-P,\ Ahall. at Icas~ annually. pub 
Il\h In Ihe 1’1 IN ~41 KI.~;ISTI.H a notice of 
approvals under this tcclion 

$131.22 EPA promulgation of waler 
quality standards. 

(J) II the SL,IIC docb not adopt the 
change\ \pccllled by rhc RegIonal Admln- 
ls;lrator ullhln YO J.I)\ Jftcr notllicarion 
of the Regional Admlnlstrator’b dlsap- 
proval. the Admlnlstrator shall promptly 
propose and promulgJ\c such sranddrd 

(b) The Admlnlsrrator ma) also pro- 
pose and promulgate a regulation, appti- 
cable IO one or more Stales, setting forth 
a new or rcvlscd standard upon dctcrmin- 
mg such ;L >\andArd 15 ncccs\ar) 10 meet 
the rcqulrcmcnrs of the Act 

(c) In promulguling w.ilcr qu.~l~[y \t.in- 
d.irdb. the Adm!nl~~r.~!ur 15 ,ubJcit to the 
same pollc~c\. proccdurcb. anuljxs. and 
public pdrtl~lp.~rlun rsqu~remcnl\ cblab- 
lashed Tar St.t[c> 111 thcx rcgularlons. 

Subpart L)- Frdcrrll) Prunlulgnted 
Water Quality Standards 

5131.31 Arizona. 

(a) Arrlclc 6. Part 2 IS amended as fat. 
IOU\ 

( I ) Keg O-24 I I \hall read 

004.006 004.006 4.I 4.I 

006-o 10 006-o 10 5 5 

006.0 12 006.0 12 

I 

5.? 5.? 

0 lo-0 10 0 lo-0 10 57 57 

050-060 050-060 

030450 030450 
030.050 030.050 

020-030 020-030 

020.030 020.030 

0 50-a 60 0 50-a 60 

ocic-050 ocic-050 

B The above standards arc mrcndcd to pru~cil 
the bcncliclal uses of rhc named water, BCC.IUW 
rcgulatlon ol nllrarcs and phosphates alone ma) 
not be adcquarc to protect walers from eutrophIca. 
~mn. no substance shall be added IO any surface 
water whtch produces aquatic growth 10 Ihc CXIC~I 
thal wch growths CICPM a public nutsancc or I”- 
lcrfcrcncc ulth bcncliclal uses of rhc uatcr dchncd 
.~nd dcugn.~~cd I” Rcg O-2-6 5 

(2) Reg. 6-2-6 IO Subparts A and 13 arc 
amended 10 include Reg. 6-2-6.1 I In SC- 
rlcs w\lh Rcgs 6-2-6.6. 6-2-6.7 and 6-2. 
6.X. 

$131.33 (Resertedl 

$131.34 [Reserved) 

8131.35 Coltillc Confederated Tribes 
Indian Reservation. 

The water quality standards applxablc 
10 Ihe waters wllhin the Colv~llc Indian 
Rcscrvallon. located in the Slate of 
WashIngton. 

(a) tloc~kground. 
(I) II IS the purpose of these Federal 

water quality standards IO prcscrlbc rnlnl- 
mum water quality requirements for the 
surface waters localed within the exkrlar 
boundaries of the Colvillc Indian Rcserba- 

IIon IO ensure complldnce ulth xcllon 
303(c) of the Clean Wdtcr ACI 

(2) 7he (‘ol\~llc ( onlcdcr~lcd Trlbc\ 
have a prlm.rr) Intcrc\l 111 [hc pr~rtccllon. 
conlrol. conxrv.~lion. wild uI~Ii~.iI~on 01 

the waler rcsourccb of the Colv~llc IndlJn 
Rcscrvatlon Water qua111) standards 
have been enacted into lrlbal law by the 
Colv~llc Business Council of rhe Confcd- 
crated Trlbcs of the Colv~llc Reservation. 
as the Colv~llc Waler Qual11y Standards 
,AcI. CTC Tlrlc 33 (Rc\~~lurlon So I984- 
52h (August h. lY84) .I\ .Imcndcd bj Kc+ 
ulurlon ho. 1985-20 (J.lnuar! 18. 1985)) 

(b) %rrrrof,r (‘o\crzd The pro\ IsIons 
oi thcsc water qu.~lr\! \tJnd,lrdb bhull ap 
ply IO all surface waler\ wIthIn the cxlcrl- 
or boundarIes of the ~‘ol\~llc Indian Rcs- 
crvation 

(I) The water qua111) standards in this 
\cc!lon \h;ill bc uxd b! the Rcglon.il Ad. 
mlnl,trlllor for c\t.lbll>hlng an? waler 
qu.~llt) baxd h~[lon.ll t’\)lIuldnt 111~. 
LhJrgc ~IiiiiinJrIori S)sIcm Pcrmil 
(Sl’1)t.S) Car polril \,,urcch on lhc Cal- 
~IIIc Confedcratcd Trlbcb Rcxr\arlon 

(2) In conJuncrlon ulth the Ibbuance of 
xc\Ion 402 or xc‘llon 404 permits. the 
Regional Admlnlstra[or m.1) dcsignatc 
mlxlng zones In the uatcrh of rhc Lnlrcd 
Stales on the rcscrvallon on a casc-by- 
case basis. The size of buch InixIng 7oncs 
And the III-70~ uatcr qu,lllr) in such mix- 
Ing zones hhall bc c‘on\lzlcnt ulth the up- 
pllcablc proccdurcb Jnd guldcllncs In 
t:l’A’s Waler QU;IIII~ SI.lndard\ tiand- 
book and rhc Tcshnlcal Support Docu- 
ment for Wstcr Qu.~l~rh tj.iscd To~lch 
(‘onrr0l 

(3) Amcndmcnth 10 the xcrlon JI the 
rcqucsl of the l.rlbc \haII proceed In the 
following manner 

(I) The requested amendmenr shall tirst 
bc duly approved b) the Confederated 
Tribes of the Colv~llc Rcszrvarlon (and so 
ccrtlficd by the Tribe\ l.cpal Counsel) 
Jnd submlttcd 10 the Kcplon,ll Adminis- 
trator 

(II) The rcqucstcd amcndmcnl shall bc 
rcvlcucd by EPA (and b! the Srarc of 
W.~hhlngt~~n. I( Ihc .ILII,~~I u,~uld .~tPcc~ ;i 
boundar) uatcr) 

(III) If dccmcd In iompll,~ncc ulrh the 
C’lc,in Warcr A~I. EPA will propose and 
promulgate .III approprl.ltc ch;lnpc 10 thl> 
\cition 



(4) Amendment of this section at 
EPA’s \n\t1a11vc w1l\ fol1ou consuba\ion 
with the Tr~bc and other appropriate enli- 
IICS Such amcndmcnts wrll then follow 
normal EPA rulemaking procedures. 

(5) All other applicable provisions of 
this part 131 shall apply on the Colville 
Confcdcratcd Tribes Reservation. Special 
attention should be paid 10 §$l31.6, 
131 IO. 131 II and I31 20faranyamend- 
men1 10 rhcsc sidndards 1u bc initiated by 
the Tribe 

(6) All numeric crrtcri(1 contamed in 
thts scclton apply at all in-stream Row 
ra1cs greater than or equal IO the Bow 
ra1c calcula1cd as the minimum ‘Iconscc- 
UIIVC day average flow with a recurrence 
frequency of once in ten years (7QIO); 
narrative crtlcru ( 5131 35(c)(3)) apply 
regardless of Row. The 7010 low flow 
shall be calculated using methods recom- 
mended by the US Geological Survey. 

(d) L)efinlf~ons 
(I ) “Acute ~oxrcr~y” means a dclcteri- 

ous response (c g . morrality. disoricnta- 
1ion. immobilization) 10 a stimulus ob- 
served in 96 hours or Icss 

(2) “Background conditions” means 
the btological. chcmisal. and physical con- 
di1ions of a waler body, upr1rcam from 
the point or non-point source discharge 
under considcrarion Background sam- 
pling localton in an enforcement action 
will be upsrrcam from the point of dis- 
charge, but no1 upsrrcam from other in- 
flows If several discharges 10 any waler 
tiy cxisl. and an cnforccmcni ac1ion IS 
bcmg taken for possible viola1rons IO the 
s1andards. background samphng will be 
undertaken immcdialcly upstream from 
each discharge 

(3) “Ccrcmonial and Rcl~g~ous waler 
USC” means ~CIIVI~ICS involving tradilional 
Ndlivc American spirrlual practices 
which involve. among o1hcr things, prima- 
ry (direct) conlact wi1h waler. 

(4) “Chronic Toxicity” means the low- 
est conccnlrallon 0J a consliluenl causing 
observable ctfcc~s (I c.. considcrmg Icthal- 
II~. growth. reduced reproduc1ion. etc.) 
over a rclalrvcly long period of irmc. usu- 
ally a 28day ICSI pcrmd for small fish 1cs1 
SpcCJCS 

(5) “~‘ounc11” or “Tribal Council” 
mcdns 1hc Colviilc Business Council of 
the Colv~llc Confederated Tribes. 

(6) “Gcomctric mean” means the 
“n1h” rwt of .I produci of “n” factors 

(7) “Mean retention time” means the 
1imc obtained by dividing a reservoir’s 
mean annual minimum 1otal storage by 
the non-zero 30day. ten-year low-flow 
from the reservoir. 

(8) “Mixing Zone” or “dilution zone” 
means a limited area or volume of wa1cr 
where initial dilution of a discharge takes 
place; and where numeric water quality 
criteria can be exceeded but acu1cly 1oxic 
conditions arc prevented from occurring. 

(9) “pH” means the negative logarithm 
of 1he hydrogen ion concentration. 

( IO) “Primary contact recreation” 
means activities where a person would 
have direct conlact with water to the 
point of complete submergence, including 
bu1 not limited 10 skin diving, swimming, 
and water skiing. 

(I I) “Regional Administrator” means 
the Administrator of EPA’S Region X. 

(I 2) “Rcserva1ion” means all land 
within the limits of the Colville Indian 
Reservation. esrablishcd on July 2. 1872 
by Executive Order, prescnrly containing 
1.389.000 acres more or less, and under 
the Jurisdiction of the United States gov- 
ernmen1. no1withstanding 1hc issuance of 
any patent, and including rightsof-way 
running through the reservation 

(I 3) “Secondary contact recreation” 
means ac1ivitics where a person’s water 
contact would be limited 10 the cx1cnt 
that bacterial infections of eyes. cars, res- 
pira1ory. or digcs1ivc systems or urogeni- 
tal areas would normally be avoided (such 
as wading or fishing). 

(14) “Surface water” means all water 
above the surface of the ground within the 
exterior boundaries of the Colville Indian 
Reservation including but not limited to 
lakes, ponds, reservoirs. artificial im- 
poundmen1s. streams. rivers. springs, 
seeps and wetlands. 

(I 5) “Tempcra1urc” means water 1em- 
pcraturc expressed in Centigrade degrees 
(0. 

( 16) “To1al dissolved solids” (TDS) 
means the total filterable residue that 
passes through a standard glass fiber filter 
disk and remains after evaporation and 
drying 10 a cons1an1 weigh1 at I80 degrees 
C. it is considered IO be a measure of the 
dissolved salt content of the water. 

(I 7) “Toxicity” means acu1c and/or 
chronic toxicity. 

(18) “Tribe” or “Tribes” means the 
Colville Confederated Tribes. 

(19) “Turbidity” means 1hc clarily of 
water expressed as nephclomctric turbidi- 
IY units (NTU) and measured with a cali- 
bra1cd turbidimc1cr. 

(20) “Wildhfc habi1ar” means the wa- 
ters and surrounding land areas of the 
Reservation used by fish, other aquatic 
life and wildlife a1 any stage of their life 
history or activity. 

(c) General comldemtons. The follow- 
ing general guIdelines shall apply IO the 
water quality s1andards and classiticalrons 
set forth in the use dcsignalion Sections. 

( 1) Classrficarron Boundarm. At the 
boundary bctwccn waters of ditTcrcn1 
classifications. the waler qualrry slan- 
dards for the higher c\assihcaGon %ha\\ 
prevail. 

(2) Anridrgradarton Policy. This an- 
1idcgradation policy shall be applicable 10 
all surface waters of the Reservation. 

(i) Existing ins1rcam water uses and 
the lcvcl of water qualily necessary 10 pro 
1~1 the exis1ing uses shall bc maintained 
and protcc1r.d. 

(;I) Where the qualily of the waters cx- 
cccds lcvcls necessary 10 suppor1 propaga- 
tion of fish, shellfish. and wildlife and rcc- 
rcation in and on the water, thar quality 
shall be maintained and protected unless 
\he Regiona\ Adminis1ra1ar finds, after 
full satisfaction of the inter-govcrnmcnlal 
coordination and public participation pro- 
visions of the Tribes’ contrnuing planning 
process, that allowing lower water quality 
is necessary 10 accommodale important 
economic or social dcvclopmcnt in the 
area in which the walers arc located. In 
allowing such degradation or lower water 
quality, the Regional Administrator shall 
assure water quality adequate to protect 
existing uses fully. Further. the Regional 
Administralor shall assure 1ha1 1herc 
shall be achieved the highest statutory 
and regulatory rcquircmcn1s for all new 
and existing poinr sources and all cost- 
cfTectivc and reasonable best manage- 
men1 practices for nonpoinl source con- 
1101. 

(Iii) Where high quality walers are 
idcn1itied as constituting an outstanding 
nalional or reservation resource. such as 
waters withm areas designated as unique 
water quality management areas and wa- 
1crs o1hcrwisc of cxccp1ional rccrcalional 
or ecological significance. and arc desig- 
nated as special resource waters. rhat wa- 
ter quality shall be maintained and pro- 
tected 



(iv) In those casts whcrc potcntral wa- 
tcr quality rmparrmcnt assoc~atcd with a 
thermal discharge 1s rnvolvcd. thus an- 
trdcgradatron polrcy‘s rmplcmentrng 
method shall bc consrstcnt with scctron 
316 of the Clean Water Act. 

(3) ArJ!hefI’c Qualifies. All waters 
within the Rcscrvatron. including those 
within mrxrng zones. shall be free from 
substances. attrrbutablc IO wastewater 
discharges or other pol\utant sources, 
that: 

(I) Scttlc to form obJectronablc dcpos- 
its. 

(II) Float as debris. scum. oil. or other 
maltcr forming nuisances; 

(rir) Produce obJccrronablc color, odor, 
taste. or turbidity, 

(IV) Cause InJury to, arc toxic to. or 
product advcrsc physiological rcsponscs 
in humans, animals, or plants; or 

(v) Produce undcsrrablc or nuisance 
aquatic life 

(4) Anolyr~col Mrrhods 
(i) The analytrca\ testing methods used 

to mcasurc or othcrwrsc evaluate compli- 
ance with water quality standards shall IO 
the extent practrcablc. bc in accordance 
with the “Guldclrncs Establishing Test 
Proccdurcs for the Analysis of Pollutants” 
(40 CFR part 136) When a testing mcth- 
od IS not avarlablc fur a particular sub 
stance, the most recent edition of “Stan- 
dard Methods for the Examination of 
Water and Wastcwatcr” (publtshcd by 
the American Publrc ticalth Association. 
American Water Works Associatron. and 
the Water Pollutron Control Fcdcration) 
and other or superseding mcth& pub- 
lished and/or approved by EPA shall be 
used. 

(f) General Waler Use und Crileria 
Classes The followrng criteria shall apply 
to the various classes of surface waters on 
the Colv~llc Indian Rcscrvation: 

[ I ) Gloss I ~Er~roord~nary~- 

(i) Dcsrgnorcd uses. The designated 
uses include. but are not limited to, the 
followrng 

(A) Water supply (domestrc. industrial, 
agricultural). 

(B) Stock watcrmg. 
(C) Frsh and xhcllfish. Salmonid migra- 

tion, rearing. spawnmg. and harvcstrng. 
other tish mrgr.rtran. rearing. spawning, 
and harvcstlng 

(D) Wrldlrl-c habitat 
(E) Ccrcmonlal and rcltgious water 

USC 

(F) Rccrcatton (prrmsry contact rccrc- 
atron, sport fishing. boating and acsthctrc 
cn~oymcnt). 

(G) Commerce and navigation. 
(ii) Wolrr quolily CIIICIrU. 
(A) Bacteriological Criteria-The gco 

metric mean or the cntcrococci bacteria 
dcnsrties in samples taken over a 30 day 
period shall not exceed 8 per I00 mrllrli- 
tcrs. nor shall any single sample exceed an 
cntcrococci density of 35 per I00 millili- 
ters. Thcsc Irmrts arc calculated as the 
geometric mean of the collected samples 
approximately equally spaced over a thrr- 
ty day period. 

(B) Dissolved oxygen-The dissolved 
oxygen shall exceed 9.5 mg,/l. 

(C) Total dissolved 
gas-conccntratrons shall not exceed 1 IO 
percent of the saturation value for gases 
at the extsting atmospheric and hydrostat- 
ic pressures at any poinl of sample Collcc- 
lion. 

(D) Temperature-shall not cxcccd 
lb.0 degrees C due to human activitrcs. 
Temperature increases shall not, at an) 

time, exceed t=23/(T+S). 
(I) When natural condrttons exceed 

16.0 degrees C, no temperature mcrcasc 
WII[ bc allowed whrch will raise the rcccrv- 
mg water by greater than 0.3 dcgrccs C 

(2) For purposes hereof, “t” reprcscnts 
the permissive temperature change across 
the dilution zone; and “T” represents the 
highest cxrsting temperature In thus water 
classrfication outsrdc of any dilution ronc 

(3) Provided that temperature Increase 
resulting from nonpoint source activities 
shall not exceed 2.8 degrees C. and the 
maximum water temperature shall not cx- 
cccd 10.3 degrees C 

(E) pH shall be within the range of 6 5 
to 8.5 with a human-caused variation of 
less than 0.2 units. 

(F) Turbrdrty shall not exceed 5 NTU 
over bra&ground turbidity when the back- 
ground turbidity is 50 NTU or less. or 
have more than a IO percent mcrcasc rn 
turbidity when the background turbidity 
is more than 50 NTU. 

(Ci) Toxic. radioactive. nonconvcntion- 
a\. or deleterious material concentrations 
shall bc lcsr than those o( publrc hca\th 
significance, or which may cause acute or 
chrontc toxic conditions to the aquatic br- 
eta, or which may adversely affect dcsrg- 
natcd water uses. 

(2) Class II (Excellent).- 

(I) I)usrgnu(cJ r~~c.~ ‘I hc dcsrgnatcd 
uses rncludc but .rrc n,)t I~m~trd to. the 
following. 

(A) Water suppI) (d,lmcstrc. rndustrral. 
agrrcultural) 

(8) Stock udtcrrnp 
(C) Frsh and shclltish S.rlmontd mrgra- 

tron, rearing. sp;run~np. and harvcstrnp. 
other tish migration. rcarrng. spawning, 
and harvesting; crayfish rearing. rpawn- 
rng. and harvesting 

(D) Wildlife habItAt 
(1:~ CcrernoniJl and rcllgrous water 

USC 
(F) Rccrcatron (primary contact rccrc- 

ation. sport fishing. b).rtrng .rnd acsthctrs 
cn)oymenl). 

(G) Commerce and n.rvip~tmn 
1 I,) N’cl/rr qlidrrl “rllt’rfd 
(A) Bactcrralogrcal Crrtcrra-The gcll- 

metric mean of the cntcrococcr bactcrra 
dcnsrtrcs rn samples tahcn over a 30 day 
pcrmd shall not cxcccd 16/1OO ml. nor 
shall any s~r,glc ~~mplc crcccd an cntcrcr 
cocci Jcnblt) of 75 Fr I00 mrllrlitcrs 
Thcsc Irmrts arc calculdtcd .~s the geomct- 
rrc mean of the collcctcd s.rmplcs approxl- 
matcly cqu.tll~ sp~vcd uvcr a thirty day 
period 

(8) Drssolvcd oxygen-The drssolvcd 
oxygen shall cacccd 8 U mg;l 

(C) Total dissolved gas-cunccntra- 
Irons shall not exceed I IO percent of the 
saturation value for gases 31 the cxrstrng 
atmosphcrrc and hydrostatrc prcssurcs at 
any point of s3mplc collectron 

(D) Temperature-shall not exceed 
18.0 degrees C due to human actrvitrcs. 
Temperature increases shall not. at any 
time. cxcccd t=?K/(T t7) 

(I) When natural condrtruns cxcccd I8 
degrees C no tcmpcraturc Increase UIII bc 
allowed which WIII raise the rcccrvrng wa- 
ter temperature by grcatcr than 0 3 dc- 
grccs C 

(2) For purposes hereof. “t” represents 
the permissive tcmpcraturc change across 
the dilution zone; and “T” represents the 
highest existing temperature in this water 
classification outside of any dilution zone 

(3) Provrdcd that tcmpcraturc rncrcasc 
resulting from non.point source activitrcs 
shall not cxcccd 2 X dcgrccs c‘. and the 
maxrmum water tcmpcraturc shall not cx- 
cccd I8 3 degrees C 

(E) pti shJll bc wlthrn the r.rngc of 0 5 
IO 8.5 with a human-caused varratron al 
less than 0.5 unrts 



(f-) TurbIdIt) \hall not exceed 5 NTL 
over background lurbldl1y when the back- 
ground IurbldlI) IS 50 \TU or less. or 
have more than a IO pcrcenl Increase In 
Iurbldltj when rhe background turbidity 
IS more than SO NTC; 

(G) TOXIC. radmactlvc. nonconvcntlon- 
al. or dclcrcrlous maicrlal conccnIraIlons 
shall bc less than those of public health 
slgmticance. or which may cause aculc or 
chrunlc IUXIC‘ condl1lons IO [he aqua11c bl- 
01.1. or which n1.1) adbcrscly atiecl deslg- 
n.ilcd u.ilcr ubeh 

(3) (‘lure III f(;md 
(I) Ikc~gnurrd UJCS The dehlgnarcd 

uses Include bur Jre not IlmiIed 10. the 
following 

(A) U’JIer \uppl) (IndusIrlal. a8rlcuI- 
Iural) 

(B) SIock warering 
(C) Fish and shellfish. Salmonid migra- 

lion. rearing. spawning. and harvesting; 
orhcr fish mlgrarion. rearing. spawning. 
and harvcsrlng. craktish rc;irlng. spaun- 
lng. and harvesting 

(D) Wlldllfc hablrar 
(E) Recreation (sccondarb conlacl rec- 

realIon. sporl tishlng. bodllng and aesthet- 
Ic cnla)mcnl) 

(F) Commerce Jnd naklgatlon 
(ii) H’arrr quolrry c‘rrfrrra 
(A) B.icIeriologlcal CrlIerla-The gee 

metric mean of Ihc cnIcrococcl bacteria 
denslllcs In samples taken over a 30 day 
pcrmd shall nut exceed 33/100 ml. nor 
shall an! single sample exceed an cnlcro- 
C‘OCCI den>10 of I50 per IO0 mllllll~crs 
Thcsc llrnlls are calculated as the gcomet- 
rlc mean of rhc collecled samples approxl- 
marely equJll> spaced obcr a IhlrIy day 
period 

(B) Ulb\ul\ed oxbgcn 

(C) TUIJI dl\\olbed 8~s concentraltons 
bhdll nut ckcecd I IU perccni of Ihc saIura- 

twn value for gases aI rhe exlsting atme 
spheric and hydrosIatic pressures al any 
point of sample collection 

(D) Temperature shall not exceed 2 I .O 
degrees C due IO human acllvitics. Tcm- 
pcraturc increases shall not. at any time. 
exceed 1=34/(T+9). 

(I) When natural conditions exceed 
21 .O degrees C no tcmpcraturc increase 
UIII be allowed which will raise the recciv- 
lng water lempcrature by greater than 0.3 
degrees C. 

(2) For purposes hereof, “I” represents 
the permissive lcmpcraturc change across 
Ihe dilution zone. and “T” rcpresenIs the 
highest cxrsIin8 Icmpcraturc in this water 
classification outside of any dilulion zone. 

(1) Provided that Iempcraturc increase 
resulIin8 from nonpoinI source activities 
shall not exceed 2.8 degrees C. and the 
maximum water tcmpcraturc shall not cx- 
cccd 2 I .3 degrees C. 

(E) pH shall be within the range of 6.5 
to I( 5 with a human-caused variation of 
less than 0.5 units. 

(F) Turbidity shall not exceed IO NTU 
over background turbidity when the back- 
8round lurbldrty is 50 NTU or less. or 
have more than a 20 percent Increase In 
turbidiry when the background turbidity 
IS more than 50 NTU. 

(G) Toxic. radioactive. nonconvcntlon- 
al. or deleterious material conccntrat~ons 
shall bc less Ihan those of public health 
sigmticancc. or which may cause acuIe or 
chronic IOXIC conditions IO the aquaclc bl- 
o[a. or which may adversely afl‘cct dcsig- 
nated water uses. 

(4) Class IV (Fair)- 
(i) Designated uses. The designated 

uses include but are noI llmitcd IO. the 
following 

(A) Waler supply (Induslrlal). 
(B) Stock walering 
(C) Fish (salmonld and other tirh ml- 

graIlon). 
(D) Recreation (secondary contact rcc- 

rcalion. sport fishing, boating and acsIhcI- 
ic enjoyment). 

(E) Commerce and navigation. 
(ii) Wafer qualily crifcria 
(A) Dissolved oxygen. 
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(B) Total dissolved gds-concentra- 
(Ions shall noI exceed I IO percent of the 
saturallon value for gases at the exlslrng 
atmosphcrlc and h!drosIaIlc pressures at 
any point of sample colleclion 

(C) TempcraIurc shall no1 exceed 22.0 
degrees C due IO human ~LXIVIIICS Tcm- 
pcrature increases shall noI. aI any Ilmc. 
cxcccd 1=2O/(T+2) 

(/) When natural condlIlons cxcccd 
22.0 degrees C. no temperature Increase 
will be allowed which will raise the rcceiv- 
ing water Icmpcralure by 8reaIcr than 0.3 
degrees C 

(2) For purposes hereof. “I” represents 
the permissive temperature change across 
Ihe dilution zone; and “T” represents the 
highcsl cxlsling Iemperalurc In this uaIer 
classiticarion outsIde of an) dlluIion zone. 

(D) pH shall be ullhln the range of 6.5 
IO 9.0 with a human-caused varlatlon of 
less than 0.5 units 

(E) Turbidity shall no1 exceed IO NTU 
over background IurbidlIy when the back- 
ground turbidity is SO STU or less, or 
have more Ihan a 20 percenr increase In 
Iurbidity when Ihc background 1urbidiIy 
is more than 50 NTU 

(F) Toxic. radioactlbc. nonconvenlion- 
al, or dclercrlous material concentrations 
shall bc less than those of public health 
slgnlticancc. or which ma) cause acute or 
chronic toxic condlIlons to the aquuric bl- 
ala, or which ma) adbcrsel! aHect dcsig- 
naIcd waler uses 

(5) Lake Class 
(I) Designorcd USES The dcslgnarcd 

uses include but arc not limited IO. the 
following, 

(A) Water suppI) (domebtlc. Industrial. 
agricullural) 

(B) Stock watering 
(C) Fish and shellfish- Salmomd migra- 

lion, rearing, spauning. and harvesting; 
other fish migration. rearing. spawning. 
and harvcsling. crahtish rearing. spawn- 
lng. and har\esllng 

(0) U’lldllfe hablrat 
(E) Ccrcmonlal and rellglous waler 

USC 



(F) Recreation (prtmary contact recrc- 
ation. sport fishing. boattng and aesthetic 
cn)oymcnl). 

(G) Commcrcc and navtgatton. 
(ii) Worrr quolrfy crirerio. 
(A) Bacteriological Criteria. The gco 

metric mean of the cntcrococci bacteria 
densities in samples taken over a 30 day 
period shall not cxcccd 33/100 ml. nor 
shall any single sample cxcccd an cntcro- 
cocci density of IS0 per 100 milliliters. 
Thcsc limits are calculated as the gcomct- 
ric mean of the collcctcd samples approxi- 
mately equally spaced over a thtrty day 
period. 

(8) Dissolved oxygen-no measurable 
dccrcasc from natural condittons. 

(C) Total dissolved gas concentrations 
shall not cxcccd I IO pcrccnt of the satura- 
tion value for gases at the existing atmo 
spheric and hydrostatic pressures at any 
point of sample collection. 

(D) Temperature-no mcasurablc 
change from natural conditions. 

(E) pH-no mcasurablc change from 
natural conditions 

(F) Turbidity shall not cxcccd 5 NTU 
over natural conditions. 

(G) Toxic. radioactive. nonconvcntion- 
al. or deleterious material concentrations 
shall be less than those which may affect 
public health. the natural aquatic cnviron- 
mcnt. or the dcstrablltty of the water for 
any USC 

(i) General characfmsftcJ Thcsc arc 
fresh or saline waters which comprlsc a 
special and unique resource to the Rcscr- 
vation. Water quality of this class will be 
varied and unique as dctcrmtncd by the 
Regional Administrator in cooperation 
with the Tribes. 

(ii) Drsignafed uses. The designated 
uses include. but arc not limited to, the 
following: 

(A) Wildhfc habitat 
(B) Natural foodchain matntcnancc. 
(iii) Water quality criteria. 
(A) Entcrococci bacteria dcnsittcs shall 

not cxcccd naturAl conditions 
(B) Dissolved oxygen-shall not show 

any measurable decrease from natural 
conditions. 

(C)Total dissolved gas shall not vary 
from natural condlrlons. 

(D) Temperature-shall not show any 
measurable change from natural condi- 
[tons 

(E) pH shall not show any mcasurablc 
change from natural conditions. 

(F) Scttlcablc solids shall not show any 
change from natural conditions. 

(G) Turbidity shall not cxcccd 5 NTL 
over natural conditions. 

(H) Toxic. radioactive, or dclctcrious 
material concentrations shall not cxcccd 
those found under natural conditions. 

(g) General Classificafions. Gcncral 
classifications applying to various surface 
watcrbodics not specifically classified un- 
dcr 5 I3 I .35(h) arc as follows. 

(I) All surface waters that arc tribu- 
taries to Class I waters arc classlhcd 
Class I. unless otherwise classified. 

(2) Except for those specifically classt- 
ficd othcrwisc. all lakes with existing avcr- 
age concentrations less than 2000 mg/L 
TDS and their feeder streams on the Col- 
villc Indian Reservation arc classified as 
Lake Class and Class I, rcspcctivcly. 

(3) All lakes on the Colvillc Indian 
Reservation with existing avcragc conccn- 
trations of TDS equal to or cxcccding 
2000 mg/L and their fccdcr streams arc 
classified as Lake Class and Class I rc- 
spcctivcly unless specifically classified 
otherwise. 

(4) All reservoirs with a mean dctcn- 
lion time of greater than I5 days arc clas- 
sified Lake Class. 

(5) All reservoirs with a mean dctcn- 
tlon ttmc of I5 days or less arc classtficd 
the same as the rlvcr section In which 
they arc located. 

(6) All rcscrvoirs established on prc-cx- 
isting lakes arc classified as Lake Class. 

(7) All wetlands arc assigned IO the 
Special Resource Water Class. 

(8) All other waters not specifically as- 
signed to a classificatton of the rcscrvation 
arc classilicd as Class II. 

(h) Specific Classificarions Specific 
classifications for surface waters of the 
Colvillc Indian Rcscrvatton arc as follows 

cagar Creek 
Coral* Creek 



curs I 
class III 
cm9 II 

LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 

LC 
LC 
LC 
LC 
LC 
SRW 
SRW 
SRW 
LC 
LC 
LC 
LC 
LC 
LC 
SRW 

9131.36 Toxics criteria for those stales 
not complying with Clean Water Act 
section 303(c)(2)(B). 

(a) Scope. This scctlon IS not a gcncral 
promulgation of the scctlon 304(a) crltc- 
ria for priority toxic pollutants but IS rc- 
strictcd to specific pollutants in spcclfic 

States 

(b) (I ) EPA’s Secrron SM(a/ Curma 
/or Prrorily Toxic Polluranrs 



A 

FRESHUATER SALTUATER 

I 

I Criterion Criterion Criterion Criterion ' For Consuption of: 

I 

Maxim Continuous 
(I) COnPOUNO US Cor~.d Conc.d 

I 

Maxinun Uatcr 6 Organi-, 
Conc.d Organi- only 

Mu&w , (uQ/L) (W/L) , (u!J/L) (w/L) (WC) 
, Bl 02 I Cl 01 02 

1 Antimony 7440360 ; I I I I 14 a 4300 a 

2 Arsenic 7440382 ; 360 m 190m I 69 m Mm 1 0.018 a,b,c 0.14 a,b,c 

3 Bcrylliun 7440417 ; I I 
, I n n 

4 Ca&iun 7440439 ; 3.9 c,m 1.1 c,m 1 &3 m 9.3 m 1 n n 

Sa Chromiun (111) 16065831 1 1700 c,m 210 e,m 1 I 
I " n 

b Chraniun (VI) 18540299 ! 16 m 11 m ! 1100 m 50m 1 n n 

6 Copper 7440508 ; 18 c,m 12 c,m 1 2.9 m 2.9 m 1 

7 Lead 7439921 1 82 c,ra 3.2 c,m I 220 m 8.5 m ) n n 

8 Mercury 7439976 1 2.4 m 0.012 i I 2.1 m 0.025 i I 0.14 0.15 

9 Nickel 7440020 I 1400 c,m 160 c,m 1 7Sm 8.3 m I 610 a 4600 a 

10 Sclcniun 7782492 ! 20 5 ! 300 m 71m I n n 

11 SiLvcr 7440224 ; 4.1 
c,m 

I 2.3 m , 
I I 

12 Thalliun 7440280 ) I I , , 1.7 a 6.3 a 

13 Zinc 7440666 ; 120 c,m 110 c,m ) 95m 84m I 

1C Cyanide 57125 1 22 5.2 I I 1 1 I 700 a 220000 a,j 

15 Asbestos 1332214 ! I ! 7.000.000 fibers/L k 

16 2,3,7,8-TCOO (Dlorln) 1746016 ; r 
I ~0.000000013 c 0.00000001c c 

17 Acroltln 107028 ; I I I , 320 780 

18 Acrylonlfrile 107131 1 I I I I 0.059 a,c 0.66 a.c 

19 Benzene 71432 1 I I I I 1.2 a,c 71 arc 

20 Bromoform 75252 1 I I 4.3 a.c 360 c,c 

21 Carbon Tetrachlorick 56235 ; I I I I 0.25 a,c 4.4 a,c 

22 Chlorobcnzcnc 108907; I I I I 6800 21000 l ,j 

23 ChLorodibromawthane 124681 ; I I I I 0.41 arc 34 a,c 

24 ChLoroethane 75003 1 I I I I 
25 2-Chloroethvlviny\ Ether 110758 ! , I 

26 Chloroform 67663 ; I I I 5.7 a,c 470 a,c 

27 DichLorobr-thane 75274 ; I I I I 0.27 a,t 22 a,c 



I B 
I 

I 
C 

I 
D 

FRESHYATER 
I 

SALTYATER 
I :li-s :iik for"cZizA) 

Criterion Criterion 
I 

Criterion Criterion I For Consqtion of: 
Maximan Continuous Maxima Continuous 

I 
Uater L Organism 

(I) COMPOUND CAS Conc.d Conc.d ' Conc.d Ctmc.d Organism MlY 
Nuber , (W/L) (WI/L) 1 (W/L) (W/L) 1 (W/L) tug/L) 

I 61 82 I Cl 12 I Dl 02 

28 l,l-Dichloroethane 75343 ; I 
I I 

29 1,2-Dichloroethw 107062 ; I 
I 0.38 a,c W a,c 

30 l,l-Dichloroethylene 75354 ; I I 
I I 0.057 a,c 3.2 a,c 

31 1,2-Dichloropropane 78875 ; I I 
I I 

32 1.3-Dichloroorocwlene 542756 ! I I L 10 a 1700 a 

33 Ethylbenzene 100414 ; I I 
I , 3100 a 29000 a 

34 Methyl Branlde 74839 ; I I 
I I 48 a 4000 a 

35 Methyl Chloride 74873 ; 1 I 
I I " n 

36 Wethylen Chloride 75092 ; I I 
, t 4.7 a,c 1600 a,c 

37 1.1.2.2.TetrachLoroethane 79345 1 I I 0.17 a.c 11 a,c 

38 Tetrachloroethylene 127184 f I I 
I 1 0.8 c 8.85 c 

39 Toluene 108883 1 1 1 
1 I 6800 a 200000 a 

40 1,2-Trans-DichloroethyLene 156605 1 I 1 
1 1 

41 l,l,l-Trlchloroethan 71556 1 I I 
I I n " 

42 1.1.2-Trichloroethsn 79005 ! I I 0.60 a.c 42 a,c 

43 Trichloroethylene 79016 f I I 
1 I 2.7 c 81 c 

44 vinyl Chloride 75014 1 I I 2 c 525 c 

45 2-Chlorophenol 95578 ; I 0 
I I 

46 2,4-Dichloro@wnol I 120832 ; I 
I I 93 a 790 a.1 

47 2.4-Dimthvldwnol 105679 ! I I 

48 2-Methyl-4.67Dinitrophenol 534521 ; 1 , 
I , 13.4 765 

49 2,4-Dinitrophenol 51285 1 I I 
I I 70 a 14000 a 

50 2-Nltrophenol 88755 ; I I 
I ! 

51 4-wltrophenol 100027 ; I I 
I I 

52 3-Methyl-4-ChloroMenol 59507 ! 1 1 

53 Pentachlorophenol 87865 ; 20 f 13f 1 13 7.9 ; 0.28 a,c 8.2 a,c,J 

54 Phenol 108952 1 I I 
1 I 21000 a 4600000 a,~ 

55 2,4,6-Trichlorophenol a8062; I I 
I I 2.1 a,c 6.5 a,c 

56 Acenaphthcn 83329 ; , I 
I I 



A 

FRESHUATER 
I 

SALTUATER 

' Criterion Criterion ' Criterion Criterion ' For Consugtion of: 
Maxisun Continuous Maxinun Continuous Uater 8 Organisms 

(I) COHPO UND CAS I cont. d Cmc.d I Conc.d Conc.d I Organisms only 
Nurkr 

1 Bl 
tug/L) tug/L) 

j Cl 
(W/L) tug/L) tug/L) fug/L) 

I 02 c2 1 Dl D2 

57 Acenaphthylene 208968 ; I 1 
I I 

58 Anthracene 120127 ; I 1 I I 9600 a 110000 a 

59 Benridine 92875 ; 1 1 I I 0.00012 a,c 0.00054 a,c 

60 Benzo(a)Anthracene 56553 1 1 I 1 I 0.0028 c 0.031 c 

61 Benzota)Pvrene 50328 ! 1 I 0.0028 c 0.031 c 

62 Benzo(b)Fluoranthene 205W2 ; 1 1 1 I 0.0028 c 0.031 c 

63 Benro(ghi)Perylm 191242 1 I 1 
I 1 

64 Eenzo(k)Fluoranthene 207089 ; I 1 , I 0.0028 c 0.031 c 

65 Bis(Z-ChloroethoxyMethane 111911 ; I I 
I I 

66 Bis(Z-ChloroethylJEther 111444 ! I I 0.031 a.c 1.4 a,c 

67 Eis(Z-Chloroisopropyl)Ether 108601 t 1 I I I 1400 a 170000 a 

68 Bis(Z-EthylhexyljPhthalate 117817 ; 1 I , , 1.8 a,c 5.9 a,c 

69 4-Bromophenyl Phenyl Ether 101553 ; 1 I 
1 I 

70 Eutylbenzyl Phthalate 85687 j 1 I 
, , 

71 2-Chloronachthalene 91587 ! 1 I 

72 4-Chloroghenyl Phenyl Ether 7005723 I , I 
, , 

73 Chrysene 218019 I 1 I 1 1 0.0028 c 0.031 c 

74 Dibenzo(a,h)Anthracene 53703 I , I 1 1 0.0028 c 0.031 c 

75 1,2-D~chlorobenzene 95501 1 1 1 1 I 2700 a 17000 a 

76 1.3-Dichlorobmrene 541731 ! 1 1 400 2600 

77 1,4-Dichlorobenrene 106467 1 1 I I 1 400 2600 

78 3,3'-Dichlorobenridine 91941 ; I , 1 I 0.04 a,c 0.077 a,c 

79 Diethyl Phthalate 84662 1 I 1 I I 23000 a 120000 a 

80 Dimethyl Phthalate 131113 1 I 1 I 1 313000 29ooooo 

81 Di-n-Butyl Phthalstc 84742 ! I 1 2700 a 12000 a 

82 2,4-Dinitrotoluene 121142 1 I I 1 I 0.11 c 9.1 c 

83 2;6-Dinitrotoluene 606202 ; 1 I 
1 I 

84 Di-n-Octyl Phthalate 117840 ; 1 
1 I 

85 1,2-OiphenyLhydraz1ne 122667 ; I I I I 0.040 a,c 0.54 a.c 



A B C I D 

FRESHUATER SALTUATER 
:lims Fi:k for"cir:iG&) 

Criterion Criterion I Criterion Criterion For Consmption of: 
Maximum Continuous ' Maxim!! Continuous Uater 8 Organi tms 

(rl) COMPOUND CAS Conc.d Conc.d ' Conc.d 
Nuber , (WL) (W/L) 

, Bl B2 j Cl 

Conc.d Organisms mlY 
(w/L) (WL) (ug/L) (W/L) 

c2 Dl D2 

M Fluoranthm 206440; \ I 300 a 370 a 

87 Fluorene 86737 ; I I 1 , 1300 a 14000 a 

88 Hexach I orobmzene 118741 ; I I I I 0.00075 a,c 0.00077 a,c 

89 tiexachlorobutadiene 87683 1 I 1 I I 0.44 a,c 50 a,c 

90 Hexachlorocycloaentadiene 77474 1 I I 240 a 17000 a,; 

91 Hexachloroethane 67721 I I I 1 I 1.9 a,c 8.9 a,c 

92 Indmo(1,2,3-cd)Pyrene 193395 1 I I I I 3.0028 c 0.031 c 

93 lso@lorone 78591 / I 1 1 ! 8.4 a,c 600 a,c 

94 Naphthalene 91203 1 I 1 
I I 

% Nitrobenzm 98953 ! I I 17 a 1900 a,j 

96 N-Nltrosodimethylamine 62759 1 I I I I 0.00069 a,c 8.1 a,c 

97 N-Nitrosodl-n-Pr~ylemlnc 621647 ; I I 
I I 

98 N-Nitrosodiphenylamine 86306 ) I 1 I I 5.0 a,c 16 a,c 

W Phenanthrme 85018 ; I 1 
I \ 

100 Pyrene 129000 I I I 960 a 11000 a 

101 1,2,C-Trlchlorobenrene 120821 1 I I 
I I 

102 Aldrln 309002 ; 39 I / I 1.3 g I 0.00013 a,c 0.00014 a,c 

'03 alpha-EM 3198&b / I I / 1 0.0039 a,c 0.013 a,c 

104 beta-EHC 319857 I I I I I 3.014 a,c 0.046 a,c 

105 gm-BHC 58899 ! 2s 0.08 g ! 0.16 g \ 0.019 c 0.063 c 

106 dette-BHC 319868 ( I , 
\ 1 

107 Chlordane 57749 j 2.4 g 0.0043 g ; 0.09 g 0.004 g ; 0.00057 a,c 0.00059 a,c 

108 4-C'-DDT 50293 I 1.1 g 0.001 g ; 0.13 g 0.001 g ; 0.00059 a,c 0.00059 a,c 

109 C,C'-DDE 72559 ; I I I I 0.00059 a,c 0.00059 a,c 

110 6.4'.DOD 72548 ! I I 0.00083 a.c 0.00084 a,c 

111 Dleldrin 60571 1 2.5 g 0.0019 g 1 0.71 g 0.0019 g ; 0.00014 a,c 0.00014 a,c 

112 alpha-Endosulfan 959988 ; 0.22 g 0.056 g ; 0.034 g 0.0087 g ; 0.93 a 2.0 a 

113 beta-Endosulfan 33213659 1 0.22 g 0.056 g 1 0.034 g 0.0087 g I 0.93 a 2.0 a 



i B C I 
I 

D 

FRESHWATER SALTUATER ' 

Criterion Criterion Criterion Criterion For Conarrption of: 
Maxinn Continuous Maxinun Continwws Uater L OrgmisRI 

(1) COMPOUND CAS Conc.d 

' 81 

Conc.d Conc.d 

j Cl 

Conc.d Orgmiw OnlY 
Nuder Lug/L) (LAB/L) (WL) (WI/L) 

' 01 
(W/L) (tJg/L) 

I B2 c2 I 02 

114 Endosulfan Sulfate 1031078 ; I I 0.93 a 2.0 a 

115 Endrin 72208 ; 0.18 g 0.0023 g ( 0.037 g 0.0023 g ; 0.76 a 0.81 a,j 

116 Endrin Aldehyck 7421934 I I I I 0 0.76 a 0.81 a,j 

117 Heptachlor 76448 ; 0.52 g 0.0038 g ; 0.053 g 0.0036 g I 0.00021 a,c 0.00021 a,c 

118 HeDtachlor EDoxide 1024573 ! 0.52 g 0.0038 Q ! 0.053 9 0.0036 g ! 0.00010 0.c 0.00011 a,c 

119 PCB-1242 53469219 ; 0.014 g ; 0.03 g ; O.ODDO44 l ,c 0.000045 a,c 

120 PCB-1254 11097691 1 0.014 g ) 0.03 g ; 0.000044 a,c 0.000045 a,c 

121 PCB-1221 11104282 1 0.014 g ; 0.03 g ; 0.000044 a,c 0.000045 a,c 

122 PCB-1232 11141165 1 0.014 g ; 0.03 g ; 0.000044 a,c 0.000045 a,c 

123 PCB-1248 12672296 ! 0.014 !I ! 0.03 9 ! 0.000044 a.c 0.000045 a,c 

124 PCB-1260 11096825 ] 0.014 g ; 0.03 g ; 0.000044 a,c 0.000045 a,c 

125 PCB-1016 12674112 1 0.014 g [ 0.03 g ; 0.000044 a,c 0.000045 a,c 

126 Toxaphene 8001352 ; 0.73 0.0002 ; 0.21 0.0002 ; 0.00073 a,c 0.00075 a,c 

Total No. of Crlterla (h) = 24 29 23 27 91 90 



2 Crircrld rc\\rcd to reflect current 
.igcric) q l or RfD. as contained in the 
lntcgrdtcd Risk Information System 
(IRIS;) The fish ttssue bioconcentration 
factor (BCF) from the 1980 criteria docu- 
mcnts was rcralncd In all casts 

b The crltcrla rcfcrh IO the Inorganic 
lurrn onI> 

c‘ Crltcrld In the m.Itrlx based on carci- 
nogcnlclI> ( IO6 rl,k) For a risk level of 
IO ‘. mobc Ihc dcclmal point In the matrix 
L .IIUC ,mc pl.~cc IU the right 

d t r1IcrI.i Marlmum Conccntratlon 
((‘MC‘) = Ihe h\ghcsI concentration of a 
p)llul.~nl IO uhlch aqu~llc llfc can be cx- 
pod fur J short pcrmd of tlmc (l-hour 
JbcrJgc) ulthout dclcrcrlous cfTccts. Cri- 
tcr1.1 Conlinuous Concentration (CCC) = 
rhc hl8hcsI concenIratlon of a pollutant IO 
which ,I~UIIC hfc can bc exposed for an 
cxrcndcd pcrlod of tlmc (4 days) without 
dclctcrtoub clfcctb. ug/ L = micrograms 
per liter 

c t’rcshwdtcr aquattc life criteria for 
Ihc\c rncIJl> arc cxprcsscd as a function 
of 1ut.11 hardness (mg/L). and as a func- 
Iton of Ihc pollutant’s waIcr cKcct ratio. 
WFK. .I\ dchncd In 5131 36(c) The 
cquJtlurl> Arc prubldcd In matrix at 
§ I31 )6(b)(?) Valuch driplayed above In 
Ihc maIrlx corrcbpond to a total hardness 
of 100 mg’l. and a w;IIcr cffcct ratlo of 
IO 

f f-rc\hwJIcr Jquat~c llfc criteria for 
pcnI~~<hlorophcnol arc cxprcsscd as a 
funcrlun of pti. and arc calculated as fol- 
low\ 1’alucs dlspla!cd above In the ma- 
Irlx correspond IO a pH of 7 8 
(‘\iC = cxp( I OOS(pH) - 4 830) CCC = 

cxpt I ooS(pH) - 5 290) 
g :\~U.IIIC llfc crltcrla for thcsc com- 

puundb wcrc Ibbucd In 1980 uIilIzIng the 
1980 Gu~dcl~nc~ fur crltcria dcvclopmcnt. 
lhc .IC’UIC \.~IucI \ho,un Jrc final acute 
\JIUC\ (f.Ai) *hlch bk the I980 Gu,dc- 

lrncs arc Inslantancous values as con- 
trasted with a CMC which is a one-hour 
average. 

h. These totals simply sum the critcrla 
in each column. For aquatic life. there arc 
30 priority toxic pollutants with some 
type of freshwater or saltwater. acute or 
chrome critcrla. For human health. there 
arc 91 priority toxic polluIants with elthcr 
“water + fish” or “fish only” criteria. 
Note that these totals count chromium as 
one pollutant even though EPA has dcvcl- 
aped crltcria based on IWO valence states 
In the matrix. EPA has assigned numbers 
Sa and Sb to the criteria for chromium to 
retlcct the fact that the hst of I26 priority 
toxic pollutants includes only a single list- 
Ing for chrormum. 

I. If the CCC for total mercury exceeds 
0.012 ug/L more than once in a 3-year 
period in the ambient water, the edible 
portion of aquatic spccics of concern must 
be analyzed to determine whcthcr the 
concentration of methyl mercury exceeds 
the FDA action level (I .O mg/kg). If the 
FDA action level is exceeded. the State 
must notify the appropriate EPA Region- 
al AdminisIrator. Initiate a revision of its 
mercury crilcrion in 11% water quality 
sIandards so as to protect dcsrgnatcd uses, 
and take other approprIaIc actIon such as 
Issuance of a fish consumption advisory 
for the affccIcd area. 

J. No critcrta for protcctlon of human 
health from consumption of aquatic orga- 
nisms (cxcludmg water) was presented In 
the 1980 criteria document or in the 1986 
Quality CritcrIa for Water. Nevcrthcless. 
sufficient information was presented In 
the 1980 document to allow a calculation 
of a crltcrion. even though the results of 
such a calculation were not shown in the 
document. 

k. The crlIcrlon for asbcsIos is the 
MCL (56 FR 3526. January 30, 1991) 

I. This letter not used as a footnote. 

m. Criteria for Ihcsc mcrals arc cx- 
prcsscd as a function of the water c!Tcct 
ratio, WER. as defined In 40 CFR 
131.36(c) 

CMC = column BI or Cl baluc X WER 

CCC = column B? or C2 baluc X WER 

n. EPA IS nut promulgating human 
health critcrla for IhIs contammant. How- 
ever, permrI auIhorlIlcs should address 
this contaminant In %PDES pcrmlt ac- 
tlons using the St31c’s cxlbtlng narrative 
criteria for Ioxlcs 

General I\;oIcs 

1. This chart IISIS all of EPA’s prlorlty 
toxic pollutants whether or not criteria 
recommendations arc available. Blank 
spaces indlcatc the absence of criteria rec- 
ommendations. Bccausc of variations in 
chemical nomenclature systems. this lirt- 
ing of toxic pollutants does not duplicate 
the listing in Appcndlx A of 40 CFR Part 
423. EPA has added the Chemical Ab 
stracls Scrvlcc (CAS) registry numbers, 
whrch provrdc a unrquc IdcnIlfication for 
each chcmlcal. 

2 The followlng chcmlcals have organ- 
olcptrc based crltcrla recommendations 
that arc not lncludcd on this chart (for 
reasons which are dlbcusscd rn the prcam- 
blc). copper. zinc, chlorobcnzcne. 2chle 
rophcnol. 2.4-dichlorophcnol, accnaph- 
thcnc. 2.4-dlmethylphcnol, 3-methyl-4- 
chlorophcnol. hcxachlorocyclopentadicnc, 
pcntachlorophcnol, phenol 

3. For purposes of IhIs rulemaking, 
freshwater crltcrta and saltwater criteria 
apply as speclficd tn 40 CFR I31 36(c). 

(2) Facrors /or C‘alcularrng Merals 
Crirrrta 

CMC-WER cxp{m~(ln(hardncss))+b~~ 
CCC-WL:R 
cxplmc [ In( hardncsb) J + bc.1 



CMC-WER exptm~[ln(hardness)]+b~t CCC-WER exptmc[ln(hardness))+bcl 

Cadmum 
Gwwr 
Chromwm (III) 
Lesd 
Nckel 
SllVW 
Zmc 

Note The lerm exp represenrs lhe base e exponenml luncl~on 

ml b* 

1 128 -3828 
09422 -1 464 
0 8190 3688 
1 273 -1 460 
08460 33612 
1 72 -652 
00473 08604 

mc k 

07052 -3 490 
08545 -1 465 
0 8190 1561 
1273 -4 705 
08460 11645 

0 a473 0 7blJ 

(I) The crltcrla In p,lrJpr.lph (b) of thlc 
sccllon apply to [he Sr.ltc\’ dc~lpn.~rcd 
uses c~tcd III paragraph (d) of rhls sectIon 
and supersede an) crI(cIIa adopted b) rhe 
Stare, cxcepr when Slate regulations con- 
taln cII{crla which arc murc htrlngenr for 
a particular use In which c~\c rhc St.~tc‘s 
crilcria will contlnuc to .~pply 

(2) The crIkr!d e>rJbllshcd 111 this KC- 
(ion arc bubJccl 10 rhc Slrllc‘b gcncrJI 
rules of applrcablllly 111 Ihc same waj and 
IO !hc same CXIC~I .1\ arc’ ~hc olhcr nurncr- 

IC IOXIC~ CTiIc’r1J when appl~cd to the \am(: 
use classificarlons including mlxlng 7oncs. 
and low flow values bclou u hich numcrlc 
standards can bc exceeded In tloulng 
fresh waters 

(i) For all waters ul\h mlxlng ronc reg- 
ulations or Implcmcntation procedures. 
the cliterla apply al the approprldtc Iota- 
t~ons wl[hrn or ai the boundar) of rhc 
mixing zones. orhcrwtsc fhc criteria apply 
throughour the walcrbodh inctudlng a[ 
the end of any discharge p~pc. canal or 
other discharge point 

(ii) A S~atc shdll nut UK .I low tlow 
value below which nurncrIc‘ \t.ind.lrd\ can 
bc cxcccdcd that IS Ic\\ \rrlngcnt th.ln the 
following for w.~tcr\ \u~~,~blc f<~r lhc c\[.~b- 
trshmcnr of low How return frcqucnclcs 
(i c , stream\ and rlberh) 

Aquallc LIIS 

Acute crlleria (CMC) 1010or1B3 
Chronc crllerla (CCC) 7OlOor4B3 

Human Health 

Non-carcinogens 
C8WWJW3S 

30 0 5 
Harmontic mean flow 

Where 
CMC-crllcria maxlmum conccnlra- 

lion--the water qualr~) c‘rrtcrra to protccr 
agarnst acuk ctTccls nri .~quirc 11le clnd IS 

the. hlghcst Insrrcam conccntrallon of a 
prlorlry lox~c pollur.lnr con\lsllng of ~1 
one-hour abcrapc not IU be cxcccdcd more 

thdn once every three jears on rhc avcr- cable crltcrla arc the sJl\uarcr c‘r1lcrl.l 111 
3gc. Column C. and 

ccc -crileria conllnuous conccnlra- 
lion--the waler qualIly crikrla 10 protccr 
against chronic cffcc~ In aquatic life IS 

the highest insrrcam conccntralion of a 
priority toxic pollulant consisling of a 4. 
dab average not IO bc cxcccdcd more than 
once every three years on the average. 

I Q IO IS the lowest one day flow ul[h 
an average rccurrcncc frcqucncy of once 
In IO years dckrmincd hydrologlcally. 

I I3 3 I\ bloloyically based and indicates 
,111 allouablc cxcccdcncc of once every 3 
years. It 15 dclcrmincd by EPA’s compur- 
crazed method (DFLOW model). 

7 Q IO is the lowest average 7 consccu- 
~IVC day low tlow with an average rccur- 
rcncc rrcqucncy of once in IO years dctcr- 
mined hydrologically; 

(III) For waters In which rhc \Jllnl[> I\ 
between I and IO parts per \huu\.lnd .I\ 
dcfincd In paragraphs (c)(31 (I) Jnd (II) d 

this section. the appllcablc c‘rllcrl.1 Jrc rhs 
more stringent of the frcshu.itcr err 
sal\w31er criteria tlowc\cr. \hc Kcgidn.11 

Adminis[ralor ma) appro\s rhc UK uf the 
allcrna!lvc frcshuatcr or sal\uu[cr c‘rllc- 
ria if scIentifically dcfenbiblc ~nform.~tion 
and data demonstrate that un .I \~tc-\pc 
cific basis the biolog) of the uJ\crbodj I\ 

domlnutcd by CrcshuJ[cr .~qu.l[~c talc JII~ 
that frcrhualcr cTilcrIJ arc nI,)rc’ Jppr<l 
prlalc. or convcrsclb, the blolog! ,l!’ ~hc 
waterbody IS domlnared b> ,.Llludtcr 
aqualic II~C and that sa1tuJlc.r crllcrI.1 .irc 
more appropriak 

4 B 3 IS bIologIcally based and indlcalcs 
an allowable excccdcncc for 3 consccu~lvc 
days once cvcry 3 years. It IS dctcrrnlncd 
b> EPA’s computcrizcd method 
(DFLOW model); 

30 Q 5 is the lowest average 30 consec- 
UIIVC day low flow with an average rccur- 
rencc frequency of once in 5 years dclcr. 
mlncd hydrologically; and the harmonic 
mean flow 1s a long lcrm mean flow value 
calcul~tcd by divldlng the number of dal. 
I) flows analyzed by the sum of the 
rcclprocals of those dally flows 

(I~I) If a State dots not have such a low 
How value for numeric standards compll- 
dncc, then none shall apply and the critc- 
Tia Included in paragraph (d) of this scc- 
(ion herein apply at all flows. 

(3) The aquatic life criteria in the ma- 
trix In paragraph (b) of this section apply 
iis follows: 

(4) .+p/lCC2Jit,n Oj- ~?l<‘~‘J~,\ irilc’rlc, 

(I) For purposes of calculdtlnp frc>hwd- 
lcr aquatic llfc critcrla for mcI.~l~ from 
the equations In paragraph (b)(Z) of lhl\ 
section. the mimmum hardncb\ alloucd 
for USC in those equalions shall not bc Its\ 
than 25 mg/l. as calcium carbonJtc. cbcn 
If the actual ambient hdrdncsh 15 Icbs th.ln 
?5 mg/l as calcium carbonale The IllJ~l- 

mum hardness value for use 111 thtix 

cquatlons shall not exiccd JUU mp, I .I\ 
cakium carbonate. CIC’II I( [hr .~ctu.~l .*n, 
blent hardness IS grcJter IhJn 4~ n,g I 

as calcium cJrbonaic The >.imc pra~l 

SlOnS apply for CakUlatinp the ITICIJIS Crl 

IcTia for rhc comparisons probldcd fur in 
paragraph (c)(3)(111) of this scc‘\lon 

(II) The hardness values used shalt bc 
consistcnl with the design discharge con- 
ditions csIablishcd In paragraph (c)(Z) ol 
this section for flows and mixing zoncb 

(i) For waters in which the salinity is 
equal to or less than I part per thousand 
95R or more of Ihc lime. the appllcablc 
criteria are the frcshwarer criteria in Col- 
umn B. 

(II) For waters in which the sallnl[y IS 

equal 10 or greater than IO parts per rhou- 
\and 95% or more of the tlmc. the appll- 

(Iii) The criteria for mclals (compound\ 
#l-II 3 in paragraph (b) of this SCC~IWI) 

arc cxprcsscd as lo131 recoverable 1-N 
pUr,XXCS of CalcUtatlng JqUJllc IIfC c‘rllc- 
ria for metals from the equJtlon\ In ~WII- 

note kf In the CrllcrlJ rnJlrl\ In p.lr.l- 

graph (b)(I) of this sectIon and rhc c~u.,- 
lions in paragraph (b)(Z) of thlh \CCIIU~. 

rhc water-ctTect ratlu ~‘r cunipulcd .I\ k, 



+ccific pollutanr’s acute or chronic tox~ci- 
ty values measured rn water from the site 
covered by the standard. divided by the 
rcspectrvc acute or chronic toxicity value 
In laboratory dilution water The watcr- 
effect ratlo shall be assigned a value of 
I 0. cxcep~ where the permlttlng authorl- 
ty asslgns a dllTcrcnt value that protects 
the dcslgnatcd uses of the water body 
from the toxic CHCCIS of the pollutant, and 
is derived from suitable tests on sampled 
water rcprcsentatlvc of conditions in the 
affected water body, consistent with the 
design dlschargc condltrons established in 
paragraph (c)(2) of this section. For pur- 
poses of rhrs paragraph. the term acute 
toxicity value is the toxicity test results, 
such as the concantratccl 

YT! half of the test organisms (i.e. YOp”dr: 
tcr 96 hours of exposure (c g , fish toxicity 
ICSIS) or the cdccr concentration IO onc- 
half of the test organisms. (i.e., ECSO) 
after 48 hours of exposure (c-g, daphnia 
toxicity tests). For purposes of this para- 
graph. the term chronic value is the result 
from appropriate hypothesis testing or rc- 
grcssion analysis of measurements of 
growth, reproduction. or survival from llfc 
cycle. partial life cycle, or early life stage 
tests The dctcrminatlon of acute and 
chronrc values shall be according to cur- 
rent standard protocols (e.g. those pub 
llshcd by the American Soc~cty for TCSI- 
lng Matcrlals (ASTM)) or other compa- 
rable methods For calculation of crltcria 
using site-specific values for both the 
hardness and the water ctTcct ratio, the 
hardness used In the equations in para- 
graph (b)(2) of this section shall be as 
required in paragraph (c)(4)(ii) of this 
section Water hardness shall be calculat- 
ed from the measured calcium and mag- 
nesium Ions present. and the ratlo of calci- 
um to magncslum shall be approximately 
the same in standard laboratory toxicity 
fcsrmg water as rn the SIIC water 

(d) Cr~rer~o /or Specrfic /ur~sdlr- 

fions- 

(I) Rhode Island. EP.4 Region 1 
(I) All waters assigned IO the following 

USC classifications In the Water Quality 
Regulations for Water Pollution Control 
adopted under Chapters 46- 12. 42- 17. I, 
and 42-35 of the General Laws of Rhode 
Island arc subject to the criteria in para- 
graph (d)( I)(ii) of this section. without 
exception. 

621 Freshwater 6 22 Saltwater 

Class A Class SA 
Class 0 Class SB 
Class C Class SC 

(ii) The following criteria from the ma- 
trix in paragraph (b)(I) of this section 
apply to the USC classifications identified 
In paragraph (d)(I)(i) of this section. 

Us0 classlficatlon 
CbS¶ A 

Class B WUUl wlmro 
water rupply “M IS 
not dmgfuled. 

CbSS c. 
arsr SA. 
arsr s0. 
arsr SC Each of these class~h- 

cabons IS aswgned 
the cnterla In 

Column DZ-Ul 

(III) The human health criteria shall be 
applied at the 10.’ risk level. consistent 
with the State policy. To determine ap 
propriatc value for carcinogens, see fool- 
note c In the criteria matrix in paragraph 
(b)(I) of this section. 

(2) Vwnonr. EPA Region I. 
(i) All waters assigned to the following 

USC classifications in the Vermont Water 
Quality Standards adopted under the au- 
thority of the Vermont Water Pollution 
Control Act (IO V.S.A.. Chapter 47) arc 
subject to the criteria in paragraph 
(d)(Z)(Il) of this scctlon. without exccp 
tlon: 

Class A 
Class B 
Class C 
(ii) The following criteria from the ma- 

trix in paragraph (b)(I) of this section 
apply to the USC classifications identified 
in paragraph (d)(2)(i) of this section. 

Use classlhcallon Applcabb cmerla 

Class A 
CIIISS 6 waters where Thfs class1hc8110” IS 

waler supply use IS amgned the cfltena 
cbslgnalfd 

CcCmn 81 -all 
Column 82-all 
Column Dl -all 

Class B wa10fs where 
watof suppry use IS 
not desqnared 

CbSS c These classldcatlons 
are amgned the co- 
tOnJ II-i 

Column I31 -all 
Column BZ-alI 
Column D2-all 

(III) The hurndn health crltcrla shall be 
Jppllcd dl the Slate-prop& lO’rl,k Icv- 
Cl 

(3 j ivew Jersey. EPA Region 2. 
(i) All waters assigned to the following 

USC classifications in the New Jersey Ad- 
ministrative Code (N.J.A.C.) 7:9-4.1 et 
seq.. Surface Waler Quality Standards. 
arc subject IO the criteria in paragraph 
(d)(3)(11) of this scctlon. wlthout cxccp 
twn 

N.J.A.C 7.9-4. 
N.J.A.C. 7:9-4. 
N J A.C 7.9-4. 
N J A.C 719-4. 
K.J.A.C. 7.9-4. 
N J.A.C. 7 9-4. 

2(b) Class PL 
2(c): Class FW2 
2(d) Class SEI 
2(c). Class SE2 
2(f). Class SE3 
2(g) Class SC 

N J.A.C 7.9-4 13(a) Delaware River 
Zones I C, I D. and I E 

N J A C 7:9-4.13(b). Delaware River 
Zone 2 

X J A C 7.9-4 13(c), Delaware River 
Zone 3 

N J A C 7-9-4.13(d) Delaware River 
Zone 4 

N.J.A.C. 7.9-4.13(c) Delaware River 
Zone 5 

N.J.A.C. 7:9-4.13(f). Delaware River 
Zone 6 

(II) The followmg criteria from the ma- 
tr~x rn paragraph (b)( I ) of IhJs section 
apply to the USC classlticatlons identified 
In paragraph (d)(3)(i) of this section: 

use clsssIflcatlon A‘@lclbb CfltOflJ 

PL (Freshwater Pme- These Cl~SSlfiCaIlOnS 
lands). Fw2 Jr* l rrhgnod the crl- 

terra In. Cdumn 
81-all l xcopt rl02. 

105. 107. 108. 111. 
112. 113. 115. 117. 
118. 

Column BZ-all l xwp 
rlO5.107.1~. 111. 
112. 113. 115. 117. 
118. 119. 120. 121. 
122. 123. 124. me 
125 

Column Dl-all at a 
lo-’ flsk bvel .x~pI 
x23, 30. 37. 38. 12. 
68. 89. 91. 93. 104. 
105. r23. 30. 37. 38. 
42. 68. 89. 91. 93. 
104. 105. a1 a 1OJ 
nsk bvel. 

Column DZ-•ll l l 
lo-’ nrk bvel oxcop 
~23. 30. 37. 30. 42. 
68. 09. 91. 93. 104. 
105. 23. 30. 37. 38. 
42. 68. 89. 91. 93. 
104 105. II I lo-’ 
“Sk bvel 

PL (Salme Water P~ne. These CIaSSIflClllOnS 
Ianas) SE1 SE2 are ass~gnbd me en- 
SE3 SC cerla m 



use classlhc4lKm rpplrable Crlterla 

Column Cl -alI except 
#102.105.107.108. 
111. 112. 113. 115. 
117. and 118 

Column C2-all except 
r105. 107. 108.111. 
112. 113. 115. 117. 
118. 119. 120. 121. 
122. 123. 124. and 
125 

Column D2-all at a 
lo-’ fllk level except 
123. 30. 37, 30, 42. 
68. 89. 91, 93. 104 
105. *23. 30. 37. 38. 
42. 68. 89. 91. 93, 
104. 105 at a 10-s 
nsh level 

Delaware Awer zones These classlflcatlons 
1c. 10. 1E. 2. 3. 4.5 are assqned the tn. 
ana Delaware Bay tena in 
zone 6 

Column 81 -all 
Column B2-all 
Column Dl-all at a 

10-O nsk level except 
*23. 30. 37. 38 42. 
68. 89. 91. 93. 104. 
105. *23. 30. 37. 38. 
42. 68. 89. 91. 93. 
104 105. at a 10-s 
risk level 

Column D2-all at a 
10-4 nsk level except 
r23. 30. 37. 38. 42, 
68, 89. 9t. 93. 104. 
105. ~23. 30, 37. 38. 
42. 66. 89. 91. 93. 
104. 105. at a 10-s 
risk level 

Delaware RWW zones These classdicatlons 
3.4. and 5. and Dela- are asstpnea the crt- 
ware Bay zone 6 tena I” 

Column Cl -all 
Column C2-all 
Column D2-all at a 

10-s nsk level except 
123. 30. 37, 38. 42. 
68. 89. 91. 93. 104. 
105. r23. 30. 37, 38. 
42. 68. 89. 91. 93. 
104. t05. at a to-6 
risk level 

(iii) The human health crttcria shall bc 
applied at the State-proposed I O.b risk lcv- 
cl for EPA rated Class A. 61. and Bt 
carcinogens; EPA rated Class C carctno 
gcns shall be applied at 10-s risk level. To 
determine appropriate value for carcino 
gens, see footnote c. in the matrix in para- 
graph (b)(I) of this section. 

(4) Puerto Rico. EPA Region 2. 
(i) All waters assigned to the following 

USC classifications in the Puerto Rico Wa- 
ter Quality Standards (promulgated by 
Resolution Number R-83-S-I) are sub 

~cct to the criteria in paragraph (d)(4)(ii) 
of this section, without exception. 

Article 2.2.2-Class SB 
Article 2.2.3-Class SC 
Article 2 2.4-Class SD 
(it) The following criteria from the ma- 

trtx in paragraph (b)(l) of this section 
apply to the USC classifications identified 
in paragraph (d)(4)(i) of this section: 

Use clasdcahon Appkcable rmterla 

Class SO Thts Classlfxatlon IS 
assgnea the crlterla 
I”’ 

Column Bl-all. ex- 
cepr 10. 102. 105. 
107. 108. 111. 112. 
113. 115, 117. ana 
126 

Column 82-all. ex- 
cept, 105. 107. roe. 
112. 113. 115. ana 
117 

Column Dl-all. ox- 
cept 6. 14. 105. 112. 
113. and 115 

Column D2-all. ex- 
cept 14. 105. 112. 
113. and 115. 

Thla Classuicat~on IS 
asstpma the crlterfia 
I” 

Column Cl-all, ex- 
cept 4. Sb. 7. 8. 10. 
11.13.102.105.107. 
106. 111. 112. 113. 
115. 117, ana 126 

Column C2-all. ox. 
cepl 4. 5b. 10. 13. 
108. 112. 113. 115. 
ana 117 

Column D2-all, ax- 
cept. 14. 105. 112. 
113. ma 115. 

Class SB. Class SC 

(iii) The human health criteria shall bc 
applied at the State-proposed IO’ rusk Icv- 
cl. To determine appropriate value for 
carcinogens, see footnote c. in the crttcrta 
matrix tn paragraph (b)( I ) of this section 

(5) Disrrrcr of Co/umbra. EPA Regron 
3 

(I) All waters assigned to the followtng 
use classifications tn chapter I I TIIIC 21 
DCMR. Water Quality Standards of the 
Dtstrict of Columbia are sublcct to the 
criteria in paragraph (d)(S)(ii) of this scc- 
tion. without exception: 

I IO I .2 Class C waters 
(ii) The following criteria from the ma- 

trtx tn paragraph (b)(I) of this scctton 
apply IO the USC classification tdcnttftcd tn 
paragraph (d)(S)(i) of this section 

Use classduat00 

Class C 

Applrable cnterla 

Tn~s classlfxatfion 1s 
aswgnecl the add!- 
nonal crlterla 0n 

Colum B2-#lo. 118. 
126 

Colum Dl-•*t5. 16. 
44, 67. 68. 79.80.81. 
88. 114. 116. 118 

Colum D2-all 

(iii) The human health crttcrta shall bc 
applied at the State-adopted IO6 risk lcv- 
Cl. 

(6) Florida. EPA Kegrun J 
(i) All waters asstgncd to the folloutng 

USC classifications tn Ch.tpter 17-301 of 
the Florida Admtntstrdttvc Code (I c , 
tdcntificd tn Scctwn IT- 302 600) arc sub 
~cct to the criteria In prragraph (d)(6)(tt) 
of thts section. utthout crccptton 

Class I 
Class II 
Class III 
(ii) The followtng crttcria from the ma- 

trix paragraph (b)( I ) of this section apply 
IO the use classificattons Identified in 
paragraph (d)(6)(i) of thts section: 

Use clas.dcatlon Apphcable crlterla 

Class I This classification II 
assagned the crltena 

CZumn Dl-#lb 
Class II This classlhcat~on 1s 

and asqned the crlterla 
I” 

Class Ill (marine) &.i”,%l% 0 ‘L- * 14 
Class Ill (fresh water) The classtidcallon IS 

asslgned the (rlterla 

C:umn 02-•16 

(III) The human health crttcrtd shall bc 
applied at the State-adopted IO6 rusk Icv- 
Cl 

(7) .Mlchrgan. EP.l Rqpon 5 
(I) .All waters asstgncd to the followtng 

USC classtfications tn the Mtchtgan Dc- 
partmcnt of Natural Resources Commts- 
ston General Rules. R 323 II00 dcstgnat- 
cd uses. as dcftncd at R 323 1043 Dclint- 
ttons; A to N. (L.C.. tdcnttlicd tn Section 
(g) “Dcsignatcd USC”) arc SubJccl to the 
criteria in paragraph (d)(7)(it) of thts scc- 
lion. without exceptton 

Agriculture 
Navigation 
lndustrtal Water Supply 
Public H’atcr Supply at the Potnt of 

Water intake 
Warmwatcr Fish 



Use classhcatlon 

ExtraordInary Re- 
source Wafers 

Ecologlcaily Sensttlve 
Wacerboav 

Nalural an0 ScenK 
Waterways 

Flshews 
(1) Trout 
(2) Lakes ana Res- 

ervovs 
(3) Streams 

(al Ozark tilgh 
lands Ecore- 
*aon 

(D) 0osron Moun- 
talns Ecofq~on 

(c) Arkansas RW 
BI Valley 
Ecoreglon 

Id) Ouachifa 
MountsIns 
Ecoreglon 

(el TypIca, GUI! 
Coaslal Ecore- 
go” 

(I) Sprmg Water- 
mnuenced Gull 
Coastal Ecore- 
gton 

lg) Leasl.allefed 
Della Ecore- 
CJlO” 

(h) Channel.al 
terea Delta 
Ecoreglon 

Appkable crttma 

rhese e.es are each 
asslgnea Ihe cnterla 
,” 

Column Bl - a4 
5a 50 6 7 8 9 
10 11 13 14 

Coiumn B2- U4 
5a. 5b 6 7 6 9 
10 13 14 

(9) Ken-x. EPA KC~IUII 7 

(I) All uatcr\ ;I\\lpncd ICI rhc foll~~u~ng 
“\C c‘~J>.\l~lc‘JllOll I11 the h.in\.is Dcp.irt- 
mcnt of Health and Envlronmcnt rcgulJ- 
[Ions. K A R 28-16-2Bb through K A R 
28-l6-28f. arc subyxl IO rhc criteria in 
paragraph (d)(9)(11) of thrb scctwn. ulth- 
out cxcepiion 
Scctwn 2X- l6-21(d 

Sccllon (2)(:\)--Spccl.il 4qu.ilic l.ifc 
USC Walers 

SectIon (Z)(B)-Expected Aquatic 
Llfc Csc Walers 

Scclwn (Z)(C)-Rcstrlctcd A~ULIIIC 
Life I’sc Waters 

Use CIassIfIcahon Applicable crllerla 

Secllons (21(A) These ciass~factlons 
(2J1B) f2)(C are each ass8gnea all 
(6~C1 -fsrer,a in 

Ccl,,mn 81 all 
except 89 11 
13 102 105 
107 108 
111-113 115 
117 ana 126. 

Column 02 all 
elcepl a9 13 
105 107 108 
111.113 115 
1’7 119-12s 
ana 126 ana 

Co~bmn 02 all 
rlceyr r9 
112 113 ancl 
115 

Secllon 131 Th,s cfasslflcafdon is 
asqnea a11 crlterla 
,m 

Co,umn Dl ali 
ercept w9 12 
112 113 ana 
115 

(III) The human hc.llth c‘rl[crlJ Lhall be 
:rpltcd 31 the SrJrc-prqwcd IO” rl\b. lcb- 

( IO) (‘u/l,/ornru. k. P 4 HCflf’” Y 

(I) All ualcrs ~\blpncd Jn) ~qu.lllc tlfc 
ur human health uw cl.l\\lllc.lll(rn\ in the 
ii Jler Quality C‘untrol I’l.:n\ Ikjr [hc \Jrl- 
oU$ BJ~I~S of the Sl.lrc ~“H.i\ln Plans”). 
JS amcndcd. adopt4 b! Ihc (‘.iIIforni;l 
SI~I~ U’alcr Rcwurcc\ C onlrol Hoard 
(“SWRCB”). except for ocean waters 
covcrcd by the \+‘;ltcr Quality Control 
Plan fur Ocean \\‘.ilcrs of Californl3 
(“Ocean Plan”) adopted b) the SU KC‘B 
ulth rcsolutwn Nurnbcr 00 ?7 on \larch 
22. 1990. arc subjccl 10 [hc crllcrl.1 III 
paragraph (d)( 10)(11) of this bcctwn. 
wIthout cxccptlon Thcbc crltcrld smcnd 
the portIons of rhc c\l\rlng SI~IC s!an. 
dJrds cunL~inrd in lhc ki\ln Pl.in\ >lorc 
pJrtlculJrly thcsc crtlcrI.1 Jmend *Jlcr 
~uJ(II~ crIIcr13 ~~lnl.!incd 111 the BJsln 
Plan <‘hJpterb hpcclljrng udtcr quaIll) 
objccrlves (the SIJIC cqurvalcnt of fcdcral 
ualcr qual~ry crI[crla) for rhc IOXIC pollu- 
Idnts ldcntlficd In paragraph (d)( l0)(11) 
of this scc‘(mn .Although the State has 
;idoplcd several use deslgnatlons for each 
of rhcsc u;llrr$. for purposes of this ac- 
tion. the zpccltic slJnd,trds IO bc appllcd 
,n p.irJgr.lph (d)( 10)(11) of thl\ \CCIIO~ 
Jrc b.lxd un Ihe prcwncc 111 .I11 UJIC~\ ()I 
\“IIIC .lL,UJrlc IlfC dC\l~“JllUrl Jrld thC 
prcwzncc or Jbsencc of Ihc %lLS use de>- 
ign.ilion (\luniclpJl ,ind durncblic bup- 
pl!) lScc BJsln f’l.!n\ for mc)rc dct.lllcd 
“\C dctlrllll~,rl\ I 



Other Indrgcnous Aqua11c Lrfe and 
Wrldlrfc 

Parual Body Cunr.rct Rccrcarron 
(II) The folIourn crrrcrra from the rn.r. 

trrx In paragraph (b)( I t of this Ircc‘rron 
apply 10 the use cl~\\rhcarruns rdcnrrticd 
rn paragraph (d)(7)(r) of this sectron 

Use classlllcauon 

Pubhc Water supply 

All other des!gnarbons 

This class~t~cat~on IS 
eSsvgned the cnlerla 
Ml 

Column 81 -all, 
Column B2-all. 
Column Dl-all 

These classtkatlons 
are assIgned the cm 
ferta m 

Column Bl -all. 
Column B2-all. 

and 
Column D2-all 

(III) The human health crrrcrra shall be 
applrcd a1 1hc S1arcadop1cd 10-s risk Icv- 
cl. To determine approprratc value for 
carcinogens. see foolnote c in the crrtcrra 
matrix In paragraph (b)(I) of this sectron. 

(H) Arkansas. EPA Hegm 6 

(I) All warcrs .r\\rgncd ro the follourng 
USC Class1flC~IIun I n scclron 4C 
(Walcrbody u\cs) rdcnrrlrcd rn Ark.rn\As 
Dcpartmcnt of Pullurron Cunrrol and 
Ecology’s Regularion No 2 as amended 
and cnti1lcd. “Rcgula1ron Es1ablrshrng 
Waler Qualrty Srandards for Surface 
Waters of the S1atc of Arkansas” are sub 
JCC~ 10 the crrlcrra In paragraph (d)(E)(ii) 
of this section. wirhou1 cxccp1ion 
Exrraordrnary Resource Walers 
Ecologically Scnsrirvc Waterbody 
Na1ural and Scenic W’ateruays 
Frshcrrc\ 
(I ) Truur 
(2) Lakes and Rcacrvolrs 
(3) Slreams 

(a) Ol.rrk lirghland\ Ilcorcgron 
(b) Bo\1on hlounralns licorcgron 
(c) Arkansas Rrvcr Valley Lcorcgron 
(d) Ouachrra Mounrarns Ecorcgron 
(c) Typical Gulf Coastal Ecorcgron 
(f) Spring Waler-influcnccd Gulf 

Coaslal Ecorcgion 
(g) Lcasr-altcrcd Delta Ecorcgion 
(h) Channel-dIrered Della Ecoregion 

Domoric Waler Supply 
(II) The followrng crrrcrra from 1hc ma- 

1rrx In paragraph (b)(l) of this scctron 
‘apply 10 the use classrfication idcnrrticd In 
paragraph (d)(X)(r) of rhrs secrron 

Use class~katm AppkabIe crllerla 

ExtraordInary Re- 
source Waters 

EcoloQKally Senswe 
Waterbody 

Natural and Scent 
Waterways 

Flshenes 
(1) Trout 
(2) Lakes and Res- 

OrvONS 
(3) Strerms 

(a) Ozark High- 
lands Ecore- 
won 

(bt Boston Moun- 
lams Ecors~on 

(c) Arkansas RN- 
er Valley 
Ecoreglon 

Id) Ouachlta 
Mountains 
Ecoreglon 

(et Typvzal Gulf 
Coastal Ecwe- 
gton 

(I) Sprq Waler. 
tnnuenced Gulf 
Coastal Ecore- 
g1on 

(9) Least~altered 
Delta Ecore- 

(hJ)?hannel-al- 
tered Delta 
Ecoreglon 

These uses are each 
asslgned the crlterla 
an- 

Column Bl- *4. 
Sa. 5b. 6. 7, 0. 9. 
10. 11. 13. 14 

Column f32- 14. 
5a. 5b. 6. 7. 6. 9. 
10. 13. 14 

(9) Kansas, EPA Region 7 
(i) All waters assigned to the following 

use classification in the Kansas Dcpart- 
men1 of Health and Environment rcgula- 
rrons. K A R. 28-l6-28b through K.A R 
28-16-281. arc sub)ccl 10 the crrlcrra In 
paragraph (d)(9)(ii) of this scc1ron, urth- 
out exception. 
Scc1ion 28- 16-28d 

Scclron (Z)(A)-Special Aquatic l.Ifc 
Use Walers 

Section (Z)(B)-Expected Aqua1ic 
Life Use Walers 

Section (Z)(C)-Res1ric1cd Aquatic 
Life Use Walers 

Section (3)--Domcs1ic Water Supply 
Sccrron (6)(c)-Consumptive Rccrc- 

ation Use 
(ii) The following crr1cria from the ma- 

trix in paragraph (b)(l) of this section 
apply IO the use classifications identified 
in paragraph (d)(9)(i) of this section 

use cIassIfIcatbon Appkable criteria 

Secllons (2)(A). These class~laclions 
(2)(B). (2NCi are each asstgned all 
VW) cr,1er,a lP 

Colbmn 01 alI 
except r9 I1 
13 102 105 
107 106 
111 113 115 
117 and 126 

Column 02 all 
except a9 13 
105 107 108 
111-113 115 
117 119-125 
an0 126 and 

Column D2 all 
ercep1 r9 
112 113 and 
115 

SectIon (3) This class~ficatlon IS 
assbgned ail crlcer#a 
I” 

Co’umn 01 ail 
ercepl 89 12 
II2 113 ana 
115 

(III) The human health crrrc’rr.! \h~ll bc 
dpplrcd a1 the Srarc-propo\cd IO” rr\h lcv- 
Cl 

( IO) ~bllfhlru. t. I’ 4 Kqycm v 
(i) All wa1crs abs~pncd .Inb .I~U.I~IC lllc 

ur human hc.rlth use ~I.I\\I~Ic..III~~II\ rn rhc 
Warcr Qualrty Conlrul I’l.in\ It11 Ihc v%rrr- 
ous Basins of the StJIc (“B.i\rn f’t.rn\“t. 
as amcndcd. adopted by rhe (‘Jlrfornr~ 
State Water Resource\ Cunrrol Bo.rrd 
(“SWRCB”). except fur uccJn u.ilcrh 
covered by the Water Qua111v C‘unrrol 
Plan for Ocean Walers of Californra 
(“Ocean Plan”) adopted by the SWRCB 
with resolution Number 90-27 on \l.!rch 
22. 1990. arc subjecr 10 the crrlcrra In 
paragraph (d)( 10)(11) of rhrs scc‘rrun. 
wrthour cxccprron Thcsc crrrcrr.r .rrncnd 
1he portions of the cxr\rrng Sr.rrc \r.rrl- 
dards conmined in 1hc B.r\ln f’l.rn\ \lorc 
partrcularly thcsc crltcrrJ amend u.itcr 
qualit) crr1crra cunr.lrncd rn the B.r\rn 
Plan Chap1crs spccrlyrng w.rrcr qu~llt! 
ObJcclivcs (the S13tc cqu~\.~lcnt uf I’cJcr.11 
uakr qualily crltcris) fur Lhc luxlz pdlu- 
tants rdcntrfrcd In paragraph (d)( lO)r!rt 
of this section. Although 1hc Srarc h.rs 
adopted several USC dcsigna1rons for each 
of these walers. for purposes of 1hrs ac- 
1ion. the specific srandards 1o bc applrcd 
In paragraph (d)( 10)(11) of rhlb wc‘tlon 
arc based on the prcsencc In ~111 wa1crs uf 
some aqualic lrfc design.irron and rhc 
presence or absence of 1hc hlC’% use dcs. 
ignation (Municrpal and damcsrrc sup- 
ply) (See Basin Plans fur more dcr.crlcd 
USC dctinrtrons ) 



III) The foliowIne crltcrlu from the ma- defined In paragr.lph (d)( IO)(t) or thl\ 

trlx In pardgrdph (b)(I) uf thl, xctwn \ccllon Jnd Idcnrlticd bclw 

apply to the ud(cr and UC classlhcatlonb 

Water ana use class1Ocatlon 

Walers 01 the Slate defmea as bays or estuarkes except the Sacramenlo-San Joaquln Della and San 
Framsco Bay 

Tnese waters are asshgnea the mena m 
Column I31 --pollutants 5a and 14 
Column W-pollutants 5a and 14 
Counn C 1 -pollutant 14 
Column CZ-pollutant 14 
Column DZ-pollutants 1 12 17 18. 21 

22.29. 30 32 33 37 30 42-44 46 48. 
49 54 59 66 67 68 76~62 85 89 90 
91 93 95 96 90 

Darers of lhe Sacramento-San Joaquln Della ana walers of the Slate deftned as mlana (I e all Su’faCe 
waters of me Slate not bays or estuaraes or ocean) Ihat rxluae a MUN use desqnallon 

Walers 01 Ihe Stare deflned as lnlano wlhout an MUN use deslpnabon 

Waters of lhe San JoaauNn Rcver from Ihe mouth of the Merced River lo Vernahs 

Walers of Salt Slough Mud Slougn (north) ana the San Joaquln River Sack Dam lo the mouth of the 
Mewed River 

Walers 01 San Francisco Bay upslream lo ana lnclvalng SUISU~ Bay and the Sacramento San Joaquln Della 

These nalers are ass~gred the cr!lerla I” 
Column 01 --po~~utanls Sa ana 14 
Column 02. padams 5a ana 14 
Column Dl-poilulanls 1 12 15. 17. 18 

21.22.29.30 32 33.37 38 42-48.49. 
59 66 66 76-62 05 89.90 91 93.95. 
96 98 

These walers are asstgned the cvlerla m 
C01mn 61 -polh~tants 5a ana 14 
Cokmn B2--pollutants 5a ana 14 
Column DZ-pollulanls 1. 12. 17 18, 21 

22 29 30 32 33 37 38 42-44.46.48 
49 54 59 66 67 60 70-02 85 09.90 
91 93 95 96 90 

In aactl8on lo lne cr lerla assfgned lo lhese wa- 
lers elsewhere m In15 rule IheSe HalerS are 
assIgned the crfterla in 

Column EZ-w~lklanl 10 

In add,! 3” IO Ire cr#!er a assgned lo these wa 
ters elsewhere m lhls r;ile these walers are 
assqnea the cr8lwa m 

Column 81 -pollu1anr 10 
Column BZ-pollufanf 10 

These .valels are asSqned lhe crtlerla an 
Coi~mn 81 --pc lulanls 5a TO’ and 14 
Chrn B2~~po18Jranrs 5a 10’ and 14 
Cc,umr Cl m-pllJlanl 14 
Co(Jmr C2- poII,larrl 14 
Cavmr C2- p3IlJfanls 1 12, 17 18 21 

22 29 30 32 33 37 30 42.44,46,40 
49 54 59 66 67 66 70-82 85. 89.90 
91 93 95 96 90 

All Inland walws of the Unlled Slates of enclosed Days and estuanes that are walers of the Untied Stales 
lhal ~ncfude an MUN use desqnabon and thal the Stale has etthur srcluded or paftlally excluded from 
coverage under 11s Waler OurMy Control Plan for Inland Surface Waters of Callloma. Table5 1 and 2 or 
11s Waler ouallly CCJwOf Plan fof Encbsed Bays and Esiumes of Caltfoma. Tables 1 and 2. of has 
deferred l ppf0bMy of those lables (Category (a). (b). and (c) walers descmbed On paw 6 of Waler 
OuaMy Cantrd Plan for Inland Surface Waters of Cahforma or page 6 of 11s Wafer Ouallty Control Plan fof 
Enclosed Bays ana Esluanes of Callfornta ) 

‘vese baler> are assIgned the cmerla for po- 
lulanls for whlcn ine Stale does nof apply 
Table 1 or 2 slanaards These crlierla are 

C0i~rr.n El --all polluranfs 
Colum-7 02-all pollulanls 
CoiJmr Dl --all polI,ianls excepl r2 

All Inland walers 01 the Unllea Stales lhal do no1 mcluae an MUN use clesgnalon and that the Stale has 
etther excluded 01 panlarly excluded from coverage under 11s Water Ouahty Conlrol Plan for lnlanc 
Surface Walers of Callfornla Tables 1 and 2. of has aderred apphcabd~fy of these tables (Category ia) 
(bl and (cl walers descrtbed on page 6 of Waler Ouatlly Control Plan Inland Surface Waters of Callfornra ) 



Water ana use cIassIfIcallon Appkable crllerla 

f 

These waters are assIgned Ihe crllerta for po- 
lulanls for which the Stale does not apply 
Table I or 2 standards These cfllerla are 

Column 81 --all pollutanls 
Column f32-all polwants 
Column D2--a:1 pollutants except a2 

All entis8d bays and eSluaWS that are walers of the Un~led Stalewnd that IM Stale has eliher excluded 
Of pJr(lJfty OrCtudOd from COVWJQO under 11s Waler Ouallty Control Plan tor Inland SurfaCe Walers 01 
CalhxM. T8btas 1 l rul 2. or its Wataf OurMy Control PIan lor Enclosed Bays and Estuartes 01 Calllornia 
Tab&s I rnd 2. w h8s deferred appkabMy of those labtes (Category (a), (b). and (c) walers aescnbed 
M page 6 01 Water Oual~ty Control PIan lor Inland Surface Walers 01 Callforms or page 6 of 11s Waler 
tkellly Control Plan lof Enclosed Bays ana Esluarles 01 Calllornla ) 

These wafers are assigned the CrllWta for po- 
lulanls lor whvzh the Slale Ooes no1 apply 
Table I w 2 standards These crllerll are 

Column B I -all po;tutanls 
Column 02-all pollutants 
Column Cl --all pollutants 
Column C2-ali pollutants 
Column D2-all pollutants except l 2 

’ The fresh water aetehlum cntena are wuluded for the San Francisco Bay estuary because high levels of bloaccumulahon of selenium in the estuary lndlcale 
thet the SOIt waler crlterla bre underprotecllve lot San Francisco Bay 

(iii) The human health cri1crla shall be 
applied a1 the State-adopted ItY risk Icv- 
cl. 

(I I ) Nevada. EPA Region 0 
(i) All waters assigned the USC classlti- 

cations in Chapter 445 of the Nevada Ad- 
minis1ratwc Code (NAC). hcvada IVatcr 
Pollulion Conrrol Rcgulatlons. u hlch arc 

referred to tn paragraph (d)( I I)(II) of 
this scclion. arc subJec1 10 the critcrla In 
paragraph (d)( I l)(ii) of this hccrwn. 
wthout exception These crltcria amend 
the cxisltng State standards contained In 
the Ncvadu Water Pollution C‘ontrol Krg- 
uldtwn\ Marc partlcul.irl>. thsw crItcr1.L 
.tmcnd or wpplcmcnt the rablc of numcr- 

Waler and use CIass~l~cal~on Appl’Cable tr8Ier8a 

Walers that the Stale has included in NAC 445 I339 where Munlc8pal or dOmeSIlt supply IS a Oesngnaled 
UM 

IC srandards In NAC 44S.1339 for the 
II)XIC pollutants ldcntlticd In paragraph 
(d)( I I )(II) of this sectIon 

(II) The follouing crltcrla from ma1rlx 
In pJragr%iph (b)( I ) of thl\ wctlon appl! 
IO the u.Itcr\ Jcllncti 111 p.\r.lgr,tph 
(d)! I I )I I) 01 lhl\ \cc‘lIon .Ind Idcntlllcd 
bclou 

These walers are asslgned the crltena in 
Column Fit -pollutant 8 1 16 
Column B2-pollulanl #I I6 
Column Dl-pollutanls #15 16. 16 19. 

20. 21, 23, 26 27. 29. 30. 3.4. 37. 3%. 42. 
43. 55. 56-62. 64 66. 73. 74. 76. 62. 85. 
87-89. 91, 92. 96. 98. 100. 103. 104 
105. 114 It6 117 118 

Walers that the Stale has included I” NAC 445 1339 where Murvclpal or domesrlc supply IS not a deslgnat 
ea use 

These walers are asvgned the Crblerta !n 
Column 01 --pol:ulant l 1 I8 
Coimn 02- pollutant 0 1 t 8 
Column 02-all pollutants except #2 

(111) The human health crltcrla shall be 
applied a1 the IO’ risk level. consistent 
with State @ICY. To dcterminc approprt- 
ate value for carcinogens. see foolnolc c in 
the criteria matrtx tn paragraph (b)(I) of 
this section 

(I 2) Alaska. EPA Region 10 
(i) All waters asslpncd IO the folloulng 

use clawficatlons In the Alaska AdmInIs- 
tra1wc Code (AAC). Chapter I8 (I c, 
tdentlhcd tn I8 AAC 70 020) arc sublcct 
IO the crltcrla In parupr;lph (d)( I I!)( 11) ,)I 
1hls scctwn. ulthout cxccptlon 
70 020 (I ) (A) Fresh Water 
70.020 (I) (A) Water SuppI) 

(I) Drinking, cullnary. and food pro- 
ccssmg. 

(iii) Aquaculture; 
70 020 (I) (B) Water Recreation 

(I) Contact recreation, 
(ii) Secondary rccrcation. 

70 020 (I) (C) Grouth and prl,papntwn 
of li\h. \hcllti\h. other ;~qu.ltli I~fc. 
and ulldllfc 

70 020 (2) (A) Marlnc Water 
70 020 (2) (A) Waler SuppI! 

(I) Aquaculturc, 
70 020 (2) (8) IL’3Icr Kc~rc;itwn 

(I) contact rccrczttion. 
(II) sccundar) rccrcatlon. 

70020.(?) (C) Grwth and propagallon 
of fish. shellfish. other aquallc life. 
and wildllfc; 

70 020 (2) (D) Harvcsrlng for consumg 
tion of raw mollusks or other raw 
aqu.irlc II~C 

ADpllcable crllerla 

Column 81 -a11 
Column 

BZ-•rlO 
Column D( 



use ctasshcaton Aopllcable crtlerla 

8 s 2 16 16-21 
23. 26 27 29 
30. 32. 37 38 
42-44 53 55. 
59-62 64 66 
60 73. 74 78 
82 05 08 09 
91-93 96 98 
102-105. 
107-111 
117-126 

Cohmn 81 -all 
COlUrnll 

e2-•ro 
Column ox 
8 s 2 14 16 

1.3-21 22 23 
26 27 29 30 
32. 37 30 
42-44 46 53 
54. 55. 59-62 
64 66 68 73 
74 78 02 a5 
68-93. 95. 96. 
98. 102-105. 
107-111. 
115-126 

CoIwlne1--all 
Column 

e2--010 
Column 02 
d s 2 14 76 

18 21 22 23 
26 27 29 30 
32 37 38. 
42-44 46 53 
54 55 59-62 
64 66 68 73 
74. 70. 82 85 
86-93. 95. 96 
98. 102-105. 
107-111 
115-126 

Column C 1 -all 
Column 

C2-•rlO 
Column 02 
e s 2 14, 16 

18-21, 22 23 
26 27 29 30. 
32 37 30 
42-44, 46 53 
54 55. 59-62. 
64 66 68 73. 
74. 7a 02 85. 
88-93. 95. 96. 
98. 102-105. 
107-111 
115-126 

(111) The human health crltcria shall be 
applied at the State-proposed risk level of 
IO’ To determine approprlatc value for 
cdrcrnogcns. see footnote c In the crltcrla 
mdlrlx In paragraph (b)(I) of thl> sccllon 

( 13) Iduh. t’P.4 Xegwn 10 
(I) All waters assigned to the following 

ux clawhcatwns in the Idaho hdmlnr.r- 
~ratwc Procedures Act (IDAPA), Chap 
tcr I6 (l.c., Identified in IDAPA 
I6 01 ?lOO.O?-I6 01 2100.07) arc subject 
11) the crltcr1a In paragraph (d)( 13)(1ri ol 
thl\ scc!wn. ulthout exception 
IhO1 ?lOOOI b I)omcstlc U’Jtcr Sup- 

PllCS 

IhO1 ?lOOO!.a Cold Water 81013 

1601 !IWO! b Warm Water Biota 

16.01 2100 O?cc Sslmontd Spaunrng 
I6 01 !I00 03.a Prlmaq Contact Rccrc- 

atwn 
16.0 I .2 IO0.03.b Scconddq Contact Rcc- 

rcation 
(II) The followvlng crltcrla from the ma- 

tllx in paragraph (b)( I ) of this sewon 
apply to the USC clawlicatlons Idcntlticd 
In paragraph (dl( 13)(l) of thr\ xction 

Jse cIass01Ical0n 

01 0 

02 a 09 b 02 cc 

03 a 

03 0 

ApphcaOle cribma 

This class~hcal~on IS 
assIgned Itw crltwa 
1’1 

Column 01 -all 
e*clSpt a14 
and 115 

These ClJSSlhCJtlO~S 

are JSSlgWd Ihe C,I- 

l,lJ In 

column 81-Jll 

column 82--JH 

Column ‘X--all 

The class~hcal~on IS 
JSSlQW3d the Crllerla 
111 

Column D2- all 
Thfs classlkallon 1s 

asslgned the crllerla 
I” 

Column 02- all 

(111) The human health crltcria shall be 
applied at the IO* risk level. corwstcnt 
\rlrh State polq 

( IA) H’uthrngw. t.P.4 KPR”‘” 10 

(I) All walers asslgncd to the following 
UC ciasstticatlons m the H’ashmgton Ad- 
mlni~lratlvc C‘odc I H’A(‘). Chapter 
171-201 (I c. ldcn~lfrcd In H’AC 
I’]-201 -045) arc \U~JCCI IJ the crltcrld 
tn paragraph (dl(l4)(11) of this scct~on. 
*lthout cxccpr~vn 

17!-201-015 

I-lsh and Shcllfi,h 

Flih 

(II) The f~Jl,wlng crltcrla from the rna- 
trlx In paragraph (b)(I) of this scc(wn 
apply to the USC classlfi~atlons ldcntrficd 
in paragraph (d)( IJ)(I) of this sccIIon 

Use clafs~hcal~on A*p‘%Jt,lJ Cfltb(lJ 

Fish and Shellhsh. Fish These classrhcJlrons 
-r J,e JSWJWd the CW 

Waler Supply (domes These ClJSSlhCllOnS 

1IC) are asvgned the crb- 
b3r5a .r 

Column 01 -Jll 
Recreab3n ThlS classlhcJlIon IS 

assigned Ihe cr11ef1a 
3” 

Column D2- 
Martne wJters 
an0 
IleShwJtOrs 
not prolecled 
lor oomestlc 
waler supply 

t111j The human hca!th crltcrla shall bc 
dppllcd at the SIJ!C propId risk Ic\cl of 
106 

[§131 36 added at 57 FR 60910. Dec. 22. 
I 9921 
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Appendix B - Summary of Federal Promulgation Actions 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
OFFICE OF SCIENCE AND TECHNOLOGY 

STANDARDS AND APPLIED SCIENCE DIVISION 

JANUARY 1993 

CHRONOLOGICAL SUMMARY OF 
FEDERAL WATER QUALITY STANDARDS 

PROMULGATION ACTIONS 

STATE DATE 

1. Kentucky 

2*. Arizona 

3. Nebraska 

12/2/74 

6/22/76 

6/6/78 

4. Mississippi 4/30/79 

STATUS-REFERENCE ACTION 

Final 

Final 

Final 

Final 

39 FR 41709 Established statement in WQS 
giving EPA Administrator authority 
to grant a temporary exception to 
stream classification and/or criteria 
after case-by-case studies. Also, 
established statement that streams 
not listed in the WQS are 
understood to be classified as 
Aquatic Life and criteria for this 
use to be met. 

41 FR 25000 Established nutrient standards for 
11 streams. 

43 FR 24529 Redesignated eight stream segments 
for full body contact recreation and 
three for partial body contact 
recreation and the protection of fish 
and wildlife. 

44 FR 25223 Established dissolved oxygen 
criterion for all water uses 
recognized by the State. 
Established criterion for a daily 
average of not less than 5.0 mg/1 
with a daily instantaneous minimum 
of not less than 4.0 mg/1. 

(9/15/93) B-1 
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5. Alabama 1 l/26/79 Proposed 44 FR 67442 ProposaI to reestablish previously 
approved use classifications for 
segments of four navigable 
waterways, Five Mile Creek, 
Opossum Creek, Valley Creek, 
Village Creek, and upgrade the use 
designation of a segment of Village 
Creek from river mile 30 to its 
source. 

6. Alabama 2/ 14180 Final 45 FR 9910 Established beneficial stream use 
classification for 16 streams: 8 
were designated for fish and 
wildlife, 7 were upgraded to a fish 
and wildlife classification, 1 was 
designated as agricultural and 
industrial water supply. Proposed 
streams classification rulemaking 
for 7 streams withdrawn. 

7. North Carolina 4/ l/80 Final 45 FR 21246 Nullified a zero dissolved oxygen 
standard variance in a segment of 
Welch Creek and reestablished the 
State’s previous standard of 5 mg/l 
average, 4 mg/l minimum, except 
for lower concentrations caused by 
natural swamp conditions. 

8. Ohio 1 l/28/80 Final 45 FR 79053 (1) Established water use 
designation, (2) establish a DO 
criterion of 5 mg/l for warmwater 
use, (3) designated 17 streams as 
warmwater habitat, (4) placed 111 
streams downgraded by Ohio into 
modified warmwater habitat, (5) 
revised certain provisions relating 
to mixing zones (principally on 
Lake Erie), (6) revised low flow 
and other exceptions to standards, 
(7) amended sampling and 
analytical protocols, and (8) 
withdrew EPA proposal to establish 
a new cyanide criterion. 

9. Kentucky 12/9/80 Final 45 FR 8 1042 Withdrew the Federal promulgation 
(withdrawal) action of 12/2/74 after adoption of 

ppropriate water quality standards 
by the State. 

B-2 (9/ 15193) 



Appendix B - Swnmary of Federal Promulgation Actions 

11. Ohio 

10. North Carolina 11/10/81 Final 
(withdrawal) 

2/16/82 Final 
(withdrawal) 

12. Nehaska 7126182 Final 
(withdrawal) 

13. Alabama 1 l/26/82 Final 
(withdrawal) 

46 FR 55520 

47 FR 29541 

47 FR 32128 

47 FR 53372 

14. Idaho 8/20/85 Proposed 50 FR 33672 

15. Mississippi 4/4/86 Final 51 FR 11581 
(withdrawal) 

16. Idaho 7114186 Final 51 FR 25372 
(withdrawal) 

17. Kentucky 3/20/87 Final 50 FR 9102 

Withdrew the Federal promulgation 
action of 4/l/80 following State 
adoption of a dissolved oxygen 
criterion consistent with the 
Federally promulgated standard. 

Withdrew Federal promulgation of 
1 l/28/80 because it was based on a 
portion of the water quality 
standards regulation that has been 
determined to be invalid. 

Withdrew Federal promulgation 
action of 6/6/78 after adoption of 
appropriate water quality standards 
by the State. 

Withdrew the Federal promulgation 
action of 2/14/80 following State 
adoption of requirements consistent 
with the Federally promulgated 
standard. 

Proposal to replace DO criterion 
downstream from dams, partially 
replace Statewide ammonia 
criterion, replace ammonia criterion 
for Indian Creek, and delete 
categorical exemption of dams from 
Antidegradation Policy. 

Withdrew the Federal promulgation 
of 4/30/79 following State adoption 
of requirements consistent with the 
Federally promulgated standard. 

Withdrew portions of proposed rule 
to replace DO criterion 

downstream from dams and delete 
categorical exemptions of dams 
from antidegradation rule since 
State adopted acceptable standards 
in both instances. 

Established a chloride criterion of 
600 mg/l as a 30-day average, not 
to exceed a maximum of 1,200 
mg/l at any time. 

(9115/93) B-3 
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18. Idaho 

19’.Coleville 
Indian 
Reservation 

20. Kentucky 

21’. 12 States 
2 Territories 

22. Washington 

7/25/88 Final 53 FR 27882 
(withdrawal) 

7/6/89 Final 54 FR 28622 

41319 1 Final 56 FR 13592 
(withdrawal) 

12/22/ 92 Final 57 FR 60848 

7/6/93 Final 58 FR 36141 
(withdrawal) 

Withdrew portion of proposed rule 
which would have established a 
Statewide ammonia criterion and a 
site-specific ammonia criterion 
applicable to lower Indian Creek 
since State adopted acceptable 
standards. 

Established designated uses and 
criteria for all surface waters 
on the Reservation. 

Withdrew the Federal promulgation 
of 3/20/87 after adoption of 
appropriate WQS by the State. 

Established numeric water quality 
for toxic poIlutants (aquatic life and 
human health). 

Withdrew, in part, the Federal 
Promulgation of 12/22/92 after 
adoption of appropriate criteria by 
the State. 

l Final federal rule remains in force 

SUMMARY OF FEDERAL PROMULGATION ACTIONS 

Total Number of Proposed or Final Rules 22 

Final Standards Promulgated 10 

Withdrawal of u Standards 8 

Federal Rules Remaining In Force 3 

No Action Taken on Proposals or Proposal Withdrawn 3 
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Definitions 

T o effectively use biological criteria, a clear understanding of how these criteria are developed and ap- 

plied in a water quality standards framework is necessary. This requires, in part, that users of biological 

criteria start from the same frame of reference. To help form this frame of reference, the following defini- 

tions are provided. Please consider them carefully to ensure a consistent interpretation of this document. 

Definitions 
q An AQUATIC COMMUNITY is an association of in- 

teracting populations of aquatic organisms in a given 
waterbody or habitat 

q A BIOLOGICAL ASSESSMENT is an evaluation of 
the biological condition of a waterbody using biologi- 
cal surveys and other direct measurements of resi- 
dent biota in surface waters. 

q BIOLOGICAL CRITERIA, or biocriteria, are numeri- 
cal values or narrative expressions that describe the 
reference biological integrity of aquatic communities 
inhabiting waters of a given designated aquatic life 
use. 

q BIOLOGICAL INTEGRITY is functionally defined as 
the condition of the aquatic community inhabiting 
unimpaired waterbodies of a specified habitat as 
measured by community structure and function. 

q BIOLOGICAL MONITORING is the use of a biologi- 
cal entity as a detector and its response as a 
measure to determine environmental conditions. 
Toxicity tests and biological surveys are common 
biomonitoring methods. 

q A BIOLOGICAL SURVEY, or biosurvey, consists of 
collecting, processing and analyzing representative 
portions of a resident aquatic community to deter- 
mine the community structure and function. 

q A COMMUNITY COMPONENT is any portion of a 
biological community. The community component 
may pertain to the taxomonic group (fish, inver- 
tebrates, algae), the taxonomic category (phylum, 
order, family, genus, species), the feeding strategy 

(herbivore, omnivore, carnivore) or organizational 
level (individual, population, community association] 
of a biological entity within the aquatic community. 

q REGIONS OF ECOLOGICAL SIMILARITY describe 
a relatively homogeneous area defined by similarity 
of climate, landform, soil, potential natural vegeta- 
tion, hydrology, or other ecologically relevant vari- 
able. Regions of ecological similarity help define the 
potential for designated use classifications of 
specific waterbodies. 

q DESIGNATED USES are those uses specified in 
water quality standards for each waterbody or seg- 
ment whether or not they are being attained. 

q An IMPACT is a change in the chemical, physical or 
biological quality or condition of a waterbody caused 
by external sources. 

q An IMPAIRMENT is a detrimental effect on the 
biological integrity of a waterbody caused by an im- 
pact that prevents attainment of the designated use. 

q A POPULATION is an aggregate of interbreeding in- 
dividuals of a biological species within a specified 
location. 

q A WATER QUALITY ASSESSMENT is an evaluation 
of the condition of a waterbody using biological sur- 
veys, chemical-specific analysis of pollutants in 
waterbodies, and toxicity tests. 

q An ECOLOGICAL ASSESSMENT is an evaluation 
of the condition of a waterbody using water quality 
and physical habitat assessment methods. 
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Executive Summary 

T he Clean Water Act (Act) directs the U.S. Environmental Protection Agency (EPA) to develop 
programs that will evaluate, restore and maintain the chemical, physical, and biological in- 

tegrity of the Nation’s waters. In response to this directive, States and EPA implemented 

chemically based water quality programs that successfully addressed significant water pollution 

problems. However, these programs alone cannot identify or address all surface water pollution 
problems. To create a more comprehensive program, EPA is setting a new priority for the develop- 

ment of biological water quality criteria. The initial phase of this program directs State adoption of 

narrative biological criteria as part of State water quality standards. This effort will help States and 

EPA achieve the objectives of the Clean Water Act set forth in Section 101 and comply with statutory 
requirements under Sections 303 and 304. The Water Quality Standards Regulation provides additional 

authority for biological criteria development. 

In accordance with priorities established in the FY 1991 Agency Operating Guidance, States are to 

adopt narrative biological criteria into State water quality standards during the FY 1991-1993 trien- 

nium. To support this priority, EPA is developing a Policy on the Use of Biological Assessments and 

Criteria in the Water Quality Program and is providing this program guidance document on biological 
criteria. 

This document provides guidance for development and implementation of narrative biological 
criteria. Future guidance documents will provide additional technical information to facilitate 

development and implementation of narrative and numeric criteria for each of the surface water 

types. 

When implemented, biological criteria will expand and improve water quality standards 

programs, help identify impairment of beneficial uses, and help set program priorities. Biological 

criteria are valuable because they directly measure the condition of the resource at risk, detect 

problems that other methods may miss or underestimate, and provide a systematic process for 

measuring progress resulting from the implementation of water quality programs. 
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Biological Criteria: National Program Guidance 

Biological criteria require direct measurements of the structure and function of resident aquatic 

communities to determine biological integrity and ecological function. They supplement, rather than 

replace chemical and toxicological methods. It is EPA’s policy that biological survey methods be fully 
integrated with toxicity and chemical-specific assessment methods and that chemical-specific criteria, 

whole-effluent toxicity evaluations and biological criteria be used as independent evaluations of non- 

attainment of designated uses. 

Biological criteria are narrative expressions or numerical values that describe the biological in- 

tegrity of aquatic communities inhabiting waters of a given aquatic life use. They are developed 

under the assumptions that surface waters impacted by anthropogenic activities may contain im- 
paired aquatic communities (the greater the impact the greater the expected impairment) and that 

surface waters not impacted by anthropogenic activities are generally not impaired. Measures of 

aquatic community structure and function in unimpaired surface waters functionally define biologi- 

cal integrity and form the basis for establishing the biological criteria. 

Narrative biological criteria are definable statements of condition or attainable goals for a given 

use designation. They establish a positive statement about aquatic community characteristics ex- 

pected to occur within a waterbody (e.g., “Aquatic life shall be as it naturally occurs” or “A natural 

variety of aquatic life shall be present and all functional groups well represented”). These criteria can 

be developed using existing information. Numeric criteria describe the expected attainable com- 
munity attributes and establish values based on measures such as species richness, presence or ab- 

sence of indicator taxa, and distribution of classes of organisms. To implement narrative criteria and 

develop numeric criteria, biota in reference waters must be carefully assessed. These are used as the 

reference values to determine if, and to what extent, an impacted surface waterbody is impaired. 

Biological criteria support designated aquatic life use classifications for application in standards. 

The designated use determines the benefit or purpose to be derived from the waterbody; the criteria 
provide a measure to determine if the use is impaired. Refinement of State water quality standards to 
include more detailed language about aquatic life is essential to fully implement a biological criteria 

program. Data collected from biosurveys can identify consistently distinct characteristics among 
aquatic communities inhabiting different waters with the same designated use. These biological and 

ecological characteristics may be used to define separate categories within a designated use, or 
separate one designated use into two or more use classifications. 

To develop values for biological criteria, States should (1) identify unimpaired reference water- 

bodies to establish the reference condition and (2) characterize the aquatic communities inhabiting 

reference surface waters. Currently, two principal approaches are used to establish reference sites: (I) 

the site-specific approach, which may require upstream-downstream or near field-far field evalua- 

tions, and (2) the regional approach, which identifies similarities in the physico-chemical charac- 
teristics of watersheds that influence aquatic ecology, The basis for choosing reference sites depends 

on classifying the habitat type and locating unimpaired (minimally impacted) waters. 
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Once reference sites are selected, their biological integrity must be evaluated using quantifiable 

biological surveys. The success of the survey will depend in part on the cad-u! selection of aquatic 

community components (e.g., fish, macroinvertebrates, algae). These components should seme as ef- 

fective indicators of high biological integrity, represent a range of pollution tolerances, provide pre- 

dictable, repeatable results, and be readily identified by trained State personnel. Well-planned quality 

assurance protocols are required to reduce variability in data collection and to assess the natural 

variability inherent in aquatic communities. A quality survey wilI include multiple community com- 
ponents and may be measured using a variety of metrics. Since multiple approaches are available, 

factors to consider when choosing possible approaches for assessing biological integrity are 
presented in this document and wi.lI be further developed in future technical guidance documents. 

To apply biological criteria in a water quality standards program, standardized sampling 

methods and statistical protocols must be used. These procedures must be sensitive enough to iden- 

tify significant differences between established criteria and tested communities. There are three pos- 

sible outcomes from hypothesis testing using these analyses: (1) the use is impaired, (2) the biological 

criteria are met, or (3) the outcome is indeterminate. If the use is impaired, efforts to diagnose the 
cause(s) will help determine appropriate action. If the use is not impaired, no action is required based 
on these analyses. The outcome will be indeterminate if the study design or evaluation was incum- 

plete. In this case, States would need to re-evaluate their protocols. 

If the designated use is impaired, diagnosis is the next step. During diagnostic evaluations three 

main impact categories must be considered: chemical, physical, and biological stress. Two questions 

are posed during initial diagnosis: (1) what are obvious potential causes of impairment, and (2) what 

possible causes do the biological data suggest? Obvious potential causes of impairment are otten 

identified during normal field biological assessments. When an impaired use cannot be easily related 

to an obvious cause, the diagnostic process becomes investigative and iterative. Normally the diag- 

noses of biological impairments are relatively straightforward; States can use biological criteria to 

confirm impairment from a known source of impact. 

There is considerable State interest in integrating biological assessments and criteria in water 
quality management programs. A minimum of 20 States now use some form of standardized biologi- 

cal assessments to determine the status of biota in State waters. Of these, 15 States are developing 

biological assessmenti for future criteria development. Five States use biological criteria to define 

aquatic life use classifications and to enforce water quality standards. Several States have established 

narrative biological criteria in their standards. One State has instituted numeric biological criteria. 

Whether a State is just beginning to establish narrative biological criteria or is developing a fully 

integrated biological approach, the programmatic expansion from source control to resource 

management represents a natural progression in water quality programs. Implementation of biologi- 

cal criteria will provide new options for expanding the scope and application of ecological perspec- 
tives. 



Part I 

Program Elements 



Chapter 1 

Introduction 

The principal objectives of the Clean Water 
Act are ‘to restore and maintain the chemi- 
cal, physical and biological integrity of the 

Nation’s waters’ (Section 101). To achieve these ob- 
jectives, EPA. States, the regulated community, and 
the public need comprehensive information about 
the ecological integrity of aquatic environments. 
Such information will help us identify waters requir- 
ing special protection and those that will benefit most 
from regulatory efforts. 

To meet the objectives of the Act and to comply 
with statutory requirements under Sections 303 and 
304. States are to adopt biological criteria in State 
standards. The Water Quality Standards Regulation 
provides additional authority for this effort. In ac- 
cordance with the FY 1991 Agency Operating 
Guidance, States and qualified Indian tribes are to 
adopt narrative biological criteria into State water 
quality standards during the FY 1991-1993 trien- 
nium. To support this effort, EPA is developing a 
Policy on the Use of Biological Assessments and 
Criteria in the Water Quality Program and providing 
this program guidance document on biological 
criteria. 

Like other water quality criteria, biological cri- 
teria identify water quality impairments, support 
regulatory controls that address water quality 
problems, and assess improvements in water 
quality from regulatory efforts. Biological criteria are 
numerical values or narrative expressions that 
describe the reference biological integrity of aquatic 
communities inhabiting waters of a given desig- 
nated aquatic life use. They are developed through 

Anthropogenic impacts, including point source 
discharges, nonpoint runoff, and habitat degradation 
continue to impair the nation's surface waters. 

the direct measurement of aquatic community com- 
ponents inhabiting unimpaired surface waters. 

Biological criteria complement current pro- 
grams. Of the three objectives identified in the Act 
(chemical, physical, and biological integrity), current 
water quality programs focus on direct measures of 
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chadal htagtity (ctlomical-specik and Wilde-ef- 
RUM totic@) ud, to some degree, physical in- 
tegrity through several conventional crlt8ria (e.g., 
pH. turbidity, dlssokad oxygen). lmplem8ntatiOn Of 
these programs he8 dgnifcantly improved water 
quelity. However, as we learn more about aquatic 
ecosyst8w it is apparent that other sources of 
waterbody impairment exist. Biological impairments 
from dimu8 sources and habital degradation can be 
greatw than those caused by point source dischar- 
ges (Judy et al. 1987; Milfer et al. 1989). In Ohio, 
evaiuatlon of Inattream biota indicated that 36 per- 
cent of Impaired stream segments could not be 
detected using chemial criteria alone (see Fig. 1). 
Although effective for their purpose, chemical- 
specific criteria and whole&fluent toxicity provide 
only indirect evaluatkms and protection of biological 
integrity (see Table 1). 

To effectively address our remaining water 
quality problems we need to develop more in- 
tegrated and comprehensive evaluations. Chemical 
and physkzal integrity are necessary, but not suffi- 
derM condition8 to atWn biological integrity, and 
only when chatnbal, ptlysm, and bkaglcu in- 
tegrity are achieved. Is eco+ogMl integrity possible 
(see Fig. 2). BidogtcaJ aft* provide an essential 
third element for water qu&y management and 
serve as a natural pmgreaaion in regulatory 
programs. tncotporating biologlcal criteria into a 
fully integrated program directly protects the biologi- 
cal integrity of surface waters and provides indirect 
protection for chemical and physical integrity (see 
Table 2). Chemicakpecifk c&ens. whole-efffuent 
toxicity evaluatIona, and biological criteria, when 
used together, complement the relative strengths 
and woakneases of each approach. 

Tebbk l.-cumnt WM &wty Progmm Protmctlon d tfBa 

F&urn l.-Ohlo blorunoy Ro~ultr Agm with 
tnrtnrm Chemlrtry or Rewrl Unknown Problems 

lmpalrmetnt ldentlflcation 

Chemlcar Evaluation lndxzate 
No Impairment: Biosurvey BlOSUNey Show No 
Show lmpalrment lmpalrment; Chemical 

\ 
Evaluation lndlcares 
ImDalrment 

Chemical Pr 
6 &OSUNOy Agree 

Fig. 1. In an ~nterwve Survey. 431 sites In Ohlo were assessed 
usmg Inslream chemistry and b~ologtcal sutwys. In 36% of 
Ins cases, chernca~ 0v~Iu~tions implwJ no 1mpa4rmenl bur 
b10Ioqc~1 survey ovaluatlons showd imgairrnenr. In !SSBK of 
the ~8~0s the chemical rnd blologlcaf l sse8amanls agreea 
Of these. 17% ldenflfiti waters wfth no vmparrmenf. 41% 
ldentifred walers whch were conslderod ImpaWed (Modlfled 
trom Ohlo EPA Water Ourl~ty Invenfory, 1968.) 

Biologicaf assessments have been used in 
biomonitoring programs by States for many years 
In this respect, biological criteria suppcrt earker 
work. However, implementing biological criteria in 
water quality standards provides a systematic, 
structured, and objective process for making 
decisions about compliance with water quality 
standards. This dbtinguish8s biologiai crit8ria from 
earlier use of biological information and increases 
the value of biological data in regulrtory programs. 

Thm Eknwntr of Ecological IntogrHY. 

ELEMENTS OF ECOUQE AL i PROGRAY THAT DIRECTLY I PROQAAM THAT INDtRECTLY 
INTEQRrTY j PROTECTS ! PROTECTS 

Chemical Integnty i Chemcal Speck Cntena lloxlcs] 

I 1 WW. Effluent Toxlcrty (toxlcs] 

1 phys4cal Integrity Crtterra for Conventlonars I 

I l.PH. 00. llJrblcilty) 

8uAogcal fntegnty ’ Chemical Whole Efftuenc Toxlclty 
tbiobc response In lab) 

Table 1 Current programs focus on chemical spedc and whole-etfluent toxrc~ty evalualmns. Both are valuable approaches 
for lhe direct evababoon and protection of chemical lntegnly Phystcal lntegrrty 1s also dlrecctty pro&ctec! 10 a llmlted degree 
through cntena for conventIonal DoIIulants Blologlcal wwgnty IS only lndlrectly prowted under the assumprlon :hat t, 
OvahJatlng loxlclty lo organisms In laboratory stbdles eStlmateS can 5e made about !he loxMy lo other organisms tnba%’ -3 
amblent waters 
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TabI@ 2.-watar Ou8llty P+ogrrms thrt Incorporate 9kkgitil Critorir to Prot8ct Eloment8 of Ecologkal Integrq. 

I ELEMENTS OF 
ECOLOGICAL INTEGRITY DIRECTLY PFIOTECTS ’ INOIKtiClLY PROTECTS . 
Chemical lnregnty Chemcat Spedc Crlterla I tox~cs) Bccnterla 1 Identlhcahon of 

Whore Effluent Toxrctty (~OXICS) Impamnent) 

Physlcal In!egnty Cnteria for conventlonals 1pt-l. temp Biocntena 1 habital evaluation) 

, Do) 

Biologlca! lntegnly B0critena (biottc response m surface Chemical Who& Eftluent Testing 
water) I biotH: resows8 in labl 

Table 2 When blologlcat cntena are incorporated Into waler quaMy programs the bIological mtegnty of surface waters may 
be dlrec!;y evaluated and promted Blologlcal crltena also prwde additional benefits by requlnng an evaluation of physical 
lntegrdy and zrovdng a monllonng tool 10 assess Ihe efffXtlVeness 01 current chemically based cntena 

flgurr 2.- The Elemontr of Ecological Integrity 

Fig 2. EcologIcal lntegrlty IS l ttrlndlo &on chemlcrl, 
physIcal. and blologlcat wttegrity occur simultaneously 

Value of Biological 
Criteria 

Biological criteria provide an effective tool for 
addressmg remaining water quality problems by 
directing regulatory efforts toward assessing the 
biological resources at risk from chemical, physical 
or biologIcal impacts. A primary strength of biologi- 
cal criteria is the detection of water quality problems 
that other methods may miss or underestimate. 
Biological crlterla can be used to determine to what 
extent current regulations are protecting the use. 

Biological assessments provide integrated 
evaluations of water quality. They can identify im- 
pairments from contamination of the water column 
and sediments from unknown or unregulated cheml- 
cals. non-chemical impacts, and altered physical 
habitat. Resident biota function as continual 
monitors of environmental quality, increasing the 
likelihood of detecting the elfects of episodic events 
(e.g., spills, dumping, treatment @ant malfunctions, 
nutrient enrichment), toxic nonpoint source pollution 
(e.g., agricultural pesticides), cumulative pollution 
(i.e., multiple impacts over time of continuous low- 
level stress), or other impacts that periodic chemical 
sampling is unlikely to detect. Impacts on the physi- 
cal habitat such as sedimentation from stormwater 
runoff and the effects of physical or structural 
habitat alterations (e.g., dredging, filling, chan- 
nelization) can also be detected. 

Biological criteria require the dinct measure of 
resident aquatic community structure and function 
to determine biological intagrity and ecological func- 
tion. Using these measuree, impairmant can be 
detected and evaluated without knowing the im- 
pact(9) that may cause tha impa&nent. 

Biotogical criteria provide a regulatory frame- 
work for addressing water quality problems and 
offer additional benefits, including providing: 

l the basis for cttamcterizing high quality 
waters and identifying habitats and 
community cornpononts requiring special 
protection under Stat. anti-degradation 
policies; 

l a framework for deciding 319 actions for best 
control of nonpoint source pollution: 

l an evaluation of surface water imwrrnents 
predicted by chemical anaJyse& toxicrty 
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testing, and fate and transport modeling (e.g., 
wastebad al-);, 

improvement8 In water quality standards 
(including reflment of use ctasaifications); 

a process for demonstrating improvements in 
water quality after implementation of pollution 
COMf0k; 

additional diagnostic tools. 

The role of biological criteria as a regulatory tool 
is being realized in some States (e.g., Arkansas, 
Maine, Ohio, North Carolina, Vermont). Biological 
assessments and criteria have been useful for 
regulatory, resource protectjon, and monitoring and 
reporting programs. By incorporating biologlcal 
critena in programs, States can improve standards 
setting and enforcement, measure impairments 
from permit vroiations, and refine wasteload alloca- 
tron models. In addition, the localron, extent, and 
type of brologlcal impairments measured in a water- 
body provide valuable information needed for iden- 
tifying the cause of impairment and determining 
actlons required to improve water quality. Biological 
assessment and criteria programs provide a cost- 
effective method for evaluating water quality when a 
standardized, systematic approach to study design, 
field methods, and data analysis is established 
iOh;o EPA 1988a). 

Process for 
Implementation 

The implementation ot biokgical criterra will fol- 
low the same process used for current Cbmbd- 

speccitic and wholaeflluent toxicity applications: na- 
tional guidance produced by U.S. EPA will support 
States working to establish State standards for the 
implementation of regulatory programs (seer Table 
3). Biological criteria differ, however, in the degree 
of State involvement required. Because surface 
waters vary significantly from region 10 region, EPA 
will provide guidance on acceptable approaches for 
biological criteria development rather than specrfic 
critena with numerical limitations. States are to es- 
tablish a!3SeSSment procedures, conduct field 
evaluations, and determine criteria values to imple- 
ment biological criteria in State standards and apply 
them in regulatory programs. 

The degree of State involvement required in- 
fluences how biological criteria will be implemented. 
It is expected that States WIU implement these 
criteria in phases. 

l Phase I ncludes the development and adoc- 
tlon of narrative biologlcal criteria into State 
standards for all surface waters (streams, 
rivers, lakes, wetlands, estuaries). Definitions 
of terms and expressions in me narratives 
must be Included in these standards (see the 
Narrative Criteria Section, Chapter 3). Adop- 
tion of narrative biological criteria in State 
standards provides the legal and program- 
matic basis for using ambient biologlcal sur- 
veys and assessments In regulatory acttons 

m Pheu II Includes the devetopment of an im- 
plementation plan. The plan should include 
program objectives, study design, research 
protocols, criteria for selecting reference con- 
ditions and community components, quality 
assurance and quality control procedures, 

Tabk 3.-W for w of water ouallty sland8rd8. 

CRITERIA EPA GUIDANCE STATE IMPLEMENTATION STATE APPUCATtON 
Chmul Simchc poHucncacleclticccntula Sutr SWmt¶ PefmlI llfnlt$ Muutoflna 

use~atlon Besl Mn89emem Prahces 
numeric cmoflnr wastebae l ocatlon 

‘=--em-W 
Numtnm Free Forms whotoemuonltoxltnygulemce watw oudlty Numlve wmt hmlts Monltonng 

ng tome arnams transtamr wutetoae aNoc8tm 
Best Managomsnt Pwrces 

B0qpcal Bosufvey mmlmum requmment sra1r stares 
g- 

Pefmtt conchtmns Momtor~ng 
mmee use Best Mnmt Pracrtces 
nanamwwnonc cntena was1ekme Mocaml 

Tablet 3 Swnllar !o chemical smhc cntena and whole effluent tomc~fy evaluaf~ons. EPA IS provlalng guidance 10 States Ic- 
the aoootton 01 bdogrcal cntena into State standards to regulate sources of water quality lmoalrment 



MCI trahlng for State p8rsonnd. In Phase II, 
States are to develop plans necessary to im- 
plement bldogical criteria for each surface 
water type. 

m Phree Ill requires full implementation and in- 
tegration of Mological criteria in water quality 
standards. This requites using biological sur- 
veys to derive biological criteria for classes of 
surface waters and designated uses. These 
criteria are then used to identify nonattain- 
m8nt of designated uses and make regulatory 
decisions. 

Narrative biological criteria can b8 developed 
for all five surface water classifications with We or 
no data collection. Application of narrative criteria in 
seriously degraded waters is possible in the short 
term. However, because of the diversity of surface 
waters and the biota that inhabit these waters, sig- 
nificant planning, data collection, and evaluation will 
be needed to fully implement the program. Criteria 
for each type of surface water are Ilkely to be 
developed at different rates. The order and rate of 
development will depend, in part, on the develop- 
ment of EPA guidance for specific types of surface 
water. Biological criteria technicel guidance for 
streams will be produced during Fy 1991. The ten- 
tative order for future technical guidance documents 
mcludes guidance for nvers (FY 1992), lakes (N 
1993), wetlands (N 1994) and estuaries (FY 1995). 
This order and timeline for guidance does not reflect 
the relative importance of these surface waters, but 
rather indicates the relative availabillty of research 
and the anticipated dilliculty of developing 
guidance. 

Independent Application 
of Biological Criteria 

Biological critotia supplement, but do not 
replace, chemical and toxicobgical methods. Water 
chemistry methods are necessary to predict risks 
(particularly to human health and wildlife), and to 
diagnose, model, and regulate impohent water 
quality problems. Because biological criteria are 
able to detect different types of water quality impair- 
ments and, in particular, have different levels of sen- 
sltivity for detecting certain types of impairment 

compared to toxicological methods, they are not 
used in lieu of, or in confkt with, current regulatory 
efforts. 

AS with all criteria, certain limitations to biologi- 
cal criteria make Independent application essential. 
Study design and use influences how sensitive 
biological criteria are for detecting community Im- 
pairment. Several factors Influence sensrtivlty: (1) 
State decisions about what IS significantly different 
between reference and test communities, (2) study 
design, which may include community components 
that are not sensitive to the impact causing imparr- 
ment, (3) high natural variability that makes it dif- 
ficult to detect real differeclces, and (4) types of 
impacts that may be detectable sooner by other 
methods (e.g., chemical cnteria may provide earlier 
indications of impairment from a bioaccumulatlve 
chemical because aquatic communities require ex- 
posure over time to incur the full effect). 

Since each type of criteria (bIological cntena. 
chemical-specific cnteria, or whole-eff!uent tox~ty 
evaluations) has differ8nt sensitivities and pur- 
poses, a criterion may fail to detect real impairments 
when used alone. As a result, these methods should 
be us8d together in an integrated water quality as- 
sessment, each providing an independent evalua- 
tion of nonattainmecrt of a designated use. If any 
one type of critetia indicates impairment of the sur- 
face water, regulatory action can be taken to Im- 
prove water quality. However. no one type of criteria 
can be used to confirm attainment of a use II 
another form of criteria indicates nonattalnment 
(see Hypothesis Testing: Biological Criteria and the 
Scientific Method, Chapter 7). When these three 
methods are used together, they provide a powerful, 
integrated, and 8ffectlvo foundation for waterbody 
rnenzd8ment and regulations. 

How to Use this 
Document 

The purpose of this document is to provide EPA 
Regions, States and others with the conceptual 
framework and assistance necessary to develop 
and implement narrative and numeric biologlcal 
criteria and to promote national consistency m ap- 
plication. There are two main parts of the document. 
Part One (Chapters 1, 2. 3, and 4) includes the es- 
sential concepts about what biological criteria are 
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amj how they are uaod in regulatory programs. Part 
Two (Chapters $6, and 7) provides an overview of 
the process that is essential for implemenUng a 
State biological critorio program. Specific chapters 
include the following: 

Pwt I: PROGRAM ELEMENTS 

Q Chrptor 2, Legal Authority, reviews the legal 
basis for biological criteria under the Clean 
Water Act and includes possible applications 
under the Act and other legislation. 

3 Cheptor 3, Conceptual Framework, 
discusses the essential program elements for 
biological criteria, in&ding what they are and 
how they are developed and used within a 
regulatory program. The development of 
narrative biological critena is discussed in this 
chapter. 

J Chapter 4, Integration, discusses the use of 
biological critetria in regulatory programs. 

Part II: THE IMPLEMENTATION PROCESS 

3 Chapter 5, The Refonnce Condition, 
provides a discussion on alternative forms of 
reference conditons that may be developed by 
a State based on circumstances and needs. 

3 Chapter 6, The Biological Survey, provides 
3ome detail on the elements of a quality 
biological survey. 

J Chapter 7, Hypotheeie Testing: EIologlcrl 
Crfterla and the Sclentlfk Method, dtscusses 
how bidogical rurveys are used 10 make 
regulatory and dlegnostic decisions. 

3 Appendix A Inctudes commonly asked 
questions and their answers about biological 
criteria. 

Two additional documents are planned in the 
near term to supplement this program guidance 
document. 

‘Biokgical Ctiteria Technid Reference 
Guide’ will contain a cross reference of tech- 
nlcal paper8 on available approaches and 
methods for developing biological criteria 
(soa tentative table of contec\ts in Appendix 
41 

‘Biological Cfhia Development by State< 
will provide a summary of different mecha- 
nisms several Slates have used to implement 
and apply biological criteria in water quality 
programs (see tentative outline in Appendix 
Cl. 

Both documents are planned for Ft’ 1991. As 
previously discussed. over the next triennlum tech- 
nical guidance for specific systems (e.g., streams. 
wetlands) will be developed 10 provide guidance on 
acceptable biological assessment procedures to fur- 
ther support State implementation of comprehen- 
sive programs. 

This biological criteria program guidance docu- 
ment supports development and implementation of 
biological criteria by providing guidance lo States 
working to comply with requirements under the 
Clean Water Act and the Water Quality Standards 
Regulation. Thrs gurdance IS not regulatory. 



Chapter 2 

Legal Authority 

T he Clean Water Act (Federal Water Pollution 
Control Act of 1972, Clean Water Act of 
1977, and the Water Quality Act of 1987) 

mandates State development of criteria based on 
biological assessments of natural ecosystems. 

The general authority for biological criteria 
comes from Section 101(a) of the Act which estab- 
lishes as the objective of the Act the restoration and 
maintenance of the chemical, physical, and biologi- 
cal integrity of the Nation’s waters. To meet this ob- 
jective, water quality criteria must include criteria to 
protect biological integrity. Section 101(a)(2) in- 
cludes the interim water quality goal for the protec- 
tion and propagation of fish, shellfish, and wildlife. 
Propagation includes the full range of biological 
conditions necessary to support reproducing 
populations of all forms of aquatic life and other life 
that depend on aquatic systems. Sections 303 end 
304 provide specific directives for the development 
of biological criteria Balancing the legal authority for biological criteria, 

Section 303 

Under Section 303(c) of the Act, States are re- 
quired to adopt protective water quality standards 
that consist of uses, criteria and antidegradation. 
States are to review these standards every three 
years and to revise them as needed. 

Section 303(c)(2)(A) requires the adoption of 
water quality standards that ". . . serve the purposes 
of the Act," as given in Section 101. Section 
303(c)(2)(B), enacted in 1987, requires States to 

adopt numeric criteria for toxic pollutants for which 
EPA has published 304(a)(1) criteria. The section 
further requires that, where numeric 304(a) criteria 
are not available, States should adopt criteria based 
on biological assessment and monitoring methods, 
consistent with information published by EPA under 
304(a)(8). 

These specific directives do not serve to restrict 
the use of biological criteria In other settings where 
they may be helpful. Accordingly, this guidance 
document provides assistance in implementing 
various sections of the Act, not just 303(c)(2)(B) 
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Biological Criteria: National Program Guidance 

Section 304 
Section 304(a) directs EPA to develop and 

publish water quality criteria and information on 
methods for measuring water quality and estab- 
lishing water quality criteria for toxic pollutants on 
bases other than pollutant-by-pollutant, including 
biological monitoring and assessment methods 
which assess: 

q 

q 

q 

• the effects of pollutants on aquatic community 
components (". . . plankton, fish, shellfish, 
wildlife, plant life . . .") and community 
attributes (". . . biological community diversity, 
productivity, and stability. .."); in any body of 
water and; 

• factors necessary "... to restore and 
maintain the chemical, physical, and 
biological integrity of all navigable waters . .." 
for "... the protection of shellfish, fish, and 
wildlife for classes and categories of receiving 
waters . .." 

Potential Applications 
Under the Act 

Development and use of biological criteria will 
help States to meet other requirements of the Act. 
including: 

q setting planning and management priorities for 
waterbodies most in need of controls 
[Sec. 303(d)]; 

q determining impacts from nonpoint sources 
(i.e., Section 304(f) "(1) guidelines for 
identifying and evaluating the nature and 
extent of nonpoint sources of pollutants, and 
(2) processes, procedures, and methods to 
control pollution . . ."]. 

q 

q 

q 

q 

q 

q 

q 

q 

q biennial reports on the extent to which waters 
support balanced biological communities 
[Sec. 305(b)]; 

q assessment of lake tropics status and trends 
[Sec. 314]; 

q lists of waters that cannot attain designated 
uses without nonpoint source controls 
[Sec. 319]; 

development of management plans and 
conducting monitoring in estuaries of national 
significance [Sec. 320]; 

issuing permits for ocean discharges and 
monitoring ecological effects [Sec. 403(c) and 
301(h)(3)]; 

determination of acceptable sites for disposal 
of dredge and fill material [Sec. 404]; 

Potential Applications 
Under Other Legislation 

Several legislative acts require an assessment 
of risk to the environment (including resident aquatic 
communities) to determine the need for regulatory 
action. Biological criteria can be used in this context 
to support EPA assessments under: 

q Toxic Substances Control Act (TSCA) of 1976 

q Resource Conservation and Recovery Act 
(RCRA), 

Comprehensive Environmental Response, 
Compensation and Liability Act of 1980 
(CERCLA), 

Superfund Amendments and Reauthorizartion 
Act of 1986 (SARA), 

Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA); 

National Environmental Policy Act (NEPA); 

Federal Lands Policy and Management Act 
(FLPMA). 

The Fish and Wildlife Conservation Act of 1980 

Marine Protection, Research, and Sanctuaries 
Act 

Coastal Zone Management Act 
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3 Md and Scenic f?ivers Act 

3 Fish and W7kYife Coordinafion Act, as 
Amendedin 1965 

A summary of the applicability of these Acts for 
assessing ecological impairments may be found in 
Risk Assessment Guidance for Supetiund-Environ- 
mental Evaluation Manual (Interim Final) 1989. 

Other federal and State agencies can also 
benefit from using biological criteria to evaluate the 
biological integrity of surface waters within their 
jurisdiction and to the effects of specific practices on 
surface water quality. Agencies that could benefit in- 
clude: 

3 Department of the tntrrior (U.S. Fish and 
Wildltfe SeMce, U. S. Geological Survey, 
Bureau of Mines, and Bureau of Reclamalion, 
Bureau of Indian Affairs, Bureau of Land 
Management, and National Park Serwce) , 

3 Deprrtmont of Commerce (National Oceanic 
and Atmosphenc Administration, National 
Marine Fishenes Service). 

3 Department of Transportation (Federal 
Highway Admmrstratron) 

3 Department of Agriculture (U.S. fores! 
Servrce. Soil Consen/abon Service) 

3 Doprrtment of Defonre, 

3 Doprrtmrnt of Enargy, 

3 Army Corpa of EngIneera, 

2 Tennerrn Valley Authortty. 



Chapter 3 

The Conceptual Framework 

B iological integrity and the determination of 
use impairment through assessment of am- 
bient biological communities form the foun- 

dation for biological criteria development. The 
effectiveness of a biological criteria program will 
depend on the development of quality criteria, the 
refinement of use classes to support narrative 
criteria, and careful application of scientific prin- 
ciples. 

Premise for Biological 
Criteria 

Biological criteria are based on the premise that 
the structure and function of an aquatic biological 
community within a specific habitat provide critical 
information about the quality of surface waters. Ex- 
isting aquatic communities in pristine environments 
not subject to anthropogenic impact exemplify 
biological integrity and serve as the best possible 
goal for water quality. Although pristine environ- 
ments are virtually non-existent (even remote 
waters are impacted by air pollution), minimally im- 
pacted waters exist. Measures of the structure and 
function of aquatic communities inhabiting unim- 
paired (minimally impacted) waters provide the 
basis for establishing a reference condition that may 
be compared to the condition of impacted surface 
waters to determine impairment. 

Based on this premise, biological criteria are 
developed under the assumptions that: (1) surface 
waters subject to anthropogenic disturbance may 
contain impaired populations or communities of 
aquatic organisms-the greater the anthropogenic 

Aquatic communities assessed in unimpaired 
waterbodies (top) provide a reference for evaluating 
impairments in the same or similar waterbodies suffering 
from increasing anthropogenic impacts (bottom). 
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disturbance, the greater the likelihood and mag- 
nitude of impairment and (2) surface waters not 
subject to anthropogenic disturbance generally con- 
tain unimpaired (natural) populations and com- 
munities of aquatic organisms exhibiting biological 
integrity. 

Biological Integrity 

The expression "biological integrity" is used in 
the Clean Water Act to define the Nation’s objec- 
tives for water quality. According to Webster’s New 
World Dictionary (1966), integrity is, ‘the quality or 
state of being complete; unimpaired." Biological in- 
tegrity has been defined as "the ability of an aquatic 
ecosystem to support and maintain a balanced, in- 
tegrated, adaptive community of organisms having 
a species composition, diversity, and functional or- 
ganization comparable to that of the natural habitats 
within a region" (Karr and Dudley 1989). for the pur- 
poses of biological criteria, these concepts are com- 
bined to develop a functional definition for 
evaluating biological Integrity in water quality 
programs. Thus, biological integrity is functionally 
defined as: 

the condition of the aquatic community 
inhabiting the unimpaired waterbodies 
of a specified habitat as measured by 
community structure and function. 

It will often be difficult to find unimpaired waters 
to define biological integrity and establish the refer- 
ence condition. However, the structure and function 
of aquatic communities of high quality waters can be 
approximated in several ways. One is to charac- 
terize aquatic communities in the most protected 
waters representative of the regions where such 
sites exist. In areas where few or no unimpaired 
sites are available, characterization of least im- 
paired systems approximates unimpaired systems. 
Concurrent analysis of historical records should 
supplement descriptions of the condition of least im- 
paired systems. For some systems, such as lakes, 
evaluating paleoecological information (the record 
stored in sediment profiles) can provide a measure 
of less disturbed conditions. 

Surface waters, when inhabited by aquatic com- 
munities, are exhibiting a degree of biological in- 
tegrity. However, the best representation of 
biological integrity for a surface water should form 

the basis for establishing water quality goals for 
those waters. When tied to the development of 
biological criteria, the realities of limitations on 
biological integrity can be considered and incor- 
porated into a progressive program to Improve 
water quality. 

Biological Criteria 

Biological criteria are narrative expressions or 
numerical values that describe the biological in- 
tegrity of aquatic communities inhabiting waters of a 
given designated aquatic life use. While biological 
integrity describes the ultimate goal for water 
quality, biological criteria are based on aquatic com- 
munity structure and function for waters within a 
variety of designated uses. Designated aquatic life 
uses serve as general statements of attained or at- 
tainable uses of State waters. Once established for 
a designated use, biological criteria are quantifiable 
values used to determine whether a use is impaired. 
and if so, the level of impairment. This is done by 
specifying what aquatic community structure and 
function should exist in waters of a given designated 
use, and then comparing this condition with the con- 
dition of a site under evaluation. If the existing 
aquatic community measures fail to meet the 
criteria, the use is considered impaired. 

Since biological surveys used for biological 
criteria are capable of detecting water quality 
problems (use impairments) that may not be 
detected by chemical or toxicity testing, violation of 
biological criteria is sufficient cause for States to in- 
itiate regulatory action. Corroborating chemical and 
toxicity testing data are not required (though they 
may be desirable) as supporting evidence to sustain 
a determination of use impairment. However, a find- 
ing that biological criteria fail to indicate use impair- 
ment does not mean the use is automatically 
attained. Other evidence, such as violation of physi- 
cal or chemical criteria, or results from toxicity tests, 
can also be used to identify impairment. Alternative 
forms of criteria provide independent assessments 
of nonattainment. 

As stated above, biological criteria may be nar- 
rative statements or numerical values. States can 
establish general narrative biological criteria early in 
program development without conducting biological 
assessments Once established in State standards. 
narrative biological criteria form the legal and 
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progremnutic buia for expanding biological as- 
8essment and biowwey programs needed to imple 
ment narrative criteria and develop numenc 
biological criterir Narrative biological cntena 
should become put of State regulations and stand- 
ards. 

Narrative Ctitetia 

Narrative biological criteria are general state- 
ments of attainable or attained conditions of biologi- 
cal integrity and water quality for a given use 
de8ignation. Although similar to the ‘free from’ 
chemical water quality criteria, narrative biological 
criteria establish a positive statement about what 
should occur within a water body. Narrative criteria 
cart take a number of forms but they must contain 
several attributes to support the goals of the Clean 
Water Act to provide for the protection and propaga- 
tion of fish, shellfish, and wildlife. Thus, narrative 
criteria should include specific language about 
aquatic community characteristics that (1) must 
exist in a watarbody to meet a particular designated 
aquatic life use, and (2) are quantifiable. They must 
be written to protect the use. Supporting statements 
for the criteria should promote water quality to 
protect the most natural community possible for the 
designated use. Mechanisms should be established 
rn the standard to address poteotially conflicting 
multlple uses. Narratives should be wntten to 

protect the most sonsitivo use and support an- 
tidegradation. 

Several States currently use narrative criteria. 
In Maine, for example, narrative criteria were estab- 
lished for four classes of water quality for streams 
and rivers (see Table 4). The classifications were 
based on the rang8 of goal8 in the Act from ‘no dis- 
charge’ to ‘protection and propagation of fish. 
shellfish, and wildlife’ (Courtemanch and Oavies 
1987). Maine separated its ‘high quality water’ into 
two categories, one that reftects the highest goal of 
the Act (no discharge, Ctass AA) and one that 
reflects high integrity but i8 minimalty impacted by 
human activity (Class A). The statement ‘The 
aquatic life . shall be as naturally occurs’ is a nar- 
rative biological criterion for both Class AA and A 
waters. Waters in Class B meet the use when the 
life stages of all indigenous aquatic species are sup- 
ported and no detrimental changes occur in com- 
munity composition (Maine DEP 1986). These 
criteria directly support refined designated aqua!lc 
life uses (see Section 0, Refining Aquatic Life Use 
Clauifications). 

These nenative criteria are effective only if, as 
Maine ha8 done, simple phrase8 such as ‘as 
naturalty occurs’ and ‘nondetrimental’ are clearly 
Op8ratiOnally defined. RUIGBS for Sampling proce- 
dUr8S and data analysis and interpretation should 
become part of the regulation or supponlng 
documentation. Mame was able to develop tkese 
criteria and their supporting statem8nts usmg avaIl- 

Table 4.-Aquatic Llh c lauinwtlon scholno tot Meho’s Rlvmrs 8nd streama. 

RIVERS AND 
STREAMS 

Class AA 

MANAGEMENT PERSPECllVE 

High quality w8tef for prsservatiorr of 
recrwtional and wobglcal Interests. No 
diechqp of any kind penn~tted. No 
irnpmmmt pormltted. 

LEVEL OF BIoLOGiCAL INTEGRITY 

AquarK: life shall be as naturally occurs. 

Class A Hgh qualtty water mm llmfted human 
tntdemmx. Discharges restnctad to noncontact 
pfoces8 wataf or htghty treated wastewater of 
quatityequ~h3~bett8rrnsntherecetwng 
waler Impoundment permttted. 

Aquattc Me shall be as naturally Occurs 

Class B 

Class C 

Good qualrty water Discharges of well treated 
effluents mm amp& dilution permitted 

Lowest quality water Requirements consistent 
W&I mtenm goals 01 the federal Waler QuaMy 
Law (tlshable and sw!mmable) 

AmMt water quaMy suttimnl to support l!fe 
stages ot all 1ndr9enous atyuatn: species Omv 
nondetnmental changes In community 
COmDOSlhOf7 may occur 
Amblent water quality sutfic~t lo supper? :re 
life stages ot all mdgmous hsh spmes 
Changes In spexxts composltlon may OCCL- t,’ 
sfructure and Iuncwx~ ot the aQuatIc iomm- *- 
must De malntarned 
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able data from water quality programs. To impb 
ment the criteria. aquatic life inhabiting unimpaired 
waters must be measured to quantify the cnteria 
statement. 

Narrative criteria can take more specific forms 
than illustrated in the Maine example. Narrative 
criteria may include specific classes and species of 
organbns that will occur in waters for a given desig 
nrted use. To develop these narratives, field evalua- 
tlons of reference conditions are necessary to 
Identify biological community attributes that differ 
signiftcantly between designated uses. For example 
in the Arkansas use class TV&a/ Gulf Coastal 
Ecorepion (i.e., South Central Plains) the narrative 
criterion reads: 

‘Streams supporting diverse 
communities of indigenous or adapted 
species of fish and other forms of 
aquatic life. fish communities are 
charactenred by a limited pfooportion of 
sensitive species; sunfishes are 
distinctly dominant, followed by dariers 
and minnows. The community may be 
generally chamcttized by the to/lowing 
fishes: Key Spec/e+RedtTn shinec 
Spotted sucker, Yellow bullhead. Flier, 
Siough darter, Grass pickerel; Indicator 
Speciet-Pirare perch, Warmouth. 
Spotted sunfish. Dusky darter, Creek 
chubsucker, Banded pygmy sunfish 
(Arkansas DPCE 1988). 

In Connecticut, current designated uses are 
supported by narratives in the standard. For ex- 
ample, under Surface Water Classifications, Inland 
Surface Waters Class AA, the Designated Use is: 
‘Exrsting or proposed drinking water supply; fish 
and wildlife habitat; recreational use; agricultural, in- 
dustrial supply, and other purposes (recreation uses 
may be restricted).’ 

The supporting narrativesi include: 

Benthic inwrte&ates which inhabit loric 
wuten: A wide vtiefy ot 
m8winvertebfate taxa ShouM normally 
be present and all functional groups 
should normally be well represented. . 
Water quality shall be sut’kienr 10 
sustsin a diverse macroinvertebrate 
community of indigenous species. Taxa 
wrthin the Orders Pkoptera 

(stone flies), Ephetneroptera (maflies), 
Cdeoptera (beetles), Tricoptwa 
(caddisflies) should be well represented 
(Connecticut DEP 1987). 

For these narratives to be effective in a biologi- 
cal crrteria program expressions such as ‘a wide 
variety’ and ‘functional groups should normally be 
well represented’ require quantifiable definitions 
that berzme part of the standard or supporting 
docur :t;on. Many States may find such narra- 
tives in =Ir standards already. If so, States should 
evaluate current language to determine if it meets 
the requirements of quantifiable narrative criteria 
that support refined aquatic life uses. 

Narrative biological criteria are similar to the 
traditional narrative ‘free froms’ by providing the 
legal basis for standards applications. A snrth ‘free 
from’ could be incorporated into standards to help 
support narrative biological cnteria such as “free 
from activities that would impair the aquatrc com- 
munity as it naturalty occurs.’ Narrative biological 
criteria can be used immediately to address obvious 
existing problems. 

Numeric Criteria 

Numerical indices that serve as biologrcal 
criteria should descnbe expected attaInable t:m- 
munrty attrlbcrtes for different designated uses. It IS 
Important to note that full rmplementatlon of narra- 
tive criteria will require similar data as that needed 
for developing numeric criteria. At this time, States 
may or may not choose to establish numeric cnteria 
but may find it an effective tool for regulatory use. 

To derive a numeric criterion, an aquatic com- 
munity’s structure and function is measured at refer- 
ence sites and set as a reference condition. 
Examples of retative measures include similanty In- 
dices, coefficients of community loss, and com- 
parisons of lists of dominant taxa. Measures of 
existing community structure such as species rich- 
ness, presence or absertco of indicator taxa, and 
distribution of trophic feeding group are useful for 
establishing the normal range of community com- 
ponents to be expected in unimpaired systems. For 
example, Ohio uses criteria for the warmwater 
habitat use class based on multiple measures in dif- 
ferent reference sites within the same ecoreglon. 
Cnteria are set as the 25th percentile of all blologc- 
cal index scores recorded at established reference 
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9110s within the eaxegion. Exceptional warmwater 
habitat Index Crltefia are set at the 75th percentile 
(Ohio EPA 1988a). Applications such as this require 
an extensive data base and multiple reference sites 
for each criteria value. 

To develop numeric biological criteria, careful 
assessments of biota in reference sites must be 
conducted (Hughes et al. 1988). There are 
numerous ways to assess community structure and 
function in surface waters. No single index or 
measure is universally recognized as free from bias. 
It is important to evaluate the strengths and weak- 
nesses of different assessment approaches. A multi- 
metric approach that incorporates information on 
species richness, trophic composition, abundance 
or biomass, and organism condition is recom- 
mended. Evaluations that measure multiple com- 
ponents of communities are also recommended 
because they tend to be more reliable (e.g., 
measures of fish and macroinvertebrates combined 
WIII provide more information than measures of fish 
communities alone). The weaknesses of one 
measure or index can often be compensated by 
combining it with the strengths of other community 
measurements. 

The particular indices used to develop numeric 
critena depend on the type of surface waters 
(streams, rivers, lakes, Great Lakes, estuaries, wet- 
lands. and nearshore marine) to which they must be 
applied. In general, community-level indices such 
as the Index of Biotic Integrity developed for mid- 
western streams (Karr et al. 1986) are more easily 
interpreted and less variable than fluctuating num- 
bers such as population size. Future EPA technical 
guidance documents will include evaluations of the 
effectiveness of different biological survey and as- 
sessment approaches for measuring the biological 
integrity of surface water types and provide 
guidance on acceptable approaches for biological 
criteria development. 

Refining Aquatic Life Use 
Classifications 

State standards consist of (1) designated 
aquatic life uses, (2) criteria sufficient to protect the 
designated and existing use, and (3) an an- 
tidegradation clause. Biological criteria support 
designated aquatic life use classifications for ap- 
plication in State standards. Each State develops its 

own designated us8 classificaUon system based on 
the generic uses cited in tha Act (e.g., protection 
and propagation of fish, shellfish, and wildlife). 
Designated uses are intentionally general. How- 
ever, States may develop subcategories within use 
designations to refine and clarify the use class. 
Clarification of the use class is particularly helpful 
when a variety of surface waters with distinct char- 
acteristics fit within the same use class, or do not fit 
well into any category. Determination of nonattain- 
ment in these waters may be difficult and open to al- 
ternative interpretations. If a determination is in 
dispute, regulatory actions will be difficult to ac- 
complish. Emphasizing aquatlc community structure 
within the designated use focuses the evaluation of 
attainmentlnonattainment on the resource of con- 
cern under the Act. 

Flexibility inherent in the State process for 
designating uses allows the development of sub- 
categories of uses within the Act’s general 
categories. For example, subcategories of aquatlc 
life uses may be on the basis of attainable habitat 
(e.g., cold versus warmwater habitat); innate dif- 
ferences in community structure and function, (e.g., 
high versus low spedes richness or productivity); or 
fundamental differences in important community 
components (e.g., warmwater fish communities 
dominated by bass versus catfish). Special uses 
may also be designated to protect particularly uni- 
que, sensitive, or valuable aquatic species, corn- 
munities, or habitats. 

Refinement of use classes can be ac- 
complished within current State use classification 
structures. Data collected from biosutveys as part of 
a developing biocriteria program may reveal unique 
and consistent differences among aquatic com- 
munities inhabiting different waters with the same 
designated use. Measurable blotogical attributes 
could then be used to separate one class into two or 
more classas. The result is a refined aquatlc life 
use. For example, in Arkansas the beneficial use 
Fisheries ‘provides for the protection and propaga- 
tion of fish, shellfish, and other forms of aquatic life’ 
(Arkansas OPCE 1988). This use Is subdivided into 
Trout, Lakes and Reservoirs, and Streams. Recog- 
nizing that stream characteristics across regions of 
the State differed ecologicalty, the State further sub- 
divided the stream designated uses into eight addi- 
tional uses based on regional characteristics (e E 
Springwater-influenced Gulf Coastal Ecoreglcn 
Ouachita Mountains Ecoregion). Within this clas- 
sification system, it was relatively straightforward fzr 
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Arkanou to establlah detailed narrative biological 
criteria that list aqwtk community components ex- 
pected In each ecoreglon (see Narrative Criteria 
sectlon). These nermtke critetia can then be used 
to establish whether the use is impaired. 

States can refine very general designated uses 
such aa high, medium, and low quality to specific 
categories that include measurable ecological char- 
acteristics. In Maine, for example, Class AA waters 
are defined as We highest ciassifkatlon and shall 
be applied to waters which are outstanding natural 
resources and which should be preserved because 
of their ecological, social, scenic, or recreatlonal im- 
portance.’ The designated use includes ‘Class AA 
waters shall be of such quality that they are suitable 

* as habitat for fish and other aquatic life. The 
habitat shall be characterized as free flowing and 
natural.’ This use supports development of narra- 
tive criteria based on biological characteristics of 
aquatlc communities (Maine DEP 1986; see the 
Narrative Criteria sectlon). 

Elobgkal criteria that mclude lists of dominant 
or typical spedes expected to live in the surface 
wa!or ~0 putlcularty effective. Descriptions of im- 
paired conditions are more difficult to interpret 
However, biological criteria may contain statemenb 
concerning which specks dominate disturbed sites, 
as well as those species expected at minimally im- 
pacted sttes. 

Most States collect biologfcal data in current 
programs. Refinmg aquatic life use classifications 
and incorporating blological criteria into standards 
will enable States to evaluate these data more ef- 
fectively. 

Developing and 
Implementing Biological 
Criteria 

Biological criteria development and implemen- 
tation in standards require an undentandlng of the 
selectjon and evaluation of reference sites, meas- 
urement of aquatic community structure and func- 
tion, and hypothesis testing under the scientific 
method. The developmental process is Important for 
State water quality managers and their staff 10 un- 
derstand to promote effective planning for resource 
and staff needs. This major program element deser- 

vea careful consideration and has bea separated 
out in Part II by chapter for each developmental step 
as noted below. Additlonal guidance will be provided 
in future technical guidance documents. 

The developmental process is illustrated in Fig- 
ure 3. The first step is establishing narrative criteria 
in standards. However, to support these narratives, 
standardlted protocols need to be developed to 
quanitify the narratives for criteria implementation. 
They should Include data collectlon procedures, 
selection of reference sites, quality assurance and 
quality control procedures, hypothesis testing, and 
statistical protocols. Pilot studies should be con- 
ducted using these standard protocols 10 ensure 
they meet the needs of the program, test the 
hypotheses, and provide effective measures of the 
biological integrity of surface waters in the State. 

Figun 3. -Procors for iho Development and 
Implomontation of Biological Criteria 

Develop Standard Protocola 
(Test protocol sensrtrvlty) 

Identify and Conduct B~OSUNOYS ai 
Untmpolred Reference Sites 

t 
Establlsn Blologtcal Crlterla 

Conduct BIOSUNOYJ at Impacted Sites 
(Oetermlne Impabrment) 

Impaired Condition Not Impaired 

Diagnose Cause of No Action Required 
lmpaltment Contmued Monltorbng 

+ 

Ascommended 

Implement Control 

Fig. 3: ImplO~ntJtlon of bloiOglCJl crltefle raqulrer the in. 
steal seIecC(10n of reference sites and characterlzatlon 01 real. 
dent JauJfic CommunmeJ InhSblting those sites loestabl~sn 
the reference conditron and blologlcal crttefla. After crrlerla 
development. lmpactea sites are evaluated using Ine same 
blosurvey procedures to assess rewdent blota. It lmpairmcnr 
IS tound. diagnosis 01 cause will lead lo the ~mplemental~on 
of a control Contlnusd momlorlng should accompany con. 
trol Implementation lo delermlne the effectiveness of I”. 
terventlon Monltormg IS also recommended where no #f-n 
pamem 1s found toensure that the surface *aler maInfaIn 
or lmprowes In guallfy 
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The next step is establishing the reference con- 
dttlon for the swfaco water being tested. This refer- 
ence may bo rlto spectfic or regional but must 
establish the unimpaired baseline for comparison 
(see Chapter 5, The Reference Condition). Once 
reference sites are selected, the biological integrity 
of the site must be evaluated using carefully chosen 
biological surveys. A quality biological survey will in- 
dude multiple community components and may be 
measured using a variety of metrics (see Chapter 9. 
The Biological Survey). Establishing the reference 
condition and conducting biological surveys at the 
reference locations provide the necessary informa- 
tion for establishing the biological criteria. 

To apply biological criteria, impacted surface 
waters with comparable habitat characteristics are 
evaluated using the same procedures as those used 
to establish the cnteria. The biological survey must 
support standardized sampling methods and statis- 
tical protocols that are sensitive enough to identify 
biologlcally relevant differences between estab- 
lished criteria and the community under evaluation. 
Resulting data are compared through hypothesis 
testing to determine impairment (see Chapter 7, 
Hypothesis Testing). 

When water quality impairments are detected 
using biological criteria, they can only be applied in 
a regulatory settmg if the cause for impairment can 
be Identified. Oiagnosis is iterative and investtgative 
(see Chapter 7. Diagnosis). States must then deter- 
mine appropriate actions to implement controls, 
Monitoring should remain a part of the biological 
criteria program whether impairments are found or 
not. If an impeirment exists, monitoring provides a 
mechanism to determine if the control effort (inter- 
vention) is resulting in improved water quality. If 
there is no impairment, monitoring ensures the 
water quality is maintained and documents any im- 
provements. When improvements in water quality 
are detected through monitoring programs two ac- 
tions are recommended. When reference condition 
waters improve, biological criteria values should be 
recalculated to reflect this higher level of integrity. 
When impaired surface waters improve, states 
should reclassify those waten to reftect a refined 
designated use with a higher level of biological in- 
tegnty. This provides a mechanism for progressive 
water quality improvement. 
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Chapter 4 

Integrating Biological 
Criteria Into Surface Water 

Management 

I ntegrating biological criteria into existing water 
quality programs will help to assess use attain- 
ment/nonattainment, improve problem dis- 

covery in specific waterbodies, and characterize 
overall water resource condition within a region. 
Ideally, biological criteria function in an iterative man- 
ner. New biosurvey Information can be used to refine 
use classes. Refined use classes will help support 
criteria development and improve the value of data 
collected in biosurveys. 

Implementing Biological 
Criteria 

As biological survey data are collected, these 
data will increasingly support current use of 
biomonitoring data to identify water quality 
problems, assess their severity, and set planning 
and management priorities for remediation. Monitor- 
ing data and biological criteria should be used at the 
outset to help make regulatory decisions, develop 
appropriate controls, and evaluate the effectiveness 
of controls once they are implemented. 

The value of incorporating biological survey in- 
formation in regulatory programs is illustrated by 
evaluations conducted by North Carolina. In 

to integrate biological criteria into water quality 
programs, states must carefully determine where and 
how data are Collected to assess the biological integrity 
of Surface waters. 

response to amendments of the Federal Water Pol- 
lution Control Act requiring secondary effluent limits 
for all wastewater treatment plants, North Carolina 
became embroiled in a debate over whether meet- 
ing secondary effluent limits (at considerable cost) 
would result in better water quality. North Carolina 
chose to test the effectiveness of additional treat- 
ment by conducting seven chemical and biological 
surveys before and after facility upgrades (North 
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Carolina DNRCD 1984). Study results indicated that 
moderato to substantial in-stream improvements 
were observed at six of seven facilities. Biological 
surveys were used as an efficient, cost-effective 
monitoring tool for assessing in-stream improve- 
ments after facility modification. North Carolina has 
also conducted comparative studies of benthic mac- 
roinvertebrate surveys and chemical-specific and 
whole-effluent evaluations to assess sensitivities of 
these measures for detecting impairments 
(Eagleson et al. 1990). 

Narrative biological criteria provide a scientific 
framework for evaluating biosurvey, bioassessment, 
and biomonitoring data collected in most States. Ini- 
tial application of narrative biological criteria may re- 
quire only an evaluation of current work. States can 
use available data to define variables for choosing 
reference sites. selecting appropriate biological sur- 
veys. and assessing the response of local biota to a 
variety of impacts. States should also consider the 
decision criteria that will be used for determining ap- 
propriate State action when impairment is found. 

Recent efforts by several States to develop 
biological criteria for freshwater streams provide ex- 
cellent examples for how biological criteria can be 
integrated into water quality programs. Some of this 
work is described in the National Workshop on In- 
stream Biological Monitoring and Criteria proceed- 
ings which recommended that "the concept of 
biological sampling should be integrated into the full 
spectrum of State and Federal surface water 
programs" (U.S. EPA 1987b). States are actively 
developing biological assessment and criteria 
programs; several have programs in place. 

Biological Criteria in State 

Programs 

Biological criteria are used within water 
programs to refine use designations, establish 
criteria for determining use attainment/nonattain- 
ment, evaluate effectiveness of current water 
programs, and detect and characterize previously 
unknown Impairments. Twenty States are currently 
using some form of standardized ambient biological 
assessments to determine the status of biota within 
State waters. Levels of effort vary from bioassess- 
ment studies to fully developed biological criteria 
programs. 

Fifteen States are developing aspects of 
biological assessments that will support future 
development of biological criteria. Colorado, Illinois, 
Iowa, Kentucky, Massachusetts, Tennessee, and 
Virginia conduct biological monitoring to evaluate 
biological conditions, but are not developing biologi- 
cal criteria. Kansas is considering using a com- 
munity metric for water resource assessment. 
Arizona in planning to refine ecoregions for the 
State. Delaware, Minnesota, Texas, and Wisconsin 
are developing sampling and evaluation methods to 
apply to future biological criteria programs. New 
York is proposing to use biological criteria for site- 
specific evaluations of water quality impairment. 
Nebraska and Vermont use informal biological 
criteria to support existing aquatic life narratives in 
their water quality standards and other regulations. 
Vermont recently passed a law requiring that 
biological criteria be used to regulate through per- 
mitting the indirect discharge of sanitary effluents. 

Florida incorporated a specific biological 
criterion into State standards for invertebrate 
species diversity. Species diversity within a water- 
body, as measured by a Shannon diversity index, 
may not fall below 75 percent of reference values. 
This criterion has been used in enforcement cases 
to obtain injunctions and monetary settlements. 
Florida’s approach is very specific and limits alter- 
native applications. 

Four States-Arkansas, North Carolina, Maine, 
and Ohio-are currently using biological criteria to 
define aquatic life use classifications and enforce 
water quality standards. These states have made 
biological criteria an integral part of comprehensive 
water quality programs. 

n Arkansas rewrote its aquatic life use classifica- 
tions for each of the State’s ecoregions. This has al- 
lowed many cities to design wastewater treatment 
plants to meet realistic attainable dissolved oxygen 
conditions as determined by the new criteria. 

n North Carolina developed biological criteria to 
assess impairment to aquatic life uses written as nar- 
ratives in the State water quality standards. Biologi- 
cal data and criteria are used extensively to identify 
waters of special concern or those with exceptional 
water quality. In addition to the High Quality Waters 
(HOW) and Outstanding Resource Waters (ORW) 
designations, Nutrient Sensitive Waters (NSW) at 
risk for eutrophication are assessed using biological 
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criteria. Although spe&fk biological measures are 
not in the regulations, strengthened use of biological 
monitoring data to assess water qualily is being 
proposed for incorporation in North Carolina’s water 
quality standards. 

n Main0 has enacted a revised Water Quality 
Classification Law speclfically designed to facilitate 
the use of biological assessments. Each of four 
water classes contains descriptive aquatic life condi- 
tions necessary to attain that class. Based on a 
statewide database of macroinvertebrate samples 
collected ahwe and below ou!falls, Maine is now 
developing a set of dichotomous keys that serve as 
the biological criteria. Maine’s program is not ex- 
pected to have a significant role in permitting, but will 
be used to assess the degree of protection afforded 
by effluent limitations. 

l Ohlo has instituted the most extensive use of 
biological critena for defining use dasslfications and 
assessing water quatity. Biological criteria were 
developed for Ohio rivers and streams using an 
ecoregional reference site approach. Within each of 
the State’s five ecoregions, criteria for three biologi- 
cal indices (two for fish communities and one for 
macroinvertebrates) were derived. Ohio successfully 
uses biological criteria to demonstrate attainment of 
aquatic life uses and discover previously unknown or 
unidentified environmental degradation (e.g., twice 
as many Impaired waters were discovered using 
blological criteria and water chemistry together than 
were found using chemistry alone). The upgraded 
use designations based on biological criteria were 
upheld in Ohio courts and the Ohio EPA successfully 
proposed their biological criteria for inclusion in the 
State water quality standards regulations. 

States and EPA have learned a great deal about 
the effectivenes8 of integrated biological assess- 
ments through the development of biological criteria 
for freshwatcH streams. This information is par- 
!icular!y valuable in providing guidance on develop- 
ing biological criteria for other surface water types. 
As previously discussed, EPA plans to produce sup- 
porting technical guidance for biological critena 
development in streams and other surface waters. 
Production of these guidance documents will be 
contingent on technical progress made on each sur- 

face water type by researchers in EPA, States and 
the academic community. 

EPA will also be developing outreach work- 
shops to provide technical assistance to Regions 
and States working toward the implementation of 
biological criteria programs in State water quality 
management programs. In the interim, States 
should use the technical guidance currently avail- 
able in the Technical Support Manual(s): Waterbody 
Surveys and Assessments for Conducting Use At- 
tainability Analysis (U.S. EPA 1983b, 1984a.b). 

During the next triennium, State effort WIII be 
focused on developing narrative biological cntena. 
Full implementation and integration of btologlcal 
criteria will require several years. Using avallabIe 
guidance, States can complement the adoptlon of 
narrative criteria by developing implementation 
plans that include: 

1. Defining program objectlves, developing 
research protocols, and setting pnoritles; 

2. Determining the process for establishing 
reference conditions, which includes 
developing a process to evaluate habitat 
characteristics; 

3. Establishing biological survey protocols that 
include justifications for surface water 
classifications and selected aquatic 
community components to be evaluated; 
and 

4. Developing a formal document describing 
the research design, quality assurance and 
quality control protocols, and required 
training for staff. 

Whether a State begins with narrative biological 
criteria or moves to fully implement numeric critena, 
the shift of the water quality program focus from 
source control to resource management represents 
a natural progression in the evolution from the tech- 
nology-based to water quality-based approaches In 
water quality management. The addition of a 
biological perspective allows water quality programs 
to more directly address the objectives of the Clean 
Water Act and to place their efforts in a contex? that 
is more meaningful to the public. 



Future Directions 
Biological criteria now focus on resident aquatic 

communities in r&ace waters. They have the 
potential to expand in scope toward greater ecologi- 
cal integration. Ecological criteria may encompass 
the ambient aquatic communities in surface waters, 
wrldlife species that use the same aquatic resour- 
ces, and the aquatic community inhabiting the 
gravel and sediments underlying the surface waters 
and adjacent land (hyporheic zone): specific criteria 
may apply to physical habitat. These areas may rep- 
resent only a few possible options for biological 
criteria in the future. 

Many wildlife species depend on aquatic resour- 
ces. If aquatic population levels decrease or if the 
cistnbution of species changes, food sources may 
be sufficrently altered to cause problems for wildlife 
specres using aquahc resources. Habrtat degraaa- 
tlon thal impalrs aquahc species WI/I often rmpact 
Important wildlife habitat as well. These kinds of Im- 
parrments are likely to be detected usmg blologrcal 
criteria as currently formulated. In some cases, 
however, uptake of contaminants by resdent 
aquatic organisms may not result in altered struc- 
ture and function of the aquatic community. These 
Impacts may go undetected by biological cnteria. 
but could result in wildlife impairments because of 
bloaccumulation. Future expansion of biologrcal 
crlterta to Include wlldllfe species that depend an 
aquatlc resources could provide a more Integrative 
ecosystem approach. 

Rivers may have a subsurface ffood plain ex- 
tending as far as two kikmeton from the river chan- 
nel. Preliminary mass transport calculations made 
In the Rathead River basin in Montana indicate that 
nutrients discharged from this subsurface flood 
plain may be crucial to biotic productivity in the river 
channel (Stanford and Ward 1998). This is an unex- 
plored dimension in the ecology of gravel river beds 
and potentially in other surface waters. 

As discussed in Chapter 1, physical integrity is a 
necessary condition for biological integrity. Estab- 
lishing tha reference condition for biological criteria 
requiru evaluation of habitat. The rapid bioassess- 
ment protocol provides a good exampie of the im- 
portance of habitat for interpreting biological 
assessments (Plafkin et al. 1989). However. it may 
be useful to more fully integrate habitat charac- 
teristics into the regulatory process by establishing 
crtteria based on the necessary physlcal structure of 
habdats to support ecological integrity. 
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Part II 

The Implementation 
Process 



Biological Criteria: National Program Guidance 

The implementation of biological criteria requires: (1) selection of unimpaired 

(minimal impact) surface waters to use as the reference condition for each desig- 

nated use, (2) measurement of the structure and function of aquatic communities in 

reference surface waters to establish biological criteria, and (3) establishment of a 

protocol to compare the biological criteria to biota in impacted waters to determine 

whether impairment has occurred. These elements serve as an interactive network 

that is particularly important during early development of biological criteria 

where rapid accumulation of information is effective for refining both designated 

uses and developing biological criteria values. The following chapters describe 

these three essential elements. 
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Chapter 5 

The Reference Condition 

A key step in developing values for support- 
ing narrative and creating numeric biologi- 
cal criteria is to establish reference 

conditions; it is an essential feature of environmental 
impact evaluations (Green 1979). Reference condi- 
tions are critical for environmental assessments be- 
cause standard experimental controls are rarely 
available. For moat surface waters, baseline data 
were not collected prior to an impact, thus impair- 
ment must be inferred from differences between the 
impact site and established references. Reference 
conditions describe the characteristics of waterbody 
segments least impaired by human activities and are 
used to define attainable biological or habitat condi- 
tions. 

Wide variability among natural surface waters 
across the country resulting from climatic, landform, 
and other geographic differences prevents the 
development of nationwide reference conditions. 
Most States are also too heterogeneous for single 
reference conditions. Thus, each State, and when 
appropriate, groups of States, will be responsible for 
selecting and evaluating reference waters within the 
State to establish biological criteria for a given sur- 
face water type or category of designated use. At 
least seven methods for estimating attainable condi- 
tions for streams have been identified (Hughes et al. 
1986). Many of these can apply to other surface 
waters. References may be established by defining 
models of attainable conditions based on historical 
data or unimpaired habitat (e.g., streams in old 
growth forest). The reference condition established 
as before-after comparisons of concurrent mea- 

Reference conditions should be established by 
measuring resident biota in unimpaired surface waters. 

sures of the reference water and impact sites can be 
based on empirical data (Hall et al. 1989). 

Currently, two principal approaches are used for 
establishing the reference condition. A State may 
opt to (1) identify site-specific reference sites for 
each evaluation of impact or (2) select ecologically 
similar regional reference sites for comparison with 
impacted sites within the same region. Both ap- 
proaches depend on evaluations of habitats to en- 
sure that waters with similar habitats are compared. 
The designation of discrete habitat types is more 
fully developed for streams and rivers. Development 
of habitat types for lakes, wetlands, and estuaries is 
ongoing. 
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Biological Criteria: National Program Guidance 

Site-Specific Reference 

Condition 

A site-specific reference condition, frequently 
used to evaluate the impacts from a point discharge, 
is best for surface waters with a strong directional 
flow such as in streams and rivers (the upstream- 
downstream approach). However, it can also be 
used for other surface waters where gradients in 
contaminant concentration occur based on 
proximity to a source (the near field-far field ap- 
proach). Establishment of a site-specific reference 
condition requires the availability of comparable 
habitat within the same waterbody in both the refer- 
ence location and the impacted area. 

A Me-specific reference condition is difficult to 
establish if (1) diffuse nonpoint source pollution con- 
taminates most of the water body; (2) modifications 
to the channel, shoreline, or bottom substrate are 
extensive; (3) point sources occur at multiple loca- 
tions on the waterbody; or (4) habitat characteristics 
differ significantly between possible reference loca- 
tions and the impact site (Hughes et al. 1986; Plaf- 
kin et aI. 1989). In these cases, site-specific 
reference conditions could result in underestimates 
of impairment. Despite limitations, the use of site- 
specific reference conditions is often the method of 
choice for point source discharges and certain 
waterbodies, particularly when the relative impair- 
ments from different local impacts need to be deter- 
mined. 

The Upstream-Downstream 
Reference Condition 

The upstream-downstream reference condition 
is best applied to streams and rivers where the 
habitat characteristics of the waterbody above the 
point of discharge are similar to the habitat charac- 
teristics of the stream below the point of discharge. 
One standard procedure b to characterize the biotic 
condition just above the discharge point (accounting 
for possible upstream circulation) to establish the 
reference condition. The condition below the dis- 
charge is also measured at several sites. If sig- 
nificant differences are found between these 
measures, impairment of the biota from the dis- 
charge is indicated. Since measurements of resi- 
dent biota taken in any two sites are expected to 
differ because of natural variation, more than one 

biological assessment for both upstream and 
downstream sites is often needed to be confident in 
conclusions drawn from these data (Green, 1979). 
However, as more data are collected by a State, and 
particularly if regional characteristics of the water- 
bodies are incorporated, the basis for determining 
impairment from site-specific upstream-downstream 
assessments may require fewer individual samples. 
The same measures made below the "recovery 
zone" downstream from the discharge will help 
define where recovery occurs. 

The upstream-downstream reference condition 
should be used with discretion since the reference 
condition may be impaired from impacts upstream 
from the point source of interest. In these cases it is 
important to discriminate between individual point 
source impact versus overall impairment of the sys- 
tem. When overall impairment occurs, the resident 
biota may be sufficiently impaired to make it impos- 
sible to detect the effect of the target point source 
discharger. 

The approach can be cost effective when one 
biological assessment of the upstream reference 
condition adequately reflects the attainable condi- 
tion of the impacted site. However, routine com- 
parisons may require assessments of several 
upstream sites to adequately describe the natural 
variability of reference biota. Even so, measuring a 
series of site-specific references will likely continue 
to be the method of choice for certain point source 
discharges, especially where the relative impair- 
ments from different local impacts need to be deter- 
mined. 

The Near Field-Far Field Reference 
Condition 

The near field-far field reference condition is ef- 
fective for establishing a reference condition in sur- 
face waters other than rivers and streams and is 
particularly applicable for unique waterbodies (e.g., 
estuaries such as Puget Sound may not have com- 
parable estuaries for comparison). To apply this 
method, two variables are measured (1) habitat 
characteristics, and (2) gradient of impairment. For 
reference waters to be identified within the same 
waterbody, sufficient size is necessary to separate 
the reference from the impact area so that a 
gradient of impact exists. At the same time, habitat 
characteristics must be comparable. 
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Although not My developed, this approach may 
provide an effective way to establish biological 

Paired Watershed Reference 

criteria for estuaries, large lakes, or wetlands. For Conditions 
example, estuarine habitats could be defined and 
possible reference waters identified using physical 
and chemical variables like those selected by the 
Chesapeake Bay Program (U.S. EPA 1987a. e.g., 
substrate type, salinity, pH) to establish comparable 
subhabitats in an estuary. To determine those areas 
least impaired, a ‘mussel watch’ program like that 
used in Narragansett Bay (i.e., captive mussels are 
used as indicators of contamination, (Phelps 1988)) 
could establish impairment gradients. These two 
measures, when combined, could form the basis for 
selecting specific habitat types in areas of least im- 
parrmen! to establish the reference condition. 

Regional Reference 
Conditions 

Paired watershed reference conditions are es- 
tablished to evaluate impaired waterbodies, often 
impacted by multiple sources. When the majority of 
a waterbody is impaired, the upstream-downstream 
or near field-far field reference condition does not 
provide an adequate representation of the unlm- 
paired condition of aquatic communities for the 
waterbody. Paired watershed reference conditions 
are established by identifying unimpaired surface 
waters within the same or very similar local water- 
shed that is of comparable type and habitat. Van- 
able9 to consider when selecting the watershed 
reference condition include absence of human dis- 
turbance, waterbody size and other physcal charac- 
teristics, surrounding vegetation, and others as 
described in the ‘Regional Reference Ste Selec- 
tion’ feature. 

Thus method has been successfully applred 
(e.g., Hughes 1985) and is an approach used In 
Rapid Bioassessment Protocols (Plafkin et J. 
1989). State use of this approach results in good 
reference conditions that can be used immediately 
in current programs. This approach has the added 
benefit of promoting the development of a database 
on high quality waters in the State that could form 
the foundation for establishing larger regional refer- 
ences (e.g., eccreglons.) 

Some of the limitations of site-specific reference 
conditions can be overcome by using regional refer- 
ence conditions that are based on the assumption 
that surface waters integrate the character of the 
land they drain. Waterbodies within the same water- 
shed in the same region should be more similar to 
each other than to those within watersheds in dif- 
ferent regions. Based on these assumptions, a dis- 
tnbutlon of aquatic regions can be developed based 
on ecologrcd features that directly or indirectly re- 
late to water quality and quantity, such as soil type, 
vegetation (land cover), land-surface form, climate, Ecoregional Reference Conditions 
and land use. Maps that incorporate several of 
these features will provide a general purpose broad 
scde ecoregional framework (Gallant et al. 1989). 

Regions of ecological similarity are based on 
hydrologic, climatic, geologic, or other relevant 
geographic variables that influence the nature of 
biota in surfacs waters. To establish a regional refer- 
ence condition, surface waters of similar habitat 
type are identified in definable ecological regions. 
The biological integrity of these reference waters is 
determined to establish the reference condition and 
develop biological criteria. These criteria are then 
used to assess impacted surface waters in the 
same watershed or region. There are two forms of 
regional reference conditions: (1) paired water- 
sheds and (2) ecoregions. 

Reference conditions can also be developed on 
a larger scale. For these references, waterbodies of 
similar type are identified in regions of ecologlcal 
similarity. To establish a regional reference condi- 
tion, a set of surface waters of similar habitat type 
are identified in each ecological region. These sites 
must represent similar habitat type and be repre- 
sentative of the region. As with other reference con- 
ditions, the biological integnty of selected reference 
waters is determined to establish the reference. 
Biological criteria can then be developed and used 
to assess impacted surface waters in the same 
region. Before reference conditions may be estab- 
lished, regions of ecological similarity must be 
defined. 
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Regional Reference Site 
Selection 
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One frequently used method is described by 
Omernik (1987’) who combined maps of land-sur- 
face form, soil, potaMi& natural vegetation, and 
land use within the oonterminoua United States to 
generate a map of aquatic ecoregiofu tar the 
country. He also developed more detailed regional 
maps. The ecoregions defined by Omemik have 
been evaluated for streams and small rivers in 
Arkansas (Rohm et al. 1987), Ohio (Larsen et ai. 
1986; Whittier et al. 1987), Oregon (Whittier et al. 
1988), Colorado (Gallant et al. ?989), and Wiscon- 
sin (Lyons 1989) and for lakes in Minnesota (Heis- 
kary et al. 1987). State ecoregion maps were 

developed for Colorado (Gaiiant et al. 1989) @nd 
Oregon (Clarke el al. mss). Maps for the national 
ecoregions and six multi-state maps of more 
detailed ecoregions are available from the U.S. EPA 
Environmental Research Laboratory, Corvaliis, 
Oregon. 

Ecoregions such as those defined by Omemik 
(1987) provide only a first step in establishing 
regional reference sites for development of the ref- 
erence condition. Field site evaluation is required to 
account for the inherent variability within each 
ecoregion. A general method for selecting reference 
sites for streams has been described (Hughes et al. 
1986). These are the same variables used for com- 
parable watershed reference site selection. 
Regional and on-site evaluations of biological fac- 
tors help determine specific sites that best represent 
typical but unimpaired surface water habitats within 
the region. Details on this approach for streams is 
described in the ‘Regional Reference Site Selec- 
tion’ feature. To date, the regional approach has 
been tested on streams, rivers, and lakes. The 
method appears applicable for assessing other in- 
land ecosystems. To apply this approach to wet- 
lands and estuaries will require addit.ionaJ 
evaluation based on the relevant ecobgical features 
of these ecosystems (e.g. Brooks and Hughes, 
1988). 

Ideally, ecoregionai reference sites should be 
3s Me disturbed as possible, yet represent water- 
sodies tar which they are to serve as reference 
waters. These sites may serve as references for a 
large number of similar waterbodies (e.g., several 
reference streams may be used to define the refet- 
ence condition for numerous physically separate 
streams if the reference streams contain the same 
range of stream morphology, substrate, and flow of 
the other streams within the same ecological 
region). 

An important benefit of a regional reference sys- 
tem is the establishment of a baseline condition for 
the least impacted surface waters within the 
dominant land use pattern of the region. in many 
areas a return to pristine, or presett(ement, condi- 
tions is impossible, and goals for waterbodies in ex- 
tensively developed regions could reflect this. 
Regional reference sites based on the least im- 
pacted sites within a region will help water quality 
programs restore and protect the environment in a 
way that is ecologically feasible. 
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This approach must be used with caution for two 
reasons. First, in many urban, industriat, or heavily 
developed agricuttural regions, even the least im- 
pacted sites are seriously degraded. Basing stand- 
ards or crrteria on such sites will set standards too 
low If these high levels of environmental degrada- 
tion are considered acceptable or adequate. In such 
degraded regions, alternative sources for the 
regional reference may be needed (e.g., measures 
taken from the same region in a less developed 
neighboring State or historical records from the 
region before serious impact occurred). Second. in 
some regions the minimally-impacted sites are not 
typical of most sites in the region and may have 
remained unimpaired precisely because they are 
unique. These two considerations emphasize the 
need to select reference sites very carefully, based 
on solid quantitative data interpreted by profes- 
sronals familiar with the biota of the region. 

Each State, or groups of States, can select a 
seties of regional reference sites that represent the 
attainable conditions for ?ach region. Once biologi- 
cal criteria are established using this approach, the 
cost for evaluating local impairments is often lower 
than a series of measures of site-specific reference 
sites. Using paired watershed reference conditions 
immediately in regulatory programs will provide the 
added benefit of building a database for the 
development of regions of ecological similarity. 

31 



Chapter 6 

The Biological Survey 

A critical element of biological criteria is the 
characterization of biological communities 
inhabiting surface waters. Use of biological 

data is not new; biological information has been used 
to assess Impacts from pollution since the 1890s 
(Forbes 1928), and most States currently incor- 
porate biological information in their decisions about 
the quality of surface waters. However, biological in- 
formation can be obtained through a variety of 
methods, some of which are more effective than 
others for characterizing resident aquatic biota 
Biological criteria are developed using biological sur- 
veys: these provide the only direct method for 
measuring the structure and function of an aquatic 
community. 

Different subhabitat within the same surface water will 
contain unique aquatic community components. In 
fast-flowing stream segments species such as (1) black 
fly larva: (2) brook trout; (3) water penny; (4) crane fly 
larva; and (5) water moss occur. 

However, in slow-flowing stream segments, species 
like (1) water strider; (2) smallmouth bass; (3) crayfish' 
and (4) fingernail clams are abundant. 

Biological survey study design is of critical im- 
portance to criteria development. The design must 
be scientifically rigorous to provide the basis for 
legal action, and be biologically relevant to detect 
problems of regulatory concern. Since it is not finan- 
cially or technically feasible to evaluate all or- 
ganisms in an entire ecosystem at all times, careful 
selection of community components, the time and 
place chosen for assessments, data gathering 
methods used, and the consistency with which 
these variables are applied will determine the suc- 
cess of the biological criteria program. Biological 
surveys must therefore be carefully planned to meet 
scientific and legal requirements, maximize informa- 
tion, and minimize cost. 
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Biological Criteria: National Program Guidance 

Biological surveys can range from collecting 
samples of a single species to comprehensive 
evaluations of an entire ecosystem. The first ap- 
proach is difficult to interpret for community assess- 
ment; the second approach is expensive and 
impractical. A balance between these extremes can 
meet program needs. Current approaches range 
between detailed ecological surveys, biosurveys of 
targeted community components, and biological in- 
dicators (e.g., keystone species). Each of these 
biosurveys has advantages and limitations. Addi- 
tional discussion will be provided in technical 
guidance under development. 

No single type of approach to biological surveys 
is always best. Many factors affect the value of the 
approach, including seasonal variation, waterbody 
size, physical boundaries, and other natural charac- 
teristics. Pilot testing alternative approaches in 
Slate waters may be the best way to determine the 
sensitivity of specific methods for evaluating biologi- 
cal integrity of local waters. Due to the number of al- 
ternatives available and the diversity of ecological 
systems, individuals responsible for research 
design should be experienced biologists with exper- 
tise in the local and regional ecology of target sur- 
face waters. States should develop a data 
management program that includes data analysis 
and evaluation and standard operating procedures 
as part of a Quality Assurance Program Plan. 

When developing study designs for biological 
criteria, two key elements to consider include (1) 
selecting aquatic community components that will 
best represent the biological Integrity of State sur- 
face waters and (2) designing data collection 
protocols to ensure the best representation of the 
aquatic community. Technical guidance currently 
available to rid the development of study design in- 
dude: Water Quality Standards Handbook (U.S. 
EPA 1983a), Technical Support Manual: Waterbody 
Surveys and Assessments for Conducting Use At- 
tainability Analyses (U.S. EPA 1983b); Technical 
Support Manual: Waterbody Surveys and Assess- 
ments for Conducting Use Attainability Analyses, 
Volume II: Estuarine Systems (U.S. EPA 1984a); 
and Technical Support Manual: Waterbody Surveys 
and Assessments for Conducting Use Attainability 
Analyses, Volume III: Lake Systems (U.S. EPA 
1984b). Future technical guidance will build on 
these documents and provide specific guidance for 
biological criteria development. 

Selecting Aquatic 

Community Components 
Aquatic communities contain a variety of 

species that represent different trophic levels, 
taxonomic groups, functional characteristics, and 
tolerance ranges. Careful selection of target 
taxonomic groups can provide a balanced assess- 
ment that is sufficiently broad to describe the struc- 
tural and functional condition of an aquatic 
ecosystem, yet be sufficiently practical to use on a 
daily basis (Plafkin et al. 1989; Lenat 1988). When 
selecting community components to include in a 
biological assessment, primary emphasis should go 
toward including species or taxa that (1) serve as ef- 
fective indicators of high biological integrity (i.e., 
those likely to live in unimpaired waters), (2) repre- 
sent a range of pollution tolerances, (3) provide pre- 
dictable, repeatable results, and (4) can be readily 
identified by trained State personnel. 

Fish, macroinvertebrates, algae, and zooplank- 
ton are most commonly used in current bioassess- 
ment programs. The taxonomic groups chosen will 
vary depending on the type of aquatic ecosystem 
being assessed and the type of expected impair- 
ment. For example, benthic macroinvertebrate and 
fish communities are taxonomic groups often 
chosen for flowing fresh water. Macroinvertebrates 
and fish both provide valuable ecological informa- 
tion while fish correspond to the regulatory and 
public perceptions of water quality and reflect 
cumulative environmental stress over longer time 
frames. Plants are often used in wetlands, and 
algae are useful in lakes and estuaries to assess 
eutrophication. In marine systems, benthic macroin- 
vertebrates and submerged aquatic vegetation may 
provide key community components. Amphipods, 
for example, dominate many aquatic communities 
and are more sensitive than other Invertebrates 
such as polychaetes and molluscs to a wide variety 
of pollutants including hydrocarbons and heavy me- 
tals (Reich and Hart 1979; J.D. Thomas, pen. 
comm.). 

It is beneficial to supplement standard groups 
with additional community components to meet 
specific goals, objectives, and resources of the as- 
sessment program, Biological surveys that use two 
or three taxonomic groups (e.g., fish, macroinver- 
tebrates, algae) and, where appropriate, include dif- 
ferent trophic levels within each group (e.g., 
primary, secondary, and tertiary consumers) will 
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provide a more realistic evaluation of system 
biological integrity. This is analogous to using 
species from two or more taxonomic gfoups in 
bioassays. Impairments that are difficult to detect 
because of the temporal or spatial habits or the pol- 
lution tolerances of one group may be revealed 
through impairments in different species or as- 
semblages (Ohio EPA 1988a). 

Selection of aquatic community zomponents 
that show different senstivities and responses to 
the same perturbation will aid in identifying the na- 
ture of a pfoblem. Available data on the ecological 
functron, distribution, and abundance of species in a 
given habitat will help determine the most ap 
proprlate target species or taxa for biological sur- 
veys in the habitat. The selection of community 
components should also depend on the ability of the 
organisms to be accurately identified by tramed 
State personnel. Attendent with the biologrcal 
crlterla program should be the development of iden- 
tlfication keys for the organisms selected for study 
in the biological survey. 

Biological Survey Design 
Biological surveys that measure the structure 

and function of aquatic communities WIII provide the 
information needed for blologlcal criteria develop 
meat. Elements of community structure and function 
may be evaluated using a series ot metrics. Struc- 
tural metrics descnbe the composition of a com- 
munity, such as the number ot different species, 
relative abundance of specific speci88, and number 
and relative abundance of tolerant and intolerant 
species. Functional metrics describe the ecological 
processes of the community. These may indude 
measures such as community photosynthesis or 
respiration. Function may also be estimated from 
the proportions of various feeding groups (e.g., om- 
nivores, herbivores, and insectivores, or shredders, 
cobcton, md grazers). 8idogical surveys can 
offer variety and flexibility in application. indices cur- 
rently available are primarily for freshwater streams. 
However, the approach has been used for lakes and 
can be developed for estuaries and wetlands. 

Selecting the metric 
S8Vefal methods are currently available for 

measuring the relative structural and functional well- 
being of fish assemblages in freshwater streams, 

such as the Index of Biotic Integrity (IN); Karr 1981; 
Karr et al. 1986; Miller et al. 1988) and the Index of 
Well-being (IWB; Gammon 1978. Gammon et al. 
1981). The IBI is one of the more widely used as- 
sessment methods. For additional detail, see the 
‘Index of Biotic Integrity’ feature. 

Index of Bio tic Integrity 

The fndex of 810k htegrfy (~a/) IS comm~n:y 
used for hsh communily analyw (Karr 198 1) ‘.ke 
or~gh-tal 181 was ccmpased o/ 72 memcs 

m SIX metncs evaluate species ric.?wess a’3 
CGmpOSltlon 

l .7;roer GI soecees 

l fkmoer of darfer soecles 

l number of sucker species 

l number 01 sunfish speck9s 

l number of tnfoleranf species 

l proporfron ot green sunfish 

l fhrea mefncs quartMy :rophc composhwn 

. crcocr:,on 3fomnivores 

l proportcn 01 msectivoro~s cyprfn es 

l proporl~on o~p6cfvores 

8 three metncs summarize fish sbundance and 
condrrlon Mormatm 

l numbef ol ind/wduab In sample 

l propoRu)n of hybnds 

* proponron ol tndivrduefs wrfh drse8se 

Each rnelrrc IS scored 7 (worst). 3. or 5 (besr, 
depending on how !he field data compare wllh ar? 
expecfed value obtaIned fawn reference sites A: 
72 mefrrc valueS are Men summed to prowde dr: 
Overall Index Wue fB8t repfesenrs re/alwe n- 
tegnfy The I8f was desIgned for mldwesw- 
streams. substrtufe mefrrcs refkctrng fhe saFe 
sfruc:ura/ and ,!unchona/ characfensbcs ha;e 
been creafed lo accommodare repmona/ var’at’crs 
m fish assemb/ages (Mller et a/ 1988) 
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Several indic8a thrt evaluate more than On0 
community chamctwfdic are Jso available for as- 
sessing stream mwxoinvertebrate populations. 
Taxa richness, EPT m (number of taxa of the in- 
sect orders Ephemeroptera. Plecoptera. and Tricop- 
tera). and species pollution tolerance values are a 
few of several components of these macroinver- 
tebrate assessments. Example indices include the 
Invertebrate Community Index (ICI; Ohio EPA, 
1988) and Hilsenhoff Biotic Index (HBI; Hilsenhoff, 
1987-l. 

Within these metrics specific information on the 
pollution tokrances of different species within a sys- 
tem wi?? help define the type ol impacts occurring in 
a waterbody. 8idogical indicator groups (intolerant 
species, tolerant species, percent of diseased or- 
ganisms) can be used for evaluating communrty 
biological Integrity if sufficient data have been col- 
lected to support conclusrons drawn from the in- 
dicator data. In martne systems, for example, 
amphipods have been used by a number of re- 
searchen as environmental indicators (McCall 
1977; Bot?on 1979; Meams and Word 1982). 

Sampling design 
Sampling design and statistical protocols are re- 

quired to reduce sampling error and evaluate the 
natural varlablllty of brological responses that ars 
found in both laboratory and field data. High 
variability reduces the power of a statistical test to 
detect real impairments (Sokal and Rohlf, 1981). 
States may reduce variability by raflning sampling 
techniques and protocol to decrease variability in- 
troduced during data cone&m, and Increase the 
power of the evalwtbn by incre&ng the number of 
replications. Sam@lng techniques are rtined, in 
part. by co?lecUng l -t&v0 sample of resi- 
dent bbta from tha sama component of the aquatic 
community from the w habitat typo in the same 
way at sites being compared. Data collection 
protocols should incorporate (1) spatial scales 
(where and how samples are wllectetd) and (2) tam- 
ponl scales (when data are collected) (Green, 
1979): 

l Spatlal Scales refer to the wrda variety of sub- 
habitats that exist within any surtace watei 
habitat. To account for subhabitats, adequate 
sampling protocols require selecting (1) the 
-ion mthln a habitat where target groups 

reside and (2) ?he method for collecting data on 
target groups. For exampk, if fish are sampled 
only from fast flowing riffles within stream A, but 
are sampled from slow flowing pools in stream 
8, the data will not be comparable. 

l Tomporrl Scaler refer to aquatic community 
changes that occur over time because of diurnal 
and life-cycle changes in organism behavior or 
development, and seasonal or annual changes 
in the environment. Many organisms go through 
seasonal life-c@. changes that dramatically 
affect their presence and abundance in the 
aquatic community. For example, macroinver- 
tebrate data collected from stream A in March 
and stream 8 in May, would not be comparable 
because the emergence of insect adutts after 
March would sbgnificantly alter the abundance 
of subadults found in stream 8 in May. Similar 
problems would occur if algae were collected In 
lake A during the dry season and lake B dunng 
the wet season. 

Field sampling protocola that produce quality 
assessments from a limited number of site visits 
greatty enhance the utility of the sampling techni- 
que. Rapid bioassemant protocols, recently 
developed for assessing streams, usa standardized 
techniques to quickly gather physical, chemical. and 
blobglcal quantrtatlve data that can assess changes 
in biologicat integnty (P?an<in et a?. 1989). Rapld 
bioassessment methods can bo cost-effective 
biological assessment approaches when they have 
been verified with more comprehensive evaluations 
for the habitats and region whwo they are to be ap- 
plied. 

Biological survey methods ouch as ?he I61 for 
fish and ICI for mrcroinvortebrates were developed 
in streams and rivers and have yet to be applied to 
many ecoIogical regions. In addition, further re- 
search is needed to adapt the approach to lakes, 
wetlands, and estuaries, including the development 
of attarnative struch~ral or functio~l endpoints. For 
example, assessment methods for algae (e.g. 
measures of biomass, nuisance bloom frequency, 
community structure) have been used for lakes. As- 
sessment metrics appropriate for daveloptng 
biological criteria for lakes, Iargo rivers, wetlands, 
and estuaries are being developed and tested so 
that a multi-metric approach can be effectively used 
for all surface waters. 
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Chapter 7 

Hypothesis Testing: 
Biological Criteria and the 

Scientific Method 

B iological criteria are applied in the standards 
program by testing hypotheses about the 
biological integrity of impacted surface 

waters. These hypotheses include the null 
hypothesis-the designated use of the waterbody is 
not impaired-and alternative hypotheses such as 

the designated use of the water-body is impaired 
(more specific hypotheses can also be generated 
that predict the type(s) of impairment). Under these 
hypotheses specific predictions are generated con- 
cerning the kinds and numbers of organisms repre- 
senting community structure and function expected 
or found in unimpaired habitats. The kinds and num- 
bers of organisms surveyed in unimpaired waters 
are used to establish the biological criteria. To test 
the alternative hypotheses, data collection and 
analysis procedures are used to compare the criteria 
to comparable measures of community structure and 
function in impacted waters. 

Hypothesis Testing 

To detect differences of biological and regula- 
tory concern between biological criteria and ambient 
biological integrity at a test site, it is important to es- 
tablish the sensitivity of the evaluation. A 10 percent 
difference in condition is more difficult to detect than 

50 percent difference. For the experimental/sur- 
vey design to be effective, the level of detection 

should be predetermined to establish sample size 

Multiple impacts in the same surface water such as 
discharges of effluent from point sources, leachate from 
landfills or dumps, and erosion from habitat degradation 
each contribute to impairment of the surface water. All 
impacts should be considered during the diagnosis 
process. 

for data collection (Sokal and Rohlf 1981). 
Knowledge of expected natural variation, experi- 
mental error, and the kinds of detectable differences 
that can be expected will help determine sample 
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size and location. This forms the basis for defining 
data quality objectives, standardizing data collection 
procedures, and developing quality assurance/ 
quality control standards. 

Once data are collected and analyzed, they are 
used to test the hypotheses to determine if charac- 
tertstics of the resident biota at a test site are sig- 
nificantly different from established criteria values 
for a comparable habitat. There are three possible 
outcomes: 

1. The use is impaired when survey design and 
data analyses are sensitive enough to detect 
differences of regulatory importance, and 
significant differences were detected. The 
next step is to diagnose the cause(s) and 
source(s) of impairment. 

2. The biological criteria are met when survey 
design and data analyses are sensitive 
enough to detect differences of regulatory 
significance, but no differences were found. 
In this case, no action is required by States 
based on these measures. However, other 
evidence may indicate impairment (e.g., 
chemical criteria are violated; see below). 

3. The outcome is indeterminate when survey 
design and data analyses are not sensitive 
enough to detect differences of regulatory 
significance, and no differences were 
detected. If a State or Region determines 
that this is occurring, the development of 
study design and evaluation for biological 
criteria was incomplete. States must then 
determine whether they will accept the 
sensitivity of the survey or conduct 
additional surveys to increase the power of 
their analyses. If the sensitivity of the 
original survey is accepted, the State should 
determine what magnitude of difference the 
survey is capable of detecting. This will aid 
in re-evaluating research design and desired 
detection limits. An indeterminate outcome 
may also occur if the test site and the 
reference conditions were not comparable. 
This variable may also require re-evaluation. 

As with all scientific studies, when implementing 
biological criteria, the purpose of hypothesis testing 
is to determine if the data support the conclusion 
that the null hypothesis is false (i.e., the designated 

use is not impaired in a particular waterbody). 
Biological criteria cannot prove attainment. This 
reasoning provides the basis for emphasizing inde- 
pendent application of different assessment 
methods (e.g., chemical verses biological criteria). 
No type of criteria can "prove" attainment; each type 
of criteria can disprove attainment. 

Although this discussion is limited to the null 
and one alternative hypothesis, it is possible to 
generate multiple working hypotheses (Popper, 
1968) that promote the diagnosis of water quality 
problems when they exist. For example, if physical 
habitat limitations are believed to be causing impair- 
ment (e.g., sedimentation) one alternative 
hypothesis could specify the loss of community 
components sensitive to this impact. Using multiple 
hypotheses can maximize the information gained 
from each study. See the Diagnosis section for addi- 
tional discussion. 

Diagnosis 

When impairment of the designated use is 
found using biological criteria, a diagnosis of prob- 
able cause of impairment is the next step for im- 
plementation. Since biological criteria are primarily 
designed to detect water quality impairment, 
problems are likely to be identified without a known 
cause. Fortunately the process of evaluating test 
sites for biological impairment provides significant 
information to aid in determining cause. 

During diagnostic evaluations, three main im- 
pact categories should be considered: chemical, 
physical, and biological. To begin the diagnostic 
process two questions are posed: 

• What are the obvious causes of impairment? 

• If no obvious causes are apparent, what 
possible causes do the biological data 
suggest? 

Obvious causes such as habitat degradation, 
point source discharges, or introduced species are 
often identified during the course of a normal field 
biological assessment. Biomonitoring programs nor- 
mally provide knowledge of potential sources of im- 
pact and characteristics of the habitat. As such, 
diagnosis is partly incorporated into many existing 
State field-oriented bioassessment programs. If 
more than one impact source is obvious, diagnosis 
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will require determining which impact(s) is the cause 
of impairment or the extent to which each impact 
contributes to impairment. The nature of the biologi- 
cal impairment can guide evaluation (e.g., chemical 
contamination may lead to the loss of sensitive 
species, habitat degradation may result in loss of 
breeding habitat for certain species). 

Case studies illustrate the effectiveness of 
biological criteria in identitying impairments and 
possible sources. For example, in Kansas three 
sites on Little Mill Creek were assessed using Rapid 
Bioassessment Protocols (Plafkin et al. 1989; see 
Fig. 4). Based on the results of a comparative 
analysis, habitats at the three sites were com- 
parable and of high quality. Biological impairment, 
however, was identified at two of the three sites and 
directly related to proximity to a point source dis- 
charge from a sewage treatment plant. The severely 
ImpaIred Site (STA 2) was located approximately 
100 meters downstream from the plant. The slightly 
rmpalred Site (STA 3) was located between one and 
two miles downstream from the plant. However, the 
unimpaired Site (STA 1 (R)) was approximately 150 
meters upstream from the plant (Plafkin et al. 1989). 
This simple example illustrates the basic principles 
of diagnosis. In this case the treatment plant ap 
pears responsible for impairment of the resident 
biota and the discharge needs to be evaluated. 

Based on the biological survey the results are clear. 
However, impairment in resident populations of 
macroinvertebrates probably would not have been 
recognized using more traditional methods. 

In Maine, a more complex problem arose when 
effluents from a textile plant met chemical-specific 
and effluent toxicity criteria, yet a biological survey 
of downstream biota revealed up 10 80 percent 
reduction in invertebrate richness below plant out- 
falls. Although the source of impairment seemed 
clear, the cause of impairment was more difficult to 
determine. By engaging in a diagnosflc evaluation. 
Maine was able to determine that the discharge con- 
tained chemicals not regulated under current 
programs and that part of the toxicity effect was d:e 
to the sequential discharge of unlqae et(!berts 
(tested individually these effluents were not toxAc: 
when exposure was in a particular seqLer.ce. 
toxicity occurred). Use of biological criter!a reh!ed 
in the detection and diagnosis ot this toxlcty C:CEI- 
lem. which allowed Maine to develop wcrkab,e a:!er- 
native operating procedures for the textile ndLs1t-y 
to correct the problem (Courtemanch 1989, and 
pers. comm.). 

During diagnosis it is important to consider and 
discriminate among multiple sources of impairment. 
In a North Carolina stream (see Figure 5) four sites 
were evaluated using rapid bioassessment technl- 

Figure 4.-Kansas: Benthic a.oastessment ol Little Mill CrHk (little Mill Creek 
Relationship of Habitat and Bioassessment 

= Site.Spocltic Reference, 

80b .- .y--_____m......... ‘... .I. 

60 STA 3 
I 

HabItat Ouallty (% ot Reference) 

FXl 4 Three Stream wjmms m-med In a stream in Kansas using RapId Bloassessment ~~~~~~~~~ (platkjr, e! al ‘gag, ,+ .Tr i I . 
swlflcant ImDalrments at sbtes below a sewage trearrnevr plant 

39 



Flgwa S.-lha Rotrtlonrhlp 8otwoen Habltrt Qurllty and Bonthlc Community Conditlan rt the No&h Caroltna 
PlIol study sit.. 

0 10 20 30 40 50 60 70 80 90 ‘00 

Habrtat Quality to,0 of Reference) 

Fip. 5: Chstmpulsnmp between point and noflpomt sources of lmpamnenl rcqulres an evaluarlon 01 the nature and magndude 
ofdifferenf sit03 In ; surface wylter i.Phfhn. et al. 1989) 

ques. An ecoregional reference site (R) established 
the highest Ievd of biological integrity for that 
stream type. Site (l), weil upstream from a local 
town, was used as the upstream reference condi- 
tlon. Degraded conditions at Site (2) suggested non- 
point source problems and habitat degradation 
because of proximity to residential areas on the 
upstream edge of town. At Site (3) habitat altera- 
tions, nonpoint runoff, and point source discharges 
combined to severely degrade resident biota At this 
site, sedimentation and toxicity from municipal 
sewage treatment effluent appeared responsible for 
a major portion of this degradation. Site (4), al- 
though several mile8 downstream from town, was 
still impaired despite slgnifkant improvement in 
habitat quality. TM suggests that toxicity from 
upstream dkhugw may still be occurring (Bar- 
bour, 1990 per% comm.). Using these kinds of com- 
parisons, through a diagnostic procedure and by 
using available chemical and biological assessment 
tools, tha relative effects of impacts can be deter- 
mined so that sduttons can be formulated to im- 
prove water quality. 

When point and nonpoint impact and physical 
habitat degradation occur simultaneously, diagnosis 
may require the combined use of biologicaf, physi- 
cal, and chemical evaluations to discriminate be- 

tween these impacts. For example, sedimentation of 
a stream caused by logging practices is likely to 
result in a decrease in species that require loose 
gravel for spawning but increase species naturally 
adapted to fine sediments. Tl-Ls shift In community 
components correlates well with the observed im- 
pact. However, if the impact is a point source dis- 
charge or nonpoint runoff of toxicants, both species 
types are likely to be impaired whether sedimenta- 
tion occurs or not (although gravel breeding species 
can be expected to show greater impairment if 
sedimentation occurs). Part of the diagnostic 
process is derived from an understanding of or- 
ganism sensitivities to different kinds of impacts and 
their habitat requirements. When habitat is good but 
water quality is poor, aquatic community com- 
ponents sensitive to toxicity will be impaired. How- 
ever, il both habitat and water quality degrade, the 
resident community is likely to be composed of 
tolerant and opportunistic species. 

When an impaired use cannot be easily related 
to an obvious cause, the diagnostic process be- 
comes investigative and iterative. The iterative diag- 
nostic process as shown in Figure 6 may require 
additional time and resources to verify cause and 
source. Initially, potenttal sources of impact are 
identified and mapped to determine location relative 



Flgun 6. -Dlrgno~tlc Procerr 

Establish Blolog~cal Crlterla 
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Fag. 6 The doagnostIc process IS a stepwIse process for 
determlnlng the cause 01 lmpalred blologlcal Integrity in sur. 
face .4aters It may reQu1r9 multlDIe hyDOthe.SCS tOstIng an0 
more *t-an c-e ‘emedlal p:an 

to the area suffering from biological impairment. An 
analysis of the physical, chemical, and bidcgrcal 
characteristics of the study area will help identify the 
most likely sources and determine which data WA 
be most valuable. Hypotheses that distinguish be- 
tween possible causes of impairment should be 
generated. Study design and appropriate data col- 
lection procedures need to be developed to test the 
hypotheses. The severity of the impairment, the dif- 
ficulty of diagnosis, and the costs involved will 
determine how many iterative loops will be com- 
pleted in the diagnostic process. 

Normally, diagnoses of biological impairment 
are relatively straightforward. States may use 
biological criteria as a method to confirm impairment 
from a known source of impact. However, the diag- 
nostic process provides an effective way to identify 
unknown impacts and diagnose their cause so that 
corrective action can be devised and implemented 
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Appendix A 

Common Questions and 
Their Answers 

Q. How will implementing biological criteria 
benefit State water quality programs? 

A. State water quality programs will benefit from 
biological criteria because they: 

a) directly assess impairments in ambient 
biota from adverse impacts on the 
environment; 

b) are defensible and quantifiable; 

c) document improvements in water quality 
resulting from agency action; 

d) reduce the likelihood of false positives (i.e., 
a conclusion that attainment is achieved 
when it is not); 

e) provide information on the integrity of 
biological systems that is compelling to the 
public. 

Q. How will biological criteria be used in a 
permit program? 

A. When permits are renewed, records from 
chemical analyses and biological assessments are 
used to determine if the permit has effectively 
prevented degradation and led to improvement. The 
purpose for this evaluation is to determine whether 
applicable water quality standards were achieved 
under the expiring permit and to decide if changes 
are needed. Biological surveys and criteria are par- 
ticularly effective for determining the quality of 
waters subject to permitted discharges. Since 
biosurveys provide ongoing integrative evaluations 
of the biological integrity of resident biota permit 

writers can make informed decisions on whether to 
maintain or restrict permit limits. 

Q. What expertise and staff will be needed to 
implement a biological criteria program? 

A. Staff with sound knowledge of State aquatic 
biology and scientific protocol are needed to coor- 
dinate a biological criteria program. Actual field 
monitoring could be accomplished by summer-hire 
biologists led by permanent staff aquatic biologists 
Most States employ aquatic biologists for monitor- 
ing trends or issuing site-specific permits. 

Q. Which management personnel should be 
involved in a biologically-based approach? 

A. Management personnel from each area 
within the standards and monitoring programs 
should be involved in this approach, including per- 
mit engineers, resource managers, end field per- 
sonnet. 

Q. How much will this approach cost? 

A. The cost of developing biological criteria is a 
State-specific question depending upon many vari- 
ables. However, States that have implemented a 
biological criteria program have found it to be cost 
effective (e.g., Ohio). Biological criteria provide an 
integrative assessment over time. Biota reflect mul- 
tiple impacts. Testing for impairment of resident 
aquatic communities can actually require less 
monitoring than would be required to detect many 
impacts using more traditional methods (e.g., 
chemical testing for episodic events). 
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Q. What are some concerns of dischargers? 

A. Dischargers are concerned that biological 
criteria will identity impairments that may be er- 
roneously attributed to a discharger who is not 
responsible. This is a legitimate concern that the 
discharger and State must address with careful 
evaluations and diagnosis of cause of impairment. 
However, it is particularly important to ensure that 
waters used for the reference condition are not al- 
ready impaired as may occur when conducting 
site-specific upstream-downstream evaluations. Al- 
though a discharger may be contributing to surface 
water degradation, it may be hard to detect using 
biosurvey methods if the waterbody is also impaired 
from other sources. This can be evaluated by test- 
ing the possible toxicity of effluent-free reference 
waters on sensitive organisms. 

Dischargers are also concerned that current 
permit limits may become more stringent if it is 
determined that meeting chemical and whole-ef- 
fluent permit limits are not sufficient to protect 
aquatic life from discharger activities. Alternative 
forms of regulation may be needed; these are not 
necessarily financially burdensome but could in- 
volve additional expense. 

Burdensome monitoring requirements are addi- 
tional concerns. With new rapid bioassessment 
protocols available for streams, and under develop- 
ment for other surface waters, monitoring resident 
biota is becoming more straightforward. Since rest- 
dent biota provide an integrative measure of en- 
vironmental impacts over time. the need for 
continual biomonitoring is actually lower than 
chemical analyses and generally less expensive. 
Guidance is being developed to establish accept- 
able research protocols, quality assurance/quality 
control programs and training opportunities to on- 
sure that adequate guidance is available. 

Q. What are the concerns of 
environmentalists? 

A. Environmentalists are concerned that biologi- 
cal criteria could be used to alter restrictions on dis- 
chargers if biosurvey data indicate attainment of a 
designated use even though chemical criteria 
and/or whole-effluent toxicity evaluations predict im- 
pairment. Evidence suggests that this occurs infre- 
quently (e.g., in Ohio, 6 percent of 431 sites 
evaluated using chemical-specific criteria and 
biosurveys resulted in this disagreement). In those 

cases where evidence suggests more than one con- 
clusion, independent application applies. If biologi- 
cal criteria suggest impairment but chemical- 
specific and/or whole-effluent toxicity implies attain- 
ment of the use, the cause for impairment of the 
biota is to be evaluated and, where appropriate. 
regulated. If whole effluent and/or chemical-specific 
criteria imply impairment but no impairment is found 
in resident biota, the whole-effluent and/or chemi- 
cal-specific criteria provide the basis for regulation. 

Q. Do biological criteria have to be codified 
in State regulations? 

A. State water quality standards require three 
components: (1) designated uses, (2) protective 
criteria, and (3) an antidegradation clause. For 
criteria to be enforceable they must be codified in 
regulations. Codification could involve general nar- 
rative statements of biological criteria, numeric 
criteria, and/or criteria accompanied by specific test- 
ing procedures. Codifying general narratives 
provides the most flexibility-specific methods for 
date collection the least flexibility-for incorporating 
new data and improving data gathering methods as 
the biological criteria program develops. States 
should carefully consider how to codify these 
criteria. 

Q. How will biocriteria fit into the agency's 
method of implementing standards? 

A. Resident biota integrate multiple impacts 
over time and can detect impairment from known 
and unknown causes. Biocriteria can be used to 
verify improvement in water quality in response to 
regulatory efforts and detect continuing degradation 
of waters. They provide a framework for developing 
improved best management practices for nonpoint 
source impacts. Numeric criteria can provide effec- 
tive monitoring criteria for inclusion in permits. 

Q. Who determines the values for biological 
criteria and decides whether a waterbody meets 
the criteria? 

The process of developing biological criteria, in- 
cluding refined use classes, narrative criteria. and 
numeric criteria, must include agency managers, 
staff biologists, and the public through public hear- 
ings and comment. Once criteria are established. 
determining attainment\nonattainment of a use re- 
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quires biological and statistical evduation based on 
established protocols. Changes in the criteria would 
require the same steps as the initial criteria: techni- 
cal modifications by biologists, goal clarification by 
agency managers, and public hearings. The key to 
criteria development and revision is a clear state- 
ment of measurable objectives. 

Q. Whaf additional informaHon is available 
on developing and using biological criteria? 

A. This program guidance document will be 
supplemented by the document Eiologfcal Criteria 
Development by States that includes case histories 
of State implementation of biological criteria as nar- 
ratives, numerics, and some data procedures. The 
purpose for the document is to expand on material 
presented in Part I. The document will be available 
in October 1990. 

A general Biological Crrterra Technical Refer- 
ence Gurde will also be available for distribution 
during N 1991. This document outlines basic ap- 
proaches for developing biological criteria in all sur- 
face waters (streams, rivers, lakes, wetlands, 
estuaries). The primary focus of the document is to 
provide a reference guide to scientific literature that 
describes approaches and methods used to deter- 
mine biological integrity of specific surface water 
types. 

Over the next tnennium more detailed gl;idance 
will be produced that focuses on each surface water 
type (e.g., technical guidance for streams will be 
produced during N 91). Comparisons of different 
biosurvey approaches will be induded for accuracy, 
efficacy, end cost effectiveness. 
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Biological Criteria Technical 
Reference Guide 
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q Biosurveys of Targeted Community Segments 
q Rapid Bioassessment Protocols 

q Bioindicators 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20460 

OFFICE OF 
WATER 

MEMORANDUM 

SUBJECT: Final Document: National Guidance on Water Quality 
Standards for Wetlands 

FROM: Martha G. Prothro, Director 
Office of Water Regulations and Standards 

David G. Davis, Director 
Office of Wetlands Protection 

TO: Regional Water Division Directors 
Regional Environmental Services Division Directors 
Assistant Regional Administrator for Policy 

and Management, Region VII 
OW Office Directors 
State Water Quality Program Managers 
State Wetland Program Managers 

The following document entitled "National Guidance: Water 
Quality Standards for Wetlands" provides guidance for meeting the 
priority established in the FY 1991 Agency Operating Guidance to 
develop water quality standards for wetlands during the FY 1991- 
1993 triennium. This document was developed jointly by the 
Office of Water Regulations and Standards (OWRS) and the Office 
of Wetlands Protection (OWP), and reflects the comments we 
received on the February 1990 draft from EPA Headquarters and 
Regional offices, EPA laboratories, and the States. 

By the end of FY 1993, the minimum requirements for States 
are to include wetlands in the definition of "State waters", 
establish beneficial uses for wetlands, adopt existing narrative 
and numeric criteria for wetlands, adopt narrative biological 
criteria for wetlands, and apply antidegradation policies to 
wetlands. Information in this document related to the 
development of biological criteria has been coordinated with 
recent guidance issued by OWRS; "Biological Criteria: National 
Program Guidance for Surface Waters", dated April 1990. 

We are focusing on water quality standards for wetlands to 
ensure that provisions of the Clean Water Act currently applied 
to other surface waters are also being applied to wetlands. The 
document focuses on those elements of water quality standards 
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that can be developed now using the overall structure of the 
water quality standards program and existing information and data 
sources related to wetlands. Periodically, our offices will 
provide additional information and support to the Regions and 
States through workshops and additional documents. We encourage 
you to let us know your needs as you begin developing wetlands 
standards. If you have any questions concerning this document, 
please contact us or have your staff contact Bob Shippen in OWRS 
(FTS-475-7329) or Doreen Robb in OWP (FTS-245-3906). 

Attachment 

cc: LaJuana Wilcher 
Robert Wayland 
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EXECUTIVE SUMMARY 

Background 
This document provides program guidance to States on how to ensure effective application of water 

quality standards (WQS) to wetlands. This guidance reflects the level of achievement EPA expects the States 
to accomplish by the end of FY 1993, as defined in the Agency Operating Guidance, FY 1991, Office of Water 
The basic requirements for applying State water quality standards to wetlands include the following: 

• Include wetlands In the definition of “State waters.” 
• Designate uses for all wetlands. 
• Adopt aesthetic narrative criteria (the “free forms”) and appropriate numeric criteria for wetlands 
• Adopt narrative biological criteria for wetlands. 
• Apply the State’s antidegradation policy and implementation methods to wetlands. 

Water quality standards for wetlands are necessary to ensure that the provisions of the Clean Water Act 
(CWA) applied to other surface waters are also applied to wetlands. Although Federal regulations im- 
plementing the CWA include wetlands in the definition of ‘waters of the U.S.” and therefore require water 
quality standards, a number of States have not developed WQS for wetlands and have not included wetlands 
in their definitions of “State waters.” Applying water quality standards to wetlands is part of an overall effort 
to protect and enhance the Nation’s wetland resources and provides a regulatory basis for a variety of 
programs to meet this goal. Standards provide the foundation for a broad range of water quality manage- 
ment activities including, but not limited to, monitoring under Section 305(b), permitting under Sections 402 
and 404, water quality certification under Section 401, and the control of NPS pollution under Section 319. 

With the issuance of this guidance, EPA proposes a two- phased approach for the development of WQS 
for wetlands. Phase 1 activities presented in this guidance include the development of WQS elements for 
wetlands based upon existing information and science to be implemented within the next triennium. Phase 
2 involves the further refinement of these basic elements using new science and program developments. The 
development of WQS for all surface waters is an iterative process. 

Definition 
The first and most important step in applying water quality standards to wetlands is ensuring that wetlands 

are legally included in the scope of States’ water quality standards programs. States may accomplish this by 
adopting a regulatory definition of “State waters” at least as inclusive as the Federal definition of waters of 
the U.S.” and by adopting an appropriate definition for “wetlands.” States may also need to remove or modify 
regulatory language that explicitly or implicitly limits the authority of water quality standards over wetlands. 

Use Designation 
At a minimum, all wetlands must have uses designated that meet the goals of Section 101(a)(2) of the CWA 

by providing for the protection and propagation of fish, shellfish, and wildlife and for recreation in and on the 
water, unless the results of a use attainability analysis (UAA) show that the CWA Section 101(a)(2) goals 
cannot be achieved. When designating uses for wetlands, States may choose to use their existing general 
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and water-specific classification systems, or they may set up an entirely different system for wetlands 
reflecting their unique functions. Two basic pieces of information are useful in classifying wetland uses: (1) 
the structural types of wetlands and (2) the functions and values associated with such types of wetlands 
Generally, wetland functions directly relate to the physical, chemical, and biological integrity of wetlands. 
The protection of these functions through water quality standards also may be needed to attain the uses of 
waters adjacent to, or downstream of, wetlands. 

Criteria 
The Water Quality Standards Regulation (40 CFR 131.11 (a)(l)) requires States to adopt criteria sufficient 

to protect designated uses that may include general statements (narrative) and specific numerical values 
(i.e., concentrations of contaminants and water quality characteristics). Most State water quality standards 
already contain many criteria for various water types and designated use classes that may be applicable to 
wetlands. 

Narrative criteria are particularly important in wetlands, since many wetland impacts cannot be fully 
addressed by numeric criteria. Such impacts may result from the discharge of chemicals for which there are 
no numeric criteria in State standards, nonpoint sources, and activities that may affect the physical and/or 
biological, rather than the chemical, aspects of water quality (e.g., discharge of dredged and fill material) 
Narratives should be written to protect the most sensitive designated use and to support existing uses under 
State antidegradation policies. In addition to other narrative criteria, narrative biological criteria provide a 
further basis for managing a broad range of activities that impact the biological integrity of wetlands and 
other surface waters, particularly physical and hydrologic modifications. Narrative biological criteria are 
general statements of attainable or attained conditions of biological integrity and water quality for a given use 
designation. EPA has published national guidance on developing biological criteria for all surface waters. 

Numeric criteria are specific numeric values for chemical constituents, physical parameters, or biological 
conditions that are adopted in State standards. Human health water quality criteria are based on the toxicity 
of a contaminant and the amount of the contaminant consumed through ingestion of water and fish 
regardless of the type of water. Therefore, EPA’s chemical-specific human health criteria are directly 
applicable to wetlands. EPA also develops chemical-specific numeric criteria recommendations for the 
protection of freshwater and saltwater aquatic life. The numeric aquatic life criteria, although not designed 
specifically for wetlands, were designed to be protective of aquatic life and are generally applicable to most 
wetland types. An exception to this are pH-dependent criteria, such as ammonia and pentachlorophenol. 
since wetland pH may be outside the normal range of 6.5-9.0. As in other waters, natural water quality 
characteristics in some wetlands may be outside the range established for uses designated in State stand- 
ards. These water quality characteristics may require the development of criteria that reflect the natural 
background conditions in a specific wetland or wetland type Examples of some of the wetland charac- 
teristics that may fall into this category are dissolved oxygen, pH, turbidity, color, and hydrogen sulfide 

Antidegradation 
The antidegradation policies contained in all State standards provide a powerful tool for the protection of 

wetlands and can be used by States to regulate point and nonpoint source discharges to wetlands in the 
same way as other surface waters. In conjunction with beneficial uses and narrative criteria, antidegradation 
can be used to address impacts to wetlands that cannot be fully addressed by chemical criteria, such as 
physical and hydrologic modifications. With the inclusion of wetlands as “waters of the State," State 
antidegradation policies and their implementation methods will apply to wetlands in the same way as other 
surface waters. State antidegradation policies should provide for the protection of existing uses in wetlands 
and the level of water quality necessary to protect those uses in the same manner as provided for other 
surface waters; see Section 131.12(a)(1) of the WQS regulation. In the case of fills, EPA interprets protection 
of existing uses to be met if there is no significant degradation as defined according to the Section 404(b)(1) 
guidelines. State antidegradation policies also provide special protection for outstanding natural resource 
waters. 
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Implementation 
Implementing water quality standards for wetlands will require a coordinated effort between related 

Federal and State agencies and programs. Many States have begun to make more use of CWA Section 401 
certification to manage certain activities that impact their wetland resources on a physical and/or biological 
basis rather than just chemical impacts. Section 401 gives the States the authority to grant, deny, or 
condition certification of Federal permits or licenses that may result in a discharge to “waters of the U.S.” 
Such action is taken by the State to ensure compliance with various provisions of the CWA, including the 
State’s water quality standards. Violation of water quality standards is often the basis for denials or 
conditioning through Section 401 certification. 

Natural wetlands are nearly always “waters of the U.S.” and are afforded the same level of protection as 
other surface waters with regard to standards and minimum wastewater treatment requirements. Water 
quality standards for wetlands can prevent the misuse and overuse of natural wetlands for treatment through 
adoption of proper uses and criteria and application of State antidegradation policies. The Water Quality 
Standards Regulation (40 CFR 131,10(a)) states that, “in no case shall a State adopt waste transport or waste 
assimilation as a designated use for any ‘waters of the U.S.‘.” Certain activities involving the discharge of 
pollutants to wetlands may be permitted; however, as with other surface waters, the State must ensure, 
through ambient monitoring, that permitted discharges to wetlands preserve and protect wetland functions 
and values as defined in State water quality standards. For municipal discharges to natural wetlands, a 
minimum of secondary treatment is required, and applicable water quality standards for the wetland and 
adjacent waters must be met. EPA anticipates that the policy for stormwater discharges to wetlands will 
have some similarities to the policies for municipal wastewater discharges to wetlands. 

Many wetlands, through their assimilative capacity for nutrients and sediment, also serve an important 
water quality control function for nonpoint source pollution effects on waters adjacent to, or downstream of, 
the wetlands. Section 319 of the CWA requires the States to complete assessments of nonpoint source 
(NPS) impacts to State waters, including wetlands, and to prepare management programs to control NPS 
impacts. Water quality standards for wetlands can form the basis for these assessments and management 
programs for wetlands. 

In addition, States can address physical and hydrological impacts on wetland quality through the applica- 
tion of narrative criteria to protect existing uses and through application of their antidegradation policies. 
The States should provide a linkage in their water quality standards to the determination of “significant 
degradation” as required under EPA guidelines (40 CFR 230.10(c)) and other applicable State laws affecting 
the disposal of dredged or fill materials in wetlands. 

Finally, water quality management activities, including the permitting of wastewater and stormwater 
discharges, the assessment and control of NPS pollution, and waste disposal activities (sewage sludge, 
CERCLA, RCRA) require sufficient monitoring to ensure that the designated and existing uses of “waters of 
the U.S.” are maintained and protected. The inclusion of wetlands in water quality standards provides the 
basis for conducting both wetland-specific and status and trend monitoring of State wetland resources 
Monitoring of activities impacting specific wetlands may include several approaches, including biological 
measurements (i.e., plant, macroinvertebrate, and fish), that have shown promise for monitoring stream 
quality. The States are encouraged to develop and test the use of biological indicators. 

Future Directions 
Development of narrative biological criteria are included in the first phase of the development of water 

quality standards for wetlands. The second phase involves the implementation of numeric biological criteria. 
This effort requires the detailed evaluation of the components of wetland communities to determine the 
structure and function of unimpaired wetlands. Wetlands are important habitats for wildlife species. It is 
therefore also important to consider wildlife in developing criteria that protect the functions and values of 



wetlands. During the next 3 years, the Office of Water Regulations and Standards is reviewing aquatic life 
water quality criteria to determine whether adjustments in the criteria and/or alternative forms of criteria (e.g., 
tissue concentration criteria) are needed to adequately protect wildlife species using wetland resources. 
EPA’s Offlce of Water Regulations and Standards Is also developing guidance for EPA and State surface 
water monitoring programs that will be issued by the end of PY 1990. Other technical guidance and support 
for the development of State water quality standards will be forthcoming from EPA in the next triennium. 
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Chapter 1.0 

Introduction 

0 ur understanding of the many benefits that 
wetlands provide has evolved rapidly over 
the last 20 to 30 years. Recently, 

programs have been developed to restore and 
protect wetland resources at the local, State, and 
Federal levels of government. At the Federal level, 
the President of the United States established the 
goal of “no net loss” of wetlands, adapted from the 
National Wetlands Policy Forum recommendations 
(The Conservation Foundation 1988). Applying 
water quality standards to wetlands is part of an 
overall effort to protect the Nation’s wetland resour- 
ces and provides a regulatory basis for a variety of 
programs for managing wetlands to meet this goal. 

As the link between land and water, wetlands play 
a vital role In water quality management programs. 
Wetlands provide a wide array of functions including 
shoreline stabilization, nonpoint source runoff filtra- 
tion, and erosion control, which directly benefit ad- 
jacent and downstream waters. In addition, wet- 
lands provide important biological habitat, including 
nursery areas for aquatic life and wildlife, and other 

benefits such as groundwater recharge and recrea- 
tion Wetlands comprise a wide variety of aquatic 
vegetated systems including, but not limited to, 
sloughs, prairie potholes, wet meadows, bogs, fens, 
vernal pools, and marshes. The basic elements of 
water quality standards (WQS). including desig- 
nated uses, criteria, and an antidegradation policy, 
provide a sound legal basis for protecting wetland 
resources through State water quality management 
programs. 

Water quality standards traditionally have been 
applied to waters such as rivers, lakes, estuaries, 
and oceans, and have been applied tangentially, if at 
all, to wetlands by applying the same uses and 
criteria to wetlands as to adjacent perennial waters. 
Isolated wetlands not directly associated with peren- 
nial waters generally have not been addressed in 
State water quality standards. A recent review of 
State water quality standards (USEPA 1989d) shows 
that only half of the States specifically refer to wet- 
lands, or use similar terminology, in their water 
quality standards. Even where wetlands are refer- 
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enced, standards may not be tailored to reflect the 
unique characteristics of wetlands. 

Water quality standards specifically tailored to 
wetlands provide a consistent basis for the develop- 
ment of policies and technical procedures for 
managing activities that impact wetlands. Such 
water quality standards provide the goals for 
Federal and State programs that regulate dischar- 
ges to wetlands, particularly those under CWA Sec- 
tions 402 and 404 as well as other regulatory 
programs (e.g., Sections 307, 318, and 405) and 
nonregulatory programs (e.g., Sections 314, 319, 
and 320). In addition, standards play a critical role 
in the State 401 certification process by providing 
the basis for approving, conditioning, or denying 
Federal permits and licenses, as appropriate. Final- 
ly, standards provide a benchmark against which to 
assess the many activities that impact wetlands. 

1.1 Objectives 

The objective of this document is to assist States 
in applying their water quality standards regulations 
to wetlands in accordance with the Agency Operat- 
ing Guidance (USEPA 1990a), which states: 

By September 30, 1993, States and qualified 
Indian Tribes must adopt narrative water 
quality standards that apply directly to wet- 
lands. Those Standards shall be established 
in accordance with either the National 

Guidance, Water Quality Standards for Wet- 
lands . . . or some other scientifically valid 
method. In adopting water quality standards 
for wetlands, States and qualified Indian 
Tribes, at a minimum, shall: (7) define wet- 
lands as “State waters”; (2) designate uses 
that protect the structure and function of wet- 
lands; (3) adopt aesthetic narrative criteria 
(the “free froms’) and appropriate numeric 
criteria in the standards to protect the desig- 
nated uses; (4) adopt narrative biological 
criteria in the standards; and (5) extend the 
antidegradation policy and implementation 
methods to wetlands. Unless results of a use 
attainability analysis show that the section 
101(a) goals cannot be achieved, States and 
qualified Indian Tribes shall designate uses 
for wetlands that provide for the protection of 
fish, shellfish, wildlife, and recreation. When 
extending the antidegradation policy and im- 

plementation methods to wetlands, con- 
sideration should be given to designating 
critical wetlands as Outstanding National 
Resource Waters. As necessary, the an- 
tidegradation policy should be revised to 
reflect the unique characteristics of wetlands. 

This level of achievement is based upon existing 
science and information, and therefore can be com- 
pleted within the FY 91-93 triennial review cycle. 

Initial development of water quality standards for 
wetlands over the next 3 years will provide the foun- 
dation for the development of more detailed water 
quality standards for wetlands in the future based on 
further research and policy development (see Chap- 
ter 7.0.). Activities defined in this guidance are 
referred to as “Phase 1 activities,” while those to be 
developed over the longer term are referred to as 
“Phase 2 activities.” Developing water quality stand- 
ards is an iterative process. 

This guidance is not regulatory, nor is it designed 
to dictate specific approaches needed in State water 
quality standards. The document addresses the 
minimum requirements set out in the Operating 
Guidance, and should be used as a guide to the 
modifications that may be needed in State stand- 
ards. EPA recognizes that State water qualify stand- 
ards regulations vary greatly from State to State, as 
do wetland resources. This guidance suggests ap- 
proaches that States may wish to use and allows for 
State flexibility and innovation. 

1.2 Organization 

Each chapter of this document provides guidance 
on a particular element of Phase 1 wetland water 
quality standards that EPA expects States to under- 
take during the next triennial review period (i.e., by 
September 30, 1993). For each chapter, a discus- 
sion of what EPA considers to be minimally accept- 
able is followed by subsections providing informa- 
tion that may be used to meet, and go beyond, the 
minimum requirements during Phase 1. Documents 
referenced in this guidance provide further informa- 
tion on specific topics and may be obtained from the 
sources listed in the “References” section. The fol- 
lowing paragraphs introduce each of the chapters of 
this guidance. 

Most wetlands fall within the definition of “waters 
of the U.S.” and thus require water quality stand- 
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ards. EPA expects States by the end of FY 1993 to 
include wetlands in their definition of “State waters” 
consistent with the Federal definition of “waters of 
the U.S.” Guidance on the inclusion of wetlands in 
the definition of “State waters” is contained in Chap- 
ter 2.0. 

The application of water quality standards to wet- 
lands requires that States designate appropriate 
uses consistent with Sections 101(a)(2) and 
303(c)(2) of the Clean Water Act (CWA). EPA ex- 
pects States by the end of FY 1993 to establish 
designated uses for ail wetlands. Discussion of 
designated uses is contained in Chapter 3.0. 

The WCS regulation (40 CFR 131) requires States 
to adopt water quality criteria sufficient to protect 
designated uses. EPA expects the States, by the 
end of FY 1993, to adopt aesthetic narrative criteria 
(the “free froms”), appropriate numeric criteria, and 
narrative biological criteria for wetlands. Narrative 
criteria are particularly important for wetlands, since 
many activities may impact upon the physical and 
biological, as well as chemical, components of 
water quality. Chapter 4.0 discusses the application 
of narrative and numeric criteria to wetlands 

EPA also expects States to fully apply an- 
tidegradation policies and implementation methods 
to wetlands by the end of FY 1993. Antidegradation 
can provide a powerful tool for the protection of 
wetlands, especially through the requirement for full 
protection of existing uses as well as the States’ 
option of designating wetlands as outstanding na- 
tional resource waters. Guidance on the application 
of State antidegradation policies to wetlands is con- 
tained in Chapter 5.0. 

Many State water quality standards contain 
policies affecting the application and implementa- 
tion of water quality standards (e.g., variances, 
mixing zones). Unless otherwise specified. such 
policies are presumed to apply to wetlands in the 
same manner as to other waters of the State. States 
should consider whether such policies should be 
modified to reflect the characteristics of wetlands. 
Guidance on the implementation of water quality 
standards for wetlands is contained in Chapter 6.0 

Application of standards to wetlands will be an 
iterative process; both EPA and the States will refine 
their approach based on new scientific information 

as well as experience developed through State 
programs. Chapter 7.0 outlines Phase 2 wetland 
standards activities for which EPA is planning addi- 
tional research and program development 

1.3 Legal Authority 
The Clean Water Act requires States to develop 

water quality standards, which include designated 
uses and criteria to support those uses, for 
“navigable waters.” CWA Section 502(7) defines 
“navigable waters” as “waters of the U.S.” “Waters of 
the U.S.” are, in turn, defined in Federal regulations 
developed for the National Pollution Discharge 
Elimination System (40 CFR 122.2) and permits for 
the discharge of dredged or fill material (40 CFR 
230.3 and 232.2). “Waters of the U.S.” include 
waters subject to the ebb and flow of the tide; inter- 
state waters (including interstate wetlands) and in- 
trastate waters (including wetlands), the use, 

destruction, or degradation of which could affect 
interstate commerce; tributaries of the above; and 
wetlands adjacent to the above waters (other than 
waters which are themselves waters). See Appendix 
B for a complete definition 

The term ‘wetlands” is defined in 40 CFR 
232.2(r) as: 

Those areas that are inundated or saturated 
by surface or ground water at a frequency 
and duration sufficient to support, and that 
under normal circumstances do support, a 
prevalence of vegetation typically adapted for 
life in saturated soil conditions. Werlands 
generally include swamps, marshes, bogs, 
and similar areas. 

This definition of “waters of the U.S.,” which in- 
cludes most wetlands, has been debated in Con- 
gress and upheld by the courts. In 1977, a proposal 
to delete CWA jurisdiction over most wetlands for 
the purpose of the Section 404 permit program was 
defeated in the Senate. The debate on the amend. 
ment shows a strong congressional awareness 01 
the value of wetlands and the importance of retain. 
ing them under the statutory scheme. Various 
courts have also upheld the application of the CWP 
to wetlands See, e.g., United Srates v Riverside 
Bayview Homes, 474 U S. 121 (1985); Unired Srate: 
v. Byrd, 609 F.2d 1204 (7th Cir 1979). Avoyelle: 
Sportsmen’s league v Marsh, 715 F 2d 897 (5tt 
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Cir. 1983); United States v. Leslie Salt [ 1990 
decision]. The practical effect Is to make nearly all 
wetlands “waters of the U.S.” 

Created wastewater treatment wetlands’ 
designed, built, and operated solely as wastewater 
treatment systems are generally not considered to 
be waters of the U.S. Water quality standards that 
apply to natural wetlands generally do not apply to 
such created wastewater treatment wetlands. Many 
created wetlands, however, are designed, built, and 
operated to provide, in addition to wastewater treat- 
ment, functions and values similar to those provided 
by natural wetlands. Under certain circumstances, 
such created multiple use wetlands may be con- 
sidered waters of the U.S. and as such would require 
water quality standards. This determination must be 
made on a case-by-case basis, and may consider 
factors such as the size and degree of isolation of 
the created wetlands and other appropriate factors. 

1 Different offices within EPA use different terminology (e.g., “create” or “constructed”) to describe 
wastewater treatment wetlands. This terminology is evolving; for purposes of this guidance 
document, the terms are interchangeable in meaning. 
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Chapter 2.0 

Inclusion of Wetlands in 
the Definition of State 

Waters 

T he first, and most important, step in apply- 
ing water quality standards to wetlands Is 
ensuring that wetlands are legally included 

in the scope of States’ water quality standards 
programs. EPA expects States’ water quality stand- 
ards to include wetlands in the definition of “State 
waters” by the end of FY 1993. States may ac- 
complish this by adopting a regulatory definition of 
“State waters” at least as inclusive as the Federal 
definition of “waters of the U.S.” and by adopting an 
appropriate definition for “wetlands.” For example, 
one State includes the following definitions in their 
water quality standards: 

“Surface waters of the State”... means all 
streams. . . . lakes . . . , ponds, marshes, wet- 

lands or other waterways... 

“Wetlands” means areas of land where the 
water table is at, near or above the land sur- 
face long enough each year to result in the 
formation of characteristically wet (hydric) 
soil types, and support the growth of water 
dependent (hydrophytic) vegetation. Wet- 
lands include, but are not limited to, marshes, 
swamps, bogs, and other such low-lying 
areas. 

States may also need to remove or modify 
regulatory language that explicitly or implicitly limits 
the authority of water quality standards over wet- 
lands. In certain instances, such as when water 
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quality standards are statutory or where a statute 
defines or limits regulatory authority over wetlands, 
statutory changes may be needed. 

The CWA does not preclude States from adopt- 
ing, under State law, a more expansive definition of 
‘waters of the State” to meet the goals of the act. 
Additional areas that could be covered include 
riparian areas, floodplains, vegetated buffer areas, 
or any other critical areas identified by the State. 
Riparian areas and floodplains are important and 
severely threatened ecosystems, particularly in the 
arid and semiarid West. Often it is technically dif- 
ficult to separate, jurisdictionally. wetlands subject 
to the provisions of the CWA from other areas within 
the riparian or floodplain complex. 

States may choose to include riparian or 
floodplain ecosystems as a whole in the definition of 
‘Waters of the State” or designate these areas for 
special protection in their water quality standards 
through several mechanisms, including definitions, 
use classifications, and antidegradation. For ex- 
ample, the regulatory definition of “waters of the 

State” in one State includes: 

. . . The flood plain of free flowing waters deter- 
mined by the Department.. on the basis of the 
700-year flood frequency. 

In another State, the definition of a use classifica- 
tion states: 

This beneficial use is a combination of the 
characteristics of the watershed expressed in 
the water quality and the riparian area. 

And in a third State, the antidegradation protec- 
tion for high-quality waters provides that: 

These waters shall not be lowered in 
quality . . . unless it is determined by the com- 
mission that such lowering will not do any of 
the following. 

. . . [b]ecome injurious to the value or 
utility of riparian lands.. 
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Chapter 3.0 

Use Classification 

A t a minimum, EPA expects States by the 
end of FY 1993 to designate uses for all 
wetlands, and to meet the same minimum 

requirements of the WQS regulation (40 CFR 
131.10) that are applied to other waters. Uses for 
wetlands must meet the goals of Section 101(a)(2) 
of the CWA by providing for the protection and 
propagation of fish, shellfish, and wildlife and for 
recreation in and on the water, unless the results of 
a use attainability analysis (UAA) show that the CWA 
Section 101(a)(2) goals cannot be achieved. The 
Water Quality Standards Regulation (40 CFR 
131.10(c)) allows for the designation of sub- 
categories of a use, an activity that may be ap- 
propriate for wetlands. Pursuant to the WQS 
Regulation (40 CFR 131.10(i)), States must desig- 
nate any uses that are presently being attained in 
the wetland. A technical support document is cur- 
rently being developed by the Office of Water 
Regulations and Standards for conducting use at- 
tainability analyses for wetlands. 

The propagation of aquatic life and wildlife is an 
attainable use in virtually all wetlands. Aquatic life 

protection need not refer only to year-round fish and 
aquatic life. Wetlands often provide valuable 
seasonal habitat for fish and other aquatic life, am- 
phibians, and migratory bird reproduction and 
migration. States should ensure that aquatic life 
and wildlife uses are designated for wetlands even if 
a limited habitat is available or the use is attained 
only seasonally. 

Recreation in and on the water, on the other hand, 
may not be attainable in certain wetlands that do not 
have sufficient water, at least seasonally. However, 
States are also encouraged to recognize and 
protect recreational uses that do not directly involve 
contact with water, e.g., hiking, camping, bird 
watching. 

The WQS regulation requires a UAA wherever a 
State designates a use that does not include the 
uses specified in Section 101(a)(2) of the CWA; see 
40 CFR Part 131.10(j). This need not be an onerous 
task for States when deciding whether certain 
recreational uses are attainable. States may con- 
duct generic UAAs for entire classes or types of 
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wetlands based on the demonstrations in 40 CFR 
Part 131.10(g)(2). States must, however, designate 
CWA goal uses wherever these are attainable, even 
where attainment may be seasonal. 

When designating uses for wetlands, States may 
choose to use their existing general and water- 
specific classification systems, or they may set up 
an entirely different system for wetlands. Each of 
these approaches has advantages and disad- 
vantages, as discussed below. 

Some States stipulate that wetlands are desig- 
nated for the same uses as the adjacent waters. 
States may also apply their existing general clas- 
sification system to designate uses for specific wet- 
lands or groups of wetlands. The advantage of 
these approaches is that they do not require States 
to expend additional effort to develop specific wet- 
land uses, or determine specific functions and 
values, and can be generally used to designate the 
CWA goal uses for wetlands. However, since wet- 
land attributes may be significantly different than 
those of other waters, States with general wetland 
use designations will need to review the uses for 
individual wetlands In more detail when assessing 
activities that may impair the specific “existing uses” 
(e.g., functions and values). In addition, the “ad- 
jacent” approach does not produce uses for “iso- 
lated” wetlands. 

Owing to these differences in attributes, States 
should strongly consider adopting a separate use 
classification system for wetlands based on wetland 
type and/or beneficial use (function and value). This 
approach initially requires more effort in developing 
use categories (and specific criteria that may be 
needed for them), as well as in determining what 
uses to assign to specific wetlands or groups of 
wetlands. The greater the specificity in designating 
uses, however, the easier it is for States to justify 
regulatory controls to protect those uses. States 
may wish to designate beneficial uses for individual- 
ly named wetlands, including outstanding wetlands 
(see Section 6.3), although this approach may be 
practical only for a limited number of wetlands. For 
the majority of their wetlands, States may wish to 
designate generalized uses for groups of wetlands 
based on region or wetland type. 

Two basic pieces of information are useful in 
classifying wetland uses: (1) the structural types of 

wetlands; and (2) the functions and values as- 
sociated with such types of wetlands. The functions 
and values of wetlands are often defined based 
upon structural type and location within the 
landscape or watershed. The understanding of the 
various wetland types within the State and their 
functions and values provides the basis for a com- 
prehensive classification system applicable to all 
wetlands and all wetland uses. As with other waters, 
both general and waterbody-specific classifications 
may be needed to ensure that uses are appropriate- 
ly assigned to all wetlands in the State. Appropriate 
and definitive use designations allow water quality 
standards to more accurately reflect both the “exist- 
ing” uses and the States’ goals for their wetland 
resources, and to allow standards to be a more 
powerful tool in protecting State wetlands. Sections 
3.1 through 3.3 provide further information on wet- 
land types, functions, and values, and how these 
can be used to designate uses for wetlands. 

3.1 Wetland Types 
A detailed understanding of the various wetland 

types within the State provides the basis for a com- 
prehensive classification system. The classification 
system most often cited and used by Federal and 
State wetland permit programs was developed by 
Cowardin et al. (1979) for the U.S. Fish and Wildlife 
Service (FWS); see Figure 1. This system provides 
the basis for wetland-related activities within the 
FWS. The Cowardin system is hierarchical and thus 
can provide several levels of detail in classifying 
wetlands. The “System” and “Subsystem” levels of 
detail appear to be the most promising for water 
quality standards. The “Class” level may be useful 
for designating uses for specific wetlands or wetland 
types. Section 3.3 gives an example of how one 
State uses the Cowardin system to generate desig- 
nated uses for wetlands. 

Under the Emergency Wetlands Resources Act of 
1986. the FWS is required to complete the mapping 
of wetlands within the lower 48 States by 1998 
through the National Wetlands Inventory (NWI) and 
to assess the status of the nation’s wetland resour- 
ces every 10 years. The maps and status and trend 
reports may help States understand the extent of 
their wetlands and wetland types and ensure that all 
wetlands are assigned appropriate uses. To date, 
over 30,000 detailed 1:24,000 scale maps have been 
completed, covering approximately 60 percent of 
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the cotermrnous Unrted States and 16 percent of 
Alaska2 

In some States, wetland maps developed under 
the NWI program have been digitized and are avail- 
able for use with geographic information systems 
(GIS) To date, more than 5.700 wetland maps rep- 
resenting 10 5 percent of the coterminous United 
States have been digitized. Statewide digital 
databases have been developed for New Jersey, 
Delaware, Illinois. Maryland, and Washington, and 
are in progress in Indiana and Virginia. NWI digital 
data files also are available for portions of 20 other 
States NWI data files are sold at cost in 7 5-minute 
quadrangle units The data are provided on mag- 
netic tape in MOSS export, DLG3 optional, EIAS, 
and IGES formats3 Digital wetlands data may ex- 
pedite assigning uses to wetlands for both general 
and wetland-specific FIG classifications 

The classification of wetlands may benefit from 
the use of salinity concentrations. The Cowardin 
classification system uses a salinity criterion of 0.5 
ppt ocean-derived salinity to differentiate between 
estuarine and freshwater wetlands. Differences in 
salinity are reflected in the species composition of 
plants and animals The use of salinity in the clas- 
sification of wetlands may be useful in restricting 
activities that would alter the salinity of a wetland to 
such a degree that the wetland type would change. 
These activities include. for example, the construc- 
tion of dikes to convert a saltwater marsh to a fresh- 
water marsh or the dredging of channels that would 
deliver saltwater to freshwater wetlands 

3.2 Wetland Functions and 
Values 

Many approaches have been developed for iden- 
tifying wetland functions and values Wetland 
evaluation techniques developed prior to 1983 have 
been summarized by Lonard and Clairain (1985). 
and EPA has summarized assessment 
methodologies developed since 1983 (see Appendix 
C). EPA has also developed guidance on the selec- 
tion of a methodology for activities under the Sec- 
tion 404 program entitled Draft Guidance lo EPA 
Regional Offices on the Use of Advance Identifica- 
tion Authorities Under Section 404 of the Clean 
WaterAct (USEPA 1989a). States may develop their 
own techniques for assessing the functions and 
values of their wetlands 

General wetland functions that directly relate to 
the physical, chemical, and biological integrity of 
wetlands are listed below. The protection of these 
functions through water quality standards also may 
be needed to attain the uses of waters adjacent to, 
or downstream of, wetlands. 

Groundwater RechargeiDischarge 
Flood Flow Alteration 
Sediment Stabilization 
Sediment/Toxic Retention 
Nutrient Removalflransformation 
Wildlife Diversity/Abundance 
Aquatic Diversity/Abundance 
Recreation 

Methodologies that are flexible with regard to 
data requirements and include several levels of 
detail have the greatest potential for application to 
standards One such methodology is the Wetland 
Evaluation Technique developed by Adamus. et al 
(1987) for the U.S. Army Corps of Engineers and the 

2 Information on the availability of draft and final maps may be obtained for the coterminous United 
States by calling 1-800-USA-MAPS or 703-860-6045 in Virginia. In Alaska, the number is 
907-271-4159, and in Hawaii the number is 808-548-2861. Further information on the FWS National 
‘Wetlands Inventory (NWI) may be obtained from the FWS Regional Coordinators listed in Appendix D 

3 For additional information on digital wetland data contact: USFWS. National Wetlands Inventory 
Program, 9720 Executive Center Drive, Monroe Building, Suite 101, St Petersburg, FL 33702; 813-893-3624. FTS 826-3624. 
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Department of Transportation. The Wetland Evalua- 
tion Technique was designed for conducting an ini- 
tial rapid assessment of wetland functions and 
values in terms of social significance, effectiveness, 
and opportunity. Social significance assesses the 
value of a wetland to society in terms of its special 
designation, potential economic value, and strategic 
location. Effectiveness assesses the capability of a 
wetland to perform a function because of tts physi- 
cal, chemical, or biological characteristics. Oppor- 
tunity assesses the [opportunity] of a wetland to 
perform a function to Its level of capability. This 
assessment results In “high,” “moderate,” or “low” 
ratlngs for 11 wetland functions in the context of 
social significance, effectiveness, and opportunity. 
This technique also may be useful in identifying out- 
standing wetlands for protection under State an- 
tidegradatlon policies; see Section 5.3. 

The FVVS maintains a Wetlands Values Database 
that also may be useful in identifying wetland func- 
tions and In designating wetland uses. The data are 
keyed to the Cowardin-based wetland codes iden- 
tified on the National Wetland Inventory maps. The 
database contains scientific llterature on wetland 
functions and values. It Is computerized and con- 
talns over 18,000 citations, of which 8,000 are an- 
notated. For further information, contact the NWI 
Program (see Section 3.1) or the FWS National Ecol- 
ogy Research Center*. In addition, State wetland 
programs, EPA Regional wetland coordinators, and 
FWS Regional wetland coordinators can provide in- 
formation on wetland functions and values on a 
State or regional basis; see Appendix D. 

3.3 Designating Wetland Uses 
The functions and values of specifically identified 

and named wetlands, including those Identified 
within the State’s water-specific classification sys- 
tem and outstanding national resource wa’ter 
(ONRW) category, may be defined using the Wet- 
land Evaluatlon Technique or similar methodology. 
For the general classification of wetlands, however, 
States may choose to evaluate wetland function and 
values for all the wetlands wlthin the State based on 
wetland type (using Cowardin (1979); see Figure 1). 
One State applies its general use classifications to 
different wetland types based on Cowardin’s system 
level of detail as illustrated in Figure 2. Note that the 
State’s uses are based on function, and the designa- 
tion approach links specific wetland functions to a 
given wetland type. The State evaluates wetlands 
on a case-by-case basis as individual permit 
decisions arise to ensure that designated uses are 
being protected and have reflected existing uses. 

4 USFWS; Wetlands Values Database, National Ecology Research Center, 4512 McMurray. Ft. Collins, 
CO 80522; 303-226-9407. 
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Alternatively, a third method may use the location 
of wetlands within the landscape as the basis for 
establishing general functions and values applicable 
to all the wetlands within a defined region. EPA has 
developed a guidance entitled RegionaIizarion as a 
Tool for Managing Environmental Resources 
(USEPA 1989c). The guidance illustrates how 
various regionalization techniques have been used 
in water quality management, including the use of 
the ecoregions developed by EPA’s Office of Re- 
search and Development, to direct State water 
quality standards and monitoring programs. These 
approaches also may be useful in the classification 
of wetlands. 

EPA’s Office of Research and Development is cur- 
rently refining a draft document that will provide 
useful lnformatlon to States related to use classifica- 
tion methodologies (Adamus and Brandt - Draft). 
There are likely many other approaches for desig- 
nating uses for wetlands, and the States are en- 
couraged to develop comprehensive classification 
systems tailored to their wetland resources. As with 
other surface waters, many wetlands are currently 
degraded by natural and anthropogenic activities. 
The classification of wetlands should reflect the 
potential uses attainable for a particular wetland, 
wetland type, or class of wetland. 
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Chapter 4.0 

Criteria 

T he Water Quality Standards Regulation (40 
CFR 131.11 (a)(l)) requires States to adopt 
criteria sufficient to protect designated 

uses. These criteria may include general statements 
(narrative) and specific numerical values (i.e., con- 
centrations of contaminants and water quality char- 
acteristics). At a minimum, EPA expects States to 
apply aesthetic narrative criteria (the “free froms”) 
and appropriate numeric criteria to wetlands and to 
adopt narrative biological criteria for wetlands by 
the end of FY 1993. Most State water quality stand- 
ards already contain many criteria for various water 
types and designated use classes, including narra- 
tive criteria and numeric criteria to protect human 
health and freshwater and saltwater aquatic life, that 
may be applicable to wetlands. 

In many cases, it may be necessary to use a com- 
bination of numeric and narrative criteria to ensure 
that wetland functions and values are adequately 
protected. Section 4.1 describes the application of 
narrative criteria to wetlands and Section 4.2 discus- 
ses application of numeric criteria for protection of 
human health and aquatic life. 

4.1 Narrative Criteria 
Narrative criteria are general statements designed 

to protect a specific designated use or set of uses 
They can be statements prohibiting certain actions 
or conditions (e.g., “free from substances that 
produce undesirable or nuisance aquatic life”) or 
positive statements about what is expected to occur 
in the water (e.g., “water quality and aquatic life shall 
be as it naturally occurs”). Narrative criteria are 
used to identify impacts on designated uses and as 
a regulatory basis for controlling a variety of impacts 
to State waters. Narrative criteria are particularly 
important in wetlands, since many wetland impacts 
cannot be fully addressed by numeric criteria. Such 
impacts may result from the discharge of chemicals 
for which there are no numeric criteria in State 
standards, from nonpoint sources, and from ac- 
tivities that may affect the physical and/or biological, 
rather than the chemical, aspects of water qualify 
(e.g., discharge of dredged and fill material). The 
Water Quality Standards Regulation (40 CFR 
131.11 (b)) states that “States should . . . include narra- 
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tive criteria in their standards where numeric criteria 
cannot be established or to supplement numeric 
criteria.” 

4.1.1 General Narrative Criteria 
Narrative criteria within the water quality stand- 

ards program date back to at least 1968 when five 
“free froms” were included in Water Quality Criteria 
(the Green Book), (FWPCA 1968). These “free 
froms” have been included as “aesthetic criteria” in 
EPA’s most recent Section 304(a) criteria summary 
document, Quality Criteria for Wafer - 1986 (USEPA 
1987a). The narrative criteria from these documents 
state: 

All waters [shall be] free from substances at- 
tributable to wastewater or other discharge 
that: 

(1) 

(2) 

(3) 

(4) 

(5) 

settle to form objectionable deposits; 

float as debris, scum, oil, or other matter to 
form nuisances; 

produce objectionable color, odor, taste, or 
turbidity; 

injure or are toxic or produce adverse 
physiological responses in humans, 
animals or plants; and 

produce undesirable or nuisance aquatic 
life. 

The Water Quality Standards Handbook (USEPA 
1983b) recommends that States apply narrative 
criteria to all waters of the United States. If these or 
similar criteria are already applied to all State waters 
in a State’s standards, the inclusion of wetlands in 
the definition of “waters of the State” will apply these 
criteria to wetlands. 

4.1.2 Narrative Biological Criteria 
Narrative biological criteria are general state- 

ments of attainable or attained conditions of biologi- 
cal integrity and water quality for a given use desig- 
nation. Narrative biological criteria can take a num- 
ber of forms. As a sixth “free from,” the criteria 
could read “free from activities that would substan- 
tially impair the biological community as it naturally 
occurs due to physical, chemical, and hydrologic 
changes,” or the criteria may contain positive state- 

ments about the biological community existing or 
attainable in wetlands. 

Narrative biological criteria should contain at- 
tributes that support the goals of the Clean Water 
Act, which provide for the protection and propaga- 
tion of fish, shellfish, and wildlife. Therefore, narra- 
tive criteria should include specific language about 
community characteristics that (1) must exist in a 
wetland to meet a particular designated aquatic 
life/wildlife use, and (2) are quantifiable. Supporting 
statements for the criteria should promote water 
quality to protect the most natural community as- 
sociated with the designated use. Mechanisms 
should be established in the standard to address 
potentially conflicting multiple uses. Narratives 
should be written to protect the most sensitive 
designated use and to support existing uses under 
State antidegradation policies. 

In addition to other narrative criteria, narrative 
biological criteria provide a further basis for manag- 
ing a broad range of activities that impact the 
biological integrity of wetlands and other surface 
waters, particularly physical and hydrologic 
modifications. For instance, hydrologic criteria are 
one particularly important but often overlooked 
component to include in water quality standards to 
help maintain wetlands quality. Hydrology is the 
primary factor influencing the type and location of 
wetlands. Maintaining appropriate hydrologic con- 
ditions in wetlands is critical to the maintenance of 
wetland functions and values. Hydrologic manipula- 
tions to wetlands have occurred nationwide in the 
form of flow alterations and diversions disposal of 
dredged or fill material, dredging of canals through 
wetlands. and construction of levees or dikes. 
Changes in base flow or flow regime can severely 
alter the plant and animal species composition of a 
wetland, and destroy the entire wetland system if the 
change is great enough. States should consider the 
establishment of criteria to regulate hydrologic al- 
terations to wetlands. One State has adopted the 
following language and criteria to maintain and 
protect the natural hydrologic conditions and values 
of wetlands: 

Natural hydrological conditions necessary to 
support the biological and physical charac- 
teristics naturally present in wetlands shall be 
protected to prevent significant adverse im- 
pacts on. 
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(7) Wafer currents, erosion or sedimentation 
patterns; 

(2) Na Ural water temperature variations; 

(3) The chemical, nutrient and dissolved 
oxygen regime of the wefland; 

(4) The normal movemenf of aquatic fauna; 

(5) The p/-i of the wetland; and 

(6) Normal water levels or elevations. 

One source of information for developing more 
quantifiable hydrologic criteria is the lnstream Flow 
Program of the U.S. Fish and Wildlife Service, which 
can provide technical guidance on the minimum 
flows necessary to attain various water uses. 

Narrative criteria, in conjunction with antidegrada- 
tion policies, can provide the basis for determining 
the impacts of activities (such as hydrologic 
modifications) on designated and existing uses. 
EPA has published national guidance on developing 
biological criteria for all surface waters (USEPA 
1990b). EPA’s Office of Research and Development 
also has produced a literature synthesis of wetland 
biomonitoring data on a State-by-State basis, which 
is intended to support the development of narrative 
biological criteria (Adamus and Brandt - Draft). 

4.2 Numeric Criteria 
Numeric criteria are specific numeric values for 

chemical constituents, physical parameters, or 
biological conditions that are adopted in State 
standards. These may be values not to be exceeded 
(e.g., toxics), values that must be exceeded (e.g., 
dissolved oxygen), or a combination of the two 
(e.g., pfi). As with all criteria, numeric criteria are 
adopted to protect one or more designated uses. 
Under Section 304(a) of the Clean Water Act, EPA 
publishes numeric national criteria recommenda- 
tions designed to protect aquatic organisms and 
human health. These criteria are summarized in 
Quality Criferia for Wafer - 1986 (USEPA 1987a). 
These criteria serve as guidelines from which States 
can develop their own numeric criteria, taking into 
account the particular uses designated by the State. 

4.2.1 Numeric Criteria - Human 
Health 
Human health water quality criteria are based on 

the toxicity of a contaminant and the amount of the 
contaminant consumed through ingestion of water 
and fish regardless of the type of water. Therefore, 
EPA’s chemical-specific human health criteria are 
directly applicable to wetlands. A summary of EPA 
human health criteria recommendations is con- 
tained in Qualify Criferia for Water - 7986. 

Few wetlands are used directly for drinking water 
supplies. Where drinking water is a designated or 
existing use for a wetland or for adjacent wafers 
affected by the wetland, however, States must pro- 
vide criteria sufficient to protect human health based 
on water consumption (as well as aquatic life con- 
sumption if appropriate). When assessing the 
potential for water consumption, States should also 
evaluate the wetland’s groundwater recharge func- 
tion to assure protection of drinking water supplies 
from that source as well 

The application of human health criteria, based on 
consumption of aquatic life, to wetlands is a function 
of the level of detail in the States’ designated uses. 
If all wetlands are designated under the State’s 
general “aquatic life/wildlife” designation, consump- 
tion of that aquatic life is assumed to be an included 
use and the State’s human health criteria based on 
consumption of aquatic life will apply throughout. 
However, States that adopt a more detailed use 
classification system for wetlands (or wish to derive 
site-specific human health criteria for wetlands) may 
wish to selectively apply human health criteria to 
those wetlands where consumption of aquatic life is 
designated or likely to occur (note that a UAA will be 
required where CWA goal uses are not designated). 
States may also wish to adjust the exposure as- 
sumptions used in deriving human health criteria. 
Where it is known that exposure to individuals at a 
certain site, or within a certain category of wetland, 
is likely to be different from the assumed exposure 
underlying the States’ criteria, States may wish to 
consider a reasonable estimate of the actual ex- 
posure and take this estimate into account when 
calculating the criteria for the site. 

4.2.2 Numeric Criteria - Aquatic Life 
EPA develops chemical-specific numeric criteria 

recommendations for the protection of freshwater 

17 



and saltwater aquatic life. These criteria may be 
divided into two basic categories: (1) chemicals 
that cause toxicity to aquatic life such as metals, 
ammonia, chlorine, and organic% and (2) other 
water quality characteristics such as dissolved 
oxygen, alkalinity, salinity, pH, and temperature. 
These criteria are currently applied directly to a 
broad range of surface waters in State standards, 
including lakes, impoundments, ephemeral and 
perennial rivers and streams, estuaries, the oceans, 
and in some instances, wetlands. A summary of 
EPA’s aquatic life criteria recommendations is pub- 
lished in Qualify Criteria for Water - 7986. The 
numeric aquatic life criteria, although not designed 
specifically for wetlands, were designed to be 
protective of aquatic life and are generally ap- 
plicable to most wetland types. 

EPA’s aquatic life criteria are most often based 
upon toxicological testing under controlled condi- 
tions in the laboratory. The EPA guidelines for the 
development of such criteria (Stephan et al., 1985) 
require the testing of plant, invertebrate, and fish 
species. Generally, these criteria are supported by 
toxicity tests on invertebrate and early life stage fish 
commonly found in many wetlands. Adjustments 
based on natural conditions, water chemistry, and 
biological community conditions may be ap- 
propriate for certain criteria as discussed below 
EPA’s Office of Research and Development is cur- 
rently finalizing a draft document that provides addi- 
tional technical guidance on this topic, including 
site-specific adjustments of criteria (Hagley and 
Taylor - Draft). 

As in other waters, natural water quality charac- 
teristics in some wetlands may be outside the range 
established for uses designated in State standards 
These water quality characteristics may require the 
development of criteria that reflect the natural back- 
ground conditions in a specific wetland or wetland 
type. States routinely set criteria for specific waters 
based on natural conditions. Examples of some of 
the wetland characteristics that may fall into this 
category are dissolved oxygen, pH, turbidity, color, 
and hydrogen sulfide. 

Many of EPA’s aquatic life criteria are based on 
equations that take into account salinity, pti. 
temperature and/or hardness. These may be directly 
applied to wetlands in the same way as other water 
types with adjustments in the criteria to reflect these 

water quality characteristics. However, two national 
criteria that are pt-i dependent. ammonia and pen- 
tachlorophenol. present a different situation. The 
pH in some wetlands may be outside the pH range 
of 6.5-9.0 units for which these criteria were derived. 
It is recommended that States conduct additional 
toxicity testing if they wish to derive criteria for am- 
monia and pentachlorophenol outside the 6.590 
pH range, unless data are already available 

States may also develop scientifically defensible 
site-specific criteria for parameters whose State- 
wide values may be inappropriate. Site-specific ad- 
justments may be made based on the water quality 
and biological conditions in a specific water, or in 
waters within a particular region or ecoregion. EPA 
has developed guidance on the site-specific adjust- 
ment of the national criteria (USEPA 1983b). These 
methods are applicable to wetlands and should be 
used in the same manner as States use them for 
other waters As defined in the Handbook, three 
procedures may be used to develop site-specific 
criteria. (1) the recalculation procedures, (2) the 
indicator species procedures, and (3) the resident 
species procedures. These procedures may be 
used to develop site-specific numeric criteria for 
specific wetlands or wetland types. The recalcula- 
tion procedure is used to make adjustments based 
upon differences between the toxicity to resident 
organisms and those used to derive national criteria. 
The indicator species procedure IS used to account 
for differences in the bioavallability and,or toxicity of 
a contaminant based upon the physical and chemi- 
cal characteristrcs of sate water The resident 
species procedure accounts for differences in both 
species sensitivity and water quality characteristics 



Chapter 5.0 

Antidegradation 

T he antidegradation policies contained in all 
State standards provide a powerful tool for 
the protection of wetlands and can be used 

by States to regulate point and nonpoint source 
discharges to wetlands in the same way as other 
surface waters. In conjunction with beneficial uses 
and narrative criteria, antidegradation can be used 
to address impacts to wetlands that cannot be fully 
addressed by chemical criteria, such as physical 
and hydrologic modifications. The implications of 
antidegradation to the disposal of dredged and fill 
material are discussed in Section 5.1 below. At a 
minimum, EPA expects States to fully apply their 
antidegradation policies and implementation 
methods to wetlands by the end of FY 1993. No 
changes to State policies are required if they are 
fully consistent with the Federal policy. With the 
inclusion of wetlands as “waters of the State,” State 
antidegradation policies and their implementation 
methods will apply to wetlands in the same way as 
other surface waters. The WQS regulation 
describes the requirements for State antidegrada- 
tion policies, which include full protection of existing 
uses (functions and values), maintenance of water 

quality in high-quality waters, and a prohibition 
against lowering water quality in outstanding nation- 
al resource waters. EPA guidance on the implemen- 
tation of antidegradation policies is contained in the 
Water Quality Standards Handbook (USEPA 1983b) 
and Questions and Answers on: Antidegradation 
(USEPA 1985a) 

5.1 Protection of Existing Uses 
State antidegradation policies should provide for 

the protection of existing uses in wetlands and the 
level of water quality necessary to protect those 
uses in the same manner as for other surface 
waters; see Section 131.12(a)(1) of the WQS regula- 
tion. The existing use can be determined by 
demonstrating that the use or uses have actually 
occurred since November 28, 1975, or that the water 
quality is suitable to allow the use to be attained. 
This is the basis of EPA’s antidegradation policy and 
is important in the wetland protection effort. States, 
especially those that adopt less detailed use clas- 
sifications for wetlands, will need to use the existing 
use protection in their antidegradation policies to 
ensure protection of wetland values and functions. 
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Determination of an existing aquatic life and 
wildlife use may require physical, chemical, and 
biological evaluations through a waterbody survey 
and assessment. Waterbody survey and assess- 
ment guidance may be found in three volumes en- 
titled Technical Support Manual for Conducting Use 
Attainability Analyses (USEPA 1983b, 1984a, 
1984b). A technical support manual for conducting 
use attainability analyses for wetlands is currently 
under development by the Office of Water Regula- 
tions and Standards. 

In the case of wetland fills, EPA allows a slightly 
different interpretation of existing uses under the 
antidegradation policy. This interpretation has been 
addressed in the answer to question no. 13 in Ques- 
tions and Answers on: Antidegradation (USEPA 
1985a), and is presented below: 

Since a literal interpretation of the an- 
tidegradation policy could result in prevent- 
ing the issuance of any wetland fill permit 
under Section 404 of the Clean Water Act, and 
it is logical to assume that Congress intended 
some such permits to be granted within the 
framework of the Act, EPA interprets 40 CFR 
731.12(a)(1) of the antidegradation policy to 
be satisfied with regard to fills in wetlands if 
the discharge did not result in “significant 
degradation” to the aquatic ecosystem as 
defined under Section 230.10(c) of the Sec- 
tion 404(b)(I) guidelines. If any wetlands 
were found to have better water quality than 
“fishable/swimmable," the State would be al- 
lowed to lower water quality to the no sig- 
nificant degradation level as long as the re- 
quirements of Section 137.12(a)(2) were fol- 
lowed. As for the ONRW provision of an- 
tidegradation (131.12(a)(3)), there is no dif- 
ference in the way it applies to wetlands and 
other waterbodies. 

The Section 404(b)(1) Guidelines state that the 
following effects contribute to significant degrada- 
tion, either individually or collectively: 

. . . significant adverse effects on (7) human 
health or welfare, including effects on 
municipal water supplies, plankton, fish, 
shellfish, wildlife, and special aquatic sites 
(e.g., wetlands); (2) on the life stages of 
aquatic life and other wildlife dependent on 

aquatic ecosystems, including the transfer, 
concentration or spread of pollutants or their 
byproducts beyond the site through biologi- 
cal, physical, or chemical process; (3) on 
ecosystem diversity, productivity and 
stability, including loss of fish and wildlife 
habitat or loss of the capacity of a wetland to 
assimilate nutrients, purify water or reduce 
wave energy; or (4) on recreational, aes- 
thetic, and economic values. 

These Guidelines may be used by States to deter- 
mine “significant degradation” for wetland fills. Of 
course, the States are free to adopt stricter require- 
ments for wetland fills in their own antidegradation 
policies, just as they may adopt any other require- 
ments more stringent than Federal law requires. For 
additional information on the linkage between water 
quality standards and the Section 404 program, see 
Section 6.2 of this guidance. 

5.2 Protection of High-Quality 
Wetlands 

State antidegradation policies should provide for 
water quality in “high quality wetlands” to be main- 
tained and protected, as prescribed in Section 
131.12(a)(2) of the WQS regulation. State im- 
plementation methods requiring alternatives 
analyses, social and economic justifications, point 
and nonpoint source control, and public participa- 
tion are to be applied to wetlands in the same man- 
ner they are applied to other surface waters. 

5.3 Protection of Outstanding 
Wetlands 

Outstanding national resource waters (ONRW) 
designations offer special protection (i.e., no 
degradation) for designated waters, including wet- 
lands. These are areas of exceptional water quality 
or recreational/ecological significance. State an- 
tidegradation policies should provide special 
protection to wetlands designated as outstanding 
national resource waters in the same manner as 
other surface waters; see Section 131.12(a)(3) of the 
WQS regulation and EPA guidance Water Quality 
Standards Handbook (USEPA 1983b), and Ques- 
tions and Answers on: Antidegradation (USEPA 
1985a). Activities that might trigger a State analysis 
of a wetland for possible designation as an ONRW 
are no different for wetlands than for other waters. 
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The following list provides general information on 
wetlands that are likely candidates for protection as 
ONRWs. It also may be used to identify specific 
wetlands for use designation under the State’s wet- 
land classffication system; see Chapter 4.0. Some 
of these information sources are discussed in 
greater detail In EPA’s guidance entitled Wetlands 
and Section 401 Certification: OpportuniNes and 
Guldelines for States and Eligible lndian Tribes 
(USEPA 19899; see Section 6.1. 

l Parks, wfldlffe management areas, refuges, wild 
and scenic rfvers, and estuarfne sanctuarfes; 

l Wetlands adjacent to ONRWs or other high-quality 
waters (e.g., lakes, estuaries shellfish beds); 

l Priority wetlands identified under the Emergency 
Wetlands Resources Act of 1986 through 
Statewfde Outdoor Recreation Plans (SORP) and 
Wetland Priority Conservation Plans; 

l Sites wfthln joint venture project areas under the 
North American Waterfowl Management Plan; 

l Sites under the Ramsar (Iran) Treaty on Wetlands 
of International Importance; 

l Biosphere reserve sites identified as part of the 
“Man and the Biosphere” Program sponsored by 
the United Nations; 

l Natural heritage areas and other similar designa- 
tions established by the State or private organiza- 
tions (e.g., Nature Conservancy); and 

l Prlorfty wetlands identified as part of comprehen- 
sfve planning efforts conducted at the local, State, 
Regional, or Federal levels of government; e.g., 
Advance Identification (ADID) program under Sec- 
tion 404 and Special Area Management Plans 
(SAMPs) under the 1980 Coastal Zone Manage- 
ment Act. 

The Wetland Evaluation Technique; Volume II: 
Methodology (Adamus et al., 1987) provides addi- 
tional guidance on the identification of wetlands with 
high ecological and social value; see Section 3 2 
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Chapter 6.0 

Implementation 

I mplementing water quality standards for wet- 
lands will require a coordinated effort between 
related Federal and State agencies and 

programs, In addition to the Section 401 certifica- 
tion for Federal permits and licenses, standards 
have other potential applications for State 
programs, including landfill siting, fish and wildlife 
management and aquisition decisions, and best 
management practices to control nonpoint source 
pollution. Many coastal States have wetland permit 
programs, coastal zone management programs, 
and National Estuary Programs; and the develop- 
ment of water quality standards should utilize data, 
information and expertise from these programs. For 
all States, information and expertise is available 
nationwide from EPA and the Corps of Engineers as 
part of the Federal 404 permit program. State 
wildlife and fisheries departments can also provide 
data, advice, and expertise related to wetlands. 
Finally, the FWS can provide information on wet- 
lands as part of the National Wetlands Inventory 
program, the Fish and Wildlife Enhancement Pro- 
gram, the Endangered Species and Habitat Conser- 
vation Program, the North American Waterfowl 

Management Program and the National Wildlife 
Refuge program. EPA and FWS wetland program 
contacts are included in Appendix D 

This section provides information on certain ele- 
ments of standards (e g mixing zones) and the 
relationship between wetland standards and other 
water-related activities and programs (e.g. monitor- 
ing and CWA Sections 401, 402, 404, and 319). As 
information is developed by EPA and the States 
EPA will periodically transfer It nationwide through 
workshops and program summaries EPA’s Office 
of Water Regulations and Standards has developed 
an outreach program for providing this information. 

6.1 Section 401 Certification 
Many States have begun to make more use of 

CWA Section 401 certification to manage certain 
activities that impact their wetland resources Sec- 
tion 401 gives the States the authority to grant. 
deny, or condition certification of Federal permits or 
licenses (e.g., CWA Section 404 permits issued by 
the U.S. Army Corps of Engineers, Federal Energy 
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Regulatory Commission licenses, some Rivers and 
Harbors Act Sections 9 and 10 permits, and CWA 
Section 402 permits where issued by EPA) that may 
result in a discharge to "waters of the U.S.” Such 
action is taken by the State to ensure compliance 
with various provisions of the CWA. Violation of 
water quality standards is often the basis for denials 
or conditioning through Section 401 certification In 
the absence of wetland-specific standards, States 
have based decisions on their general narrative 
criteria and antidegradation policies. The Office of 
Wetlands Protection has developed a handbook for 
States entitled Wetlands and 407 Certification: Op- 
portunities and Guidelines for States and Eligible 
Indian Tribes (USEPA 1989g) on the use of Section 
401 certification to protect wetlands. This docu- 
ment provides several examples wherein States 
have applied their water quality standards to wet- 
lands; one example is included in Appendix E. 

The development of explicit water quality stand- 
ards for wetlands. including wetlands in the defini- 
tion of “State waters,” uses, criteria, and an- 
tidegradation policies, can provide a strong and 
consistent basis for State 401 certifications. 

6.2 Discharges to Wetlands 
The Water Quality Standards Regulation (40 CFR 

131.10(a)) states that, in no case shall a State adopt 
waste transport or waste assimilation as a desig- 
nated use for any ‘waters of the U S.'." This prohibi- 
tion extends to wetlands, since they are included in 
the definition of “waters of the U.S.” Certain ac- 
tivities involving the discharge of pollutants to wet- 
lands may be permitted, as with other water types, 
providing a determination is made that the desig- 
nated and existing uses of the wetlands and 
downstream waters will be maintained and 
protected. As with other surface waters, the State 
must ensure, through ambient monitoring, that per- 
mitted discharges to wetlands preserve and protect 
wetland functions and values as defined in State 
water quality standards, see Section 6.4. 

Created wastewater treatment wetlands that are 
not impounded from waters of the United States and 
are designed, built, and operated solely as was- 
tewater treatment systems, are a special case, and 
are not generally considered ‘waters of the U.S.” 
Some such created wetlands, however, also provide 
other functions and values similar to those provided 
by natural wetlands Under certain circumstances, 

such created, multiple use wetlands may be con- 
sidered “waters of the U.S.,” and as such. would be 
subject to the same protection and restrictions on 
use as natural wetlands (see Report on the Use of 
Wetlands for Municipal Wastewater Treatment and 
Disposal (USEPA 1987b)). This determination must 
be made on a case-by-case basis, and may consider 
factors such as the size and degree of isolation of 
the created wetland. 

6.2.1 Municipal Wastewater Treat- 
ment 
State standards should be consistent with the 

document developed by the Office of Municipal Pol- 
lution Control entitled Report on the Use of Wet- 
lands for Municipal Wastewater Treatment and Dis- 
posal (USEPA 1987b), on the use of wetlands for 
municipal wastewater treatment. This document 
outlines minimum treatment and other requirements 
under the CWA for discharges to natural wetlands 
and those specifically created and used for the pur- 
pose of wastewater treatment. 

The following is a brief summary of the above-ref- 
erenced document For municipal discharges to 
natural wetlands, a minimum of secondary treat- 
ment is required, and applicable water quality stand- 
ards for the wetland and adjacent waters must be 
met Natural wetlands are nearly always “waters of 
the U.S." and are afforded the same level of protec- 
tion as other surface waters with regard to stand- 
ards and minimum treatment requirements. There 
are no minimum treatment requirements for wet- 
lands created solely for the purpose of wastewater 
treatment that do not qualify as “waters of the U.S.” 
The discharge from the created wetlands that do not 
qualify as “waters of the U.S.” must meet applicable 
standards for the receiving water. EPA encourages 
the expansion of wetland resources through the 
creation of engineered wetlands while allowing the 
use of natural wetlands for wastewater treatment 
only under limited conditions. Water quality stand- 
ards for wetlands can prevent the misuse and over- 
use of natural wetlands for treatment through adop- 
tion of proper uses and criteria and application of 
State antidegradation policies 

6.2.2 Stormwater Treatment 
Stormwater discharges to wetlands can provide 

an important component of the freshwater supply to 
wetlands However, stormwater discharges from 
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various land use activities can also contain a sig- 
nificant amount of pollutants. Section 402(p)(2) of 
the Clean Water Act requires that EPA, or States 
with authorized National Pollutant Discharge 
Elimination System (NPDES) programs, issue 
NPDES permits for certain types of stormwater dls- 
charges. EPA is in the process of developing 
regulations defining the scope of this program as 
well as developing permits for these discharges. 
Stormwater permits can be used to require controls 
that reduce the pollutants discharged to wetlands as 
well as other waters of the United States. In addl- 
tion. some of the stormwater management controls 
anticipated in permits will require creation of wet- 
lands or structures with some of the attributes of 
wetlands for the single purpose of water treatment. 

EPA anticipates that the policy for stormwater dls- 
charges to wetlands will have some similarities to 
the policies for municipal wastewater discharges to 
wetlands. Natural wetlands are “waters of the 
United States” and are afforded a level of protection 
with regard to water quality standards and technol- 
ogy-based treatment requirements. The discharge 
from created wetlands must meet applicable water 
quality standards for the receiving waters. EPA will 
issue technical guidance on permitting stormwater 
discharges, including permitting stormwater dis- 
charges to wetlands, over the next few years. 

6.2.3 Fills 
Section 404 of the CWA regulates the discharge of 

dredged and fill material into “waters of the U.S.” 
The Corps of Engineers’ regulations for the 404 pro- 
gram are contained in 33 CFR Parts 320-330, while 
EPA’s regulations for the 404 program are contained 
in 40 CFR Part 230-33. 

One State uses the following guidelines for fills in 
their internal Section 401 review guidelines 

(a) if the project is not water dependenf, cer- 
tifica tion is denied; 

(b) if the project is wa?er dependent, certifica- 
tion is denied if there is a viable alternative 
(e.g., available upland nearby is a viable 
alternative); 

(c) if no viable alternatives exist and impacts to 
wetland cannot be made acceptable 
through conditions on certification (e.g., 

fish movement criteria, creation of flood- 
ways to bypass oxbows, flow through 
criteria), certification is denied. 

Some modification of this may be incorporated 
into States’ water quality standards. The States are 
encouraged to provide a linkage in their water 
quality standards to the determination of “significant 
degradation” as required under EPA guidelines (40 
CFR 230.10(c)) and other applicable State laws af- 
fecting the disposal of dredged or fill materials in 
wetlands; see Section 5.1. 

6.2.4 Nonpoint Source Assessment 
and Control 
Wetlands, as with other waters, are impacted by 

nonpoint sources of pollution. Many wetlands, 
through their assimilative capacity for nutrients and 
sediment, also can serve an important water quality 
control function for nonpoint source pollution ef- 
fects on waters adjacent to, or downstream of, the 
wetlands. Water quality standards play a pivotal 
role in both of the above First, Section 319 of the 
CWA requires the States to complete assessments 
of nonpoint source (NPS) impacts to State waters, 
including wetlands, and to prepare management 
programs to control NPS impacts. Water quality 
standards for wetlands can form the basis for these 
assessments and management programs for wet- 
lands. Second, water quality standards require- 
ments for other surface waters such as rivers, lakes, 
and estuaries can provide an impetus for States to 
protect, enhance, and restore wetlands to help 
achieve nonpoint source control and water qualify 
standards objectives for adjacent and downstream 
waters. The Office of Water Regulations and Stand- 
ards and the Office of Wetlands Protection have 
developed guidance on the coordination of wetland 
and NPS control programs entitled National 
Guidance - Wetlands and Nonpoint Source Control 
Programs (USEPA 199Oc) 

6.3 Monitoring 
Water quality management activities, including 

the permitting of wastewater and stormwater dis- 
charges, the assessment and control of NPS pollu- 
tion, and waste disposal activities (sewage sludge. 
CERCLA. RCRA) require sufficient monitoring to en- 

sure that the designated and existing uses of 
‘waters of the U.S.’ are maintained and protected 
In addition, Section 305(b) of the CWA requires 



States to report on the overall status of their waters 
in attaining water quality standards. The inclusion 
of wetlands in water quality standards provides the 
basis for conducting both wetland-specific and 
status and trend monitoring of State wetland resour- 
ces. Information gathered from the 305(b) reports 
may also be used to update and refine the desig- 
nated wetland uses. The monitoring of wetlands is 
made difficult by limitations in State resources. 
Where regulated activities impact wetlands or other 
surface waters, States should provide regulatory in- 
centives and negotiate monitoring responsibilities of 
the party conducting the regulated activity. 

Monitoring of activities impacting specific wet- 
lands may include several approaches. Monitoring 
methods involvlng biological measurements, such 
as plant, macroinvertebrate, and fish (e.g., biomass 
and diversity indices), have shown promise for 
monitoring stream quality (Plafkin et al., 1989). 
These types of indicators have not been widely 
tested for wetlands; see Section 7.1. However, the 
State of Florida has developed biological criteria as 
part of their regulations governin 

3 
the discharge of 

municipal wastewater to wetlands The States are 
encouraged to develop and test the use of biological 
indicators. Other more traditional methods current- 
ly applied to other surface waters, including but not 
limited to the use of water quality criteria, sediment 
quality criteria, and whole effluent toxicity, are also 
available for conducting monitoring of specific wet- 
lands. 

Discharges involving persistent or bioaccumula- 
tive contaminants may necessitate the monitoring of 
the fate of such contaminants through wetlands and 
their impacts on aquatic life and wildlife. The ex- 
posure of birds and mammals to these contaminants 
is accentuated by the frequent use of wetlands by 
wildlife and the concentration of contaminants in 
wetlands through sedimentation and other proces- 
ses States should conduct monitoring of these 
contaminants in wetlands, and may require such 
monitoring as part of regulatory activities involving 
these contaminants. 

Status and trend monitoring of the wetland 
resources overall may require additional ap- 
proaches; see Section 3.1. Given current gaps in 
scientific knowledge concerning indicators of wet- 
land quality, monitoring of wetlands over the next 
few years may focus on the spatial extent (Le., quan- 
tity) and physical structure (e.g.. plant types, diver- 
sity, and distribution) of wetland resources. The 
tracking of wetland acreage and plant communities 
using aerial photography can provide information 
that can augment the data collected on specific ac- 
tivities impacting wetlands, as discussed above. 

EPA has developed guidance on the reporting of 
wetland conditions for the Section 305(b) program 
entitled Guidelines for the Preparation of fhe 7990 
Stare Water Quality Assessment 305(b) Reporr 
(USEPA 1989b). When assessing individual specific 
wetlands, assessment information should be 
managed in an automated data system compatible 
with the Section 305(b) Waterbody System. In addi- 
tion, the NWI program provides technical proce- 
dures and protocols for tracking the spatial extent of 
wetlands for the United States and subregions of the 
United States. These sources provide the 
framework for reporting on the status and trends of 
State wetland resources. 

6.4 Mixing Zones and Variances 
The guidance on mixing zones in the Water 

Ouality Standards Handbook (USEPA 1983b) and 
the Technical Support Document for Water Qualiry- 
Based Toxics Conrrol (TSD) (USEPA 1985b) apply 
to all surface waters, including wetlands. This in- 
cludes the point of application of acute and chronic 
criteria. As with other surface waters, mixing zones 
may be granted only when water is present, and 
may be developed specifically for different water 
types. Just as mixing zone procedures are often 
different for different water types and flow regimes 
(e.g., free flowing streams versus lakes and es- 
tuaries), separate procedures also may be 
developed specifically for wetlands Such proce- 
dures should meet the requirements contained in 
the TSD. 

5 Florida Department of Environmental Regulations; State Regulations Part I, “Domestic Wastewater 
Facilities,” Subpart C. “Design/Performance Considerations,” 17-6 055. “Wetlands Applications 

26 



As in other State waters, variances may be 
granted to discharges to wetlands. Variances must 
meet one or more of the six requirements for the 
removal of a designated use (40 CFR Part 131.10(g)) 
and must fully protect any existing uses of the wet- 
land. 
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Chapter 7.0 

Future Directions 

E PA’s Office of Water Regulations and 
Standards’ planning document Water 
Quality Standards Framework (USEPA - 

Draft 1989e), identifies the major objectives for the 
program and the activities necessary to meet these 
objectives. Activities related to the development of 
water quality standards for wetlands are separated 
into two phases: (1) Phase 1 activities to be 
developed by the States by the end of FY 1993. 
discussed above; and (2) Phase 2 activities that will 
require additional research and program develop- 
ment, which are discussed below. 

7.1 Numeric Biological Criteria 
for Wetlands 

Development of narrative biological criteria is in- 
cluded in the first phase of the development of water 
quality standards for wetlands; see Section 5.1.2. 
The second phase involves the implementation of 
numeric biological criteria. This effort requires the 
detailed evaluation of the components of wetland 
communities to determine the structure and function 
of unimpaired wetlands. These measures serve as 

reference conditions for evaluating the integrity of 
other wetlands. Regulatory activities involving dis- 
charges to wetlands (e.g., CWA Sections 402 and 
404) can provide monitoring data to augment data 
collected by the States for the development of 
numeric biological criteria; see Section 7.4. The 
development of numeric biological criteria for wet- 
lands will require additional research and field test- 
ing over the next several years. 

Biological criteria are based on local and regional 
biotic characteristics. This is in contrast to the na- 
tionally based chemical-specific aquatic life criteria 
developed by EPA under controlled laboratory con- 
ditions The States will have primary responsibility 
for developing and implementing biological criteria 
for their surface waters, including wetlands, to 
reflect local and regional differences in resident 
biological communities. EPA will work closely with 
the States and the EPA Office of Research and 
Development to develop and test numeric biological 
criteria for wetlands. Updates on this work will be 
provided through the Office of Water Regulations 
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and Standards, Criteria and Standards Division’s • identifying high-quality waters deserving special 
regular newsletter. protection; 

7.2 Wildlife Criteria • using remote-sensing data; 

Wetlands are important habitats for wildlife • using integrated assessments to detect subtle 
species. It is therefore important to consider wildlife ecological impacts; and 
in developing criteria that protect the functions and 
values of wetlands. Existing chemical-specific • identifying significant nonpoint sources of pollu- 
aquatic life criteria are derived by testing selected tion that will prevent attainment of uses. 
aquatic organisms by exposing them to con- 
taminants in water. Although considered to be One or more case studies will address efforts to 
protective of aquatic life, these criteria often do not quantify the extent of a State’s wetlands and to iden- 
account for the bioaccumulation of these con- tify sensitive wetlands through their advance iden- 
taminants, which may cause a major impact on tification (USEPA 1989a). 
wildlife using wetland resources. Except for criteria 
for PCB, DDT, selenium, and mercury, wildlife have 
not been included during the development of the 
national aquatic life criteria. 

During the next 3 years, the Office of Water 
Regulations and Standards is reviewing aquatic life 
water quality criteria to determine whether adjust- 
ments in the criteria and/or alternative forms of 
criteria (e.g., tissue concentration criteria) are 
needed to adequately protect wildlife species using 
wetland resources. Since wetlands may not have 
open surface waters during all or parts of the year, 
alternative tissue based criteria based on con- 
taminant concentrations in wildlife species and their 
food sources may become important criteria for 
evaluating contaminant impacts in wetlands, par- 
ticularly those that bioaccumulate. Based on 
evaluations of current criteria and wildlife at risk in 
wetlands, national criteria may be developed 

7.3 Wetlands Monitoring 

EPA’s Office of Water Regulations and Standards 
is developing guidance for EPA and State surface 
water monitoring programs that will be issued by the 
end of FY 1990. This guidance will (1) encourage 
States to use monitoring data in a variety of program 
areas to support water quality management 
decisions; and (2) provide examples of innovative 
monitoring techniques through the use of case 
studies. The uses of data pertinent to wetlands that 
will be discussed include the following: 

• refining use classification systems by developing 
physical, chemical, and biological water quality 
criteria, goals, and standards that account for 
regional variation in attainable conditions; 
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Appendix A 

Glossary 

Ambient Monitoring - Monitoring within natural 
systems (e.g., lakes, rivers, estuaries, wetlands) to 
determine existing conditions. 

Created Wetland - A wetland at a site where it did 
not formerly occur. Created wetlands are designed 
to meet a variety of human benefits including, but 
not limited to, the treatment of water pollution dis- 
charges (e.g., municipal wastewater, stormwater) 
and the mitigation of wetland losses permitted under 
Section 404 of the Clean Water Act. This term en- 
compasses the term “constructed wetland” as used 
in other EPA guidance and documents. 

Enhancement - An activity increasing one or 
more natural or artificial wetland functions. For ex- 
ample, the removal of a point source discharge im- 
pacting a wetland. 

Functions - The roles that wetlands serve, which 
are of value to society or the environment. 

Habitat - The environment occupied by in- 
dividuals of a particular species, population, or com- 
munity. 

Hydrology - The science dealing with the proper- 
ties, distribution, and circulation of water both on 
the surface and under the earth. 

Restoration - An activity returning a wetland from 
a disturbed or altered condition with lesser acreage 
or functions to a previous condition with greater 
wetland acreage or functions. For example, restora- 
tion might involve the plugging of a drainage ditch to 
restore the hydrology to an area that was a wetland 
before the installation of the drainage ditch. 

Riparian - Areas next to or substantially in- 
fluenced by water. These may include areas ad- 
jacent to rivers, lakes, or estuaries. These areas 
often include wetlands. 

Upland - Any area that does not qualify as wet- 
land because the associated hydrologic regime is 
not sufficiently wet to elicit development of vegeta- 
tion, soils and/or hydrologic characteristics as- 
sociated with wetlands, or is defined as open 
waters. 

Waters of the U.S. - See Appendix B for Federal 
definition, 40 CFR Parts 122.2, 230.3, and 232.2. 

Wetlands - Those areas that are inundated or 
saturated by surface or groundwater at a frequency 
and duration sufficient to support, and that under 
normal circumstances do support, a prevalence of 
vegetation typically adapted for life in saturated soil 
conditions. Wetlands generally include swamps, 
marshes, bogs, and similar areas. See Federal 
definition contained in Federal regulations: 40 CFR 
Parts 122.2, 230.3, and 232.2. 
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Appendix B 

The Federal definition of “waters of the United 
States” (40 CFR Section 232.2(q)) is: 

(1) All waters which are currently used, were 
used in the past, or may be susceptible to 
use in interstate or foreign commerce, in- 
cluding all waters which are subject to the 
ebb and flow of the tide; 

(2) All interstate waters including interstate wet- 
lands; 

(3) All other waters such as intrastate lakes, 
rivers, streams (including intermittent 
streams), mudflats, sandflats, wetlands, 
sloughs, prairie potholes, wet meadows, 
playa lakes, or natural ponds, the use, 
degradation or destruction of which would 
or could affect interstate or foreign com- 
merce including any such waters: 

(i) Which are or could be used by inter- 
state or foreign travelers for recrea- 
tional or other purposes; or 

(ii) From which fish or shellfish could be 
taken and sold in interstate or 
foreign commerce; 

(iii) Which are used or could be used for 
industrial purposes by industries in in- 
terstate commerce;* 

(5) Tributaries of waters identified in paragraphs 
1-4; 

(6) The territorial sea; and 

(7) Wetlands adjacent to waters (other than 
waters that are themselves wetlands) iden- 
tified in 1-6; waste treatment systems, in- 
cluding treatment ponds or lagoons 
designed to meet the requirements of CWA 
(other than cooling ponds as defined in 40 
CFR 423.11 (m) which also meet criteria in 
this definition) are not waters of the United 
States. 

(*Note: EPA has clarified that waters of the 
U.S. under the commerce connection in (3) 
above also include, for example, waters: 

Which are or would be used as 
habitat by birds protected by 
Migratory Bird Treaties or migratory 
birds which cross State lines; 
Which are or would be used as 
habitat for endangered species; 
Used to irrigate crops sold in inter- 
state commerce.) 

(4) All impoundments of waters otherwise 
defined as waters of the United States under 
this definition; 
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Appendix C 

Information on the 
Assessment of Wetland 
Functions and Values 

Summary of Methodologies Prior to 1983 
(Lonard and Clairain 1986) 

Introduction 

Since 1972, a wide variety of wetlands evaluation 
methodologies have been developed by Federal or 
State agencies, private consulting firms, and the 
academic community. These evaluation methods 
have been developed to ascertain all or selected 
wetland functions and values that include habitat; 
hydrology, including water quality recreation; 
agriculture/silviculture; and heritage functions. 

Publications by the U.S. Water Resources Council 
(Lonard et al., 1981) and the U.S. Army Engineer 
Waterways Experiment Station (Lonard et al., 1984) 
documented and summarized pre-1981 wetland 
evaluation methods. The two documents include a 
critical review of the literature, identification of re- 
search needs, and recommendations for the im- 
provement of wetlands evaluation methodologies. 
Methodology analyses include an examination of 
wetlands functions; geographic features; personnel 
requirements for implementation, data require- 
ments, and products; field testing; flexibility; and 
administrative uses. Recently, the U.S. Environmen- 
tal Protection Agency, with technical assistance 
from WAPORA, Inc. (1984) summarized freshwater 
wetland evaluation methodologies related to 
primary and cumulative impacts published prior to 

1981. The specific objective of this paper is to 
present a summary of wetlands evaluation 
methodologies identified from the pre-1981 litera- 
ture, and to present an update of methodologies 
published since 1981. 

Methods 

In 1981, a U.S. Army Engineer Waterways Experi- 
ment Station (WES) study team evaluated 40 wet- 
lands evaluation methodologies according to 
several screening criteria, and examined 20 of the 
methodologies in detail using a series of descriptive 
parameters (Lonard et al., 1981). The criteria and 
parameters were developed to ensure consistency 
during review and analysis of methodologies. Five 
additional methodologies proposed since 1981 have 
been analyzed and summarized for this paper using 
the same criteria. This does not suggest, however, 
that only five methodologies have been developed 
since 1981. 

Available Wetlands Evaluation Methodologies 

Abstracts of 25 wetlands evaluation 
methodologies that met the WES study team’s 
criteria include the following: 

1. Adamus, P.R., and Stockwell, L.T. 1983. “A 
Method for Wetland Functional Assessment. 
Volume I. Critical Review and Evaluation 
Concepts.” U.S. Department of Transporta- 
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tion Federal Highway Administration. Of- 
fice of Research, Environmental Division. 
Washington. D.C. 20590; and Adamus, P.R. 
1983. “A Method for Wetland Functional As- 
sessment. Volume II. The Method,” U.S. 
Department of Transportation. Federal 
Highway Administration. Office of Re- 
search, Environmental Division. 
Washington, D.C. 20590. 

Volume I of the method provides a detailed litera- 
ture review and discussion of the rationale of the 
method. The wetland functional assessment or 
evaluation methodology presented in Volume II con- 
sists of three separate procedures. Procedure I, 
referred to as a “Threshold Analysis,” provides a 
methodology for estimating the probability that a 
single wetland is of high, moderate, or low value for 
each of 11 wetland functions discussed in detail in 
Volume I. This procedure is based on assessment 
of 75 bio-physical wetland features obtained from 
office, field, and quantitative studies. It also incor- 
porates consideration of the social significance of 
the wetland as indicated by public priorities. The 
priorities are determined based on results of a series 
of questions that the evaluator must consider. Pro- 
cedure II, designed as a “Comparative Analysis,” 
provides parameters for estimating whether one 
wetland is likely to be more important than another 
for each wetland function, and Procedure II, referred 
to as “Mitigation Analysis,” provides an outline for 
comparing mitigation alternatives and their 
reasonableness.” The evaluation methodology is 
qualitative in its approach. 

2. Brown, A., Kittle, P., Dale, E.E., and Huf- 
fman, R.T. 1974. “Rare and Endangered 
Species, Unique Ecosystems, and Wet- 
lands,” Department of Zoology and Depart- 
ment of Botany and Bacteriology. The 
University of Arkansas, Fayetteville, Arkan- 
sas 

The Arkansas Wetlands Classification System 
contains a two-part, multivariate approach for 
evaluating freshwater wetlands for maximum wildlife 
production and diversity. Initially, Arkansas wet- 
lands were qualitatively classified as prime or non- 
prime wetlands habitats according to use by man. A 
numerical value for a wetland was determined by 
calculating a subscore, which was based on the 
multiplication of a significance coefficient by a 

determined weighted value. The values for each 
variable were summed, and a total wetland qualita- 
tive value was obtained for use by decision makers. 

3. Dee, N.. Baker, J.. Drobney, N., Duke, K., 
Whitman, I., and Fahringer, D. 1973. “En- 
vironmental Evaluation System for Water 
Resources Planning,” Water Resources Re- 
search, Vol 9, No. 3. pp 523-534. 

The Environmental Evaluation System (EES) is a 
methodology for conducting environmental impact 
analysis. It was developed by an interdisciplinary 
research team, and is based on a hierarchical arran- 
gement of environmental quality indicators, an ar- 
rangement that classifies the major areas of environ- 
mental concern Into major categories, components, 
and ultimately into parameters and measurements 
of environmental quality. The EES provides for en- 
vironmental impact evaluation in four major 
categories. ecology, environmental pollution, aes- 
thetics, and human interest. These four categories 
are further broken down into 18 components, and 
finally into 78 parameters. The EES provides a 
means for measuring or estimating selected en- 
vironmental impacts of large-scale water resource 
development projects in commensurate units 
termed environmental impact units (EIU). Results of 
using the EES include a total score in EIU “with” and 
‘without” the proposed project; the difference be- 
tween the two scores in one measure of environ- 
mental impact. Environmental impact scores 
developed in the EES are based on the magnitude of 
specific environmental impacts and their relative im- 
portance. Another major output from the EES is an 
indication of major adverse impacts called “red 
flags,” which are of concern of and by themselves. 
These red flags indicate “fragile” elements of the 
environment that must be studied in more detail. 
(Authors’ abstract.) 

4. Euler, D.L., Carreiro, F.T., McCullough, G.B., 
Snell, E.A., Glooschenko, V., and Spurr, R.H. 
1983. "An Evaluation System for Wetlands 
of Ontario South of the Precambrian Shield,” 
First Edition. Ontario Ministry of Natural 
Resources and Canadian Wildlife Service, 
Ontario Region. Variously paged. 

The methodology was developed to evaluate a 
wide variety of wetland functions that include 
biological, social. hydrological, and special fea- 
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tures. The procedures includes a rationale of scien- 
tific and technical literature for wetlands values, the 
evaluation methodology, a step-by-step procedure 
manual, a wetland data record, and a wetland 
evaluation record. The procedure was developed to 
evaluate and rank a wide variety of inland wetlands 
located in Ontario, Canada, south of the 
Precambrian Shield. 

5. Fried, E. 1974. “Priority Rating of Wetlands 
for Acquisition,” Transaction of the North- 
east Fish and Wildlife Conference, Vol 3 1, 
pp 15-30. 

New York State’s Environmental Quality Bond Act 
of 1972 provides $5 million for inland wetland ac- 
quisition, $18 million for tidal wetlands acquisition, 
and $4 million for wetlands restoration. A priority 
rating system, with particular emphasis on inland 
wetlands, was developed to guide these programs. 
The governing equation was: priority rating = (P + 
V + A) x 5, where the priority rating is per acre 
desirability for acquisition, P is biological produc- 
tivity, V is vulnerability, and A is additional factors. 
Both actual and potential conditions could be rated. 
The rating system was successfully applied to some 
130 inland wetlands. Using a separate equation, 
wetland values were related to costs. (Authors’s 
abstract.) 

6. Galloway, G.E. 1978. “Assessing Man’s Im- 
pact on Wetlands,” Sea Grant Publications 
Nos. UNC-SG-78-17 or UNC-WRRI-78-136, 
University of North Carolina, Raleigh, North 
Carolina. 

The Wetland Evaluation System (IVES) proposed 
by Galloway emphasizes a system approach to 
evaluate man’s impact on a wetland ecosystem. Im- 
pacts are determined and compared for “with” and 
“without” project conditions. The advice of an inter- 
disciplinary team, as well as the input of local 
elected officials and laymen, are included as part of 
the WES model. Parameters that make up a wetland 
are assessed at the macro-level, and the results of 
the evaluation are displayed numerically and graphi- 
cally with computer assisted techniques. 

7. Golet, F.C. 1973. “Classification Evaluation 
of Freshwater Wetlands as Wildlife Habitat in 
the Glaciated Northeast,” Transactions of 

the Northeast Fish and Wildlife Conference, 
Vol 30. pp 257-279. 

A detailed classification system for freshwater 
wetlands is presented along with 10 criteria for the 
evaluation of wetlands as wildlife habitat. The 
results are based on a 2-year field study of over 150 
wetlands located throughout the state of Mas- 
sachusetts. The major components of the clas- 
sification system include wetland classes and sub- 
classes, based on the dominant life form of vegeta- 
tion and surface water depth and permanence; size 
categories; topographic and hydrologic location; 
surrounding habitat types; proportions and inter- 
spersion of cover and water; and vegetative inter- 
spersion. These components are combined with 
wetland juxtaposition and water chemistry to 
produce criteria for a wetland evaluation. Using a 
system of specification and ranks, wetlands can be 
arranged according to their wildlife value for 
decision-making. (Author’s abstract.) “At this point, 
the system has been used in numerous states on 
thousands of wetlands: recent revisions have 
resulted in such use.” (F.C Golet) 

8. Gupta. T.R.. and Foster, J.H. 1973. “Valua- 
tion of Visual-Cultural Benefits from Fresh- 
water Wetlands in Massachusetts,” Journal 
of the Northeasrern Agricultural Council, Vol 
2, No 1, pp 262-273. 

The authors suggested an alternative to the “will- 
ingness to pay” approaches for measuring the social 
values of natural open space and recreational 
resources. The method combines an identification 
and measurement of the physical qualities of the 
resource by landscape architects. Measurement 
values were expressed in the context of the political 
system and current public views. The procedure is 
demonstrated by its application to freshwater wet- 
lands in Massachusetts. 

9. Kibby. H V 1978. “Effects of Wetlands on 
Water Quality,” Proceedings of the Sym- 
posium on Strategies for Protection and 
Management of Floodplain Wetlands and 
ofher Riparian Ecosystems. General Techni- 
cal Report No. GTR-WO-12, U.S. Depart- 
ment of Agriculture, Forest Service, 
Washington, D.C. 



Wetlands potentially have significant effects on 
water quality Significant amounts of nitrogen are 
assimilated during the growing season and then 
released in the fall and early spring. Phosphorus, 
while assimilated by wetlands, is also released 
throughout the year. Some potential management 
tools for evaluating the effect of wetlands on water 
quality are discussed. (Author’s abstract.) 

10. Larson, J.S. (ed.) 1976. “Models for As- 
sessment of Freshwater Wetlands,” Publica- 
tion No. 32. Water Resources Research 
Center, University of Massachusetts, Am- 
herst, Massachusetts. 

Four submodels for relative and economic evalua- 
tion of freshwater wetlands are presented within a 
single, 3-phase elimination model. The submodels 
treat wildlife, visual-cultural. groundwater, and 
economic values. 

The wildlife and visual-cultural models are based 
on physical characteristics that, for the most part, 
can be measured on existing maps and aerial 
photographs. Each characteristic is given values by 
rank and coefficient. A relative numerical score is 
calculated for the total wetland characteristics and 
used to compare it with a broad range of north- 
eastern wetlands or with wetlands selected by the 
user The groundwater model places wetlands in 
classes of probable groundwater yield, based on 
surficial geologic deposits under the wetland. 

The economic submodel suggests values for 
wildlife, visual-cultural aspects, groundwater, and 
flood control. Wildlife values are derived from the 
records of state agency purchases of wetlands with 
sportsmen’s dollars for wildlife management pur- 
poses. Visual-cultural economic values are based 
on the record of wetland purposes for open space 
values by municipal conservation commissions. 
Groundwater values stem from savings realized by 
selection of a drilled public water supply over a sur- 
face water source. Flood control values are based 
on U S. Army Corps of Engineers data on flood con- 
trol values of the Charles River, Massachusetts, 
mainstream wetlands. 

The submodels are presented within the 
framework of an overall 3-phase eliminative model. 
Phase I identifies outstanding wetlands that should 
be protected at all costs Phase II applies the 

wildlife, visual-cultural, and groundwater submodels 
to those wetlands that do not meet criteria for out- 
standing wetlands. Phase III develops the 
economic values of the wetlands evaluated in Phase 
II. 

The models are intended to be used by local, 
regional, and state resource planners and wetlands 
regulation agencies. (Author’s abstract.) 

11. Marble, A.D., and Gross, M. 1984. “A 
Method for Assessing Wetland Charac- 
teristics and Values,” Landscape Planning, 
Vol 11. pp 1-17. 

The method presented for assessing wetland 
values identified the relative importance of wetlands 
in providing wildlife habitat, flood control, and im- 
provement of surface water quality. All wetlands in 
the study area were categorized on the basis of their 
landscape position of hilltop, hillside, or valley. 
Each of the wetland values measured were then re- 
lated to the corresponding landscape position 
categories. Valley wetlands were found to be most 
valuable in all instances. The method provides infor- 
mation on wetland values that can be simply 
gathered and easily assessed, requiring only avail- 
able data and a minimum of resources. Implemen- 
tation of this method on a regional or municipality- 
wide basis can provide decision makers with readily 
accessible and comparative information on wetland 
values. (Authors’ abstract.) 

12. Michigan Department of Natural Resources. 
1980 “Manual for Wetland Evaluation Tech- 
niques Operation Draft,’ Division of Land 
Resource Programs Lansing, Michigan. 29 

PP. 

The Michigan Department of Natural Resources 
(MDNR) Wetland Evaluation Technique is designed 
to assist decision makers on permit applications in- 
volving projects where significant impacts are an- 
ticipated. The manual describes the criteria to be 
used in evaluating any particular wetland The tech- 
nique provides a means of evaluating the status of 
existing wetlands as well as potential project-related 
impacts on wetland structure and aerial extent. One 
part of the technique requires examination of six 
basic features of wetlands, including: (1) hydrologic 
functions; (2) soil characteristics; (3) wildlife 
habitat/use evaluation; (4) fisheries habitat/use; (5) 
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nutrient removal/recycling functions; (6) removal of 
suspended sediments A second part of the 
analysis includes consideration of public interest 
concerns. This method also includes brief con- 
sideration of cumulative, cultural/historic, and 
economic impacts. 

13. Reppert, R.T., Sigleo, W., Stakhiv, E.. 
Messman, L., and Meyers, C. 1979. “Wet- 
land Values: Concepts and Methods for 
Wetlands Evaluation,” IWR Research Report 
79-R-1, U.S. Army Engineer Institute for 
Water Resources, Fort Belvoir, Virginia. 

The evaluation of wetlands is based on the 
analysis of their physical, biological, and human use 
characteristics. The report discusses these func- 
tional characteristics and identifies specific criteria 
for determining the efficiency with which the respec- 
tive functions are performed. 

Two potential wetlands evaluation methods are 
described. One is a non-quantitative method in 
which individual wetland areas are evaluated based 
on the deductive analysis of their individual function- 
al characteristics. The other is a semi-quantitative 
method in which the relative values of two or more 
site alternatives are established through the mathe- 
matical rating and summation of their functional 
relationships. 

The specific functions and values of wetlands that 
are covered in this report are (1) natural biological 
functions, including food chain productivity and 
habitat; (2) their use as sanctuaries, refuges, or 
scientific study areas; (3) shoreline protection; (4) 
groundwater recharge; (5) storage for flood and 
stormwater; (6) water quality improvement: (7) 
hydrologic support; and (8) various cultural values. 
(Authors’ abstract.) 

14. Shuldiner. P.W., Cope, D.F., and Newton, 
R.B. 1979. “Ecological Effects on Highway 
Fills of Wetlands, Research Report. Nation- 
al Cooperative Highway Research Program 
Report No. 218A, Transportation Research 
Board, National Research Council, 
Washington, D.C.; and Shuldiner. P.W., 
Cope, D.F , and Newton, R B 1979 
“Ecological Effects of Highway Fills on Wet- 
lands,” User’s Manual. National Coopera- 
tive Highway Research Program Report No. 

218B. Transportation Research Board, Na- 
tional Research Council, Washington, D.C. 

The two reports include a Research Report and a 
User’s Manual to provide, in concise format, 
guidelines and information needed for the deter- 
mination of the ecological effects that may result 
from the placement of highway fills on wetlands and 
associated floodplains, and to suggest procedures 
by which deleterious impacts can be minimized or 
avoided. The practices that can be used to enhance 
the positive benefits are also discussed. Both 
reports cover the most common physical, chemical, 
and biological effects that the highway engineer is 
likely to encounter when placing fills in wetlands, 
and displays the effects and their interactions in a 
series of flowcharts and matrices. 

15. SCS Engineers. 1979. “Analysis of Selected 
Functional Characteristics of Wetlands,” 
Contract No. DACW73-78-R-0017. Reston. 
Virginia 

The investigation focused on identifying factors 
and criteria for assessing the wetland functions of 
water quality improvement, groundwater recharge, 
storm and floodwater storage, and shoreline protec- 
tion. Factors and criteria were identified that could 
be used to develop procedures to assist Corps per- 
sonnel in wetlands assessing the values of general 
wetland types and of specific wetlands in performing 
the functions indicated. To the extent possible, pro- 
cedures were then outlined that allow the applica- 
tion of these criteria in specific sites. 

16. Smardon. R.D. 1972. “Assessing Visual- 
Cultural Values on Inland Wetlands in Mas- 
sachusetts,” Master of Science Thesis. 
University of Massachusetts. Amherst, Mas- 
sachusetts. 

This study deals with the incorporation of visual- 
cultural values of inland wetlands into the decision 
making process of land use allocation of inland wet- 
lands in Massachusetts Visual-cultural values of in- 
land wetlands may be defined as visual, recreation- 
al, and educational values of inland wetlands to 
society. The multivariate model is an eliminative 
and comparative model that has three levels of 
evaluation The first level identifies those wetlands 
that are outstanding natural areas, have regional 
landscape value, or are large wetland systems. 
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These wetlands have top priority for preservation. 
The second levei is a rating and ranking system. At 
this stage, the combined natural resource values of 
the wetland are evaluated. Wetlands wlth hlgh 
ratings or rank from this level are ellmlnated and 
have the next highest priority for preservation or 
some sort of protection. The third level evaluation 
considers the cultural values (e.g., accessibility, 
location near schods) of wetlands. The model is 
designed to be utilized at many different levels of 
decision maklng. For example, it can be used by 
state agencies, town conservation commlsslons, 
and conceivably could be used by other states In 
northeastern United States. (Author’s abstract.) 

17. Solomon, R.D.. Colbert. B.K., Hansen, W.J., 
Richardson, S.E., Ganter, L.W., and Vlachos, 
E.C. 1977. “Water Resources Assessment 
Methodology (WRAM)--Impact Assessment 
and Alternative Evaluation,” Technical 
Report Y-77-1, Environmental Effects 
Laboratory, U.S. Army Engineer Waterways 
Experiment Station, CE. Vicksburg, Missis- 
sippi. 

This study presented a review of 54 impact as- 
sessment methodologies and found that none en- 
tirely Qtisfied the needs or requirements for the 
Corps’ water resources project and programs. 
However, salient features contained in several of the 
methodologies were considered pertinent and were 
utilized to develop a water resources assessment 
methodology (WRAM). One of the features con- 
sisted of weighting impacted variables and scaling 
the impacts of alternatives. The weighted rankings 
technique is the basic weighting and scaling tool 
used in this methodology. Principal components of 
WRAM include assembling an interdisciplinary team; 
selecting and ensuring assessment variables; iden- 
tifying, predicting, and evaluating Impacts and alter- 
natives; and documenting the analysis. Although 
developed primarily for use by the Corps in water 
resources management, WRAM is applicable to 
other resources agencies. 

18. State of Maryland Department of Natural 
Resources. Undated. “Environmental 
Evaluation of Coastal Wetlands (Draft),” 
Tidal Wetlands Study, pp 181-208. 

The Maryland scheme for the evaluation of coas- 
tal wetlands is based on the recognition of 32 dis- 

tinct types of vegetation in the marshes and swamps 
of tidewater areas of the state. Rankings of vegeta- 
tion types were developed and parameters for the 
evaluation of specific areas of wetlands were 
described. The application of the scheme is ex- 
plained and demonstrated. Guidance is provided 
for the interpretation of results. The application of 
the Maryland scheme requires a detailed inventory 
of the types of vegetation in the area selected for 
evaluation. 

19. U.S. Army Engineer District, Rock Island. 
1983. “Wetland Evaluation Methodology,” 
Wisconsin Department of Natural Resour- 
ces, Bureau of Water Regulation and 
Zoning. 

The Wetland Evaluation Methodology is a shor- 
tened and revised version of a technique developed 
for the Federal Highway Administration (FHWA) (see 
Adamus. 1983; Number 1). The FHWA technique 
was designed to assess all wetland types whereas 
the Wetland Evaluation Methodology assesses 
those wetlands in Wisconsin (e.g., assessment pro- 
cedures In the FHWA technique for estuarine mar- 
shes have been omitted from the Wetland Evaluation 
Methodology). Other changes have also been in- 
corporated into the Wetland Evaluation Methodol- 
ogy to more closely reflect other regional condi- 
tions. 

20. U.S. Army Engineer Division, Lower Missis- 
sippi Valley. 1980. “A Habitat Evaluation 
System for Water Resources Planning,” U.S. 
Army Corps of Engineers, Lower Mississippi 
Valley Division, Vicksburg, Mississippi. 

A methodology is presented for determining the 
quality of major habitat types based on the descrip- 
tion and quantification of habitat characterisfics. 
Values are compared for existing baseline condi- 
tions, future conditions without the project, and with 
alternative project conditions. Curves, parameter 
characteristics, and descriptive information are in- 
cluded in the appendices. The Habitat Evaluation 
System (HES) procedure includes the following 
steps for evaluating impacts of a water resource 
development project. The steps include: (1) obtain- 
ing habitat type or land use acreage; (2) deriving 
Habitat Quality Index scores; (3) deriving Habitat 
Unit Values; (4) projecting Habitat Unit Values for 
the future “with” and “without” project conditions; (5) 
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using Habitat Unit Values to assess impacts of 
project conditions; and (6) determining mitigation 
requirements. 

21. U.S. Army Engineer Division, New England. 
1972. “Charles River: Main Report and At- 
tachments,” Waltham, Massachusetts. 

The study was a long-term project directed by the 
U.S. Army Corps of Engineers to study the resour- 
ces of the Charles River Watershed in eastern Mas- 
sachusetts. It had an emphasis on how to control 
flood damage in the urbanized lower watershed, and 
how to prevent any significant flood damage in the 
middle and upper watershed. Seventeen crucial 
wetlands were identified for acquisition to maintain 
flood storage capacity in the watershed as a non- 
structural alternative for flood protection in the lower 
Charles River basin. Various aspects of the water- 
shed were studied in an interdisciplinary fashion. 

22. U.S. Department of Agriculture. 1978. “Wet- 
lands Evaluation Criteria--Water and Related 
Land Resources of the Coastal Region, Mas- 
sachusetts,” Soil Conservation Service, Am- 
herst, Massachusetts. 

A portion of the document contains criteria used 
to evaluate major wetlands in the coastal region of 
Massachusetts. Each of the 85 wetlands evaluated 
was subjected to map study and field examination 
Ratings were assigned based on point values ob- 
tained for various attributes. A rationale for each 
evaluation item was developed to explain the 
development of the criteria. 

23. U.S. Fish and Wildlife Service. 1980. 
“Habitat Evaluation Procedures (HEP) 
Manual (102ESM),” Washington, D.C. 

HEP is a method that can be used to document 
the quality and quantity of available habitat for 
selected wildlife species. HEP provides information 
for two general types of wildlife habitat com- 
parisons: (1) the relative value of different areas at 
the same point In time; and (2) the relative value of 

the same area at future points in time. By combin- 
ing the two types of comparisons, the impact of 
proposed or anticipated land and water changes on 
wildlife habitat can be quantified This document 
described HEP. discusses some probable applica- 
tions, and provides guidance in applying HEP in the 
field. 

24. Virginia Institute of Marine Science. Un- 
dated. “Evaluation of Virginia Wetlands,” 
(mimeographed). Glouchester Point, Vir- 
ginia. 

The authors presented a procedure to evaluate 
the wetlands of Virginia. The objective of the wet- 
land evaluation program was to recognize wetlands 
that possess great ecological significance as well as 
those of lesser significance. Two broad categories 
of criteria were utilized in evaluating the ecological 
significance of wetlands: (1) the interaction of wet- 
lands with the marine environment; and (2) the inter- 
action of the wetland with the terrestrial environ- 
ment. A formula was developed to incorporate 
various factors into “relative ecological significance 
values.” 

25. Winchester, B.H., and Harris, L D 1979. 
“An Approach to Valuation of Florida Fresh- 
water Wetlands,” Proceedings of rhe Sixth 
Annual Conference on rhe Restorarion and 
Crearion of Wetlands, Tampa, Florida 

A procedure was presented for estimating the 
relative ecological and functional value of Florida 
freshwater wetlands. Wetland functions evaluated 
by this procedure include water quality enhance- 
ment, water detention, vegetation diversity and 
productivity, and wildlife habitat value The field 
parameters used in the assessment were wetland 
size, contiguity, structural vegetative diversity, and 
an edge-to-area ration. The procedure was field 
tested and was time- and cost-effective Allowing 
flexibility in both the evaluative criteria used and the 
relative weight assigned to each criterion, the 
methodology is applicable in any Florida region for 
which basic ecological data are available 
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Wetland Assessment Techniques 
Developed Since 1983 (USEPA 1989a) 

8 Wetlands Evaluation Technique (Adamus, et al. 
1987). This nationally applicable procedure has 
been used in at least six ADIOS to date, mostly in 
its orfginal form (known popularfy as the “FHWA” 
or “Adamus” method). It has since been extensive- 
ly revised and is available at no cost (with simple 
software) from the Corps of Engineers Wetlands 
Research Program (contact: Buddy Cfairain. 601- 
634-3774). Future revisions are anticipated. 

l Bottomland Hardwoods WET (Adamus 1987). 
This is a simplified, regionalized version of WET, 
applicable to EPA Regions 4 and 6. It is available 
from OWP (contact: Joe DaVii at 202475-8795). 
Supporting software is being developed, and fu- 
ture revisions are anticipated. 

l Southeastern Alaska WET (Adamus Resource As- 
sessment 1987). This is also a simplified, regional- 
ized version of WET. 

l Minnesota Method (U.S. Army Corps of Engineers- 
St!Paul, 1988). This was a joint State-Federal effort 
that involved considerable adaptation of WET A 
similar effort is underway in Wisconsin. 

Onondaga County Method (SUNY-Syracuse 
1987). This was adapted from WET by Smardon 
and others at the State University of New York. 

Hdlands-Magee Method. This is a scoring techni- 
que developed by two consultants and has been 
applied to hundreds of wetlands in New England 
and part of Wisconsin (contact: Dennis Magee at 
6034725191). Supporting software is available. 

Ontario Method (Euler et al. 1983). This is also a 
scoring technique. and was extensively peer- 
reviewed in Canada. (Contact: Valanne Gloos- 
chenko, 4169667641). 

Connecticut Method (Amman et al. 1986). This is 
a scoring technique developed for inland 
municipal wetland agencies. 

Marble-Gross Method (Marble and Gross 1984). 
This was developed for a local application in Con- 
necticut. 

Habitat Evaluation System (HES) (Tennessee 
Dept. of Conservation 1987). This is a revised 
version of a Corps-sponsored method used to 
evaluate Lower Mississippi wildlife habitat. 
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Appendix D 

REGIONAL COORDINATORS 
Regional Water Quality Standards Coordinators 

U.S. Environmental Protection Agency (USEPA) 
Eric Hall, WQS Coordinator 
USEPA, Region 1 
Water Management Division 
JFK Federal Building 
Boston, MA 02203 
(FTS) 835-3533 
(617) 565-3533 

Rick Balla, WQS Coordinator 
USEPA, Region 2 
Water Management Division 
26 Federal Plaza 
New York, NY 10278 
(FTS) 264-1559 
(212) 264-1559 

Linda Hoist, WQS Coordinator 
USEPA, Region 3 
Water Management Division 
841 Chestnut Street 
Philadelphia, PA 19107 
(FTS) 597-0133 
(215) 597-3425 

Fritz Wagener, WQS Coordinator 
USEPA, Region 4 
Water Management Division 
345 Courtland Street, N.E. 
Atlanta, GA 30365 
(FTS) 257-2126 
(404) 347-2126 

Larry Shepard, WQS Coordinator 
USEPA, Region 5 (TUD-8) 
Water Management Division 
230 South Dearborn Street 
Chicago, IL 60604 
(FTS) 886-0135 
(312) 886-0135 

David Neleigh, WQS Coordinator 
USEPA, Region 6 
Water Management Division 
1445 Ross Avenue 
First Interstate Bank Tower 
Dallas, TX 75202 
(FTS) 255-7145 
(214) 655-7145 

John Houlihan, WQS Coordinator 
USEPA, Region 7 
Water Compliance Branch 
726 Minnesota Avenue 
Kansas City, KS 66101 
(FTS) 276-7432 
(913) 551-7432 

Bill Wuerthele, WQS Coordinator 
USEPA, Region 8 (8WM-SP) 
Water Management Division 
999 18th Street 
Denver, CO 80202-2405 
(FTS) 330-1586 
(303) 293-1586 

Phil Woods, WQS Coordinator 
USEPA, Region 9 
Water Management Division (W-3-1) 
75 Hawthorne Street 
San Francisco, CA 94105 
(FTS) 484-1994 
(415) 744-1994 

Sally Marquis, WQS Coordinator 
USEPA, Region 10 
Water Management Division (WD-139) 
1200 Sixth Avenue 
Seattle, WA 98101 
(FTS) 399-2116 
(206) 442-2116 
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Regional Wetland Program Coordinators 

U.S. Environmental Protection Agency (USEPA) 

Doug Thompson, Wetlands Coordinator 
USEPA, Region 1 
Water Management Division 
Water Quality Branch 
John F. Kennedy Federal Building 
Boston, Massachusetts 02203-2211 
(FTS) 835-4422 
(617) 565-4422 

Dan Montella, Wetlands Coordinator 
USEPA, Region 2 
Water Management Division 
Marine & Wetlands Protection Branch 
26 Federal Plaza 
New York, New York 10278 
(FTS) 264-5170 
(212) 264-5170 

Barbara D’Angelo, Wetlands Coordinator 
USEPA, Region 3 
Environmental Service Division 
Wetlands and Marine Policy Section 
841 Chestnut Street 
Philadelphia, Pennsylvania 19107 
(FTS) 597-9301 
(2 15) 597-9301 

Tom Welborn, Wetlands Coordinator 
(Regulatory Unit) 

Gail Vanderhoogt, Wetlands Coordinator 
(Planning Unit) 

USEPA, Region 4 
Water Management Division 
Water Quality Branch 
345 Courtland Street, N.E. 
Atlanta, Georgia 30365 
(FTS) 257-2126 
(404) 347-2126 

Doug Ehorn, Wetland Coordinator 
USEPA, Region 5 
Water Management Division 
Water Quality Branch 
230 South Dearborn Street 
Chicago, Illinois 60604 
(FTS) 886-0243 
(3 12) 886-0243 

Jerry Saunders, Wetlands Coordinator 
USEPA, Region 6 
Environmental Services Division 
Federal Activities Branch 
12th Floor, Suite 1200 
1445 Ross Avenue 
Dallas, Texas 75202 
(FTS) 255-2263 
(214) 655-2263 

Diane Hershberger, Wetlands Coordinator 
Assistant Regional Administrator for 

Policy and Management 
USEPA, Region 7 
Environmental Review Branch 
726 Minnesota Avenue 
Kansas City, Kansas 66101 
(FTS) 276-7573 
(913) 551-7573 

Gene Reetz, Wetlands Coordinator 
USEPA, Region 8 
Water Management Division 
State Program Management Branch 
One Denver Place, Suite 500 
999 18th Street 
Denver, Colorado 80202-2405 
(FTS) 330-1565 
(303) 293-1565 

Phil Oshida, Wetlands Coordinator 
USEPA, Region 9 
Water Management Division 
Wetlands, Oceans and Estuarine Branch 
1235 Mission Street 
San Francisco, California 94103 
(FTS) 464-2187 
(4 15) 744-2180 

Bill Riley, Wetlands Coordinator 
USEPA, Region 10 
Water Management Division 
Environmental Evaluation Branch 
1200 Sixth Avenue 
Seattle, Washington 98101 
(FTS) 399-1412 
(206) 422-1412 
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Regional Wetland Program Coordinators 

U.S. Fish and Wildlife Service (USFWS) 

Region 1 California, Hawaii, 
Idaho, Nevada, 
Oregon, Washington 

RWC: Dennis Peters 
ASST: Howard Browers 

Region 2 Arizona, New Mexico 
Oklahoma, Texas 

RWC: Warren Hagenbuck 
ASST: Curtis Carley 

Region 3 Illinois, Indiana. 
Iowa, Michigan, 
Minnesota, Missouri, 
Ohio, Wisconsin 

RWC: Ron Erickson 
ASST: John Anderson 

Region 4 Alabama, Arkansas, 
Florida, Georgia, 
Kentucky, Louisiana, 
Mississippi, 
North Carolina, 
Puerto Rico, 
South Carolina, 
Tennessee, 
Virgin Islands 

RWC: John Hefner 
ASST: Charlie Storrs 

Regional Wetland Coordinator 
USFWS, Region 1 
Fish and Wildlife Enhancement 
1002 N.E. Holladay Street 
Portland, Oregon 97232-4181 

COM: 503/231-6154 
FTS: 429-6154 

Regional Wetland Coordinator 
USFWS, Region 2 
Room 4012 
500 Gold Avenue, SW 
Albuquerque, New Mexico 87103 

COM: 505/766-2914 
Frs: 474-2914 

Regional Wetland Coordinator 
USFWS, Region 3 
Fish and Wildlife Enhancement 
Federal Building, Ft Snelling 
Twin Cities, Minnesota 551 11 

COM: 6121725-3536 
FTS: 725-3536 

Regional Wetland Coordinator 
USFWS, Region 4 
R.B. Russell Federal Building 
75 Spring Street, S.W. 
Suite 1276 
Atlanta, Georgia 30303 

COM: 404/33 l-6343 
FTs:841-6343 



Region 5 Connecticut, 
Delaware, Maine, 
Maryland, 
Massachusetts, New 
Hampshire, New York, 
New Jersey, 
Pennsylvania, Rhode 
Island, Vermont, Virginia, 
West Virginia 

Regional Wetland Coordinator 
USFWS, Region 5 
One Gateway Center, Suite 700 
Newton Corner, MA 02158 

COM 617/965-5100 
FTS: 829-9379 

RWC: Ralph Tiner 
ASST: Glenn Smith 

Region 6 Colorado, Kansas, 
Montana, Nebraska, 
North Dakota, 
South Dakota, 
Utah, Wyoming 

RWC: Chuck Elliott 
ASST- Bill Pearson 

Region 7 Alaska 

RWC: Jon Hall 
ASST: David Dal1 

Regional Wetland Coordinator 
USFWS, Region 6 
Fish and Wildlife Enhancement 
P 0 Box 25486 
Denver Federal Center 
Denver, Colorado 80225 

COM 303i236-8180 
FTS 776-8180 

Regional Wetland Coordinator 
USFWS. Region 7 
10 11 East Tudor Road 
Anchorage, Alaska 99503 

COM: 907i786-3403 or 3471 
FTS. (8) 907/786-3403 
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Appendix E 

EXAMPLE OF STATE CERTIFICATION ACTION INVOLVING 
WETLANDS UNDER CWA SECTION 401 

The dam proposed by the City of Harrisburg was 
to be 3,000 feet long and 17 feet high. The dam was 
to consist of 32 bottom-hinged flap gates. The dam 
would have created an impoundment with a surface 
area of 3,800 acres, a total storage capacity of 
35,000 acre-feet, and a pool elevation of 306.5 feet. 
The backwater would have extended approximately 
8 miles upstream on the Susquehanna River and 
approximately 3 miles upstream on the Con- 
odoguinet Creek. 

The project was to be a run-of-the-river facility, 
using the head difference created by the dam to 
create electricity. Maximum turbine flow would have 
been 10,000 cfs (at a nethead of 12.5), and minimum 
flow would have been 2,000 cfs. Under normal con- 
ditions, all flows up to 40,000 cfs would have passed 
through the turbines. 

b. The destruction of the wetlands will 
cause the loss of beds of emergent 
aquatic vegetation that serve as 
habitat for juvenile fish. Loss of this 
habitat will adversely affect the rela- 
tive abundance of juvenile and adult 
fish (especially smallmouth bass) 

C. The wetlands which will be lost are 
critical habitat for, among other 
species, the yellow crowned night 
heron, black crowned night heron, 
marsh wren and great egret In addi- 
tion. the yellow crowned night heron 
is a proposed State threatened 
species, and the marsh wren and 
great egret are candidate species of 
special concern 

The public notice denying 401 certification for this 
project stated as follows: 

1. The construction and operation of the 
project will result in the significant loss of 
wetlands and related aquatic habitat and 
acreage. More specifically 

d. All affected wetlands areas are impor- 
tant and, to the extent that the loss of 
these wetlands can be mitigated. the 
applicant has failed to demonstrate 
that the mitigation proposed is ade- 
quate. To the extent that adequate 
mitigation is possible. mitigation must 

a. The destruction of the wetlands will 
include replacement in the river sys- 

have an adverse impact on the local 
tem. 

river ecosystem because of the in- 
tegral role wetlands play in maintain- 

e. Proposed riprapping of the shoreline 

ing that ecosystem. 
could further reduce wetland 
acreage The applicant has failed to 
demonstrate that there will not be an 
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adverse water quality and related 
habitat impact resulting from riprap- 
ping. 

f. Based upon information received by 
the Department, the applicant has un- 
derestimated the total wetland 
acreage affected. 

2. The applicant has failed to demonstrate that 
there will be no adverse water quality im- 
pacts from increased groundwater levels 
resulting from the project. The ground 
water model used by the applicant is not 
acceptable due to erroneous assumptions 
and the lack of a sensitivity analysis. The 
applicant has not provided sufficient infor- 
mation concerning the impact of increased 
groundwater levels on existing sites of sub- 
surface contamination, adequacy of subsur- 
face sewage system replacement areas and 
the impact of potential increased surface 
flooding. Additionally, information was not 
provided to adequately assess the effect of 
raised groundwater on sewer system 
laterals, effectiveness of sewer rehabilitation 
measures and potential for increased flows 
at the Harrisburg wastewater plant. 

3. The applicant has failed to demonstrate that 
there will not be a dissolved oxygen problem 
as a result of the impoundment. Present in- 
formation indicates the existing river system 
In the area is sensitive to diurnal, dissolved 
oxygen fluctuation. Sufficient information 
was not provided to allow the Department to 
conclude that dissolved oxygen standards 
will be met In the pool area. Additionally. the 
applicant failed to adequately address the 
issue of anticipated dissolved oxygen levels 
below the dam. 

4. The proposed impoundment will create a 
backwater on the lower three miles of the 
Conodoguinet Creek. Water quality in the 

5. 

6. 

7. 

8. 

9. 

Creek Is currently adversely affected by 
nutrient problems. The applicant has failed 
to demonstrate that there will not be wafer 
quality degradation as a result of the im- 
poundment. 

The applicant has failed to demonstrate that 
there will not be an adverse water quality 
impact resulting from combined sewer over- 
flows. 

The applicant has failed to demonstrate that 
there will not be an adverse water quality 
impact to the 150-acre area downstream of 
the proposed dam and upstream from the 
existing Dock Street dam. 

The applicant has failed to demonstrate that 
the construction and operation of the 
proposed dam will not have an adverse im- 
pact on the aquatic resources upstream 
from the proposed impoundment. For ex- 
ample, the suitability of the impoundment for 
smallmouth bass spawning relative to the 
frequency of turbid conditions during 
spawning was not adequately addressed 
and construction of the dam and impound- 
ment will result in a decrease in the diversity 
and density of the macroinvertebrate com- 
munity in the impoundment area. 

Construction of the dam will have an ad- 
verse impact on upstream and downstream 
migration of migratory fish (especially shad). 
Even with the construction of fish pas- 
sageways for upstream and downstream 
migration, significant declines in the num- 
bers of fish successfully negotiating the 
obstruction are anticipated. 

The applicant has failed to demonstrate that 
there will not be an adverse water quality 
impact related to sedimentation within the 
pool area. 
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ABSTRACT 

Extension of the national numeric aquatic life criteria to 
wetlands has been recommended as part of a program to develop 
standards and criteria for wetlands. This report provides an 
overview of the need for standards and criteria for wetlands and 
a description of the numeric aquatic life criteria. The numeric 
aquatic life criteria are designed to be protective of aquatic 
life and their uses for surface waters, and are probably 
applicable to most wetland types. This report provides a 
possible approach, based on the site-specific guidelines, for 
detecting wetland types that might not be protected by direct 
application of national numeric criteria. The evaluation can be 
simple and inexpensive for those wetland types for which 
sufficient water chemistry and species assemblage data are 
available, but will be less useful for wetland types for which 
these data are not readily available. The site-specific approach 
is described and recommended for wetlands for which modifications 
to the numeric criteria are considered necessary. The results of 
this type of evaluation, combined with information on local or 
regional environmental threats, can be used to prioritize wetland 
types (and individual criteria) for further site-specific 
evaluations and/or additional data collection. Close 
coordination among regulatory agencies, wetland scientists, and 
criteria experts will be required. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

MEMORANDUM 

OFFICE OF 
WATER 

SUBJECT: Numeric Water Quality Criteria for Wetlands 

FROM: William R. Diamond, Director 
Standards and Applied Science Division 
Office of Science and Technology 

TO: Water Management Division Directors (Regions I-X) 
Environmental Services Division Directors (Regions I-X) 

State Water Pollution Control Agency Directors 

The purpose of this memorandum is to provide you with a copy 
of a report entitled "An Approach for Evaluation of Numeric Water 
Quality Criteria for Wetlands Protection", prepared by EPA’s 
Environmental Research Laboratory in Duluth, Minnesota. This 
report was requested in the early stages of planning for wetland 
water quality standards to assess the applicability of EPA's 
existing numeric aquatic life criteria methodology for wetlands. 
This report was prepared by the Wetlands Research Program and is 
part of the Agency's activities to assist States with developing 
water quality standards for wetlands. 

The report evaluates EPA's numeric aquatic life criteria to 
determine how they can be applied to wetlands. Numeric aquatic 
life criteria are designed to be protective of aquatic life for a 
wide range of surface water types. The report suggests that most 
numeric aquatic life criteria are applicable to most wetland 
types. 

However, there are some wetland types where EPA's criteria 
are not appropriate. This report presents an approach that 
States may use as a screening tool to detect those wetland types 
that may be under- or overprotected by EPA's criteria. The 
proposed approach relies on data readily available from EPA's 
304(a) criteria documents, as well as species assemblages and 
water quality data from individual wetland types. The results of 
this type of simple evaluation can be used to prioritize wetland 
types where further evaluation may be needed prior to setting 
criteria. Two example analyses of the approach are included in 
the report. EPA's site-specific criteria development guidelines 
can then be used to modify criteria if appropriate. 



This report compiles existing information from EPA's 304(a) 
criteria guidance documents and site-specific criteria 
methodologies and does not contain new guidance or policy. The 
report has been peer reviewed by ERL/Duluth scientists who 
develop EPA's 304 criteria. The report also has been reviewed by 
the Standards and Applied Science Division and the Wetlands 
Division. 

If you have additional questions on the information 
contained in this report or its applications, contact the 
following persons: David Sabock, Water Quality Standards Branch, 
at 202-475-7315 regarding designated uses and water quality 
standards policies; Bob April, Ecological Risk Assessment Branch, 
at 202-475-7315, regarding EPA's aquatic life criteria: or Bill 
Sanville, Environmental Research Laboratory/Duluth, at 218-720- 
5500, regarding the research for this report. 

Attachment 

cc: Water Quality Branch Chiefs (Regions I-X) 
Water Quality Standards Coordinators (Regions I-X) 
Wetlands Coordinators (Regions I-X) 
David Sabock 
Bob April 
Bill Sanville 
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SECTION 1 

INTRODUCTION 

NEED FOR STANDARDS FOR WETLANDS 

Wetlands have been studied and appreciated for a relatively 
short time in relation to other types of aquatic systems. The 
extent of their value in the landscape has only recently been 
recognized: in fact, a few decades ago government policies 
encouraged wetland drainage and conversion. Wetlands 
traditionally have been recognized as important fish and wildlife 
habitats, and it is estimated that over one-third of U.S. 
endangered species require wetland habitat for their continued 
existence. Some of their many other values, however, have become 
apparent only recently. These include attenuation of flood 
flows, groundwater recharge, shoreline and stream bank 
stabilization, filtering of pollutants from point and nonpoint 
sources, unique habitats for both flora and fauna, and 
recreational and educational opportunities.1 

Impacts to Wetlands 

Despite new appreciation of the valuable functions that 
wetlands perform in the landscape, they continue to be destroyed 
and altered at a rapid pace. Since pre-settlement times over 
half of the wetlands in the continental U.S. have been destroyed, 
and losses over the last few decades have remained high.2 These 
figures only represent actual loss of acreage and do not account 
for alterations to or contamination of still-extant wetlands. 
The causes of wetland destruction and degradation include:3 

* Urbanization - Resulting in drainage and filling, 
contamination, and ecological isolation of wetlands. 

* Agriculture Conversion - Drainage, cropping, and 
grazing which change or destroy wetland structure and 
ecological function. 

* Water Resource Development - Water flow alterations to 
wetlands from diking, irrigation diversions, 
alterations to rivers for navigation, diversions for 
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water supply, and groundwater pumping. These result in 
changes in the hydrology that sustains the wetland 
system. 

* Chemical Pollution - From point and nonpoint sources, 
hazardous waste sites, mining, and other activities. 
These can overwhelm the assimilative capacity of 
wetlands or be toxic to wetland organisms. 

* Biological Disturbances - Introduction or elimination 
of plant and animal species that affect ecosystem 
processes. 

Gaps in Federal Regulatory Programs 

Existing Federal regulatory programs intended to reduce some 
of the impacts described above leave major gaps in the protection 
of wetlands. Section 404 of the Clean Water Act (CWA) requires a 
permit to be obtained from the Army Corps of Engineers, in 
cooperation with the U.S. Environmental Protection Agency (EPA), 
before dredged material or fill can be discharged into waters of 
the United States. Alterations such as drainage, water 
diversion, and chemical contamination are not covered by Section 
404 unless material will be discharged into the wetland in 
association with such alterations. The Resource Conservation and 
Recovery Act, which regulates the disposal of hazardous wastes, 
and the CWA, which regulates contamination from waste-water 
discharges and nonpoint-source pollution, could provide 
protection from certain impacts, but they have not been used 
consistently to regulate impacts to wetlands. Programs designed 
to protect endangered species, migratory birds, and marine 
mammals have also been used to reduce impacts to wetlands, 
"the application of these programs also has been uneven."4 

but 

Gaps in State Regulatory Programs 

Wetland regulations vary greatly among States. Some States 
are now developing narrative standards for wetlands (e.g. 
Wisconsin, Rhode Island, and others). On the other hand, 
although wetlands are included in the Federal definition of 
"waters of the United States" and are protected by Section 101(a) 
of the CWA, not all States include them as "waters of the State" 
in their definitions. A review conducted in 1989 by the EPA 
Office of Wetlands Protection and the Office of Water Regulations 
and Standards found that only 27 of 50 States mentioned wetlands 
in definitions of State waters. The review verified that there 
generally is a lack of consideration given to water quality 
standards for wetlands.' 
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Effective Use of Existing Regulatory Options 

Although some impacts (e.g. excavation, most drainage, and 
destruction of vegetation) are not addressed by the current 
implementation of existing regulations and programs, much of the 
chemical contamination of wetlands could be controlled through 
existing Federal and State water pollution control laws.‘ The 
National Wetlands Policy Forum recommended that EPA and State 
water pollution control agencies review the implementation of 
their water quality programs to ensure that the chemical 
integrity of wetlands is adequately protected. The Forum 
stressed the need to develop water quality standards designed to 
protect sensitive wetlands.4 

Under Section 401 of the CWA, States have authority to 
authorize, condition, or deny all Federal permits or licenses in 
order to comply with State water quality standards, including, 
but not limited to, Sections 402 and 404 of the CWA, Sections 9 
and 10 of the Rivers and Harbors Act, and Federal Energy 
Regulatory Commission licenses. States with water quality 
standards that apply to or are specifically designed for wetlands 
can use 401 certification much more effectively as a regulatory 
tool. 

As wetlands receive more recognition as important components 
of State water resources, the need for testing the applicability 
of some existing guidelines and standards to wetlands regulation 
becomes more apparent. 

PROPOSED APPROACH TO DEVELOPMENT OF WETLAND STANDARDS 

The EPA Office of Water Regulations and Standards and Office 
of Wetlands Protection recently completed a document entitled, 
"National Guidance: Water Quality Standards for Wetlands."6 It 
recommends a two-phased approach for the development of water 
quality standards for wetlands. In the first 3-year phase of 
this program, standards for wetlands would be developed using 
existing information in order to provide protection to wetlands 
consistent with the protection afforded other State waters. 
Technical support for this initial phase will be provided through 
documents such as this one, which focuses on the application of 
existing numeric criteria to wetlands. These criteria are widely 
used. Applying them to wetlands requires a small amount of 
effort and can be accomplished quickly. 

The development of narrative biocriteria is also required in 
the initial phase of standards development. The long-term goal 
(3-10 years) of this program is to develop numeric biocriteria 
for wetlands. It is anticipated that both narrative and numeric 
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biocriteria can provide a more integrative estimate of whole- 
wetland health and better identification of impacts and trends 
than can be attained by traditional numeric chemical criteria. 
Field-based, community-level biosurveys can be implemented to 
complement, and help validate, laboratory-based conclusions. 
Results of such surveys can be used to monitor wetlands for 
degradation and establish narrative or numeric biocriteria or 
guidance which take into account "real world" biological 
interactions and the interactions of multiple stressors. 

More information on the development of numeric biocriteria 
will be available in a guidance document in coming years. 
Technical guidance to support the development of biological 
criteria for wetlands has also been prepared.' This guidance 
provides a synthesis of technical information on field studies of 
inland wetland biological communities. 

PURPOSE OF THIS DOCUMENT 

A number of steps are needed to develop wetland standards. 
The document, "National Guidance: Water Quality Standards for 
Wetlands," mentioned above, provides general guidelines to the 
States for each of the following steps: the inclusion of 
wetlands in definitions of State waters, the relationship between 
wetland standards and other water-related programs, use 
classification systems for wetlands, the definition of wetland 
functions and values, the applicability of existing narrative and 
numeric water quality criteria to wetlands, and the application 
of antidegradation policies to wetlands. 

The technical document for biological criteria7 and this 
report are companions to the guidance document described above. 
This report is directed primarily toward wetland scientists 
unfamiliar with water quality regulation and is intended to 
provide a basis for dialogue between wetland scientists and 
criteria experts regarding adapting numeric aquatic life criteria 
to wetlands. More specifically: 

1) It provides background information and an overview of 
water quality standards and numeric chemical criteria, including 
application to wetlands. 

2) The need for evaluating numeric water quality criteria is 
discussed. The site-specific guidelines are introduced and 
discussed in two contexts: a) as an initial screening tool to 
ensure that water quality in extreme wetland types is adequately 
protected by criteria, and b) in terms of using the site-specific 
guidelines to modify criteria for wetlands where criteria might 
be over or underprotective. 
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3) An approach is described that uses information available 
from criteria documents and is designed to: a) detect wetland 
types where water quality is not clearly protected by existing 
criteria, and b) help prioritize further evaluations and research 
efforts. 

4) A simple test of the approach is presented with two 
examples. Results are not considered conclusive and are 
presented only as an example of the procedure. 

Most of the data and examples are based on the freshwater 
acute criteria. A similar approach should be equally applicable 
to the saltwater acute criteria and to both saltwater and 
freshwater chronic criteria. 
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SECTION 2 

CURRENT SURFACE WATER STANDARDS AND CRITERIA 

This section describes how criteria are used in State 
standards, how national numeric criteria are derived, and what 
options are currently available for modifying national aquatic 
life criteria. 

DESCRIPTION OF STANDARDS MD CRITERIA 

Surface waters are protected by Section 101(a) of the CWA 
with the goal: "to restore and maintain the chemical, physical, 
and biological integrity of the nation's waters." State water 
quality standards are developed to meet this goal. 

State Standards 

There are two main components to establishing a standard: 
1) The level of water quality attainable for a particular 
waterbody, or the designated use of that waterbody (e.g. 
recreational, fishery, etc.) is determined; 2) Water quality 
criteria (usually a combination of narrative and numeric) are 
established to protect that designated use. Water quality 
standards also contain an antidegradation policy "to maintain and 
protect existing uses and water quality, to provide protection 
for higher quality waters, and to provide protection for 
outstanding national resource waters."8 State standards for a 
particular waterbody must be met when discharging wastewaters. 
The "National Guidance: Water Quality Standards for Wetlands"6 
outlines a basic program to achieve these goals for wetlands. 

Aquatic Criteria 

Narrative Criteria-- 
Narrative criteria are statements, usually expressed in a 

"free from . . . " format. For example, all States have a narrative 
statement in their water quality standards which requires that 
their waters not contain "toxic substances in toxic amounts." 
Narrative criteria are typically applied at the State level when 
combinations of pollutants must be controlled or when pollutants 
are present which are not listed in State water quality 
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standards.8 States must document the process by which they 
propose to implement these narrative criteria in their standards. 

Numeric Criteria-- 
Pollutant-specific numeric criteria are used by the States 

when it is necessary to control individual pollutants in order to 
protect the designated use of a waterbody. Fate and transport 
models commonly are used to translate these criteria into permit 
limits for individual dischargers. Some criteria apply State- 
wide and others are specific to particular designated uses or 
waterbodies. 

National numeric criteria are developed by EPA based on best 
available scientific information. They serve as recommendations 
to assist States in developing their own criteria and to assist 
in interpreting narrative criteria.9 These include human health 
and aquatic life pollutant-specific criteria and whole effluent 
toxicity criteria. Sediment criteria are now being developed. 
States can adopt national numeric criteria directly. 
Alternatively, site-specific criteria may be developed using EPA- 
specified guidelines, and State-specific criteria can be derived 
using procedures developed by the State.8 

DEVELOPMENT OF NATIONAL AQUATIC LIFE NUMERIC CRITERIA 

National aquatic life criteria are usually derived using 
single-species laboratory toxicity tests. Tests are repeated 
with a wide variety of aquatic organisms for each chemical. The 
criteria are designed to protect against unacceptable effects to 
aquatic organisms or their uses caused by exposures to high 
concentrations for short periods of time (acute effects), to 
lower concentrations for longer periods of time (chronic 
effects), and to combinations of both.9 EPA criteria are 
composed of 1) magnitude (what concentration of a pollutant is 
allowable): 2) duration of exposure (the period of time over 
which the in-stream concentration is averaged for comparison with 
criteria concentrations): and 3) frequency (how often the 
criterion can be exceeded without unacceptably affecting the 
community).10 Separate criteria are determined for fresh water 
and salt water. Field data are used when appropriate. 

All acceptable data regarding toxicity to fish and 
invertebrates are evaluated for inclusion in the criteria. Data 
on toxicity to aquatic plants are evaluated to determine whether 
concentrations of the chemical that do not cause unacceptable 
effects to aquatic animals will cause unacceptable effects to 

plants. Bioaccumulation data are examined to determine if 
residues in the organisms might exceed FDA action levels or cause 
known effects on the wildlife that consume them. For a Complete 
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description of the procedures for deriving ambient criteria, 
consult the "National Guidelines" (1985).9 

Numeric water quality criteria are designed to protect most 
of the species inhabiting a site.9 A wide variety of taxa with a 
range of sensitivities are required for deriving criteria. 
Guidelines are followed to determine the availability of 
sufficient experimental data from enough appropriate taxa to 
derive a criterion. For example, to derive a freshwater Final 
Acute Value for a chemical, results of acute tests with at least 
one species of freshwater animal in at least eight different 
families are required. Acute and chronic values can be made to 
be a function of a water quality characteristic such as Ph, 
salinity, or hardness, when it is determined that these 
characteristics impact toxicity, and enough data exist to 
establish the relationship. Table 1 lists the chemicals for 
which freshwater aquatic life criteria have been developed and 
indicates which of those criteria are pH, hardness, or 
temperature dependent. 

SITE-SPECIFIC GUIDELINES 

An option for modifying national aquatic life water quality 
criteria to reflect local conditions is presented in the site- 
specific guidelines. States may develop site-specific criteria 
by modifying the national criteria for sites where 1) water 
quality characteristics, such as pH, hardness, temperature, etc., 
that might impact toxicity of the pollutants of concern differ 
from the laboratory water used in developing the criterion; or 2) 
the types of organisms at the site differ from, and may be more 
or less sensitive than, those used to calculate the criterion; or 
3) both may be true. Site-specific criteria take local 
conditions into account to provide an appropriate level of 
protection. They can also be used to set seasonal criteria when 
there is high temporal variability.8 

A testing program can be used to determine whether site- 
specific modifications to criteria are necessary. This program 
may include water quality sampling and analysis, a biological 
survey, and acute and chronic toxicity tests.11 If site-specific 
modifications are deemed necessary, 3 separate procedures are 
available for using site-specific guidelines to modify criteria 
values, including the recalculation procedure, the indicator 
species procedure, and the resident species procedure. These 
will be discussed more fully in the next section. 
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SECTION 3 

THE NEED FOR EVALUATING NUMERIC WATER QUALITY CRITERIA: 
USE OF THE SITE-SPECIFIC GUIDELINES 

OVERALL RELEVANCE OF CRITERIA TO WETLANDS 

The national aquatic life criteria have been developed to 
provide guidance to the States for the protection of aquatic life 
and their uses in a variety of surface waters. They are designed 
to be conservative and "'... have been developed on the theory 
that effects which occur on a species in appropriate laboratory 
tests will generally occur on the same species in comparable 
field situations. All North American bodies of water and 
resident aquatic species and their uses are meant to be taken 
into account, except for a few that may be too atypical ..."9 A 
wide variety of taxonomic groups sensitive to many materials are 
used in testing, including many taxa common to both wetlands and 
other surface waters. In order to ensure that criteria are 
appropriately protective, water used for testing is low in 
particulate matter and organic matter, because these substances 
can reduce availability and toxicity of some chemicals. For 
these reasons, the "National Guidance: Water Quality Standards 
for Wetlands" states that, in most cases, criteria should be 
protective of wetland biota.6 

Although the water quality criteria are probably generally 
protective of wetlands and provide the best currently available 
tool for regulating contamination from specific pollutants, there 
are many different types of wetlands with widely variable 
conditions. There might be some wetland types where the resident 
biota or chemical and physical conditions are substantially 
different from what the criteria were designed to protect. These 
differences could result in underprotection or overprotection of 
the wetland resource. This section discusses the use of site- 
specific guidelines for wetland types for which certain criteria 
might be over or underprotective, but its primary focus is to 
provide a mechanism to identify wetland types that might be 
underprotected by certain criteria and that might require further 
research. 
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WETLAND VARIABILITY 

Wetlands are usually located at the interface between 
terrestrial systems and truly aquatic systems, and so combine 
attributes of both." They are intermediate between terrestrial 
and aquatic systems in the amount of water they store and process 
and are very sensitive to changes in hydrology.'* Their chemical 
and physical properties, such as nutrient availability, degree of 
substrate anoxia, soil salinity, sediment properties, and pH are 
influenced greatly by hydrologic conditions. Attendees at a 
Wetlands Water Quality Workshop (held in Easton, Maryland in 
August, 1988) listed the most common ways in which wetlands 
differ from "typical" surface waters: higher concentrations of 
organic carbon and particulate matter, more variable and 
generally lower pH, more variable and generally lower dissolved 
oxygen, more variable temperatures, and more transient 
availability of water." 

There is also high variability among wetland types. 
Wetlands, by definition, share hydrophytic vegetation, hydric 
soils, and a water table at or near the surface at some time 
during the growing season. Beyond these shared features, 
however, there is tremendous hydrological, physical, chemical, 
and biological variability. For example, an early 
classification system for wetlands "Circular 39", listed 20 
distinctly different wetland types 14 and the present "Cowardin" 
system lists 56 classes of wetlands.15 This variability makes it 
important to evaluate different wetland types individually. 

USE OF THE SITE-SPECIFIC GUIDELINES FOR WETLANDS 

The site-specific guidelines outlined in Section 2 are 
designed to address the chemical and biological variability 
described above. Determining the need for site-specific 
modifications to criteria requires a comparison of the aquatic 
biota and chemical conditions at the site to those used for 
establishing the criterion. This comparison is useful for 
identifying wetland types that might require additional 
evaluation. The three site-specific options are discussed in the 
context of their general relevance to wetlands and are used in 
this discussion to provide a framework for evaluating the 
protectiveness of criteria for wetlands. 

In most cases, because of the conservative approach used in 
the derivation of the criteria, use of the site-specific 
guidelines to modify criteria results in no change or in their 
relaxation, provided that an adequate number of species are used 
in the calculations. However, criteria can also become more 
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restrictive. Newly tested species could be especially sensitive 
to certain pollutants, or extreme water conditions found in some 
surface waters or wetland types might not reduce the toxicity of 
a chemical. Disease, parasites, predators, other pollutants, 
contaminated or insufficient food, and fluctuating and extreme 
conditions might all affect the ability of organisms to withstand 
toxic pollutants.9 

Appropriateness of Testing Organisms: Recalculation Procedure . 

The first option given in the site-specific guidelines is 
the recalculation procedure.8,11 This approach is designed to 
take into account differences between the sensitivity of resident 
species and those used to calculate a criterion for the material 
of concern. It involves eliminating data from the criterion 
database for species that are not resident at that site. It 
could require additional resident species testing in laboratory 
water if the number of species remaining for recalculating the 
criterion drops below the minimum data requirements. "Resident" 
species include those that seasonally or intermittently exist at 
a site.11,16 

Use of the recalculation procedure will not necessarily 
result in a higher acute criterion value (less restrictive), even 
if sensitive species are eliminated from the dataset and minimum 
family requirements are met. The number of families used to 
calculate Final Acute Values is important. If a number of non- 
wetland species are dropped out of the calculation without adding 
a sufficient number of new species, a lower (more restrictive) 
Final Acute Value can result, because data are available for 
fewer species." 

Similarity of Required Taxa and Typical Wetland Species-- 
The variety of test species required to establish the 

national numeric criteria was chosen to represent a wide range of 
taxa having a wide range of habitat requirements and sensitivity 
to toxicants. Establishment of a freshwater Final Acute Value 
for a chemical requires a minimum of 8 different types of 
families to be tested. These include: 1) the family Salmonidae; 
2) a second family of fish, preferably a warmwater species: 3) a 
third family in the phylum Chordata (fish, amphibian, etc.): 4) a 
planktonic crustacean: 5) a benthic crustacean: 6) an insect: 7) 
a family in a phylum other than Arthropoda or Chordata; and 8) a 
family in any order of insect or phylum not already represented.9 

When a required type of family does not exist at a site, the 
guidelines for the recalculation procedure specify that 
substitutes from a sensitive family, resident in the site, should 
be added to meet the minimum family data requirement. should it 
happen that all resident families have been tested and the 
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minimum data requirements still have not been met, the acute 
toxicity value from the most sensitive resident family that has 
been tested should be used as the site-specific value. 

Most of the required families are probably well-represented 
in most wetland types. Some types of wetlands, however, seldom 
or never contain fish, and most wetland types do not support 
salmonids or aquatic insects requiring flowing water. 

General Evaluation of Species Suitability-- 
Table 2 presents six criterion chemicals chosen as examples 

and the eight taxonomic groups required to establish criteria. 
The chemicals include two organochlorines: polychlorinated 
biphenyls (PCBs - used in industrial applications, 
environmentally-persistent, bioaccumulate) and pentachlorophenol 
(widely used fungicide and bactericide); one organophosphate: 
parathion (insecticide); two metals: zinc and chromium (VI); and 
cyanide. 

The species used for acute toxicity testing for each of the 
six chemicals have been broken down by taxonomic group and 
evaluated based on the likelihood that those species can be found 
in wetlands. Except for the unsuitability of the Salmonidae to 
most wetland types, most of the taxonomic groups are well- 
represented for the six chemicals used as examples. Wetland 
species were not present in the list of species used to calculate 
the Final Acute Value for the "non-arthropod/non-chordate" and 
"another insect or new phylum" groups for a few of the criteria. 
This is not because these groups are not represented in wetlands. 
These are very general classifications. For example, the "non- 
arthropod/non-chordate" group can include rotifers, annelids, and 
mollusks among other phyla, all of which should have many 
representatives in most types of wetlands. There is a large 
degree of variation in the total number of species tested for the 
six chemicals used as examples, ranging from 10 fish and 
invertebrates for polychlorinated biphenyls (PCBs) to 45 for zinc 
(Table 7). Criteria based on smaller numbers of species are less 
likely to include a sufficient number of wetland species to 
fulfill the minimum family requirements. Additional toxicity 
testing, using laboratory water and wetland species from the 
missing families, can be done to fill these gaps. 

While the general taxonomic groups required for toxicity 
testing are fairly well represented in wetlands, the similarity 
between the genera and species inhabiting individual wetland 
types and those used for criteria testing varies widely among 
criteria and wetland types. Species chosen for toxicity testing 
were seldom or never chosen with wetlands in mind. In addition, 
relatively little is known about species assemblages in some 
types of wetlands (particularly in those lacking surface waters, 
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such as wet meadows or bogs). Defining typical wetland taxa is 
difficult. For example, while most m of wetlands do not 
support salmonids, Coho salmon are highly dependent on wetlands 
in Alaska, where there is a higher percentage and acreage of 
wetlands than in any other State. Part of the utility of the 
evaluation proposed here is in identifying where significant gaps 
in data exist. 

. . uence of Cofactors. -or Species Proca 

The second of the three site-specific procedures, the 
indicator species procedure, accounts for differences in 
biological availability and/or toxicity of a material caused by 
physical and/or chemical characteristics of the site water, or 
cofactors. For the acute test, the effect of site water is 
compared to the effect of laboratory water, using at least two 
resident species or acceptable non-resident species (one fish and 
one invertebrate) as indicators. A ratio is determined, which is 
used to modify the Final Acute Value. See Carlson et al. (1984) 
for information and guidelines for determination of site-specific 
chronic values." 

Suitability of Standard Testing Conditions-- 
Standard aquatic toxicity tests are performed using natural 

or reconstituted dilution water that should not of itself affect 
the results of toxicity tests. For example, organic carbon and 
particulate matter are required to be low to avoid sorption or 
complexation of toxicants, which might lower the toxicity or 
availability of some criterion chemicals. Recommended acute test 
conditions for certain water quality characteristics of fresh and 
salt water are listed in Table 3. Wetlands, as well as some 
types of surface waters, can have values far outside the ranges 
used for standard testing for some of these characteristics (most 
notably total organic carbon, particulate matter, pH, and 
dissolved oxygen). Wetland types can be evaluated to identify 
these extremes. 

Wetland Cofactors-- 
Many water quality characteristics can 1) act as cofactors 

to affect the toxicity of pollutants (e.g. alkalinity/acidity, 
hardness, ionic strength, organic matter, temperature, dissolved 
oxygen, suspended solids); 2) can be directly toxic to organisms 
(e.g. un-ionized ammonia, high or low pH, hydrogen sulfide, low 
dissolved oxygen); or 3) can interfere mechanically with feeding 
and reproduction (e.g. suspended solids). The criteria for some 
of these water quality characteristics can be naturally exceeded 
in many wetland types, as well as in some lakes and streams. 

Hardness, pH, and temperature adjustments built into a few 
of the criteria account for effects from these cofactors in a few 

13 



ca8es, but no other cofactors are now included in the criteria, 
despite some known effects. For example, alkalinity, salinity, 
and suapended solids, in addition to pH and hardness, are known 
to affect the toxicities of heavy metals and ammonia. These 
cofactors are not included in the criteria primarily because 
there are insufficient data.' For example, most toxicity tests 
have been performed under conditions of low or high salinity, so 
that estuaries, where salinity values can vary greatly, may 
require 
metals." 

salinity-dependent site-specific criteria for some 
An initial evaluation of the adequacy of protection 

provided to a wetland type by a criterion should take possible 
cofactor effects into account. 

. . e&nt mcies Procew 

The resident species procedure accounts for differences in 
both species sensitivity and water quality characteristics." 
This procedure is costly, because it requires that a complete 
minimum dataset be developed using site water and resident 
species. It is designed to compensate concurrently for 
differences in the sensitivity range of species represented in 
the dataset used to derive the criterion and for site water 
differences which may markedly affect the biological availability 
and/or toxicity of the chemical." 

AQUATIC PLANTS 

One of the most notable differences between wetlands and 
other types of surface waters is the dominance (and importance) 
of aquatic macrophytes and other hydrophytic vegetation in 
wetlands. Aquatic plants probably constitute the majority of the 
biomass in most wetland types. 

Few data concerning toxicity to aquatic plants are currently 
required for deriving aquatic life criteria. Traditionally, 
procedures for aquatic toxicity tests on plants have not been as 
well developed as for animals. Although national numeric 
criteria development guidelines state that results of a test with 
a freshwater alga or vascular plant "should be available" for 
establishing a criterion, they do not require that information.' 
The Final Plant Value is the lowest (most sensitive) result from 
tests with important aquatic plant species (vascular plant or 
alga), in which the concentrations of test material were measured 
and the endpoint was biologically important. Plant values are 
compared to animal values to determine the relative sensitivities 
of aquatic plants and animals. If plants are "among the aquatic 
organisms that are most sensitive to the material," results of a 
second test with a plant from another phylum are included.9 
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Results of tests with plants usually indicate that criteria 
which protect aquatic animals and their uses also protect aquatic 
plants and their uses.' As criteria are evaluated for their 
suitability for wetlands, however, plant values should be 
examined carefully. Additional plant testing may be advisable in 
some cases. If site-specific adjustments are made to some 
criteria, they could result in less restrictive acute and chronic 
values for animals. Some plant values could then be as sensitive 
or more sensitive than the animal values. Chemicals with fairly 
sensitive plant values include: aluminum, arsenic(III), cadmium, 
chloride, chromium(VI), cyanide, and selenium(V1). For example, 
fish are generally much more sensitive to cyanide than 
invertebrates. If the recalculation procedure was used to 
develop a site-specific cyanide criterion for a wetland type 
containing no fish, values for these sensitive species would be 
replaced in the calculation, possibly by less sensitive species. 
A less restrictive criterion could result, possibly making the 
plant value more sensitive than the animal value. Therefore, 
additional consideration should be given to plant toxicity data 
for wetland systems. 
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SECTION 4 

EVALUATION PROGRAM 

The direct application of existing aquatic life criteria to 
wetlands is assumed to be reasonable in most cases. It provides 
a practical approach towards protecting the biological integrity 
of wetlands. The following evaluation program offers a possible 
strategy to identify extreme wetland types that might be 
underprotected by some criteria, to prioritize wetland types and 
criterion chemicals for further testing or research, and to 
identify gaps in available data. The approach can be helpful for 
identifying those instances where modifications to existing 
criteria might be advisable. The proposed evaluation program 
offers a screening tool to begin to answer the following 
questions: 1) Are there some wetland types for which certain 
criteria are underprotective? 2) For criteria in wetland types 
that cannot be applied directly, can site-specific guidelines be 
used to modify the criteria to protect the wetland? 3) Will 
additional toxicity testing under wetland conditions and with 
wetland species be necessary in some cases in order to establish 
site-specific criteria? 

The proposed approach relates species and water quality 
characteristics of individual wetland types to species and water 
quality characteristics important in deriving each criterion. It 
involves identifying wetland types of concern, identifying 
cofactors possibly affecting toxicity for the criteria of 
interest, gathering data on the biota and water quality 
characteristics of the wetland type, and comparing to data used 
to derive the criterion. 

CLASSIFICATION 

The proposed program for the evaluation of the suitability 
of aquatic life criteria discussed in this section can be done 
separately for individual wetland types. These can be defined in 
the classification process, which is the first step in developing 
standards for wetlands. The classification process requires the 
identification of the various structural types of wetlands and 
identification of their functions and values.6 The 
classification should provide groups of wetlands that are similar 
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enough structurally and functionally so that they can reasonably 
be expected to respond in kind to inputs of toxic chemicals. 

EVALUATING THE APPROPRIATENESS OF DIRECT APPLICATION OF CRITERIA 

Information Needed 

1. Identification of cofactors. Cofactors potentially 
affecting mobility and biological availability for each criterion 
chemical should be identified. Cofactors known to affect each 
criterion chemical are listed in individual national criteria 
documents and are summarized in Table 4. The absence of a 
relationship between a cofactor and a chemical on Table 4 does 
not ensure that no relationship exists, merely that none was 
discussed in the criteria document. The chemistry of the effects 
of the cofactors on the chemicals is often very complicated, and 
limited data are available regarding some of the relationships. 
The approach presented here is simplistic and is geared toward 
directing further efforts. Other sources of information, in 
addition to the criteria documents, should be consulted when 
actually applying this approach. Criteria that include hardness- 
or pH-dependent correction factors (Table 1) should apply 
directly to wetlands unless the wetland type has extremes of pH 
or hardness well outside the ranges used in toxicity testing. 
For example, the pH of acid bogs can be as low as 3.5, well below 
the 6.5 lower limit for toxicity testing (Table 3). 

2. Comparison to wetland water chemistry. Natural levels 
and variability of those cofactors should be identified as well 
as possible for each major wetland type of interest. Wetlands- 
related information can be accumulated through consultation with 
wetland researchers, through literature searches, and from 
monitoring agencies. 

3. Comparison of species lists. Species lists of fish, 
invertebrates, and plants should be compiled for each wetland 
type and compared to lists of species used for testing each 
criterion. Lists should be evaluated on two levels: a) Species 
level - Are the species used for toxicity testing representative 
(the same species or genera, or "similar" in terms of sensitivity 
to toxicants) of the species found in the wetland type? 
b) Family level - Does the wetland contain suitable 
representatives for each of the families listed in the minimum 
family requirements?8,11 Consultation with fish and invertebrate 
specialists, plant ecologists, and wetlands experts will be 
necessary to do this comparison. 
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Adoption of Existing Water Quality Criteria 

The existing water quality criterion should be suitable for 
that wetland type if the following are true: 

1. Important cofactor levels are not naturally exceeded in 
the wetland to a degree that might seriously affect toxicity or 
availability of the chemical. Would toxicity likely be higher, 
lower, or not influenced by typical levels or extremes of a 
particular cofactor in a particular wetland type? 

2. Sufficient species or genera used for aquatic toxicity 
testing are found in the wetland type so that the minimum family 
requirements can be met by resident wetland species. 
Consultation between wetland scientists and criteria experts will 
be necessary in many cases to make judgements on how well- 
represented some wetland types are. 

3. The criterion itself is not naturally exceeded in the 
wetland. 

DEVELOPING SITE-SPECIFIC CRITERIA 

When one or more of these stipulations is not true or when 
insufficient data are available, more evaluation is advisable. 
Again, consultation between wetland scientists and criteria 
experts might be helpful in prioritizing those wetland types for 
which additional protection, or additional research, might be 
needed for some chemicals. Once a priority list for further 
evaluation is established, an approach to obtaining the 
additional required data can be determined. It might be possible 
to group wetlands by type, and possibly by designated use, and 
then develop site-specific criteria for all wetlands of that type 
in the State. 
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SECTION 5 

EXAMPLE ANALYSES 

Evaluations of the applicability of the six criteria listed 
in Table 2 will be made for two sets of wetland data, including 
shallow marshes and prairie potholes. The analyses in these 
examples were made with limited data for each wetland type and 
are preliminary. They have been compiled to be used only as 
illustrations of the usefulness of this approach. 

EXAMPLE 1 

The first example is based on a wetland study taking place 
in southcentral Minnesota. The wetlands are being studied to 
evaluate the effects of disturbance on water quality, as well as 
the effects of pesticides on wetland communities. Therefore 
chemical and biological data have been collected." 

Classification 

The wetland study sites are primarily shallow marshes 
(freshwater palustrine, persistent emergent, semi-permanently or 
seasonally-flooded, according to Cowardin15), dominated by 

Phalaris (reed canary grass) and Typha (cattails), but also 
include a small number of wet meadow/seasonally-flooded wetlands, 
deep marsh, shrub/scrub + woody wetlands, and ponds. 

Steps 1 and 2: Identification of Cofactors and Comparison to 
Wetland Water Chemistry 

Cofactors are identified for criteria chemicals in Table 4. 
Some water quality characteristics averaged for 5 seasons for the 
Minnesota wetlands are summarized in Table 5. 

Although some water chemistry conditions in the shallow 
marshes were within the ranges of the aquatic toxicity testing 
conditions, others were exceeded (Table 3). Wetland values for 
pH were well within the 6.5-9.0 range allowed for testing, so 
criteria having pH as a possible cofactor affecting toxicity 
and/or biological availability should not be underprotective 
because of pH effects. As Table 4 shows, PCP, chromium (VI), 
zinc, and cyanide can be more toxic at low pH values, so a very 
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acidic wetland might require additional evaluation in regard to 
PH. The PCP criterion has an adjustment factor for pH, which 
indicates that enough suitable data are available to allow this 
relationship to be incorporated into the criterion. 

Hardness values were not available for these marshes, but 
were probably fairly low since alkalinity was low. Table 4 lists 
hardness as a cofactor for zinc and chromium (VI). Table 1 
reveals that the zinc criterion has an adjustment factor for 
hardness, so any effect of hardness on zinc toxicity and/or 
biological availability is already included in the criterion and 
does not have to be considered further. Chromium (VI) is more 
toxic at low alkalinity and hardness, but the criterion was 
derived using soft water and should be protective for the 
wetlands. 

Total organic carbon (TOC) was highly variable in the 
wetlands and generally well above the 5 mg/L limit for toxicity 
testing. However parathion and zinc, the two criteria with TOC 
cofactor effects, have reduced toxicity and/or biological 
availability at high levels of organic matter (Table 4), so 
criteria should be protective. 

Dissolved oxygen (DC) was highly variable in the wetlands 
and reached very low levels in late summer. The shallow waters 
of the marshes were extremely warm on hot summer days. Toxicity 
and/or biological availability is increased by low DO and high 
temperatures for PCBs, PCP, and cyanide. These relationships 
will require further evaluation. 

Step 3: Comparisons of Species Lists 

In Step 3, fish, invertebrates, and plants inhabiting the 
wetlands are compared to species used in testing each criterion. 
For these examples, only the acute toxicity lists have been 
consulted. A list of genera common to both the marshes and to 
the toxicity tests was compiled for each criterion. When 
identical species were not found, species from the same genus 
were compared to determine whether habitat requirements are 
suitable enough to include them as representative species for 
these wetlands. The shortened list of marsh species the same as, 
or similar to, species used for toxicity testing was examined to 
determine whether the minimum family requirements for acute 
toxicity tests could be met for each criterion. Table 6 contains 
a list of marsh genera that could be used to fulfill minimum 
family requirements for each criterion. Appendix A contains a 
list of the sources that have been consulted in making this 
comparison. 
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The aquatic species found in the Minnesota wetlands were 
fairly well-represented by the acute toxicity test species for 
the six chemicals used in this example. The percentages of total 
species tested that have not been found in these wetlands were 
below 50% for all six criteria (Table 7). Except for PCBs, for 
which no plant value is available, plant species tested 
overlapped with species occurring in the wetlands. The absence 
of salmonids in wetlands was the only consistent omission. 

Of all the species tested, the salmonids are the most 
sensitive to PCP and cyanide and are much more sensitive than 
most invertebrate species. The inclusion of highly sensitive 
salmonid data in the criteria calculations probably ensures that 
these two criteria are adequately protective when applied to 
wetlands not containing this sensitive family (not considering 
cofactor effects). It would perhaps be more important to 
consider the effects of the absence of salmonids in Minnesota 
marshes for criteria where salmonids are among the least 
sensitive species, including parathion and chromium (VI). In this 
case, the presence of salmonid toxicity data in the criterion 
calculation, despite their absence from the wetlands, could 
possibly cause the criterion to be less restrictive than is 
appropriate for the wetland. 

Salmonids do not occur in the wetlands included in this 
example. Three criteria were missing an additional required 
taxonomic group (from Table 6: PCBs, chromium (VI), and cyanide). 
There are certainly representatives of this taxonomic group 
(nonarthropod/nonchordate) inhabiting the wetlands, but the 
genera used for toxicity tests did not correspond to the wetland 
genera. These three criteria have the least species on the acute 
toxicity list, so there are less species to compare to, in 
relation to the other criteria (Table 7). Toxicity experts and 
wetland biologists might be able to fill some of these data gaps 
by reaching conclusions on the suitability of wetland species to 
fulfill the minimum family requirements. 

EXAMPLE 2 

This example is based on data for a number of oligosaline 
prairie pothole wetlands in southcentral North Dakota.19,20 
Oligosaline is defined as ranging from 0.5-5 g/kg salinity, or 
specific conductance of 800-8,000 µS/cm at 25° C.15 
The chemical types of the majority of wetlands used in this 
example include magnesium bicarbonate, magnesium sulfate, and 
sodium sulfate." 
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Wetlands included in this example are semipermanent (cover 
type 4 of the classification system develo ed by Stewart and 
Kantrud for the glaciated prairie region) 2P containing wet 
meadow, shallow marsh, and deep marsh. ClAssification of these 
wetlands based on the Cowardin system can be found in Kantrud et 
a1.20 

. . . . DS land 2. Identtiication of Cofpctors QDd Co-on to 
WetLgnd Water Chew 

Cofactors are identified for criteria chemicals in Table 4. 
Water quality data for the prairie pothole wetlands are 
summarized in Table 8. A comparison of water chemistry 
conditions for the prairie potholes with standard toxicological 
testing conditions (Table 3) reveals a number of differences. 

These wetlands are extremely alkaline and saline compared to 
water used for freshwater toxicity testing. Salinity (reported 
as specific conductance) can vary greatly over the year and is 
concentrated by the high rates of evaporation and transpiration 
that take place in the summer. A number of the wetlands have pH 
values above the 6.5-9.0 range that the criteria are designed to 
protect. No data were available for total organic carbon (TOC), 
but dissolved organic carbon values from other prairie pothole 
systems were general1 

4; 
well above the TOC limit of 5 mg/L used 

for toxicity testing. As in Example 1, hardness can be 
eliminated from consideration as a cofactor, because toxicity 
and/or biological availability is decreased as hardness 
increases. Similarly, the probable high TOC levels would 
decrease toxicity and/or biological availability for zinc and 
chromium(V1). The high pH values should cause decreased toxicity 
and/or biological availability. Bioavailability of zinc is 
reduced in high ionic strength waters such as these. 

Dissolved oxygen (DO) levels drop in the winter and in 
middle to late summer, allowing anoxic conditions to develop. 
Although no aquatic temperature data were available, the Dakotas 
have moderately hot summers (mean July temperature of 22.3°C).20 
The shallow waters of the prairie potholes probably become very 
warm in late summer, corresponding with low DO levels. Toxicity 
and/or biological availability is increased by low DO and high 
temperatures for PCBs, PCP, and cyanide. These relationships 
will require further evaluation. 

Steb 3: Comndsons of Species Listg 

Semi-permanent prairie pothole wetlands are generally 
shallow and eutrophic. Water levels fluctuate greatly, as does 
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salinity. The cold winters can cause some of the wetlands to 
freeze to the bottom. Both winterkill and summerkill, caused by 
the effects of lack of oxygen, can occur. Fish can survive only 
in semipermanent wetlands that have connections to deeper water 
habitat. The only native fishes known to occur in semi-permanent 
prairie potholes are fathead minnow LXQW&LS) and 
brook stickleback (Culaeg inconstam 

The invertebrate taxa of prairie potholes are typical of 
other eutrophic, alkaline systems in the United States. 
Macroinvertebrate species assemblages are highly influenced by 
hydroperiod and salinity in these systems, and species diversity 
drops as salinity increases.20 Care must be taken in aggregating 
large salinity ranges into one wetland type (i.e. "oligosalinem 
may be too broad a class in terms of species representativeness). 
Comparisons of species typical of the wetlands with the criteria 
species lists reveals some major differences. For example, a 
large proportion of the aquatic insects tested for each criterion 
are found in flowing water, and therefore might not be 
characteristic of prairie pothole aquatic insects. Although many 
species of aquatic insects are found in these wetlands", there 
are not many suitable aquatic insects on the criteria species 
lists to compare to resident wetland species. Prairie pothole 
wetlands do not harbor Decapods (crayfish and shrimp), another 
common group for testing. Eubranchiopods (fairy, tadpole, and 
clam shrimp) are commonly found in prairie pothole wetlands", 
but only one representative of this group has been used to 
establish criteria, and that species was not on the list for any 
of the criteria used as examples here. Except for PCBs, for 
which no plant value is available, plant species tested do 
overlap with species occurring in the wetlands. Appendix B 
contains sources used in making comparisons. 

The above discussion has obvious implications for 
determining applicability of criteria based on suitability of 
species. As Table 7 shows, the percentages of species tested for 
each criterion that have not been found in prairie potholes are 
rather high (up to 67%). There are more gaps in the minimum 
family requirements for fish and chordates (Table 9) than were 
found for the Minnesota marsh example. The lack of fish in these 
wetlands dictates that amphibians or other chordates be used to 
fill these family requirements. The paucity of fish in these 
wetlands again has relevance to the protectiveness of the 
criteria. Fish are the most sensitive group tested for PCP and 
cyanide, so these criteria may have an added "buffer" of 
protection (in relation to the other criteria used as examples) 
when applied with no modifications to this wetland type. 
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SUMMARY OF THE EXAMPLE ANALYSES 

The conclusions discussed below should be considered as 
examples only. They should not be considered final for these 
wetland types. 

Cofactor Effects 

Based on this simple analysis, the only cofactors that 
potentially could cause criteria to be underprotective were DO 
and temperature. The low DO and high temperatures common in both 
wetland types in mid to late summer could cause increased 
toxicity and/or biological availability for PCBs, PCP, and 
cyanide. Cofactor effects for chromium (VI), zinc, and parathion 
were either not important under the chemical conditions 
encountered in these wetlands or should result in criteria being 
more, rather than less, protective for the wetland biota. Based 
on water quality characteristics, it can be concluded that 
chromium (VI), zinc, and parathion criteria are probably 
adequately protective of these wetland types with no acute 
modification. 

The importance of the DO and temperature relationship 
requires further evaluation for PCBs, PCP, and cyanide. Chemists 
and wetlands experts should be consulted and further literature 
reviews should be completed to evaluate the need for additional 
toxicity tests. If it is determined that a modification to a 
criterion is warranted, seasonal site-specific criteria might be 
appropriate in this case. The indicator species procedure could 
be used, requiring toxicity tests using site water on one fish 
and one invertebrate. The tests could be done at the high 
temperatures and low DO found in late summer in the wetlands. 

Species Comparisons 

The Salmonidae are a required family group for establishing 
a Final Acute Value and yet are not present in either of the 
wetland types used as examples. This evaluation is most 
concerned with ensuring that criteria are adequately protective, 
so the absence of this family in the wetlands should only be 
considered a problem if the unmodified criterion (which includes 
the Salmonidae) might be underprotective. This would most likely 
be true for parathion and chromium(W). 

For several criteria, some family requirements are not 
fulfilled because the available toxicity data for that taxonomic 
group do not include wetland species or genera ("NT" in Tables 6 
and 9). While this document made comparisons at the genus level, 
others have made comparisons at the family level to determine if 
the species listed in the criteria document is a member of a 
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family that exists at the site.16 Issues related to species 
comparisons should be addressed through discussion with criteria 
experts and wetlands ecologists and through further literature 
review. 

The absence of fish in prairie potholes to fill the "other 
chordates" category for cyanide, zinc, chromium (VI), and PCBs may 

warrant additional toxicity tests and site-specific 
modifications. The only other fish likely to be present in these 
wetlands is the brook stickleback (Culaea inconstans)20 which was 
not tested for any of the six criteria. No non-fish chordates 
were tested either, so no evaluation of the probable sensitivity 
of other chordates to these criteria can be made based on the 
criteria documents. 

If it is decided upon more rigorous evaluation that these 
differences in taxonomic groups warrant additional efforts and 
development of site-specific criteria, the recalculation 
procedure can be used. A suitable family, resident in the 
wetlands, can be added to the list to replace the Salmonidae 
and/or other missing groups, either through additional toxicity 
tests or by including additional available data. 

Further Evaluation 

This approach helps to prioritize wetland types and criteria 
for further evaluation. It was concluded that zinc, 
chromium (VI), and parathion criteria require no modification with 
regard to cofactor effects. PCBs, PCP, and cyanide, however, 
should be evaluated further in regard to the effects of high 
temperatures and low DO on toxicity, for both wetland types. The 
absence of salmonids may be most important for parathion and 
chromium (VI) in both wetland types. Further consideration should 
be given to the need for additional tests with chordates from 
prairie pothole wetlands for cyanide, zinc, chromium (VI) and 
PCBs, although there is no evidence to suggest that the absence 
of representative wetland chordates from the test species will 
result in underprotective criteria. 

This type of evaluation, done for a number of wetland types 
and criteria, can be combined with information on the types of 
pollutants that threaten particular wetland types. In this way 
wetland types requiring additional evaluation and perhaps 
eventually some additional toxicity testing for particular 
pollutants can be prioritized based on adequacy of existing 
criteria, potential threats to the system, and resources 
available for testing. These examples illustrate the need for 
wetland scientists to work closely with criteria experts. Expert 
judgement is needed to evaluate the significance of the gaps in 
the available data. 
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SECTION 6 

CONCLUSIONS 

The efficient use of limited resources dictates that 
criteria and standards for wetlands be developed by making good 
use of the wealth of data that has been accumulated for other 
surface waters. This report focused on the application of 
numeric aquatic life criteria to wetlands. The numeric aquatic 
life criteria are designed to protect aquatic life and their 
uses. The criteria are conservative, and for most wetland types 
are probably protective or overprotective. 

A simple, inexpensive evaluation technique has been proposed 
in this document for detecting wetland types that might be 
underprotected for some chemicals by existing criteria. The 
approach relies on information contained in criteria documents, 
data regarding species composition and water quality 
characteristics for the wetland types of interest, and 
consultation with experts. It is intended to be used as a 
screening tool for prioritizing those wetland types that require 
additional evaluations and research. 

Two tests of the approach demonstrated that it can be used 
to identify cases in which criteria might be underprotective, but 
further evaluation and close coordination among regulatory 
agencies, wetland scientists, and criteria experts are needed to 
determine when actual modifications to the criteria are 
necessary. 

Site-specific guidelines for modifying the numeric criteria 
should be appropriate for use on wetlands in cases where 
additional evaluations reveal that modifications are needed. The 
approach described in this document can be used to compile lists 
of the most commonly under-represented species and the most 
frequently encountered chemicals. Aquatic toxicity tests can 
then be conducted which would apply to a number of wetland types. 

Information obtained with this approach can be used to 
prioritize further evaluations and research, identify gaps in 
data, and make further testing more efficient, but has some 
limitations. It does not adequately address the importance of 
plants in wetland systems and applies only to the aquatic 
component of wetlands. It relies on species assemblage and water 

26 



quality data that are not available for some wetland types. For 
these reasons, a meeting of wetland scientists and criteria 
experts is recommended to discuss the need for this type of 
evaluation, the utility of this approach, and possible 
alternative approaches. 

The application of numeric criteria to wetlands is just one 
part of a large effort to develop wetland standards and criteria. 
The development of biocriteria, sediment criteria, and wildlife 
criteria will help to ensure that all components of the wetland 
resource are adequately protected. 
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APPENDIX A 
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Nelson, J.S. 1984. Fishes of the World. 2nd edition. New 
York: John Wiley and Sons. 

Niering, W.A. 1987. Wetlands. New York: Alfred A. Knopf. 

Personal Communications: 
P. DeVore and C. Richards of the Natural Resources 
Research Institute, Duluth, Minnesota. 
G. Montz, Minnesota Dept. of Natural Resources. 

Macroinvertebrates: 

Nierinq, W.A. 1987. Wetlands. New York: Alfred A. Knopf. 

Pennak, R.W. 1978. Fresh-water Invertebrates of the United 
States. 2nd edition. New York: John Wiley and Sons. 

Williams, W.D. 1976. Freshwater Isopods (Asellidae) of 
North America. U.S. EPA, Cincinnati. 

Personal Communications: 
P. DeVore and A. Hershey of the Natural Resources 
Research Institute, Duluth, Minnesota. 
P. Mickelson of the University of Minnesota, Duluth. 
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TABLE 1. FRESHWATER NUMERIC AQUATIC LIFE CRITERIA* 

Chemical 
H, T, or pH** 

Dependent Chemical 
H, T, or pH** 

Dependent 

Organochlorines: 
Aldrin 
Chlordane 
DDT 
Dieldrin 
Endosulfan 
Endrin 
Heptachlor 
Lindane 
PCBs 
Pentachlorophenol 

Organophosphates: 
Chlorpyrifos 
Parathion 

PH 

Metals: 
Aluminum 
Arsenic (III) 
Cadmium 
Chromium (III) 
Chromium (VI) 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 

Others: 
Ammonia 
Chloride 
Chlorine 
Cyanide 
Dissolved oxygen 

H 
H 

H 
H 

H 

H 
H 

PH, T 

T 

* Summarized from individual criteria documents. Chemicals 
that have adjustment factors built into the criteria are 
indicated. 

** H= Hardness, T = Temperature. 
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TABLE 2. SUITABILITY OF WETLAND SPECIES TO FILL MINIHUH FAMILY 
REQUIREMENTS FOR SIX CRITERION CHEMICALS 

Required 
Taxonomic 
Group 

Para- Chrom- 
PCBs thion PCP Cyanide Zinc ium(VI) 

Salmonid NP* NP NP NP NP NP 

Other Fish Y . . Y Y Y Y Y 

Other 
Chordate Y Y Y Y Y Y 

Planktonic 
Crustacean Y Y Y Y Y Y 

Benthic 
Crustacean Y Y Y Y Y Y 

Insect Y Y Y Y Y Y 

Nonarthropod- 
Nonchordate NT*** Y Y Y Y Y 

Another 
Insect Y Y Y NT Y Y 
or New Phylum 

l NP Not present: Taxonomic group not present in most wetland 
types. 

**y Wetland genera represented adequately. 
***NT Not tested: Available toxicity data does not include 

sufficient wetland species. 
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TABLE 3. SOME CONDITIONS RECOMMENDED FOR DILUTION WATER 
FOR WATER QUALITY CRITERIA TESTING" 

Characteristic Freshwater Saltwater 

Total organic carbon <5 mg/L ~20 mg/L' 

Particulate matter <5 mq/L ~20 mg/L' 

PH 6.5-9.0 Stenohaline 8.0 
Euryhaline 7.7 

Range ~0.2 

Hardness 
(mg/L as CaC03) 

Salinity 

Soft water 40-48 
Range ~5 mg/Lb 

Stenohaline 34 g/kg 
Euryhaline 17 q/W 

Range ~2 g/kg' 

Dissolved oxygen 60-100% saturationd 60-100% saturationd 

Temperature +/- 5 OC of water' 
of origin 

' ~5 mg/L for tests other than saltwater bivalve molluscs. 
b Or 10% of average, whichever is higher. 
' Or 20% of average, whichever is higher. 
d For flow-through tests (40-100% for static tests). 
l For invertebrates only. 
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TABLB 4. BrrBCTB or cformrom3 OH CRITBRIOM CEBMICAL TOXICITY 

Corwroast Bffoat of Qreator Value 

PH Tot TIJRB TRW DO l? IONIC B BKJTR/ORQ 

Organoahlorines: 
Aldrin 
Chlordane 
DDT 
Dieldrin 
Endrin 
Heptachlor 
Lindane 
Endosulfan 
PCBs 
Pentachlorophenol 
Toxaphene 

+ + + 

0 + 
+ - 
+ - 
+ 

Organophoaphatos: 
Parathion 
Chlorpyrifos 

not81#: 
Arsenic (III) 

ium 

L. 
nium (VI) 

,mium (III) 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 
Aluminum 

+ + 

7 0 

+ 

+ - 
+ 

+ 

Other: 
Chlorine 
Cyanide 
Ammonia 
Chloride 
Do 

0 

+ 

0 

-? 

3 
0 

0 

+ - - 
+ - 
+? 

+: increased toxicity/mobility ?: tested and found inconclusive 
0: no effect on toxicity/mobility : not discussed in criteria document 
-t decreased toxicity/mobility +: short-term increase/long-term decrease 
TOC: total organic carbon DO: dissolved oxygen H: hardness 
TURB: turbidity NUTR/ORG: nutrients/organic acids 

m* ionic strength/cations -. S: salinity 
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TABLE 5. WATER CHEMISTRY FOR SELECTED MINNESOTA MARSHES. 

Water Quality 
Characteristic Mean Value 

Comparison with 
Standard Testing 

Range Conditions 

pH (pH units) 

Total organic 
carbon (mg/L) 

Dissolved 
oxygen (w/L) 

Hardness 
(mg/L as CaCO,) 

Alkalinity 
(mg/L as CaCO,) 

Temperature ("C) 

Turbidity (NTU) 

7.1 

20 

8.2 

No data 

6.1 - 7.6 Within range 

5 - 60 High 

0.4 - 15.4 Seasonally low 

8 4 - 14 

11.9 0.3 - 31.0 Seasonal extremes 

33 1 - 412 

l Data taken from Detenbeck (1990), n=42 wetlands.18 
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TABLE 6. COMPARISON OF TEST SPECIES WITH 
MINNESOTA MARSH BIOTA FOR SIX CRITERIA 

Required 
Taxonomic 
Group 

PCBs Parathion PCP 

Salmonid Npd NP NP 

Other Fish' Micropterus Lepomis Micropterus 

Other 
Chordate Pimephales Pimephales Rana 

Planktonic 
Crustacean Daphnia Daphnia Daphnia 

Benthic 
Crustacean 

unknown 
amphipod Orconectes Orconectes 

Insect Ishnurab Chironomus Tanytarsus 

Nonarthropod- unknownC unknow+ 
Nonchordate NTe nematodes/ nematodes/ 

annelids annelids 

Another unknown 
Insect Tanytarsus Ishnura amphipod/ 
or New Phylum isopod 

Aquatic 
Plant NT alga Lemna 

continued 
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TABLE 6, CONTINUED 

Required 
Taxonomic 
Group 

Cyanide Zinc Chromium(V1) 

Salmonid NP 

Other Fish' Perca 

Other 
Chordate Lepomis 

Planktonic 
Crustacean Daphnia 

Benthic 
Crustacean 

unknownC 
amphipod/ 
isopod 

Insect Tanytarsus 

Nonarthropod- 
Nonchordate Physa 

Another 
Insect 
or New Phylum 

NT 

Aquatic 
Plant Lemna 

NP 

Lepomis 

Pimephales 

Daphnia 

unknownc 
amphipod/ 
isopod 

Argiab 

Physa 

unknownC 
annelid/ 
nematode 

Lemna 

NP 

Lepomis 

Pimephales 

Daphnia 

Orconectes 

Chironomus 

Physa 

NT 

alga 

a Fish were sampled in water bodies associated with some of 
the wetlands, not in the wetlands themselves. 

b Probable or seen as an adult. 
C Unknown species from these taxa found in wetlands. May or 

may not be similar in terms of habitat requirements, etc. to 
species used in toxicity tests. 

d Not present: Taxonomic group not present in wetland type. 
e Not tested: Available toxicity data does not include 

sufficient wetland species. 
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TABLE 7. NUMBER OF SPECIES TESTED FOR ACUTE CRITERIA AND 
PERCENTAGE OF TEST SPECIES THAT ARE NOT FOUND IN 
MINNESOTA MARSHES OR OLIGOSALINE PRAIRIE POTHOLES* 

Species Used to Not Present Not Present in 
Chemical Establish FAV" in Marshes Prairie Potholes 

(Total Number) (Per cent) (Per cent) 

PCBs 10 30% 40% 

Parathion 37 43% 64% 

PCP 37 22% 43% 

Cyanide 17 29% 65% 

Zinc 45 45% 67% 

Chromium(V1) 33 27% 64* 

t Remainder of percentage includes both those species that are 
known to occur in these wetlands and those species that may 
occur in the wetlands, but insufficient data are available. 

l + Final Acute Value. 
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TABLE 8. WATER QUALITY CHARACTERISTICS FOR 
OLIGOSALINE PRAIRIE POTHOLES' 

Water Quality 
Characteristic Mean Value 

Comparison with 
Standard Testing 

Range Conditions 

pH (pH units) 8.9 7.4 - 10.3b High 

Total organic 
carbon (mg/L) No data' 

Dissolved 
oxygen (wm) No datad 

Hardness No data' 
(mg/L as CaC03) 

Alkalinity 
(mg/L as CaCO,) 

650 230 - 1300 High 

Temperature ("C) No data‘ 

Specific conductance 3568 750 - 8000 
(bS/cm at 25'C) 

;: 
Data summarized from Swanson et al. (1988)." 
N=27 wetlands. 

C Dissolved organic carbon data for Manitoba prairie potholes 
ranged from 0.4-102 mg/L, and for Nebraska, from 20-60 mg/L 
in one study and 139-440 mg/L in another study.22 

d Winterkill, caused by low dissolved oxygen under ice, occurs 
in many of these lakes. 

e An estimate of hardness based on alkalinity values gives a 
mean of 760 mg/L as CaCO. 

f Region is characterized b y very cold winters and warm 
summers. 

41 



TABLE 9. COMPARISON OF TEST SPECIES WITH 
PRAIRIE POTHOLE BIOTA FOR SIX CRITERIA 

Required 
Taxonomic 
Group 

PCBs Parathion PCP 

Salmonid NP NP NP 

Other Fish Pimephales Pimephales Pimephales 

Other 
Chordate NT Pseudacris' Rana' 

Planktonic 
Crustacean Daphnia Daphnia Daphnia 

Benthic 
Crustacean Gammarus' Gammarud Hyalella 

Insect damselflyb Peltodytes Tanytarsusb 

Nonarthropod- tubificid tubificid 
Nonchordate NT WOrmb WOrmb 

Another 
Insect Tanytarsusb Chironomus Physa 
or New Phylum 

Aquatic 
Plant NT Microcystis Lemna 
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TABLE 9, CONTINUED 

Required 
Taxonomic 
Group 

Cyanide Zinc Chromium(V1) 

Salmonid 

Other Fish 

Other 
Chordate 

Planktonic 
Crustacean 

Benthic 
Crustacean 

Insect 

Nonarthropod- 
Nonchordate 

Another 
Insect 
or New Phylum 

Aquatic 
Plant 

NP 

Pimephales 

NP 

Pimephales 

NT NT 

Daphnia 

Gammarus' 

Tanytarsusb 

Physa' 

NT 

Lemna 

Daphnia 

Gammartd 

Argiab 

Physa' 

tubificid 
wormb 

Lemma 

NP 

Pimephales 

NT 

Daphnia 

Hyalella 

Chironomus' 

Physa' 

damselflyb 

Nitzschia 

;: 
Genus is present in the wetlands; may not be same species. 
Species representative of that taxonomic group from criteria 
testing lists probably present in prairie potholes, but no 
actual data available. 
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APPENDIX F 

COORDINATION BETWEEN THE 
ENVIRONMENTAL PROTECTION AGENCY, 

FISH AND WILDLIFE SERVICE AND NATIONAL 
MARINE FISHERIES SERVICE REGARDING 

DEVELOPMENT OF WATER QUALITY CRITERIA AND 
WATER QUALITY STANDARDS UNDER 

THE CLEAN WATER ACT 

July 27, 1992 

Signed by: 

Ralph Morgenweck, Assistant Director 
Fish and Wildlife Enhancement 
U.S. Fish and Wildlife Service 

Dr. Tudor Davies, Director 
Office of Science and Technology 
U.S. Environmental Protection Agency 

Dr. Nancy Foster, Director 
Office of Protected Resources 
National Marine Fisheries Service 
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Coordination Between the Environmental Protection Agency, 
the Fish and Wildlife Service and the National Marine Fisheries 
Service Regarding the Development of Water Quality Criteria and 

Water Quality Standards Under the Clean Water Act 

PURPOSE 

This memorandum sets forth the procedures to be followed by 
Fish and Wildlife Service (FWS), the National Marine Fisheries 
Service (NMFS), and the Environmental Protection Agency (EPA) to 
insure compliance with Section 7 of the ESA in the development of 
water quality criteria published pursuant to Section 304(a) of 
the Clean Water Act (CWA) and the adoption of water quality 
standards under Section 303(c) of the CWA. Consultation will be 
conducted pursuant to 50 C.F.R. Part 402. Regional Offices of 
EPA and the Services may establish agreements, consistent with 
these procedures, specifying how they will implement this 
Memorandum. 

I. BACKGROUND 

A. Guiding Principles 

The agencies recognize that EPA's water quality criteria and 
standards program has the express goal of ensuring the protection 
of the biological integrity of U.S. waterbodies and associated 
aquatic life. The agencies also recognize that implementation of 
the CWA in general, and the water quality standards program in 
particular, is primarily the responsibility of states. EPA's 
role in this program is primarily to provide scientific guidance 
to states to aid in their development of water quality standards 
and to oversee state adoption and revision of standards to insure 
that they meet the requirements of the CWA. 

In view of the decentralized nature of EPA's water quality 
standards program responsibilities, and the agencies' desire to 
carry out their respective statutory obligations in the most 
efficient manner possible, the agencies believe that consultation 
should occur, to the maximum extent possible, at the national 
level. Should additional coordination be necessary on the 
regional level, the procedures outlined below are designed to 
insure that the Services are integrated early into EPA's 
oversight of the states' standards adoption process so that 
threatened and endangered species concerns can be addressed in 
the most efficient manner possible. 
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. . 
B. Leaal Au- 

L, Section.7 of the ESA 

Section 7'of the ESA contains several provisions which 
require federal agencies to take steps to conserve endangered and 
threatened species, and which impose the responsibility on 
agencies to insure, in consultation with the appropriate Service, 
that certain actions are not likely to jeopardize the continued 
existence of endangered or threatened species or result in the 
destruction or adverse modification of their critical habitat. 
Section 7 also requires agencies to confer with the appropriate 
Service regarding actions affecting species or critical habitat 
that have been proposed for listing or designation under section 
4, but for which no final rule has been issued. 

In particular, section 7(a)(l) provides that federal 
agencies shall "utilize their authorities in furtherance of the 
purposes of (the ESA] by carrying out programs for the 
conservation of endangered species and thre%tened species . . ." 
Section 7(a)(2) requires federal agencies to insure, in 
consultation with the appropriate Service, that actions which 
they authorize, fund or carry out are "not likely to jeopardize 
the continued existence of any endangered species or threatened 
species or result in the destruction or adverse modification of 
habitat of such species which is determined . . . to be 
critical." Section 7(a)(4) requires a conference for actions that 
are "likely to jeopardize the continued existence" of species 
proposed for listing or that are likely to "result in the 
destruction or adverse modification@* of proposed critical 
habitat. 

The procedures for consultation between federal agencies and 
the Services under section 7 of the ESA are contained in 50 
C.F.R. Part 402. Section 402.14 of these regulations requires 
that agencies engage in formal consultation with the appropriate 
Service where any action of that agency may affect listed species 
or critical habitat. Formal consultation is not required if the 
action agency prepares a biological assessment or consults 
informally with the appropriate Service and obtains the written 
concurrence of the Service that the action is not likely to 
adversely affect listed species or critical habitat. Formal 
consultation culminates in the issuance of a biological opinion 
by the Service which concludes whether the agency action is 
likely to jeopardize the continued existence of a listed species 
or result in the destruction or adverse modification of critical 
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habitat.' If the Service makes a jeopardy finding, the opinion 
shall include reasonable and prudent alternatives, if any, to 
avoid jeopardy. If the Service anticipates that an action would 
result in an incidental take of a listed species (defined in 50 
C.F.R. 402.02), the Service shall include an incidental take 
statement and reasonable and prudent measures that the Director 
considers necessary or appropriate to minimize such impact. Such 
measures cannot alter the basic design, location, scope, duration 
or timing of the action and may involve only minor changes. 

Evaluation of the potential effects of an agency action on 
listed species or their habitat is to be based upon the best 
scientific and commercial data available or which can be obtained 
prior to or during the consultation. 50 C.F.R. 402.14(d). 

3. Water Quality Standards Develooment Under the CWA 

Section 303 of the Clean Water Act provides for the 
development by states of water quality standards which are 
designed to protect the public health or welfare, enhance the 
quality of water and serve the purposes of the CWA. Such 
standards consist of designated uses of waterways (e.g., 
protection and propagation of fish, shellfish, and wildlife) and 
criteria which will insure the protection of designated uses. 

Under the CWA, the development of water quality standards is 
primarily the responsibility of States. 
section 304(a) of the CWA, 

However, pursuant to 
EPA from time to time publishes water 

quality criteria which serve as scientific guidance to be used by 
states in establishing and revising water quality standards. 
These EPA criteria are not enforceable requirements, but are 
recommended criteria levels which states may adopt as part of 
their legally enforceable water quality standards; states may 
adopt other scientifically defensible criteria in lieu of EPA's 
recommended criteria. See 40 C.F.R. 131.11(b). 

Standards adopted by states constitute enforceable 
requirements with which permits issued by States or EPA under 
section 402 of the Clean Water Act must assure compliance. CWA 
section 301(b)(l)(C). Under section 303(c) of the CWA, EPA must 
review water quality standards adopted by states and either 
approve them if the standards meet the requirements of the CWA or 
disapprove them if the standards fail to do so. However, EPA's 
disapproval of state water quality standards does not alter the 
enforceable requirements with which CWA section 402 permits must 
comply, because the state standards remain in full force and 

' Any reference in this document to "jeopardy" for purposes 
of section 7 of the ESA is intended also to include the concept 
of destruction or adverse modification of critical habitat. 
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effect under state law. The state-adopted standards remain 
effective for all purposes of the CWA until they are revised by 
the state or EPA promulgates federal water quality standards 
applicable to the state. 

. QCEDURES 

A 
- 

Wat ua e ' 

EPA will integrate the Services into its criteria 
development process by consulting with the Services regarding the 
effect EPA's existing aquatic life criteria (and any new or 
revised criteria) may have on listed endangered or threatened 
species. References below to endangered or threatened species 
include species proposed to be listed by the Services. In 
addition, EPA will include the Service(s) on the aquatic life 
criteria guidelines revision committee which is currently 
revising the methodological guidelines that will form the 
technical basis for future criteria adopted by EPA. 

I. Consultation on Existinca Criteria 

EPA has developed and published aquatic life criteria 
documents explaining the scientific basis for aquatic life 
criteria that EPA has published. EPA will consult with the 
appropriate Service regarding the aquatic life criteria as 
described below. 

SteD 1: Services' Identification of Soecies that Mav Be Affected 
$v Water Qualitv Dearadation 

The Services and EPA will request their regional offices to 
identify the endangered and threatened species within their 
jurisdictions that may be affected by degraded water quality. 
Each Service will provide EPA with a consolidated list of these 
species. To facilitate this process, the initial species list 
will include information identifying the areas where such species 
are located, a description of the pollutants causing the water 
quality problems affecting the species (if known) and any other 
relevant information provided by the Services' regional offices. 
In future consultations, the Services will provide a species 
list, as required in 50 C.F.R. Part 402, and access to any 
relevant data concerning identified species. 
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SteD 2: *. * EPA Initlatlon of Inf ormal consultation and Performance 
of Bioloaical Assessment 

Based upon a review of information provided by the Services 
under Step 1, above, and any other information available to EPA 
(as described by 50 C.F.R. 402.12(f)(1)-(5)), EPA will determine 
what species may be affected by the aquatic life criteria and 
will request informal consultation with the appropriate Service 
regarding such species. EPA will submit to the appropriate 
Service a biological assessment that evaluates the potential 
effects of the criteria levels on those species. The biological 
assessment will be developed in an iterative process between EPA 
and the Service (initially involving submission of a "pilot" 
assessment addressing 2 or 3 chemicals), and is expected to 
contain the information listed in the Appendix of this 
Memorandum. 

Step 3: Further steos Based on Results of Bloloaical Assessment 

Based upon the findings made by EPA in the Biological 
Assessment, the consultation will proceed as follows (see 50 
C.F.R. 402.12(k)): 

- For those criteria/species where EPA determines that 
there is no effect, EPA will not initiate formal consultation. 

- For those criteria/species where there is a "may affect" 
situation, and EPA determines that the species is not likely to 
be adversely affected, the appropriate Service will either concur 
or nonconcur with this finding under Step 4, below. 

- Where EPA finds that a species is likely to be adversely 
affected, formal consultation will occur between the agencies 
under Step 5, below. 

Service Reviews Biological Assessment and Responds tQ 

Within 30 days after EPA submits a complete biological 
assessment to the Service, the Service will provide EPA with a 
written response that concurs or does not concur with any 
findings by EPA that species are not likely to be adversely 
affected by EPA's criteria. For those species/criteria where the 
Service concurs in EPA’s finding, consultation is concluded and 
no formal consultation will be necessary. For any 
species/criteria where the Service does not concur in EPA's 
finding, formal consultation on the criteria/species will occur 
under step 5, below (see 50 C.F.R. 402.14). 
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SteD 5: Formal Consultation 

Formal consultation will occur between the agencies 
(coordinated by the agencies' headquarters' offices) beginning on 
the date the Service receives a written consultation request from 
EPA regarding those species where EPA or the Service believe 
there is likely to be an adverse affect, as determined under 
steps 3 and 4, above. The consultation will be based on the 
information supplied by EPA in the biological assessment and 
other relevant information that is available or which can 
feasibly be collected during the consultation period (see 50 
C.F.R 402.14(d)). The Service will issue a biological opinion 
regarding whether any of the species are likely to be jeopardized 
by the pollutant concentrations contained in EPA's criteria. Any 
jeopardy conclusion will specify the specific pollutant(s), 
specie(s) and geographic area(s) which the Service believes is 
covered by such conclusion. If the Service makes a jeopardy 
finding, it will identify any available reasonable and prudent 
alternatives, which may include, but are not limited to, those 
specified below. EPA will notify the Service of its action 
regarding acceptance and implementation of all reasonable and 
prudent alternatives. 

1. EPA works with the relevant State during its pending 
triennial review period to insure adoption (or revision) of water 
quality standards for the specific pollutants and water bodies 
that will avoid jeopardy. Such adoption or revision may include 
adoption of site-specific criteria in accordance with EPA's site- 
specific criteria guidance, or other basis for establishing more 
stringent criteria. 

2. EPA disapproves relevant portions of state water quality 
standards (see 40 C.F.R. 131.21) and initiates promulgation of 
federal standards for the relevant water body (see 40 C.F.R. 
131.22) that will avoid jeopardy. Where appropriate, EPA will 
promulgate such standards on an expedited basis. 

2. Ser vice . * Pwipation in Committee Revisinu Criteria'2 
thodoloq&al Guide- 

An EPA committee is currently charged with revising and 
updating the methodological guidelines which will in the future 
be followed by EPA when it issues new 304(a) water quality 
criteria. The Service(s) will become a member of the Workgroup 
as an observer/advisor to insure that the methodological 
guidelines take into account the need to protect endangered and 
threatened species. The guidelines will be subject to peer 
review and public notice and comment prior to being finalized. 
During the public comment period, the Services will provide the 
agencies' official position on the guidelines. 
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3. Cmltation wit& the Services on New or Revised w 
fe Cr . zenwildlife CriterLq 

When EPA develops and publishes new or revised aquatic life 
criteria and new wildlife and sediment criteria under section 
304 (a), EPA wit1 request consultation with the Services on such 
criteria, which will proceed in accordance with the procedures 
outlined in section II.A.l of this Memorandum. 

B. EPA geview of State Water Qualitv Stand- Under Section 303 
gf the Cwq 

In order to insure timely resolution of issues related to 
protection of endangered or threatened species, EPA and the 
Services will coordinate in the following manner with regard to 
state water quality standards that are subject to EPA review and 
approval under section 303(c) of the CWA. 

3. 
. . ParticiDat ion of the Services in EPA/State Planning 

Meetiws 

Unless other procedures ensuring adequate coordination are 
agreed to by the regional offices of EPA and the Service(s), EPA 
regional offices will request in writing that the Services attend 
EPA/state meetings where the state's plan for reviewing and 
possibly revising water quality standards is discussed. The 
invitation will include any preliminary plans submitted by the 
state and any suggestions offered by EPA to the state that will 
be discussed at the planning meeting, as well as a request for 
the Services to suggest any additional topics of concern to them. 

Service staff will attend the planning session and be 
prepared to identify areas where threatened and endangered 
species that may be affected by the proposed action may be 
present in the state and to provide access to any data available 
to the Services in the event additional discussions will need to 
occur. If the Service does not intend to attend the planning 
meeting, it will notify the EPA regional office in writing. If 
threatened and endangered species may be present in the waters 
subject to the standards, such notice will include a species 
list. 

2. . Consultation on w Review of State Water Quu 
ds Where Fedwllv Listed Swecies Are Present 

Except in those cases where the Service's Director, at the 
Washington Office level, requests consultation, EPA may complete 
its review and approval of state water quality standards without 
requesting consultation where (1) the state's criteria are as 
stringent as EPA's section 304(a) aquatic life criteria and 
consultation between EPA and the appropriate Service on EPA's 
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criteria has resulted in a Service concurrence with an EPA 
finding of "not likely to adversely affect," a "no jeopardy" 
biological opinion (or EPA's implementation of a reasonable and 
prudent alternative contained in the Service's V'jeopardy@l 
biological opinion), and EPA's adherence to the terms and 
conditions of any incidental take statement and (2) the state has 
designated use classifications for the protection and propagation 
of fish and shellfish. 

However, if a State adopts water quality standards 
consistent with the provisions of the preceding paragraph, but 
the Service believes that consultation may be necessary in either 
of the circumstances described below, only the Service's 
Director, at the Washington Office level, may request 
consultation with EPA. Such consultation may be necessary (1) 
where review of a state water quality standard identifies factors 
not considered during the relevant water quality criterion review 
under this Memorandum which indicate that the standard may affect 
an endangered or threatened species, or (2) where new scientific 
information not available during the earlier consultation 
indicates that the criterion, as implemented through the state 
water quality standard, may affect endangered or threatened 
species in a manner or to an extent not considered in the earlier 
consultation. 

If a state submits water quality standards containing 
aquatic life criteria that are less stringent than EPA's section 
304(a) aquatic life criteria, or use designations that do not 
provide for the protection and propagation of fish and shellfish, 
EPA will consult with the appropriate Service regarding the 
state's standards. EPA's request for formal or informal 
consultation (as appropriate) shall be made as early as possible 
in the standards development process (e.g., when standards 
regulation are under development by the state). The EPA region 
should not wait until standards are formally submitted by the 
state to request such consultation. 

If a state water quality standard under review by EPA 
relates to specie(s), pollutant(s) and geographic area(s) that 
were the subject of a jeopardy opinion issued by the Service 
under section 1I.A. of this Memorandum, EPA will consider the 
opinion (and any reasonable and prudent alternatives specified by 
the Service) and take action that, in EPA's judgment, will insure 
that water quality standards applicable to the state are not 
likely to jeopardize the continued existence of endangered or 
threatened species or result in the destruction or adverse 
modification of species, critical habitat. EPA will notify the 
Service that issued the biological opinion of its action, in 
accordance with 50 C.F.R. 402.15. 

Except in those cases where the Service's Director, at the 
Washington Office level, requests consultation, EPA may take 
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action pursuant to CWA section 303(c)(4) to promulgate federal 
standards applicable to a water of the state without requesting 
consultation where (1) the aquatic life criteria promulgated by 
EPA are no less stringent than EPA's section 304(a) criteria 
guidance and consultation between EPA and the Service on EPA's 
criteria has resulted in a Service concurrence with an EPA 
finding of "not likely to adversely affect," a "no jeopardy" 
biological opinion (or EPA's implementation of a reasonable and 
prudent alternative contained in the Service's ltjeopardytt 
biological opinion), and EPA's adherence to the terms and 
conditions of any incidental take statement and (2) the 
applicable use classifications provide for the protection and 
propagation of fish and shellfish. 

However, if EPA promulgates water quality standards 
consistent with the provisions of the previous paragraph, but the 
Service believes that consultation may be necessary in either of 
the circumstances described below, only the Service's Director, 
at the Washington Office level, may request consultation with 
EPA. Such consultation may be necessary (1) where review of the 
water quality standard identifies factors not considered during 
the relevant water quality criterion review under this Memorandum 
which indicate that the standard may affect an endangered or 
threatened species, or (2) where new scientific information not 
available during the earlier consultation indicates that the 
criterion, as implemented through the water quality standard, may 
affect endangered or threatened species in a manner or to an 
extent not considered in the earlier consultation. 

. Revisions to Aareement 

EPA and the Services may jointly revise the procedures 
agreed to in this document based upon the experience gained in 
the pilot consultation on EPA's aquatic life criteria or other 
experience in the implementation of the above procedures. 

IV, Third Party Enforcement 

The terms of this Memorandum are not intended to be 
enforceable by any party other than the signatories hereto. 

V. Reservation of Aaencv Positions 

No party to this Memorandum waives any administrative 
claims, positions or interpretations it may have with respect to 
the applicability or the enforceability of the ESA. 

. VI. Effective Date, Termination 

This Memorandum will become effective upon signature by each 
of the parties hereto. Any of the parties may withdraw from this 
Memorandum upon 60 days' written notice to the other parties; 
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Office JL Protected Resources 
National Marine Fisheries Servrce 
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APPENDIX 
sessment 

I. Introduction/Overview 

A. Benefits of pollution reduction relative to endangered 
and threatened species/description of the ESA 

B. Role of Water Quality Standards under the CWA 

C. Overview of water quality criteria (philosophy, 
objectives, methodology) 

D. Discussion of comparative sensitivity of listed species 
(and surrogates) with criteria database 

E. Description of Fact Sheet contents 

- data included 
- description of how specific criteria derived 
- description of logic/thought processes supporting 

findings of effect on listed species 

II. Fact Sheets 

Pollutant-specific fact sheets will be compiled which 
evaluate the available data and reach conclusions regarding the 
findings of effect of the criteria on endangered and threatened 
species. The fact sheets will be presented largely in tabular, 
graph form. 

A. Summary of toxicological relationships (from water 
quality criteria documents) 

1. acute (acute lethality) 
2. chronic (life processes at risk) 
3. plants 
4. residues 
5. other key data 
6. updated information through review of ACQUIRE 

database and other key data 

B. Taxa at risk vis-a-vis listed species (through use of 
surrogates, where appropriate) 

C. Impact of other water quality factors -- describe 
effects such as environmental variability, ph, hardness, 
temperature, etc. 
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D. Assessment of impact on listed species 

Findings to be made regarding whether each criteria (1) 
"may affect" and/or (2) is likely to adversely affect, listed 
species. 
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QUESTIONS AND ANSWERS ON ANTIDEGRADATION 

INTRODUCTION 

This document provides guidance on the antidegradation 
policy component of water quality standards and its application. 
The document begins with the text of the policy as stated in the 
water quality standards regulation, 40 CFR 131.12 (40 FR 51400, 
November 8, 1983), the portion of the Preamble discussing 
the antidegradation policy, and the response to comments 
generated during the public comment period on the regulation. 

The document then uses a question and answer format 
to present information about the origin of the policy, the 
meaning of various terms, and its application in both general 
terms and in specific examples. A number of the questions 
and answers are closely related; the reader is advised to 
consider the document in its entirety, for a maximum under- 
standing of the policy, rather than to focus on particular 
answers in isolation. While this document obviously does 
not address every question which could arise concerning the 
policy, we hope that the principles it sets out will aid the 
reader in applying the policy in other situations. Additional 
guidance will be developed concerning the application of the 
antidegradation policy as it affects pollution from nonpoint 
sources. Since Congress is actively considering amending the 
Clean Water Act to provide additional programs for the control 
of nonpoint sources, EPA will await the outcome of congressional 
action before proceeding further. 

EPA also has available, for public information, a summary 
of each State's antidegradation policy. For historical 
interest, limited copies are available of a Compendium of 
Department of the Interior Statements on Non-Degradation of 
Interstate Waters, August, 1968. Information on any aspect 
of the water quality standards program and copies of these 
documents may be obtained from: 

David Sabock, Chief 
Standards Branch (WH-585) 
Office of Water Regulations and Standards 
Environmental Protect ion Agency 
401 M. Street, S.W. 
Washington, D.C. 20460 

This document is designated as Appendix A to Chapter 2 - 
General Program Guidance (antidegradation) of the Water Quality 
Standards Handbook, December 1983. 

James M. Conlon, Acting Director 
Office of Water Regulations 

and Standards 
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§ 131.12 Antidegradation policy. 
(a) The State shall develop and adopt 

a statewide antidegradation policy and 
identify the methods for implementing 
such policy pursuant to this subpart. The 
antidegradation policy and 
implementation methods shall, at a 
minimum, be consistent with the 
following: 

(1) Existing instream water uses and 
the level of water quality necessary to 
protect the existing uses shall be 
maintained and protected. 

(2) Where the quality of the waters 
exceed levels necessary to support 
propagation of fish, shellfish, and 
wildlife and recreation in and on the 
water, that quality shall be maintained 
and protected unless the State finds. 
offer full satisfaction of the 
intergovernmental coordination and 
public participation provisions of the 
State continuing planning process, that 
allowing lower wafer quality is 
necessary to accommodate important 
economic or social development in the 
area in which the waters are located. In 
allowing such degradation or lower 
water quality, the State shall assure 
water quality adequate to protect 
existing uses fully. Further, the State 
shall assure that there shall be achieved 
the highest statutory and regulatory 
requirements for all new and existing 
point sources and all cost-effective and 
reasonable best management practices 
for nonpoint source control. 

(3) Where high quality waters 
constitute an outstanding National 
resource. such as waters of National and 
State parks end wildlife refuges and 
waters of exceptional recreational or 
ecological significance, that water 
quality shall be maintained and 
protected. 

(4) In those cases where potential 
water quality impairment associated 
with a thermal discharge is involved, the 
antidegradation policy and 
implementing method shall be 
consistent with section 316 of the Act. 

i 
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Antidegradation Policy 

The preamble to the proposed rule 
discussed three options for changing the 
existing antidegradation policy. Option 
1, the proposed option, provided simply 
that uses attained would be maintained. 
Option 2 stated that not only would uses 
attained be maintained but that high 
quality waters, i.e. waters with quality 
better than that needed to protect fish 
and wildlife. would be maintained (that 
is, the existing antidegradation policy 
minus the “outstanding natural resource 
waters” provision). Option 3 would have 
allowed changes in an existing use if 
maintaining that use would effectively 
prevent any future growth in the 
community or if the benefits of 
maintaining the use do not bear a 
reasonable relationship to the costs. 

Although there was support for 
Option 2, there was greeter support for 
retaining the full existing policy. 
including the provision on outstanding 
National resource waters. Therefore, 
EPA has retained the existing 
antidegradation policy (Section 131.12) 
because it more accurately reflects the 
degree of water quality protection 
desired by the public, and is consistent 
with the goals and purposes or the Act. 

In retaining the policy EPA made four 
changes. First, the provisions on 
maintaining and protecting existing 
instream uses and high quality waters 
were retained, but the sentences stating 
that no further water quality 
degradation which would interfere with 
or become injurious to existing instream 
uses is lowed were deleted. The 

deletions were made because the terms 
interfere” and “injurious” were subject 

misinterpretation as precluding any 
activity which might even momentarily 

add pollutants to the water. Moreover, 
we believe the deleted sentence was 
intended merely as a restatement of the 
basic policy. Since the rewritten 
provision, with the addition of a phrase 
on water quality described in the next 
sentence. stands alone as expressing the 
basic thrust and intent of the 
antidegradation policy, we deleted the 
confusing phrases. Second, in 
§ 131.12(a)(1) a phrase war added 
requiring that the level of water quality 
necessary to protect en existing use be 
maintained and protected. The previous 
policy required only that an existing use 
be maintained. In § 131.12(a)(2) a phrase 
was added that “In allowing such 
degradation or lower water quality. the 
State shall assure water quality 
adequate to protect existing uses fully”. 
This means that the full use must 
continue to exist even if some change in 
water quality may be permitted. Third, 
in the first sentence of § 131.12(a)(2) the 
wording was changed from “. . . 
significant economic or social 
development. . .” to ". . . important 
economic or social development. . .” 
In the context of the antidegradation 
policy the word important” strengthens 
the intent of protecting higher quality 
waters. Although common usage of the 
words may imply otherwise, the correct 
definitions of the two terms indicate that 
the greater degree of environmental 
protection is afforded by the word 
“important.” 

Fourth, § 131.12(a)(3) dealing with the 
designation of outstanding National 
resource waters [ONRW] was changed 
to provide a limited exception to the 
absolute “no degradation” requirement. 
EPA was concerned that waters which 
properly could have been designated as 
ONRW were not being so designated 
because of the flat no degradation 
provision, and therefore were not being 
given special protection. The no 
degradation provision was sometimes 
interpreted as prohibiting any activity 
(Including temporary or short-term) from 
being conducted. States may allow some 

limited activities which result in 
temporary and short-term changes in 
water quality. Such activities are 
considered to be consistent with the 
intent and purpose of an ONRW. 
Therefore, EPA has rewritten the 
provision to read “. . . that water 
quality shall be maintained and 
protected, and removed the phrase “No 
degradation shall be allowed. . .” 

ii 

In its entirety. the antidegradation 
policy represents a three-tiered 
approach to maintaining and protecting 
various levels of water quality and uses. 
At its base (Section 131.12(a)(1)), all 
existing uses and the level of water 

quality necessary to protect those uses 
must be maintained and protected. This 
provision establishes the absolute floor 
of water quality in all waters of the 
United States. The second level (Section 
131.12(a)(2)) provides protection of 
actual water quality in areas where the 
quality of the waters exceed levels 
necessary to support propagation of fish, 
shellfish, and wildlife and recreation in 
and on the water (“fishable/ 
swimmable”). There are provisions 
contained in this subsection to allow 
some limited water quality degradation 
after extensive public involvement, as 
long as the water quality remains 
adequate to be “fishable/swimmable.” 
Finally § 131.23(a)(3) provides special 
protection of waters for which the 
ordinary use classifications and water 
quality criteria do not suffice. denoted 
“outstanding National resource water.” 
Ordinarily most people view this 
subsection as protecting and 
maintaining the highest quality waters 
of the United States: that is clearly the 
thrust of the provision. It does, however, 
also offer special protection for waters 
of “ecological significance.” These are 
water bodies which are Important. 
unique. or sensitive ecologically. but 
whose water quality as measured by the 
traditional parameters (dissolved 
oxygen, pH, etc.) may not be particularly 
high or whose character cannot he 
adequately described by these 
parameters. 
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Antidegradation Policy 

EPA’@ proporal. which would have 
limited the antidegradation polky to the 
maintenance of existing uses. plur three 
alternative policy statements described 
in the preamble IO the proposal notice, 
Renerated extensive public comment. 
EPA’s rc*sponre is described in the 
Preaml~le to this finnl rule and includer 
a respunse to both the rubrtantive and 
philosophical commentr offered. Public 
comments overwhelmingly supported 
ret(*ntion of the existing policy and EPA 
did so in the final rule. 

EPA’s response to several commente 
dealing with the antidegradation policy. 
which were not discussed In the 
Preamble apI dimcursed below. 

Option three contained in the 
wncy’r proposal would have allowed 
the porribility of exceptions to 
maintaining exirting user. This option 
was either criticized for being illegal or 
was rupported because it provided 
additional flexibility for economic 
growth. The latter commenterr believed 
that allowancea should be made for 
carefully defined cxccptionr IO the 
abrolute rc?quirement that uses attallied 
murt be maintained. EPA rejects this 
contention aa being totally inconsistent 
with the spirit and intent of both the 
Clean Waler Act and the underlying 
philoeophy of the antidegradation 
policy. Moreover, although the Agency 
rpecifically asked for examples of 
where the existing antidegradation 
policy had precluded growth. no 
exampler were provided. Therefore. 
wholly apart from technical legal 
concerns. there appear-e to be no 
iurtification for adopting Option 3. 

Mart critics ot the proporeo 
antidegradation policy objected to 
removing the public’r ability IO affect 
decirionr on high quality watcn and 
outstanding national reeource waten. In 
attempting to explaln how the propored 
antidegradation policy would be 
implemented, the Preamble to the 
propored rule stated that no public 
participation would be neceuary in 
certain inrtancea because no change 

was being mude in a State-r water 
quality standard. Although that 
statement wus technically accurate. it 
left the mistaken impression that all 
public pcirticipotion was removed from 
the disrllssionr on high quality waters 
end that 1s nut correct. A NPDEZS permit 
would hvve to be issued or a 200 plan 
amendf:d for nny de:crioration in wtrtcr 
quality to be “allowed”. Both actions 
require notice and an opportunity for 
public comment. tlowever. EPA retained 
the existing policy so this issue in moot. 
Other changer in the policy affecting 
ONRW an’ discussed in the Preamble. 

iii 



OUESTIONS AND ANSWERS ON ANTIDEGRADATION 

1. WHAT IS THE ORIGIN OF THE ANTIDEGRADATION POLICY? 

The basic policy was established on February 8, 1968, by 
the Secretary of the U.S. Department of the Interior. It 
was included in EPA's first water quality standards regula- 
tion 40 CFR 130.17, 40 FR 55340-41, November 28, 1975. It 
was slightly refined and repromulgated as part of the current 
program regulation published on November 8, 1983 (48 FR 
51400, 40 CFR S131.12). An ant idegradation policy is one 
of the minimum elements required to be included in a State's 
water quality standards. 

2. WHERE IN THE CLEAN WATER ACT (CWA) IS THERE A REOUIREHENT FOR AN 
ANTIDEGRADATION POLICY OR SUCH A POLICY EXPRESSED? 

There is no explicit requirement for such a policy in the 
Act. However, the policy is consistent with the spirit, 
intent, and goals of the Act, especially the clause "... 
restore and maintain the chemical, physical and biological 
integrity of the Nation's waters" (SlOl(a)) and arguably is 
covered by the provision of 303(a) which made water quality 
standard requirements under prior law the "starting point" 
for CWA water quality requirements. 

3. CAN A STATE JUSTIFY NOT HAVING AN ANTIDEGRADATION POLICY IN 
ITS WATER OUALITY STANDARDS? 

EPA's water quality standards regulation requires each 
State to adopt an antidegradation policy and specifies the 
minimum requirements for a policy. If not included in the 
standards regulation of a State, the policy must be specifi- 
cally referenced in the water quality standards so that the 
functional relationship between the policy and the standards 
is clear. Regardless of the location of the policy, it must 
meet all applicable requirements. 

4. WHAT HAPPENS IF A STATE'S ANTIDEGRADATION POLICY DOES NOT 
MEET THE REGULATORY REQUIREMENTS? 

If this occurs either through State action to revise its 
policy or through revised Federal requirements, the State 
would be given an opportunity to make its policy consistent 
with the regulation. If this is not done, EPA has the auth- 
ority to promulgate the policy for the State pursuant to 
Section 303(c)(4) of the Clean Water Act. 
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5. WHAT COULD HAPPEN IF A STATE FAILED TO IMPLEMENT ITS ANTI- 
DEGRADATION POLICY PROPERLY? 

If a State issues an NPDES permit which violates the re- 
quired antidegradation policy, it would be subject to a 
discretionary EPA veto under Section 402(d) or to a 
citizen challenge. In addition to actions on permits, any 
wasteload allocations and total maximum daily loads violating 
the antidegradation policy are subject to EPA disapproval and 
EPA promulgation of a new wasteload allocation/total maximum 
daily load under Section 303(d) of the Act. If a significant 
pattern of violation was evident, EPA could constrain the 
award of grants or possibly revoke any Federal permitting 
capability that had been delegated to the State. If the 
State issues a S401 certification (for an EPA-issued NPDES 
permit) which fails to reflect the requirements of the 
antidegradation policy, EPA will, on its own initiative, 
add any additional or more stringent effluent limitations 
required to ensure compliance with Section 301(b)(l)(C). 
If the faulty S401 certification related to permits issued 
by other Federal agencies (e.g. a Corp of Engineers Section 
404 permit), EPA could comment unfavorably upon permit 
issuance. The public, of course, could bring pressure 
upon the permit issuing agency. 

6. 1JILL THE APPLICATION OF THE ANTIDEGRADATION POLICY ADVERSELY 
IMPACT ECONOMIC DEVELOPMENT? 

This concern has been raised since the inception of the 
antidegradation policy. The answer remains the same. The 
policy has been carefully structured to minimize adverse 
effects on economic development while protecting the water 
quality goals of the Act. As Secretary Udall put it in 1968, 
the policy serves "... the dual purpose of carrying out the 
letter and spirit of the Act without interfering unduly 
with further economic development" (Secretary Udall, February 
8, 1968). Application of the policy could affect the levels 
and/or kinds of waste treatment necessary or result in the 
use of alternate sites where the environmental impact would 
be less damaging. These effects could have economic implica- 
tions as do all other environmental controls. 

7. \aAT IS THE PROPER INTERPRETATION OF THE TERM "AN EXISTING 
USE"? 

An existing use can be established by demonstrating that 
fishing, swimming, or other uses have actually occurred 
since November 28, 1975, or that the water quality is suit- 
able to allow such uses tooccur (unless there are physical 
problems which prevent the use regardless of water quality). 
An example of the latter is an area where shellfish are 
propagating and surviving in a biologically suitable 
habitat and are available and suitable for harvesting. 
Such facts clearly establish that shellfish harvesting is 
an "existing" use, not one dependent oh improvements in 
water quality. To argue otherwise would be to say that 

-2- 



the only time an aquatic protection use "exists" is if someone 
succeeds in catching fish. 

8. THE WATER QUALITY STANDARDS REGULATION STATES THAT "EXISTING 
USES AND THE LEVEL OF WATER QUALITY NECESSARY TO PROTECT THE 
EXISTING USES SHALL BE MAINTAINED AND PHOTECTED." HOW FULLY AND 
AT WHAT LEVEL OF PROTECTION IS AN EXISTING USE TO BE PROTECTED 
IN ORDER TO SATISFY THE ABOVE REOUIREMENT? 

NO activity is allowable under the antidegradation policy 
which would partially or completely eliminate any existing 
use whether or not that use is designated in a State's water 
quality standards. The aquatic protection use is a broad category 
requiring further explanation. Species that are in the water 
body and which are consistent with the designated-&e (i.e., 
not aberrational) must be protected, even if not prevalent in 
number or importance. Nor can activity be allowed which would 
render the species unfit for maintaining the use. Water 
quality should be such that it results in no mortality and 
no significant growth or reproductive impairment of resident 
species. (See Question 16 for situation where an aberrant sen- 
sitive species may exist.) Any lowering of water quality below 
this full level of protection is not allowed. A State may 
develop subcategories of aquatic protection uses but cannot 
choose different levels of protection for like uses. The fact 
that sport or commercial fish are not present does not mean 
that the water may not be supporting an aquatic life protection 
function. An existing aquatic community composed entirely of 
invertebrates and plants, such as may be found in a pristine 
alpine tributary stream, should still be protected whether or 
not such a stream supports a fishery. Even though the shorthand 
expression "fishable/swimmable" is often used, the actual objec- 
tive of the act is to "restore and maintain the chemical, 
physical, and biological integrity of our Nation's waters 
(section lOl(a)).l/ The term "aquatic life" would more accurately 
reflect the protection of the squat ic community that was 
intended in Section 101(a)(2) of the Act. 

9. IS THERE ANY SITUATION WHERE AN EXISTING USE CAN BE REfIOVED? 

In general, no. Water quality may sometimes be affected, 
but an existing use, and the level of water quality to 
protect it must be maintained (S131.12(a)(l) and (2) of the 
regulation). However, the State may limit or not designate 
such a use if the reason for such action is non-water quality 
related. For example, a State may wish to impose a temporary 
shellfishing ban to prevent overharvesting and ensure an 
abundant population over the long run, or may wish to restrict 
swimming from heavily trafficked areas. If the State chooses, 

='/ Note: "Fishable/swimmable" is a term of convenience used in - 
the standards program in lieu of constantly repeating 
the entire text of Section 101(a)(2) goal of the Clean 
Water Act. As a short-hand expression it is potentially 
misleading. 
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for non-water quality reasons, to linlit use designations, 
it must still adopt criteria to protect the use if there is 
a reasonable likelihood it will actually occur (e.g. swimming 
in a prohibited water). However, if the State's action is 
based on a recognition that water quality is likely to be 
lowered to the point that it no longer is sufficient to 
protect and maintain an existing use, then such action is 
inconsistent with the antidegradation policy. 

10. HOW DOES THE REQUIREMENT THAT THE LEVEL OF WATER QUALITY 
NECESSARY TO PROTECT THE EXISTING USE(S) BE MAINTAINED AND PROTECTED, 
WHICH APPEARS IN S131.12(a)(l),(2), AND (3) OF THE WATER QUALITY 
STANDARDS REGULATION, ACTUALLY WORK? 

Section 131.12(a)(l), as described in the Preamble to the 
regulation, provides the absolute floor of water quality in 
all waters of the United States. This paragraph applies a 
minimum level of protection to all waters. However, it is 
most pertinent to waters having beneficial uses that are 
less than the Section 101(a)(2) goals of the Act. If it 
can be provent in that situation, that water quality exceeds 
that necessary to fully protect the existing use(s) and 
exceeds water quality standards but is not of sufficient 
quality to cause a better use to be achieved, then that 
water quality may be lowered to the level required to fully 
protect the existing use as long as existing water quality 
standards and downstream water quality standards are not 
affected. If this does not involve a change in standards, 
no public hearing would be required under Section 303(c). 
However, public participation would still be provided in 
connection with the issuance of a NPDES permit or amendment 
of a 208 plan. If, however, analysis indicates that the 
higher water quality does result in a better use, even if 
not up to the Section 101(a)(2) goals, then the water quality 
standards must be upgraded to reflect the uses presently 
being attained (S131.1O(i)). 

Section 131.12(a)(2) applies to waters whose quality 
exceeds that necessary to protect the Section 101(a)(2) 
goals of the Act. In this case, water quality may not be 
lowered to less than the level necessary to fully protect 
the "fishable /swimmable" uses and other existing uses and 
may be lowered even to those levels only after following 
all the provisions described in S131.12(a)(2). This require- 
ment applies to individual water quality parameters. 

Section 131.12(a)(3) applies to so-called outstanding National 
Resource (ONRW) waters where the ordinary use classifications 
and supporting criteria are not appropriate. As described in 
the Preamble to the water quality standards regulation "States 
may allow some limited activities which result in temporary 
and short-term changes in water quality," but such changes 
in water quality should not alter the essential character or 
special use which makes the water an ONRW. (See also pages 
2-14,- 15 of the Water Quality Standards Handbook.) 

Any one or a combination of several activities may trigger 
the antidegradatioq pc! icy analysis as discussed above. such 
activities include a scheduled water quality standards review, 

-4- 



the establishment of new or revised wasteload allocations 
NPDES permits, the demonstration of need for advanced treatment 
or request by private or public agencies or individuals for a 
special study of the water body. 

11. WILL AN ACTIVITY WHICH WILL DEGRADE WATER QUALITY, AND PRECLUDE 
AN EXISTING USE IN ONLY A PORTION OF A WATER BODY (BUT ALLOW IT 
TO REMAIN IN OTHER PARTS OF THE WATER BODY) SATISFY THE ANTIDEGRAD- 
ATION REQUIREMENT THAT EXISTING USES SHALL BE MAINTAINED 
AND PROTECTED? 

No. Existing uses must be maintained in all parts of the 
water body segment in question other thanin restricted 
mixing zones. For example, an activity which lowers water 
quality such that a buffer zone must be established within a 
previous shellfish harvesting area is inconsistent with the 
antidegradation policy. (However, a slightly different 
approach is taken for fills in wetlands, as explained in 
Question 13.) 

12. DOES ANTIDEGRADATION APPLY TO POTENTIAL USES? 

No. The focus of the antidegradation policy is on protecting 
existing uses. Of course, insofar as existing uses and 
water quality are protected and maintained by the policy 
the eventual improvement of water quality and attainment of 
new uses may be facilitated. The use attainability require- 
ments of S131.10 also help ensure that attainable potential 
uses are actually attained. (See also questions 7 and 10.) 

13. FILL OPERATIONS IN WETLANDS AUTOMATICALLY ELIMINATE ANY 
EXISTING USE IN THE FILLED AREA. HOW IS THE ANTIDEGRADATION 
POLICY APPLIED IN THAT SITUATION? 

Since a literal interpretation of the antidegradation policy 
could result in preventing the issuance of any wetland fill 
permit under Section 404 of the Clean Water Act, and it is 
logical to assume that Congress intended some such permits 
to be granted within the framework of the Act, EPA interprets 
s131.12 (a)(l) of the antidegradation policy to be satisfied 
with regard to fills in wetlands if the discharge did not 
result in "significant degradation" to the aquatic ecosystem 
as defined under Section 230.10(c) of the Section 404(b)(l) 
guidelines. If any wetlands were found to have better 
water quality than "fishable/ swimmable", the State would 
be allowed to lower water quality to the no significant 
degradation level as long as the requirements of Section 
131.12(a)(2) were followed. As for the ONRW provision of 
antidegradation (131.(a)(2)(3)), there is no difference in 
the way it applies to wetlands and other water bodies. 
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14. Is POLLUTION RESULTING FROM NONPOINT SOURCE ACTIVITIES SUBJECT 

TO PROVISIONS 3F THE ANTIDEGRADATION POLICY? 

gonpoint source activities am3 not exempt from the provisions 
of the antidegradation policy. The language of Section 131.12 
(a)(2) of the regulation: "Further, the State shall assure 
that there shall be achieved the highest statutory and regulatory 
requirements for all new and existing point sources and all 
cost-effective and reasonable best nangement practices for 
nonpoint source control" reflects statutory provisiona of the 
Clean Water Act. While it is true that the Act does not 
establish a regulatory program for nOnpOint sources, it clearly 
intends that the BMPs developed and approved under sections 
205(j), 208 and 303(e) be agressively implemented by the States. 
As indicated in the introduction, EPA will be developing additional 
guidance in this area. 

15. IN HIGH QUALITY WATERS, ARE NEW DISCHARGERS OR EXPANSION OF 
EXISTING FACILITIES SUBJECT TO THE PROVISIONS OF ANTIDEGRADATION? 

Yes. Since such activities would presumably lower water quality, 
they would not be permissible unless the State finds that it is 
necessary to accommodate important economic or social developmer,t 
(Section 131.12(a)(2). In addition the minimum technology base.3 
requirements must be met, including new source performance 
standards. This standard would be implemented through the wast.e- 
load and NPDES permit process for such new or expanded source!;. 

16. A STREAM, DESIGNATED AS A WARM WATER FISHERY, HAS BEEN 
FOUND TO CONTAIN A SMALL, APPARENTLY NATURALLY OCCURRING POPULATIO!J 
OF A COLD-WATER GAME FISH. THESE FISH APPEAR TO HAVE ADAPTED TO 
THE NATURAL WARM WATER TEMPERATURES OF THE STREAM WHICH WOULD NOT 
NORMALLY ALLOW THEIR GROWTH AND REPRODUCTION. WHAT IS THE 
EXISTING USE WHICH MUST BE PROTECTED UNDER SECTION 131.12(a)(l)? 

Section 131.12(a)(l) states that "Existing instream water 
uses and level of water quality necessary to protect the 
existing uses shall be maintained and protected.* While 
sustaining a small cold-water fish population, the stream 
does not support an existing use of a "cold-water fishery.* 
The existing stream temperatures are unsuitable for a thrivil~g 
cold-water fishery. The snail marginal population is an 
artifact and should not be employed to mandate a more stringent 
use (true cold-water fishery) where natural conditions are 
not suitable for that use. 

.4 use attainability analysis or other scientific assessmc?nt 
should be used to determine whether the aquatic life population 
is in fact an artifact or is a stable population requiring 
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water quality protection. Where species appear in areas not 
normally expected, some adaptation may have occurred and site- 
specific criteria may be appropriately developed. should 
the cold-water fish population consist of a threatened or 
endangered species, it may require protection under the 
Endangered Species Act. Otherwise the stream need only be 
protected as a warm water fishery. 

17. HOW DOES EPA'S ANTIDEGRADATION POLICY APPLY TO A kJATERBODY 
\JHERE A CHANGE IN MAN'S ACTIVITIES IN OR AROUND THAT kJATERBODY 
WILL PRECLUDE AN EXISTING USE FROM BEING FULLY MAINTAINED? 

If a planned activity will forseeably lower water quality 
to the extent that it no longer is sufficient to protect 
and maintain the existing uses in that waterbody, such an 
activity is inconsistent with EPA's antidegradation policy 
which requires that existing uses are to be maintained. In 
such a circumstance the planned activity must be avoided or 
adequate mitigation or preventive measures must be taken to 
ensure that the existing uses and the water quality to 
protect them will be maintained. 

In addition, in "high quality waters", under S131.12(a)(2), 
before any lowering of water quality occurs, there must be: 
1) a finding that it is necessary in order to accommodate 
important economical or social development in the area in 
which the waters are located, (2) full satisfaction of all 
intergovernmental coordination and public participation 
provisions and (3) assurance that the highest statutory and 
regulatory requirements and best management practices for 
pollutant controls are achieved. This provision can normally 
be satisfied by the completion of llater Quality Yanagement 
Plan updates or by a similar process that allows for public 
participation and intergovernmental coordination. This 
provision is intended to provide relief only in a few extra- 
ordinary circumstances where the economic and social need 
for the activity clearly outweiqhs the benefit of maintaining 
water quality above that required for "fishable/swimmable" 
water, and the two cannot both be achieved. The burden of 
demonstration on the individual proposinq such activity will 
be very high. In any case, moreover, the existing use must 
be maintained and the activity shall not preclude the maintenance 
of a "fishable/swimmable" level of water quality protection. 

18. WHAT DOES EPA MEAN BY " . ..THE STATE SHALL ENSURE THAT THERE 
SHALL BE ACHIEVED THE HIGHEST STATUTORY AND REGULATORY REQUIREMENTS 
FOR ALL NEW AND EXISTING POINT SOURCES AND ALL COST EFFECTIVE 
AND REASONABLE BEST MANAGEMENT PRACTICES FOR NON-POINT SOURCE 
CONTROL" (S131.12(a)(2)? 

This requirement ensures that the limited provision for 
lowering water quality of high quality waters down to "fish- 
able /swimmable" levels will not be used to undercut the 
Clean Water Act requirements for point source and non-point 
source pollution control. Furthermore, by ensuring compliance 
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with such statutory and regulatory controls, there is less 
chance that a lowering of water quality will be sought in 
order to accommodate new economic and social development. 

19. WHAT DOES EPA MEAN BY " . ..IMPORTANT ECONOMIC OR SOCIAL 
DEVELOPMENT IN THE AREA IN WHICH THE WATERS ARE LOCATED" 
IN 131.1 2(a)(2)? 

This phrase is simply intended to convey a general concept 
regarding what level of social and economic development could 
be used to justify a change in high quality waters. Any more 
exact meaning will evolve through case-by-case application 
under the State's continuing planning process. Although 
EPA has issued suggestions on what might be considered in 
determining economic or social impacts, the Agency has no 
predetermined level of activity that is defined as "important". 

20. IF A WATER BODY WITH A PUBLIC WATER SUPPLY DESIGNATED USE 
IS, FOR NON-WATER QUALITY REASONS, NO LONGER USED FOR DRINKING 
WATER MUST THE STATE RETAIN THE PUBLIC WATER SUPPLY USE AND 
CRITERIA IN ITS STANDARDS? 

Under 40 CFR 131.10(h)(l), the State may delete the public 
water supply use designation and criteria if the State adds 
or retains other use designations for the waterbodies which 
have more stringent criteria. The State may also delete 
the use and criteria if the public water supply is not an 
'existing use’ as defined in 131.3 (i.e., achieved on or 
after November 19751, as long as one of the S131.1O(g) 
justifications for removal is met. 

Otherwise, the State must maintain the criteria even if it 
restricts the actual use on non-water quality grounds, as 
long as there is any possibility the water could actually 
be used for drinking. (This is analogous to the swimming 
example in the preamble.) 

21. WHAT IS THE RELATIONSHIP BETWEEN WASTELOAD ALLOCATIONS, TOTAL 
MAXIMUM DAILY LOADS, AND THE ANTIDEGRADATION POLICY? 

Wasteload allocations distribute the allowable pollutant 
loadings to a stream between dischargers. Such allocations 
also consider the contribution to pollutant loadings from non- 
point sources. Wasteload allocations must reflect applicable 
State water quality standards including the antidegradation 
policy. No wasteload allocation can be develped or NPDES permit 
issued that would result in standard being violated, or, in the 
case of waters whose quality exceeds that necessary for the 
Section 101(a)(2) qoals of the Act, can result a lowering 
of water quality unless the applicable public participation, 
intergovernmental review and baseline control requirements 
of the antidegradation policy have been met. 
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22. DO 'I'Ht itrilt1r~uL~~~.~1'11,,iLn~ ~b<~~\ti,'~lu~~, I~#. ,,.,A, L J~~~\, ~.~I\ILLI"A~'~ON 

REQUIREMENTS WHICH ESTABLISH THE PROCEDURES FOR DETERMINING THAT 
WATER QUALITY \JHICH EXCEEDS THAT NECESSARY TO SUPPORT THE SECTION 
101(a)(2) GOAL OF THE ACT MAY BE LOWERED APPLY TO CONSIDERING 
ADJUSTMENTS TO THE \lASTELOAD At.LOCATIO~lS DEVFILOPED FOR THE DISCHARGERS 
IN THE AREA? 

Yes. Section 131.12(a)(2) of t.he water quality standards 
regulation is directed towards changes in water quality per 
se, not just towards changes in standards. The intent is to 
ensure that no activity which will cause water quality to 
decline in existing high quality waters is undertaken without 
adequate public review. Therefore, if a change in wasteload 
allocation could alter water quality in high quality waters, 
the public participation and coordination requirements 
apply0 

23. IS THE ANSWER TO THE ABOVE QUESTION DIFFERENT IF THE WATER 
QUALITY IS LESS THAN THAT NEEDED TO SUPPORT "FISHABLE/SWIMMABLE" 
USES? 

Yes. Nothing in either the water quality standards or the 
wasteload allocation regulations requires the same degree 
of public participation or intergovernmental coordination 
for such waters as is required for high quality waters. 
However, as discussed in question 10, public participation 
would still be provided in connection with the issuance of a 
NPDES permit or amendment of a 208 plan. Also, if the action 
which causes reconsideration of the existing wasteloads (such 
as dischargers withdrawing from the area) will result in an 
improvement in water quality which makes a better use 
attainable, even if not up to the "fishable/swimmable" goal, 
then the water quality standards must be upgraded and full 
public review is required for any action affecting changes in 
standards. Although not specifically required by the standards 
regulation between the triennial reviews, we recommend that 
the State conduct a use attainability analysis to determine if 
water quality improvement will result in attaining higher uses 
than currently designated in situations where significant 
changes in wasteloads are expected (see question 10). 

24. SEVERAL FACILITIES ON A STREAM SEGMENT DISCHARGE PHOSPHORUS- 
CONTAINING \JASTES. AMBIENT PHOSPHORUS CONCENTRATIONS MEET CLASS B 
STANDARDS, BUT BARELY. THREE DISCHARGERS ACHIEVE ELIMINATION OF 
DISCHARGE BY DEVELOPING A LAND TREATMENT SYSTEM. AS A RESULT, 
ACTUAL WATER QUALITY IMPROVES (I.E., PHOSPHORUS LEVELS DECLINE) 
BUT NOT QUITE TO THE LEVEL NEEDED TO MEET CLASS A (FISHABLE/SWIMMABLE) 
STANDARDS. CAN THE THREE REMAINING DISCHARGERS NOW INCREASE 
THEIR PHOSPHORUS DISCHARGE WITH THE RESULT THAT WATER QUALITY 
DECLINES (PHOSPHORUS LEVELS INCREASE) TO PREVIOUS LEVELS? 

Nothing in the water quality standards regulation expli- 
citly prohibits this (see answer to questions 10 and 23). 
Of course, changes in their NPDES permit limits may be 
subject to non-water quality constraints, such as BPT 
or BAT, which may restrict this. 
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25. SUPPOSE IN THE ABOVE SITUATION IJATER @UALITY IMPROVES TO THE 
POINT THAT ACTUAL WATER QUALITY NOW MEETS CLASS A REQUIREMENTS. 
IS THE ANSWER DIFFERENT? 

Yes. The standards must be upgraded (see answer to question 10). 

26. AS AN ALTERNATIVE CASE, SUPPOSE PHOSPHORUS LOADINGS GO DOWN 
AND WATER QUALITY IMPROVES BECAUSE OF A CHANGE IN FARMING PRACTICES, 
E.G., INITIATION OF A SUCCESSFUL NON-POINT PROGRAM. ARE THE 
ABOVE ANSWERS THE SAHE? 

Yes. Whether the improvement results from a change in point 
or nonpoint source activity is immaterial to how any aspect of 
the standards regulation operates. Section 131.10(d) clearly 
indicates that uses are deemed attainable if they can be achieved 
by I... cost-effective and reasonable best management practices 
for nonpoint source control". Section 131.12(a)(2) of the anti- 
degradation policy contains essentially the same wording. 

27. \IHEN A POLLUTANT DISCHARGE CEASES FOR ANY REASON, MAY THE 
WASTELOAD ALLOCATIONS FOR THE OTHER DISCHARGES IN THE AREA BE 
ADJUSTED TO REFLECT THE ADDITIONAL LOADING AVAILABLE? 

This may be done consistent with the antidegradation policy 
only under two circumstances: (11 In "high quality waters” 
where after the full satisfaction of all public participation 
and intergovernmental review requirements, such adjustments 
are considered necessary to accomodate important economic or 
social development, and the "threshold" level requirements 
are met; or (2) in less thdn "high quality waters”, when the 
expected improvement in water quality will not cause a 
better use to be achieved, the adjusted loads still meet water 
quality standards, and the new wasteload allocations are at 
least as stringent as technology-based limitations. Of 
course, all applicable requirements of the Section 402 
permit regulations would have to be satisfied before a 
permittee could increase its discharge. 

28. HOW MAY THE PUBLIC PARTICIPATION REQUIREMENTS BE SATISFIED? 

This requirement may be satisfied in several ways. The State 
may obviously hold a public hearing or hearings. The State 
m-.'/ also satisfy the requirement by providing the opportunity 
tcr the public to request a hearing. Activities which may 
atfect several water bodies in a river basin or sub-basin 
nay be considered in a single hearing. To ease the resource 
burden on both the State and public, standards issues may be 
combined with hearings on environmental impact statements, 
water management plans, or permits. However, if this is 
done, the public must be clearly informed that possible 
changes in water quality standards are being considered 
along with other activities. In other words, it is inconsis- 
tent with the water quality standards regulation to "back-door" 
changes in standards through actions on EIS's, wasteload 
allocations, plans, or permits. 
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29. WHAT IS MEANT BY THE REQUIREMENT THAT, WHERE A THERMAL 
DISCHARGE IS INCLUDED, THE ANTIDEGRADATION POLICY SHALL BE 
CONSISTENT WITH SECTION 316 OF THE ACT? 

This requirement is contained in Section 131.12 (a)(4) of the 
regulation and is intended to coordinate the requirements and 
procedures of the antidegadation policy with those established 
in the Act for setting thermal discharge limitations. 
Regulations implementing Section 316 may be found at 40 CFR 
124.66. The statutory scheme and legislative history indicate 
that limitations developed under Section 316 take precedence 
over other requirements oE the Act. 

30. WHAT IS TqE RELATIONSHIP BETWEEN THE ANTIDEGRADATION POLICY, 
STATE bJAT9 R RIGHTS USE LAWS AND SECTION 101(g) OF THE CLEAN 
WATER ACT ,lHICH DEALS WITH STATE AUTHORITY TO ALLOCATE 
WATER QUANI'I'TI k:S? 

The exact 1iTitations imposed by section 101(g) are unclear: 
however, th+B legislative history and the courts interpreting 
it do indic,ite that it <does not nullify water quality measures 
authorized by C?JA (such as water quality standards and their 
upgrading, and NPDES and 402 permits) even if such measures 
incidentally affect individual water rights: those authorities 
also indicate that if there is a way to reconcile water 
quality needs and water quantity allocations, such accomodation 
should be be pursued. In other words, where there are 
alternate ways to meet the water quality requirements of the 
Act, the one with least disruption to water quantity allocations 
should be chosen. Where a planned diversion would lead to a 
violation of water quality standards (either the antitlegradation 
policy or a criterion), a 404 permit associated with the 
diversion should be suitably conditioned if possible and/or 
additional nonpoint and/or point source controls should ye 
imposed to compensate. 

31. AFTER READING THE REGULATION, THE PREAMBLE, AND ALL IYFSE 
QUESTIONS AND ANSWERS, I STILL DON'T UNDERSTAND ANTIDEGRADATION. 
WHOM CAN I T4LK TO? 

Call the Standards Branch at: (202) 245-3042. You can also 
call the water quality standards coordinators in each of our 
EPA Regional offices. 
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Derivation of the 1985 
Aquatic Life Criteria 

The following is a summary of the Guidelines for Derivation of Criteria for Aquatic Life. The complete text is found in "Guidelines for 
Deriving Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and Their Uses” available from National 
Technical Information Service - PB85-227049. 

Derivation of numerical national water quality criteria for the protection of aquatic organisms and 
their uses is a complex process that uses information from many areas of aquatic toxicology. When a 
national criterion is needed for a particular material, all available information concerning toxicity to 
and bioaccumulation by aquatic organisms is collected, reviewed for acceptability, and sorted. If 
enough acceptable data on acute toxicity to aquatic animals are available, they are used to estimate 
the highest one-hour average concentration that should not result in unacceptable effects on aquatic 
organisms and their uses. If justified, this concentration is made a function of water quality 
characteristics such as pH, salinity, or hardness. Similarly, data on the chronic toxicity of the 
material to aquatic animals are used to estimate the highest four-day average concentration that 
should not cause unacceptable toxicity during a long-term exposure. If appropriate, this 
concentration is also related to a water quality characteristic. 

Data on toxicity to aquatic plants are examined to determine whether plants are likely to be 
unacceptably affected by concentrations that should not cause unacceptable effects on animals. 
Data on bioaccumulation by aquatic organisms are used to determine if residues might subject 
edible species to restrictions by the U.S. Food and Drug Administration (FDA), or if such residues 
might harm wildlife that consumes aquatic life. All other available data are examined for adverse 
effects that might be biologically important. 

If a thorough review of the pertinent information indicates that enough acceptable data exists, 
numerical national water quality criteria are derived for fresh water or salt water or both to protect 
aquatic organisms and their uses from unacceptable effects due to exposures to high concentrations 
for short periods of time, lower concentrations for longer periods of time, and combinations of the 
two. 

I. Definition of Material of Concern 

A. Each separate chemical that does not ionize substantially in most natural bodies of water 
should usually be considered a separate material, except possibly for structurally similar 
organic compounds that exist only in large quantities as commercial mixtures of the 
various compounds and apparently have similar biological, chemical, physical, and toxi- 
cological properties. 

B. For chemicals that do ionize substantially in most natural waterbodies (e.g., some phenols 
and organic acids, some salts of phenols and organic acids, and most inorganic salts and 
coordination complexes of metals), all forms in chemical equilibrium should usually be 
considered one material. Each different oxidation state of a metal and each different 
non-ionizable covalently bonded organometallic compound should usually be 
considered a separate material. 

C. The definition of the material should include an operational analytical component. 
Identification of a material simply, for example, as "sodium" obviously implies "total 
sodium” but leaves room for doubt. If “total” is meant, it should be explicitly stated. Even 



"total" has different operational definitions, some of which do not necessarily measure 
“all that is there” in all sample. Thus, it is also necessary to reference or describe one 
analytical method that is intended. The operational analytical component should take into 
account the analytical and environmental chemistry of the material, the desirability of 
using the same analytical method on samples from laboratory tests, ambient water and 
aqueous effluents, and various practical considerations such as labor and equipment 
requirements and whether the method would require measurement in the field or would 
allow measurement after samples are transported to a laboratory. 

The primary requirements of the operational analytical component are that it be 
appropriate for use on samples of receiving water, compatible with the available toxicity 
and bioaccumulation data without making overly hypothetical extrapolations, and rarely 
result in underprotection or overprotection of aquatic organisms and their uses. Because 
an ideal analytical measurement will rarely be available, a compromise measurement will 
usually be used. This compromise measurement must fit with the general approach: if an 
ambient concentration is lower than the national criterion, unacceptable effects will 
probably not occur (i.e., the compromise measurement must not err on the side of 
underprotection when measurements are made on a surface water). Because the chemical 
and physical properties of an effluent are usually quite different from those of the 
receiving water, an analytical method acceptable for analyzing an effluent might not be 
appropriate for analyzing a receiving water, and vice versa. If the ambient concentration 
calculated from a measured concentration in an effluent is higher than the national 
criterion, an additional option is to measure the concentration after dilution of the effluent 
with receiving water to determine if the measured concentration is lowered by such 
phenomena as complexation or sorption. A further option, of course, is to derive a 
site-specific criterion (1,2,3). Thus, the criterion should be based on an appropriate 
analytical measurement, but the criterion is not rendered useless if an ideal measurement 
either is not available or is not feasible. 

The analytical chemistry of the material might need to be considered when defining 
the material or when judging the acceptability of some toxicity tests, but a criterion should 
not be based on the sensitivity of an analytical method. When aquatic organisms are more 
sensitive than routine analytical methods, the proper solution is to develop better 
analytical methods, not to underprotect aquatic life. 

II. Collection of Data 

A. Collect all available data on the material concerning toxicity to, and bioaccumulation by 
aquatic animals and plants; FDA action levels (compliance Policy Guide, U.S. Food & 
Drug Admin. 1981) and chronic feeding studies and long-term field studies with wildlife 
species that regularly consume aquatic organisms. 

B. All data that are used should be available in typed, dated, and signed hard copy 
(publication, manuscript, letter, memorandum) with enough supporting information to 
indicate that acceptable test procedures were used and that the results are probably 
reliable. In some cases, additional written information from the investigator may be 
needed. Information that is confidential, privileged, or otherwise not available for 
distribution should not be used. 

C. Questionable data, whether published or unpublished, should not be used. Examples 
would be data from tests that did not contain a control treatment, tests in which too many 
organisms in the control treatment died or showed signs of stress or disease, and tests in 
which distilled or deionized water was used as the dilution water without addition of 
appropriate salts. 

D. Data on technical grade materials may be used, if appropriate; but data on formulated 
mixtures and emulsifiable concentrates of the material may not be used. 



E. For some highly volatile, hydrolyzable, or degradable materials, only use data from 
flow-through tests in which the concentrations of test material were measured often 
enough with acceptable analytical methods. 

F. Data should be rejected if obtained by using 

• Brineshrimp- because they usually occur naturally only in water with salinity 
greater than 35 g/kg; 

• Species that do not have reproducing wild populations in North America; or 

• Organisms that were previously exposed to substantial concentrations of the test 
material or other contaminants. 

G. Questionable data, data on formulated mixtures and emulsifiable concentrates, and data 
obtained with nonresident species or previously exposed organisms may be used to 
provide auxiliary information but should not be used in the derivation of criteria. 

III. Required Data 

A. Certain data should be available to help ensure that each of the four major kinds of 
possible adverse effects receives adequate consideration: results of acute and chronic 
toxicity tests with representative species of aquatic animals are necessary to indicate the 
sensitivities of appropriate untested species. However, since procedures for conducting 
tests with aquatic plants and interpreting the results are not as well developed, fewer data 
concerning toxicity are required. Finally, data concerning bioaccumulation by aquatic 
organisms are required only with relevant information on the significance of residues in 
aquatic organisms. 

B. To derive a criterion for freshwater aquatic organisms and their uses, the following should 
be available: 

1. Results of acceptable acute tests (see section IV) with at least one species of freshwater 
animal in at least eight different families including all of the following 

• The family Salmonidae in the class Osteichthyes. 

• A second family in the class Osteichthyes, preferably a commercially or 
recreationally important warmwater species, such as bluegill or channel catfish. 

• A third family in the phylum Chordata (may be in the class Osteichthyes or may 
be an amphibian etc.). 

• A planktonic crustacean such as a cladoceran or copepod. 

• A benthic crustacean (ostracod, isopod, amphipod, crayfish, etc.). 

• An insect (mayfly, dragonfly, damselfly, stonefly, caddisfly, mosquito, midge, etc.). 

• A family in a phylum other than Arthropoda or Chordata, such as Rotifera, 
Annelida, Mollusca. 

• A family in any order of insect or any phylum not already represented. 

2. Acute-chronic ratios (see section VI) with species of aquatic animals in at least three 
different families, provided that: 

• At least one is a fish; 

• At least one is an invertebrate; and 

• At least one is an acutely sensitive freshwater species (the other two may be 
saltwater species). 

3. Results of at least one acceptable test with a freshwater alga or vascular plant (see 
section VIII). If the plants are among the aquatic organisms that are most sensitive to 
the material, test data on a plant in another phylum (division) should also be available. 



4. At least one acceptable bioconcentration factor determined with an appropriate 
hshwater species, if a maximum permissible tissue concentration is available (see 
section IX). 

C. To derive a criterion for saltwater aquatic organisms and their uses, the following should 
be available: 

1. Results of acceptable acute tests (see section IV) with at least one species of saltwater 
animal in at least eight different families, including all of the following 

l Two families in the phylum Chordata; 

l A family in a phylum other than Arthropoda or Chordata; 

l Either the Mysidae or Penaeidae family; 

l Three other families not in the phylum Chordata (may include Mysidae or 
Penaeidae, whichever was not used previously); and 

l Any other family. 

2. Acute&r& ratios (see s&ion VI) with species of aquatic animals in at least three 
different families, provided that of the three species: 

l Atleastoneisatih; 

l At least one is an invertebrate; and 

l At least one is an acutely sensitive saltwater species (the other may be an acutely 
sensitive freshwater species). 

3. Results of at least one acceptable test with a saltwater alga or vascular plant (see 
section VIII). If plants are among the aquatic organisms most sensitive to the material+ 
results of a test with a plant in another phylum (division) should also be available. 

4. At least one acceptable bioconcentration factor determined with an appropriate 
saltwater species, if a maximum permissible tissue concentration is available (see 
section DQ. 

D. If all required data are available, a numerical criterion can usually be derived, except in 
special cases. For example, derivation of a criterion might not be possible if the available 
acute-chronic ratios vary by more than a factor of 10 with no apparent pattern. Also, if a 
criterion is to be related to a water quality characteristic T (see sections V and VII), more 
data will be necessary. 

Similarly, if all required data are not available, a numerical criterion should not be 
derived except in special cases. For example, even if not enough acute and chronic data are 
available, it might be possrble to derive a criterion if the available data clearly indicate that 
the Final Residue Value should be much lower than either the Final Chronic Value or the 
Final Plant Value. 

E. Confidence in a criterion usually increases as the amount of available pertinent data 
increases. Thus, additional data are usually desirable. 

IV. Final Acute Value 

A. Appropriate measures of the acute (short-term) toxicity of the material to a variety of 
species of aquatic animals are used to calculate the Final Acute Value. The Final Acute 
Value is an estimate of the concentration of the material, corresponding to a cumulative 
probability of 0.05 in the acute toxicity values for genera used in acceptable acute tests 
conducted on the material. Howevel; in some cases, if the Species Mean Acute Value of a 
commercially or recreationally important species is lower than the calculated Final Acute 
Value, then that Species Mean Acute Value replaces the calculated Final Acute Value to 
protect that important species. 



B. Acute toxicity tests should have been conducted using acceptable procedures (ASTM 
Standards E 729 and 724). 

C. Except for tests with saltwater annelids and mysids, do not use results of acute tests 
during which test organisms were fed, unless data indicate that the food did not affect the 
toxicity of the test material. 

D. Results of acute tests conducted in unusual dilution water (dilution water in which total 
organic carbon or particulate matter exceeded 5 mg/L) should not be used unless a 
relationship is developed between acute toxicity and organic carbon or particulate matter 
or unless data show that the organic carbon or particulate matter does not affect toxicity. 

E. Acute values should be based on endpoints that reflect the total severe acute adverse 
impact of the test material on the organisms used in the test. Therefore, only the following 
kinds of data on acute toxicity to aquatic animals should be used: 

1. Tests with daphnids and other cladocerans should be started with organisms less than 
24-hours old, and tests with midges should be stressed with second- or third-in&u 
larvae. The result should be the 48-hour EC& based on percentage of organisms 
immobilized plus percentage of organisms lolled. If such an ECs,-, is not available from 
a test, the 48-hour LCw should be used in place of the desired 48-hour ECm. An ECw or 
LCw of longer than 48 hours can be used as long as the animals were not fed and the 
control animals were acceptable at the end of the test. 

2. The result of a test with embryos and larvae of barnacles, bivalve molluscs (clams, 
mussels, oysters, and scallops), sea urchins, lobsters, crabs, shrimp, and abalones 
should be the %hour EC50 based on the percentage of organisms with incompletely 
developed shells plus the percentage of organisms killed. If such an ECU, is not 
available from a test, the lower of the 96hour EC- based on the percentage of 
organisms with incompletely developed shells and the %-hour LCw should be used 
in place of the desired %hour EC 50. If the duration of the test was between 48 and % 
hours, the ECw or LCm at the end of the test should be used. 

3. The acute values from tests with all other freshwater and saltwater animal species and 
older life stages of barnacles, bivalve molluscs, sea urchins, lobsters, crabs, shrimps, 
and abalones should be the %-hour ECw based on the percentage of organisms 
exhibiting loss of equilibrium, plus the percentage of organisms immobilized, plus the 
percentage of organisms killed. If such an EC% is not available from a test, the %-hour 
LCm should be used in place of the desired %-hour ECm. 

4. Tests with singlecelled organisms are not considered acute tests, even if the duration 
was 96 hours or less. 

5. If the tests were conducted properly, acute values reported as ‘greater than’ values 
and those above the solubility of the test material should be used because rejection of 
such acute values would unnecessarily lower the Final Acute Value by eliminating 
acute values for resistant species. 

F. If the acute toxicity of the material to aquatic animals apparently has been shown to be 
related to a water quality characteristic such as hardness or particulate matter for 
freshwater animals or salinity or particulate matter for salhvater animals, a Final Acute 
Equation should be derived based on that water quality characteristic. (Co to section V.) 

G. If the available data indicate that one or more life stages are at least a factor of 2 more resistant 
than one or more other life stages of the same species, the data for the more resistant life stages 
should not be used in the calculation of the Species Mean Acute Value because a species can be 
considered protected from acute toxicity only if all life stages are protected. 

H. The agreement of the data within and between species should be considered. Acute values 
that appear to be questionable in comparison with other acute and chronic data for the 
same species and for other species in the same genus probably should not be used in 



I. 

calculation of a Species Mean Acute Value. For example, if the acute values available for a 
species or genus differ by more than a factor of 10, some or all of the values probably 
should not be used in calculations. 

For each species for which at least one acute value is available, the Species Mean Acute 
Value should be calculated as the geometric mean of the results of all flow-through tests in 
which the concentrations of test material were measured. For a species for which no such 
result is available, the Species Mean Acute Value should be calculated as the geometric 
mean of all available acute values - i.e., results of flow-through tests in which the 
concentrations were not measured and results of static and renewal tests based on initial 
concentrations of test material. (Nominal concentrations are acceptable for most test 
materials if measured concentrations are not available.) 

NOTE Data reported by original investigators should not be rounded off. Results of all 
intermediate calculations should be rounded to four significant digits. 

NOTE The geometric mean of N numbers is the Nth root of the product of the N numbers. 
Alternatively, the geometric mean can be calculated by adding the logarithms of the N 
numbers, dividing the sum by N, and taking the antilog of the quotient. The geometric mean 
of two numkn is the square root of the product of the two numbers, and the geometric mean 
of one number is that number. Either natural (base 0) or common (base 10) logarithms can be 
used to calculate geometric means as long as they are used consistently within each set of data 
(i.e., the antilog used must match the logarithm used). 

NOTE: Geometric means rather than arithmetic means are used here because the distributions 
of individual organisms’ sensitivities in toxicity tests on most materials, and the distributions 
of species’ sensitivities within a genus, are more likely to be lognormal than normal. Similarly, 
geometric means ate used for acutethronic ratios and bioconcentration factors because 
quotients are likely to be closer to lognormal than normal distributions. In addition, division 
of the geometric mean of a set of numerators by the geometric mean of the set of 
corresponding denominaton will result in the geometric mean of the set of corresponding 
quotients. 

J. The Genus Mean Acute Value should be calculated as the geometric mean of the Species 
Mean Acute Values available for each genus. 

K. Order the Genus Mean Acute Value from high to low. 

L. Assign ranks, R, to the Genus Mean Acute Value from “1” for the lowest to “N” for the 
highest. If two or more Genus Mean Acute Values are identical, arbitrarily assign them 
successive ranks. 

M. Calculate the cumulative probability, P, for each Genus Mean Acute Value as R/ (N+l). 

N. Select the four Genus Mean Acute Values that have cumulative probabilities closest to 
0.05. (If there are less than 59 Genus Mean Acute Values, these will always be the four 
lowest Genus Mean Acute Values). 

0. Using the selected Genus Mean Acute Values and Ps, calculate: 

s2 = Z((ln GMAV)2) - ((Z(ln CMAv&q 

4-n - w~h 

L = @On GMAV) = S@(fl)))l4 
A=S(m+L 

FAV = eA 
(See original document, referenced at beginning of this appendix, for development of the 
calculation procedure and Appendix 2 for example calculation and computer program.) 

NOTE: Natural logarithms (logarithms to base e, denoted as In) are used herein merely 
because they are easier to use on some hand calculators and computen than common (base 10) 
logarithms. Consistent use of either will produce the same result. 



F’. If for a commercially or recreationally important species the geometric mean of the acute 
values from flow-through tests in which the concentrations of test material were 
measured is lower than the calculated Final Acute Value, then that geometric mean should 
be used as the Final Acute Value instead of the calculated Final Acute Value. 

Q. Go to section VI. 

V. Final Acute Equation 

A. When enough data are available to show that acute toxicity to two or more species is similarly 
related to a water quality characteristic, the relationship should be taken into account as 
described in @on IV, steps B through G, or using analysis of covaxiance. The two methods 
are equivalent and produce identical results. The manual method described below provides 
an understanding of this application of covariance analysis, but computerized versions of 
covariance analysis are much more convenient for analyzing large data tests. If two or more 
factors affect toxicity, multiple regression analysis should be used. 

B. For each species for which comparable acute toxicity values are available at two or more 
different values of the water quality characteristic, perform a least squares regression of 
the acute toxicity values on the corresponding values of the water quality characteristic to 
obtain the slope and its 95 percent confidence limits for each species. 

NOTE: Because the best documented relationship fitting these data is that between hardness 
and acute toxicity of metals in freshwater and a log-log relationship, geometric means and 
natural logarithms of both toxicity and water quality are used in the rest of this section. For 
relationships based on other water quality characteristics such as pH, temperature, or salinity, 
no transformation or a different transformation might fit the data better, and appropriate 
changes will be necessary. 

C. Decide whether the data for each species are useful, taking into account the range and 
number of the tested values of the water quality characteristic and the degree of 
agreement within and between species. For example, a slope based on six data points 
might be of limited value if based only on data for a very narrow range of water quality 
characteristic values. A slope based on only two data points, however, might be useful if 
consistent with other information and if the two points cover a broad enough range of the 
water quality characteristic. 

In addition, acute values that appear to be questionable in comparison with other 
acute and chronic data available for the same species and for other species in the same 
genus probably should not be used. For example, if after adjustment for the water quality 
characteristic the acute values available for a species or genus differ by more than a factor 
of 10, probably some or ail of the values should be rejected. If useful slopes are not 
available for at least one fish and one invertebrate, or if the available slopes axe too 
dissimilar, or if too few data are available to adequately define the relationship between 
acute toxicity and the water quality characteristic, return to section lV.G, using the results 
of tests conducted under conditions and in waters similar to those commonly used for 
toxicity tests with the species. 

D. Individually for each species, calculate the geometric mean of the available acute values 
and then divide each of these acute values by the mean for the species. This normalizes the 
values so that the geometric mean of the normalized values for each species, individually, 
and for any combination of species is 1 .O. 

E. Similarly normalize the values of the water quality characteristic for each species, 
individually. 

F. Individually for each species, perform a least squares regression of the normalized acute 
toxicity values on the corresponding normalized values of the water quality characteristic. 
The resulting slopes and 95 percent confidence limits will be identical to those obtained in 



step B. However, now, if the data are actually plotted, the line of best fit for each individual 
specie will go thmugh the point 1,l in the center of the graph. 

G. Treat normalized data as if they were all for the same species and perform a least squares 
regression of all the normalized acute values on the corresponding normalized values of 
the water quality characteristic to obtain the pooled acute slope, V and its 56 percent 
confidence limits. If ail the normalized data are actuaIly plotted, the line of best fit will go 
thmugh the point 1,l in the center of the graph 

H. For each species, calculate the geometric mean, W, of the acute toxicity values and the 
geometric mean, X, of the values of the water quahty characteristic. (These were calculated 
in steps D and E.) 

I. For each species, calculate the logarithm, Y, of the Species Mean Acute Value at a selected 
value, Z of the water quality characteristic using the equation: 

Y=lnW-V(lnX-1nZ). 

J. For each species, calculate the SMAV at 2 using the equation: 

SMAV = e”. 

NOTE: Alternatively, the Species Mean Acute Values at Z can be obtained by skipping step H 
using the equations in steps I and J to adjust each acute value individually to Z, and then 
calculating the geometric mean of the adjusted values for each specks individually. 

This akrnative procedure allows an examination of the range of the adjusted acute 
values for each species. 

K. Obtain the Final Acute Value at Z by using the procedure described in section IV steps J 
through 0. 

L. If the Species Mean Acute Value at Z of a comrnercialIy or recreationally important species 
is lower than the calculated Final Acute Value at Z, then that Species Mean Acute Value 
should be used as the Final Acute Value at Z instead of the calculated Final Acute Value. 

M. The Final Acute Equation is written as: 
Final Acute Value = e(V[lll(Watcf qldity chanctcrlstic)] + hl A - V[hl ZD 

where 

V = pooled acute slope 
A = Final Acute Value at Z. 

Because V, A, and Z are known, the Final Acute Value can be calculated for any 
selected value of the water quality characteristic. 

VI. FinaI Chronic VaIue 

A. Depending on the data that are available concerning chronic toxicity to aquatic animals, 
the Final chronic Value might be calculated in the same manner as the Final Acute Value 
or by dividing the Final Acute Value by the Final Acute-Chronic Ratio. In some cases, it 
may not be possible to calculate a Final Chronic Value. 

NOTE: As the name implies, the Acute-Chronic Ratio is a way of relating acute and chronic 
toxkitks. The Acute-Chronic Ratio is basically the inverse of the application factor, but this 
new name is better Krause it is more descriptive and should help prevent confusion between 
‘applkation factors’ and ‘safety factors.’ Acute-Chronic Ratios and application factom are 
ways of relating the acute and chronic toxicities of a material to aquatic organisms. Safety 
factor ate used to provide an extra margin of safety beyond the known or estimated 
sensitivities of aquatic organisms. Another advantage of the AcuteChronic Ratio is that it will 
usually be pater than 1; this should avoid the confusion as to whether a large l pplkation 
factor &s one that is cloee to unity or one that has a denominator that is much greater than the 
numerator. 



B. Chronic values should be based on results of flow- through chronic tests in which the 
concentrations of test material in the test solutions were properly measured at appropriate 
times during the test. (Exception: renewal, which is acceptable for daphnids.) 

C. Results of chronic tests in which survival, growth, or reproduction in the control treatment 
was unacceptably low should not be used. The limits of acceptability will depend on the 
SptXieS. 

D. Results of chronic tests conducted in unusual dilution water (dilution water in which total 
organic carbon or particulate matter exceeded 5 mg/L) should not be used, unless a 
relationship is developed between chronic toxicity and organic carbon or particulate 
matter, or unless data show that organic carbon, particulate matter (and so forth) do not 
affect toxicity. 

E. Chronic values should be based on endpoints and lengths of exposure appropriate to the 
species. Therefore, only results of the following kinds of chronic toxicity tests should be 
used: 

1. Lifecycle toxicity tests consisting of exposures of each of two or more groups of 
individuals of a specks to a different concentration of the test material throughout a 
life cycle. To ensure that all life stages and life processes are exposed, tests with Rsh 
should begin with embryos or newly hatched young less than 48-hours old, continue 
through maturation and reproduction, and end not less than 24 days (90 days for 
salmonids) after the hatching of the next generation. Tests with daphnids should 
begin with young less than 24-hours old and last for not less than 21 days. Tests with 
mysids should begin with young less than 24-hours old and continue until seven days 
past the median time of first brood release in the controls. 

For fish, data should be obtained and analyzed on survival and growth of adults 
and young maturation of males and females, eggs spawned per female, embryo 
viability (salmonids only), and hatchability. For daphnids, data should be obtained 
and analyzed on survival and young per female. For mysids, data should be 
obtained and analyzed on survival, growth, and young per female. 

2. 

3. 

Partial life-cycle toxicity tests consisting of exposures of each of two or more groups of 
individuals in a fish species to a concentration of the test material through most 
portions of a life cycle. Partial lifecycle tests are allowed with fish species that require 
more than a year to reach sexual maturity so that all major life stages can be exposed to 
the test material in less than 15 months. 

Exposure to the test material should begin with immature juveniles at least two 
months prior to active gonad development, continue through maturation and 
reproduction, and end not less than 24 days (90 days for salmonids) after the 
hatching of the next generation. Data should be obtained and analyzed on survival 
and growth of adults and young, maturation of males and females, eggs spawned 
per female, embryo viability (salmonids only), and hatchability. 

Early life stage toxicity tests consisting of 2& to 32-day (60 days post hatch for 
salmonids) exposures of the early life stages of a fish species from shortly after 
fertilization through embryonic, larval, and early juvenile development. Data should 
be obtained and analyzed on survival and growth. 

NOTE: Results of an early life stage test are used as predictions of results of lifecycle and 
partial lifeqck tests with the same species. Therefore, when results of a total or partial 
lifecycle test are available, results of an early life stage test with the same specks should 
not be used. Also, results of early life stage tests in which the incidence of mortalities or 
abnormalities increased substantially near the end should not be used because these 
results are possibly not good predictions of the results of comparable total or partial life 
cycle cx partial life cycle tests. 



F. A chronic value can be obtained by calculating the geometric mean of the lower and upper 
chronic limits from a chronic test or by analyzing chronic data using regression analysis. A 
lower chronic limit is the highest tested concentration in an acceptable chronic test that did 
not cause an unacceptable amount of adverse effect on any of the specified biological 
measurements and below which no tested concentration caused an unacceptable effect. An 
upper chronic limit is the lowest tested concentration in an acceptable chronic test that did 
cause an unacceptable amount of adverse effect on one or more of the specified biological 
measunxnenb and above which alI tested concentrations alsocaused such an effect. 

NOTE Because various authm have used a variety of terms and definitions to interpret and 
report resulb of chronic tests, reported results should be reviewed carefully. The amount of 
effect that is considered unacceptable is often based on a statistical hypothesis test but might 
also be defined in terms of a specified percent reduction from the controls. A small percent 
rtduction (e.g., 3 percent) might be considered acceptable even if it is statistically significantly 
diffeerent from the control whereas a large percent reduction (e.g., 30 percent) might be 
considered unacceptable even if it is not statistically significant. 

G. If the chronic toxicity of the material to aquatic animals apparently has been shown to be 
related to a water quality characteristic such as hardness or particulate matter for 
fnxhwater animals or salinity or particulate matter for saltwater animals, a Final chronic 
Equation should be derived based on that water quaI.@ characteristic. Go to section VII. 

H. If chronic values are available for species in eight families as described in sections BIB.1 or 
1II.C. 1, a Species Mean Chronic Value should also be calculated for each species for which 
at least one chronic value is available by calculating the geometric mean of all chronic 
values available for the species; appropriate Genus Mean Chronic Values should also be 
calculated. The Final Chronic Value should then be obtained using the procedure 
described in section III, steps J through 0. Then go to section VIM. 

I. For each chronic value for which at least one corresponding appropriate acute value is 
available, calculate an acute-chronic ratio using for the numerator the geometric mean of 
the results of aII acceptable flow-through acute tests in the same dilution water and in 
which the concentrations were measured. (Exception: static is acceptable for daphnids.) 

For fish, the acute test(s) should have been conducted with juveniles and should have 
been part of the same study as the chronic test. If acute tests were not conducted as part of 
the same study, acute tests conducted in the same laboratory and dilution water but in a 
different study may be used. If no such acute tests are available, results of acute tests 
conducted in the same dilution water in a different laboratory may be used. If no such 
acute tests are available, an acute-chronic ratio should not be calculated. 

J. For each species, cakulate the species mean acute-chronic ratio as the geometric mean of 
aII acutechronic ratios available for that species. 

K. For some materials, the acutechronic ratio seems to be the same for all species, but for 
other materials, the ratio seems to increase or decrease as the Species Mean Acute Value 
increases. Thus the Final Acute-Chronic Ratio can be obtained in four ways, depending on 
the data available: 

1. If the Species Mean Acute-Chronic ratio seems to increase or decrease as the Species 
Mean Acute Value increases, the Final Acute-Chronic Ratio should be calculated as the 
geometric mean of the acute-chronic ratios for species whose Species Mean Acute 
Values are close to the Final Acute Value. 

2. If no major trend is apparent, and the acute-chronic ratios for a number of species are 
within a factor of IO, the Fii Acute-Chronic Ratio should be calculated as the 
geometric mean of all the Species Mean Acute-Chronic Ratios available for both 
freshwater and saltwater species. 

3. For acute tests conducted on metals and possibly other substances with embryos and 
larvae of barnacles, bivalve molluscs, sea urchins, lobsters, crabs, shrimp, and 
abalones (see section IV.E2), it is probably appropriate to assume that the 



acute-chronic ratio is 2. Chronic tests are very difficult to conduct with most such 
species, but the sensitivities of embryos and larvae would likely determine the results 
of life cycle tests. Thus, if the lowest available Species Mean Acute Values were 
determined with embryos and larvae of such species, the Final Acute-Chronic Ratio 
should probably be assumed to be 2, so that the Final Chronic Value is equal to the 
Criterion Maximum Concentration (see section XIB) 

4. If the most appropriate Species Mean Acute-Chronic Ratios are less than 2.0, and 
especially if they are less than 1.0, acclimation has probably occurred during the 
chronic test. Because continuous exposure and acclimation cannot be assured to 
provide adequate protection in field situations, the Final Acute-Chronic Ratio should 
be assumed to be 2, so that the Final Chronic Value is equal to the Criterion Maximum 
Concentration (see section XLB). 

If the available Species Mean Acute-Chronic Ratios do not fit one of these cases, a 
Final Acute-Chronic Ratio probably cannot be obtained, and a Final Chronic Value 
probably cannot be calculated. 

L. Calculate the Final Chronic Value by dividing the Final Acute Value by the Final 
Acute-Chronic Ratio. If there was a Final Acute Equation rather than a Final Acute Value, 
see also section W.A. 

M. If the Species Mean Chronic Value of a commercially or recreationally important species is 
lower than the calculated Final Chronic Value, then that Species Mean Chronic Value 
should be used as the Final Chronic Value instead of the calculated Final Chronic Value. 

N. Go to section VIII. 

VII. Final Chronic Equation 

A. A Final Chronic Equation can be derived in two ways. The procedure described here will 
result in the chronic slope being the same as the acute slope. The procedure described in 
steps B through N usually will result in the chronic slope being different from the acute 
slope. 

1. If acute-chronic ratios are available for enough species at enough values of the water 
quality characteristic to indicate that the acute-chronic ratio is probably the same for 
ail species and is probably independent of the water quahty characteristic, calculate 
the Final Acute-Chronic Ratio as the geometric mean of the available Species Mean 
Acute-Chronic Ratios. 

2. Calculate the Final Chronic Value at the selected value Z of the water quality 
characteristic by dividing the Final Acute Value at Z (see section V.M) by the Final 
Acute-Chronic Ratio. 

3. Use V = pooled acute slope (see section V.M) as L = pooled chronic slope. 

4. Go to section W.M. 

B. When enough data are available to show that chronic toxicity to at least one species is 
related to a water quality characteristic, the relationship should be taken into account as 
described in steps B through G or using analysis of covariance. The two methods are 
equivalent and produce identical results. The manual method descriid in the next 
paragraph provides an understanding of this application of covariance analysis, but 
computerized versions of covariance analysis are much more convenient for analyzing 
large data sets. If two or more factors affect toxicity, multiple regression analysis should be 
used. 

C. For each species for which comparable chronic toxicity values are available at two or more 
different values of the water quality characteristic, perform a least squa_m regression of 



D. 

the chronic toxicity values on the corresponding values of the water quality characteristic 
to obtain the slope and its 95 percent confidence limits for each species. 

NOTE: because the bestdocumented relationship fitting these data is that between hardness 
and acute toxicity of metab in fresh water and a log-log relationship, geometic means and 
natural logarithms of both toxicity and water quality are used in the rest of this section. For 
relationships based on other water quality characteristics such as pH, temperature, or salinity, 
no tmnsforrnation or a different transformation might fit the data better, and appropriate 
changes will be necessary throughout this section. It is probably prefetable, but not necessary, 
to use the same transformation that was us4 with the acute values in section V. 

Decide whether the data for each species are useful, taking into account the range and 
number of the tested values of the water quality characteristic and the degree of 
avent within and between species. For example, a slope based on six data points 
might be of limited value if founded only on data for a very narrow range of values of the 
water quality characteristic. A slope based on only two data points, however, might be 
useful ifit is consistent with other information and if the two points cover a broad enough 
range of the water quality characteristic. In addition, chronic values that appear to be 
questionable in comparison with other acute and chronic data available for the same 
species and for other species in the same genus probably should not be used. For example, 
if after adjustment for the water quality characteristic the chronic values available for a 
species or genus differ by more than a factor of 10, probably some or all of the values 
should be rejected. 

If a useful chronic slope is not available for at least one species, or if the available 
slopes are too dissimiIar, or if too few data are available to adequately define the 
relationship between chronic toxicity and the water quality characteristic, the chronic 
slope is probably the same as the acute slope, which is equivalent to assuming that the 
acute-chronic ratio is independent of the water quality characteristic. Alternatively, return 
to section VII-I, using the results of tests conducted under conditions and in waters similar 
to those commonly used for toxicity tests with the species. 

E. Individually for each species, calculate the geometric mean of the available chronic values 
and then divide each chronic value for a species by its mean. This normalizes the chronic 
values so that the geometric mean of the normalized values for each species individually, 
and for any combination of species, is 1 .O. 

F. Similarly normalize the values of the water quality characteristic for each species, 
individually. 

G. Individually for each species, perform a least squares regression of the normalized chronic 
toxicity values on the corresponding normalized values of the water quality characteristic. 
The resulting slopes and the 95 percent confidence limits will be identical to those 
obtained in section B. Now, however, if the data are actually plotted, the line of best fit for 
each individual species will go through the point 1,l in the center of the graph. 

H. Treat all the normalized data as if they were all for the same species and perform a least 
squares regression of alI the normalized chronic values on the corresponding normalized 
values of the water quaIity characteristic to obtain the pooled chronic slope, L, and ik 95 
percent con6dence limits. If alI the normalized data are actually plotted, the line of best fit 
will go through the point 1,l in the center of the graph. 

I. For each species, calculate the geometric mean, M, of the toxicity values and the geometric 
mean, P, of the values of the water quality characteristic, (These were calculated in steps E 
and F.) 

J. For each species, calculate the logarithm, Q, of the Species Mean Chronic Value at a 
selected value, Z of the water quality characteristic using the equation: 

Q=lnM-L(lnP-lnZ). 

NOTE: Although it is not necessary, it wilI usually be best to use the same value of the water 
quality chrrcteristic here as was used in section V.I. 



K. For each species, calculate a Species Mean Chronic Value at Z using the equation: 

SMCV = e*. 

NOTE: Alternatively, the Species Mean Chronic Values at Zcan be obtained by skipping step J, 
using the equations in steps J and K to adjust each acute value individually to Z and then 
calculating the geometric means of the adjusted values for each species individually. This 
alternative procedure allows an examination of the range of the adjusted chronic values for 
each species. 

L. Obtain the Final Chronic Value at Z by using the procedure described in section IV, steps J 
through 0. 

M. Lf the Species Mean Chronic Value at Z of a commercially or recreationally important 
species is lower than the calculated Final Chronic Value at Z, then that Species Mean 
Chronic Value should be used as the Final Chronic Value at Z instead of the calculated 
Final Chronic Value. 

N. The Final Chronic Equation is written as: 
Final chronic Value = e(l[ht(wattr quality d\xtietitic)] + h s - L[tn a) 

where 
L = pooled chronic slope 
S = Final Chronic Value at Z. 

Because L S, and Z are known, the Final Chronic Value can be calculated for any selected 
value of the water quality characteristic. 

VIILFinal Plant Value 

A. Appropriate measures of the toxicity of the material to aquatic plants are used to cornparr the 
relative sensitivities of aquatic plants and animals. Although procedures for conducting and 
interpreting the results of toxicity tests with plants ZLIP not well developed, results of tests with 
plants usually indicate that criteria which adequately protect aquatic animals and their uses 
will probably also protect aquatic plants and their uses. 

B. A plant value is the result of a 96-hour test conducted with an alga, or a chronic test 
conducted with an aquatic vascular plant. 

NOTE: A test of the toxicity of a metal to a plant usually should not be used if the medium 
contained an excessive amount of a complexing agent, such as EDTA, that might affect the 
toxicity of the metal. Concentrations of EDTA above about 200 pg/L should probably be 
considered excessive. 

C. The Final Plant Value should be obtained by selecting the lowest result ,ftom a test with an 
important aquatic plant species in which the concentrations of test material were 
measured, and the endpoint was biologically important. 

IX. Final Residue Value 

A. The Final Residue Value is intended to prevent concentrations in commercially or 
recreationally important aquatic species from affecting marketability because they exceed 
applicable FDA action levels and to protect wildlife (including fishes and birds) that 
consume aquatic organisms from demonstrated unacceptable effects. The Final Residue 
Value is the lowest of the residue values that are obtained by dividing maximum 
permissible tissue concentrations by appropriate bioconcentration or bioaccumulation 
factors. A maximum permissible tissue concentration is either (a) an FDA action level 
(Compliance Policy Guide, U.S. Food & Drug Admin. 1981) for fish oil or for the edible 
portion of fish or shellfish, or a maximum acceptable dietary intake based on observations 
on survival, growth, or reproduction in a chronic wildlife feeding study or a long-term 
wildlife field study. If no maximum permissible tissue concentration is available, go to 
section Xbecause no Final Residue Value can be derived. 



8. Bioconcentration Factors (BCFs) and bioaccumulation factors (BAFs) are quotients of the 
concentration of a material in one or more tissues of an aquatic organism, divided by the 
average concentration in the solution in which the organism had been living. A BCF is 
intended to account only for net uptake dimctly from water and thus almost must be 
measured in a laboratory test. Some uptake during the bioconcentration test might not be 
directly from water if the food sorbs some of the test material before it is eaten by the test 
organisms. A BAF is intended to account for net uptake from both food and water in a 
real-world situation. A BAF almost must be measured in a field situation in which 
predators accumulate the material directly from water and by consuming prey that could 
have accumulated the material from both food and water. 

The BCF and BAF are probably similar for a material with a low BCF, but the BAF is 
probably higher than the BCF for materials with high BCFs. Although BCFs are not too 
difficult to determine, very few BAFs have been measured acceptably because adequate 
measurements must be made of the material’s concentration in water to ascertain if it was 
reasonably constant for a long enough time over the range of territory inhabited by the 
organisms. Because so few acceptable BAFs are available, only BCFs will be discussed 
further. However, ifan acceptable BAF is available for a material, it should be used instead 
of any available BCFs. 

C. If a maximum permissible tissue concentration is available for a substance (e.g., parent 
material, parent material plus metabolites, etc.), the tissue concentration used in the 
calculation of the BCF should be for the same substance. Otherwise, the tissue 
concentration used in the calculation of the BCF should derive from the material and its 
metabolites that are structurally similar and are not much more soluble in water than the 
parent material. 

1. A BCF should be used only if the test was flow-through, the BCF was calculated based 
on measured concentrations of the test material in tissue and in the test solution, and 
the exposure continued at least until either apparent steady state or 28 days was 
reached. Steady state is reached when the BCF does not change significantly over a 
period of time, such as 2 days or 16 percent of the length of the exposure, whichever is 
longer. The BCF used from a test should be the highest of the apparent steady-state 
BCF, if apparent steady state was reached; the highest BCF obtained, if apparent 
steady state was not reached; and the projected steady state BCF, if calculated. 

2. Whenever a BCF is determined for a lipophilic material, the percent lipids should also 
be determined in the tissue(s) for which the BCF was calculated. 

3. A BCF obtained from an exposure that adversely affected the test organisms may be 
used only if it is similar to a BCF obtained with unaffected organisms of the same 
species at lower concentrations that did not cause adverse effects. 

4. Because maximum permissible tissue concentrations are almost never based on dry 
weights, a BCF calculated using dry tissue weights must be converted to a wet tissue 
weight basis. If no conversion factor is reported with the BCF, multiply the dry weight 
BCF by 0.1 for plankton and by 0.2 for individual species of fishes and invertebrates. 

5. If more than one acceptable BCF is available for a species, the geometric mean of the 
available values should be used; however, the BCFs are from different lengths of 
exposure and the BCF increases with length of exposure, then the BCF for the longest 
exposure should be used. 

E. If enough pertinent data exists, several residue values can be calculated by dividing 
maximum permissible tissue concentrations by appropriate BCFs: 

1. For each available maximum acceptable dietary intake derived from a chronic feeding 
study or a long-term field study with wildlife (including birds and aquatic organisms), 
the appropriate BCF is based on the whole body of aquatic species that constitutes or 
represents a major portion of the diet of the tested wildlife species. 



X. 

2. For an FDA action level for fish or shellfish, the appropriate BCF is the highest 
geometric mean species BCF for the edible portion (muscle for decapods, muscle with 
or without skin for fishes, adductor muscle for scallops, and total soft tissue for other 
bivalve molluscs) of a consumed species. The highest species BCF is used because FDA 
action levels are applied on a species-by-species basis. 

F. For lipophilic materials, calculating additional residue values is possible. because the 
steady-state BCF for a lipophilic material seems to be proportional to percent lipids from 
one tissue to another and from one species to another, extrapolations can be made from 
tested tissues, or species to untested tissues, or species on the basis of percent lipids. 

1. For each BCF for which the percent lipids is known for the same tissue for which the 
BCF was measured, normalize the BCF to a 1 percent lipid basis by dividing it by the 
percent lipids. This adjustment to a 1 percent lipid basis is intended to make all the 
measured BCFs for a material comparable regardless of the species or tissue with 
which the BCF was measured. 

2. Calculate the geometric mean-normalized BCF. Data for both saltwater and 
freshwater species should be used to determine the mean-normalized BCF unless they 
show that the normalized BCFs are probably not similar. 

3. Calculate all possible residue values by dividing the available maximum permissible 
tissue concentrations by the mean-normalized BCF and by the percent lipids values 
appropriate to the maximum permissible tissue concentrations, i.e., 

(maximum permissible tissue concentration) 
Resiobe va’“e 1 (mean normalized BCF)( appropriate percent lipids) 

l For an FDA action level for fish oil, the appropriate percent lipids value is 100. 

l For an FDA action level for fish, the appropriate percent lipids value is 11 for 
freshwater criteria and 10 for saltwater criteria because FDA action levels are 
applied species-by-species to commonly consumed species. The highest lipid 
contents in the edible portions of important consumed species are about 11 
percent for both the freshwater chinook salmon and lake trout and about 10 
percent for the saltwater Atlantic herring. 

l For a maximum acceptable dietary intake derived from a chronic feeding study or 
a long-term field study with wildlife, the appropriate percent lipids is that of an 
aquatic species or group of aquatic species that constitute a major portion of the 
diet of the wildlife species. 

G. The Final Residue Value is obtained by selecting the lowest of the available residue values. 

NOlE In some cases, the Final Residue Value will not be low enough. For example, a residue 
value calculated from a FDA action level will probably result in an average concenkation in 
the edible portion of a fatty species at the action level. Some individual organisms and 
possibly some species will have residue concentrations higher than the mean value, but no 
mechanism has been devised to provide appropriate additional protection. Also, some 
chronic feeding studies and long-term field studies with wildlife identify concentrations that 
cause adverse effects but do not identify concentrations that do not cause adverse effects; 
again, no mechanism has been devised to provide appropriate additional protection. These 
are some of the species and uses that are not protected at all times in all places. 

Other Data 
Pertinent information that could not be used in earlier sections might be available concerning 
adverse effects on aquatic organisms and their uses. The most important of these are data on 
cumulative and delayed toxicity, flavor impairment, reduction in survival, growth, or 
reproduction, or any other adverse effect shown to be biologically important. Especially 
important are data for species for which no other data are available. Data from behavioral, 
biochemical, physiological, microcosm, and field studies might also be available. Data might be 
available from tests conducted in unusual dilution water (see IV.D and VLD), from chronic tests 



in which the concentrations were not measured (see VIB), from tests with previously exposed 
organisms (see BF), and from tests on formulated mixtures or emulsifiable concentrates (see 
IID). Such data might affect a criterion if they were obtained with an important species, the test 
concentrations were measured, and the endpoint was biologically important. 

XI. Criterion 

A. A criterion consists of two concentrations: the Criterion Maximum Concentration and the 
Criterion Continuous Concentration. 

B. The Criterion Maximum Concentration (CMC) is equal to one-half the Final Acute Value. 

C. The Criterion Continuous Concentration (CCC) is equal to the lowest of the Final Chronic 
Value, the Final Plant Value, and the Final Residue Value, unless other data (see section X) 
show that a lower value should be used. If toxicity is related to a water quality charactekstic, 
the Criteria Continuous Concentration is obtained from the Final Chronic Equation the 
Final Plant Value, and the Final Residue Value by selecting the one, or the combination, that 
IeHllt3inthelowest amcentrations in the usual range of the water quality characteristic, 
unlessotherdata(seesectionX)showthatalowffvalwshouMbeused. 

D. Round both the Criterion Maximum Concentration and the Criterion Continuous 
Concentration to two significant digits. 

E. The criterion is stated as follows: 
The procedures described in the ‘Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses” indicate that, 
except possibly where a locally important species is very sensitive, (1) aquatic organisms 
and their uses should not be affected unacceptably if the four-day average concentration 
of (2) does not exceed (3) c(g/ L more than once every three years on the average, and if the 
one-hour average concentration does not exceed (4) pg/L more than once every three 
years on the average. 

*where (1) = insert freshwater or saltwater 

(2) = insert name of material 

(3) = insert the Criterion Continuous Concentration 

(4) = insert the Criterion Maximum Concentration. 

XII. Find Review 

A. The derivation of the criterion should be carefully reviewed by rechecking each step of the 
guidelines. Items that should be especially checked are 

1. If unpublished data are used, are they well documented? 

2 Are all required data available? 

3. Is the range of acute values for any species greater than a factor of lo? 

4. Is the range of Species Mean Acute Values for any genus greater than a factor of 101 

5. Is there more than a factor of 10 difference between the four lowest Genus Mean Acute 
Values? 

6. Are any of the four lowest Genus Mean Acute Values questionable? 

7. Is the Final Acute Value reasonable in comparison with the Species Mean Acute Values 
and Genus Mean Acute Values? 

8. For any commexially or mcreationally important species, is the geometric mean of the 
acute values from flow-through tests in which the concentrations of test material were 
measured lower than the Final Acute Value? 



9. Are any of the chronic values questionable? 

10. Are chronic values available for acutely sensitive species? 

11. Is the range of acute-chronic ratios greater than a factor of 107 

12. Is the Final Chronic Value reasonable in comparison with the available acute and 
chronic data? 

13. Is the measured or predicted chronic value for any commercially or recreationally 
important species below the Final Chronic Value? 

14. Are any of the other data important? 

15. Do any data looklike they might be outliers? 

16. Are there any deviations from the guidelines? Are they acceptable? 

B. On the basis of all available pertinent laboratory and field information, determine if the 
criterion is consistent with sound scientific evidence. If not, another criterion - either 
higher or lower - should be derived using appropriate modifications of these guidelines. 
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Water Quality Criteria Documents 

The U.S. Environmental Protection Agency has published water quality criteria for toxic 
pollutant(s) categories. Copies of water quality criteria documents are available from the National 
Technical Information Service (NTIS), 5285 Front Royal Road, Springfield, VA 22161, (703) 487-4650. 
Prices of individual documents may be obtained by contacting NTIS. Order numbers are listed 
below. Where indicated, documents may be obtained from the Water Resource Center, 401 M St., 
S.W. RC-4100, Washington, DC 20460, (202) 260-7786. 

Chemical NTIS Order No. EPA Document No. 

Acenaphthene 
Acrolein 
Acrylonitrile 
Aesthetics 
Aldrin/Dieldrin 
Alkalinity 
Aluminum 
Ammonia 
Ammonia (saltwater) 
Antimony 
Antimony (III) - aquatic 

(draft) 
Arsenic- 1980 

-1984 
Asbestos 
Bacteria - 1976 

- 1984 
Barium 
Benzene 
Benzidine 
Beryllium 
Boron 
Cadmium - 1980 

-1984 
Carbon Tetrachloride 
Chlordane 
Chloride 
Chlorinated Benzenes 
Chlorinated Ethanes 
Chlorinated Naphthalene 
Chlorinated Phenols 

PB 81-117269 
PB 81-117277 
PB 81-117285 
PB 263943 
PB 81-117301 
PB 263943 
PB 88-245998 
PB 85-227114 
PB 89-195242 
PB 81-117319 

resource center 
PB 81-117327 
PB 85-227445 
PB 81-117335 
PB 263943 
PB 86-158045 
PB 263943 
PB 81-117293 
PB 81-117343 
PB 81-117350 
PB 263943 
PB 81-117368 
PB 85-224031 
PB 81-117376 
PB 81-117384 
PB 88-175047 
PB 81-117392 
PB 81-117400 
PB 81-117426 
PB 81-117434 

EPA 440/5-80-015 
EPA 440/5-80-016 
EPA 440/5-80-017 
EPA 440/19-76-023 
EPA 440/5-80-019 
EPA 440/9-76-023 
EPA 440/5-86-008 
EPA 440/5-85-001 
EPA 440/5-88-004 
EPA 440/5-80-020 

EPA 440/5-80-021 
EPA 440/5-84-033 
EPA 440/5-80-022 
EPA 440/9-76-023 
EPA 440/5-84-002 
EPA 440/9-76-023 
EPA 440/5-80-018 
EPA 440/5-80-023 
EPA 440/5-80-024 
EPA 440/9-76-023 
EPA 440/5-80-025 
EPA 440/5-84-032 
EPA 440/5-80-026 
EPA 440/5-80-027 
EPA 440/5-88-001 
EPA 440/5-80-028 
EPA 440/5-80-029 
EPA 440/5-80-031 
EPA 440/5-80-032 



Chemical NTIS Order No. EPA Document No. 

Chlorine 

Chloroalkyl Ethers 
Chloroform 
2Chlorophenol 
Chlorophenoxy Herbicides 
ChlOrpyTifOS 
Chromium - 1980 

-1984 
Color 
Copper - 1980 

- 1984 
Cyanide 
Cyanides 
DDT and Metabolites 
Demeton 
Dichlorobenzenes 
Dichlorobenzidine 
Dichloroethylenes 
2,CDichlorophenol 
Dichloropropane/ 
Dichloropropene 
2.4Dimethylphenol 
Dinitrotoluene 
Diphenylhydrazine 
Di-2-Ethylhexyl Phthalate - 

aquatic (draft) 
Dissolved Oxygen 
Endosulfan 
Endrin 
Ethylbenzene 
Fluoranthene 
Gasses, Total Dissolved 
Guidelines for Deriving 

Numerical National 
Water Quality Criteria 
for the Protection of 
Aquatic Organisms and 
Their Uses 

Guthion 
HalOetherS 
Halomethanes 
Hardness 
Heptachlor 
Hexachlorobenzene - 

aquatic (draft) 
Hexachlorobutadiene 
Hexachlorocyclohexane 

PB 85227429 
PB 81-117418 
PB 81-117442 
PB 81-117459 
PB 263943 
PB 87- 105359 
PB 81-117467 
PB 85227478 
PB 263943 
PB 81-117475 
PB 85227023 
PB 85227460 
PB 81-117483 
PB 81-117491 
PB 263943 
PB 81-117509 
PB 81-117517 
PB 81-117525 
PB 81-117533 

PB 81-117541 
PB 81-117558 
PB 81-117566 
PB 81-117731 

resource center 
PB 86-208253 
PB 81-117574 
PB 81-117582 
PB 81-117590 
PB 81-117608 
PB 263943 

PB 85227049 
PB 263943 
PB al-117616 
PB 81-117624 
PB 263943 
PB 81-117632 

resource center 
PB 81-117640 
PB 81-117657 

EPA 440/S-84-030 
EPA 440/S-80-030 
EPA 440/ 5-80~33 
EPA 440 / S-80-034 
EPA 440 I 9-76423 

EPA440/546-005 
EPA 440 / S-80-035 
EPA 44Ol544-029 
EPA 44019-76-023 
EPA 4401 S-80-036 
EPA44Ol5-84-031 
EPA 44Ol5-84-028 
EPA 44015 M-037 
EPA 440 / S-80-038 
EPA 44019-76-023 
EPA 440 / S-80-039 
EPA 440/S-80-040 
EPA 4401 S-80-041 
EPA 440/S-80-042 

EPA 440/5-&l-043 
EPA 440/5-80-044 
EPA 440/S-80-045 
EPA 440 / S-80-062 

EPA 4401 S-86-003 
EPA 4401 S-80-046 
EPA 440 I S-80-047 
EPA 440/S-80-048 
EPA 440 / 5-80-049 
EPA 440/ 9-76-023 

EPA 440/ 9-76-023 
EPA 44Ol5-80-050 
EPA440/5-80051 
EPA 440 / 9-76-023 
EPA 440/5-80-052 

EPA 440/S-80-053 
EPA 440/S-80-054 



CkmiUl NTIS Order No. EPA Document No. 

Hexachlorocyclopentadiene PB 81-117665 
Iron PB 263943 
Isophorone PB al-117673 
Lead - 1980 PB al-117681 

-1984 PB 85-227437 
Malathion PB 263943 
Manganese PB 263943 
Mexrury- 1980 PB al-117699 

-1984 PB 85-227452 
Methoxychlor PB 263943 
Mirex PB 263943 
Naphthalene PB 81-117707 
Nickel - 1980 PB 81-117715 

-1986 PB 87-105359 
Nitrates/Nitrites PB 263943 
Nitrobenzene PB al-117723 
Nitrophenols PB al-117749 
Nitrosamines PB al-117756 
Oil and Grease PB 263943 
Parathion PB 87-105383 
Pentachlorophenol- 1980 PB al-117764 

- 1986 PB 87-105391 

PH PB 263943 
Phenanthrene - aquatic 

(&aft) resource center 
Phenol PB 81-117772 
Phosphorus PB 263943 
Phthalate Esters PB 81-117780 
PolychIorinated Biphenyls PB 81-117798 
Polynuclear Aromatic 

Hydrocarbons PB 81-117806 
Selenium - 1980 PB 81-117814 

-1987 PB 88- 142239 
Silver PB 81-117822 
Silver -aquatic (draft) resource center 
Solids (dissolved) and 

Salinity PB 263943 
Solids (suspended) and 

Turbidity PB 263943 
Sulfides/ Hydrogen Sulfide PB 263943 
Tainting Substances PB 263943 
Temperature PB 263943 
2,3,7,&Tetrachlorodibenz.o- 

P-Dioxin PB 89.109825 
Tetrachloroethylene PB 81-117830 
Thallium PB Bl-117EiS 
Toluene PB 81-117863 

EPA 4401 S-80-055 
EPA 44019-76-023 
EPA 4401 S-80-056 
EPA 440 / S-8057 
EPA 440/S-84-027 
EPA 440/9-7m23 
EPA 440 / 9-76-023 
EPA 440/S-80-058 
EPA 440/S-84-026 
EPA 440 I 9-76-023 
EPA 44019-76-023 
EPA 4401 S-80-059 
EPA 440 / 5-80-060 
EPA 440 I S-86-004 
EPA 440/ 9-76-023 
EPA 440 / S-80-06 1 
EPA 440/S-80-063 
EPA 440 / S-80-064 
EPA 44019-76-023 
EPA 440 / S-86-007 
EPA 440 I S-80-065 
EPA 4401 S-85-009 
EPA 440 I 9-76-023 

EPA 440/S-80-066 
EPA 440 / 9-76-023 
EPA 440/S-80-067 
EPA 440 I S-80-068 

EPA 440 I S-80-069 
EPA 440 / 5-8OmO 
EPA 440/S-87-008 
EPA 4401 S-80-071 

EPA 44019-76-023 

EPA 44019-76423 
EPA 440 / 9-76-023 
EPA 44019-76-023 
EPA 44019-76-023 

EPA 440/S-84-007 
EPA 440 I s-80-073 
EPA 440 / S-80-074 
EPA 440/S-80-075 



NTIS Order No. EPA Document No. 

Toxaphene - 1980 
-1986 

Tributyltin - aquatic 
(draft) 

Trkhloroethylene 
2,4,5-‘Ikhlorophenol- 

aquatic (draft) 
Vinyl Chloride 
zinc-1980 

-1987 

PB al-117863 
PB 87-105375 

EPA440/5-80-076 
EPA440/5-%006 

resource center 
PB al-117871 EPA44Ol540-077 

resource center 
PB 81-117889 EPA44Ol5-8omS 
PB 81-117897 EPA 44OlHO-079 
PB 87-143581 EPA 440/5-W-003 
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10-1-93 

Percent Dissolved in Aquatic Toxicity Tests on Metals 

The attached table contains all the data that were found 
concerning the percent of the total recoverable metal that was 
dissolved in aquatic toxicity tests. This table is intended to 
contain the available data that are relevant to the conversion of 
EPA's aquatic life criteria for metals from a total recoverable 
basis to a dissolved basis. (A factor of 1.0 is used to convert 
aquatic life criteria for metals that are expressed on the basis 
of the acid-soluble measurement to criteria expressed on the 
basis of the total recoverable measurement.) Reports by Grunwald 
(1992) and Brungs et al. (1992) provided references to many of 
the documents in which pertinent data were found. Each document 
was obtained and examined to determine whether it contained 
useful data. 

"Dissolved" is defined as metal that passes through a 0.45-µm 
membrane filter. If otherwise acceptable, data that were 
obtained using 0.3-µm glass fiber filters and 0.l-µm, membrane 
filters were used, and are identified in the table; these data 
did not seem to be outliers. 

Data were used only if the metal was in a dissolved inorganic 
form when it was added to the dilution water. In addition, data 
were used only if they were generated in water that would have 
been acceptable for use as a dilution water in tests used in the 
derivation of water quality criteria for aquatic life; in 
particular, the pH had to be between 6.5 and 9.0, and the 
concentrations of total organic carbon (TOC) and total suspended 
solids (TSS) had to be below 5 mg/L. Thus most data generated 
using river water would not be used. 

Some data were not used for other reasons. Data presented by 
Carroll et al. (1979) for cadmium were not used because 9 of the 
36 values were above 150%. Data presented by Davies et al. 
(1976) for lead and Holcombe and Andrew (1978) for zinc were not 
used because "dissolved" was defined on the basis of 
polarography, rather than filtration. 

Beyond this, the data were not reviewed for quality. Horowitz et 
al. (1992) reported that a number of aspects of the filtration 
procedure might affect the results. In addition, there might be 
concern about use of "clean techniques" and adequate QA/QC. 

Each line in the table is intended to represent a separate piece 
of information. All of the data in the table were determined in 
fresh water, because no saltwater data were found. Data are 
becoming available for copper in salt water from the New York 
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Harbor study; based on the first set of tests, Hansen (1993) 
suggested that the average percent of the copper that is 
dissolved in sensitive saltwater tests is in the range of 76 to 
82 percent. 

A thorough investigation of the percent of total recoverable 
metal that is dissolved in toxicity tests might attempt to 
determine if the percentage is affected by test technique 
(static, renewal, flow-through), feeding (were the test animals 
fed and, if so, what food and how much), water quality 
characteristics (hardness, alkalinity, pH, salinity), test 
organisms (species, loading), etc. 

The attached table also gives the freshwater criteria 
concentrations (CMC and CCC) because percentages for total 
recoverable concentrations much (e.g., more than a factor of 3) 
above or below the CMC and CCC are likely to be less relevant. 
When a criterion is expressed as a hardness equation, the range 
given extends from a hardness of 50 mg/L to a hardness of 200 
mg/L. 

The following is a summary of the available information for each 
metal: 

Arsenic (III) 

The data available indicate that the percent dissolved is about 
100, but all the available data are for concentrations that are 
much higher than the CMC and CCC. 

Cadmium 

Schuytema et al. (1984) reported that "there were no real 
differences" between measurements of total and dissolved cadmium 
at concentrations of 10 to 80 ug/L (pH = 6.7 to 7.8, hardness = 
25 mg/L and alkalinity - 33 mg/L); total and dissolved 
concentrations were said to be "virtually equivalent". 

The CMC and CCC are close together and only range from 0.66 to 
8.6 ug/L. The only available data that are known to be in the 
range of the CMC and CCC were determined with a glass fiber 
filter. The percentages that are probably most relevant are 75, 
92, 89, 78, and 80. 

Chromium (III) 

The percent dissolved decreased as the total recoverable 
concentration increased, even though the highest concentrations 
reduced the pH substantially. The percentages that are probably 
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most relevant to the CMC are 50-75, whereas the percentages that 
are probably most relevant to the CCC are 86 and 61. 

Chromium(VI) 

The data available indicate that the percent dissolved is about 
100, but all the available data are for concentrations that are 
much higher than the CMC and CCC. 

CODDer 

Howarth and Sprague (1978) reported that the total and dissolved 
concentrations of copper were "little different" except when the 
total copper concentration was above 500 ug/L at hardness = 360 
mg/L and pH = 8 or 9. Chakoumakos et al. (1979) found that the 
percent dissolved depended more on alkalinity than on hardness, 
PH, or the total recoverable concentration of copper. 

Chapman (1993) and Lazorchak (1987) both found that the addition 
of daphnid food affected the percent dissolved very little, even 
though Chapman used yeast-trout chow-alfalfa whereas"Lazorchak 
used algae in most tests, but yeast-trout chow-alfalfa in some 
tests. Chapman (1993) found a low percent dissolved with and 
without food, whereas Lazorchak (1987) found a high percent 
dissolved with and without food. All of Lazorchak's values were 
in high hardness water; Chapman's one value in high hardness 
water was much higher than his other values. 

Chapman (1993) and Lazorchak (1987) both compared the effect of 
food on the total recoverable LCSO with the effect of food on the 
dissolved LCSO. Both authors found that food raised both the 
dissolved LC50 and the total recoverable LC50 in about the same 
proportion, indicating that food did not raise the total 
recoverable LC50 by sorbing metal onto food particles; possibly 
the food raised both LCSOs by (a) decreasing the toxicity of 
dissolved metal, (b) forming nontoxic dissolved complexss with 
-he metal, or (c) reducing uptake. 

The CMC and CCC are close together and only range from 6.5 to 34 
WI/L* The percentages that are probably most relevant are 74, 
95, 95, 73, 57, 53, 52, 64, and 91. 

The data presented in Spehar et al. (1978) were from Holcombe et 
al. (1976). Both Chapman (1993) and Holcombe et al. (1976) found 
that the percent dissolved increased as the total recoverable 
concentration increased. It would seem reasonable to expect more 
precipitate at higher total recoverable concentrations and 
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therefore a lower percent dissolved at higher concentrations. 
The increa8o in percent dissolved with increasing concentration 
might be due to a lowering of the pH as more metal is added if 
the stock solution was acidic. 

The percentages that are probably most relevant to the CMC are 9, 
18, 25, 10, 62, 68, 71, 75, 81, and 95, whereas the percentages 
that are probably most relevant to the CCC are 9 and 10. 

The only percentage that is available is 73, but it is for a 
concentration that is much higher than the CMC. 

Nickel 

The percentages that are probably most relevant to the CMC are 
88, 93, 92, and 100, whereas the only percentage that is probably 
relevant to the CCC is 76. 

No data are available. 

Silver 

There is a CMC, but not a CCC. The percentage dissolved seems to 
be greatly reduced by the food used to feud daphnida, but not by 
the food used to feed fathead minnows. .he percentages that are 
probably most relevant to the CMC are 4: 79, 79, 73, 91, 90, and 
93. 

Zinc 

The CMC and CCC are close together and only range from 59 to 210 
w/L* The percentages that are probably most relevant are 31, 
77, 77, 99, 94, 100, 103, and 96. 



Recommended Values (a)^ and Ranges of Measured Percent Dissolved 
Considered Most Relevant in Fresh Water 

Meta 1 

Arsenic(II1) 

Cadmium 

Chromium(III) 

Chromium(V1) 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Recommended 
Value- 

95 1oo-104n 

85 75-92 

85 50-75 

95 loo0 

85 52-95 

50 9-95 

35 73O 

85 88-100 

NAe NAC 

85 41-93 

85 31-103 

Recommended 
Value- 

95 1oo-104B 

85 75-92 

85 61-86 

95 100B 

85 52-95 

25 9-10 

NAe NAe 

85 76 

NAe NAc 

YP YP 

85 31-103 

* The recommended values are based on current knowledge and are 
subject to change as more data becomes available. 

B All available data are for concentrations that are much higher 
than the CMC. 

' NA = No data are available. 

D YY = A CCC is not available, and therefore cannot be adjusted. 

e NA = Bioaccumulative chemical and not appropriate to adjust to 
percent dissolved. 



Concn.A Percent 
(ualLI rudn_csr>eciesDsRFeFoOdHard,&gll Ref, 

ARsENICrIm (Freshwater: CCC = 190 ug/L; CMC = 360 ug/L) 

600-15000 104 5 ? ? ? 48 41 7.6 Lima et al. 1984 

12600 100 3 Fn F No 44 43 7.4 Spehar and Fiandt 1986 

(Freshwater: CCC = 0.66 to 2.0 ug/L; CnC = 1.8 to 8.6 ug/L)F 

0.16 41 ? DH R Yes 53 46 7.6 Chapman 1993 
0.28 75 1 DM R Yes 103 83 7.9 Chapman 1993 

0.4-4.0 92O ? cs F No 21 19 7.1 

13 89 3 Fn F No 44 43 7.4 

Finlayson and Verrue 1982 

Spehar and Fiandt 1986 

15-21 96 8 F?4 S No 42 31 7.5 Spehar and Carlson 1984 
42 84 4 Fn S No 4s 41 7.4 Spehar and Carlson 1984 

10 78 ? DM S No 51 38 7.5 Chapman 1993 
3s 77 ? DtJl S No 10s 88 8.0 Chapman 1993 
51 59 ? DM S No 209 167 8.4 Chapman 1993 

6-80 80 8 ? S No 

3-232 90” S ? F ? 

47 44 7.5 CaIl et al. 1982 

46 42 7.4 Spehar et al. 1978 

202 157 7.7 Pickering and Gast 1972 450-6400 70 S Fn F No 



-OMm (Freshwater: CCC = 120 to 370 ug/L; Cl4C - 980 to 3100 ug/L)F 

s-13 
19-49s 
>llOO 

42 54 ? 
114 61 ? 

16840 26 ? 
26267 32 ? 
27416 27 ? 
58665 23 ? 

94 ? 
86 7 
so-7s ? 

SG 
SG 
SG 

DM 
DM 

DM 
DM 
DM 
DM 

F 
F 
F 

R 
R 

S 
S 
S 
S 

? 2s 24 7.3 
? 2s 24 7.2 
No 25 24 7.0 

Yes 206 166 8.2 
Yes 52 45 7.4 

No <Sl 9 6.3' 
No 110 9 6.7 
No 96 10 6.0' 
No 190 25 6.2' 

Stevens and Chapman 1984 
Stevens and Chapman 1984 
Stevens and Chapman 1984 

Chapman 1993 
Chapman 1993 

Chapman 1993 
Chapman 1993 
Chapman 1993 
Chapman 1993 

OMIT (Freshwater: CCC = 11 ug/L; CMC = 16 ug/L) 

>2s, 000 100 1 FW,GF F Yes 220 214 7.6 Adelman and Smith 1976 

43,300 99.5 4 Fn F No 44 43 7.4 Spehar and Fiandt 1986 

COPPER (Freshwater: CCC = 6.5 to 21 ug/L; CMC = 9.2 to 34 ug/L)F 

10-30 74 ? CT F No 27 20 7.0 Chakoumakos et al. 1979 
40-200 78 ? CT F No 154 20 6.8 Chakoumakos et al. 1979 
30-100 79 ? CT F No 74 23 7.6 Chakourakos et al, 1979 

100-200 82 ? CT F No 192 7-2 7 . 0 Chakoumakos et al. 1979 
20-200 86 ? CT F No 31 78 8.3 Chakoumakos et al. 1979 
40-300 87 ? Lr F No 83 70 7.4 Chakoumakos et al. 1979 

lo-80 89 ? CT F No 2s 169 8.5 Chakounakos et al. 1979 
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300-1300 
100-400 

92 ? 
94 ? 

125-167 2 
79-84 3 

CT 
CT 

3-4' 
12-91' 
18-19 
20' 
50 
17s' 

9s 2 
9s 1 
96 2 
91 2 

CD 
CD 
DA 
DA 
F?4 
Fn 

s-52 >82K 3 Fn 
6-80 83' ? cs 

6.7 57 ? DH 
35 43 ? DH 

13 73 ? DU 
16 57 ? DU 
51 39 ? D?4 

32 53 ? DU 
33 52 ? DU 
39 64 ? DU 

25-84 96 14 FU,GM 
17 91 6 DU 
120 80 14 SG 

15-90 74 19 3 

12-162 80" ? BG 

28-58 85 6 DM 
26-59 79 7 DU 
56,101 86 2 DU 

F 
F 

R 
R 
S 
R 
S 
R 

F 
F 

S 
S 

R 
R 
R 

S 
S 
S 

S 
S 
S 

S 

F 

R 
R 
R 

No 19s 160 7.0 Chakoumakos et al. 1979 
No 70 174 8.5 Chakoumakos et al. 1979 

Yes 31 38 7.2 Carlson et al. 1986a,b 
Yes 31 38 7.2 Carlson et al. 1986a, b 
No 52 55 7.7 Carlson et al. 1986b 
No 31 38 7.2 Carlson et al. 1986b 
No 52 55 7.7 Carlson et al. 1986b 
No 31 38 7.2 Carlson et al. 1986b 

Ye& 47 43 8.0 Lind et al. 1978 
No 21 19 7.1 Finlayson and Verrue 1982 

No 49 37 7.7 Chapman 1993 
Yes 48 39 7.4 Chapman 1993 

Yes 211 169 8.1 Chapman 1993 
Yes 51 44 7.6 Chapman 1993 
Yes 104 83 7.8 Chapman 1993 

No 52 4s 7.8 Chapman 1993 
No 105 79 7.9 Chapman 1993 
No 106 82 8.1 Chapman 1993 

No so 
No 52 
No 48 

40 
43 
47 

47 

43 

117 
117 
117 

7.0 Hammermeister et al. 1983 
7.3 Hammermeister et al. 1983 
7.3 Hammermeister et al. 1983 

No 48 7.7 Call et al. 1982 

Ye& 4s 

168 
168 
168 

7-8 Benoit 1975 

No 
YesU 
Yes” 

8.0 Lazorchak 1987 
8.0 Lazorchak 1987 
8.0 Lazorchak 1987 
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96 86 4 

160 94 1 
230-3000 >69->79 ? 

u (Freshwater: CCC 

17 9 ? DM 
181 18 ? Dbl 
193 2s ? DM 

612 29 ? DM 
952 33 ? DM 

1907 -38 ? DM 

7-29 10 ? EZ 

34 62H 
58 68H 
119 71” 
235 7sH 
474 81’ 
4100 82H 

BT 
BT 
BT 
BT 
BT 
BT 

2100 79 7 Fn 

220-2700 96 14 FM,GM,DM 
580 9s 14 SG 

FM F No 

FM S No 
CR F No 

= 1.3 to 7.7 ug/L; CMC 

~CU'RY~ (Freshwater: CMC = 2.4 ug/L) 

R Yes 
R Yes 
R Yes 

S No 
S No 
S No 

R No 

F Yes 
F Yes 
F Yes 
F Yes 
F Yes 
F No 

F No 

S No 
S No 

172 73 1 PM F No 

44 

203 
17 

= 34 

52 
102 
151 

50 
100 
150 

22 

44 
44 
44 
44 
44 
44 

44 

49 
51 

44 

43 7.4 Spehar and Fiandt 1986 

171 8.2 Geckler et al. 1976 
13 7.6 Rice and Harrison 1983 

to 200 ug/L)F 

47 7.6 Chapman 1993 
86 7.8 Chapman 1993 

126 8.1 Chapman 1993 

-- -SW Chapman 1993 
VW --- Chapman 1993 
-- e-B Chapman 1993 

-- mm- JRB Associates 1983 

43 
43 
43 
43 
43 
43 

43 

44 
48 

7 - .L 
7 - 
7:; 
7.2 
7.2 
7.2 

7.4 

7.2 
7.2 

Holcombe et al. 1976 
Holcombe et al. 1976 
Holcombe et al. 1976 
Holcombe et al. 1976 
Holcombe et al. 1976 
Holcombe et al. 1976 

Spehar and Fiandt 1986 

Hammermeister et al. 1983 
Hammermeister et al. 1983 

43 7.4 Spehar and Fiandt 1986 
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(Freshwater: CCC = 88 to 280 ug/L; CMC = 790 to 2500 ug/L)F 

21 81 ? DM R Yes 51 49 7.4 Chapman 1993 
150 76 ? DM R Yes 107 87 7.8 Chapman 1993 
578 87 ? DM R Yes 205 161 8.1 Chapman 1993 

645 88 ? DM 
1809 93 ? DM 
1940 92 ? DM 
2344 100 1 DM 

PK 

S No 54 43 7.7 Chapman 1993 
S No 51 44 7.7 Chapman 1993 
S No 104 84 8.2 Chapman 1993 
S No 100 84 7.9 Chapman 1993 

90 ? R No 21 -- --- JRB Associates 1983 4000 

-Q (FRESHWATER: CCC = S ug/L; CMC = 20 ug/L) 

No data are available. 

0.19 
9.98 

4.0 
4.0 

3 
2-54 
2-32 
4-32 
5-89 
6-401 

(Freshwater: CMC = 1.2 to 13 ug/L; a 

74 ? DM S No 
13 ? DU S Yes 

41 ? DM S No 
11 ? D?Jf S Yes 

79 ? Fn S No 
79 ? FM S Yes0 
73 ? FM S No 
91 ? FM S No 
90 ? FM S No 
93 7 FM S No 

CCC is not available) 

47 37 7.6 Chapman 1993 
47 37 7.5 Chapman 1993 

36 25 7.0 Nebeker et al. 1983 
36 25 7.0 Nebeker et al. 1983 

51 49 8.1 uws 1993 
49 49 7.9 uws 1993 
50 49 8.1 uws 1993 
48 49 8.1 uws 1993 

120 49 8.2 uws 1993 
249 49 8.1 uws 1993 
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m (Freshwater: CCC = 59 to 190 ug/L; CMC 65 to 210 ug/L)F 

52 31 
62 77 

191 77 

356 74 
551 78 
741 76 

7’ 71-129 
18-273’ 81-107 

167’ 
180 

188-393' 
551 

99 
94 

100 
100 

40-500 9s" 

1940 100 
5520 83 

<4000 
>4000 

90 
70 

160-400 103 
240 96 

? DM R 
? DM R 
? DM R 

? DM S 
? DM S 
? DM S 

2 CD R 
2 CD R 

2 CD R 
1 CD S 

2 FM R 
1 FM S 

? cs F 

? AS F 
? AS F 

? Fn F 
? Fn F 

13 FM,GM,DM S 
13 SG S 

Yes 211 169 8.2 Chapman 1993 
Yes 104 83 7.8 Chapman 1993 
Yes 52 47 7.5 Chapman 1993 

No 54 47 7.6 Chapman 1993 
No 10s 85 8.1 Chapman 1993 
No 196 153 8.2 Chapman 1993 

Yes 31 38 7.2 Carlson et al. 1986b 
Yes 31 38 7.2 Carlson et al. 1986b 

No 31 38 7.2 Carlson et al. 1986b 
No 52 55 7.7 Carlson et al. 1986b 

No 31 38 7.2 Carlson et al. 1986b 
No 52 5s 7.7 Carlson et al. 1986b 

No 21 19 7.1 Finlayson and Verrue 1982 

No 20 12 7.1 Sprague 1964 
No 20 12 7.9 Sprague 1964 

No 204 162 7.7 Mount 1966 
No 204 162 7.7 Mount 1966 

No 52 43 7.5 Hammermeister et al. 1983 
No 49 46 7.2 Hammermeister et al. 1983 

A Total recoverable concentration. 

' Except as noted, a 0.45-pm membrane filter was used. 
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' Number of paired comparisons. 

D The abbreviations used are: 
AS = Atlantic salmon 
BT = Brook trout 
CD = s dubiq 
CR = Crayfish 
cs = Chinook salmon 
CT= Cutthroat trout 
DA = Daphnids 

e The abbreviations used are: 
S== static 
R= renewal 
F= flow-through 

DM = 
EZ = 
FH= 
GF = 
Gl4 = 
PK = 
SG = 

Fathead minnow 
Goldfish 
Gammarid 

n 1 
s's 

F The two numbers are for hardnesses of SO and 200 mg/L, respectively. 

' A 0.3-pm w fiber filter was used. 

" A O.lO-pm membrane filter was used. 

I The pH was below 6.S. 

' The dilution water was a clean river water with TsS and TOC below 5 mg/L. 

' Only limited information is available concerning this value. 

' It is assumed that the solution that was filtered was from the test chambers that 
contained fish and food. 

" The food was algae. 

N The food was yeast-trout chow-alfalfa. 

o The food was frozen adult brine shrimp. 
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ATTACHMENT #3 

GUIDANCE DOCUMENT 
ON DYNAMIC MODELING AND TRANSLATORS 

August 1993 

Total Maximum Dailv Loads (TMDLs) and Permits 

0 Dynamic Water Quality Modeling 

Although not specifically part of the reassessment of water quality criteria for metals, 
dynamic or probabilistic models are another useful tool for implementing water quality 
criteria, especially those for protecting aquatic life. Dynamic models make best use of the 
specified magnitude, duration, and frequency of water quality criteria and thereby provide a 
more accurate calculation of discharge impacts on ambient water quality. In contrast, steady- 
state modeling is based on various simplifying assumptions which makes it less complex and 
less accurate than dynamic modeling. Building on accepted practices in water resource 
engineering, ten years ago OW devised methods allowing the use of probability distributions 
in place of worst-case conditions. The description of these models and their advantages and 
disadvantages is found in the 1991 Technical Support Document for Water Quality-based 
Toxic Control (TSD). 

Dynamic models have received increased attention in the last few years as a result of 
the perception that static modeling is over-conservative due to environmentally conservative 
dilution assumptions. This has led to the misconception that dynamic models will always 
justify less stringent regulatory controls (e.g. NPDES effluent limits) than static models. In 
effluent dominated waters where the upstream concentrations are relatively constant, 
however, a dynamic model will calculate a more stringent wasteload allocation than will a 
steady state model. The reason is that the critical low flow required by many State water 
quality standards in effluent dominated streams occurs more frequently than once every three 
years. When other environmental factors (e.g. upstream pollutant concentrations) do not 
vary appreciably, then the overall return frequency of the steady state mode1 may be greater 
than once in three years. A dynamic modeling approach, on the other hand, would be more 
stringent, allowing only a once in three year return frequency. As a result, EPA considers 
dynamic models to be a more accurate rather than a less stringent approach to implementing 
water quality criteria. 

The 1991 TSD provides recommendations on the use of steady state and dynamic 
water quality models. The reliability of any modeling technique greatly depends on the 
accuracy of the data used in the analysis. Therefore, the selection of a mode1 also depends 
upon the data. EPA recommends that steady state wasteload allocation analyses generally be 
used where few or no whole effluent toxicity or specific chemical measurements are 
available, or where daily receiving water flow records are not available. Also, if staff 
resources are insufficient to use and defend the use of dynamic models, then steady state 
models may be necessary. If adequate receiving water flow and effluent concentration data 
are available to estimate frequency distributions, EPA recommends that one of the dynamic 



2 

wasteload allocation modeling techniques be used to derive wasteload allocations which will 
more exactly maintain water quality standards. The minimum data required for input into 
dynamic models include at least 30 years of river flow data and one year of effluent and 
ambient pollutant concentrations. 

0 Dissolved-Total Metal Translators 

When water quality criteria are expressed as the dissolved form of a metal, there is a 
need to translate TMDLs and NPDES permits to and from the dissolved form of a metal to 
the total recoverable form. TMDLs for toxic metals must be able to calculate 1) the 
dissolved metal concentration in order to ascertain attainment of water quality standards and 
2) the total recoverable metal concentration in order to achieve mass balance. In meeting 
these requirements, TMDLs consider metals to be conservative pollutants and quantified as 
total recoverable to preserve conservation of mass. The TMDL calculates the dissolved or 
ionic species of the metals based on factors such as total suspended solids (TSS) and ambient 
pH. (These assumptions ignore the complicating factors of metals interactions with other 
metals.) In addition, this approach assumes that ambient factors influencing metal 
partitioning remain constant with distance down the river. This assumption probably is valid 
under the low flow conditions typically used as design flows for permitting of metals (e.g., 
7Q10, 4B3, etc) because erosion, resuspension, and wet weather loadings are unlikely to be 
significant and river chemistry is generally stable. In steady-state dilution modeling, metals 
releases may be assumed to remain fairly constant (concentrations exhibit low variability) 
with time. 

EPA’s NPDES regulations require that metals limits in permits be stated as total 
recoverable in most cases (see 40 CFR $122.45(c)). Exceptions occur when an effluent 
guideline specifies the limitation in another form of the metal or the approved analytical 
methods measure only the dissolved form. Also, the permit writer may express a metals 
limit in another form (e.g., dissolved, valent, or total) when required, in highly unusual 
cases, to carry out the provisions of the CWA. 

The preamble to the September 1984 National Pollutant Discharge Elimination System 
Permit Regulations states that the total recoverable method measures dissolved metals plus 
that portion of solid metals that can easily dissolve under ambient conditions (see 49 Federal 
Register 38028, September 26, 1984). This method is intended to measure metals in the 
effluent that are or may easily become environmentally active, while not measuring metals 
that are expected to settle out and remain inert. 

The preamble cites, as an example, effluent from an electroplating facility that adds 
lime and uses clarifiers. This effluent will be a combination of solids not removed by the 
clarifiers and residual dissolved metals. When the effluent from the clarifiers, usually with a 
high pH level, mixes with receiving water having significantly lower pH level, these solids 
instantly dissolve. Measuring dissolved metals in the effluent, in this case, would 
underestimate the impact on the receiving water. Measuring with the total metals method, on 
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the other hand, would measure metals that would be expected to disperse or settle out and 
remain inert or be covered over. Thus, measuring total recoverable metals in the effluent 
best approximates the amount of metal likely to produce water quality impacts. 

However, the NPDES rule does not require in any way that State water quality 
standards be in the total recoverable form; rather, the rule requires permit writers to consider 
the translation between differing metal forms in the calculation of the permit limit so that a 
total recoverable limit can be established. Therefore, both the TMDL and NPDES uses of 
water quality criteria require the ability to translate from the dissolved form and the total 
recoverable form. 

Many toxic substances, including metals, have a tendency to leave the dissolved phase 
and attach to suspended solids. The partitioning of toxics between solid and dissolved phases 
can be determined as a function of a pollutant-specific partition coefficient and the 
concentration of solids. This function is expressed by a linear partitioning equation: 

C= 5Y 

1 +K,-z3s~10-6 
where, 

C = dissolved phase metal concentration, 
CT, = total metal concentration, 
TSS = total suspended solids concentration, and 
I& = partition coefficient. 

A key assumption of the linear partitioning equation is that the sorption reaction 
reaches dynamic equilibrium at the point of application of the criteria; that is, after allowing 
for initial mixing the partitioning of the pollutant between the adsorbed and dissolved forms 
can be used at any location to predict the fraction of pollutant in each respective phase. 

Successful application of the linear partitioning equation relies on the selection of the 
partition coefficient. The use of a partition coefficient to represent the degree to which 
toxics adsorb to solids is most readily applied to organic pollutants; partition coefficients for 
metals are more difficult to define. Metals typically exhibit more complex speciation and 
complexation reactions than organics and the degree of partitioning can vary greatly 
depending upon site-specific water chemistry. Estimated partition coefficients can be 
determined for a number of metals, but waterbody or site-specific observations of dissolved 
and adsorbed concentrations are preferred. 

EPA suggests three approaches for instances where a water quality criterion for a 
metal is expressed in the dissolved form in a State’s water quality standards: 
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1. Using clean analytical techniques and field sampling procedures with appropriate 
QA/QC, collect receiving water samples and determine site specific values of K, for 
each metal. Use these K, values to “translate” between total recoverable and 
dissolved metals in receiving water. This approach is more difficult to apply because 
it relies upon the availability of good quality measurements of ambient metal 
concentrations. This approach provides an accurate assessment of the dissolved metal 
fraction providing sufficient samples are collected. EPA’s initial recommendation is 
that at least four pairs of total recoverable and dissolved ambient metal measurements 
be made during low flow conditions or 20 pairs over all flow conditions. EPA 
suggests that the average of data collected during low flow or the 95th percentile 
highest dissolved fraction for all flows be used. The low flow average provides a 
representative picture of conditions during the rare low flow events. The 95th 
percentile highest dissolved fraction for all flows provides a critical condition 
approach analogous to the approach used to identify low flows and other critical 
environmental conditions. 

2. Calculate the total recoverable concentration for the purpose of setting the permit 
limit. Use a value of 1 unless the permittee has collected data (see #I above) to show 
that a different ratio should be used. The value of 1 is conservative and will not err 
on the side of violating standards. This approach is very simple to apply because it 
places the entire burden of data collection and analysis solely upon permitted 
facilities. In terms of technical merit, it has the same characteristics of the previous 
approach. However, permitting authorities may be faced with difficulties in 
negotiating with facilities on the amount of data necessary to determine the ratio and 
the necessary quality control methods to assure that the ambient data are reliable. 

3. Use the historical data on total suspended solids (TSS) in receiving waterbodies at 
appropriate design flows and K,, values presented in the Technical Guidance Manual 
for Performing Waste Load Allocations. Rook II. Streams and Rivers. EPA-440/4- 
84-020 (1984) to “translate” between (total recoverable) permits limits and dissolved 
metals in receiving water. This approach is fairly simple to apply. However, these 
K, values are suspect due to possible quality assurance problems with the data used to 
develop the values. EPA’s initial analysis of this approach and these values in one 
site indicates that these K, values generally over-estimate the dissolved fraction of 
metals in ambient waters (see Figures following). Therefore, although this approach 
may not provide an accurate estimate of the dissolved fraction, the bias in the estimate 
is likely to be a conservative one. 

EPA suggests that regulatory authorities use approaches #1 and #2 where States 
express their water quality standards in the dissolved form. In those States where the 
standards are in the total recoverable or acid soluble form, EPA recommends that no 
translation be used until the time that the State changes the standards to the dissolved form. 
Approach #3 may be used as an interim measure until the data are collected to implement 
approach # 1. 
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ATTACHMENT #4 

GUIDANCE DOCUMENT 
ON CLEAN ANALYTICAL TECHNIQUES AND MONITORING 

October 1993 

Guidance on Monitoring 

0 Use of Clean Sampling and Analytical Techniques 

Pages 98-108 of the WER guidance document (Appendix L of the Wafer Quality 
Standards Handbook-Second Edition) provides some general guidance on the use of clean 
techniques. The Office of Water recommends that this guidance be used by States and 
Regions as an interim step while the Office of Water prepares more detailed guidance. 

0 Use of Historical DMR Data 

With respect to effluent or ambient monitoring data reported by an NPDES permittee 
on a Discharge Monitoring Report (DMR), the certification requirements place the burden on 
the permittee for collecting and reporting quality data. The certification regulation at 40 
CFR 122.22(d) requires permittees, when submitting information, to state: “I certify under 
penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly 
gather and evaluate the information submitted. Based on my inquiry of the person or persons 
who manage the system, or those persons directly responsible for gathering the information, 
the information submitted is, to the best of my knowledge and belief, true, accurate, and 
complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations.” 

Permitting authorities should continue to consider the information reported in DMRs 
to be true, accurate, and complete as certified by the permittee. Under 40 CFR 122.41(l)(8), 
however, as soon as the permittee becomes aware of new information specific to the effluent 
discharge that calls into question the accuracy of the DMR data, the permittee must submit 
such information to the permitting authority. Examples of such information include a new 
finding that the reagents used in the laboratory analysis are contaminated with trace levels of 
metals, or a new study that the sampling equipment imparts trace metal contamination. This 
information must be specific to the discharge and based on actual measurements rather than 
extrapolations from reports from other facilities. Where a permittee submits information 
supporting the contention that the previous data are questionable and the permitting authority 
agrees with the findings of the information, EPA expects that permitting authorities will 
consider such information in determining appropriate enforcement responses. 



In addition to submitting the information described above, the permittee also must 
develop procedures to assure the collection and analysis of quality data that are true, 
accurate, and complete. For example, the permittee may submit a revised quality assurance 
plan that describes the specific procedures to be undertaken to reduce or eliminate trace 
metal contamination. 
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UNllED STATES ENWRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

MEIvIORANDUM 

To: Users of “Procedures for Initiating Narrative Biological Criteria” 

Regarding: Guidance for the development of narrative biological criteria 

From: Margarete Stasikowski, Director 
Health and Ecological Criteria Division 
Office of Science and Technology 
U.S. EPA 

This guidance was written in response to requests from many State water resource 
agencies for specific information about EPA expectations of them as they prepare narrative 
biological criteria for the assessment of their surface water resources. 

The array of State experiences with this form of water quality evaluation extends from 
almost no experience in some cases to national leadership roles in others. It may therefore, be 
that some readers will find this information too involved, while others will feel it is too basic. 
To the latter we wish to express the sincere hope that this material is a fair approximation of 
their good examples. To the former, we emphasize that there is no expectation that a State just 
entering the process will develop a full blown infrastructure overnight. The intent is to outline 
both the initiation and the subsequent implementation and application of a State program based 
on commonly collected data as a starting point. User agencies are encouraged to progress 
through this material at their own best pace as needs and resources determine. 

Specific advice, clarification and assistance may be obtained from the U.S. EPA Regional 
Offices by consultation with the designated resource personnel listed in the appendix to this 
document. 

Attachment 
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Purpose of this Paper 

T he Biological Criteria program was initiated by EPA in response to re- 
search and interest generated over the last several years by Agency, State, 

and academic investigators. This interest has been documented in several re- 
ports and conference proceedings that were the basis for cmation of the pro- 
gram and for the preparation of BiologicPJ Criteria National Progmm Guidancefor 
Surface Waters (U.S. Environ. Prot. Agency, 1990a). The overall concept and 
‘narrative biological criteria” are desuiied in that guide. 

Because establishing narrative criteria is an important first step in the pro- 
cess, the material that follows here is intended to be an elaboration upon and 
clarification of the term narrative biological criteria as used in the guide. The 
emphasis here is on a practical, applied approach with particular attention to 
cost considerations and the need to introduce the material to readers who may 
not be familiar with the program. 

Introduction and Background 

B iological monitoring assessment and the resultant biological criteria rep- 
resent the current and increasingly sophisticated process of an evolving 

water quality measurement technology. This process spans almost 200 years in 
North America and the entire 20 years of EPA responsibility. 

The initial efforts in the 1700’s to monitor and respond to human impacts 
on watercourses were based on physical observations of sediments and debris 
discharged by towns, commercial operations, and ships in port (Capper, et al. 
1983). 

Later, chemical analyses were developed to measure less directly observ- 
able events. With industrialization, increasing technology, and land develop- 
ment pressures, both types of monitoring were incorporated into the body of 
our State and Federal public health and environmental legislation. 

Valuable as these methods were, early investigations and compliance with 
water quality standards relied primarily on water column measurements re- 
flecting only conditions at a given time of sampling. Investigators and manag- 
ers have long recognized this limitation and have used sampling of resident 
organisms in the streams, rivers, lakes, or estuaries to enhance their under- 
standing of water resource quality over a greater span of time. During the past 
20 years, this biological technique has become increasingly sophisticated and 
reliable and is now a necessary adjunct to the established physical and chemi- 
cal measures of water resources quality. In fact, the Clean Water Act states in 
Section 101 (a) that the objective of the law is to restore and maintain the chemi- 
cal, physical, and biological integn’ty of the Nation’s waters. 

EPA has therefore concluded that biological assessment and consequent bi- 
ological criteria are an appropriate and valuable complement’to the Nation’s 
surface water management programs. This added approach not only expands 
and refines this management effort, it is also consistent with the countrys 
growing concern that the environment must be protected and managed for 
more than the legitimate interests of human health and welfare. The protection 



of healthy ecosystems is part of EPA’s responsibility and is indeed related to 
the public’s welfare. Fish, shellfish, wildlife, and other indigenous flora and 
fauna of our surface waters require protection as intrinsic components of the 
natural system. Inherent to the Biological Criteria Program is the restoration 
and protection of this ‘biological integrity” of our waters. 

A carefully completed survey and subsequent assessment of these resident 
organisms in relatively undisturbed areas reveal not only the character, e.g., 
biological integrity, of a natural, healthy waterbody, they also provide a bench- 
mark or biological criterion against which similar systems may be compared 
where degradation is suspected. Biological measurements also help record 
waterbody changes over time with less potential temporal variation than 
physical or chemical approaches to water quality measurement. Thus, they 
can be used to help determine “existing aquatic life uses” of waterbodies re- 
quiring protection under State management programs. 

This document elaborates on the initiation of narrative biological criteria 
as described in Biological Criteria National Program Guidance for Surface Waters. 
Future guidance documents will provide additional technical information to 
facilitate development and implementation of both narrative and numerical 
criteria for each of the surface water types. 

Narrative Biological Criteria 

T he first phase of the program is the development of “narrative biological 
criteria”. These are essentially statements of intent incorporated in State 

water laws to formally consider the fate and status of aquatic biological com- 
munities. Officially stated, biological criteria are “. . . numerical values or nar- 
rative expressions that describe the reference biological integrity of aquatic 
communities inhabiting waters of a given designated aquatic life use” (U.S. 
Environ. Prot. Agency, 1990a). 

While a narrative criterion does not stipulate that numerical indices or 
other population parameters be used to indicate a particular level of water 
quality, it does rely upon the use of standard measures and data analyses to 
make qualitative determinations of the resident communities. 

The State, Territory, or Reservation should not only carefully compose the 
narrative biological criteria statement but should also indicate how its applica- 
tion is to be accomplished. The determination of text (how the narrative bio- 
logical criteria are written) and measurement procedures (how the criteria will 
be applied) is up to the individual States in consultation with EPA. Some de- 
gree of standardization among States sharing common regions and waters will 
be in their best interests. This regional coordination and cooperation could 
help improve efficiency, reduce costs, and expand the data base available to 
each State so that management determinations can be made with greater cer- 
tainty. 



Attributes of A Sound Narrative Crlterla Statement 

A narrative biological criterion should: 

1. Support the goals of the Clean Water Act to provide for the protection 
and propagation of fish, shellfish and wildlife, and to restore and 
maintain the chemical, physical, and biological integrity of the 
Nation’s waters; 

2. Protect the most natural biological community possible by 
emphasizing the protection of its most sensitive components. 

3. Refer to specific aquatic, marine, and estuarine community 
characteristics that must be present for the water-body to meet a 
particular designated use, e.g., natural diverse systems with their 
respective communities or taxa indicated; and then, 

4. Include measures of the community characteristics, based on sound 
scientific principles, that are quantifiable and written to protect and or 
enhance the designated use; 

5. In no case should impacts degrading existing uses or the biological 
integrity of the waters be authorized. 

An Example of A Narrative BIocriteria Statement 

The State will preserve, protect, and restore the water resources of [name 
of State] in their most natural condition. The condition of these waterbodies 
shall be determined from the measures of physical, chemical, and biological 
characteristics of each surface waterbody type, according to its designated use. 
As a component of these measurements, the biological quality of any given 
water system shall be assessed by comparison to a reference condition(s) 
based upon similar hydrologic and watershed characteristics that represent 
the optimum natural condition for that system. 

Such reference conditions or reaches of water courses shall be those ob- 
served to support the greatest variety and abundance of aquatic life in the re- 
gion as is expected to be or has been historically found in natural settings 
essentially undisturbed or minimally disturbed by human impacts, develop- 
ment, or discharges. This condition shall be determined by consistent sam- 
pling and reliable measures of selected indicative communities of flora and/or 
fauna as established by . . . [appropriate State agency or agencies] . . . and may 
be used in conjunction with acceptable chemical, physical, and microbial 
water quality measurements and records judged to be appropriate to this pur- 
pose. 

Regulations and other management efforts relative to these criteria shall 
be consistent with the objective of preserving protecting, and restoring the 
most natural communities of fish, shellfish, and wildlife attainable in these 
waters; and in all cases shall protect against degradation of the highest exist- 
ing or subsequently attained uses or biological conditions pursuant to State 
antidegradation requirements. 
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Data Gathering to Establish and Support Narrative 
Biological Criteria 

A State need not specifically list in the narrative statement the sampling 
procedures and parameters to be employed, but it should identify and charge 
the appropriate administrative authority with this responsibility as indicated 
parenthetically in the preceding example. 

The selection and sampling process, certainly at the outset, should be sim- 
ple, reliable, and cost effective. In many instances existing data and State pro- 
cedures will be adequate to initiate a biological criteria program, but there is 
no limitation on the sophistication or rigor of a State’s procedures. 

In reviewing existing procedures and in designing new ones, it is impor- 
tant that the planning group include the water resource managers, biologists, 
and chemists directly involved with the resource base. They should be the pri- 
mary participants from the outset to help ensure that the data base and de- 
rived information adequately support the decisions to be made. . 

The State may choose to create procedures and regulations more complex 
and complete than are indicated here; however, the basic design and method- 
ology should include the following elements: 

H 1. Rosourco Inventory. A field review of State water resource 
conditions and a first hand documentation of the status of water qual- 
ity relative to the use designation categories (‘MS@)” reports) are es- 
sential to provide reliable data for the selections of reference sites, test 
sites, and for setting program priorities. 

n 2. Spoclfic Objoctlvos and Srmpllng Doslgn. States will 
need to design a system identifying “natural, unimpacted” reference 
sources appropriate to each surface waterbody type in each of the des- 
ignated use categories in the State (e.g., streams, lakes and reservoirs, 
rivers, wetlands, estuaries and coastal waters) and the use categories 
(see example, Page 8) for each grouping of these waterbody types. 
Sources for defining reference condition may include historical data 
sets, screening surveys, or a consensus of experts in the region of inter- 
est, particularly in significantly disrupted areas as discussed later (see 
item 6, page 7). 

Because natural water courses do not always follow political 
boundaries, the most effective approach may be a joint or group effort 
between two or more States. Where this coordinatti and cooperation 
is possible, it may produce a superior data base at less cost than any 
individual State effort. EPA is working through its regional offices to 
assist in the development of such joint operations through the use of 
ecoregions and subregions (Gallant et al. 1988). Regional EPA biolo- 
gists and water quality or standards coordinators can advise and assist 
with these interstate cooperative efforts. 

In any case, reference sites or sources for each waterbody type, 
subcategory of similar waters, and designated use category will be 
needed. These may be drawn from “upstream” locations, “far field” 
transects or selected nearby or “ecoregional” sites representative of rel- 



atively unimpacted, highest quality natural settings (U.S. Environ. 
Prot. Agency, 1990a). 

Care must be taken to equate comparable physical characteristics 
when selecting reference sites for the waterbodies to be evaluated. For 
example, a site on a Piedmont stream cannot be the reference source 
against which sites on a coastal plain stream are compared; similarly, 
coastal tidal and nontidal wetlands should not be compared. 

The organisms to be collected and communities sampled should 
represent an array of sensitivities to be as responsive and informative 
as possible. An example would be to collect fish, invertebrates repre- 
senting both insects and shellfish, and perhaps macrophytes as ele- 
ments of the sampling scheme. 

n 3. Collection Methods. The same sampling techniques should 
always be employed at both the reference sites and test sites and 
should be consistent as much as possible for both spatial and temporal 
conditions. For example, a consistent seining or electroshocking tech- 
nique should always be used in collecting fish over the same length of 
stream and with the same degree of effort using the same gear. In ad- 
dition, the sampling area must be representative of the entire reach or 
waterbody segment. The temporal conditions to be considered include 
not only such factors as the length of time spent towing a trawl at a 
constant speed but also extend to the times of year when data are gath- 
ered. 

Seasonality of life cycles and natural environmental pressures 
must be addressed to make legitimate evaluations. For example, the 
spring hatch of aquatic insects is usually avoided as a sampling period 
in favor of more stable community conditions later in the summer. 
Conversely, low nutrient availability in mid-summer may temporarily 
but cyclically reduce the abundance of estuarine or marine benthos. 
Dissolved oxygen cycles are another seasonal condition to consider as 
are migratory patterns of some fish and waterfowl. The entire array of 
temporal and spatial patterns must be accommodated to avoid incon- 
sistent and misleading data gathering. 

Processing and analysis of the collected specimens is usually based 
on the number and identity of taxa collected and the number of indi- 
viduals per taxon. This preliminary information is the foundation of 
most of the subsequent analytical processes used to evaluate commu- 
nity composition. In the course of examining and sorting the plants or 
animals, notations should be made of any abnormal gross morphologi- 
cal or pathological conditions such as deformities, tumors or lesions. 
This information on disease and deformities in itself can be an impor- 
tant assessment variable. 

Taxonomic sorting can also be the basis for functional groupings of 
the data, and preservation of the specimens allows for the option of 
additional analyses after the field season is concluded. 

Table 1 is not all inclusive in the sense of a thorough biological in- 
vestigation, but it does represent an initial approach to the selection of 
parameters for biological assessment to support the narrative criteria. 



Teblo l.--tndlcetor communltier end reference eourcea for Mologlcrl ctltetie. 

WATERBODY FLORA / FAUNA INDICATORS REFERENCE BlATIONS 

Freshwater Fish, periphyton 6 Ecoregion. upstream and 
SW&ems macroinvertebrates, incl. downstraam stations 

insects 6 shellfish 

L8kea6 Same. also macrophytas May ne4e4d to start with trophic 
Relsefvoin groups; far- and near-field 

Wensects, acoregions* 

Rivers Same as lake 6 resevvovs Upstream and downstream stations; 
where appropriate, far- and 
near-field transects, ecoragions* 

WOtlEUtdS All of above, plus emergent Ecoregion;* far- and near-field 
and tenestfial vegetation 6 transects 
parhaps wildlifa 6 avian spp. 

Estu8fine 6 Fish, pariphyton 6 Far- and near-fidd transacts; 
neaf-tal macroinvertebrates, asp. acoragion* or physiographic 
Waters Shellfish. echinoderms, province 

poly-es 

’ Where approprbte; ecoregions thti are hetaopneour may need to be subdivided into 
cohive wbregans or these subregions aggreg&A where financial resourcea are limbed or 
aqutiic systems are large (tdal rivers. estuaries. near-coastal marine waterr). Also, map 
basns and watersheds couM be consdered for ‘keystone mdicators for fish and shetlfiih 

H 4. Quality Control. Much of the analytical potential and 
strength of any conclusions reached will depend upon the precision 
and accuracy of sampling techniques and data handling procedures. 
Rigorous attention should therefore be given to the design and consis- 
tency of data gathering techniques and to the training and evaluation 
of field and Jaboratory staff. Data cataloging and record keeping pro- 
cedures also must be carefully designed and strictly adhered to by all 
parties involved. EPA Regional Office personnel can provide advice 
and Agency guidance manuals on this subject; an example is the 1990 
field and laboratory manual by the U.S. Environmental Protection 
Agency, (199Ob). Similarly, many States already have excellent quality 
assurance procedures that can be used as a foundation for their biolog- 
ical criteria program. 

H 5. An~l#lcA Procoduns. The usual approach to biological 
analyses is to identify the presence of impairment and establish the 
probability of being certain in that judgment. 

For example, if there is a significant increase in the number of de- 
formed or diseased organisms, and a significant decrease in the taxa 
and/or individuals and in sensitive or intolerant taxa - given that the 
physrcal habitats and collection techniques are equivalent - then the 
study site may be presumed to be degraded. This conclusion will have 
further support if the tnznd holds true over time; is also supported by 
applicable chemical or physical data; or if probable sources are identi- 
fied. The apparent source or sources of perturbation should then be in- 
vestigated and further specific diagnostic tests conducted to establish 
cause. Remedial action may then follow through regulatory or other 
appropriate management procedures. 



n 6. Roforonco Condition l nd Crltorla for Slgnlflcmntly Dls- 
ruptod Areas. In regions of significantly disrupted land use such as 
areas of intensive agricultural or urban/suburban development, the 
only data base available to serve as a reference condition might be sim- 
ply “the best of what is left.” To establish criteria on this basis would 
mean an unacceptable lowering of water quality objectives and de 
facto acceptance of degraded conditions as the norm; or worse, as the 
goal of water quality management. The alternative would be to estab- 
lish perhaps impossible goals to restore the water system to pristine, 
pre-development conditions. 

A rational solution avoiding these two pitfalls is to establish the 
reference condition from the body of historical research for the region 
and the consensus opinion of a panel of qualified water resource ex- 
perts. The panel, selected in consultation with EPA, should be required 
tq establish an objective and reasonable expectation of the restorable 
(achievable) water resource quality for the region. The determination 
would become the basis of the biological criteria selected. 

Consistent with State antidegradation requirements, the best exist- 
ing conditions achieved since November 28, 1975 [see 40 CFR 131.3(c) 
and 131.12(a)(l)] must be the lowest acceptable status for interim con- 
sideration while planning, managing and regulating to meet the 
higher criteria established above. In this way reasonable progress can 
be made to improve water quality without making unrealistic de- 
mands upon the community. 

Application of Biological Criteria to State Surface 
Water Use Attainability Procedures 

Another application of the data collected is in helping define the desig- 
nated uses to be achieved by comparing all test sites relative to the benchmark 
of reference conditions established per designated use category. Biological cri- 
teria can be used to help define the level of protection for “aquatic life use” 
designated uses for surface waters. These criteria also help determine relative 
improvement or decline of water resource quality, and should be equated to 
appropriate reference site conditions as closely as possible. Determinations of 
attainable uses and biological conditions should be made in accordance with 
the requirements stipulated in Section 131.10 of the EPA Water Quality Stan- 
dards Regulations (40 CFR 131). A hypothetical State-designated use category 
system might be as follows: 

H Cl888 A: Hlghort quality or Spoclal Catogory Stat0 waters. In- 
cludes those designated as unique aesthetic or habitat resources and 
fisheries, especially protected shellfish waters. No discharges of any 
kind and no significant landscape alterations are permitted in the 
drainage basins of these waters. Naturally occurring biological life 
shall be attained, maintained, and protected in all respects. (Indica- 
tor sensitive resident species might be designated to help define 
each class, e.g., trout, some darters, mayflies, oysters, or clams, etc.) 

l Class B: High qudlty waters sultablo for body contact. Only 
highly treated nonimpacting discharges and land development with 



well established riparian vegetative buffer zones are allowed. Natu- 
rally occurring biological life shall be protected and no degradation 
of the aquatic communities of these waters is allowed. (Indicator 
sensitive species might be suckers and darters, stoneflies, or soft- 
shelled clams, etc.) 

n Cl888 Ct Good qurllty w8tor but 8ff8ct8d by runoff tram pn 
v8lllng dovolopod I8nd ~88s. Shore zones are protected, but buffer 
zones are not as extensive as Class B. Highly treated, well-diluted 
final effluent permitted. Existing aquatic life and community com- 
position shall be protected and no further degradation of the aquatic 
communities is allowed. (Indicator sensitive species might be sun- 
fish, caddisflies, or blue crabs, etc.) 

n Cl888 0: LOW.81 qU8llty W8t.r ln tt8t.k d88lgn8tOd U8. Sys- 
tom. Ambient water quality must be or become sufficient to support 
indigenous aquatic life and no further degradation of the aquatic 
community is allowed. Structure and function of aquatic community 
must be preserved, but species composition may differ from Class C 
waters. 

Since all States have some form of designated use classification system, 
bioassessment procedures can be applied to each surface water type by class 
and the information used to help determine relative’management success or 
failure. In concert with other measurements, bioassessments and biocriteria 
help determine designated use attainment under the Clean Water Act. This at- 
tainment or nonattainment in turn determines the need for or the conditions 
of such regulatory requirements as total maximum daily loads (TMDLs) and 
National Pollutant Discharge Elimination System (NPDES) permits. In addi- 
tion, biological assessments based on these biological criteria can be used to 
help meet section 305(b) of the Clean Water Act, which requires periodic re- 
ports from the States on the status of their surface water resources. The proce- 
dure also can be used to support regulatory actions, detect previously 
unidentified problems, and help establish priorities for management projects 
(see “Additional Applications of Biological Criteria,” Page 10). 

Table 2 is a simplified illustration of this approach to evaluating compre- 
hensive surface water quality conditions by each designated use to help deter- 
mine and report “designated use attainment” status. 

It is important to construct and calibrate each table according to consistent 
regional and habitat conditions. 

Using quantitative parameters or metrics derived from the data base and 
the reference condition, standings in the tables can be established from which 
relative status can be defined. This material can eventually serve as the basis 
for numeric biological criteria. 

A well-refined quantitative approach to the narrative process can be ad- 
ministratively appended to the States’ preexisting narrative criteria to meet fu- 
ture needs for numeric criteria. This can be accomplished fairly easily by 
amending the narrative statement, as illustrated on page 3, to include a desig- 
nated regulatory responsibility for the appropriately identified agency. The 
advantage of this approach is as changes in the supportive science evolve, the 
criteria can be appropriately adjusted. 

8 



Table P.--Data display to f8cllit8to l vrlwtlng wrterbody condltlon l d 
nlrtlvo deslgnrted use attrlnment. 

DESIGNATED USE BlOl.OCNCAL ASSESSMENT PARAMETERS (by numbor) 

rpor 8f. wur typa) Tam Tutr Invutobr~* Floh Dla0n.d 
Invortm Fish Intdwulto lntolYulta 

Highest quality in 
designated use 

Good quality in 
designated use 

Adequate to 
designated use 

Marginal for 
designaM use 

Poor quality bW bw bw bw 

DESIGNATED USE PUBLIC HEALTH, CHEMICAL PHYSICAL DATA 

@or St watw typo) T. Cdl E. Coil D.O. pH PO4 NO3 nub. 

Highest quality in 
designated use 

Good quality in 
designated use 

Lidequate to 
designated use 

Marginal for 
designated use 

Poor quality 

bw 

high 

bW high 

high bW 

VM 
by 

region 

Usually Usually UelNMy 
bW bw bw 

usually UswIly Usually 
high high “W 

Further, the compiling of physical and chemical data with the biological 
data facilitates comprehensive evaluations and aids in the investigation of 
causes of evident water quality declines. Having the numbers all in one place 
helps the water resource manager assess conditions. However, it is important 
to note that none of these parameters should supercede the others in manage- 
ment or regulations because they have unique as well as overlapping attri- 
butes. Failure of a designated site to meet any one of a State’s physical, 
chemical, or biological criteria should be perceived as sufficient justification 
for corrective action. 

One other note on the use of biological criteria is important. The data gath- 
ered should be comprehensively evaluated on a periodic basis. This gives the 
manager an opportunity to assess relative monitoring and management suc- 
cess, monitor the condition of the reference sites, and adjust procedures ac- 
cordingly. As conditions improve, it will also be important to reassess and 
adjust the biological criteria. This may be particularly appropriate in the case 
of “significantly disrupted areas” discussed earlier. 



Additional Applications of Biological Criteria 

As shown in the previous illustrations, narrative biological criteria can 
have many applications to the management and enhancement of surface water 
quality. 

N R8fln8m8nt 8nd 8ugm8ntatlon of 8xlstlng w8torbody monltor- 
Ing proc8dunr. With between 200 and 500 new chemicals entering 
the market annually, it is impossible to develop chemical criteria 
that address them all. Further, synergism between even regulated 
chemicals meeting existing standards may create degraded condi- 
tions downstream that are identifiable only by using biological mon- 
itoring and criteria. Thus, the approach may help identify and 
correct problems not previously recognized. 

n Non-chomlc8l Imp8lrm8nta (e.g., degradation of physical habitats, 
changes in hydrologic conditions, stocking, and harvesting) can be 
identified. Remediation of these impairments, when they are the pri- 
mary factor, can be less expensive and more relevant than some 
point source abatements. 

H W8terbody m8n8gomont doclslonm8klng. By reviewing an array 
of diverse parameters in a comprehensive manner, the decisionma- 
ker is able to make better judgments. The strengths of this diversity 
can be used to determine with greater confidence the resources to 
assign to a given waterbody or groups of waterbodies in the alloca- 
tion of scarce manpower or funds. The information can also be used 
to set priorities where required by law, such as section 303(d) of the 
Clean Water Act, or to help guide regulatory decisions. 

In conjunction with nutrient, chemical, and sediment parame- 
ters, biological information and criteria are an important tool for wa- 
tershed investigations. The combined data helps the manager select 
areas of likely nonpoint as well as point sources of pertebation and 
makes it possible to focus remedial efforts on key subbasins. 

n Rogul8tory 8sp8ct. Once established to the satisfaction of the State 
and EPA, the biocriteria process may be incorporated in the State’s 
system of regulations as part of its surface water quality protection 
and management program. Biological assessment and criteria can 
become an important additional tool in this context as the Nation in- 
creasingly upgrades the quality of our water resources. 

Perspective of the Future: Implementing 
Biological Criteria 

This guide to narrative biological criteria was composed with the fiscal 
and technical constraints of all the States, Territories, and Reservations in 
mind. The array of scientific options available to biological assessment and cri- 
teria illustrated here is by no means exhaustive, and many jurisdictions will 
prefer a more involved approach. In no way is this guide intended to restrain 
States from implementing more detailed or rigorous programs. In fact, we 
welcome comments and suggestions for additional techniques and parameters 
to consider. 

0 



The basic approach discussed here, while compiled to be the least de- 
manding on State budgets, equipment, and manpower pools, consists of a reli- 
able, reproducible scientific method. The metrio considered should not be 
restricted to those illustrated in this guide. Rather, they should be developed 
from the expertise of State biologists and water resource managers - perhaps 
in concert with colleagues in neighboring States for a coordinated regional ap- 
proach to waterbodies and natural biological regions that cross political 
boundaries. Good science should be applied to a realistic appraisal of what 
can actually be accomplished, and the EPA regional office specialists, listed on 
the following pages, can assist in such assessments and coordination. For 
more detailed discussions of sampling and analytical methods, the reader is 
also referred to the references appended to this text. 

The structure for narrative biological criteria described here is an appro 
priate interim step for the eventual development of numeric biological criteria. 
The infrastructure developed now may be expanded and refined to meet fu- 

-ture needs. 
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EPA-823-B-94-001 

MEMORANDUM 

SUBJECT: Use of the Water-Effect Ratio in Water Quality 
Standards 

FROM: Tudor T. Davies, Director 
Office of Science and Technology 

TO: Water Management Division Directors, Regions I - X 
State Water Quality Standards Program Directors 

PURPOSE 

There are two purposes for this memorandum. 

The first is to transmit the Interim Guidance on the 
Determination and Use of Water-Effect Ratios for Metals. EPA 
committed to developing this guidance to support implementation 
of federal standards for those States included in the National 
Toxics Rule. 

The second is to provide policy guidance on whether a 
State's application of a water-effect ratio is a site-specific 
criterion adjustment subject to EPA review and 
approval/disapproval. 

BACKGROUND 

In the early 1980's, members of the regulated community 
expressed concern that EPA's laboratory-derived water quality 
criteria might not accurately reflect site-specific conditions 
because of the effects of water chemistry and the ability of 
species to adapt over time. In response to these concerns, EPA 
created three procedures to derive site-specific criteria. These 
procedures were published in the Water Quality Standards 
Handbook, 1983. 
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Site-specific criteria are allowed by regulation and are 
subject to EPA review and approval. The Federal water quality 
standards regulation at section 131.11(b)(1) provides States with 
the opportunity to adopt water quality criteria that are 

"...modified to reflect site-specific conditions." 
131.5(a)(2) 

Under section 
EPA reviews standards to determine "whether a State 

has adopted criteria to protect the designated water uses." 

On December 22, 1992, EPA promulgated the National Toxics 
Rule which established Federal water quality standards for 14 
States which had not met the requirements of Clean Water Act 
Section 303(c)(2)(B). As part of that rule, EPA gave the States 
discretion to adjust the aquatic life criteria for metals to 
reflect site-specific conditions through use of a water-effect 
ratio. A water-effect ratio is a means to account for a 
difference between the toxicity of the metal in laboratory 
dilution water and its toxicity in the water at the site. 

In promulgating the National Toxics Rule, EPA committed to 
issuing updated guidance on the derivation of water-effect 
ratios. The guidance reflects new information since the 
previous guidance and is more comprehensive in order to provide 
greater clarity and increased understanding. This new guidance 
should help standardize procedures for deriving water-effect 
ratios and make results more comparable and defensible. 

Recently, an issue arose concerning the most appropriate 
form of metals upon which to base water quality standards. On 
October 1, 1993, EPA issued guidance on this issue which 
indicated that measuring the dissolved form of metal is the 
recommended approach. This new policy however, is prospective 
and does not affect the criteria in the National Toxics Rule. 
Dissolved metals criteria are not generally numerically equal to 
total recoverable criteria and the October 1, 1993 guidance 
contains recommendations for correction factors for fresh water 
criteria. The determination of site-specific criteria is 
applicable to criteria expressed as either total recoverable 
metal or as dissolved metal. 

DISCUSSION 

Existing guidance and practice are that EPA will approve 
site- specific criteria developed using appropriate procedures. 
That policy continues for the options set forth in the interim 
guidance transmitted today, regardless of whether the resulting 
criterion is equal to or more or less stringent than the EPA 
national 304(a) guidance. This interim guidance supersedes all 
guidance concerning water-effect- ratios previously issued by the 
Agency. 
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Each of the three options for deriving a final water-effect 
ratio presented in this interim guiddncf? meets the scier.tific and 
technical acceptability test for derivinq site-specific criteria. 

Option 3 is the simplest, least restrictive and generally the 
least expensive approach for situations where simulated 
downstream water appropriately represents a "site." It is a 
fully acceptable approach for deriving the water-effect. ratio 
although it will generally provide a !Dwer water-effect ratio 
than the other 2 options. The other 2 options may be more costly 
and time consuming if more than 3 sample per.iods nnri ~a:+?:- effect 
ratio measurements are made, but are role accurate, and rr.ay yield 
a larger, but more scientifically defensibie site spsclfic 
criterion. 

Site-specific criteria, properly determined, wil; fully 
protect existing uses. The waterbody or segmer,t thereof to which 
the site-specific criteria apply must be clearly defined. A site 
can be defined by the State and can be any size, small or large, 
including a watershed or basin. However, the site-specific 
criteria must protect the site as a whole. It is likely to be 
more cost-effective to derive any site-specific criteria for as 
large an area as possible or appropriate. It is emphasized that 
site-specific criteria are ambient water quality criteria 
applicable to a site. They are not ictended to be dirtlct 
modifications to National Pollutant Discharge Elimination System 
(NPDES) permit limits. In most cases Lhe "site" will be 
synonymous with a State's "segment" in its water quality 
standards. By defining sites on a larger- scale, multiple 
dischargers can collaborate on water-effect ratio testing and 
attain appropriate site-specific criteria at a reduced cost. 

More attention has been given to water-effect ratios 
recently because of the numerous discussions and meetings on the 
entire question of metals policy and because WERs were 
specifically applied in the National Toxics Rule. In comments on 
the proposed National Toxics Rule, the public questioned whether 
the EPA promulgation should be based solely on the total 
recoverable form of a metal. For the reasons set forth in the 
final preamble, EPA chose to promulgate the criteria based on the 
total recoverable form with a provision for the application of a 
water-effect ratio. In addition, this approach was chosen 
because of the unique difficulties of attempting to authorize 
site-specific criteria modifications for nationally prc:mulgated 
criteria. 

EPA now recommends the use of dissolved metals for States 
revising their water quality standards. Dissolved criteria may 
also be modified by a site-specific adjustment. 
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While the regulatory application of the water-effect ratio 
applied only to the 10 jurisdictions included in the final 
National Toxics Rule for aquatic life metals criteria, we 
understood that other States would be interested in applying WERs 
to their adopted water quality standards. The guidance upon 
which to base the judgment of the acceptability of the water- 
effect ratio applied by the State is contained in the attached 
Interim Guidance on The Determination and Use of Water-Effect 
Ratios for Metals. It should be noted that this guidance also 
provides additional information on the recalculation procedure 
for site-specific criteria modifications. 

Status of the Water-effect Ratio (WER) in non-National Toxics 
Rule States 

A central question concerning WERs is whether their use by a 
State results in a site-specific criterion subject to EPA review 
and approval under Section 303(c) of the Clean Water Act? 

Derivation of a water-effect ratio by a State is a site- 
specific criterion adjustment subject to EPA review and 
approval/disapproval under Section 303(c). There are two options 
by which this review can be accomplished. 

Option 1: A State may derive and submit each individual 
water-effect ratio determination to EPA for review and 
approval. This would be accomplished through the normal 
review and revision process used by a State. 

Option 2: A State can amend its water quality standards to 
provide a formal procedure which includes derivation of 
water-effect ratios, appropriate definition of sites, and 
enforceable monitoring provisions to assure that designated 
uses are protected. Both this procedure and the resulting 
criteria would be subject to full public participation 
requirements. Public review of a site-specific criterion 
could be accomplished in conjunction with the public review 
required for permit issuance. EPA would review and 
approve/disapprove this protocol as a revised standard once. 
For public information, we recommend that once a year the 
State publish a list of site-specific criteria. 

An exception to this policy applies to the waters of the 
jurisdictions included in the National Toxics Rule. The EPA 
review is not required for the jurisdictions included in the 
National Toxics Rule where EPA established the procedure for the 
State for application to the criteria promulgated. The National 
Toxics Rule was a formal rulemaking process with notice and 
comment by which EPA pre-authorized the use of a correctly 
applied water-effect ratio. That same process has not yet taken 
place in States not included in the National Toxics Rule. 
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However, the National Toxics Rule does liot affect State authority 
to establish scientifically defensible procedures to determine 
Federally authorized WERs, to certify those WERs in NPDES permit 
proceedings, or to deny their applicaticn based on the State's 
risk management analysis. 

As described in Section 131.36(b) (iii) of the water quality 
standards regulation (the official regulatory reference to the 
National Toxics Rule), the water-effect ratio is a site-specific 
calculation. As indicated on page 60866 of the preamble to the 
National Toxics Rule, the rule was constructed as a rebuttable 
presumption. The water-effect ratio is assigned a value of 1.0 
until a different water-effect ratio is derived from suitable 
tests representative of conditions in the affected daterbody. It 
is the responsibility of the State to determine whether to rebut 
the assumed value of 1.0 in the Naticnal Toxics Rule and apply 
another value of the water-effect ratio in crder to establish a 
site-specific criterion. The site-specific criterion is then 
used to develop appropriate NPDES permit limits. The rule thus 
provides a State with the flexibility to derive an appropriate 
site-specific criterion for specific waterbodies. 

As a point of emphasis, although a water-effect ratio 
affects permit limits for individual dischargers, it is the State 
in all cases that determines if derivation of a site-specific 
criterion based on the water-effect ratio is allowed and it is 
the State that ensures that the calculations and data analysis 
are done completely and correctly. 

CONCLUSION 

This interim guidance explains and clarifies the use of 
site-specific criteria. It is i ssil~=!c! AS jnterim guidance because 
it will be included as part of the oroccss underway for review 
and possible revision of the national aqaatic life criteria 
development methodology guidelines. As part of that review, this 
interim guidance is subject to amendment_ based c,;l ,-c:r:ments, 
especially those from the users of the quidsr,rc. At the end of 
the guidelines revision process the gui'i3nce will be issued as 
"final." 

EPA is interested in and encourages the submittal of high 
quality datasets that can be used to provide insights into the 
use of these guidelines and procedures. Such data and technical 
comments should be submitted to Clxrles E. Stephan at EPA's 
Environmental Research L&oratory at Dulut:;, W:. A complete 
address, telephone number and Lax numbs:- for ML'. Stephan are 
included in the guidance itself. Other questions or comments 
should be directed to the Standards and Applied Science Division 
(mail code 4305, telephone 202-260-1315). 
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There is attached to this memorandum a simplified flow 
diagram and an implementation procedure. These are intended to 
aid a user by placing the water-effect ratio procedure in the 
context of proceeding from at site-specific criterion to a permit 
limit. Following these attachments is the guidance itself. 

Attachments 

cc : Robert Perciasepe, OW 
Martha G. Prothro, OW 
William Diamond, SASD 
Margaret Stasikowski, HECD 
Mike Cook, OWEC 
Cynthia Dougherty, OWEC 
Lee Schroer, OGC 
Susan Lepow, OGC 
Courtney Riordan, ORD 
ORD (Duluth and Narragansett Laboratories) 
ESD Directors, Regions I - VIII, X 
ESD Branch, Region IX 
Water Quality Standards Coordinators, Regions I - X 



WER Implementation 

/ Preliminary Analysis 
Site Definition 
Study Plan Development 

Effluent Considerations 
Receiving Water Considerations 

Testing Organisms 

WER Calculation 

Site Speclflc Criteria 
Permit Umfts 
Monhorlng Requirements 



WATER-EFFECT RATIO IMPLEMENTATION 

PRELIMINARY ANALYSIS & PLAN FORMULATION 

- Site definition 

0 How many discharges must be accounted for? Tributaries? 
See page 17. 

0 What is the waterbody type? (i.e., stream, tidal river, 
bay, etc.). See page 44 and Appendix A. 

0 How can these considerations best be combined to define 
the relevant geographic "site"? See Appendix A @ page 
82. 

- Plan Development for Regulatory Agency Review 

0 Is WER method 1 or 2 appropriate? (e.g., Is design flow 
a meaningful concept or are other considerations 
paramount?). See page 6. 

0 Define the effluent & receiving water sample locations 
0 Describe the temporal sample collection protocols 

proposed. See page 48. 
l Can simulated site water procedure be done, or is 

downstream sampling required? See Appendix A. 
0 Describe the testing protocols - test species, test 

type, test length, etc. See page 45, 50; Appendix I. 
0 Describe the chemical testing proposed. See Appendix C. 
0 Describe other details of study - flow measurement, 

QA/QC, number of sampling periods proposed, to whom the 
results are expected to apply, schedule, etc. 

SAMPLING DESIGN FOR STREAMS 

- Discuss the quantification of the design streamflow (e.g., 
7QlO) - USGS gage directly, by extrapolation from USGS 
gage, or ? 

- Effluents 

l measure flows to determine average for sampling day 
0 collect 24 hour composite using "clean" equipment and 

appropriate procedures; avoid the use of the plant's 
daily composite sample as a shortcut. 

- Streams 

l measure flow (use current meter or read from gage if 
available) to determine dilution with effluent; and to 
check if within acceptable range for use of the data 
(i.e., design flow to 10 times the design flow). 

0 collect 24 hour composite of upstream water. 



LABORATORY PROCEDURES (NOTE: These are described in detail in 
interim guidance). 

- Select appropriate primary & secondary tests 

- Determine appropriate cmcWER and/or cccWER 

- Perform chemistry using clean procedures, with methods 
that have adequate sensitivity to measure low 
concentrations, and use appropriate QA/QC 

- Calculate final water-effect ratio (FWER) for site. 
See page 36. 

IMPLEMENTATION 

- Assign l?WERs and the site specific criteria for each metal 
to each discharger (if more than one). 

- perform a waste load allocation and total maximum daily 
load (if appropriate) so that each discharger is provided 
a permit limit. 

- establish monitoring condition for periodic evaluation of 
instream biology (recommended) 

- establish a permit condition for periodic testing of WER 
to verify site-specific criterion (NTR recommendation) 

2 
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FOREWORD 

This document provides interim guidance concerning the 
experimental determination of water-effect ratios (WERs) for 
metals; some aspects of the use of WERs are also addressed. It 
is issued in support of EPA regulations and policy initiatives 
involving the application of water quality criteria and standards 
for metals. This document is agency guidance only. It does not 
establish or affect legal rights or obligations. It does not 
establish a binding norm or prohibit alternatives not included in 
the document. It is not finally determinative of the issues 
addressed. Agency decisions in any particular case will be made 
by applying the law and regulations on the basis of specific 
facts when regulations are promulgated or permits are issued. 

This document is expected to be revised periodically to reflect 
advances in this rapidly evolving area. Comments, especially 
those accompanied by supporting data, are welcomed and should be 
sent to: Charles E. Stephan, U.S. EPA, 6201 Congdon Boulevard, 
Duluth MN 55804 (TEL: 218-720-5510; FAX: 218-720-5539). 

iii 



FEB 22 1994 

OFFICE OF SCIENCE AND TECHNOLOGY POSITION STATEMENT 

Section 131.11(b) (ii) of the water quality standards 
regulation (40 CFR Part 131) provides the regulatory mechanism 
for a State to develop site-specific criteria for use in water 
quality standards. Adopting site-specific criteria in water 
quality standards is a State option--not a requirement. The 
Environmental Protection Agency (EPA) in 1983 provided guidance 
on scientifically acceptable methods by which site-specific 
criteria could be developed. 

The interim guidance provided in this document supersedes all 
guidance concerning water-effect ratios and the Indicator Species 
Procedure given in Chapter 4 of the Water Quality Standards 
Handbook issued by EPA in 1983 and in Guidelines for Deriving 
Numerical Aquatic Site-Specific Water Quality Criteria by 
Modifying National Criteria, 1984. Appendix B also supersedes 
the guidance in these earlier documents for the Recalculation 
Procedure for performing site-specific criteria modifications. 

This interim guidance fulfills a commitment made in the final 
rule to establish numeric criteria for priority toxic pollutants 
(57 FR 60848, December 22, 1992, also known as the "National 

Toxics Rule"). This guidance also is applicable to pollutants 
other than metals with appropriate modifications, principally to 
chemical analyses. 

Except for the jurisdictions subject to the aquatic life 
criteria in the national toxics rule, water-effect ratios are 
site-specific criteria subject to review and approval by the 
appropriate EPA Regional Administrator. Site-specific criteria 
are new or revised criteria subject to the normal EPA review 
requirements established in Clean Water Act § 303(c). For the 
States in the National Toxics Rule, EPA has established that 
site-specific water-effect ratios may be applied to the criteria 
promulgated in the rule to establish site-specific criteria. The 
water-effect ratio portion of these criteria would still be 
subject to State review before the development of total maximum 
daily loads, waste load allocations or translation into NPDES 
permit limits. EPA would only review these water-effect ratios 
during its oversight review of these State programs or review of 
State-issued permits. 
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Each of the three options for deriving a final water-effect 
ratio presented on page 36 of this interim guidance meets the 
scientific and technical acceptability test for deriving site- 
specific criteria specified in the water quality standards 
regulation (40 CFR 131.11(a)). Option 3 is the simplest, least 
restrictive and generally the least expensive approach for 
situations where simulated downstream water appropriately 
represents a "site." Option 3 requires experimental 
determination of three water-effect ratios with the primary test 
species that are determined during any season (as long as the 
downstream flow is between 2 and 10 times design flow 
conditions.) The final WER is generally (but not always) the 
lowest experimentally determined WER. Deriving a final water- 
effect ratio using option 3 with the use of simulated downstream 
water for a situation where this simulation appropriately 
represents a "site", is a fully acceptable approach for deriving 
a water-effect ratio for use in determining a site-specific 
criterion, although it will generally provide a lower water- 
effect ratio than the other 2 options. 

As indicated in the introduction to this guidance, the 
determination of a water-effect ratio may require substantial 
resources. A discharger should consider cost-effective, 
preliminary measures described in this guidance (e.g., use of 
"clean" sampling and chemical analytical techniques or in non-NTR 
States, a recalculated criterion) to determine if an indicator 
species site-specific criterion is really needed. It may be that 
an appropriate site-specific criterion is actually being 
attained. In many instances, use of these other measures may 
eliminate the need for deriving final water-effect ratios. The 
methods described in this interim guidance should be sufficient 
to develop site-specific criteria that resolve concerns of 
dischargers when there appears to be no instream toxicity from a 
metal but, where (a) a discharge appears to exceed existing or 
proposed water quality-based permit limits, or (b) an instream 
concentration appears to exceed an existing or proposed water 
quality criterion. 

This guidance describes 2 different methods for determining 
water-effect ratios. Method 1 has 3 options each of which may 
only require 3 sampling periods. However options 1 and 2 may be 
expanded and require a much greater effort. While this position 
statement has discussed the simplest, least expensive option for 
method 1 (the single discharge to a stream) to illustrate that 
site specific criteria are feasible even when only small 
dischargers are affected, water-effect ratios may be calculated 
using any of the other options described in the guidance if the 
State/discharger believe that there is reason to expect that a 
more accurate site-specific criterion will result from the 
increased cost and complexity inherent in conducting the 
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additional tests and analyzing the results. Situations where 
this could be the case include, for example, where seasonal 
effects in receiving water quality or in discharge quality need 
to be assessed. 

In addition, EPA will consider other scientifically defensible 
approaches in developing final water-effect ratios as authorized 
in 40 CFR 131.11. However, EPA strongly recommends that before a 
State/discharger implements any approach other than one described 
in this interim guidance, discussions be held with appropriate 
EPA regional offices and Office of Research and Development's 
scientists before actual testing begins. These discussions would 
be to ensure that time and resources are not wasted on 
scientifically and technically unacceptable approaches. It 
remains EPA's responsibility to make final decisions on the 
scientific and technical validity of alternative approaches to 
developing site-specific water quality criteria. 

EPA is fully cognizant of the continuing debate between what 
constitutes guidance and what is a regulatory requirement. 
Developing site-specific criteria is a State regulatory option. 
Using the methodology correctly as described in this guidance 
assures the State that EPA will accept the result. Other 
approaches are possible and logically should be discussed with 
EPA prior to implementation. 

The Office of Science and Technology believes that this 
interim guidance advances the science of determining site- 
specific criteria and provides policy guidance that States and 
EPA can use in this complex area. It reflects the scientific 
advances in the past 10 years and the experience gained from 
dealing with these issues in real world situations. This 
guidance will help improve implementation of water quality 
standards and be the basis for future progress. 

Tudor T. Davies, Director 
Office of Science And Technology 
Office of Water 
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EXECUTIVE SUMMARY 

A variety of physical and chemical characteristics of both the 
water and the metal can influence the toxicity of a metal to 
aquatic organisms in a surface water. When a site-specific 
aquatic life criterion is derived for a metal, an adjustment 
procedure based on the toxicological determination of a water- 
effect ratio (WER) may be used to account for a difference 
between the toxicity of the metal in laboratory dilution water 
and its toxicity in the water at the site. If there is a 
difference in toxicity and it is not taken into account, the 
aquatic life criterion for the body of water will be more or less 
protective than intended by EPA's Guidelines for Deriving 
Numerical National Water Quality Criteria for the Protection of 
Aquatic Organisms and Their Uses. After a WER is determined for 
a site, a site-specific aquatic life criterion can be calculated 
by multiplying an appropriate national, state, or recalculated 
criterion by the WER. Most WERs are expected to be equal to or 
greater than 1.0, but some might be less than 1.0. Because most 
aquatic life criteria consist of two numbers, i.e., a Criterion 
Maximum Concentration (CMC) and a Criterion Continuous 
Concentration (CCC), either a cmcWER or a cccWER or both might be 
needed for a site. The cmcWER and the cccWER cannot be assumed 
to be equal, but it is not always necessary to determine both. 

In order to determine a WER, side-by-side toxicity tests are 
performed to measure the toxicity of the metal in two dilution 
waters. One of the waters has to be a water that would be 
acceptable for use in laboratory toxicity tests conducted for the 
derivation of national water quality criteria for aquatic life. 
In most situations, the second dilution water will be a simulated 
downstream water that is prepared by mixing upstream water and 
effluent in an appropriate ratio; in other situations, the second 
dilution water will be a sample of the actual site water to which 
the site-specific criterion is to apply. The WER is calculated 
by dividing the endpoint obtained in the site water by the 
endpoint obtained in the laboratory dilution water. A WER should 
be determined using a toxicity test whose endpoint is close to, 
but not lower than, the CMC and/or CCC that is to be adjusted. 

A total recoverable WER can be determined if the metal in both of 
the side-by-side toxicity tests is analyzed using the total 
recoverable measurement, and a dissolved WER can be determined if 
the metal is analyzed in both tests using the dissolved 
measurement. Thus four WERs can be determined: 

Total recoverable cmcWER. 
Total recoverable cccWER. 
Dissolved cmcWER. 
Dissolved cccWER. 

A total recoverable WER is used to calculate a total recoverable 
site-specific criterion from a total recoverable national, state, 
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or recalculated aquatic life criterion, whereas a dissolved WER 
is used to calculate a dissolved site-specific criterion from a 
dissolved criterion. WERs are determined individually for each 
metal at each site; WERs cannot be extrapolated from one metal to 
another, one effluent to another, or one site water to another. 

Because determining a WER requires substantial resources, the 
desirability of obtaining a WER should be carefully evaluated: 
1. Determine whether use of "clean techniques" for collecting, 

handling, storing, preparing, and analyzing samples will 
eliminate the reason for considering determination of a WER, 
because existing data concerning concentrations of metals in 
effluents and surface waters might be erroneously high. 

2. Evaluate the potential for reducing the discharge of the 
metal. 

3. Investigate possible constraints on the permit limits, such as 
antibacksliding and antidegradation requirements and human 
health and wildlife criteria. 

4. Consider use of the Recalculation Procedure. 
5. Evaluate the cost-effectiveness of determining a WER. 
If the determination of a WER is desirable, a detailed workplan 
for should be submitted to the appropriate regulatory authority 
(and possibly to the Water Management Division of the EPA 

Regional Office) for comment. After the workplan is completed, 
the initial phase should be implemented, the data should be 
evaluated, and the workplan should be revised if appropriate. 

Two methods are used to determine WERs. Method 1, which is used 
to determine cccWERs that apply near plumes and to determine all 
cmcWERs, uses data concerning three or more distinctly separate 
sampling events. It is best if the sampling events occur during 
both low-flow and higher-flow periods. When sampling does not 
occur during both low and higher flows, the site-specific 
criterion is derived in a more conservative manner due to greater 
uncertainty. For each sampling event, a WER is determined using 
a selected toxicity test; for at least one of the sampling 
events, a confirmatory WER is determined using a different test. 

Method 2, which is used to determine a cccWER for a large body of 
water outside the vicinities of plumes, requires substantial 
site-specific planning and more resources than Method 1. WERs 
are determined using samples of actual site water obtained at 
various times, locations, and depths to identify the range of 
WERs in the body of water. The WERs are used to determine how 
many site-specific CCCs should be derived for the body of water 
and what the one or more CCCs should be. 

The guidance contained herein replaces previous agency guidance 
concerning (a) the determination of WERs for use in the 
derivation of site-specific aquatic life criteria for metals and 
(b) the Recalculation Procedure. This guidance is designed to 
apply to metals, but the principles apply to most pollutants. 

xii 



ACR: 

CCC: 

CMC: 

CRM: 

FAV: 

FCV: 

FW: 

FWER: 

GMAV: 

HCME: 

MDR: 

NTR: 

ABBREVIATIONS 

Acute-Chronic Ratio 

Criterion Continuous Concentration 

Criterion Maximum Concentration 

Certified Reference Material 

Final Acute Value 

Final Chronic Value 

Freshwater 

Final Water-Effect Ratio 

Genus Mean Acute Value 

Highest Concentration of the Metal in the Effluent 

Minimum Data Requirement 

National Toxics Rule 

QA/QC: Quality Assurance/Quality Control 

SMAV : 

SW: 

TDS: 

TIE: 

TMDL: 

TOC : 

TRE: 

TSD: 

TSS: 

WER: 

WET: 

WLA: 

Species Mean Acute Value 

Saltwater 

Total Dissolved Solids 

Toxicity Identification Evaluation 

Total Maximum Daily Load 

Total Organic Carbon 

Toxicity Reduction Evaluation 

Technical Support Document 

Total Suspended Solids 

Water-Effect Ratio 

Whole Effluent Toxicity 

Wasteload Allocation 
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GLOSSARY 

Acute-chronic ratio - an appropriate measure of the acute 
toxicity of a material divided by an appropriate 
measure of the chronic toxicity of the same material 
under the same conditions. 

Appropriate regulatory authority - Usually the State water 
pollution control agency, even for States under the National 
Toxics Rule; if, however, a State were to waive its section 
401 authority, the Water Management Division of the EPA 
Regional Office would become the appropriate regulatory 
authority. 

Clean techniques - a set of procedures designed to prevent 
contamination of samples so that concentrations of 
trace metals can be measured accurately and precisely. 

Critical species - a species that is commercially or 
recreationally important at the site, a species that exists 
at the site and is listed as threatened or endangered under 
section 4 of the Endangered Species Act, or a species for 
which there is evidence that the loss of the species from 
the site is likely to cause an unacceptable impact on a 
commercially or recreationally important species, a 
threatened or endangered species, the abundances of a 
variety of other species, or the structure or function of 
the community. 

Design flow - the flow used for steady-state wasteload 
allocation modeling. 

Dissolved metal - defined here as "metal that passes through 
either a 0.45-pm or a 0.40-µm membrane filter". 

Endpoint - the concentration of test material that is expected to 
cause a specified amount of adverse effect. 

Final Water-Effect Ratio - the WER that is used in the 
calculation of a site-specific aquatic life criterion. 

Flow-through test - a test in which test solutions flow into 
the test chambers either intermittently (every few 
minutes) or continuously and the excess flows out. 

Labile metal - metal that is in water and will readily 
convert from one form to another when in a 
nonequilibrium condition. 

Particulate metal - metal that is measured by the total 
recoverable method but not by the dissolved method. 
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Primary test - the toxicity test used in the determination 
of a Final Water-Effect Ratio (FWER); the specification 
of the test includes the test species, the life stage 
of the species, the duration of the test, and the 
adverse effect on which the endpoint is based. 

Refractory metal - metal that is in water and will not 
readily convert from one form to another when in a 
nonequilibrium condition, i.e., metal that is in water 
and is not labile. 

Renewal test - a test in which either the test solution in a 
test chamber is renewed at least once during the test 
or the test organisms are transferred into a new test 
solution of the same composition at least once during 
the test. 

Secondary test - a toxicity test that is usually conducted 
along with the primary test only once to test the 
assumptions that, within experimental variation, (a) 
similar WERs will be obtained using tests that have 
similar sensitivities to the test material, and (b) 
tests that are less sensitive to the test material will 
usually give WERs that are closer to 1. 

Simulated downstream water - a site water prepared by mixing 
effluent and upstream water in a known ratio. 

Site-specific aquatic life criterion - a water quality 
criterion for aquatic life that has been derived to be 
specifically appropriate to the water quality 
characteristics and/or species composition at a 
particular location. 

Site water - upstream water, actual downstream water, or 
simulated downstream water in which a toxicity test is 
conducted side-by-side with the same toxicity test in a 
laboratory dilution water to determine a WER. 

Static test - a test in which the solution and organisms 
that are in a test chamber at the beginning of the test 
remain in the chamber until the end of the test. 

Total recoverable metal - metal that is in aqueous solution 
after the sample is appropriately acidified and 
digested and insoluble material is separated. 

Water-effect ratio - an appropriate measure of the toxicity 
of a material obtained in a site water divided by the 
same measure of the toxicity of the same material 
obtained simultaneously in a laboratory dilution water. 
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Several issues need consideration when guidance such as this is 
written: 

1. Decrees of importance: Procedures and methods are series of 
instructions, but some of the instructions are more important 
than others. Some instructions are so important that, if they 
are not followed, the results will be questionable or 
unacceptable; other instructions are less important, but 
definitely desirable. Possibly the best way to express 
various degrees of importance is the approach described in 
several ASTM Standards, such as in section 3.6 of Standard 
E729 (ASTM 1993a), which is modified here to apply to WERs: 

The words "must", "should", "may", "can", and "might" have 
specific meanings in this document. "Must" is used to 
express an instruction that is to be followed, unless a 
site-specific consideration requires a deviation, and is 
used only in connection with instructions that directly 
relate to the validity of toxicity tests, WERs, FWERs, and 
the Recalculation Procedure. "Should" is used to state 
instructions that are recommended and are to be followed if 
reasonably possible. Deviation from one "should" will not 
invalidate a WER, but deviation from several probably will. 
Terms such as "is desirable", "is often desirable", and 
"might be desirable" are used in connection with less 
important instructions. "May" is used to mean "is (are) 
allowed to", "can" is used to mean "is (are) able to", and 
"might" is used to mean "could possibly". Thus the classic 
distinction between "may" and "can" is preserved, and 
"might" is not used as a synonym for either "may" or "can". 

This does not eliminate all problems concerning the degree of 
importance, however. For example, a small deviation from a 
"must" might not invalidate a WER, whereas a large deviation 
would. (Each "must" and "must not" is in bold print for 
convenience, not for emphasis, in this document.) 

2. Educational and explanatory material: Many people have asked 
for much detail in this document to ensure that as many WERs 
as possible are determined in an acceptable manner. In 
addition, some people want justifications for each detail. 
Much of the detail that is desired by some people is based on 
"best professional judgment", which is rarely considered an 
acceptable justification by people who disagree with a 
specified detail. Even if details are taken from an EPA 
method or an ASTM standard, they were often included in those 
documents on the basis of best professional judgment. In 
contrast, some people want detailed methodology presented 
without explanatory material. It was decided to include as 
much detail as is feasible, and to provide rationale and 
explanation for major items. 
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3. Alternatives: When more than one alternative is both 
scientifically sound and appropriately protective, it seems 
reasonable to present the alternatives rather than presenting 
the one that is considered best. The reader can then select 
one based on cost-effectiveness, personal preference, details 
of the particular situation, and perceived advantages and 
disadvantages. 

4. Separation of "science", "best professional judgment" and 
"regulatory decisions": These can never be completely 
separated in this kind of document; for example, if data are 
analyzed for a statistically significant difference, the 
selection of alpha is an important decision, but a rationale 
for its selection is rarely presented, probably because the 
selection is not a scientific decision. In this document, an 
attempt has been made to focus on good science, best 
professional judgment, and presentation of the rationale; when 
possible, these are separated from "regulatory decisions" 
concerning margin of safety, level of protection, beneficial 
use, regulatory convenience, and the goal of zero discharge. 
Some "regulatory decisions" relating to implementation, 
however, should be integrated with, not separated from, 
"science" because the two ought to be carefully considered 
together wherever science has implications for implementation. 

5. Best professional judgment: Much of the guidance contained 
herein is qualitative rather than quantitative, and much 
judgment will usually be required to derive a site-specific 
water quality criterion for aquatic life. In addition, 
although this version of the guidance for determining and 
using WERs attempts to cover all major questions that have 
arisen during use of the previous version and during 
preparation of this version, it undoubtedly does not cover all 
situations, questions, and extenuating circumstances that 
might arise in the future. All necessary decisions should be 
based on both a thorough knowledge of aquatic toxicology and 
an understanding of this guidance; each decision should be 
consistent with the spirit of this guidance, which is to make 
best use of "good science" to derive the most appropriate 
site-specific criteria. This guidance should be modified 
whenever sound scientific evidence indicates that a site- 
specific criterion produced using this guidance will probably 
substantially underprotect or overprotect the aquatic life at 
the site of concern. Derivation of site-specific criteria for 
aquatic life is a complex process and requires knowledge in 
many areas of aquatic toxicology; any deviation from this 
guidance should be carefully considered to ensure that it is 
consistent with other parts of this guidance and with "good 
science". 

6. Personal bias: Bias can never be eliminated, and some 
decisions are at the fine line between "bias" and "best 
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professional judgment". The possibility of bias can be 
eliminated only by adoption of an extreme position such as "no 
regulation" or "no discharge". One way to deal with bias is to 
have decisions made by a team of knowledgeable people. 

7. Teamwork: The determination of a WER should be a cooperative 
team effort beginning with the completion of the initial 
workplan, interpretation of initial data, revision of the 
workplan, etc. The interaction of a variety of knowledgeable, 
reasonable people will help obtain the best results for the 
expenditure of the fewest resources. Members of the team 
should acknowledge their biases so that the team can make best 
use of the available information, taking into account its 
relevancy to the immediate situation and its quality. 
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INTRODUCTION 

National aquatic life criteria for metals are intended to protect 
the aquatic life in almost all surface waters of the United 
States (U.S. EPA 1985). This level of protection is accomplished 
in two ways. First, the national dataset is required to contain 
aquatic species that have been found to be sensitive to a variety 
of pollutants. Second, the dilution water and the metal salt 
used in the toxicity tests are required to have physical and 
chemical characteristics that ensure that the metal is at least 
as toxic in the tests as it is in nearly all surface waters. For 
example, the dilution water is to be low in suspended solids and 
in organic carbon, and some forms of metal (e.g., insoluble metal 
and metal bound by organic complexing agents) cannot be used as 
the test material. (The term "metal" is used herein to include 
both "metals" and "metalloids".) 

Alternatively, a national aquatic life criterion might not 
adequately protect the aquatic life at some sites. An untested 
species that is important at a site might be more sensitive than 
any of the tested species. Also, the metal might be more toxic 
in site water than in laboratory dilution water because, for 
example, the site water has a lower pH and/or hardness than most 
laboratory waters. Thus although a national aquatic life 
criterion is intended to be lower than necessary for most sites, 
a national criterion might not adequately protect the aquatic 
life at some sites. 

Because a national aquatic life criterion might be more or less 
protective than intended for the aquatic life in most bodies of 
water, the U.S. EPA provided guidance (U.S. EPA 1983a, 1984) 
concerning three procedures that may be used to derive a site- 
specific criterion: 
1. The Recalculation Procedure is intended to take into account 

relevant differences between the sensitivities of the aquatic 
organisms in the national dataset and the sensitivities of 
organisms that occur at the site. 

2. The Indicator Species Procedure provides for the use of a 
water-effect ratio (WER) that is intended to take into account 
relevant differences between the toxicity of the metal in 
laboratory dilution water and in site water. 

3. The Resident Species Procedure is intended to take into 
account both kinds of differences simultaneously. 

A site-specific criterion is intended to come closer than the 
national criterion to providing the intended level of protection 
to the aquatic life at the site, usually by taking into account 
the biological and/or chemical conditions (i.e., the species 
composition and/or water quality characteristics) at the site. 
The fact that the U.S. EPA has made these procedures available 
should not be interpreted as implying that the agency advocates 
that states derive site-specific criteria before setting state 
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standards. Also, derivation of a site-specific criterion does 
not change the intended level of protection of the aquatic life 
at the site. Because a WER is expected to appropriately take 
into account (a) the site-specific toxicity of the metal, and (b) 
synergism, antagonism, and additivity with other constituents of 
the site water, using a WER is more likely to provide the 
intended level of protection than not using a WER. 

Although guidance concerning site-specific criteria has been 
available since 1983 (U.S. EPA 1983a, 1984), interest has 
increased in recent years as states have devoted more attention 
to chemical-specific water quality criteria for aquatic life. In 
addition, interest in water-effect ratios (WERs) increased when 
the "Interim Guidance" concerning metals (U.S. EPA 1992) made a 
fundamental change in the way that WERs are experimentally 
determined (see Appendix A), because the change is expected to 
substantially increase the magnitude of many WERs. Interest was 
further focused on WERs when they were integrated into some of 
the aquatic life criteria for metals that were promulgated by the 
National Toxics Rule (57 FR 60848, December 22, 1992). The 
newest guidance issued by the U.S. EPA (Prothro 1993) concerning 
aquatic life criteria for metals affected the determination and 
use of WERs only insofar as it affected the use of total 
recoverable and dissolved criteria. 

The early guidance concerning WERs (U.S. EPA 1983a, 1984) 
contained few details and needs revision, especially to take into 
account newer guidance concerning metals (U.S. EPA 1992; Prothro 
1993). The guidance presented herein supersedes all guidance 
concerning WERs and the Indicator Species Procedure given in 
Chapter 4 of the Water Quality Standards Handbook (U.S. EPA 
1983a) and in U.S. EPA (1984). All guidance presented in U.S. 
EPA (1992) is superseded by that presented by Prothro (1993) and 
by this document. Metals are specifically addressed herein 
because of the National Toxics Rule (NTR) and because of current 
interest in aquatic life criteria for metals; although most of 
this guidance also applies to other pollutants, some obviously 
applies only to metals. 

Even though this document was prepared mainly because of the NTR, 
the guidance contained herein concerning WERs is likely to have 
impact beyond its use with the NTR. Therefore, it is appropriate 
to also present new guidance concerning the Recalculation 
Procedure (see Appendix B) because the previous guidance (U.S. 
EPA 1983a, 1984) concerning this procedure also contained few 
details and needs revision. The NTR does not allow use of the 
Recalculation Procedure in jurisdictions subject to the NTR. 

The previous guidance concerning site-specific procedures did not 
allow the Recalculation Procedure and the WER procedure to be 
used together in the derivation of a site-specific aquatic life 
criterion; the only way to take into account both species 
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composition and water quality characteristics in the 
determination of a site-specific criterion was to use the 
Resident Species Procedure. A snecific chanse contained herein 
is that, exceot in iurisdictions that are subiect to the NTR, the 
Recalculation Procedure and the WER Procedure mav now be used 
toqether. Additional reasons for addressing both the 
Recalculation Procedure and the WER Procedure in this document 
are that both procedures are based directly on the guidelines for 
deriving national aquatic life criteria (U.S. EPA 1985) and, when 
the two are used together, use of the Recalculation Procedure has 
specific implications concerning the determination of the WER. 

This guidance is intended to produce WERs that may be used to 
derive site-specific aquatic life criteria for metals from most 
national and state aquatic life criteria that were derived from 
laboratory toxicity data. Except in jurisdictions that are 
subject to the NTR, the WERs may also be used with site-specific 
aquatic life criteria that are derived for metals using the 
Recalculation Procedure described in Appendix B. WERs obtained 
usins the methods described herein should not be used to adjust 
$matic life criteria that were derived for metals in other wavs. 
For example, because they are designed to be applied to criteria 
derived on the basis of laboratory toxicity tests, WERs 
determined using the methods described herein cannot be used to 
adjust the residue-based mercury Criterion Continuous 
Concentration (CCC) or the field-based selenium freshwater 
criterion. For the purposes of the NTR, WERs may be used with 
the aquatic life criteria for arsenic, cadmium, chromium(III), 
chromium(VI), copper, lead, nickel, silver, and zinc and with the 
Criterion Maximum Concentration (CMC) for mercury. WERs may also 
be used with saltwater criteria for selenium. 

The concept of a WER is rather simple: 
Two side-by-side toxicity tests are conducted - one test using 
laboratory dilution water and the other using site water. The 
endpoint obtained using site water is divided by the endpoint 
obtained using laboratory dilution water. The quotient is the 
WER, which is multiplied times the national, state, or 
recalculated aquatic life criterion to calculate the site- 
specific criterion. 

Although the concept is simple, the determination and use of WERs 
involves many considerations. 

The primary purposes of this document are to: 
1. Identify steps that should be taken before the determination 

of a WER is begun. 
2. Describe the methods recommended by the U.S. EPA for the 

determination of WERs. 
3. Address some issues concerning the use of WERs. 
4. Present new guidance concerning the Recalculation Procedure. 
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Before Determinins a WER 

Because a national criterion is intended to protect aquatic life 
in almost all bodies of water and because a WER is intended to 
account for a difference between the toxicity of a metal in a 
laboratory dilution water and its toxicity in a site water, 
dischargers who want higher permit limits than those derived on 
the basis of an existing aquatic life criterion will probably 
consider determining a WER. Use of a WER should be considered 
only as a last resort for at least three reasons: 
a. Even though some WERs will be substantially greater than 1.0, 

some will be about 1.0 and some will be less than 1.0. 
b. The determination of a WER requires substantial resources. 
C. There are other things that a discharger can do that might be 

more cost-effective than determining a WER. 

The two situations in which the determination of a WER might 
appear attractive to dischargers are when (a) a discharge appears 
to exceed existing or proposed water quality-based permit limits, 
and (b) an instream concentration appears to exceed an existing 
or proposed aquatic life criterion. Such situations result from 
measurement of the concentration of a metal in an effluent or a 
surface water. It would therefore seem reasonable to ensure that 
such measurements were not subject to contamination. Usually it 
is much easier to verify chemical measurements by using "clean 
techniques" for collecting, handling, storing, preparing, and 
analyzing samples, than to determine a WER. Clean techniques and 
some related QA/QC considerations are discussed in Appendix C. 

In addition to investigating the use of "clean techniques", other 
steps that a discharger should take prior to beginning the 
experimental determination of a WER include: 
1. Evaluate the potential for reducing the discharge of the 

metal. 
2. Investigate such possible constraints on permit limits as 

antibacksliding and antidegradation requirements and human 
health and wildlife criteria. 

3. Obtain assistance from an aquatic toxicologist who understands 
the basics of WERs (see Appendix D), the U.S. EPA's national 
aquatic life guidelines (U.S. EPA 19851, the guidance 
presented by Prothro (19931, the national criteria document 
for the metal(s) of concern (see Appendix E), the procedures 
described by the U.S. EPA (1993a,b,c) for acute and chronic 
toxicity tests on effluents and surface waters, and the 
procedures described by ASTM (1993a,b,c,d,e) for acute and 
chronic toxicity tests in laboratory dilution water. 

4. Develop an initial definition of the site to which the site- 
specific criterion is to apply. 

5. Consider use of the Recalculation Procedure (see Appendix B). 
6. Evaluate the cost-effectiveness of the determination of a WER. 

Comparative toxicity tests provide the most useful data, but 
chemical analysis of the downstream water might be helpful 
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because the following are often true for some metals: 
a. The lower the percent of the total recoverable metal in the 

downstream water that is dissolved, the higher the WER. 
b. The higher the concentration of total organic carbon (TOC) 

and/or total suspended solids (TSS), the higher the WER. 
It is also true that the higher the concentration of nontoxic 
dissolved metal, the higher the WER. Although some chemical 
analyses might provide useful information concerning the 
toxicities of some metals in water, at the present only 
toxicity tests can accurately reflect the toxicities of 
different forms of a metal (see Appendix D). 

7. Submit a workplan for the experimental determination of the 
WER to the appropriate regulatory authority (and possibly to 
the Water Management Division of the EPA Regional Office) for 
comment. The workplan should include detailed descriptions of 
the site; existing criterion and standard; design flows; site 
water; effluent; sampling plan; procedures that will be used 
for collecting, handling, and analyzing samples of site water 
and effluent; primary and secondary toxicity tests; quality 
assurance/quality control (QA/QC) procedures; Standard 
Operating Procedures (SOPS); and data interpretation. 

After the workplan is completed, the initial phase should be 
implemented; then the data obtained should be evaluated, and the 
workplan should be revised if appropriate. Developing and 
modifying the workplan and analyzing and interpreting the data 
should be a cooperative effort by a team of knowledgeable people. 

Two Kinds of WERs 

Most aquatic life criteria contain both a CMC and a CCC, and it 
is usually possible to determine both a cmcWER and a cccWER. The 
two WERs cannot be assumed to be equal because the magnitude of a 
WER will probably depend on the sensitivity of the toxicity test 
used and on the percent effluent in the site water (see Appendix 
D) , both of which can depend on which WER is to be determined. 
In some cases, it is expected that a larger WER can be applied to 
the CCC than to the CMC, and so it would be environmentally 
conservative to apply cmcWERs to CCCs. In such cases it is 
possible to determine a cmcWER and apply it to both the CMC and 
the CCC in order to derive a site-specific CMC, a site-specific 
CCC, and new permit limits. If these new permit limits are 
controlled by the new site-specific CCC, a cccWER could be 
determined using a more sensitive test, possibly raising the 
site-specific CCC and the permit limits again. A cccWER may, of 
course, be determined whenever desired. Unless the experimental 
variation is increased, use of a cccWER will usually improve the 
accuracy of the resulting site-specific CCC. 

In some cases, a larger WER cannot be applied to the CCC than to 
the CMC and so it might not be environmentally conservative to 
apply a cmcWER to a CCC (see section A.4 of Method 1). 
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Steady-state and Dynamic Models 

Some of the guidance contained herein specifically applies to 
situations in which the permit limits were calculated using 
steady-state modeling; in particular, some samples are to be 
obtained when the actual stream flow is close to the design flow. 
If permit limits were calculated using dynamic modeling, the 
guidance will have to be modified, but it is unclear at present 
what modifications are most appropriate. For example, it might 
be useful to determine whether the magnitude of the WER is 
related to the flow of the upstream water and/or the effluent. 

Two Methods 

Two methods are used to determine WERs. Method 1 will probably 
be used to determine all cmcWERs and most cccWERs because it can 
be applied to situations that are in the vicinities of plumes. 
Because WERs are likely to depend on the concentration of 
effluent in the water and because the percent effluent in a water 
sample obtained in the immediate vicinity of a plume is unknown, 
simulated downstream water is used so that the percent effluent 
in the sample is known. For example, if a sample that was 
supposed to represent a complete-mix situation was accidently 
taken in the plume upstream of complete mix, the sample would 
probably have a higher percent effluent and a higher WER than a 
sample taken downstream of complete mix; use of the higher WER to 
derive a site-specific criterion for the complete-mix situation 
would result in underprotection. If the sample were accidently 
taken upstream of complete mix but outside the plume, 
overprotection would probably result. 

Method 1 will probably be used to determine all cmcWERs and most 
cccWERs in flowing fresh waters, such as rivers and streams. 
Method 1 is intended to apply not only to ordinary rivers and 
streams but also to streams that some people might consider 
extraordinary, such as streams whose design flows are zero and 
streams that some state and/or federal agencies refer to as 
"effluent-dependent", "habitat-creating", or "effluent- 
dominated". Method 1 is also used to determine cmcWERs in such 
large sites as oceans and large lakes, reservoirs, and estuaries 
(see Appendix F) . 

Method 2 is used to determine WERs that apply outside the area of 
plumes in large bodies of water. Such WERs will be cccWERs and 
will be determined using samples of actual site water obtained at 
various times, locations, and depths in order to identify the 
range of WERs that apply to the body of water. These 
experimentally determined WERs are then used to decide how many 
site-specific criteria should be derived for the body of water 
and what the criterion (or criteria) should be. Method 2 
requires substantially more resources than Method 1. 
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The complexity of each method increases when the number of metals 
and/or the number of discharges is two or more: 
a. The simplest situation is when a WER is to be determined for 

only one metal and only one discharge has permit limits for 
that metal. (This is the single-metal single-discharge 
situation.) 

b. A more complex situation is when a WER is to be determined for 
only one metal, but more than one discharge has permit limits 
for that metal. (This is the single-metal multiple-discharge 
situation.) 

C. An even more complex situation is when WERs are to be 
determined for more than one metal, but only one discharge has 
permit limits for any of the metals. (This is the multiple- 
metal single-discharge situation.) 

d. The most complex situation is when WERs are to be determined 
for more than one metal and more than one discharge has permit 
limits for some or all of the metals. (This is the multiple- 
metal multiple-discharge situation.) 

WERs need to be determined for each metal at each site because 
extrapolation of a WER from one metal to another, one effluent to 
another, or one surface water to another is too uncertain. 

Both methods work well in multiple-metal situations, but special 
tests or additional tests will be necessary to show that the 
resulting combination of site-specific criteria will not be too 
toxic. Method 2 is better suited to multiple-discharge 
situations than is Method 1. Appendix F provides additional 
guidance concerning multiple-metal and multiple-discharge 
situations, but it does not discuss allocation of waste loads, 
which is performed when a wasteload allocation (WLA) or a total 
maximum daily load (TMDL) is developed (U.S. EPA 1991a). 

Two Analytical Measurements 

A total recoverable WER can be determined if the metal in both of 
the side-by-side toxicity tests is analyzed using the total 
recoverable measurement; similarly, a dissolved WER can be 
determined if the metal in both tests is analyzed using the 
dissolved measurement. A total recoverable WER is used to 
calculate a total recoverable site-specific criterion from an 
aquatic life criterion that is expressed using the total 
recoverable measurement, whereas a dissolved WER is used to 
calculate a dissolved site-specific criterion from a criterion 
that is expressed in terms of the dissolved measurement. Figure 
1 illustrates the relationships between total recoverable and 
dissolved criteria, WERs, and the Recalculation Procedure. 

Both Method 1 and Method 2 can be used to determine a total 
recoverable WER and/or a dissolved WER. The only difference in 
the experimental procedure is whether the WER is based on 
measurements of total recoverable metal or dissolved metal in the 
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test solutions. Both total recoverable and dissolved 
measurements are to be performed for all tests to help judge the 
quality of the tests, to provide a check on the analytical 
chemistry, and to help understand the results; performing both 
measurements also increases the alternatives available for use of 
the results. For example, a dissolved WER that is not useful 
with a total recoverable criterion might be useful in the future 
if a dissolved criterion becomes available. Also, as explained 
in Appendix D, except for experimental variation, use of a total 
recoverable WER with a total recoverable criterion should produce 
the same total recoverable permit limits as use of a dissolved 
WER with a dissolved criterion; the internal consistency of the 
approaches and the data can be evaluated if both total 
recoverable and dissolved criteria and WERs are determined. It 
is expected that in many situations total recoverable WERs will 
be larger and more variable than dissolved WERs. 

The Oualitv of the Toxicitv Tests 

Traditionally, for practical reasons, the requirements concerning 
such aspects as acclimation of test organisms to test temperature 
and dilution water have not been as stringent for toxicity tests 
on surface waters and effluents as for tests using laboratory 
dilution water. Because a WER is a ratio calculated from the 
results of side-by-side tests, it might seem that acclimation is 
not important for a WER as long as the organisms and conditions 
are identical in the two tests. Because WERs are used to adjust 
aquatic life criteria that are derived from results of laboratory 
tests, the tests conducted in laboratory dilution water for the 
determination of WERs should be conducted in the same way as the 
laboratory toxicity tests used in the derivation of aquatic life 
criteria. In the WER process, the tests in laboratory dilution 
water provide the vital link between national criteria and site- 
specific criteria, and so it is important to compare at least 
some results obtained in the laboratory dilution water with 
results obtained in at least one other laboratory. 

Three important principles for making decisions concerning the 
methodology for the side-by-side tests are: 
1. The tests using laboratory dilution water should be conducted 

so that the results would be acceptable for use in the 
derivation of national criteria. 

2. As much as is feasible, the tests using site water should be 
conducted using the same procedures as the tests using the 
laboratory dilution water. 

3. All tests should follow any special requirements that are 
necessary because the results are to be used to calculate a 
WER. Some such special requirements are imposed because the 
criterion for a rather complex situation is being changed 
based on few data, so more assurance is required that the data 
are high quality. 
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The most important special requirement is that the concentrations 
of the metal are to be measured using both the total recoverable 
and dissolved methods in all toxicity tests used for the 
determination of a WER. This requirement is necessary because 
half of the tests conducted for the determination of WERs use a 
site water in which the concentration of metal probably is not 
negligible. Because it is likely that the concentration of metal 
in the laboratory dilution water is negligible, assuming that the 
concentration in both waters is negligible and basing WERs on the 
amount of metal added would produce an unnecessarily low value 
for the WER. In addition, WERs are based on too few data to 
assume that nominal concentrations are accurate. Nominal 
concentrations obviously cannot be used if a dissolved WER is to 
be determined. Measured dissolved concentrations at the 
beginning and end of the test are used to judge the acceptability 
of the test, and it is certainly reasonable to measure the total 
recoverable concentration when the dissolved concentration is 
measured. Further, measuring the concentrations might lead to an 
interpretation of the results that allows a substantially better 
use of the WERs. 

Conditions for Determinins a WER 

The appropriate regulatory authority might recommend that one or 
more conditions be met when a WER is determined in order to 
reduce the possibility of having to determine a new WER later: 
1. Requirements that are in the existing permit concerning WET 

testing, Toxicity Identification Evaluation (TIE), and/or 
Toxicity Reduction Evaluation (TRE) (U.S. EPA 1991a). 

2. Implementation of pollution prevention efforts, such as 
pretreatment, waste minimization, and source reduction. 

3. A demonstration that applicable technology-based requirements 
are being met. 

If one or more of these is not satisfied when the WER is 
determined and is implemented later, it is likelv that a new WER 
will have to be determined because of the Dossibilitv of a chancre 
in the comoosition of the effluent. 

Even if all recommended conditions are satisfied, determination 
of a WER might not be possible if the effluent, upstream water, 
and/or downstream water are toxic to the test organisms. In some 
such cases, it might be possible to determine a WER, but 
remediation of the toxicity is likely to be required anyway. It 
is unlikelv that a WER determined before remediation would be 
considered acceotable for use after remediation. If it is 
desired to determine a WER before remediation and the toxicity is 
in the upstream water, it might be possible to use a laboratory 
dilution water or a water from a clean tributary in place of the 
upstream water; if a substitute water is used, its water quality 
characteristics should be similar to those of the upstream water 
(i.e., the pH should be within 0.2 pH units and the hardness, 
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alkalinity, and concentrations of TSS and TOC should be within 10 
% or 5 mg/L, whichever is greater, of those in the upstream 
water). If the upstream water is chronically toxic, but not 
acutely toxic, it might be possible to determine a cmcWER even if 
a cccWER cannot be determined; a cmcWER might not be useful, 
however, if the permit limits are controlled by the CCC; in such 
a case, it would probably not be acceptable to assume that the 
cmcWER is an environmentally conservative estimate of the cccWER. 
If the WER is determined using downstream water and the toxicity 
is due to the effluent, tests at lower concentrations of the 
effluent might give an indication of the amount of remediation 
needed. 

Conditions for Using a WER 

Besides requiring that the WER be valid, the appropriate 
regulatory authority might consider imposing other conditions for 
the approval of a site-specific criterion based on the WER: 
1. Periodic reevaluation of the WER. 

a. WERs determined in upstream water take into account 
constituents contributed by point and nonpoint sources and 
natural runoff; thus a WER should be reevaluated whenever 
newly implemented controls or other changes substantially 
affect such factors as hardness, alkalinity, pH, suspended 
solids, organic carbon, or other toxic materials. 

b. Most WERs determined using downstream water are influenced 
more by the effluent than the upstream water. Downstream 
WERs should be reevaluated whenever newly implemented 
controls or other changes might substantially impact the 
effluent, i.e., might impact the forms and concentrations 
of the metal, hardness, alkalinity, pH, suspended solids, 
organic carbon, or other toxic materials. A special 
concern is the possibility of a shift from discharge of 
nontoxic metal to discharge of toxic metal such that the 
concentration of the metal does not increase; analytical 
chemistry might not detect the change but toxicity tests 
would. 

Even if no changes are known to have occurred, WERs should be 
reevaluated periodically. (The NTR recommends that NPDES 
permits include periodic determinations of WERs in the 
monitoring requirements.) With advance planning, it should 
usually be possible to perform such reevaluations under 
conditions that are at least reasonably similar to those that 
control the permit limits (e.g., either design-flow or high- 
flow conditions) because there should be a reasonably long 
period of time during which the reevaluation can be performed. 
Periodic determination of WERs should be designed to answer 
questions, not just generate data. 

2. Increased chemical monitoring of the upstream water, effluent, 
and/or downstream water, as appropriate, for water quality 
characteristics that probably affect the toxicity of the metal 
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(e.g., hardness, alkalinity, pH, TOC, and TSS) to determine 
whether conditions change. The conditions at the times the 
samples were obtained should be kept on record for reference. 
The WER should be reevaluated whenever hardness, alkalinity, pH, 
TOC , and/or TSS decrease below the values that existed when the 
WERs were determined. 
3. Periodic reevaluation of the environmental fate of the metal 

in the effluent (see Appendix A). 
4. WET testing. 
5. Instream bioassessments. 

Decisions concerning the possible imposition of such conditions 
should take into account: 
a. The ratio of the new and old criteria. The greater the 

increase in the criterion, the more concern there should be 
about (1) the fate of any nontoxic metal that contributes to 
the WER and (2) changes in water quality that might occur 
within the site. The imposition of one or more conditions 
should be considered if the WER is used to raise the criterion 
by, for example, a factor of two, and especially if it is 
raised by a factor of five or more. The significance of the 
magnitude of the ratio can be judged by comparison with the 
acute-chronic ratio, the factor of two that is the ratio of 
the FAV to the CMC, and the range of sensitivities of species 
in the criteria document for the metal (see Appendix E). 

b. The size of the site. 
C. The size of the discharge. 
d. The rate of downstream dilution. 
e. Whether the CMC or the CCC controls the permit limits. 
When WERs are determined using upstream water, conditions on the 
use of a WER are more likely when the water contains an effluent 
that increases the WER by adding TOC and/or TSS, because the WER 
will be larger and any decrease in the discharge of such TOC 
and/or TSS might decrease the WER and result in underprotection. 
A WER determined using downstream water is likely to be larger 
and quite dependent on the composition of the effluent; there 
should be concern about whether a change in the effluent might 
result in underprotection at some time in the future. 

Imolementation Considerations 

In some situations a discharger might not want to or might not be 
allowed to raise a criterion as much as could be justified by a 
WER: 
1. The maximum possible increase is not needed and raising the 

criterion more than needed might greatly raise the cost if a 
greater increase would require more tests and/or increase the 
conditions imposed on approval of the site-specific criterion. 

2. Such other constraints as antibacksliding or antidegradation 
requirements or human health or wildlife criteria might limit 
the amount of increase regardless of the magnitude of the WER. 
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3. The permit limits might be limited by an aquatic life 
criterion that applies outside the site. It is EPA policy 
that permit limits cannot be so high that they inadequately 
protect a portion of the same or a different body of water 
that is outside the site; nothing contained herein changes 
this policy in any way. 

If no increase in the existing discharge is allowed, the only use 
of a WER will be to determine whether an existing discharge needs 
to be reduced. Thus a major use of WERs might be where 
technology-based controls allow ccnc entrations in surface waters 
to exceed national, state, or recalculated aquatic life criteria. 
In this case, it might cnly be necessary to determine that the 
WER is greater than a particuiar value; it might not be necessary 
to quantify the WER. When possible, it might be desirable to 
show that the maximum WER is greater- than the WER that will be 
used in order to demonstrate that a margin of safety exists, but 
again it might not be necessary to quantify the maximum WER. 

In jurisdictions not subject to th-2 NTR, WERs should be used to 
derive site-specific criteria, not just to calculate permit 
limits, because data obtained f rom ambient monitoring should be 
interpreted by comparison with ambient criteria. (This is not a 
problem in jurisdictions subject to the NTR because the NTR 
defines the ambient criterion as "WER x the EPA criterion".) If 
a WER is used to adjust permit limits without adjusting the 
criterion, the permit limits would allow the criterion to be 
exceeded. Thus the WER should be used to calculate a site- 
specific criterion, which sho.dld then be used to calculate permit 
limits. In some states, site-specltic criteria can only be 
adopted as revised criteria in a separate, independent water 
quality standards review prccess. In sther states, site-specific 
criteria can be developed in conjunction with the NPDES 
permitting process, as long as the adop tion of a site-specific 
criterion satisfies the pertinent water quality standards 
procedural requirements (i.e., a public notice and a public 
hearing). In either case, site-specific criteria are to be 
adopted prior to NPDES permit iss%;ance. Moreover, the EPA 
Regional Administrator has authsrity to approve or disapprove all 
new and revised site-specific zr-itor-ia and to review NPDES 
permits to verify ce-F,liance with the appllzable water quality 
criteria. 

Other aspects of tl-.e use of WERs in ccnnection with permit 
limits, WLAs, and TKDLs are outside the scope of this document. 
The Technical Support Document ;cT.S. E?A 1991al and Prothro 
(1993) provide more infcrmation concerning implementation 

procedures. sothing ccntained herein should be interpreted as 
changing the three-part approach that EPA uses to protect aquatic 
life: (1) numeric chemical-specific water quality criteria for 
individual pcll*;tants, (2) whcle effluent toxicity (WET) testing, 
and 13' instr earn bisassessments. 
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Even tilough there are similarities between WET testing and the 
determination of WERs, there are important differences. For 
example, WERs can be used to derive site-specific criteria for 
individual pollutants, but WET testing cannot. The difference 
between WET testing and the determination of WERs is less when 
the toxicity tests used in the determination of the WER are ones 
that are used in WET testing. If a WER is used to make a large 
change in a criterion, additional WET testing and/or instream 
bioassessments are likely to be recommended. 

The Sample-Specific WER Approach 

A major problem with the determination and use of aquatic life 
criteria for metals is that no analytical measurement or 
combination of measurements has yet been shown to explain the 
toxicity of a metal to aquatic plants, invertebrates, amphibians, 
and fishes over the relevant range of conditions in surface 
waters isee Appendix D). It is not just that insufficient data 
exist to justify a relationship; rather, existing data possibly 
contradict some ideas that could possibly be very useful if true. 
For example, the concentration of free metal ion could possibly 
be a useful basis for expressing water quality criteria for 
metals if it could be feasible and could be used in a way that 
does not result in widespread underprotection of aquatic life. 
Some available data, however, might contradict the idea that the 
toxicity of copper to aquatic organisms is proportional to the 
concentration or the activity of the cupric ion. Evaluating the 
usefulness of any approach based on metal speciation is difficult 
until it is known how many of the species of the metal are toxic, 
what the relative toxicities are, whether they are additive (if 
more than one is toxic), and the quantitative effects of the 
factors that have major impacts on the bioavailability and/or 
toxicity of the toxic species. Just as it is not easy to find a 
useful quantitative relationship between the analytical chemistry 
of metals and the toxicity of metals to aquatic life, it is also 
not easy to find a qualitative relationship that can be used to 
provide adequate protection for the aquatic life in almost all 
bodies of water without providing as much overprotection for some 
bodies of water as results from use of the total recoverable and 
dissolved measurements. 

The U.S. EPA cannot ignore the existence of pollution problems 
and delay setting aquatic life criteria until all scientific 
issues have been adequately resolved. In light of uncertainty, 
the agency needs to derive criteria that are environmentally 
conservative in most bodies of water. Because of uncertainty 
concerning the relationship between the analytical chemistry and 
the toxicity of metals, aquatic life criteria for metals are 
expressed in terms of analytical measurements that result in the 
criteria providing more protection than necessary for the aquatic 
life in most bodies of water. The agency has provided for the 
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use of WERs to address the general conservatism, but expects that 
some WERs will be less than 1.0 because national, state, and 
recalculated criteria are not necessarily environmentally 
conservative for all bodies of water. 

It has become obvious, however, that the determination and use of 
WERs is not a simple solution to the existing general 
conservatism. It is likely that a permanent solution will have 
to be based on an adequate quantitative explanation of how metals 
and aquatic organisms interact. In the meantime, the use of 
total recoverable and dissolved measurements to express criteria 
and the use of site-specific criteria are intended to provide 
adequate protection for almost all bodies of water without 
excessive overprotection for too many bodies of water. Work 
needs to continue on the permanent solution and, just in case, on 
improved alternative approaches. 

Use of WERs to derive site-specific criteria is intended to allow 
a reduction or elimination of the general overprotection 
associated with application of a national criterion to individual 
bodies of water, but a major problem is that a WER will rarely be 
constant over time, location, and depth in a body of water due to 
plumes, mixing, and resuspension. It is possible that dissolved 
concentrations and WERs will be less variable than total 
recoverable ones. It might also be possible to reduce the impact 
of the heterogeneity if WERs are additive across time, location, 
and depth (see Appendix G). Regardless of what approaches, 
tools, hypotheses, and assumptions are utilized, variation will 
exist and WERs will have to be used in a conservative manner. 
Because of variation between bodies of water, national criteria 
are derived to be environmentally conservative for most bodies of 
water, whereas the WER procedure, which is intended to reduce the 
general conservatism of national criteria, has to be conservative 
because of variation among WERs within a body of water. 

The conservatism introduced by variation among WERs is due not to 
the concept of WERs, but to the way they are used. The reason 
that national criteria are conservative in the first place is the 
uncertainty concerning the linkage of analytical chemistry and 
toxicity; the toxicity of solutions can be measured, but toxicity 
cannot be modelled adequately using available chemical 
measurements. Similarly, the current way that WERs are used 
depends on a linkage between analytical chemistry and toxicity 
because WERs are used to derive site-specific criteria that are 
expressed in terms of chemical measurements. 

Without changing the amount or kind of toxicity testing that is 
performed when WERs are determined using Method 2, a different 
way of using the WERs could avoid some of the problems introduced 
by the dependence on analytical chemistry. The "sample-specific 
WER approach" could consist of sampling a body of water at a 
number of locations, determining the WER for each sample, and 
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measuring the concentration of the metal in each sample. Then 
for each individual sample, a quotient would be calculated by 
dividing the concentration of metal in the sample by the product 
of the national criterion times the WER obtained for that sample. 
Except for experimental variation, when the quotient for a sample 
is less than 1, the concentration of metal in that sample is 
acceptable; when the quotient for a sample is greater than 1, the 
concentration of metal in that sample is too high. As a check, 
both the total recoverable measurement and the dissolved 
measurement should be used because they should provide the same 
answer if everything is done correctly and accurately. This 
approach can also be used whenever Method 1 is used; although 
Method 1 is used with simulated downstream water, the sample- 
specific WER approach can be used with either simulated 
downstream water or actual downstream water. 

This sample-specific WER approach has several interesting 
features: 
1. It is not a different way of determining WERs; it is merely a 

different way of using the WERs that are determined. 
2. Variation among WERs within a body of water is not a problem. 
3. It eliminates problems concerning the unknown relationship 

between toxicity and analytical chemistry. 
4. It works equally well in areas that are in or near plumes and 

in areas that are away from plumes. 
5. It works equally well in single-discharge and multiple- 

discharge situations. 
6. It automatically accounts for synergism, antagonism, and 

additivity between toxicants. 
This way of using WERs is equivalent to expressing the national 
criterion for a pollutant in terms of toxicity tests whose 
endpoints equal the CMC and the CCC; if the site water causes 
less adverse effect than is defined to be the endpoint, the 
concentration of that pollutant in the site water does not exceed 
the national criterion. This sample-specific WER approach does 
not directly fit into the current framework wherein criteria are 
derived and then permit limits are calculated from the criteria. 

If the sample-specific WER approach were to produce a number of 
quotients that are greater than 1, it would seem that the 
concentration of metal in the discharge(s) should be reduced 
enough that the quotient is not greater than 1. Although this 
might sound straightforward, the discharger(s) would find that a 
substantial reduction in the discharge of a metal would not 
achieve the intended result if the reduction was due to removal 
of nontoxic metal. A chemical monitoring approach that cannot 
differentiate between toxic and nontoxic metal would not detect 
that only nontoxic metal had been removed, but the sample- 
specific WER approach would. 
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Figure 1: Four Way6 to Derive a Permit Limit 
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used in jurisdictions that are subject to the National Toxics Rule.) 
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METHOD 1: DETERMINING WERs FOR AREAS IN OR NEAR PLUMES 

Method 1 is based on the determination of WERs using simulated 
downstream water and so it can be used to determine a WER that 
applies in the vicinity of a plume. Use of simulated downstream 
water ensures that the concentration of effluent in the site 
water is known, which is important because the magnitude of the 
WER will often depend on the concentration of effluent in the 
downstream water. Knowing the concentration of effluent makes it 
possible to quantitatively relate the WER to the effluent. 
Method 1 can be used to determine either cmcWERs or cccWERs or 
both in single-metal, flowing freshwater situations, including 
streams whose design flow is zero and "effluent-dependent" 
streams (see Appendix F). As is also explained in Appendix F, 
Method 1 is used when cmcWERs are determined for "large sites", 
although Method 2 is used when cccWERs are determined for "large 
sites". In addition, Appendix F addresses special considerations 
regarding multiple-metal and/or multiple-discharge situations. 

Neither Method 1 nor Method 2 covers all important methodological 
details for conducting the side-by-side toxicity tests that are 
necessary in order to determine a WER. Many references are made 
to information published by the U.S. EPA (1993a, b, c) concerning 
toxicity tests on effluents and surface waters and by ASTM 
(1993a, b, c, d, e, f) concerning tests in laboratory dilution water. 

Method 1 addresses aspects of toxicity tests that (a) need 
special attention when determining WERs and/or (b) are usually 
different for tests conducted on effluents and tests conducted in 
laboratory dilution water. Appendix H provides additional 
information concerning toxicity tests with saltwater species. 

A. Experimental Design 

Because of the variety of considerations that have important 
implications for the determination of a WER, decisions 
concerning experimental design should be given careful 
attention and need to answer the following questions: 
1. Should WERs be determined using upstream water, actual 

downstream water, and/or simulated downstream water? 
2. Should WERs be determined when the stream flow is equal to, 

higher than, and/or lower than the design flow? 
3. Which toxicity tests should be used? 
4. Should a cmcWER or a cccWER or both be determined? 
5. How should a FWER be derived? 
6. For metals whose criteria are hardness-dependent, at what 

hardness should WERs be determined? 
The answers to these questions should be based on the reason 
that WERs are determined, but the decisions should also take 
into account some practical considerations. 
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1. Should WERs be determined using upstream water, actual 
downstream water, and/or simulated downstream water? 

a. Upstream water provides the least complicated way of 
determining and using WERs because plumes, mixing 
zones, and effluent variability do not have to be taken 
into account. Use of upstream water provides the least 
useful WERs because it does not take into account the 
presence of the effluent, which is the source of the 
metal. It is easy to assume that upstream water will 
give smaller WERs than downstream water, but in some 
cases downstream water might give smaller WERs (see 
Appendix G). Regardless of whether upstream water 
gives smaller or larger WERs, a WER should be 
determined using the water to which the site-specific 
criterion is to apply (see Appendix A). 

b. Actual downstream water might seem to be the most 
pertinent water to use when WERs are determined, but 
whether this is true depends on what use is to be made 
of the WERs. WERs determined using actual downstream 
water can be quantitatively interpreted using the 
sample-specific WER approach described at the end of 
the Introduction. If, however, it is desired to 
understand the quantitative implications of a WER for 
an effluent of concern, use of actual downstream water 
is problematic because the concentration of effluent in 
the water can only be known approximately. 

Sampling actual downstream water in areas that are in 
or near plumes is especially difficult. The WER 
obtained is likely to depend on where the sample is 
taken because the WER will probably depend on the 
percent effluent in the sample (see Appendix D). The 
sample could be taken at the end of the pipe, at the 
edge of the acute mixing zone, at the edge of the 
chronic mixing zone, or in a completely mixed 
situation. If the sample is taken at the edge of a 
mixing zone, the composition of the sample will 
probably differ from one point to another along the 
edge of the mixing zone. 

If samples of actual downstream water are to be taken 
close to a discharge, the mixing patterns and plumes 
should be well known. Dye dispersion studies 
(Kilpatrick 1992) are commonly used to determine 
isopleths of effluent concentration and complete mix; 
dilution models (U.S. EPA 1993d) might also be helpful 
when selecting sampling locations. The most useful 
samples of actual downstream water are probably those 
taken just downstream of the point at which complete 
mix occurs or at the most distant point that is within 
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the site to which the site-specific criterion is to 
apply. When samples are collected from a complete-mix 
situation, it might be appropriate to composite samples 
taken over a cross section of the stream. Regardless 
of where it is decided conceptually that a sample 
should be taken, it might be difficult to identify 
where the point exists in the stream and how it changes 
with flow and over time. In addition, if it is not 
known exactly what the sample actually represents, 
there is no way to know how reproducible the sample is. 
These problems make it difficult to relate WERs 
determined in actual downstream water to an effluent of 
concern because the concentration of effluent in the 
sample is not known; this is not a problem, however, if 
the sample-specific WER approach is used to interpret 
the results. 

C. Simulated downstream water would seem to be the most 
unnatural of the three kinds of water, but it offers 
several important advantages because effluent and 
upstream water are mixed at a known ratio. This is 
important because the magnitude of the WER will often 
depend on the concentration of effluent in the 
downstream water. Mixtures can be prepared to simulate 
the ratio of effluent and upstream water that exists at 
the edge of the acute mixing zone, at the edge of the 
chronic mixing zone, at complete mix, or at any other 
point of interest. If desired, a sample of effluent 
can be mixed with a sample on upstream water in 
different ratios to simulate different points in a 
stream. Also, the ratio used can be one that simulates 
conditions at design flow or at any other flow. 

The sample-specific WER approach can be used with both 
actual and simulated downstream water. Additional 
quantitative uses can be made of WERs determined using 
simulated downstream water because the percent effluent 
in the water is known, which allows quantitative 
extrapolations to the effluent. In addition, simulated 
downstream water can be used to determine the variation 
in the WER that is due to variation in the effluent. 
It also allows comparison of two or more effluents and 
determination of the interactions of two or more 
effluents. Additivity of WERs can be studied using 
simulated downstream water (see Appendix G); studies of 
toxicity within plumes and studies of whether increased 
flow of upstream water can increase toxicity are both 
studies of additivity of WERs. Use of simulated 
downstream water also makes it possible to conduct 
controlled studies of changes in WERs due to aging and 
changes in pH. 
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In Method 1, therefore, WERs are determined using 
simulated downstream water that is prepar-ed by mixing 
samples of effluent and upstream water in an appropriate 
ratio. Most importantly, Method ? car: be ased to 
determine a WER that applies in the ,cIrinlty of a plume 
and can be quantitatively ext:-apT!atsd TV :he effluent. 

2. Should WERs be determined when the s::-+;am flow is equal 
to, higher than, and/or lower thar. t!:c design flow? 

WERs are used in the derivation. oi sit e-specific criteria 
when it is desired that permit limits be based on a 
criterion that takes into accour,: rhp 7!lC3racteristics of 
the water and/or the metal a: the site. :n most cases, 
permit limits are calculated usi:l? steady-state models and 
are based on a design flow. It. 1:; *!:e:-+?fore important 
that WERs be adequately protec: LL~Q l:::,i+>:- ,icsign-flow 
conditions, which might be expected :o r+:quire that some 
sets of samples of effluent and ~pst:-~:i:; water be obtained 
when the actual stream flow is ::los+ :.c :!I? design flow. 
Collecting samples when the stz-ear: f:sw is close to the 
design flow will limit a WE?. detrl-Ti::atiar, co the low-flow 
season (e.g., from mid-July to ::l-i :‘:.: he:- In some places) 
and to years in which the flow is ::~iiii~-l~n~!y low. 

It is also important, however, :hat ';;Elis that are applied 
at design flow provide adequate p:ot~~c: ::;n at higher 
flows. Generalizations concerning t.iii< :mpact of higher 
flows on WERs are difficult beca;lsp s:i:.h flows might (a) 
reduce hardness, alkalinity, and pii, i- increase or 
decrease the concentrations of TC:: ar.3 ~55, ic! resuspend 
toxic and/or nontoxic metal fr-cm t!:-~ ::->-iIment, and (d) 
wash additional pollutants 1~::: t::+? ~',i:.+ir. Acidic 
snowmelt, for example, might !cwer- thte W5ii both by 
diluting the WER and by red\;ci::g : !:+ :':a!-d:;ess, alkalinity, 
and pH; if substantial labile ::~:a: is Frpsent, the WER 
might be lowered more than :-he ;-:::(.PT:' : ;rt :c!n of the metal, 
possibly resulting in increased :9x: .ity at flows higher 
than design flow. Samples :-ak+?:: i: !:I<:+,Qz- flows might 
give smaller WERs because the i-:::!c+an': it i?r, of the 
effluent is more dilute; howe','ex, : r:' ,i : r-+-Acoverable WERs 
might be larger if the sample is :,ik+-1: .:;st after an event 
that greatly increases the ~~oncc::::a* :-I: c,f TSS and/or TOC 
because this might increase bar+. 81 '!:Q concentration of 
nontoxic particulate metal :n tke wa:c,! and (2) the 
capacity of the water to sol-h anti iv+ qx: fv metal. 

WERs are not of concern when the .';!I-+=,~T. finw is lower than 
the design flow because these 21-p ~:~.k::f.wls-lged times of 
reduced protection. Reduced ~1 :‘t ‘a,‘+ : :: -:i:ht not occur, 
however, if the WER is suff icl+::t.ITJ. I-.:,:.': w:':en the flow is 
lower than design flow. 
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3. Which toxicity tests should be used? 

a. As explained in Appendix D, the magnitude of an 
experimentally determined WER is likely to depend on 
the sensitivity of the toxicity test used. This 
relationship between the magnitude of the WER and the 
sensitivity of the toxicity test is due to the aqueous 
chemistry of metals and is not related to the test 
organisms or the type of test. The available data 
indicate that WERs determined with different tests do 
not differ greatly if the tests have about the same 
sensitivities, but the data also support the 
generalization that less sensitive toxicity tests 
usually give smaller WERs than more sensitive tests 
(see Appendix D) . 

b. When the CCC is lower than the CMC, it is likely that a 
larger WER will result from tests that are sensitive at 
the CCC than from tests that are sensitive at the CMC. 

C. The considerations concerning the sensitivities of two 
tests should also apply to two endpoints for the same 
test. For any lethality test, use of the LC25 is 
likely to result in a larger WER than use of the LCSO, 
although the difference might not be measurable in most 
cases and the LC25 is likely to be more variable than 
the LCSO. Selecting the percent effect to be used to 
define the endpoint might take into account (a) whether 
the endpoint is above or below the CMC and/or the CCC 
and (b) the data obtained when tests are conducted. 
Once the percent effect is selected for a particular 
test (e.g., a 48-hr LC50 with l-day-old fathead 
minnows), the same percent effect must be used whenever 
that test is used to determine a WER for that effluent. 
Similarly, if two different tests with the same species 
(e.g., a lethality test and a sublethal test) have 
substantially different sensitivities, both a cmcWER 
and a cccWER could be obtained with the same species. 

d. The primary toxicity test used in the determination of 
a WER should have an endpoint in laboratory dilution 
water that is close to, but not lower than, the CMC 
and/or CCC to which the WER is to be applied. 

e. Because the endpoint of the primary test in laboratory 
dilution water cannot be lower than the CMC and/or CCC, 
the magnitude of the WER is likely to become closer to 
1 as the endpoint of the primary test becomes closer to 
the CMC and/or CCC (see Appendix D). 

f. The WER obtained with the primary test should be 
confirmed with a secondarv test that uses a species 
that is taxonomically different from the species used 
in the primary test. 
1) The endpoint of the secondary test may be hisher or 

lower than the CMC, the CCC, or the endpoint of the 
primary test. 
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2) Because of the limited number of toxicity tests that 
have sensitivities near the CMC or CCC for a metal, 
it seems unreasonable to require that the two 
species be further apart taxonomically than being in 
different orders. 

Two different endpoints with the same species mumt not 
be used as the primary and secondary tests, even if one 
endpoint is lethal and the other is sublethal. 

c3- If more sensitive toxicity tests generally give larger 
WERs than less sensitive tests, the maximum value of a 
WER will usually be obtained using a toxicity test 
whose endpoint in laboratory dilution water equals the 
CMC or CMC. If such a test is not used, the maximum 
possible WER probably will not be obtained. 

h. No rationale exists to support the idea that different 
species or tests with the same sensitivity will produce 
different WERs. Because the mode of action might 
differ from species to species and/or from effect to 
effect, it is easy to speculate that in some cases the 
magnitude of a WER will depend to some extent on the 
species, life stage, and/or kind of test, but no data 
are available to support conclusions concerning the 
existence and/or magnitude of any such differences. 

i. If the tests are otherwise acceptable, both cmcWERs and 
cccWERs may be determined using acute and/or chronic 
tests and using lethal and/or sublethal endpoints. The 
important consideration is the sensitivity of the test, 
not the duration, species, life stage, or adverse 
effect used. 

6 There is no reason to use species that occur at the 
site; they may be used in the determination of a WER if 
desired, but: 
I) It might be difficult to determine which of the 

species that occur at the site are sensitive to the 
metal and are adaptable to laboratory conditions. 

2) Species that occur at the site might be harder to 
obtain in sufficient numbers for conducting toxicity 
tests over the testing period. 

3) Additional QA tests will probably be needed (see 
section C.3.b) because data are not likely to be 
available from other laboratories for comparison 
with the results in laboratory dilution water. 

k. Because a WER is a ratio of results obtained with the 
same test in two different dilution waters, toxicity 
tests that are used in WET testing, for example, may be 
used, even if the national aquatic life guidelines 
(U.S. EPA 1985) do not allow use of the test in the 

derivation of an aquatic life criterion. Of course, a 
test whose endpoint in laboratory dilution water is 
below the CMC and/or CCC that is to be adjusted cannot 
be used as a primary test. 
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1. Because there is no rationale that suggest that it 
makes any difference whether the test is conducted with 
a species that is warmwater or coldwater, a fish or an 
invertebrate, or resident or nonresident at the site, 
other than the fact that less sensitive tests are 
likely to give smaller WERs, such considerations as the 
availability of test organisms might be important in 
the selection of the test. Information in Appendix I, 
a criteria document for the metal of concern (see 
Appendix E), or any other pertinent source might be 
useful when selecting primary and secondary tests. 

m. A test in which the test organisms are not fed might 
give a different WER than a test in which the organisms 
are fed just because of the presence of the food (see 
Appendix D) . This might depend on the metal, the type 
and amount of food, and whether a total recoverable or 
dissolved WER is determined. 

Different tests with similar sensitivities are expected to 
give similar WERs, except for experimental variation. The 
purpose of the secondary test is to provide information 
concerning this assumption and the validity of the WER. 

4. Should a cmcWER or a cccWER or both be determined? 

This question does not have to be answered if the 
criterion for the site contains either a CMC or a CCC but 
not both. For example, a body of water that is protected 
for put-and-take fishing might have only a CMC, whereas a 
stream whose design flow is zero might have only a CCC. 

When the criterion contains both a CMC and a CCC, the 
simplistic way to answer the question is to determine 
whether the CMC or the CCC controls the existing permit 
limits; which one is controlling depends on (a) the ratio 
of the CMC to the CCC, (b) whether the number of mixing 
zones is zero, one, or two, and (c) which steady-state or 
dynamic model was used in the calculation of the permit 
limits. A better way to answer the question would be to 
also determine how much the controlling value would have 
to be changed for the other value to become controlling; 
this might indicate that it would not be cost-effective to 
derive, for example, a site-specific CMC (ssCMC) without 
also deriving a site-specific CCC (ssCCC). There are also 
other possibilities: (1) It might be appropriate to use a 
phased approach, i.e., determine either the cmcWER or the 
cccWER and then decide whether to determine the other. 
(2) It might be appropriate and environmentally 
conservative to determine a WER that can be applied to 
both the CMC and the CCC. (3) It is always allowable to 
determine and use both a cmcWER and a cccWER, although 
both can be determined only if toxicity tests with 
appropriate sensitivities are available. 
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Because the phased approach can always be used, it is only 
important to decide whether to use a different approach 
when its use might be cost-effective. Deciding whether to 
use a different approach and selecting which one to use is 
complex because a number of considerations need to be 
taken 
a. Is 

b. If 

into account: 
the CMC equal to or higher than the CCC? 
If the CMC equals the CCC, two WERs cannot be 
determined if they would be determined using the 
same site water, but two WERs could be determined if 
the cmcWER and the cccWER would be determined using 
different site waters, e.g., waters that contain 
different concentrations of the effluent. 
the CMC is higher than the CCC, is there a toxicity 

test whose endpoint in laboratory dilution water is 
between the CMC and the CCC? 

If the CMC is higher than the CCC and there is a 
toxicity test whose endpoint in laboratory dilution 
water is between the CMC and the CCC, both a cmcWER 
and a cccWER can be determined. If the CMC is 
higher than the CCC but no toxicity test has an 
endpoint in laboratory dilution water between the 
CMC and the CCC, two WERs cannot be determined if 
they would be determined using the same site water; 
two WERs could be determined if they were determined 
using different site waters, e.g., waters that 
contain different concentrations of the effluent. 

C. Was a steady-state or a dynamic model used in the 
calculation of the permit limits? 

It is complex, but reasonably clear, how to make a 
decision when a steady-state model was used, but it 
is not clear how a decision should be made when a 
dynamic model was used. 

d. If a steady-state model was used, were one or two 
design flows used, i.e., was the hydrologically based 
steady-state method used or was the biologically based 
steady-state method used? 

When the hydrologically based method is used, one 
design flow is used for both the CMC and the CCC, 
whereas when the biologically based method is used, 
there is a CMC design flow and a CCC design flow. 
When WERs are determined using downstream water, use 
of the biologically based method will probably cause 
the percent effluent in the site water used in the 
determination of the cmcWER to be different from the 
percent effluent in the site water used in the 
determination of the cccWER; thus the two WERs 
should be determined using two different site 
waters. This does not impact WERs determined using 
upstream water. 
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e. Is there an acute mixing zone? Is there a chronic 
mixing zone? 

1. When WERs are determined using upstream water, 
the presence or absence of mixing zones has no 
impact; the cmcWER and the cccWER will both be 
determined using site water that contains zero 
percent effluent, i.e., the two WERs will be 
determined using the same site water. 

2. Even when downstream water is used, whether there 
is an acute mixing zone affects the point of 
application of the CMC or ssCMC, but it does not 
affect the determination of any WER. 

3. The existence of a chronic mixing zone has 
important implications for the determination of 
WERs when downstream water is used (see Appendix 
A). When WERs are determined using downstream 
water, the cmcWER should be determined using 
water at the edge of the chronic mixing zone, 
whereas the cccWER should be determined using 
water from a complete-mix situation. (If the 
biologically based method is used, the two 
different design flows should also be taken into 
account when determining the percent effluent 
that should be in the simulated downstream 
water.) Thus the percent effluent in the site 
water used in the determination of the cmcWER 
will be different from the percent effluent in 
the site water used in the determination of the 
cccWER; this is important because the magnitude 
of a WER will often depend substantially on the 
percent effluent in the water (see Appendix D). 

f. In what situations would it be environmentally 
conservative to determine one WER and use it to adjust 
both the cmcWER and the cccWER? 

Because (1) the CMC is never lower than the CCC and 
(2) a more sensitive test will generally give a WER 
closer to 1, it will be environmentally conservative 
to use a cmcWER to adjust a CCC when there are no 
contradicting considerations. In this case, a 
cmcWER can be determined and used to adjust both the 
CMC and the CCC. Because water quality can affect 
the WER, this approach is necessarily valid only if 
the cmcWER and the cccWER are determined in the same 
site water. Other situations in which it would be 
environmentally conservative to use one WER to 
adjust both the CMC and the CCC are described below. 

These considerations have one set of implications when 
both the cmcWER and cccWER are to be determined using the 
same site water, and another set of implications when the 
two WERs are to be determined using different site waters, 
e.g., when the site waters contain different 
concentrations of effluent. 

25 



When WERs are determined using uostream water, the same 
site water is used in the determination of both the cmcWER 
and the cccWER. Whenever the two WERs are determined in 
the same site water, any difference in the magnitude of 
the cmcWER and the cccWER will probably be due to the 
sensitivities of the toxicity tests used. Therefore: 
a. 

b. 

C. 

d. 

e. 

f. 

53. 

If more sensitive toxicity tests generally give larger 
WERs than less sensitive tests, the maximum cccWER (a 
cccWER determined with a test whose endpoint equals the 
CCC) will usually be larger than the maximum cmcWER 
because the CCC is never higher than the CMC. 
Because the CCC is never higher than the CMC, the 
maximum cmcWER will usually be smaller than the maximum 
cccWER and it will be environmentally conservative to 
use the cmcWER to adjust the CCC. 
A cccWER can be determined separately from a cmcWER 
only if there is a toxicity test with an endpoint in 
laboratory dilution water that is between the CMC and 
the CCC. If no such test exists or can be devised, 
only a cmcWER can be determined, but it can be used to 
adjust both the CMC and the CCC. 
Unless the experimental variation is increased, use of 
a cccWER, instead of a cmcWER, to adjust the CCC will 
usually improve the accuracy of the resulting site- 
specific CCC. Thus a cccWER may be determined and used 
whenever desired, if a toxicity test has an endpoint in 
laboratory dilution water between the CMC and the CCC. 
A cccWER cannot be used to adjust a CMC if the cccWER 
was determined using an endpoint that was lower than 
the CMC in laboratory dilution water because it will 
probably reduce the level of protection. 
Even if there is a toxicity test that has an endpoint 
in laboratory dilution water that is between the CMC 
and the CCC, it is not necessary to decide initially 
whether to determine a cmcWER and/or a cccWER. When 
upstream water is used, it is always allowable to 
determine a cmcWER and use it to derive a site-specific 
CMC and a site-specific CCC and then decide whether to 
determine a cccWER. 
If there is a toxicity test whose endpoint in 
laboratory dilution water is between the CCC and the 
CMC, and if this test is used as the secondary test in 
the determination of the cmcWER, this test will provide 
information that should be very useful for deciding 
whether to determine a cccWER in addition to a cmcWER. 
Further, if it is decided to determine a cccWER, the 
same two tests used in the determination of the cmcWER 
could then be used in the determination of the cccWER, 
with a reversal of their roles as primary and secondary 
tests. Alternatively, a cmcWER and a cccWER could be 
determined simultaneously if both tests are conducted 
on each sample of site water. 

26 



When WERs are determined using downstream water, the 
magnitude of each WER will probably depend on the 
concentration of effluent in the downstream water used 
(see Appendix D) . The first important consideration is 

whether the design flow is greater than zero, and the 
second is whether there is a chronic mixing zone. 
a. If the design flow is zero, cmcWERs and/or cccWERs that 

are determined for design-flow conditions will both be 
determined in 100 percent effluent. Thus this case is 
similar to using upstream water in that both WERs are 
determined in the same site water. When WERs are 
determined for high-flow conditions, it will make a 
difference whether a chronic mixing zone needs to be 
taken into account, which is the second consideration. 

b. If there is no chronic mixing zone, both WERs will be 
determined for the complete-mix situation; this case is 
similar to using upstream water in that both WERs are 
determined using the same site water. If there is a 
chronic mixing zone, cmcWERs should be determined in 
the site water that exists at the edge of the chronic 
mixing zone, whereas cccWERs should be determined for 
the complete-mix situation (see Appendix A). Thus the 
percent effluent will be higher in the site water used 
in the determination of the cmcWER than in the site 
water used in the determination of the cccWER. Because 
a site water with a higher percent effluent will 
probably give a larger WER than a site water with a 
lower percent effluent, both a cmcWER and a cccWER can 
be determined even if there is no test whose endpoint 
in laboratory dilution water is between the CMC and the 
ccc. There are opposing considerations, however: 
1) The site water used in the determination of the 

cmcWER will probably have a higher percent effluent 
than the site water used in the determination of the 
cccWER, which will tend to cause the cmcWER to be 
larger than the cccWER. 

2) If there is a toxicity test whose endpoint in 
laboratory dilution water is between the CMC and the 
CCC, use of a more sensitive test in the 
determination of the cccWER will tend to cause the 
cccWER to be larger than the cmcWER. 

One consequence of these opposing considerations is that 
it is not known whether use of the cmcWER to adjust the 
CCC would be environmentally conservative; if this 
simplification is not known to be conservative, it should 
not be used. Thus it is important whether there is a 
toxicity test whose endpoint in laboratory dilution water 
is between the CMC and the CCC: 
a. If no toxicity test has an endpoint in laboratory 

dilution water between the CMC and the CCC, the two 
WERs have to be determined with the same test, in which 
case the cmcWER will probably be larger because the 
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percent effluent in the site water will be higher. 
Because of the difference in percent effluent in the 
site waters that should be used in the determinations 
of the two WERs, use of the cmcWER to adjust the CCC 
would not be environmentally conservative, but use of 
the cccWER to adjust the CMC would be environmentally 
conservative. Although both WERs could be determined, 
it would also be acceptable to determine only the 
cccWER and use it to adjust both the CMC and the CCC. 

b. If there is a toxicity test whose endpoint in 
laboratory dilution water is between the CMC and the 
CCC, the two WERs could be determined using different 
toxicity tests. An environmentally conservative 
alternative to determining two WERs would be to 
determine a hybrid WER by using (1) a toxicity test 
whose endpoint is above the CMC (i.e., a toxicity test 
that is appropriate for the determination of a cmcWER) 
and (2) site water for the complete-mix situation 
(i.e., site water appropriate for the determination of 
cccWER). It would be environmentally conservative to 
use this hybrid WER to adjust the CMC and it would be 
environmentally conservative to use this hybrid WER to 
adjust the CCC. Although both WERs could be 
determined, it would also be acceptable to determine 
only the hybrid WER and use it to adjust both the CMC 
and the CCC. (This hybrid WER described here in 
paragraph b is the same as the cccWER described in 
paragraph a above in which no toxicity test had an 
endpoint in laboratory dilution water between the CMC 
and the CCC.) 

5. How should a FWER be derived? 

Backsround 

Because of experimental variation and variation in the 
composition of surface waters and effluents, a single 
determination of a WER does not provide sufficient 
information to justify adjustment of a criterion. After a 
sufficient number of WERs have been determined in an 
acceptable manner, a Final Water-Effect Ratio (FWER) is 
derived from the WERs, and the FWER is then used to 
calculate the site-specific criterion. If both a site- 
specific CMC and a site-specific CCC are to be derived, 
both a cmcFWER and a cccFWER have to be derived, unless an 
environmentally conservative estimate is used in place of 
the cmcFWER and/or the cccFWER. 

When a WER is determined using upstream water, the two 
major sources of variation in the WER are (a) variability 
in the quality of the upstream water, much of which might 
be related to season and/or flow, and (b) experimental 
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variation. When a WER is determined in downstream water, 
the four major sources of variation are (a) variability in 
the quality of the upstream water, much of which might be 
related to season and/or flow, (b) experimental variation, 
(c) variability in the composition of the effluent, and 
(d) variability in the percent effluent in the downstream 

water. Variability and the possibility of mistakes and 
rare events make it necessary to try to compromise between 
(1) providing a high probability of adequate protection 

and (2) placing too much reliance on the smallest 
experimentally determined WER, which might reflect 
experimental variation, a mistake, or a rare event rather 
than a meaningful difference in the WER. 

Various ways can be employed to address variability: 
a. Replication can be used to reduce the impact of some 

sources of variation and to verify the importance of 
others. 

b. Because variability in the composition of the effluent 
might contribute substantially to the variability of 
the WER, it might be desirable to obtain and store two 
or more samples of the effluent at slightly different 
times, with the selection of the sampling times 
depending on such characteristics of the discharge as 
the average retention time, in case an unusual WER is 
obtained with the first sample used. 

C. Because of the possibility of mistakes and rare events, 
samples of effluent and upstream water should be large 
enough that portions can be stored for later testing or 
analyses if an unusual WER is obtained. 

d. It might be possible to reduce the impact of the 
variability in the percent effluent in the downstream 
water by establishing a relationship between the WER 
and the percent effluent. 

Confounding of the sources can be a problem when more than 
one source contributes substantial variability. 

When permit limits are calculated using a steady-state 
model, the limits are based on a design flow, e.g., the 
7QlO. It is usually assumed that a concentration of metal 
in an effluent that does not cause unacceptable effects at 
the design flow will not cause unacceptable effects at 
higher flows because the metal is diluted by the increased 
flow of the upstream water. Decreased protection might 
occur, however, if an increase in flow increases toxicity 
more than it dilutes the concentration of metal. When 
permit limits are based on a national criterion, it is 
often assumed that the criterion is sufficiently 
conservative that an increase in toxicity will not be 
great enough to overwhelm the combination of dilution and 
the assumed conservatism, even though it is likely that 
the national criterion is not overprotective of all bodies 
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of water. When WERs are used to reduce the assumed 
conservatism, there is more concern about the possibility 
of increased toxicity at flows higher than the design flow 
and it is important to (1) determine some WERs that 
correspond to higher flows or (2) provide some 
conservatism. If the concentration of effluent in the 
downstream water decreases as flow increases, WERs 
determined at higher flows are likely to be smaller than 
WERs determined at design flow but the concentration of 
metal will also be lower. If the concentration of TSS 
increases at high flows, however, both the WER and the 
concentration of metal might increase. If they are 
determined in an appropriate manner, WERs determined at 
flows higher than the design flow can be used in two ways: 
a. As environmentally conservative estimates of WERs 

determined at design flow. 
b. To assess whether WERs determined at design flow will 

provide adequate protection at higher flows. 

In order to appropriately take into account seasonal and 
flow effects and their interactions, both ways of using 
high-flow WERs require that the downstream water used in 
the determination of the WER be similar to that which 
actually exists during the time of concern. In addition, 
high-flow WERs can be used in the second way only if the 
composition of the downstream water is known. To satisfy 
the requirements that (a) the downstream water used in the 
determination of a WER be similar to the actual water and 
(b) the composition of the downstream water be known, it 
is necessary to obtain samples of effluent and upstream 
water at the time of concern and to prepare a simulated 
downstream water by mixing the samples at the ratio of the 
flows of the effluent and the upstream water that existed 
when the samples were obtained. 

For the first way of using high-flow WERs, they are used 
directly as environmentally conservative estimates of the 
design-flow WER. For the second way of using high-flow 
WERs, each is used to calculate the highest concentration 
of metal that could be in the effluent without causing the 
concentration of metal in the downstream water to exceed 
the site-specific criterion that would be derived for that 
water using the experimentally determined WER. This 
highest concentration of metal in the effluent (HCME) can 
be calculated as: 

HCME = [(CCC) (WER) (eFLOW + uFLOw) 1 - [ (uCONC) (uFLOW)] 
eFLOW , 

where: 
ccc = the national, state, or recalculated CCC (or CMC) 

that is to be adjusted. 
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eFLOW = the flow of the effluent that was the basis of the 
preparation of the simulated downstream water. 
This should be the flow of the effluent that 
existed when the samples were taken. 

uFLOW = the flow of the upstream water that was the basis 
of the preparation of the simulated downstream 
water. This should be the flow of the upstream 
water that existed when the samples were taken. 

uCONC = the concentration of metal in the sample of 
upstream water used in the preparation of the 
simulated downstream water. 

In order to calculate a HCME from an experimentally 
determined WER, the only information needed besides the 
flows of the effluent and the upstream water is the 
concentration of metal in the upstream water, which should 
be measured anyway in conjunction with the determination 
of the WER. 

When a steady-state model is used to derive permit limits, 
the limits on the effluent apply at all flows; thus, each 
HCME can be used to calculate the highest WER (hWER) that 
could be used to derive a site-specific criterion for the 
downstream water at design flow so that there would be 
adequate protection at the flow for which the HCME was 
determined. The hWER is calculated as: 

hWER = (HCME) (eFLOWdf) + (uCONCdf) (uFLOWdf) 
(CCC) (eFLOWdf + uFLOWdf) 

The suffix "df" indicates that the values used for these 
quantities in the calculation of the hWER are those that 
exist at design-flow conditions. The additional datum 
needed in order to calculate the hWER is the concentration 
of metal in upstream water at design-flow conditions; if 
this is assumed to be zero, the hWER will be 
environmentally conservative. If a WER is determined when 
uFLOW equals the design flow, hWER = WER. 

The two ways of using WERs determined at flows higher than 
design flow can be illustrated using the following 
examples. These examples were formulated using the 
concept of additivity of WERs (see Appendix G) . A WER 
determined in downstream water consists of two components, 
one due to the effluent (the eWER) and one due to the 
upstream water (the uWER). If the eWER and uWER are 
strictly additive, when WERs are determined at various 
upstream flows, the downstream WERs can be calculated from 
the composition of the downstream water (the "a effluent 
and the % upstream water) and the two WERs (the eWER and 
the uWER) using the equation: 
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WER = (% effluent) (eWER) + (% upstream water) ( uWER) 

100 

In the examples below, it is assumed that: 
a. A site-specific CCC is being derived. 
b. The national CCC is 2 ug/L. 
C. The eWER is 40. 
d. The eWER and uWER are constant and strictly additive. 
e. The flow of the effluent (eFLOW) is always 10 cfs. 
f. The design flow of the upstream water (uFLOWdf) is 40 

cfs. 
Therefore: 

HCME = [(2 ug/L) (WER) (10 cfs + uFLOW)] - [(uCONC)(uFLOW)] 
10 ug/L 

~WER = (HCME) (10 cfs) + (uCONCdf) (40 cfs) 
(2 ug/L) (10 cfs + 40 cfs) 

In the first example, the uWER is assumed to be 5 and so 
the upstream site-specific CCC (ussCCC) = (CCC) (uWER) = 
(2 ug/L) (5) = 10 ug/L. uCONC is assumed to be 0.4 ug/L, 

which means that the assimilative capacity of the upstream 
water is 9.6 ug/L. 

eFLOW uFLOW At Complete Mix HCME hWER 
(cfs) (cfs) % Eff. % UDS. WER 0 - 

10 40 20.0 80.0 12.000 118.4 12.00 
10 63 13.7 86.3 9.795 140.5 14.21 
10 90 10.0 90.0 8.500 166.4 16.80 
10 190 5.0 95.0 6.750 262.4 26.40 
10 490 2.0 98.0 5.700 550.4 55.20 
10 990 1.0 99.0 5.350 1030.4 103.20 
10 1990 0.5 99.5 5.175 1990.4 199.20 

As the flow of the upstream water increases, the WER 
decreases to a limiting value equal to uWER. Because the 
assimilative capacity is greater than zero, the HCMEs and 
hWERs increase due to the increased dilution of the 
effluent. The increase in hWER at higher flows will not 
allow any use of the assimilative capacity of the upstream 
water because the allowed concentration of metal in the 
effluent is controlled by the lowest hWER, which is the 
design-flow hWER in this example. Any WER determined at a 
higher flow can be used as an environmentally conservative 
estimate of the design-flow WER, and the hWERs show that 
the WER of 12 provides adequate protection at all flows. 
When uFLOW equals the design flow of 40 cfs, WER = hWER. 
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In the second example, uWER is assumed to be 1, which 
means that ussCCC = 2 ug/L. uCONC is assumed to be 2 
ug/L, so that uCONC = ussCCC. The assimilative capacity 
of the upstream water is 0 ug/L. 

eFLOW uFLOW At Comnlete Mix HCME hWER 
(cfs) (cfs) % Eff. % UDS. WER 0 - 

10 40 20.0 80.0 8.800 80.00 8.800 
10 63 13.7 86.3 6.343 80.00 8.800 
10 90 10.0 90.0 4.900 80.00 8.800 
10 190 5.0 95.0 2.950 80.00 8.800 
10 490 2.0 98.0 1.780 80.00 8.800 
10 990 1.0 99.0 1.390 80.00 8.800 
10 1990 0.5 99.5 1.195 80.00 8.800 

All the WERs in this example are lower than the comparable 
WERs in the first example because the uWER dropped from 5 
to 1; the limiting value of the WER at very high flow is 
1. Also, the HCMEs and hWERs are independent of flow 
because the increased dilution does not allow any more 
metal to be discharged when uCONC = ussCCC, i.e., when the 
assimilative capacity is zero. As in the first example, 
any WER determined at a flow higher than design flow can 
be used as an environmentally conservative estimate of the 
design-flow WER and the hWERs show that the WER of 8.8 
determined at design flow will provide adequate protection 
at all flows for which information is available. When 
uFLOW equals the design flow of 40 cfs, WER = hWER. 

In the third example, uWER is assumed to be 2, which means 
that ussCCC = 4 ug/L. uCONC is assumed to be 1 ug/L; thus 
the assimilative capacity of the upstream water is 3 ug/L. 

eFLOW uFLOW At Comolete Mix HCME hWER 
(cfs) (cfs) % Eff. % UDS. WER 0 - 

10 40 20.0 80.0 9.600 92.0 9.60 
10 63 13.7 86.3 7.206 98.9 10.29 
10 90 10.0 90.0 5.800 107.0 11.10 
10 190 5.0 95.0 3.900 137.0 14.10 
10 490 2.0 98.0 2.760 227.0 23.10 
10 990 1.0 99.0 2.380 377.0 38.10 
10 1990 0.5 99.5 2.190 677.0 68.10 

All the WERs in this example are intermediate between the 
comparable WERs in the first two examples because the uWER 
is now 2, which is between 1 and 5; the limiting value of 
the WER at very high flow is 2. As in the other examples, 
any WER determined at a flow higher than design flow can 
be used as an environmentally conservative estimate of the 
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design-flow WER and the hWERs show that the WER of 9.6 
determined at design flow will provide adequate protection 
at all flows for which information is available. When 
uFLOW equals the design flow of 40 cfs, WER = hWER. 

If this third example is assumed to be subject to acidic 
snowmelt in the spring so that the eWER and uWER are less- 
than-additive and result in a WER of 4.8 (rather than 5.8) 
at a uFLOW of 90 cfs, the third HCME would be 87 ug/L, and 
the third hWER would be 9.1. This hWER is lower than the 
design-flow WER of 9.6, so the site-specific criterion 
would have to be derived using the WER of 9.1, rather than 
the design-flow WER of 9.6, in order to provide the 
intended level of protection. If the eWER and uWER were 
less-than-additive only to the extent that the third WER 
was 5.3, the third HCME would be 97 ug/L and the third 
hWER would be 10.1. In this case, dilution by the 
increased flow would more than compensate for the WERs 
being less-than-additive, so that the design-flow WER of 
9.6 would provide adequate protection at a uFLOW of 90 
cfs. Auxiliary information might indicate whether an 
unusual WER is real or is an accident; for example, if the 
hardness, alkalinity, and pH of snowmelt are all low, this 
information would support a low WER. 

If the eWER and uWER were more-than-additive so that the 
third WER was 10, this WER would not be an environmentally 
conservative estimate of the design-flow WER. If a WER 
determined at a higher flow is to be used as an estimate 
of the design-flow WER and there is reason to believe that 
the eWER and the uWER might be more-than-additive, a test 
for additivity can be performed (see Appendix G). 

Calculating HCMEs and hWERs is straightforward if the WERs 
are based on the total recoverable measurement. If they 
are based on the dissolved measurement, it is necessary to 
take into account the percent of the total recoverable 
metal in the effluent that becomes dissolved in the 
downstream water. 

To ensure adequate protection, a group of WERs should 
include one or more WERs corresponding to flows near the 
design flow, as well as one or more WERs corresponding to 
higher flows. 
a. Calculation of hWERs from WERs determined at various 

flows and seasons identifies the highest WER that can 
be used in the derivation of a site-specific criterion 
and still provide adequate protection at all flows for 
which WERs are available. Use of hWERs eliminates the 
need to assume that WERs determined at design flow will 
provide adequate protection at higher flows. Because 
hWERs are calculated to apply at design flow, they 
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b. 

apply to the flow on which the permit limits are based. 
The lowest of the hWERs ensures adequate protection at 
all flows, if hWERs are available for a sufficient 
range of flows, seasons, and other conditions. 
Unless additivity is assumed, a WER cannot be 
extrapolated from one flow to another and therefore it 
is not possible to predict a design-flow WER from a WER 
determined at other conditions. The largest WER is 
likely to occur at design flow because, of the flows 
during which protection is to be provided, the design 
flow is the flow at which the highest concentration of 
effluent will probably occur in the downstream water. 
This largest WER has to be experimentally determined; 
it cannot be predicted. 

The examples also illustrate that if the concentration of 
metal in the upstream water is below the site-specific 
criterion for that water, in the limit of infinite 
dilution of the effluent with upstream water, there will 
be adequate protection. The concern, therefore, is for 
intermediate levels of dilution. Even if the assimilative 
capacity is zero, as in the second example, there is more 
concern at the lower or intermediate flows, when the 
effluent load is still a major portion of the total load, 
than at higher flows when the effluent load is a minor 
contribution. 

The Ootions 

To ensure adequate protection over a range of flows, two 
types of WERs need to be determined: 
Type 1 WERs are determined by obtaining samples of 

effluent and upstream water when the downstream 
flow is between one and two times higher than 
what it would be under design-flow conditions. 

Type 2 WERs are determined by obtaining samples of 
effluent and upstream water when the downstream 
flow is between two and ten times higher than 
what it would be under design-flow conditions. 

The only difference between the two types of samples is 
the downstream flow at the time the samples are taken. 
For both types of WERs, the samples should be mixed at the 
ratio of the flows that existed when the samples were 
taken so that seasonal and flow-related changes in the 
water quality characteristics of the upstream water are 
properly related to the flow at which they occurred. The 
ratio at which the samples are mixed does not have to be 
the exact ratio that existed when the samples were taken, 
but the ratio has to be known, which is why simulated 
downstream water is used. For each Type 1 WER and each 
Type 2 WER that is determined, a hWER is calculated. 
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Ideally, sufficient numbers of both types of WERs would be 
available and each WER would be sufficiently precise and 
accurate and the Type 1 WERs would be sufficiently similar 
that the FWER could be the geometric mean of the Type 1 
WERs, unless the FWER had to be lowered because of one or 
more hWERs. If an adequate number of one or both types of 
WERs is not available, an environmentally conservative WER 
or hWER should be used as the FWER. 

Three Type 1 and/or Type 2 WERs, which were determined 
using acceptable procedures and for which there were at 
least three weeks between any two sampling events, must be 
available in order for a FWER to be derived. If three or 
more are available, the FWER should be derived from the 
WERs and hWERs using the lowest numbered option whose 
requirements are satisfied: 
1. If there are two or more Type 1 WERs: 

a. If at least nineteen percent of all of the WERs are 
Type 2 WERs, the derivation of the FWER depends on 
the properties of the Type 1 WERs: 
1) If the range of the Type 1 WERs is not greater 

than a factor of 5 and/or the range of the ratios 
of the Type 1 WER to the concentration of metal 
in the simulated downstream water is not greater 
than a factor of 5, the FWER is the lower of (a) 
the adjusted geometric mean (see Figure 2) of all 
of the Type 1 WERs and (b) the lowest hWER. 

2) If the range of the Type 1 WERs is greater than a 
factor of 5 and the range of the ratios of the 
Type 1 WER to the concentration of metal in the 
simulated downstream water is greater than a 
factor of 5, the FWER is the lowest of (a) the 
lowest Type 1 WER, (b) the lowest hWER, and (c) 
the geometric mean of all the Type 1 and Type 2 
WERs, unless an analysis of the joint 
probabilities of the occurrences of WERs and 
metal concentrations indicates that a higher WER 
would still provide the level of protection 
intended by the criterion. (EPA intends to 
provide guidance concerning such an analysis.) 

b. If less than nineteen percent of all of the WERs are 
Type 2 WERs, the FWER is the lower of (1) the lowest 
Type 1 WER and (2) the lowest hWER. 

2. If there is one Type 1 WER, the FWER is the lowest of 
(a) the Type 1 WER, (b) the lowest hWER, and (c) the 

geometric mean of all of the Type 1 and Type 2 WERs. 
3. If there are no Type 1 WERs, the FWER is the lower of 

(a) the lowest Type 2 WER and (b) the lowest hWER. 
If fewer than three WERs are available and a site-specific 
criterion is to be derived using a WER or a FWER, the WER 
or FWER has to be assumed to be 1. Examples of deriving 
FWERs using these options are presented in Figure 3. 
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The options are designed to ensure that: 
a. The options apply equally well to ordinary flowing 

waters and to streams whose design flow is zero. 
b. The requirements for deriving the FWER as something 

other than the lowest WER are not too stringent. 
C. The probability is high that the criterion will be 

adequately protective at all flows, regardless of the 
amount of data that are available. 

d. The generation of both types of WERs is encouraged 
because environmental conservatism is built in if both 
types of WERs are not available in acceptable numbers. 

e. The amount of conservatism decreases as the quality and 
quantity of the available data increase. 

The requirement that three WERs be available is based on a 
judgment that fewer WERs will not provide sufficient 
information. The requirement that at least nineteen 
percent of all of the available WERs be Type 2 WERs is 
based on a judgment concerning what constitutes an 
adequate mix of the two types of WERs: when there are five 
or more WERs, at least one-fifth should be Type 2 WERs. 

Because each of these options for deriving a FWER is 
expected to provide adequate protection, anyone who 
desires to determine a FWER can generate three or more 
appropriate WERs and use the option that corresponds to 
the WERs that are available. The options that utilize the 
least useful WERs are expected to provide adequate 
protection because of the way the FWER is derived from the 
WERs. It is intended that, on the average, Option la will 
result in the highest FWER, and so it is recommended that 
data generation should be designed to satisfy the 
requirements of this option if possible. For example, if 
two Type 1 WERs have been determined, determining a third 
Type 1 WER will require use of Option lb, whereas 
determining a Type 2 WER will require use of Option la. 

Calculation of the FWER as an adjusted geometric mean 
raises three issues: 
a. The level of protection would be greater if the lowest 

WER, rather than an adjusted mean, were used as the 
FWER. Although true, the intended level of protection 
is provided by the national aquatic life criterion 
derived according to the national guidelines; when 
sufficient data are available and it is clear how the 
data should be used, there is no reason to add a 
substantial margin of safety and thereby change the 
intended level of protection. Use of an adjusted 
geometric mean is acceptable if sufficient data are 
available concerning the WER to demonstrate that the 
adjusted geometric mean will provide the intended level 
of protection. Use of the lowest of three or more WERs 
would be justified, if, for example, the criterion had 
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been lowered to protect a commercially important 
species and a WER determined with that species was 
lower than WERs determined with other species. 

b. The level of protection would be greater if the 
adjustment was to a probability of 0.95 rather than to 
a probability of 0.70. As above, the intended level of 
protection is provided by the national aquatic life 
criterion derived according to the national guidelines. 
There is no need to substantially increase the level of 
protection when site-specific criteria are derived. 

C. It would be easier to use the more common arithmetic 
mean, especially because the geometric mean usually 
does not provide much more protection than the 
arithmetic mean. Although true, use of the geometric 
mean rather than the arithmetic mean is justified on 
the basis of statistics and mathematics; use of the 
geometric mean is also consistent with the intended 
level of protection. Use of the arithmetic mean is 
appropriate when the values can range from minus 
infinity to plus infinity. The geometric mean (GM) is 
equivalent to using the arithmetic mean of the 
logarithms of the values. WERs cannot be negative, but 
the logarithms of WERs can. The distribution of the 
logarithms of WERs is therefore more likely to be 
normally distributed than is the distribution of the 
WERs. Thus, it is better to use the GM of WERs. In 
addition, when dealing with quotients, use of the GM 
reduces arguments about the correct way to do some 
calculations because the same answer is obtained in 
different ways. For example, if WERl = (Nl)/(Dl) and 
WER2 = (N2)/(D2), then the GM of WERl and WER2 gives 
the same value as [(GM of Nl and N2)/(GM of Dl and D2)) 
and also equals the square root of 
{ [(Nl) (N2)1/[(Dl) (D2)1}. 

Anytime the FWER is derived as the lowest of a series of 
experimentally determined WERs and/or hWERs, the magnitude 
of the FWER will depend at least in part on experimental 
variation. There are at least three ways that the 
influence of experimental variation on the FWER can be 
reduced: 
a. A WER determined with a primary test can be replicated 

and the geometric mean of the replicates used as the 
value of the WER for that determination. Then the FWER 
would be the lowest of a number of geometric means 
rather than the lowest of a number of individual WERs. 
To be true replicates, the replicate determinations of 
a WER should not be based on the same test in 
laboratory dilution water, the same sample of site 
water, or the same sample of effluent. 

b. If, for example, Option 3 is to be used with three Type 
2 WERs and the endpoints of both the primary and 
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secondary tests in laboratory dilution water are above 
the CMC and/or CCC to which the WER is to apply, WERs 
can be determined with both the primary and secondary 
tests for each of the three sampling times. For each 
sampling time, the geometric mean of the WER obtained 
with the primary test and the WER obtained with the 
secondary test could be calculated; then the lowest of 
these three geometric means could be used as the FWER. 
The three WERs cannot consist of some WERs determined 
with one of the tests and some WERs determined with the 
other test; similarly the three WERs cannot consist of 
a combination of individual WERs obtained with the 
primary and/or secondary tests and geometric means of 
results of primary and secondary tests. 

C. As mentioned above, because the variability of the 
effluent might contribute substantially to the 
variability of the WERs, it might be desirable to 
obtain and store more than one sample of the effluent 
when a WER is to be determined in case an unusual WER 
is obtained with the first sample used. 

Examples of the first and second ways of reducing the 
impact of experimental variation are presented in Figure 
4. The availability of these alternatives does not mean 
that they are necessarily cost-effective. 

6. For metals whose criteria are hardness-dependent, at what 
hardness should WERs be determined? 

The issue of hardness bears on such topics as acclimation 
of test organisms to the site water, adjustment of the 
hardness of the site water, and how an experimentally 
determined WER should be used. If all WERs were 
determined at design-flow conditions, it might seem that 
all WERs should be determined at the design-flow hardness. 
Some permit limits, however, are not based on the hardness 
that is most likely to occur at design flow; in addition, 
conducting all tests at design-flow conditions provides no 
information concerning whether adequate protection will be 
provided at other flows. Thus, unless the hardnesses of 
the upstream water and the effluent are similar and do not 
vary with flow, the hardness of the site water will not be 
the same for all WER determinations. 

Because the toxicity tests should be begun within 36 hours 
after the samples of effluent and upstream water are 
collected, there is little time to acclimate organisms to 
a sample-specific hardness. One alternative would be to 
acclimate the organisms to a preselected hardness and then 
adjust the hardness of the site water, but adjusting the 
hardness of the site water might have various effects on 
the toxicity of the metal due to competitive binding and 
ionic impacts on the test organisms and on the speciation 
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of the metal; lowering hardness without also diluting the 
WER is especially problematic. The least objectionable 
approach is to acclimate the organisms to a laboratory 
dilution water with a hardness in the range of 50 to 150 
mg/L and then use this water as the laboratory dilution 
water when the WER is determined. In this way, the test 
organisms will be acclimated to the laboratory dilution 
water as specified by ASTM (1993a,b,c,d,e). 

Test organisms may be acclimated to the site water for a 
short time as long as this does not cause the tests to 
begin more than 36 hours after the samples were collected. 
Regardless of what acclimation procedure is used, the 
organisms used for the toxicity test conducted using site 
water are unlikely to be acclimated as well as would be 
desirable. This is a general problem with toxicity tests 
conducted in site water (U.S. EPA 1993a,b,c; ASTM 1993f), 
and its impact on the results of tests is unknown. 

For the practical reasons given above, an experimentally 
determined WER will usually be a ratio of endpoints 
determined at two different hardnesses and will thus 
include contributions from a variety of differences 
between the two waters, including hardness. The 
disadvantages of differing hardnesses are that (a) the 
test organisms probably will not be adequately acclimated 
to site water and (b) additional calculations will be 
needed to account for the differing hardnesses; the 
advantages are that it allows the generation of data 
concerning the adequacy of protection at various flows of 
upstream water and it provides a way of overcoming two 
problems with the hardness equations: (1) it is not known 
how applicable they are to hardnesses outside the range of 
25 to 400 mg/L and (2) it is not known how applicable they 
are to unusual combinations of hardness, alkalinity, and 
pH or to unusual ratios of calcium and magnesium. 

The additional calculations that are necessary to account 
for the differing hardnesses will also overcome the 
shortcomings of the hardness equations. The purpose of 
determining a WER is to determine how much metal can be in 
a site water without lowering the intended level of 
protection. Each experimentally determined WER is 
inherently referenced to the hardness of the laboratory 
dilution water that was used in the determination of the 
WER, but the hardness equation can be used to calculate 
adjusted WERs that are referenced to other hardnesses for 
the laboratory dilution water. When used to adjust WERs, 
a hardness equation for a CMC or CCC can be used to 
reference a WER to any hardness for a laboratory dilution 
water, whether it is inside or outside the range of 25 to 
400 mg/L, because any inappropriateness in the equation 
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will be automatically compensated for when the adjusted 
WER is used in the derivation of a FWER and permit limits. 

For example, the hardness equation for the freshwater CMC 
for copper gives CMCs of 9.2, 18, and 34 ug/L at 
hardnesses of 50, 100, and 200 mg/L, respectively. If 
acute toxicity tests with Ceriodaohnia reticulata gave an 
EC50 of 18 ug/L using a laboratory dilution water with a 
hardness of 100 mg/L and an EC50 of 532.2 ug/L in a site 
water, the resulting WER would be 29.57. It can be 
assumed that, within experimental variation, EC50s of 9.2 
and 34 ug/L and WERs of 57.85 and 15.65 would have been 
obtained if laboratory dilution waters with hardnesses of 
50 and 200 mg/L, respectively, had been used, because the 
EC50 of 532.2 ug/L obtained in the site water does not 
depend on what water is used for the laboratory dilution 
water. The WERs of 57.85 and 15.65 can be considered to 
be adjusted WERs that were extrapolated from the 
experimentally determined WER using the hardness equation 
for the copper CMC. If used correctly, the experimentally 
determined WER and all of the adjusted WERs will result in 
the same permit limits because they are internally 
consistent and are all based on the EC50 of 532.2 ug/L 
that was obtained in site water. 

A hardness equation for copper can be used to adjust the 
WER if the hardness of the laboratory dilution water used 
in the determination of the WER is in the range of 25 to 
400 mg/L (preferably in the range of about 40 to 250 mg/L 
because most of the data used to derive the equation are 
in this range). However, the hardness equation can be 
used to adjust WERs to hardnesses outside the range of 25 
to 400 mg/L because the basis of the adjusted WER does not 
change the fact that the EC50 obtained in site water was 
532.2 ug/L. If the hardness of the site water was 16 
mg/L the hardness equation would predict an EC50 of 3.153 
w/L which would result in an adjusted WER of 168.8. 
This use of the hardness eauation outside the range of 25 
go 400 ms/L is valid only if the calculated CMC is used 
with the corresoondins adiusted WER. Similarly, if the 
hardness of the site water had been 447 mg/L, the hardness 
equation would predict an EC50 of 72.66 ug/L, with a 
corresponding adjusted WER of 7.325. If the hardness of 
447 mg/L were due to an effluent that contained calcium 
chloride and the alkalinity and pH of the site water were 
what would usually occur at a hardness of 50 mg/L rather 
than 400 mg/L, any inappropriateness in the calculated 
EC50 of 72.66 ug/L will be compensated for in the adjusted 
WER of 7.325, because the adjusted WER is based on the 
EC50 of 532.2 ug/L that was obtained using the site water. 
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In the above examples it was assumed that at a hardness of 
100 mg/L the EC50 for c. reticulata equalled the CMC, 
which is a very reasonable simplifying assumption. If, 
however, the WER had been determined with the more 
resistant DaDhnia pulex and EC5Os of 50 ug/L and 750 ug/L 
had been obtained using a laboratory dilution water and a 
site water, respectively, the CMC given by the hardness 
equation could not be used as the predicted EC50. A new 
equation would have to be derived by changing the 
intercept so that the new equation gives an EC50 of 50 
ug/L at a hardness of 100 mg/L; this new equation could 
then be used to calculate adjusted EC50s, which could then 
be used to calculate corresponding adjusted WERs: 

Hardness EC50 WER 
(ma/L) 0 - 

16 8.894 84.33 
50 26.022 28.82 

100 50.000* 15.00* 
200 96.073 7.81 
447 204.970 3.66 

The values marked with an asterisk are the assumed 
experimentally determined values; the others were 
calculated from these values. At each hardness the 
product of the EC50 times the WER equals 750 ug/L because 
all of the WERs are based on the same EC50 obtained using 
site water. Thus use of the WER allows application of the 
hardness equation for a metal to conditions to which it 
otherwise might not be applicable. 

HCMEs can then be calculated usinq either the 
exoerimentallv determined WER or an adlusted WER as lonq 
as the WER is aoolied to the CMC that corresDonds to the 
hardness on which the WER is based. For example, if the 
concentration of copper in the upstream water was 1 ug/L 
and the flows of the effluent and upstream water were 9 
and 73 cfs, respectively, when the samples were collected, 
the HCME calculated from the WER of 15.00 would be: 

HCME = (17.73 ug/L) (15) (9 + 73 cfs) - (1 ug/L) (73 cfs) _ 
9 cfs 

- 2415 ug/L 

because the CMC is 17.73 ug/L at a hardness of 100 mg/L. 
(The value of 17.73 ug/L is used for the CMC instead of 18 

ug/L to reduce roundoff error in this example.) If the 
hardness of the site water was actually 447 ug/L, the HCME 
could also be calculated using the WER of 3.66 and the CMC 
of 72.66 ug/L that would be obtained from the CMC hardness 
equation: 
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HCME = (72.66 ug/L) (3.66) (9 + 73 Cfs) - (1 U9/L) (73 Cfs) = 2415 ug/L . 
9 cfs 

Either WER can be used in the calculation of the HCME as 
long as the CMC and the WER correspond to the same 
hardness and therefore to each other, because: 

(17.73 ug/L) (15) = (72.66 ug/L) (3.66) . 

Although the HCME will be correct as long as the hardness, 
CMC, and WER correspond to each other, the WER used in the 
derivation of the FWER muet be the one that is calculated 
using a hardness equation to be compatible with the 
hardness of the site water. If the hardness of the site 
water was 447 ug/L, the WER used in the derivation of the 
FWER has to be 3.66; therefore, the simplest approach is 
to calculate the HCME using the WER of 3.66 and the 
corresponding CMC of 72.66 ug/L, because these correspond 
to the hardness of 447 ug/L, which is the hardness of the 
site water. 

In contrast, the hWER should be calculated using the CMC 
that corresponds to the design hardness. If the design 
hardness is 50 mg/L, the corresponding CMC is 9.2 ug/L. 
If the design flows of the effluent and the upstream water 
are 9 and 20 cfs, respectively, and the concentration of 
metal in upstream water at design conditions is 1 ug/L, 
the hWER obtained from the WER determined using the site 
water with a hardness of 447 mg/L would be: 

hWER = (2415 ug/L) (9 cfs) + (1 ug/L) (20 cfs) = 81 54 
(9.2 ug/L) (9 cfs + 20 cf.‘?) 

None of these calculations provides a way of extrapolating 
a WER from one site-water hardness to another. The only 
extrapolations that are possible are from one hardness of 
laboratory dilution water to another; the adjusted WERs 
are based on predicted toxicity in laboratory dilution 
water, but they are all based on measured toxicity in site 
water. If a WER is to apply to the design flow and the 
design hardness, one or more toxicity tests have to be 
conducted using samples of effluent and upstream water 
obtained under design-flow conditions and mixed at the 
design-flow ratio to produce the design hardness. A WER 
that is specifically appropriate to design conditions 
cannot be based on predicted toxicity in site water; it 
has to be based on measured toxicity in site water that 
corresponds to design-flow conditions. The situation is 
more complicated if the design hardness is not the 
hardness that is most likely to occur when effluent and 
upstream water are mixed at the ratio of the design flows. 
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B. Background Information and Initial Decisions 

1. Information should be obtained concerning the effluent and 
the operating and discharge schedules of the discharger. 

2. The spatial extent of the site to which the WER and the 
site-specific criterion are intended to apply should be 
defined (see Appendix A). Information concerning 
tributaries, the plume, and the point of complete mix 
should be obtained. Dilution models (U.S. EPA 1993d) and 
dye dispersion studies (Kilpatrick 1992) might provide 
information that is useful for defining sites for cmcWERs. 

3. If the Recalculation Procedure (see Appendix B) is to be 
used, it should be performed. 

4. Pertinent information concerning the calculation of the 
permit limits should be obtained: 
a. What are the design flows, i.e., the flow of the 

upstream water (e.g., 7QlO) and the flow of the 
effluent that are used in the calculation of the permit 
limits? (The design flows for the CMC and CCC might be 
the same or different.) 

b. Is there a CMC (acute) mixing zone and/or a CCC 
(chronic) mixing zone? 

C. What are the dilution(s) at the edge(s) of the mixing 
zone(s)? 

d. If the criterion is hardness-dependent, what is the 
hardness on which the permit limits are based? Is this 
a hardness that is likely to occur under design-flow 
conditions? 

5. It should be decided whether to determine a cmcWER and/or 
a cccWER. 

6. The water quality criteria document (see Appendix E) that 
serves as the basis of the aquatic life criterion should 
be read to identify any chemical or toxicological 
properties of the metal that are relevant. 

7. If the WER is being determined by or for a discharger, it 
will probably be desirable to decide what is the smallest 
WER that is desired by the discharger (e.g., the smallest 
WER that would not require a reduction in the amount of 
metal discharged). This "smallest desired WER" might be 
useful when deciding whether to determine a WER. If a WER 
is determined, this "smallest desired WER" might be useful 
when selecting the range of concentrations to be tested in 
the site water. 

8. Information should be read concerning health and safety 
considerations regarding collection and handling of 
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effluent and surface water samples and conducting toxicity 
tests (U.S. EPA 1993a; ASTM 1993a). Information should 
also be read concerning safety and handling of the 
metallic salt that will be used in the preparation of the 
stock solution. 

9. The proposed work should be discussed with the appropriate 
regulatory authority (and possibly the Water Management 
Division of the EPA Regional Office) before deciding how 
to proceed with the development of a detailed workplan. 

10. Plans should be made to perform one or more rangefinding 
tests in both laboratory dilution water and site water 
(see section G.7). 

C. Selecting Primary and Secondary Tests 

1. For each WER (cmcWER and/or cccWER) to be determined, the 
primary and secondary tests should be selected using the 
rationale presented in section A.3, the information in 
Appendix I, the information in the criteria document for 
the metal (see Appendix E), and any other pertinent 
information that is available. When a specific test 
species is not specified, also select the species. 
Because at least three WERs must be determined with the 
primary test, but only one must be determined with the 
secondary test, selection of the tests might be influenced 
by the availability of the species (and the life stage in 
some cases) during the planned testing period. 
a. The description of a "test" specifies not only the test 

species and the duration of the test but also the life 
stage of the species and the adverse effect on which 
the results are to be based, all of which can have a 
major impact on the sensitivity of the test. 

b. The endpoint (e.g., LC50, EC50, IC50) of the primary 
test in laboratory dilution water should be as close as 
possible, but it muet not be below, the CMC and/or CCC 
to which the WER is to be applied, because for any two 
tests, the test that has the lower endpoint is likely 
to give the higher WER (see Appendix D). 
NOTE: If both the Recalculation Procedure and a WER are 

to be used in the derivation of the site-specific 
criterion, the Recalculation Procedure muot be 
completed first because the recalculated CMC 
and/or CCC must be used in the selection of the 
primary and secondary tests. 

C. The endpoint (e.g., LC50, EC50, ICSO) of the secondary 
test in laboratory dilution water should be as close as 
possible, but may be above or below, the CMC and/or CCC 
to which the WER is to be applied. 
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1) Because few toxicity tests have endpoints close to 
the CMC and CCC and because the major use of the 
secondary test is confirmation (see section 1.7.b), 
the endpoint of the secondary test may be below the 
CMC or CCC. If the endpoint of the secondary test 
in laboratory dilution water is above the CMC and/or 
CCC, it might be possible to use the results to 
reduce the impact of experimental variation (see 
Figure 4). If the endpoint of the primary test in 
laboratory dilution water is above the CMC and the 
endpoint of the secondary test is between the CMC 
and CCC, it should be possible to determine both a 
cccWER and a cmcWER using the same two tests. 

2) It is often desirable to conduct the secondary test 
when the first primary test is conducted in case the 
results are surprising; conducting both tests the 
first time also makes it possible to interchange the 
primary and secondary tests, if desired, without 
increasing the number of tests that need to be 
conducted. (If results of one or more rangefinding 
tests are not available, it might be desirable to 
wait and conduct the secondary test when more 
information is available concerning the laboratory 
dilution water and the site water.) 

2. The primary and secondary tests must be conducted with 
species in different taxonomic orders; at least one 
species must be an animal and, when feasible, one species 
should be a vertebrate and the other should be an 
invertebrate. A plant cannot be used if nutrients and/or 
chelators need to be added to either or both dilution 
waters in order to determine the WER. It is desirable to 
use a test and species for which the rate of success is 
known to be high and for which the test organisms are 
readily available. (If the WER is to be used with a 
recalculated CMC and/or CCC, the species used in the 
primary and secondary tests do not have to be on the list 
of species that are used to obtain the recalculated CMC 
and/or CCC.) 

3. There are advantages to using tests suggested in Appendix 
I or other tests of comparable sensitivity for which data 
are available from one or more other laboratories. 
a. A good indication of the sensitivity of the test is 

available. This helps ensure that the endpoint in 
laboratory dilution water is close to the CMC and/or 
CCC and aids in the selection of concentrations of the 
metal to be used in the rangefinding and/or definitive 
toxicity tests in laboratory dilution water. Tests 
with other species such as species that occur at the 
site may be used, but it is sometimes more difficult to 
obtain, hold, and test such species. 
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b. When a WER is determined and used, the results of the 
tests in laboratory dilution water provide the 
connection between the data used in the derivation of 
the national criterion and the data obtained in site 
water, i.e., the results in laboratory dilution water 
are a vital link in the derivation and use of a WER. 
It is, therefore, important to be able to judge the 
quality of the results in laboratory dilution water. 
Comparison of results with data from other laboratories 
evaluates all aspects of the test methodology 
simultaneously, but for the determination of WERs, the 
most important aspect is the quality of the laboratory 
dilution water because the dilution water is the most 
important difference between the two side-by-side tests 
from which the WER is calculated. Thus, two tests must 
be conducted for which data are available on the metal 
of concern in a laboratory dilution water from at least 
one other laboratory. If both the primary and 
secondary tests are ones for which acceptable data are 
available from at least one other laboratory, these are 
the only two tests that have to be conducted. If, 
however, the primary and/or secondary tests are ones 
for which no results are already available for the 
metal of concern from another laboratory, the first or 
second time a WER is determined at least two additional 
tests must be conducted in the laboratory dilution 
water in addition to the tests that are conducted for 
the determination of WERs (see sections F.5 and 1.5). 
1) For the determination of a WER, data are not 

required for a reference toxicant with either the 
primary test or the secondary test because the above 
requirement provides similar data for the metal for 
which the WER is actually being determined. 

2) See Section I.5 concerning interpretation of the 
results of these tests before additional tests are 
conducted. 

D. Acquiring and Acclimating Test Organisms 

1. The test organisms should be obtained, cultured, held, 
acclimated, fed, and handled as recommended by the U.S. 
EPA (1993a,b,c) and/or by ASTM (1993a,b,c,d,e). All test 
organisms must be acceptably acclimated to a laboratory 
dilution water that satisfies the requirements given in 
sections F.3 and F.4; an appropriate number of the 
organisms may be randomly or impartially removed from the 
laboratory dilution water and placed in the site water 
when it becomes available in order to acclimate the 
organisms to the site water for a while just before the 
tests are begun. 
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2. The organisms used in a pair of side-by-side tests must be 
drawn from the same population and tested under identical 
conditions. 

E. Collecting and Handling Upstream Water and Effluent 

1. Upstream water will usually be mixed with effluent to 
prepare simulated downstream water. Upstream water may 
also be used as a site water if a WER is to be determined 
using upstream water in addition to or instead of 
determining a WER using downstream water. The samples of 
upstream water must be representative; they must not be 
unduly affected by recent runoff events (or other erosion 
or resuspension events) that cause higher levels of TSS 
than would normally be present, unless there is particular 
concern about such conditions. 

2. The sample of effluent used in the determination of a WER 
must be representative; it must be collected during a 
period when the discharger is operating normally. 
Selection of the date and time of sampling of the effluent 
should take into account the discharge pattern of the 
discharger. It might be appropriate to collect effluent 
samples during the middle of the week to allow for 
reestablishment of steady-state conditions after shutdowns 
for weekends and holidays; alternatively, if end-of-the- 
week slug discharges are routine, they should probably be 
evaluated. As mentioned above, because the variability of 
the effluent might contribute substantially to the 
variability of the WERs, it might be desirable to obtain 
and store more than one sample of the effluent when WERs 
are to be determined in case an unusual WER is obtained 
with the first sample used. 

3. When samples of site water and effluent are collected for 
the determination of the WERs with the primary test, there 
must be at least three weeks between one sampling event 
and the next. It is desirable to obtain samples in at 
least two different seasons and/or during times of 
probable differences in the characteristics of the site 
water and/or effluent. 

4. Samples of upstream water and effluent must be collected, 
transported, handled, and stored as recommended by the 
U.S. EPA (1993a). For example, samples of effluent should 
usually be composites, but grab samples are acceptable if 
the residence time of the effluent is sufficiently long. 
A sufficient volume should be obtained so that some can be 
stored for additional testing or analyses if an unusual 
WER is obtained. Samples must be stored at 0 to 4OC in 
the dark with no air space in the sample container. 
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5. At the time of collection, the flow of both the upstream 
water and the effluent must be either measured or 
estimated by means of correlation with a nearby U.S.G.S. 
gauge, the pH of both upstream water and effluent must be 
measured, and samples of both upstream water and effluent 
should be filtered for measurement of dissolved metals. 
Hardness, TSS, TOC, and total recoverable and dissolved 
metal must be measured in both the effluent and the 
upstream water. Any other water quality characteristics, 
such as total dissolved solids (TDS) and conductivity, 
that are monitored monthly or more often by the permittee 
and reported in the Discharge Monitoring Report must also 
be measured. These and the other measurements provide 
information concerning the representativeness of the 
samples and the variability of the upstream water and 
effluent. 

6. "Chain of custody" procedures (U.S. EPA 1991b) should be 
used for all samples of site water and effluent, 
especially if the data might be involved in a legal 
proceeding. 

7. Tests muet be begun within 36 hours after the collection 
of the samples of the effluent and/or the site water, 
except that tests may be begun more than 36 hours after 
the collection of the samples if it would require an 
inordinate amount of resources to transport the samples to 
the laboratory and begin the tests within 36 hours. 

8. If acute and/or chronic tests are to be conducted with 
daphnids and if the sample of the site water contains 
predators, the site water must be filtered through a 37-pm 
sieve or screen to remove predators. 

F. Laboratory Dilution Water 

1. The laboratory dilution water must satisfy the 
requirements given by U.S. EPA (1993a,b,c) or ASTM 
(1993a,b,c,d,e). The laboratory dilution water must be a 

ground water, surface water, reconstituted water, diluted 
mineral water, or dechlorinated tap water that has been 
demonstrated to be acceptable to aquatic organisms. If a 
surface water is used for acute or chronic tests with 
daphnids and if predators are observed in the sample of 
the water, it must be filtered through a 37-pm sieve or 
screen to remove the predators. Water prepared by such 
treatments as deionization and reverse osmosis must not be 
used as the laboratory dilution water unless salts, 
mineral water, hypersaline brine, or sea salts are added 
as recommended by U.S. EPA (1993a) or ASTM (1993a). 
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2. The concentrations of both TOC and TSS must be less than 5 
mg/L. 

3. The hardness of the laboratory dilution water should be 
between 50 and 150 mg/L and must be between 40 and 220 
w/L. If the criterion for the metal is hardness- 
dependent, the hardness of the laboratory dilution water 
must not be above the hardness of the site water, unless 
the hardness of the site water is below 50 mg/L. 

4. The alkalinity and pH of the laboratory dilution water 
must be appropriate for its hardness; values for 
alkalinity and pH that are appropriate for some hardnesses 
are given by U.S. EPA (1993a) and ASTM (1993a); other 
corresponding values should be determined by 
interpolation. Alkalinity should be adjusted using sodium 
bicarbonate, and pH should be adjusted using aeration, 
sodium hydroxide, and/or sulfuric acid. 

5. It would seem reasonable that, before any samples of site 
water or effluent are collected, the toxicity tests that 
are to be conducted in the laboratory dilution water for 
comparison with results of the same tests from other 
laboratories (see sections C.3.b and 1.5) should be 
conducted. These should be performed at the hardness, 
alkalinity, and pH specified in sections F.3 and F.4. 

G. Conducting Tests 

1. There must be no differences between the side-by-side 
tests other than the composition of the dilution water, 
the concentrations of metal tested, and possibly the water 
in which the test organisms are acclimated just prior to 
the beginning of the tests. 

2. More than one test using site water may be conducted side- 
by-side with a test using laboratory dilution water; the 
one test in laboratory dilution water will be used in the 
calculation of several WERs, which means that it is very 
important that that one test be acceptable. 

3. Facilities for conducting toxicity tests should be set up 
and test chambers should be selected and cleaned as 
recommended by the U.S. EPA (1993a,b,c) and/or ASTM 
(1993a,b,c,d,e). 

4. A stock solution should be prepared using an inorganic 
salt that is highly soluble in water. 
a. The salt does not have to be one that was used in tests 

that were used in the derivation of the national 
criterion. Nitrate salts are generally acceptable; 

50 



chloride and sulfate salts of many metals are also 
acceptable (see Appendix J). It is usually desirable 
to avoid use of a hygroscopic salt. The salt used 
should meet A.C.S. specifications for reagent-grade, if 
such specifications are available; use of a better 
grade is usually not worth the extra cost. No salt 
should be used until information concerning safety and 
handling has been read. 

b. The stock solution may be acidified (using metal-free 
nitric acid) only as necessary to get the metal into 
solution. 

C. The same stock solution must be used to add metal to 
all tests conducted at one time. 

5. For tests suggested in Appendix I, the appendix presents 
the recommended duration and whether the static or renewal 
technique should be used; additional information is 
available in the references cited in the appendix. 
Regardless of whether or not or how often test solutions 
are renewed when these tests are conducted for other 
purposes, the following guidance applies to all tests that 
are conducted for the determination of WERs: 
a. The renewal technique must be used for tests that last 

longer than 48 hr. 
b. If the concentration of dissolved metal decreases by 

more than 50 "s in 48 hours in static or renewal tests, 
the test solutions must be renewed every 24 hours. 
Similarly, if the concentration of dissolved oxygen 
becomes too low, the test solutions must be renewed 
every 24 hours. If one test in a pair of tests is a 
renewal test, both tests must be renewal tests. 

C. When test solutions are to be renewed, the new test 
solutions must be prepared from the original unspiked 
effluent and water samples that have been stored at 0 
to 4OC in the dark with no air space in the sample 
container. 

d. The static technique may be used for tests that do not 
last longer than 48 hours unless the above 
specifications require use of the renewal technique. 

If a test is used that is not suggested in Appendix I, the 
duration and technique recommended for a comparable test 
should be used. 

6. Recommendations concerning temperature, loading, feeding, 
dissolved oxygen, aeration, disturbance, and controls 
given by the U.S. EPA (1993a,b,c) and/or ASTM 
(1993a,b,c,d,e) must be followed. The procedures that are 
used must be used in both of the side-by-side tests. 

7. To aid in the selection of the concentrations of metals 
that should be used in the test solutions in site water, a 
static rangefinding test should be conducted for 8 to 96 
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8. 

hours, using a dilution factor of 10 (or 0.1) or 3.2 (or 
0.32) increasing from about a factor of 10 below the value 
of the endpoint given in the criteria document for the 
metal or in Appendix I of this document for tests with 
newly hatched fathead minnows. If the test is not in the 
criteria document and no other data are available, a mean 
acute value or other data for a taxonomically similar 
species should be used as the predicted value. This 
rangefinding test will provide information concerning the 
concentrations that should be used to bracket the endpoint 
in the definitive test and will provide information 
concerning whether the control survival will be 
acceptable. If dissolved metal is measured in one or more 
treatments at the beginning and end of the rangefinding 
test, these data will indicate whether the concentration 
should be expected to decrease by more than 50 % during 
the definitive test. The rangefinding test may be 
conducted in either of two ways: 
a. It may be conducted using the samples of effluent and 

site water that will be used in the definitive test. 
In this case, the duration of the rangefinding test 
should be as long as possible within the limitation 
that the definitive test must begin within 36 hours 
after the samples of effluent and/or site water were 
collected, except as per section E.7. 

b. It may be conducted using one set of samples of 
effluent and upstream water with the definitive tests 
being conducted using samples obtained at a later date. 
In this case the rangefinding test might give better 
results because it can last longer, but there is the 
possibility that the quality of the effluent and/or 
site water might change. Chemical analyses for 
hardness and pH might indicate whether any major 
changes occurred from one sample to the next. 

Rangefinding tests are especially desirable before the 
first set of toxicity tests. It might be desirable to 
conduct rangefinding tests before each individual 
determination of a WER to obtain additional information 
concerning the effluent, dilution water, organisms, etc., 
before each set of side-by-side tests are begun. 

Several considerations are important in the selection of 
the dilution factor for definitive tests. Use of 
concentrations that are close together will reduce the 
uncertainty in the WER but will require more 
concentrations to cover a range within which the endpoints 
might occur. Because of the resources necessary to 
determine a WER, it is important that endpoints in both 
dilution waters be obtained whenever a set of side-by-side 
tests are conducted. Because static and renewal tests can 
be used to determine WERs, it is relatively easy to use 
more treatments than would be used in flow-through tests. 
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9. 

10. 

The dilution factor for total recoverable metal must be 
between 0.65 and 0.99, and the recommended factor is 0.7. 
Although factors between 0.75 and 0.99 may be used, their 
use will probably not be cost-effective. Because there is 
likely to be more uncertainty in the predicted value of 
the endpoint in site water, 6 or 7 concentrations are 
recommended in the laboratory dilution water, and 8 or 9 
in the simulated downstream water, at a dilution factor of 
0.7. It might be desirable to use even more treatments in 
the first of the WER determinations, because the design of 
subsequent tests can be based on the results of the first 
tests if the site water, laboratory dilution water, and 
test organisms do not change too much. The cost of adding 
treatments can be minimized if the concentration of metal 
is measured only in samples from treatments that will be 
used in the calculation of the endpoint. 

Each test must contain a dilution-water control. The 
number of test organisms intended to be exposed to each 
treatment, including the controls, must be at least 20. 
It is desirable that the organisms be distributed between 
two or more test chambers per treatment. If test 
organisms are not randomly assigned to the test chambers, 
they must be assigned impartially (U.S. EPA 1993a; ASTM 
1993a) between all test chambers for a pair of side-by- 
side tests. For example, it is not acceptable to assign 
20 organisms to one treatment, and then assign 20 
organisms to another treatment, etc. Similarly, it is not 
acceptable to assign all the organisms to the test using 
one of the dilution waters and then assign organisms to 
the test using the other dilution water. The test 
chambers should be assigned to location in a totally 
random arrangement or in a randomized block design, 

For the test using site water, one of the following 
procedures should be used to prepare the test solutions 
for the test chambers and the "chemistry controls" (see 
section H.l): 
a. Thoroughly mix the sample of the effluent and place the 

same known volume of the effluent in each test chamber; 
add the necessary amount of metal, which will be 
different for each treatment; mix thoroughly; let stand 
for 2 to 4 hours; add the necessary amount of upstream 
water to each test chamber; mix thoroughly; let stand 
for 1 to 3 hours. 

b. Add the necessary amount of metal to a large sample of 
the effluent and also maintain an unspiked sample of 
the effluent; perform serial dilution using a graduated 
cylinder and the well-mixed spiked and unspiked samples 
of the effluent; let stand for 2 to 4 hours; add the 
necessary amount of upstream water to each test 
chamber; mix thoroughly; let stand for 1 to 3 hours. 
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d. Prepare a large volume of simulated downstream water by 
mixing effluent and upstream water in the desired 
ratio; divide it into two portions; prepare a large 
volume of the highest test concentration of metal using 
one portion of the simulated downstream water; perform 
serial dilution using a graduated cylinder and the 
well-mixed spiked and unspiked samples of the simulated 
downstream water; let stand for 1 to 3 hours. 

Procedures "a" and "b" allow the metal to equilibrate 
somewhat with the effluent before the solution is diluted 
with upstream water. 

11. For the test using the laboratory dilution water, either 
of the following procedures may be used to prepare the 
test solutions for the test chambers and the "chemistry 
controls" (see section H.l): 
a. Place the same known volume of the laboratory dilution 

water in each test chamber; add the necessary amount of 
metal, which will be different for each treatment; mix 
thoroughly; let stand for 1 to 3 hours. 

b. Prepare a large volume of the highest test 
concentration in the laboratory dilution water; perform 
serial dilution using a graduated cylinder and the 
well-mixed spiked and unspiked samples of the 
laboratory dilution water; let stand for 1 to 3 hours. 

The test organisms, which have been acclimated as per 
section D.l, must be added to the test chambers for the 
site-by-side tests at the same time. The time at which 
the test organisms are placed in the test chambers is 
defined as the beginning of the tests, which must be 
within 36 hours of the collection of the samples, except 
as per section E.7. 

Observe the test organisms and record the effects and 
symptoms as specified by the U.S. EPA (1993a,b,c) and/or 
ASTM (1993a,b,c,d,e). Especially note whether the 
effects, symptoms, and time course of toxicity are the 
same in the side-by-side tests. 

Whenever solutions are renewed, sufficient solution should 
be prepared to allow for chemical analyses. 

C. Prepare a large volume of simulated downstream water by 
mixing effluent and upstream water in the desired 
ratio; place the same known volume of the simulated 
downstream water in each test chamber; add the 
necessary amount of metal, which will be different for 
each treatment; mix thoroughly and let stand for 1 to 3 
hours. 

54 



H. Chemical and Other Measurements 

1. To reduce the possibility of contamination of test 
solutions before or during tests, thermometers and probes 
for measuring pH and dissolved oxygen must not be placed 
in test chambers that will provide data concerning effects 
on test organisms or data concerning the concentration of 
the metal. Thus measurements of pH, dissolved oxygen, and 
temperature before or during a test must be performed 
either on "chemistry controls" that contain test organisms 
and are fed the same as the other test chambers or on 
aliquots that are removed from the test chambers. The 
other measurements may be performed on the actual test 
solutions at the beginning and/or end of the test or the 
renewal. 

2. Hardness (in fresh water) or salinity (in salt water), pH, 
alkalinity, TSS, and TOC must be measured on the upstream 
water, the effluent, the simulated and/or actual 
downstream water, and the laboratory dilution water. 
Measurement of conductivity and/or total dissolved solids 
(TDS) is recommended in fresh water. 

3. Dissolved oxygen, pH, and temperature must be measured 
during the test at the times specified by the U.S. EPA 
(1993a,b,c) and/or ASTM (1993a,b,c,d,e). The measurements 

must be performed on the same schedule for both of the 
side-by-side tests. Measurements must be performed on 
both the chemistry controls and actual test solutions at 
the end of the test. 

4. Both total recoverable and dissolved metal must be 
measured in the upstream water, the effluent, and 
appropriate test solutions for each of the tests. 
a. The analytical measurements should be sufficiently 

sensitive and precise that variability in analyses will 
not greatly increase the variability of the WERs. If 
the detection limit of the analytical method that will 
be used to determine the metal is greater than one- 
tenth of the CCC or CMC that is to be adjusted, the 
analytical method should probably be improved or 
replaced (see Appendix C) . If additional sensitivity 
is needed, it is often useful to separate the metal 
from the matrix because this will simultaneously 
concentrate the metal and remove interferences. 
Replicate analyses should be performed if necessary to 
reduce the impact of analytical variability. 
1) EPA methods (U.S. EPA 1983b,1991c) should usually be 

used for both total recoverable and dissolved 
measurements, but in some cases alternate methods 
might have to be used in order to achieve the 
necessary sensitivity. Approval for use of 
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alternate methods is to be requested from the 
appropriate regulatory authority. 

b. All measurements of metals must be performed using 
appropriate QA/QC techniques. Clean techniaues for 
obtaining. handlins, storins, oreoarinq, and analvzinq 
the samDles should be used when necessary to achieve 
blanks that are sufficiently low (see ADDendix C). 

C. Rather than measuring the metal in all test solutions, 
it is often possible to store samples and then analyze 
only those that are needed to calculate the results of 
the toxicity tests. For dichotomous data (e.g., 
either-or data; data concerning survival), the metal in 
the following must be measured: 
1) all concentrations in which some, but not all, of 

the test organisms were adversely affected. 
2) the highest concentration that did not adversely 

affect any test organisms. 
3) the lowest concentration that adversely affected all 

of the test organisms. 
4) the controls. 
For data that are not dichotomous (i.e., for count and 
continuous data), the metal in the controls and in the 
treatments that define the concentration-effect curve 
must be measured; measurement of the concentrations of 
metals in other treatments is desirable. 

d. In each treatment in which the concentration of metal 
is to be measured, both the total recoverable and 
dissolved concentrations must be measured: 
1) Samples must be taken for measurement of total 

recoverable metal once for a static test, and once 
for each renewal for renewal tests; in renewal 
tests, the samples are to be taken after the 
organisms have been transferred to the new test 
solutions. When total recoverable metal is measured 
in a test chamber, the whole solution in the chamber 
must be mixed before the sample is taken for 
analysis; the solution in the test chamber must not 
be acidified before the sample is taken. The sample 
must be acidified after it is placed in the sample 
container. 

2) Dissolved metal must be measured at the beginning 
and end of each static test; in a renewal test, the 
dissolved metal must be measured at the beginning of 
the test and just before the solution is renewed the 
first time. When dissolved metal is measured in a 
test chamber, the whole solution in the test chamber 
must be mixed before a sufficient amount is removed 
for filtration; the solution in the test chamber 
must not be acidified before the sample is taken. 
The sample must be filtered within one hour after it 
is taken, and the filtrate must be acidified after 
filtration. 

56 



5. Replicates, matrix spikes, and other QA/QC checks must be 
performed as required by the U.S. EPA (1983a,1991c). 

I. Calculating and Interpreting the Results 

1. To prevent roundoff error in subsequent calculations, at 
least four significant digits must be retained in all 
endpoints, WERs, and FWERs. This requirement is not based 
on mathematics or statistics and does not reflect the 
precision of the value; its purpose is to minimize concern 
about the effects of rounding off on a site-specific 
criterion. All of these numbers are intermediate values 
in the calculation of permit limits and should not be 
rounded off as if they were values of ultimate concern. 

2. Evaluate the acceptability of each toxicity test 
individually. 
a. If the procedures used deviated from those specified 

above, particularly in terms of acclimation, 
randomization, temperature control, measurement of 
metal, and/or disease or disease-treatment, the test 
should be rejected; if deviations were numerous and/or 
substantial, the test must be rejected. 

b. Most tests are unacceptable if more than 10 percent of 
the organisms in the controls were adversely affected, 
but the limit is higher for some tests; for the tests 
recommended in Appendix I, the references given should 
be consulted. 

C. If an LC50 or EC50 is to be calculated: 
1) The percent of the organisms that were adversely 

affected must have been less than 50 percent, and 
should have been less than 37 percent, in at least 
one treatment other than the control. 

2) In laboratory dilution water the percent of the 
organisms that were adversely affected must have 
been greater than 50 percent, and should have been 
greater than 63 percent, in at least one treatment. 
In site water the percent of the organisms that were 
adversely affected should have been greater than 63 
percent in at least one treatment. (The LC50 or 
EC50 may be a "greater than" or "less than" value in 
site water, but not in laboratory dilution water.) 

3) If there was an inversion in the data (i.e., if a 
lower concentration killed or affected a greater 
percentage of the organisms than a higher 
concentration), it must not have involved more than 
two concentrations that killed or affected between 
20 and 80 percent of the test organisms. 

If an endpoint other than an LC50 or EC50 is used or if 
Abbott's formula is used, the above requirements will 
have to be modified accordingly. 
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d. Determine whether there was anything unusual about the 
test results that would make them questionable. 

e. If solutions were not renewed every 24 hours, the 
concentration of dissolved metal muat not have 
decreased by more than 50 percent from the beginning to 
the end of a static test or from the beginning to the 
end of a renewal in a renewal test in test 
concentrations that were used in the calculation of the 
results of the test. 

3. Determine whether the effects, symptoms, and time course 
of toxicity was the same in the side-by-side tests in the 
site water and the laboratory dilution water. For 
example, did mortality occur in one acute test, but 
immobilization in the other? Did most deaths occur before 
24 hours in one test, but after 24 hours in the other? In 
sublethal tests, was the most sensitive effect the same in 
both tests? If the effects, symptoms, and/or time course 
of toxicity were different, it might indicate that the 
test is questionable or that additivity, synergism, or 
antagonism occurred in site water. Such information might 
be particularly useful when comparing tests that produced 
unusually low or high WERs with tests that produced 
moderate WERs. 

4. Calculate the results of each test: 
a. If the data for the most sensitive effect are 

dichotomous, the endpoint muet be calculated as a LC50, 
EC50, LC25, EC25, etc., using methods described by the 
U.S. EPA (1993a) or ASTM (1993a). If two or more 
treatments affected between 0 and 100 percent in both 
tests in a side-by-side pair, probit analysis must be 
used to calculate results of both tests, unless the 
probit model is rejected by the goodness of fit test in 
one or both of the acute tests. If probit analysis 
cannot be used, either because fewer than two 
percentages are between 0 and 100 percent or because 
the model does not fit the data, computational 
interpolation must be used (see Figure 5); graphical 
interpolation must not be used. 
1) The same endpoint (LC50, EC25, etc.) and the same 

computational method muet be used for both tests 
used in the calculation of a WER. 

2) The selection of the percentage used to define the 
endpoint might be influenced by the percent effect 
that occurred in the tests and the correspondence 
with the CCC and/or CMC. 

3) If no treatment killed or affected more than 50 
percent of the test organisms and the test was 
otherwise acceptable, the LC50 or EC50 should be 
reported to be greater than the highest test 
concentration. 
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4) If no treatment other than the control killed or 
affected less than 50 percent of the test organisms 
and the test was otherwise acceptable, the LC50 or 
EC50 should be reported to be less than the lowest 
test concentration. 

b. If the data for the most sensitive effect are not 
dichotomous, the endpoint must be calculated using a 
regression-type method (Hoekstra and Van Ewijk 1993; 
Stephan and Rogers 1985), such as linear interpolation 
(U.S. EPA 1993b,c) or a nonlinear regression method 
(Barnthouse et al. 1987; Suter et al. 1987; Bruce and 

Versteeg 1992). The selection of the percentage used 
to define the endpoint might be influenced by the 
percent effect that occurred in the tests and the 
correspondence with the CCC and/or CMC. The endpoints 
in the side-by-side tests must be based on the same 
amount of the same adverse effect so that the WER is a 
ratio of identical endpoints. The same computational 
method must be used for both tests used in the 
calculation of the WER. 

C. Both total recoverable and dissolved results should be 
calculated for each test. 

d. Results should be based on the time-weighted average 
measured metal concentrations (see Figure 6). 

5. The acceptability of the laboratory dilution water must be 
evaluated by comparing results obtained with two sensitive 
tests using the laboratory dilution water with results 
that were obtained using a comparable laboratory dilution 
water in one or more other laboratories (see sections 
C.3.b and F.5). 
a. If, after taking into account any known effect of 

hardness on toxicity, the new values for the endpoints 
of both of the tests are (1) more than a factor of 1.5 
higher than the respective means of the values from the 
other laboratories or (2) more than a factor of 1.5 
lower than the respective means of values from the 
other laboratories or (3) lower than the respective 
lowest values available from other laboratories or (4) 
higher than the respective highest values available 
from other laboratories, the new and old data must be 
carefully evaluated to determine whether the laboratory 
dilution water used in the WER determination was 
acceptable. For example, there might have been an 
error in the chemical measurements, which might mean 
that the results of all tests performed in the WER 
determination need to be adjusted and that the WER 
would not change. It is also possible that the metal 
is more or less toxic in the laboratory dilution water 
used in the WER determination. Further, if the new 
data were based on measured concentrations but the old 
data were based on nominal concentrations, the new data 
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should probably be considered to be better than the 
old. Evaluation of results of any other toxicity tests 
on the same or a different metal using the same 
laboratory dilution water might be useful. 

b. If, after taking into account any known effect of 
hardness on toxicity, the new values for the endpoints 
of the two tests are not either both hisher or both 
lower in comparison than data from other laboratories 
(as per section a above) and if both of the new values 
are within a factor of 2 of the respective means of the 
previously available values or are within the ranges of 
the values, the laboratory dilution water used in the 
WER determination is acceptable. 

C. A control chart approach may be used if sufficient data 
are available. 

d. If the comparisons do not indicate that the laboratory 
dilution water, test method, etc., are acceptable, the 
tests probably should be considered unacceptable, 
unless other toxicity data are available to indicate 
that they are acceptable. 

Comparison of results of tests between laboratories 
provides a check on all aspects of the test procedure; the 
emphasis here is on the quality of the laboratory dilution 
water because all other aspects of the side-by-side tests 
on which the WER is based must be the same, except 
possibly for the concentrations of metal used and the 
acclimation just prior to the beginning of the tests. 

6. If all the necessary tests and the laboratory dilution 
water are acceptable, a WER muet be calculated by dividing 
the endpoint obtained using site water by the endpoint 
obtained using laboratory dilution water. 
a. If both a primary test and a secondary test were 

conducted using both waters, WERs must be calculated 
for both tests. 

b. Both total recoverable and dissolved WERs must be 
calculated. 

C. If the detection limit of the analytical method used to 
measure the metal is above the endpoint in laboratory 
dilution water, the detection limit must be used as the 
endpoint, which will result in a lower WER than would 
be obtained if the actual concentration had been 
measured. If the detection limit of the analytical 
method used is above the endpoint in site water, a WER 
cannot be determined. 

7. Investigation of the WER. 
a. The results of the chemical measurements of hardness, 

alkalinity, pH, TSS, TOC, total recoverable metal, 
dissolved metal, etc., on the effluent and the upstream 
water should be examined and compared with previously 
available values for the effluent and upstream water, 
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respectively, to determine whether the samples were 
representative and to get some indication of the 
variability in the composition, especially as it might 
affect the toxicity of the metal and the WER, and to 
see if the WER correlates with one or more of the 
measurements. 

b. The WERs obtained with the primary and secondary tests 
should be compared to determine whether the WER 
obtained with the secondary test confirmed the WER 
obtained with the primary test. Equally sensitive 
tests are expected to give WERs that are similar (e.g., 
within a factor of 3), whereas a test that is less 
sensitive will probably give a smaller WER than a more 
sensitive test (see Appendix D). Thus a WER obtained 
with a primary test is considered confirmed if either 
or both of the following are true: 
1) the WERs obtained with the primary and secondary 

tests are within a factor of 3. 
2) the test, regardless of whether it is the primary or 

secondary test, that gives a higher endpoint in the 
laboratory dilution water also gives the larger WER. 

If the WER obtained with the secondary test does not 
confirm the WER obtained with the primary test, the 
results should be investigated. In addition, WERs 
probably should be determined using both tests the next 
time samples are obtained and it would be desirable to 
determine a WER using a third test. It is also 
important to evaluate what the results imply about the 
protectiveness of any proposed site-specific criterion. 

C. If the WER is larger than 5, it should be investigated. 
1) If the endpoint obtained using the laboratory 

dilution water was lower than previously reported 
lowest value or was more than a factor of two lower 
than an existing Species Mean Acute Value in a 
criteria document, additional tests in the 
laboratory dilution water are probably desirable. 

2) If a total recoverable WER was larger than 5 but the 
dissolved WER was not, is the metal one whose WER is 
likely to be affected by TSS and/or TOC and was the 
concentration of TSS and/or TOC high? Was there a 
substantial difference between the total recoverable 
and dissolved concentrations of the metal in the 
downstream water? 

3) If both the total recoverable and dissolved WERs 
were larger than 5, is it likely that there is 
nontoxic dissolved metal in the downstream water? 

d. The adverse effects and the time-course of effects in 
the side-by-side tests should be compared. If they are 
different, it might indicate that the site-water test 
is questionable or that additivity, synergism, or 
antagonism occurred in the site water. This might be 
especially important if the WER obtained with the 
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secondary test did not confirm the WER obtained with 
the primary test or if the WER was very large or small. 

8. If at least one WER determined with the primary test was 
confirmed by a WER that was simultaneously determined with 
the secondary test, the cmcFWER and/or the cccFWER should 
be derived as described in section A.5. 

9. All data generated during the determination of the WER 
should be examined to see if there are any implications 
for the national or site-specific aquatic life criterion. 
a. If there are data for a species for which data were not 

previously available or unusual data for a species for 
which data were available, the national criterion might 
need to be revised. 

b. If the primary test gives an LC50 or EC50 in laboratory 
dilution water that is the same as the national CMC, 
the resulting site-specific CMC should be similar to 
the ~C50 that was obtained with the primary test using 
downstream water. Such relationships might serve as a 
check on the applicability of the use of WERs. 

C. If data indicate that the site-specific criterion would 
not adequately protect a critical species, the site- 
specific criterion probably should be lowered. 

J. Reporting the Results 

A report of the experimental determination of a WER to the 
appropriate regulatory authority must include the following: 
1. Name(s) of the investigator(s), name and location of the 

laboratory, and dates of initiation and termination of the 
tests. 

2. A description of the laboratory dilution water, including 
source, preparation, and any demonstrations that an 
aquatic species can survive, grow, and reproduce in it. 

3. The name, location, and description of the discharger, a 
description of the effluent, and the design flows of the 
effluent and the upstream water. 

4. A description of each sampling station, date, and time, 
with an explanation of why they were selected, and the 
flows of the upstream water and the effluent at the time 
the samples were collected. 

5. The procedures used to obtain, transport, and store the 
samples of the upstream water and the effluent. 

6. Any pretreatment, such as filtration, of the effluent, 
site water, and/or laboratory dilution water. 

7. Results of all chemical and physical measurements on 
upstream water, effluent, actual and/or simulated 
downstream water, and laboratory dilution water, including 
hardness (or salinity), alkalinity, pH, and concentrations 
of total recoverable metal, dissolved metal, TSS, and TOC. 
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8. Description of the experimental design, test chambers, 
depth and volume of solution in the chambers, loading and 
lighting, and numbers of organisms and chambers per 
treatment. 

9. Source and grade of the metallic salt, and how the stock 
solution was prepared, including any acids or bases used. 

10. Source of the test organisms, scientific name and how 
verified, age, life stage, means and ranges of weights 
and/or lengths, observed diseases, treatments, holding and 
acclimation procedures, and food. 

11. The average and range of the temperature, pH, hardness (or 
salinity), and the concentration of dissolved oxygen (as % 
saturation and as mg/L) during acclimation, and the method 
used to measure them. 

12. The following must be presented for each toxicity test: 
a. The average and range of the measured concentrations of 

dissolved oxygen, as % saturation and as mg/L. 
b. The average and range of the test temperature and the 

method used to measure it. 
C. The schedule for taking samples of test solutions and 

the methods used to obtain, prepare, and store them. 
d. A summary table of the total recoverable and dissolved 

concentrations of the metal in each treatment, 
including all controls, in which they were measured. 

e. A summary table of the values of the toxicological 
variable(s) for each treatment, including all controls, 
in sufficient detail to allow an independent 
statistical analysis of the data. 

f. The endpoint and the method used to calculate it. 
g* Comparisons with other data obtained by conducting the 

same test on the same metal using laboratory dilution 
water in the same and different laboratories; such data 
may be from a criteria document or from another source. 

h. Anything unusual about the test, any deviations from 
the procedures described above, and any other relevant 
information. 

13. All differences, other than the dilution water and the 
concentrations of metal in the test solutions, between the 
side-by-side tests using laboratory dilution water and 
site water. 

14. Comparison of results obtained with the primary and 
secondary tests. 

15. The WER and an explanation of its calculation. 

A report of the derivation of a FWER must include the 
following: 
1. A report of the determination of each WER that was 

determined for the derivation of the FWER; all WERs 
determined with secondary tests must be reported along 
with all WERs that were determined with the primary test. 
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2. The design flow of the upstream water and the effluent and 
the hardness used in the derivation of the permit limits, 
if the criterion for the metal is hardness-dependent. 

3. A summary table must be presented that contains the 
following for each WER that was derived: 
a. the value of the WER and the two endpoints from which 

it was calculated. 
b. the hWER calculated from the WER. 
C. the test and species that was used. 
d. the date the samples of effluent and site water were 

collected. 
e. the flows of the effluent and upstream water when the 

samples were taken. 
f. the following information concerning the laboratory 

dilution water, effluent, upstream water, and actual 
and/or simulated downstream water: hardness (salinity), 
alkalinity, pH, and concentrations of total recoverable 
metal, dissolved metal, TSS, and TOC. 

4. A detailed explanation of how the FWER was derived from 
the WERs that are in the summary table. 
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METHOD 2: DETERMINING cccWERS FOR AREAS AWAY FROM PLUMES 

Method 2 might be viewed as a simple process wherein samples of 
site water are obtained from locations within a large body of 
fresh or salt water (e.g., an ocean or a large lake, reservoir, 
or estuary), a WER is determined for each sample, and the FWER is 
calculated as the geometric mean of some or all of the WERs. In 
reality, Method 2 is not likely to produce useful results unless 
substantial resources are devoted to planning and conducting the 
study. Most sites to which Method 2 is applied will have long 
retention times, complex mixing patterns, and a number of 
dischargers. Because metals are persistent, the long retention 
times mean that the sites are likely to be defined to cover 
rather large areas; thus such sites will herein be referred to 
generically as "large sites". Despite the differences between 
them, all large sites require similar special considerations 
regarding the determination of WERs. Because Method 2 is based 
on samples of actual surface water (rather than simulated surface 
water), no sample should be taken in the vicinity of a plume and 
the method should be used to determine cccWERs, not cmcWERs. If 
WERs are to be determined for more than one metal, Appendix F 
should be read. 

Method 2 uses many of the same methodologies as Method 1, such as 
those for toxicity tests and chemical analyses. Because the 
sampling plan is crucial to Method 2 and the plan has to be based 
on site-specific considerations, this description of Method 2 
will be more qualitative than the description of Method 1. 

Method 2 is based on use of actual surface water samples, but use 
of simulated surface water might provide information that is 
useful for some purposes: 
1. It might be desirable to compare the WERs for two discharges 

that contain the same metal. This might be accomplished by 
selecting an appropriate dilution water and preparing two 
simulated surface waters, one that contains a known 
concentration of one effluent and one that contains a known 
concentration of the other effluent. The relative magnitude 
of the two WERs is likely to be more useful than the absolute 
values of the WERs themselves. 

2. It might be desirable to determine whether the eWER for a 
particular effluent is additive with the WER of the site water 
(see Appendix G). This can be studied by determining WERs for 
several different known concentrations of the effluent in site 
water. 

3. An event such as a rain might affect the WER because of a 
change in the water quality, but it might also reduce the WER 
just by dilution of refractory metal or TSS. A proportional 
decrease in the WER and in the concentration of the metal 
(such as by dilution of refractory metal) will not result in 
underprotection; if, however, dilution decreases the WER 
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proportionally more than it decreases the concentration of 
metal in the downstream water, underprotection is likely to 
occur. This is essentially a determination of whether the WER 
is additive when the effluent is diluted with rain water (see 
Appendix G). 

4. An event that increases TSS might increase the total 
recoverable concentration of the metal and the total 
recoverable WER without having much effect on either the 
dissolved concentration or the dissolved WER. 

In all four cases, the use of simulated surface water is useful 
because it allows for the determination of WERs using known 
concentrations of effluent. 

An important step in the determination of any WER is to define 
the area to be included in the site. The major principle that 
should be applied when defining the area is the same for all 
sites: The site should be neither too small nor too large. If 
the area selected is too small, permit limits might be 
unnecessarily controlled by a criterion for an area outside the 
site, whereas too large an area might unnecessarily incorporate 
spatial complexities that are not relevant to the discharge(s) of 
concern and thereby unnecessarily increase the cost of 
determining the WER. Applying this principle is likely to be 
more difficult for large sites than for flowing-water sites. 

Because WERs for large sites will usually be determined using 
actual, rather than simulated, surface water, there are five 
major considerations regarding experimental design and data 
analysis: 

1. Total recoverable WERs at large sites might vary so much 
across time, location, and depth that they are not very 
useful. An assumption should be developed that an 
appropriately defined WER will be much more similar across 
time, location, and depth within the site than will a total 
recoverable WER. If such an assumption cannot be used, it is 
likely that either the FWER will have to be set equal to the 
lowest WER and be overprotective for most of the site or 
separate site-specific criteria will have to be derived for 
two or more sites. 
a. One assumption that is likely to be worth testing is that 

the dissolved WER varies much less across time, location, 
and depth within a site than the total recoverable WER. If 
the assumption proves valid, a dissolved WER can be applied 
to a dissolved national water quality criterion to derive a 
dissolved site-specific water quality criterion that will 
apply to the whole site. 

b. A second assumption that might be worth testing is that the 
WER correlates with a water quality characteristic such as 
TSS or TOC across time, location, and depth. 

C. Another assumption that might be worth testing is that the 
dissolved and/or total recoverable WER is mostly due to 
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nontoxic metal rather than to a water quality 
characteristic that reduces toxicity. If this is true and 
if there is variability in the WER, the WER will correlate 
with the concentration of metal in the site water. This is 
similar to the first assumption, but this one can allow use 
of both total recoverable and dissolved WERs, whereas the 
first one only allows use of a dissolved WER. 

If WERs are too variable to be useful and no way can be found 
to deal with the variability, additional sampling will 
probably be required in order to develop a WER and/or a site- 
specific water quality criterion that is either (a) spatially 
and/or temporally dependent or (b) constant and 
environmentally conservative for nearly all conditions. 

2. An experimental design should be developed that tests whether 
the assumption is of practical value across the range of 
conditions that occur at different times, locations, and 
depths within the site. Each design has to be formulated 
individually to fit the specific site. The design should try 
to take into account the times, locations, and depths at which 
the extremes of the physical, chemical, and biological 
conditions occur within the site, which will require detailed 
information concerning the site. In addition, the 
experimental design should balance available resources with 
the need for adequate sampling. 
a. Selection of the number and timing of sampling events 

should take into account seasonal, weekly, and daily 
considerations. Intensive sampling should occur during the 
two most extreme seasons, with confirmatory sampling during 
the other two seasons. Selection of the day and time of 
sample collection should take into account the discharge 
schedules of the major industrial and/or municipal 
discharges. For example, it might be appropriate to 
collect samples during the middle of the week to allow for 
reestablishment of steady-state conditions after shutdowns 
for weekends and holidays; alternatively, end-of-the-week 
slug discharges are routine in some situations. In coastal 
sites, the tidal cycle might be important if facilities 
discharge, for example, over a four-hour period beginning 
at slack high tide. Because the highest concentration of 
effluent in the surface water probably occurs at ebb tide, 
determination of WERs using site water samples obtained at 
this time might result in inappropriately large WERs that 
would result in underprotection at other times; samples 
with unusually large WERs might be especially useful for 
testing assumptions. The importance of each consideration 
should be determined on a case-by-case basis. 

b. Selection of the number and locations of stations to be 
sampled within a sampling event should consider the site as 
a whole and take into account sources of water and 
discharges, mixing patterns, and currents (and tides in 
coastal areas). If the site has been adequately 
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characterized, an acceptable design can probably be 
developed using existing information concerning (1) sources 
of the metal and other pollutants and (2) the spatial and 
temporal distribution of concentrations of the metal and 
water quality factors that might affect the toxicity of the 
metal. Samples should not be taken within or near mixing 
zones or plumes of dischargers; dilution models (U.S. EPA 
1993) and dye dispersion studies (Kilpatrick 1992) can 
indicate areas that should definitely be avoided. Maps, 
current charts, hydrodynamic models, and water quality 
models used to allocate waste loads and derive permit 
limits are likely to be helpful when determining when and 
where to obtain site-water samples. Available information 
might provide an indication of the acceptability of site 
water for testing selected species. The larger and more 
complex the site, the greater the number of sampling 
locations that will be needed. 

C. In addition to determining the horizontal location of each 
sampling station, the vertical location (i.e., depth) of 
the sampling point needs to be selected. Known mixing 
regimes, the presence of vertical stratification of TSS 
and/or salinity, concentration of metal, effluent plumes, 
tolerance of test species, and the need to obtain samples 
of site water that span the range of site conditions should 
be considered when selecting the depth at which the sample 
is to be taken. Some decisions concerning depth cannot be 
made until information is obtained at the time of sampling; 
for example, a conductivity meter, salinometer, or 
transmissometer might be useful for determining where and 
at what depth to collect samples. Turbidity might 
correlate with TSS and both might relate to the toxicity of 
the metal in site water; salinity can indicate whether the 
test organisms and the site water are compatible. 

Because each site is unique, specific guidance cannot be given 
here concerning either the selection of the appropriate number 
and locations of sampling stations within a site or the 
frequency of sampling. All available information concerning 
the site should be utilized to ensure that the times, 
locations, and depths of samples span the range of water 
quality characteristics that might affect the toxicity of the 
metal: 

a. High and low concentrations of TSS. 
b. High and low concentrations of effluents. 
C. Seasonal effects. 
d. The range of tidal conditions in saltwater situations. 

The sampling plan should provide the data needed to allow an 
evaluation of the usefulness of the assumption(s) that the 
experimental design is intended to test. Statisticians should 
play a key role in experimental design and data analysis, but 
professional judgment that takes into account pertinent 
biological, chemical, and toxicological considerations is at 
least as important as rigorous statistical analysis when 
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interpreting the data and determining the degree to which the 
data correspond to the assumption(s). 

3. The details of each sampling design should be formulated with 
the aid of people who understand the site and people who have 
a working knowledge of WERs. Because of the complexity of 
designing a WER study for large sites, the design team should 
utilize the combined expertise and experience of individuals 
from the appropriate EPA Region, states, municipalities, 
dischargers, environmental groups, and others who can 
constructively contribute to the design of the study. 
Building a team of cooperating aquatic toxicologists, aquatic 
chemists, limnologists, oceanographers, water quality 
modelers, statisticians, individuals from other key 
disciplines, as well as regulators and those regulated, who 
have knowledge of the site and the site-specific procedures, 
is central to success of the derivation of a WER for a large 
site. Rather than submitting the workplan to the appropriate 
regulatory authority (and possibly the Water Management 
Division of the EPA Regional Office) for comment at the end, 
they should be members of the team from the beginning. 

4. Data from one sampling event should always be analyzed prior 
to the next sampling event with the goal of improving the 
sampling design as the study progresses. For example, if the 
toxicity of the metal in surface water samples is related to 
the concentration of TSS, a water quality characteristic such 
as turbidity might be measured at the time of collection of 
water samples and used in the selection of the concentrations 
to be used in the WER toxicity tests in site water. At a 
minimum, the team that interprets the results of one sampling 
event and plans the next should include an aquatic 
toxicologist, a metals chemist, a statistician, and a modeler 
or other user of the data. 

5. The final interpretation of the data and the derivation of the 
FWER(s) should be performed by a team. Sufficient data are 
likely to be available to allow a quantitative estimate of 
experimental variation, differences between species, and 
seasonal differences. It will be necessary to decide whether 
one site-specific criterion can be applied to the whole area 
or whether separate site-specific criteria need to be derived 
for two or more sites. The interpretation of the data might 
produce two or more alternatives that the appropriate 
regulatory authority could subject to a cost-benefit analysis. 

Other aspects of the determination of a WER for a large site are 
likely to be the same as described for Method 1. For example: 
a. WERs should be determined using two or more sensitive species; 

the suggestions given in Appendix I should be considered when 
selecting the tests and species to be used. 
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b. Chemical analyses of site water, laboratory dilution water, 
and test solutions should follow the requirements for the 
specific test used and those given in this document. 

c. If tests in many surface water samples are compared to one 
test in a laboratory dilution water, it is very important that 
that one test be acceptable. Use of (1) rangefinding tests, 
(2) additional treatments beyond the standard five 
concentrations plus controls, and (3) dilutions that are 
functions of the known concentration-effect relationships 
obtained with the toxicity test and metal of concern will help 
ensure that the desired endpoints and WERs can be calculated. 

d. Measurements of the concentrations of both total recoverable 
and dissolved metal should be targeted to the test 
concentrations whose data will be used in the calculation of 
the endpoints. 

e. Samples of site water and/or effluent should be collected, 
handled, and transported so that the tests can begin as soon 
as is feasible. 

f. If the large site is a saltwater site, the considerations 
presented in Appendix H ought to be given attention. 
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Figure 2: Calculating an Adjusted Geometric Mean 

Where n = the number of experimentally determined WERs in a set, 
the "adjusted geometric mean" of the set is calculated as 
follows: 

a. Take the logarithm of each of the WERs. The logarithms can be 
to any base, but natural logarithms (base e) are preferred for 
reporting purposes. 

b. Calculate X = the arithmetic mean of the logarithms. 
C. Calculate s = the sample standard deviation of the 

logarithms: 

.S= J 
(x - x 12 

n-l * 

d. Calculate SE = the standard error of the arithmetic mean: 
SE = s/fi . 

e. Calculate A = ? - (t,,,) (SE), where to,, is the value of Student's 
t statistic for a one-sided probability of 0.70 with n - 1 
degrees of freedom. The values of to,, for some common 
degrees of freedom (df) are: 

1 0.727 
2 0.617 
3 0.584 
4 0.569 

5 0.559 
6 0.553 
7 0.549 
8 0.546 

9 0.543 
10 0.542 
11 0.540 
12 0.539 

The values of to,, for more degrees of freedom are available, 
for example, on page T-5 of Natrella (1966). 

f. Take the antilogarithm of A. 

This adjustment of the geometric mean accounts for the fact that 
the means of fifty percent of the sets of WERs are expected to be 
higher than the actual mean; using the one-sided value of t for 
0.70 reduces the percentage to thirty. 
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Figure 3: An Example Derivation of a FWER 

This example assumes that cccWERs were determined monthly using 
simulated downstream water that was prepared by mixing upstream 
water with effluent at the ratio that existed when the samples 
were obtained. Also, the flow of the effluent is always 10 cfs, 
and the design flow of the upstream water is 40 cfs. (Therefore, 
the downstream flow at design-flow conditions is 50 cfs.) The 
concentration of metal in upstream water at design flow is 0.4 
w/L, and the CCC is 2 ug/L. Each FWER is derived from the WERs 
and hWERs that are available through that month. 

Month 

March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 

eFLOW uFLOW uCONC 
(cfs) (cfs) 0 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

850 0.8 5.2" 826.4 
289 0.6 6.0' 341.5 
300 0.6 5.8' 341.6 
430 0.6 5.7= 475.8 
120 0.4 7.0= 177.2 

85 0.4 10.5= 196.1 
40 0.4 12.0e 118.4 
45 0.4 11.0= 119.2 

150 0.4 7.5c 234.0 
110 0.4 3.5= 79.6 
180 0.6 6.9' 251.4 
244 0.6 6.1' 295.2 

WER HCME 
0 

hWER FWER 

82.80 l.ob 
34.31 1. Ob 
34.32 l.ob 
47.74 5.7* 
17.88 5.7* 
19.77 6.80' 
12.00 10.6gg 
12.08 10.889 
23.56 10.889 

8.12 8.12h 
25.30 8.12h 
29.68 8.12h 

Neither Type 1 nor Type 2; the downstream flow (i.e., the sum 
of the eFLOW and the uFLOW) is > 500 cfs. 
The total number of available Type 1 and Type 2 WERs is less 
than 3. 
A Type 2 WER; the downstream flow is between 100 and 500 cfs. 
No Type 1 WER is available; the FWER is the lower of the 
lowest Type 2 WER and the lowest hWER. 
A Type 1 WER; the downstream flow is between 50 and 100 cfs. 
One Type 1 WER is available; the FWER is the geometric mean of 
all Type 1 and Type 2 WERs. 
Two or more Type 1 WERs are available and the range is less 
than a factor of 5; the FWER is the adjusted geometric mean 
(see Figure 2) of the Type 1 WERs, because all the hWERs are 
higher. 
Two or more Type 1 WERs are available and the range is not 
greater than a factor of 5; the FWER is the lowest hWER 
because the lowest hWER is lower than the adjusted geometric 
mean of the Type 1 WERs. 
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Figure 4: Reducing the Impact of Experimental Variation 

When the FWER is the lowest of, for example, three WERs, the 
impact of experimental variation can be reduced by conducting 
additional primary tests. If the endpoint of the secondary test 
is above the CMC or CCC to which the FWER is to be applied, the 
additional tests can also be conducted with the secondary test. 

Month 

April 
May 
June 

Lowest 

Case 1 

(Primary 
Test) 

4.801 
2.552 
9.164 

2.552 

(Primary 
Test) 

4.801 
2.552 
9.164 

Case 2 

(Primary Geometric 
Test) Mean 

3.565 4.137 
4.190 3.270 
6.736 7.857 

3.270 

Month 

April 
May 
June 

Lowest 

Case 3 Case 4 

(Primary (Second. Geo. (Primary (Second. Geo . 
Test) Test) Mean Test) Test) Mean 

4.801 3.163 3.897 4.801 3.163 3.897 
2.552 5.039 3.586 2.552 2.944 2.741 
9.164 7.110 8.072 9.164 7.110 8.072 

3.586 2.741 

Case 1 uses the individual WERs obtained with the primary test 
for the three months, and the FWER is the lowest of the three 
WERs. In Case 2, duplicate primary tests were conducted in each 
month, so that a geometric mean could be calculated for each 
month; the FWER is the lowest of the three geometric means. 

In Cases 3 and 4, both a primary test and a secondary test were 
conducted each month and the endpoints for both tests in 
laboratory dilution water are above the CMC or CCC to which the 
FWER is to be applied. In both of these cases, therefore, the 
FWER is the lowest of the three geometric means. 

The availability of these alternatives does not mean that they 
are necessarily cost-effective. 
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Figure 5: Calculating an LCSO (or SC501 by Interpolation 

When fewer than two treatments kill some but not all of the 
exposed test organisms, a statistically sound estimate of an LC5O 
cannot be calculated. Some programs and methods produce LCSOs 
when there are fewer than two "partial kills", but such results 
are obtained using interpolation, not statistics. If (a) a test 
is otherwise acceptable, (b) a sufficient number of organisms are 
exposed to each treatment, and (c) the concentrations are 
sufficiently close together, a test with zero or one partial kill 
can provide all the information that is needed concerning the 
LC50. An LC50 calculated by interpolation should probably be 
called an "approximate LC50" to acknowledge the lack of a 
statistical basis for its calculation, but this does not imply 
that such an LC50 provides no useful toxicological information. 
If desired, the binomial test can be used to calculate a 
statistically sound probability that the true LC50 lies between 
two tested concentrations (Stephan 1977). 

Although more complex interpolation methods can be used, they 
will not produce a more useful LC50 than the method described 
here. Inversions in the data between two test concentrations 
should be removed by pooling the mortality data for those two 
concentrations and calculating a percent mortality that is then 
assigned to both concentrations. Logarithms to a base other than 
10 can be used if desired. If Pl and P2 are the percentages of 
the test organisms that died when exposed to concentrations Cl 
and C2, respectively, and if Cl < c2, Pl < P2, 0 s Pl + 50, 

and 50 s P2 5 100, then: 

p= 50 - Pl 
P2 - Pl 

c = Log Cl + PiLog c2 - Log Cl) 

LC50 = loc 

If Pl = 0 and P2 = 100, LCSO = JICll (C2) . 
If Pl = P2 = 50, LCSO = JCCI, cc21 . 
If Pl = 50, LC50 = Cl. 
If P2 = 50, LC50 = c2. 
If Cl = 4 mg/L, C2 = 7 mg/L, Pl = 15 %, and P2 = 100 %, 

then LC50 = 5.036565 mg/L. 

Besides the mathematical requirements given above, the following 
toxicological recommendations are given in sections G.8 and 1.2: 

0.65 < Cl/C2 < 0.99. 
t: 0 5 Pl c 37. 
c. 63 < P2 s 100. 
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Figure 6: Calculating a Time-Weighted Average 

If a sampling plan (e.g., for measuring metal in a treatment in a 
toxicity test) is designed so that a series of values are 
obtained over time in such a way that each value contains the 
same amount of information (i.e., represents the same amount of 
time), then the most meaningful average is the arithmetic 
average. In most cases, however, when a series of values is 
obtained over time, some values contain more information than 
others; in these cases the most meaningful average is a time- 
weighted average (TWA). If each value contains the same amount 
of information, the arithmetic average will equal the TWA. 

A TWA is obtained by multiplying each value by a weight and then 
dividing the sum of the products by the sum of the weights. The 
simplest approach is to let each weight be the duration of time 
that the sample represents. Except for the first and last 
samples, the period of time represented by a sample starts 
halfway to the previous sample and ends halfway to the next 
sample. The period of time represented by the first sample 
starts at the beginning of the test, and the period of time 
represented by the last sample ends at the end of the test. Thus 
for a 96-hr toxicity test, the sum of the weights will be 96 hr. 

The following are hypothetical examples of grab samples taken 
from 96-hr flow-through tests for two common sampling regimes: 

Sampling Cont. Weight Product Time-weighted average 
time (hr) (ms/L) (hr) (hr) (ms/L) (ms/L) 

0 12 48 576 
96 14 48 672 

96 1248 1248/96 = 13.00 

0 8 12 96 
24 6 24 144 
48 7 24 168 
72 9 24 216 
96 8 12 96 

96 720 720/96 = 7.500 

When all the weights are the same, the arithmetic average equals 
the TWA. Similarly, if only one sample is taken, both the 
arithmetic average and the TWA equal the value of that sample. 

The rules are more complex for composite samples and for samples 
from renewal tests. In all cases, however, the sampling plan can 
be designed so that the TWA equals the arithmetic average. 
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Appendix A: Comparieon of WERe Determined Using Upstream and 
Downetretam Water 

The "Interim Guidance" concerning metals (U.S. EPA 1992) made a 
fundamental change in the way WERs should be experimentally 
determined because it changed the source of the site water. The 
earlier guidance (U.S. EPA 1983,1984) required that upstream 
water be used as the site water, whereas the newer guidance (U.S. 
EPA 1992) recommended that downstream water be used as the site 
water. The change in the source of the site water was merely an 
acknowledgement that the WER that applies at a location in a body 
of water should, when possible, be determined using the water 
that occurs at that location. 

Because the change in the source of the dilution water was 
expected to result in an increase in the magnitude of many WERs, 
interest in and concern about the determination and use of WERs 
increased. When upstream water was the required site water, it 
was expected that WERs would generally be low and that the 
determination and use of WERs could be fairly simple. After 
downstream water became the recommended site water, the 
determination and use of WERs was examined much more closely. It 
was then realized that the determination and use of upstream WERs 
was more complex than originally thought. It was also realized 
that the use of downstream water greatly increased the complexity 
and was likely to increase both the magnitude and the variability 
of many WERs. Concern about the fate of discharged metal also 
increased because use of downstream water might allow the 
discharge of large amounts of metal that has reduced or no 
toxicity at the end of the pipe. The probable increases in the 
complexity, magnitude, and variability of WERs and the increased 
concern about fate, increased the importance of understanding the 
relevant issues as they apply to WERs determined using both 
upstream water and downstream water. 

A. Characteristics of the Site Water 

The idealized concept of an upstream water is a pristine water 
that is relatively unaffected by people. In the real world, 
however, many upstream waters contain naturally occurring 
ligands, one or more effluents, and materials from nonpoint 
sources; all of these might impact a WER. If the upstream 
water receives an effluent containing TOC and/or TSS that 
contributes to the WER, the WER will probably change whenever 
the quality or quantity of the TOC and/or TSS changes. In 
such a case, the determination and use of the WER in upstream 
water will have some of the increased complexity associated 
with use of downstream water and some of the concerns 
associated with multiple-discharge situations (see Appendix 
F) . The amount of complexity will depend greatly on the 
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number and type of upstream point and nonpoint sources, the 
frequency and magnitude of fluctuations, and whether the WER 
is being determined above or below the point of complete mix 
of the upstream sources. 

Downstream water is a mixture of effluent and upstream water, 
each of which can contribute to the WER, and so there are two 
components to a WER determined in downstream water: the 
effluent component and the upstream component. The existence 
of these two components has the following implications: 
1. WERs determined using downstream water are likely to be 

larger and more variable than WERs determined using 
upstream water. 

2. The effluent component should be applied only where the 
effluent occurs, which has implications concerning 
implementation. 

3. The magnitude of the effluent component of a WER will 
depend on the concentration of effluent in the downstream 
water. (A consequence of this is that the effluent 
component will be zero where the concentration of effluent 
is zero, which is the point of item 2 above.) 

4. The magnitude of the effluent component of a WER is likely 
to vary as the composition of the effluent varies. 

5. Compared to upstream water, many effluents contain higher 
concentrations of a wider variety of substances that can 
impact the toxicity of metals in a wider variety of ways, 
and so the effluent component of a WER can be due to a 
variety of chemical effects in addition to such factors as 
hardness, alkalinity, pH, and humic acid. 

6. Because the effluent component might be due, in whole or ir 
part, to the discharge of refractory metal (see Appendix 
D) , the WER cannot be thought of simply as being caused by 
the effect of water quality on the toxicity of the metal. 

Dealing with downstream WERs is so much simpler if the 
effluent WER (eWER) and the upstream WER (uWER) are additive 
that it is desirable to understand the concept of additivity 
of WERs, its experimental determination, and its use (see 
Appendix G). 

B. The Implications of Mixing Zones. 

When WERs are determined using upstream water, the presence or 
absence of mixing zones has no impact; the cmcWER and the 
cccWER will both be determined using site water that contains 
zero percent of the effluent of concern, i.e., the two WERs 
will be determined using the same site water. 

When WERs are determined using downstream water, the magnitude 
of each WER will probably depend on the concentration of 
effluent in the downstream water used (see Appendix D). The 
concentration of effluent in the site water will depend on 
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where the sample is taken, which will not be the same for the 
cmcWER and the cccWER if there are mixing zone(s). Most, if 
not all, discharges have a chronic (CCC) mixing zone; many, 
but not all, also have an acute (CMC) mixing zone. The CMC 
applies at all points except those inside a CMC mixing zone; 
thus if there is no CMC mixing zone, the CMC applies at the 
end of the pipe. The CCC applies at all points outside the 
CCC mixing zone. It is generally assumed that if permit 
limits are based on a point in a stream at which both the CMC 
and the CCC apply, the CCC will control the permit limits, 
although the CMC might control if different averaging periods 
are appropriately taken into account. For this discussion, it 
will be assumed that the same design flow (e.g., 7QlO) is used 
for both the CMC and the CCC. 

If the cmcWER is to be appropriate for use inside the chronic 
mixing zone, but the cccWER is to be appropriate for use 
outside the chronic mixing zone, the concentration of effluent 
that is appropriate for use in the determination of the two 
WERs will not be the same. Thus even if the same toxicity 
test is used in the determination of the cmcWER and the 
cccWER, the two WERs will probably be different because the 
concentration of effluent will be different in the two site 
waters in which the WERs are determined. 

If the CMC is only of concern within the CCC mixing zone, the 
highest relevant concentration of metal will occur at the edge 
of the CMC mixing zone if there is a CMC mixing zone; the 
highest concentration will occur at the end of the pipe if 
there is no CMC mixing zone. In contrast, within the CCC 
mixing zone, the lowest cmcWER will probably occur at the 
outer edge of the CCC mixing zone. Thus the greatest level of 
protection would be provided if the cmcWER is determined using 
water at the outer edge of the CCC mixing zone, and then the 
calculated site-specific CMC is applied at the edge of the CMC 
mixing zone or at the end of the pipe, depending on whether 
there is an acute mixing zone. The cmcWER is likely to be 
lowest at the outer edge of the CCC mixing zone because of 
dilution of the effluent, but this dilution will also dilute 
the metal. If the cmcWER is determined at the outer edge of 
the CCC mixing zone but the resulting site-specific CMC is 
applied at the end of the pipe or at the edge of the CMC 
mixing zone, dilution is allowed to reduce the WER but it is 
not allowed to reduce the concentration of the metal. This 
approach is environmentally conservative, but it is probably 
necessary given current implementation procedures. (The 
situation might be more complicated if the uWER is higher than 
the eWER or if the two WERs are less-than-additive.) 

A comparable situation applies to the CCC. Outside the CCC 
mixing zone, the CMC and the CCC both apply, but it is assumed 
that the CMC can be ignored because the CCC will be more 
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restrictive. The cccWER should probably be determined for the 
complete-mix situation, but the site-specific CCC will have to 
be met at the edge of the CCC mixing zone. Thus dilution of 
the WER from the edge of the CCC mixing zone to the point of 
complete mix is taken into account, but dilution of the metal 
is not. 

If there is neither an acute nor a chronic mixing zone, both 
the CMC and the CCC apply at the end of the pipe, but the CCC 
should still be determined for the complete-mix situation. 

C. Definition of site. 

In the general context of site-specific criteria, a "site" may 
be a state, region, watershed, waterbody, segment of a 
waterbody, category of water (e.g., ephemeral streams), etc., 
but the site-specific criterion is to be derived to provide 
adequate protection for the entire site, however the site is 
defined. Thus, when a site-specific criterion is derived 
using the Recalculation Procedure, all species that "occur at 
the site" need to be taken into account when deciding what 
species, if any, are to be deleted from the dataset. 
Similarly, when a site-specific criterion is derived using a 
WER, the WER is to be adequately protective of the entire 
site. If, for example, a site-specific criterion is being 
derived for an estuary, WERs could be determined using samples 
of the surface water obtained from various sampling stations, 
which, to avoid confusion, should not be called "sites". If 
all the WERs were sufficiently similar, one site-specific 
criterion could be derived to apply to the whole estuary. If 
the WERs were sufficiently different, either the lowest WER 
could be used to derive a site-specific criterion for the 
whole estuary, or the data might indicate that the estuary 
should be divided into two or more sites, each with its own 
criterion. 

The major principle that should be applied when defining the 
area to be included in the site is very simplistic: The site 
should be neither too small nor too large. 
1. Small sites are probably appropriate for cmcWERs, but 

usually are not appropriate for cccWERs because metals are 
persistent, although some oxidation states are not 
persistent and some metals are not persistent in the water 
column. For cccWERs, the smaller the defined site, the 
more likely it is that the permit limits will be controlled 
by a criterion for an area that is outside the site, but 
which could have been included in the site without 
substantially changing the WER or increasing the cost of 
determining the WER. 

2. Too large an area might unnecessarily increase the cost of 
determining the WER. As the size of the site increases, 
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the spatial and temporal variability is likely to increase, 
which will probably increase the number of water samples in 
which WERs will need to be determined before a site- 
specific criterion can be derived. 

3. Events that import or resuspend TSS and/or TOC are likely 
to increase the total recoverable concentration of the 
metal and the total recoverable WER while having a much 
smaller effect on the dissolved concentration and the 
dissolved WER. Where the concentration of dissolved metal 
is substantially more constant than the concentration of 
total recoverable metal, the site can probably be much 
larger for a dissolved criterion than for a total 
recoverable criterion. If one criterion is not feasible 
for the whole area, it might be possible to divide it into 
two or more sites with separate total recoverable or 
dissolved criteria or to make the criterion dependent on a 
water quality characteristic such as TSS or salinity. 

4. Unless the site ends where one body of water meets another, 
at the outer edge of the site there will usually be an 
instantaneous decrease in the allowed concentration of the 
metal in the water column due to the change from one 
criterion to another, but there will not be an 
instantaneous decrease in the actual concentration of metal 
in the water column. The site has to be large enough to 
include the transition zone in which the actual 
concentration decreases so that the criterion outside the 
site is not exceeded. 

It is, of course, possible in some situations that relevant 
distant conditions (e.g., a lower downstream pH) will 
necessitate a low criterion that will control the permit 
limits such that it is pointless to determine a WER. 

When a WER is determined in upstream water, it is generally 
assumed that a downstream effluent will not decrease the WER. 
It is therefore assumed that the site can usually cover a 
rather large geographic area. 

When a site-specific criterion is derived based on WERs 
determined using downstream water, the site should not be 
defined in the same way that it would be defined if the WER 
were determined using upstream water. The eWER should be 
allowed to affect the site-specific criterion wherever the 
effluent occurs, but it should not be allowed to affect the 
criterion in places where the effluent does not occur. In 
addition, insofar as the magnitude of the effluent component 
at a point in the site depends on the concentration of 
effluent, the magnitude of the WER at a particular point will 
depend on the concentration of effluent at that point. To the 
extent that the eWER and the uWER are additive, the WER and 
the concentration of metal in the plume will decrease 
proportionally (see Appendix G1. 
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When WERs are determined using downstream water, the following 
considerations should be taken into account when the site is 
defined: 
1. If a site-specific criterion is derived using a WER that 

applies to the complete-mix situation, the upstream edge of 
the site to which this criterion applies should be the 
point at which complete mix actually occurs. If the site 
to which the complete-mix WER is applied starts at the end 
of the pipe and extends all the way across the stream, 
there will be an area beside the plume that will not be 
adequately protected by the site-specific criterion. 

2. Upstream of the point of complete mix, it will usually be 
protective to apply a site-specific criterion that was 
derived using a WER that was determined using upstream 
water. 

3. The plume might be an area in which the concentration of 
rr,etal could exceed a site-specific criterion without 
causing toxicity because of simultaneous dilution of the 
metal and the eWER. The fact that the plume is much larger 
than the mixing zone might not be important if there is no 
toxicity within the plume. As long as the concentration of 
metal in 100 "a effluent does not exceed that allowed by the 
additive portion of the eWER, from a toxicological 
standpoint neither the size nor the definition of the plume 
needs to be of concern because the metal will not cause 
toxicity within the plume. If there is no toxicity within 
the plume, the area in the plume might be like a 
traditional mixing zone in that the concentration of metal 
exceeds the site-specific criterion, but it would be 
different from a traditional mixing zone in that the level 
of protection is not reduced. 

Special considerations are likely to be necessary in order to 
take into account the eWER when defining a site related to 
multiple discharges (see Appendix F). 

D. The variability in the experimental determination of a WER. 

When a WER is determined using upstream water, the two major 
sources of variation in the WER are (a) variability in the 
quality of the site water, which might be related to season 
and/or flow, and (b) experimental variation. Ordinary day-to- 
day variation will account for some of the variability, but 
seasonal variation is likely to be more important. 

As explained in Appendix D, variability in the concentration 
of nontoxic dissolved metal will contribute to the variability 
of both total recoverable WERs and dissolved WERs; variability 
in the concentration of nontoxic particulate metal will 
contribute to the variability in a total recoverable WER, but 
not to the variability in a dissolved WER. Thus, dissolved 
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WERs are expected to be less variable than total recoverable 
WERs, especially where events commonly increase TSS and/or 
TOC. In some cases, therefore, appropriate use of analytical 
chemistry can greatly increase the usefulness of the 
experimental determination of WERs. The concerns regarding 
variability are increased if an upstream effluent contributes 
to the WER. 

When a WER is determined in downstream water, the four major 
sources of variability in the WER are (a) variability in the 
quality of the upstream water, which might be related to 
season and/or flow, (b) experimental variation, (c) 
variability in the composition of the effluent, and (d) 
variability in the ratio of the flows of the upstream water 
and the effluent. The considerations regarding the first two 
are the same as for WERs determined using upstream water; 
because of the additional sources of variability, WERs 
determined using downstream water are likely to be more 
variable than WERs determined using upstream water. 

It would be desirable if a sufficient number of WERs could be 
determined to define the variable factors in the effluent and 
in the upstream water that contribute to the variability in 
WERs that are determined using downstream water. Not only is 
this likely to be very difficult in most cases, but it is also 
possible that the WER will be dependent on interactions 
between constituents of the effluent and the upstream water, 
i.e., the eWER and uWER might be additive, more-than-additive, 
or less-than-additive (see Appendix G). When interaction 
occurs, in order to completely understand the variability of 
WERs determined using downstream water, sufficient tests would 
have to be conducted to determine the means and variances of: 

a. the effluent component of the WER. 
b. the upstream component of the WER. 
C. any interaction between the two components. 

An interaction might occur, for example, if the toxicity of a 
metal is affected by pH, and the pH and/or the buffering 
capacity of the effluent and/or the upstream water vary 
considerably. 

An increase in the variability of WERs decreases the 
usefulness of any one WER. Compensation for this decrease in 
usefulness can be attempted by determining WERs at more times; 
although this will provide more data, it will not necessarily 
provide a proportionate increase in understanding. Rather 
than determining WERs at more times, a better use of resources 
might be to obtain more information concerning a smaller 
number of specially selected occasions. 

It is likely that some cases will be so complex that achieving 
even a reasonable understanding will require unreasonable 
resources. In contrast, some WERs determined using the 
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methods presented herein might be relatively easy to 
understand if appropriate chemical measurements are performed 
when WERs are determined. 
1. If the variation of the total recoverable WER is 

substantially greater than the variation of the comparable 
dissolved WER, there is probably a variable and substantial 
concentration of particulate nontoxic metal. It might be 
advantageous to use a dissolved WER just because it will 
have less variability than a total recoverable WER. 

2. If the total recoverable and/or dissolved WER correlates 
with the total recoverable and/or dissolved concentration 
of metal in the site water, it is likely that a substantial 
percentage of the metal is nontoxic. In this case the WER 
will probably also depend on the concentration of effluent 
in the site water and on the concentration of metal in the 
effluent. 

These approaches are more likely to be useful when WERs are 
determined using downstream water, rather than upstream water, 
unless both the magnitude of the WER and the concentration of 
the metal in the upstream water are elevated by an upstream 
effluent and/or events that increase TSS and/or TOC. 

Both of these approaches can be applied to WERs that are 
determined using actual downstream water, but the second can 
probably provide much better information if it is used with 
WERs determined using simulated downstream water that is 
prepared by mixing a sample of the effluent with a sample of 
the upstream water. In this way the composition and 
characteristics of both the effluent and the upstream water 
can be determined, and the exact ratio in the downstream water 
is known. 

Use of simulated downstream water is also a way to study the 
relation between the WER and the ratio of effluent to upstream 
water at one point in time, which is the most direct way to 
test for additivity of the eWER and the uWER (see Appendix G). 
This can be viewed as a test of the assumption that WERs 
determined using downstream water will decrease as the 
concentration of effluent decreases. If this assumption is 
true, as the flow increases, the concentration of effluent in 
the downstream water will decrease and the WER will decrease. 
Obtaining such information at one point in time is useful, but 
confirmation at one or more other times would be much more 
useful. 

E. The fate of metal that has reduced or no toxicity. 

Metal that has reduced or no toxicity at the end of the pipe 
might be more toxic at some time in the future. For example, 
metal that is in the water column and is not toxic now might 
become more toxic in the water column later or might move into 
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the sediment and become toxic. If a WER allows a surface 
water to contain as much toxic metal as is acceptable, the WER 
would not be adequately protective if metal that was nontoxic 
when the WER was determined became toxic in the water column, 
unless a compensating change occurred. Studies of the fate of 
metals need to address not only the changes that take place, 
but also the rates of the changes. 

Concern about the fate of discharged metal justifiably raises 
concern about the possibility that metals might contaminate 
sediments. The possibility of contamination of sediment by 
toxic and/or nontoxic metal in the water column was one of the 
concerns that led to the establishment of EPA's sediment 
quality criteria program, which is developing guidelines and 
criteria to protect sediment. A separate program was 
necessary because ambient water quality criteria are not 
designed to protect sediment. Insofar as technology-based 
controls and water quality criteria reduce the discharge of 
metals, they tend to reduce the possibility of contamination 
of sediment. Conversely, insofar as WERs allow an increase in 
the discharge of metals, they tend to increase the possibility 
of contamination of sediment. 

When WERs are determined in upstream water, the concern about 
the fate of metal with reduced or no toxicity is usually small 
because the WERs are usually small. In addition, the factors 
that result in upstream WERs being greater than 1.0 usually 
are (a) natural organic materials such as humic acids and (b) 
water quality characteristics such as hardness, alkalinity, 
and pH. It is easy to assume that natural organic materials 
will not degrade rapidly, and it is easy to monitor changes in 
hardness, alkalinity, and pH. Thus there is usually little 
concern about the fate of the metal when WERs are determined 
in upstream water, especially if the WER is small. If the WER 
is large and possibly due at least in part to an upstream 
effluent, there is more concern about the fate of metal that 
has reduced or no toxicity. 

When WERs are determined in downstream water, effluents are 
allowed to contain virtually unlimited amounts of nontoxic 
particulate metal and nontoxic dissolved metal. It would seem 
prudent to obtain some data concerning whether the nontoxic 
metal might become toxic at some time in the future whenever 
(1) the concentration of nontoxic metal is large, (2) the 
concentration of dissolved metal is below the dissolved 
national criterion but the concentration of total recoverable 
metal is substantially above the total recoverable national 
criterion, or (3) the site-specific criterion is substantially 
above the national criterion. It would seem appropriate to: 
a. Generate some data concerning whether "fate" (i.e., 

environmental processes) will cause any of the nontoxic 
metal to become toxic due to oxidation of organic matter, 
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oxidation of sulfides, etc. For example, a WER could be 
determined using a sample of actual or simulated downstream 
water, the sample aerated for a period of time (e.g., two 
weeks), the pH adjusted if necessary, and another WER 
determined. If aeration reduced the WER, shorter and 
longer periods of aeration could be used to study the rate 
of change. 

b. Determine the effect of a change in water quality 
characteristics on the WER; for example, determine the 
effect of lowering the pH on the WER if influent lowers the 
pH of the downstream water within the area to which the 
site-specific criterion is to apply. 

C. Determine a WER in actual downstream water to demonstrate 
whether downstream conditions change sufficiently (possibly 
due to degradation of organic matter, multiple dischargers, 
etc.) to lower the WER more than the concentration of the 
metal is lowered. 

If environmental processes cause nontoxic metal to become 
toxic, it is important to determine whether the time scale 
involves days, weeks, or years. 

Summary 

When WERs are determined using downstream water, the site water 
contains effluent and the WER will take into account not only the 
constituents of the upstream water, but also the toxic and 
nontoxic metal and other constituents of the effluent as they 
exist after mixing with upstream water. The determination of the 
WER automatically takes into account any additivity, synergism, 
or antagonism between the metal and components of the effluent 
and/or the upstream water. The effect of calcium, magnesium, and 
various heavy metals on competitive binding by such organic 
materials as humic acid is also taken into account. Therefore, a 
site-specific criterion derived using a WER is likely to be more 
appropriate for a site than a national, state, or recalculated 
criterion not only because it takes into account the water 
quality characteristics of the site water but also because it 
takes into account other constituents in the effluent and 
upstream water. 

Determination of WERs using downstream water causes a general 
increase in the complexity, magnitude, and variability of WERs, 
and an increase in concern about the fate of metal that has 
reduced or no toxicity at the end of the pipe. In addition, 
there are some other drawbacks with the use of downstream water 
in the determination of a WER: 
1. It might serve as a disincentive for some dischargers to 

remove any more organic carbon and/or particulate matter than 
required, although WERs for some metals will not be related to 
the concentration of TOC or TSS. 
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If conditions change, a WER might decrease in the future. 
This is not a problem if the decrease is due to a reduction in 
nontoxic metal, but it might be a problem if the decrease is 
due to a decrease in TOC or TSS or an increase in competitive 
binding. 

. If a WER is determined when the effluent contains refractory 
metal but a change in operations results in the discharge of 
toxic metal in place of refractory metal, the site-specific 
criterion and the permit limits will not provide adequate 
protection. In most cases chemical monitoring probably will 
not detect such a change, but toxicological monitoring 
probably will. 

Use of WERs that are determined using downstream water rather 
than upstream water increases: 
1. The importance of understanding the various issues involved in 

the determination and use of WERs. 
2. The importance of obtaining data that will provide 

understanding rather than obtaining data that will result in 
the highest or lowest WER. 

3. The appropriateness of site-specific criteria. 
4. The resources needed to determine a WER. 
5. The resources needed to use a WER. 
6. The resources needed to monitor the acceptability of the 

downstream water. 
A WER determined using upstream water will usually be smaller, 
less variable, and simpler to implement than a WER determined 
using downstream water. Although in some situations a downstream 
WER might be smaller than an upstream WER, the important 
consideration is that a WER should be determined using the water 
to which it is to apply. 
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Appendix B: The Recalculation Procedure 

NOTE: The National Toxics Rule (NTR) does not allow use of the 
Recalculation Procedure in the derivation of a site- 
specific criterion. Thus nothing in this appendix applies 
to jurisdictions that are subject to the NTR. 

The Recalculation Procedure is intended to cause a site-specific 
criterion to appropriately differ from a national aquatic life 
criterion if justified by demonstrated pertinent toxicological 
differences between the aquatic species that occur at the site 
and those that were used in the derivation of the national 
criterion. There are at least three reasons why such differences 
might exist between the two sets of species. First, the national 
dataset contains aquatic species that are sensitive to many 
pollutants, but these and comparably sensitive species might not 
occur at the site. Second, a species that is critical at the 
site might be sensitive to the pollutant and require a lower 
criterion. (A critical species is a species that is commercially 
or recreationally important at the site, a species that exists at 
the site and is listed as threatened or endangered under section 
4 of the Endangered Species Act, or a species for which there is 
evidence that the loss of the species from the site is likely to 
cause an unacceptable impact on a commercially or recreationally 
important species, a threatened or endangered species, the 
abundances of a variety of other species, or the structure or 
function of the community.) Third, the species that occur at the 
site might represent a narrower mix of species than those in the 
national dataset due to a limited range of natural environmental 
conditions. The procedure presented here is structured so that 
corrections and additions can be made to the national dataset 
without the deletion process being used to take into account taxa 
that do and do not occur at the site; in effect, this procedure 
makes it possible to update the national aquatic life criterion. 

The phrase "occur at the site" includes the species, genera, 
families, orders, classes, and phyla that: 
a. are usually present at the site. 
b. are present at the site only seasonally due to migration. 
C. are present intermittently because they periodically return to 

or extend their ranges into the site. 
d. were present at the site in the past, are not currently 

present at the site due to degraded conditions, and are 
expected to return to the site when conditions improve. 

e. are present in nearby bodies of water, are not currently 
present at the site due to degraded conditions, and are 
expected to be present at the site when conditions improve. 

The taxa that "occur at the site" cannot be determined merely by 
sampling downstream and/or upstream of the site at one point in 
time. "Occur at the site" does not include taxa that were once 
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present at the site but cannot exist at the site now due to 
permanent physical alteration of the habitat at the site 
resulting from dams, etc. 

The definition of the "sitet' can be extremely important when 
using the Recalculation Procedure. For example, the number of 
taxa that occur at the site will generally decrease as the size 
of the site decreases. Also, if the site is defined to be very 
small, the permit limit might be controlled by a criterion that 
applies outside (e.g., downstream of) the site. 

Note: If the variety of aquatic invertebrates, amphibians, and 
fishes is so limited that species in fewer than eisht 
families occur at the site, the general Recalculation 
Procedure is not applicable and the following special 
version of the Recalculation Procedure must be used: 
1. Data must be available for at least one species in 

each of the families that occur at the site. 
2. The lowest Species Mean Acute Value that is available 

for a species that occurs at the site must be used as 
the FAV. 

3. The site-specific CMC and CCC must be calculated as 
described below in part 2 of step E, which is titled 
"Determination of the CMC and/or CCC". 

The concept of the Recalculation Procedure is to create a dataset 
that is appropriate for deriving a site-specific criterion by 
modifying the national dataset in some or all of three ways: 

a. Correction of data that are in the national dataset. 
b. Addition of data to the national dataset. 
C. Deletion of data that are in the national dataset. 

All corrections and additions that have been approved by U.S. EPA 
are required, whereas use of the deletion process is optional. 
The Recalculation Procedure is more likely to result in lowering 
a criterion if the net result of addition and deletion is to 
decrease the number of genera in the dataset, whereas the 
procedure is more likely to result in raising a criterion if the 
net result of addition and deletion is to increase the number of 
genera in the dataset. 

The Recalculation Procedure consists of the following steps: 
A. Corrections are made in the national dataset. 
B. Additions are made to the national dataset. 
C. The deletion process may be applied if desired. 
D. If the new dataset does not satisfy the applicable Minimum 

Data Requirements (MDRs), additional pertinent data must be 
generated; if the new data are approved by the U.S. EPA, the 
Recalculation Procedure must be started again at step B with 
the addition of the new data. 

E. The new CMC or CCC or both are determined. 
F. A report is written. 
Each step is discussed in more detail below. 
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. rrectiona 

1. Only corrections approved by the U.S. EPA may be made. 
2. The concept of "correction" includes removal of data that 

should not have been in the national dataset in the first 
place. The concept of "correction" does not include removal 
of a datum from the national dataset just because the quality 
of the datum is claimed to be suspect. If additional data are 
available for the same species, the U.S. EPA will decide which 
data should be used, based on the available guidance (U.S. EPA 
1985); also, data based on measured concentrations are usually 
preferable to those based on nominal concentrations. 

3. Two kinds of corrections are possible: 
a. The first includes those corrections that are known to and 

have been approved by the U.S. EPA; a list of these will be 
available from the U.S. EPA. 

b. The second includes those corrections that are submitted to 
the U.S. EPA for approval. If approved, these will be 
added to EPA's list of approved corrections. 

4. Selective corrections are not allowed. All corrections on 
EPA's newest list must be made. 

B. Additions 

1. Only additions approved by the U.S. EPA may be made. 
2. Two kinds of additions are possible: 

a. The first includes those additions that are known to and 
have been approved by the U.S. EPA; a list of these will be 
available from the U.S. EPA. 

b. The second includes those additions that are submitted to 
the U.S. EPA for approval. If approved, these will be 
added to EPA's list of approved additions. 

3. Selective additions are not allowed. All additions on EPA's 
newest list murrt be made. 

C . The Deletion Process 

The basic principles are: 
1. Additions and corrections must be made as per steps A and B 

above, before the deletion process is performed. 
2. Selective deletions are not allowed. If any species is to be 

deleted, the deletion process described below must be applied 
to all species in the national dataset, after any necessary 
corrections and additions have been made to the national 
dataset. The deletion process specifies which species must be 
deleted and which species must not be deleted. Use of the 
deletion process is optional, but no deletions are optional 
when the deletion process is used. 

3. Comprehensive information must be available concerning what 
species occur at the site; a species cannot be deleted based 

92 



on incomplete information concerning the species that do and 
do not satisfy the definition of "occur at the site". 

4. Data might have to be generated before the deletion process is 
begun: 
a. Acceptable pertinent toxicological data must be available 

for at least one species in each class of aquatic plants, 
invertebrates, amphibians, and fish that contains a species 
that is a critical species at the site. 

b. For each aquatic plant, invertebrate, amphibian, and fish 
species that occurs at the site and is listed as threatened 
or endangered under section 4 of the Endangered Species 
Act, data must be available or be generated for an 
acceptable surrogate species. Data for each surrogate 
species must be used as if they are data for species that 
occur at the site. 

If additional data are generated using acceptable procedures 
(U.S. EPA 1985) and they are approved by the U.S. EPA, the 

Recalculation Procedure must be started again at step B with 
the addition of the new data. 

5. Data might have to be generated after the deletion process is 
completed. Even if one or more species are deleted, there 
still are MDRs (see step D below) that must be satisfied. If 
the data remaining after deletion do not satisfy the 
applicable MDRs, additional toxicity tests must be conducted 
using acceptable procedures (U.S. EPA 1985) so that all MDRs 
are satisfied. If the new data are approved by the U.S. EPA, 
the Recalculation Procedure must be started again at step B 
with the addition of new data. 

6. Chronic tests do not have to be conducted because the national 
Final Acute-Chronic Ratio (FACR) may be used in the derivation 
of the site-specific Final Chronic Value (FCV) . If acute- 
chronic ratios (ACRs) are available or are generated so that 
the chronic MDRs are satisfied using only species that occur 
at the site, a site-specific FACR may be derived and used in 
place of the national FACR. Because a FACR was not used in 
the derivation of the freshwater CCC for cadmium, this CCC can 
only be modified the same way as a FAV; what is acceptable 
will depend on which species are deleted. 

If any species are to be deleted, the following deletion process 
must be applied: 

a. Obtain a copy of the national dataset, i.e., tables 1, 2, 
and 3 in the national criteria document (see Appendix E). 

b. Make corrections in and/or additions to the national 
dataset as described in steps A and B above. 

C. Group all the species in the dataset taxonomically by 
phylum, class, order, family, genus, and species. 

d. Circle each species that satisfies the definition of "occur 
at the site" as presented on the first page of this 
appendix, and including any data for species that are 
surrogates of threatened or endangered species that occur 
at the site. 
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e. Use the following step-wise process to determine 
which of the uncircled species must be deleted and 
which must not be deleted: 

1. Does the genus occur at the site? 
If "No", go to step 2. 
If "Yes", are there one or more species in the genus 

that occur at the site but are not in the 
dataset? 

If "No", go to step 2. 
If "Yes" , retain the uncircled species.* 

2. Does the family occur at the site? 
If "No", go to step 3. 
If "Yes" , are there one or more genera in the family 

that occur at the site but are not in the 
dataset? 

If "No", go to step 3. 
If "Yes 1' , retain the uncircled species.* 

3. Does the order occur at the site? 
If "No", go to step 4. 
If "Yes", does the dataset contain a circled species 

that is in the same order? 
If "No", retain the uncircled species.* 
If "Yes", delete the uncircled species.* 

4. Does the class occur at the site? 
If " No " , go to step 5. 
If "Yes '1 , does the dataset contain a circled species 

that is in the same class? 
If " No " , retain the uncircled species.* 
If "Yes" , delete the uncircled species.* 

5. Does the phylum occur at the site? 
If " No " , delete the uncircled species.* 
If "Yes" , does the dataset contain a circled species 

that is in the same phylum? 
If "No", retain the uncircled species.* 
If "Yes", delete the uncircled species.* 

l = Continue the deletion process by starting at step 1 for 
another uncircled species unless all uncircled species 
in the dataset have been considered. 

The species that are circled and those that are retained 
constitute the site-specific dataset. (An example of the 
deletion process is given in Figure Bl.) 

This deletion process is designed to ensure that: 
a. Each species that occurs both in the national dataset and 

at the site also occurs in the site-specific dataset. 
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b. Each species that occurs at the site but does not occur in 
the national dataset is represented in the site-specific 
dataset by & species in the national dataset that are in 
the same genus. 

C. Each genus that occurs at the site but does not occur in 
the national dataset is represented in the site-specific 
dataset by al.J genera in the national dataset that are in 
the same family. 

d. Each order, class, and phylum that occurs both in the 
national dataset and at the site is represented in the 
site-specific dataset by the one or more species in the 
national dataset that are most closely related to a species 
that occurs at the site. 

D. Checkins the Minimum Data Requirements 

The initial MDRs for the Recalculation Procedure are the same as 
those for the derivation of a national criterion. If a specific 
requirement cannot be satisfied after deletion because that kind 
of species does not occur at the site, a taxonomically similar 
species must be substituted in order to meet the eight MDRs: 

If no species of the kind required occurs at the site, but a 
species in the same order does, the MDR can only be satisfied 
by data for a species that occurs at the site and is in that 
order; if no species in the order occurs at the site, but a 
species in the class does, the MDR can only be satisfied by 
data for a species that occurs at the site and is in that 
class. If no species in the same class occurs at the site, 
but a species in the phylum does, the MDR can only be 
satisfied by data for a species that occurs at the site and is 
in that phylum. If no species in the same phylum occurs at 
the site, any species that occurs at the site and is not used 
to satisfy a different MDR can be used to satisfy the MDR. If 
additional data are generated using acceptable procedures 
(U.S. EPA 1985) and they are approved by the U.S. EPA, the 
Recalculation Procedure must be started again at step B with 
the addition of the new data. 

If fewer than eight families of aquatic invertebrates, 
amphibians, and fishes occur at the site, a Species Mean Acute 
Value must be available for at least one species in each of the 
families and the special version of the Recalculation Procedure 
described on the second page of this appendix must be used. 

E. Determinins the CMC and/or CCC 

1. Determining the FAV: 
a. If the eight family MDRs are satisfied, the site-specific 

FAV must be calculated from Genus Mean Acute Values using 
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the procedure described in the national aquatic life 
guidelines (U.S. EPA 1985). 

b. If fewer than eight families of aquatic invertebrates, 
amphibians, and fishes occur at the site, the lowest 
Species Mean Acute Value that is available for a species 
that occurs at the site must be used as the FAV, as per the 
special version of the Recalculation Procedure described on 
the second page of this appendix. 

2. The site-specific CMC must be calculated by dividing the site- 
specific FAV by 2. The site-specific FCV must be calculated 
by dividing the site-specific FAV by the national FACR (or by 
a site-specific FACR if one is derived). (Because a FACR was 
not used to derive the national CCC for cadmium in fresh 
water, the site-specific CCC equals the site-specific FCV.) 

3. The calculated FAV, CMC, and/or CCC muet be lowered, if 
necessary, to (1) protect an aquatic plant, invertebrate, 
amphibian, or fish species that is a critical species at the 
site, and (2) ensure that the criterion is not likely to 
jeopardize the continued existence of any endangered or 
threatened species listed under section 4 of the Endangered 
Species Act or result in the destruction or adverse 
modification of such species' critical habitat. 

F. Writins the Reoort 

The report of the results of use of the Recalculation Procedure 
must include: 
1. A list of all species of aquatic invertebrates, amphibians, 

and fishes that are known to "occur at the site", along with 
the source of the information. 

2. A list of all aquatic plant, invertebrate, amphibian, and fish 
species that are critical species at the site, including all 
species that occur at the site and are listed as threatened or 
endangered under section 4 of the Endangered Species Act. 

3. A site-specific version of Table 1 from a criteria document 
produced by the U.S. EPA after 1984. 

4. A site-specific version of Table 3 from a criteria document 
produced by the U.S. EPA after 1984. 

5. A list of all species that were deleted. 
6. The new calculated FAV, CMC, and/or CCC. 
7. The lowered FAV, CMC, and/or CCC, if one or more were lowered 

to protect a specific species. 

Reference 

U.S. EPA. 1985. Guidelines for Deriving Numerical National 
Water Quality Criteria for the Protection of Aquatic Organisms 
and Their Uses. PB85-227049. National Technical Information 
Service, Springfield, VA. 
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Figure Bl: An Example of the Deletion Proceee Ueing Three Phyla 

SPECIES THAT ARE IN THE THREE 
Phylum Class Order 

Annelida Hirudin. Rhynchob. 
Bryozoa (No species in this 
Chordata Osteich. Cyprinif. 
Chordata Osteich. Cyprinif. 
Chordata Osteich. Cyprinif. 
Chordata Osteich. Cyprinif. 
Chordata Osteich. Salmonif. 
Chordata Osteich. Percifor. 
Chordata Osteich. Percifor. 
Chordata Amphibia Caudata 

PHYLA AND OCCUR AT THE SITE 
Family Soecies 

Glossiph. Glossip. complanata 
phylum occur at the site.) 

Cyprinid. Carassius auratus 
Cyprinid. Notropis anogenus 
Cyprinid. Phoxinus eos 
Catostom. Carpiodes carpio 
Osmerida. Osmerus mordax 
Centrarc. Lepomis cyanellus 
Centrarc. Lepomis humilis 
Ambystom. Ambystoma gracile 

SPECIES THAT ARE IN THE THREE PHYLA AND IN THE NATIONAL DATASET 
Phvlum 

Annelida 
Bryozoa 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 
Chordata 

Class 

Oligoch. 
Phylact. 
Cephala. 
Osteich. 
Osteich. 
Osteich. 
Osteich. 
Osteich. 
Osteich. 
Osteich. 
Osteich. 
Osteich. 
Osteich. 
Osteich. 
Amphibia 

Order 

Haplotax. 
--- 
Petromyz. 
Cyprinif. 
Cyprinif. 
Cyprinif. 
Cyprinif. 
Cyprinif. 
Cyprinif. 
Cyprinif. 
Salmonif. 
Percifor. 
Percifor. 
Percifor. 
Anura 

Family 

Tubifici. 
Lophopod. 
Petromyz. 
Cyprinid. 
Cyprinid. 
Cyprinid. 
Cyprinid. 
Cyprinid. 
Cyprinid. 
Catostom. 
Salmonid. 
Centrarc. 
Centrarc. 
Percidae 
Pipidae 

Species Code 

Tubifex tubifex P 
Lophopod. carteri D 
Petromyzon marinus D 
Carassius auratus S 
Notropis hudsonius G 
Notropis stramineus G 
Phoxinus eos S 
Phoxinus oreas D 
Tinca tinca D 
Ictiobus bubalus F 
Oncorhynchus mykiss 0 
Lepomis cyanellus S 
Lepomis macrochirus G 
Perca flavescens D 
Xenopus laevis C 

Explanations of Codes: 
S = retained because this Species occurs at the site. 
G = retained because there is a species in this Genus that 

occurs at the site but not in the national dataset. 
F = retained because there is a genus in this Family that 

occurs at the site but not in the national dataset. 
0 = retained because this Order occurs at the site and is not 

represented by a lower taxon. 
C = retained because this Class occurs at the site and is not 

represented by a lower taxon. 
P = retained because this Phylum occurs at the site and is not 

represented by a lower taxon. 
D = deleted because this species does not satisfy any of the 

requirements for retaining species. 
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Appendix C: Guidance Concerning the Wee of nClsan Techniqueen and 
QA/QC when Measuring Trace Metals 

Note: This version of this appendix contains more information 
than the version that was Appendix B of Prothro (1993). 

Recent information (Shiller and Boyle 1987; Windom et al. 1991) 
has raised questions concerning the quality of reported 
concentrations of trace metals in both fresh and salt (estuarine 
and marine) surface waters. A lack of awareness of true ambient 
concentrations of metals in fresh and salt surface waters can be 
both a cause and a result of the problem. The ranges of 
dissolved metals that are typical in surface waters of the United 
States away from the immediate influence of discharges (Bruland 
1983; Shiller and Boyle 1985,1987; Trefry et al. 1986; Windom et 
al. 1991) are: 

Metal Salt water Fresh water 
(uq/L) (uq/L) 

Cadmium 0.01 to 0.2 0.002 to 0.08 
Copper 0.1 to 3. 0.4 to 4. 
Lead 0.01 to 1. 0.01 to 0.19 
Nickel 0.3 to 5. 1. to 2. 
Silver 0.005 to 0.2 ------------_ 
Zinc 0.1 to 15. 0.03 to 5. 

The U.S. EPA (1983,1991) has published analytical methods for 
monitoring metals in waters and wastewaters, but these methods 
are inadequate for determination of ambient concentrations of 
some metals in some surface waters. Accurate and precise 
measurement of these low concentrations requires appropriate 
attention to seven areas: 
1. Use of "clean techniques" during collecting, handling, 

storing, preparing, and analyzing samples to avoid 
contamination. 

2. Use of analytical methods that have sufficiently low detection 
limits. 

3. Avoidance of interference in the quantification (instrumental 
analysis) step. 

4. Use of blanks to assess contamination. 
5. Use of matrix spikes (sample spikes) and certified reference 

materials (CRMs) to assess interference and contamination. 
6. Use of replicates to assess precision. 
7. Use of certified standards. 
In a strict sense, the term "clean techniques" refers to 
techniques that reduce contamination and enable the accurate and 
precise measurement of trace metals in fresh and salt surface 
waters. In a broader sense, the term also refers to related 
issues concerning detection limits, quality control, and quality 
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assurance. Documenting data quality demonstrates the amount of 
confidence that can be placed in the data, whereas increasing the 
sensitivity of methods reduces the problem of deciding how to 
interpret results that are reported to be below detection limits. 

This ar>pendix is written for those analytical laboratories that 
want suidance concerning ways to lower detection limits, increase 
accuracy, and/or increase precision. The ways to achieve these 
goals are to increase the sensitivity of the analytical methods, 
decrease contamination, and decrease interference. Ideally, 
validation of a procedure for measuring concentrations of metals 
in surface water requires demonstration that agreement can be 
obtained using completely different procedures beginning with the 
sampling step and continuing through the quantification step 
(Bruland et al. 19791, but few laboratories have the resources to 
compare two different procedures. Laboratories can, however, (a) 
use techniques that others have found useful for improving 
detection limits, accuracy, and precision, and (b) document data 
quality through use of blanks, spikes, CRMs, replicates, and 
standards. 

Nothins contained or not contained in this aDDendiX adds to or 
subtracts from any recrulatorv requirement set forth in other EPA 
documents concernins analyses of metals. A WER can be acceptably 
determined without the use of clean techniques as long as the 
detection limits, accuracy, and precision are acceptable. No 
QA/QC requirements beyond those that apply to measuring metals in 
effluents are necessary for the determination of WERs. The word 
"must 1' is not used in this appendix. Some items, however, are 
considered so important by analytical chemists who have worked to 
increase accuracy and precision and lower detection limits in 
trace-metal analysis that "should" is in bold print to draw 
attention to the item. Most such items are emphasized because 
they have been found to have received inadequate attention in 
some laboratories performing trace-metal analyses. 

In general, in order to achieve accurate and precise measurement 
of a particular concentration, both the detection limit and the 
blanks should be less than one-tenth of that concentration. 
Therefore, the term "metal-free" can be interpreted to mean that 
the total amount of contamination that occurs during sample 
collection and processing (e.g., from gloves, sample containers, 
labware, sampling apparatus, cleaning solutions, air, reagents, 
etc.) is sufficiently low that blanks are less than one-tenth of 
the lowest concentration that needs to be measured. 

Atmospheric particulates can be a major source of contamination 
(Moody 1982; Adeloju and Bond 1985). The term "class-100" refers 
to a specification concerning the amount of particulates in air 
(Moody 1982); although the specification says nothing about the 
composition of the particulates, generic control of particulates 
can greatly reduce trace-metal blanks. Except during collection 
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of samples, initial cleaning of equipment, and handling of 
samples containing high concentrations of metals, all handling of 
samples, sample containers, labware, and sampling apparatus 
should be performed in a class-100 bench, room, or glove box. 

Neither the "ultraclean techniques" that might be necessary when 
trace analyses of mercury are performed nor safety in analytical 
laboratories is addressed herein. Other documents should be 
consulted if one or both of these topics are of concern. 

Avoiding contamination by use of "clean techniques" 

Measurement of trace metals in surface waters should take into 
account the potential for contamination during each step in the 
process. Regardless of the specific procedures used for 
collection, handling, storage, preparation (digestion, 
filtration, and/or extraction), and quantification (instrumental 
analysis), the general principles of contamination control should 
be 
a. 

b. 

C. 

applied. Some specific recommendations are: 
Powder-free (non-talc, class-100) latex, polyethylene, or 
polyvinyl chloride (PVC, vinyl) gloves ehould be worn during 
all steps from sample collection to analysis. (Talc seems to 
be a particular problem with zinc; gloves made with talc 
cannot be decontaminated sufficiently.) Gloves should only 
contact surfaces that are metal-free; gloves should be changed 
if even suspected of contamination. 
The acid used to acidify samples for preservation and 
digestion and to acidify water for final cleaning of labware, 
sampling apparatus, and sample containers ehould be metal- 
free. The quality of the acid used should be better than 
reagent-grade. Each lot of acid should be analyzed for the 
metal(s) of interest before use. 
The water used to prepare acidic cleaning solutions and to 
rinse labware, sample containers, and sampling apparatus may 
be prepared by distillation, deionization, or reverse osmosis, 
and ehould be demonstrated to be metal-free. 

d. The work area, including bench tops and hoods, should be 
cleaned (e.g., washed and wiped dry with lint-free, class-100 
wipes) frequently to remove contamination. 

e. All handling of samples in the laboratory, including filtering 
and analysis, should be performed in a class-100 clean bench 
or a glove box fed by particle-free air or nitrogen; ideally 
the clean bench or glove box should be located within a class- 
100 clean room. 

f. Labware, reagents, sampling apparatus, and sample containers 
should never be left open to the atmosphere; they should be 
stored in a class-100 bench, covered with plastic wrap, stored 
in a plastic box, or turned upside down on a clean surface. 
Minimizing the time between cleaning and using will help 
minimize contamination. 
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g. Separate sets of sample containers, labware, and sampling 
apparatus should be dedicated for different kinds of samples, 
e.g., surface water samples, effluent samples, etc. 

h. To avoid contamination of clean rooms, samples that contain 
very high concentrations of metals and do not require use of 
"clean techniques" should not be brought into clean rooms. 

i. Acid-cleaned plastic, such as high-density polyethylene 
(HDPE), low-density polyethylene (LDPE), or a fluoroplastic, 
should be the only material that ever contacts a sample, 
except possibly during digestion for the total recoverable 
measurement. 
1. Total recoverable samples can be digested in some plastic 

containers. 
2. HDPE and LDPE might not be acceptable for mercury. 
3. Even if acidified, samples and standards containing silver 

should be in amber containers. 
5 All labware, sample containers, and sampling apparatus should 

be acid-cleaned before use or reuse. 
1. Sample containers, sampling apparatus, tubing, membrane 

filters, filter assemblies, and other labware should be 
soaked in acid until metal-free. The amount of cleaning 
necessary might depend on the amount of contamination and 
the length of time the item will be in contact with 
samples. For example, if an acidified sample will be 
stored in a sample container for three weeks, ideally the 
container should have been soaked in an acidified metal- 
free solution for at least three weeks. 

2. It might be desirable to perform initial cleaning, for 
which reagent-grade acid may be used, before the items are 
taken into a clean room. For most metals, items should be 
either (a) soaked in 10 percent concentrated nitric acid at 
50°C for at least one hour, or (b) soaked in 50 percent 
concentrated nitric acid at room temperature for at least 
two days; for arsenic and mercury, soaking for up to two 
weeks at 50°C in 10 percent concentrated nitric acid might 
be required. For plastics that might be damaged by strong 
nitric acid, such as polycarbonate and possibly HDPE and 
LDPE, soaking in 10 percent concentrated hydrochloric acid, 
either in place of or before soaking in a nitric acid 
solution, might be desirable. 

3. Chromic acid should not be used to clean items that will be 
used in analysis of metals. 

4. Final soaking and cleaning of sample containers, labware, 
and sampling apparatus should be performed in a class-100 
clean room using metal-free acid and water. The solution 
in an acid bath should be analyzed periodically to 
demonstrate that it is metal-free. 

k. Labware, sampling apparatus, and sample containers should be 
stored appropriately after cleaning: 
1. After the labware and sampling apparatus are cleaned, they 

may be stored in a clean room in a weak acid bath prepared 
using metal-free acid and water. Before use, the items 
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should be rinsed at least three times with metal-free water. 
After the final rinse, the items should be moved immediately, 
with the open end pointed down, to a class-100 clean bench. 
Items may be dried on a class-100 clean bench; items should 
not be dried in an oven or with laboratory towels. The 
sampling apparatus should be assembled in a class-100 clean 
room or bench and double-bagged in metal-free polyethylene 
zip-type bags for transport to the field; new bags are usually 
metal-free. 
2. After sample containers are cleaned, they should be filled 

with metal-free water that has been acidified to a pH of 2 
with metal-free nitric acid (about 0.5 mL per liter) for 
storage until use. 

1. Labware, sampling apparatus, and sample containers should be 
rinsed and not rinsed with sample as necessary to prevent high 
and low bias of analytical results because acid-cleaned 
plastic will sorb some metals from unacidified solutions. 
1. Because samples for the dissolved measurement are not 

acidified until after filtration, all sampling apparatus, 
sample containers, labware, filter holders, membrane 
filters, etc., that contact the sample before or during 
filtration should be rinsed with a portion of the solution 
and then that portion discarded. 

2. For the total recoverable measurement, labware, etc., that 
contact the sample onlv before it is acidified should be 
rinsed with sample, whereas items that contact the sample 
after it is acidified should not be rinsed. For example, 
the sampling apparatus should be rinsed because the sample 
will not be acidified until it is in a sample container, 
but the sample container should not be rinsed if the sample 
will be acidified in the sample container. 

3. If the total recoverable and dissolved measurements are to 
be performed on the same sample (rather than on two samples 
obtained at the same time and place), all the apparatus and 
labware, including the sample container, should be rinsed 
before the sample is placed in the sample container; then 
an unacidified aliquot should be removed for the total 
recoverable measurement (and acidified, digested, etc.) and 
an unacidified aliquot should be removed for the dissolved 
measurement (and filtered, acidified, etc.) (If a 
container is rinsed and filled with sample and an 
unacidified aliquot is removed for the dissolved 
measurement and then the solution in the container is 
acidified before removal of an aliquot for the total 
recoverable measurement, the resulting measured total 
recoverable concentration might be biased high because the 
acidification might desorb metal that had been sorbed onto 
the walls of the sample container; the amount of bias will 
depend on the relative volumes involved and on the amount 
of sorption and desorption.) 

m. Field samples should be collected in a manner that eliminates 
the potential for contamination from sampling platforms, 
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probes, etc. Exhaust from boats and the direction of wind and 
water currents should be taken into account. The people who 
collect the samples should be specifically trained on how to 
collect field samples. After collection, all handling of 
samples in the field that will expose the sample to air should 
be performed in a portable class-100 clean bench or glove box. 

n. Samples should be acidified (after filtration if dissolved 
metal is to be measured) to a pH of less than 2, except that 
the pH should be less than 1 for mercury. Acidification 
should be done in a clean room or bench, and so it might be 
desirable to wait and acidify samples in a laboratory rather 
than in the field. If samples are acidified in the field, 
metal-free acid can be transported in plastic bottles and 
poured into a plastic container from which acid can be removed 
and added to samples using plastic pipettes. Alternatively, 
plastic automatic dispensers can be used. 

0. Such things as probes and thermometers should not be put in 
samples that are to be analyzed for metals. In particular, pH 
electrodes and mercury-in-glass thermometers should not be 
used if mercury is to be measured. If pH is measured, it 
should be done on a separate aliquot. 

P. Sample handling should be minimized. For example, instead of 
pouring a sample into a graduated cylinder to measure the 
volume, the sample can be weighed after being poured into a 
tared container, which is less likely to be subject to error 
than weighing the container from which the sample is poured. 
(For saltwater samples, the salinity or density should be 
taken into account if weight is converted to volume.) 

q- Each reagent used should be verified to be metal-free. If 
metal-free reagents are not commercially available, removal of 
metals will probably be necessary. 

r. For the total recoverable measurement, samples should be 
digested in a class-100 bench, not in a metallic hood. If 
feasible, digestion should be done in the sample container by 
acidification and heating. 

S. The longer the time between collection and analysis of 
samples, the greater the chance of contamination, loss, etc. 

t. Samples should be stored in the dark, preferably between 0 and 
4OC with no air space in the sample container. 

Achieving low detection limits 

a. Extraction of the metal from the sample can be extremely 
useful if it simultaneously concentrates the metal and 
eliminates potential matrix interferences. For example, 
ammonium 1-pyrrolidinedithiocarbamate and/or diethylammonium 
diethyldithiocarbamate can extract cadmium, copper, lead, 
nickel, and zinc (Bruland et al. 1979; Nriagu et al. 1993). 

b. The detection limit should be less than ten percent of the 
lowest concentration that is to be measured. 
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Avoiding interferences 

a. Potential interferences should be assessed for the specific 
instrumental analysis technique used and for each metal to be 
measured. 

b. If direct analysis is used, the salt present in high-salinity 
saltwater samples is likely to cause interference in most 
instrumental techniques. 

C. As stated above, extraction of the metal from the sample is 
particularly useful because it simultaneously concentrates the 
metal and eliminates potential matrix interferences. 

Usincr blanks to assess contamination 

a. A laboratory (procedural, method) blank consists of filling a 
sample container with analyzed metal-free water and processing 
(filtering, acidifying, etc.) the water through the laboratory 

procedure in exactly the same way as a sample. A laboratory 
blank ehould be included in each set of ten or fewer samples 
to check for contamination in the laboratory, and should 
contain less than ten percent of the lowest concentration that 
is to be measured. Separate laboratory blanks should be 
processed for the total recoverable and dissolved 
measurements, if both measurements are performed. 

b. A field (trip) blank consists of filling a sample container 
with analyzed metal-free water in the laboratory, taking the 
container to the site, processing the water through tubing, 
filter, etc., collecting the water in a sample container, and 
acidifying the water the same as a field sample. A field 
blank should be processed for each sampling trip. Separate 
field blanks should be processed for the total recoverable 
measurement and for the dissolved measurement, if filtrations 
are performed at the site. Field blanks should be processed 
in the laboratory the same as laboratory blanks. 

Assessins accuracy 

a. A calibration curve ehould be determined for each analytical 
run and the calibration should be checked about every tenth 
sample. Calibration solutions should be traceable back to a 
certified standard from the U.S. EPA or the National Institute 
of Science and Technology (NIST). 

b. A blind standard or a blind calibration solution should be 
included in each group of about twenty samples. 

C. At least one of the following should be included in each group 
of about twenty samples: 
1. A matrix spike (spiked sample; the method of known 

additions). 
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2. A CRM, if one is available in a matrix that closely 
approximates that of the samples. Values obtained for the 
CRM should be within the published values. 

The concentrations in blind standards and solutions, spikes, and 
CRMs should not be more than 5 times the median concentration 
expected to be present in the samples. 

Assessincr orecision 

a. A sampling replicate should be included with each set of 
samples collected at each sampling location. 

b. If the volume of the sample is large enough, replicate 
analysis of at least one sample should be performed along with 
each group of about ten samples. 

Ssecial considerations concernins the dissolved measurement 

Whereas total recoverable measurements are especially subject to 
contamination during digestion, dissolved measurements are 
subject to both loss and contamination during filtration. 

Because acid-cleaned plastic sorbs metal from unacidified 
solutions and because samples for the dissolved measurement 
are not acidified before filtration, all sampling apparatus, 
sample containers, labware, filter holders, and membrane 
filters that contact the sample before or during filtration 
should be conditioned by rinsing with a portion of the 
solution and discarding that portion. 
Filtrations should be performed using acid-cleaned plastic 
filter holders and acid-cleaned membrane filters. Samples 
should not be filtered through glass fiber filters, even if 
the filters have been cleaned with acid. If positive-pressure 
filtration is used, the air or gas ehould be passed through a 
0.2-pm in-line filter; if vacuum filtration is used, it should 
be performed on a class-100 bench. 

w. Plastic filter holders should be rinsed and/or dipped between 
filtrations, but they do not have to be soaked between 
filtrations if all the samples contain about the same 
concentrations of metal. It is best to filter samples from 
low to high concentrations. A membrane filter should not be 
used for more than one filtration. After each filtration, the 
membrane filter should be removed and discarded, and the 
filter holder should be either rinsed with metal-free water or 
dilute acid and dipped in a metal-free acid bath or rinsed at 
least twice with metal-free dilute acid; finally, the filter 
holder should be rinsed at least twice with metal-free water. 

d. For each sample to be filtered, the filter holder and membrane 
filter ehould be conditioned with the sample, i.e., an initial 
portion of the sample should be filtered and discarded. 
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The accuracy and precision of the dissolved measurement should be 
assessed periodically. A large volume of a buffered solution 
(such as aerated 0.05 N sodium bicarbonate for analyses in fresh 

water and a combination of sodium bicarbonate and sodium chloride 
for analyses in salt water) should be spiked so that the 
concentration of the metal of interest is in the range of the low 
concentrations that are to be measured. Sufficient samples 
should be taken alternately for (a) acidification in the same way 
as after filtration in the dissolved method and (b) filtration 
and acidification using the procedures specified in the dissolved 
method until ten samples have been processed in each way. The 
concentration of metal in each of the twenty samples should then 
be determined using the same analytical procedure. The means of 
the two groups of ten measurements should be within 10 percent, 
and the coefficient of variation for each group of ten should be 
less than 20 percent. Any values deleted as outliers should be 
acknowledged. 

Reportins results 

To indicate the quality of the data, reports of results of 
measurements of the concentrations of metals ohould include a 
description of the blanks, spikes, CRMs, replicates, and 
standards that were run, the number run, and the results 
obtained. All values deleted as outliers should be acknowledged. 

Additional information 

The items presented above are some of the important aspects of 
"clean techniques"; some aspects of quality assurance and quality 
control are also presented. This is not a definitive treatment 
of these topics; additional information that might be useful is 
available in such publications as Patterson and Settle (1976), 
Zief and Mitchell (19761, Bruland et al. (19791, Moody and Beary 
(19821, Moody (19821, Bruland (1983), Adeloju and Bond (19851, 

Berman and Yeats (19851, Byrd and Andreae (1986), Taylor (1987), 
Sakamoto-Arnold (19871, Tramontano et al. (19871, Puls and 
Barcelona (19891, Windom et al. (1991), U.S. EPA (19921, Horowitz 
et al. (19921, and Nriagu et al. (1993). 
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Appendix D: Relationehipe between WERE and the Cheunietxy and 
Toxicology of Metale 

The aquatic toxicology of metals is complex in part because the 
chemistry of metals in water is complex. Metals usually exist in 
surface water in various combinations of particulate and 
dissolved forms, some of which are toxic and some of which are 
nontoxic. In addition, all toxic forms of a metal are not 
necessarily equally toxic, and various water quality 
characteristics can affect the relative concentrations and/or 
toxicities of some of the forms. 

The toxicity of a metal has sometimes been reported to be 
proportional to the concentration or activity of a specific 
species of the metal. For example, Allen and Hansen (1993) 
summarized reports by several investigators that the toxicity of 
copper is related to the free cupric ion, but other data do not 
support a correlation (Erickson 1993a). For example, Borgmann 
(19831, Chapman and McCrady (1977), and French and Hunt (1986) 
found that toxicity expressed on the basis of cupric ion activity 
varied greatly with pH, and Cowan et al. (1986) concluded that at 
least one of the copper hydroxide species is toxic. Further, 
chloride and sulfate salts of calcium, magnesium, potassium, and 
sodium affect the toxicity of the cupric ion (Nelson et al. 
1986). Similarly for aluminum, Wilkinson et al. (1993) concluded 
that "mortality was best predicted not by the free A13‘ activity 
but rather as a function of the sum ~([Al~'l + [A1F2'l 1" and that 
"no longer can the reduction of Al toxicity in the presence of 
organic acids be interpreted simply as a consequence of the 
decrease in the free A13' concentration". 

Until a model has been demonstrated to explain the quantitative 
relationship between chemical and toxicological measurements, 
aquatic life criteria should be established in an environmentally 
conservative manner with provision for site-specific adjustment. 
Criteria should be expressed in terms of feasible analytical 
measurements that provide the necessary conservatism without 
substantially increasing the cost of implementation and site- 
specific adjustment. Thus current aquatic life criteria for 
metals are expressed in terms of the total recoverable 
measurement and/or the dissolved measurement, rather than a 
measurement that would be more difficult to perform and would 
still require empirical adjustment. The WER is operationally 
defined in terms of chemical and toxicological measurements to 
allow site-specific adjustments that account for differences 
between the toxicity of a metal in laboratory dilution water and 
in site water. 
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Forms of Metals 

Even if the relationship of toxicity to the forms of metals is 
not understood well enough to allow setting site-specific water 
quality criteria without using empirical adjustments, appropriate 
use and interpretation of WERs requires an understanding of how 
changes in the relative concentrations of different forms of a 
metal might affect toxicity. Because WERs are defined on the 
basis of relationships between measurements of toxicity and 
measurements of total recoverable and/or dissolved metal, the 
toxicologically relevant distinction is between the forms of the 
metal that are toxic and nontoxic whereas the chemically relevant 
distinction is between the forms that are dissolved and 
particulate. "Dissolved metal" is defined here as "metal that 
passes through either a 0.45-pm or a 0.40-pm membrane filter" and 
"particulate metal" is defined as "total recoverable metal minus 
dissolved metal". Metal that is in or on particles that pass 
through the filter is operationally defined as "dissolved". 

In addition, some species of metal can be converted from one form 
to another. Some conversions are the result of reequilibration 
in response to changes in water quality characteristics whereas 
others are due to such fate processes as oxidation of sulfides 
and/or organic matter. Reequilibration usually occurs faster 
than fate processes and probably results in any rapid changes 
that are due to effluent mixing with receiving water or changes 
in pH at a gill surface. To account for rapid changes due to 
reequilibration, the terms "labile" and "refractory" will be used 
herein to denote metal species that do and do not readily convert 
to other species when in a nonequilibrium condition, with 
"readily" referring to substantial progression toward equilibrium 
in less than about an hour. Although the toxicity and lability 
of a form of a metal are not merely yes/no properties, but rather 
involve gradations, a simple classification scheme such as this 
should be sufficient to establish the principles regarding how 
WERs are related to various operationally defined forms of metal 
and how this affects the determination and use of WERs. 

Figure Dl presents the classification scheme that results from 
distinguishing forms of metal based on analytical methodology, 
toxicity tests, and lability, as described above. Metal that is 
not measured by the total recoverable measurement is assumed to 
be sufficiently nontoxic and refractory that it will not be 
further considered here. Allowance is made for toxicity due to 
particulate metal because some data indicate that particulate 
metal might contribute to toxicity and bioaccumulation, although 
other data imply that little or no toxicity can be ascribed to 
particulate metal (Erickson 1993b). Even if the toxicity of 
particulate metal is not negligible in a particular situation, a 
dissolved criterion will not be underprotective if the dissolved 
criterion was derived using a dissolved WER (see below) or if 
there are sufficient compensating factors. 
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------_______--_------------------------------------------------- 

Figure Dl: A Scheme for Claeeifying Forms of Metal in Water 
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Metal not measured by the total recoverable measurement 

Not only can some changes in water quality characteristics shift 
the relative concentrations of toxic and nontoxic labile species 
of a metal, some changes in water quality can also increase or 
decrease the toxicities of the toxic species of a metal and/or 
the sensitivities of aquatic organisms. Such changes might be 
caused by (a) a change in ionic strength that affects the 
activity of toxic species of the metal in water, (b) a 
physiological effect whereby an ion affects the permeability of a 
membrane and thereby alters both uptake and apparent toxicity, 
and (c) toxicological additivity, synergism, or antagonism due to 
effects within the organism. 

Another possible complication is that a form of metal that is 
toxic to one aquatic organism might not be toxic to another. 
Although such differences between organisms have not been 
demonstrated, the possibility cannot be ruled out. 

The ImDortance of Labilitv 

The only common metal measurement that can be validly 
extrapolated from the effluent and the upstream water to the 
downstream water merely by taking dilution into account is the 
total recoverable measurement. A major reason this measurement 
is so useful is because it is the only measurement that obeys the 
law of mass balance (i.e., it is the only measurement that is 
conservative). Other metal measurements usually do not obey the 
law of mass balance because they measure some, but not all, of 
the labile species of metals. A measurement of refractory metal 

111 



would be conservative in terms of changes in water quality 
characteristics, but not necessarily in regards to fate 
processes; such a measurement has not been developed, however. 

Permit limits apply to effluents, whereas water quality criteria 
apply to surface waters. If permit limits and water quality 
criteria are both expressed in terms of total recoverable metal, 
extrapolations from effluent to surface water only need to take 
dilution into account and can be performed as mass balance 
calculations. If either permit limits or water quality criteria 
or both are expressed in terms of any other metal measurement, 
lability needs to be taken into account, even if both are 
expressed in terms of the same measurement. 

Extrapolations concerning labile species of metals from effluent 
to surface water depend to a large extent on the differences 
between the water quality characteristics of the effluent and 
those of the surface water. Although equilibrium models of the 
speciation of metals can provide insight, the interactions are 
too complex to be able to make useful nonempirical extrapolations 
from a wide variety of effluents to a wide variety of surface 
waters of either (a) the speciation of the metal or (b) a metal 
measurement other than total recoverable. 

Empirical extrapolations can be performed fairly easily and the 
most common case will probably occur when permit limits are based 
on the total recoverable measurement but water quality criteria 
are based on the dissolved measurement. The empirical 
extrapolation is intended to answer the question "What percent of 
the total recoverable metal in the effluent becomes dissolved in 
the downstream water?" This question can be answered by: 

Collecting samples of effluent and upstream water. 
z: Measuring total recoverable metal and dissolved metal in both 

samples. 
C. Combining aliquots of the two samples in the ratio of the 

flows when the samples were obtained and mixing for an 
appropriate period of time under appropriate conditions. 

d. Measuring total recoverable metal and dissolved metal in the 
mixture. 

An example is presented in Figure D2. This percentage cannot be 
extrapolated from one metal to another or from one effluent to 
another. The data needed to calculate the percentage will be 
obtained each time a WER is determined using simulated downstream 
water if both dissolved and total recoverable metal are measured 
in the effluent, upstream water, and simulated downstream water. 

The interpretation of the percentage is not necessarily as 
straightforward as might be assumed. For example, some of the 
metal that is dissolved in the upstream water might sorb onto 
particulate matter in the effluent, which can be viewed as a 
detoxification of the upstream water by the effluent. Regardless 
of the interpretation, the described procedure provides a simple 
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way of relating the total recoverable concentration in the 
effluent to the concentration of concern in the downstream water. 
Because this empirical extrapolation can be used with any 
analytical measurement that is chosen as the basis for expression 
of aquatic life criteria, use of the total recoverable 
measurement to express permit limits on effluents does not place 
any restrictions on which analytical measurement can be used to 
express criteria. Further, even if both criteria and permit 
limits are expressed in terms of a measurement such as dissolved 
metal, an empirical extrapolation would still be necessary 
because dissolved metal is not likely to be conservative from 
effluent to downstream water. 

Merits of Total Recoverable and Dissolved WERs and Criteria 

A WER is operationally defined as the value of an endpoint 
obtained with a toxicity test using site water divided by the 
value of the same endpoint obtained with the same toxicity test 
using a laboratory dilution water. Therefore, just as aquatic 
life criteria can be expressed in terms of either the total 
recoverable measurement or the dissolved measurement, so can 
WERs. A pair of side-by-side toxicity tests can produce both a 
total recoverable WER and a dissolved WER if the metal in the 
test solutions in both of the tests is measured using both 
methods. A total recoverable WER is obtained by dividing 
endpoints that were calculated on the basis of total recoverable 
metal, whereas a dissolved WER is obtained by dividing endpoints 
that were calculated on the basis of dissolved metal. Because of 
the way they are determined, a total recoverable WER is used to 
calculate a total recoverable site-specific criterion from a 
national, state, or recalculated aquatic life criterion that is 
expressed using the total recoverable measurement, whereas a 
dissolved WER is used to calculate a dissolved site-specific 
criterion from a national, state, or recalculated criterion that 
is expressed in terms of the dissolved measurement. 

In terms of the classification scheme given in Figure Dl, the 
basic relationship between a total recoverable national water 
quality criterion and a total recoverable WER is: 
l A total recoverable criterion treats all the toxic and 

nontoxic metal in the site water as if its average 
toxicity were the same as the average toxicity of all 
the toxic and nontoxic metal in the toxicity tests in 
laboratory dilution water on which the criterion is 
based. 

l A total recoverable WER is a measurement of the actual 
ratio of the average toxicities of the total 
recoverable metal and replaces the assumption that 
the ratio is 1. 
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Similarly, the basic relationship between a dissolved national 
criterion and a dissolved WER is: 
l A dissolved criterion treats all the toxic and nontoxic 

dissolved metal in the site water as if its average 
toxicity were the same as the average toxicity of all 
the toxic and nontoxic dissolved metal in the 
toxicity tests in laboratory dilution water on which 
the criterion is based. 

l A dissolved WER is a measurement of the actual ratio of 
the average toxicities of the dissolved metal and 
replaces the assumption that the ratio is 1. 

In both cases, use of a criterion without a WER involves 
measurement of toxicity in laboratory dilution water but only 
prediction of toxicity in site water, whereas use of a criterion 
with a WER involves measurement of toxicity in both laboratory 
dilution water and site water. 

When WERs are used to derive site-specific criteria, the total 
recoverable and dissolved approaches are inherently consistent. 
They are consistent because the toxic effects caused by the metal 
in the toxicity tests do not depend on what chemical measurements 
are performed; the same number of organisms are killed in the 
acute lethality tests regardless of what, if any, measurements of 
the concentration of the metal are made. The only difference is 
the chemical measurement to which the toxicity is referenced. 
Dissolved WERs can be derived from the same pairs of toxicity 
tests from which total recoverable WERs are derived, if the metal 
in the tests is measured using both the total recoverable and 
dissolved measurements. Both approaches start at the same place 
(i.e., the amount of toxicity observed in laboratory dilution 

water) and end at the same place (i.e., the amount of toxicity 
observed in site water). The combination of a total recoverable 
criterion and WER accomplish the same thing as the combination of 
a dissolved criterion and WER. By extension, whenever a 
criterion and a WER based on the same measurement of the metal 
are used together, they will end up at the same place. Because 
use of a total recoverable criterion with a total recoverable WER 
ends up at exactly the same place as use of a dissolved criterion 
with a dissolved m, whenever one WER is determined, both should 
be determined to allow (a) a check on the analytical chemistry, 
(b) use of the inherent internal consistency to check that the 
data are used correctly, and (c) the option of using either 
approach in the derivation of permit limits. 

An examination of how the two approaches (the total recoverable 
approach and the dissolved approach) address the four relevant 
forms of metal (toxic and nontoxic particulate metal and toxic 
and nontoxic dissolved metal) in laboratory dilution water and in 
site water further explains why the two approaches are inherently 
consistent. Here, only the way in which the two approaches 
address each of the four forms of metal in site water will be 
considered: 
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a. Toxic dissolved metal: 
This form contributes to the toxicity of the site water and 
is measured by both chemical measurements. If this is the 
only form of metal present, the two WERs will be the same. 

b. Nontoxic dissolved metal: 
This form does not contribute to the toxicity of the site 
water, but it is measured by both chemical measurements. 
If this is the only form of metal present, the two WERs 
will be the same. (Nontoxic dissolved metal can be the 
only form present, however, only if all of the nontoxic 
dissolved metal present is refractory. If any labile 
nontoxic dissolved metal is present, equilibrium will 
require that some toxic dissolved metal also be present.) 

C. Toxic particulate metal: 
This form contributes to the toxicological measurement in 
both approaches; it is measured by the total recoverable 
measurement, but not by the dissolved measurement. Even 
though it is not measured by the dissolved measurement, its 
presence is accounted for in the dissolved approach because 
it increases the toxicity of the site water and thereby 
decreases the dissolved WER. It is accounted for because 
it makes the dissolved metal appear to be more toxic than 
it is. Most toxic particulate metal is probably not toxic 
when it is particulate; it becomes toxic when it is 
dissolved at the gill surface or in the digestive system; 
in the surface water, however, it is measured as 
particulate metal. 

d. Nontoxic particulate metal: 
This form does not contribute to the toxicity of the site 
water; it is measured by the total recoverable measurement, 
but not by the dissolved measurement. Because it is 
measured by the total recoverable measurement, but not by 
the dissolved measurement, it causes the total recoverable 
WER to be higher than the dissolved WER. 

In addition to dealing with the four forms of metal similarly, 
the WERs used in the two approaches comparably take synergism, 
antagonism, and additivity into account. Synergism and 
additivity in the site water increase its toxicity and therefore 
decrease the WER; in contrast, antagonism in the site water 
decreases toxicity and increases the WER. 

Each of the four forms of metal is appropriately taken into 
account because use of the WERs makes the two approaches 
internally consistent. In addition, although experimental 
variation will cause the measured WERs to deviate from the actual 
WERs, the measured WERs will be internally consistent with the 
data from which they were generated. If the percent dissolved is 
the same at the test endpoint in the two waters, the two WERs 
will be the same. If the percent of the total recoverable metal 
that is dissolved in laboratory dilution water is less than 100 
percent, changing from the total recoverable measurement to the 
dissolved measurement will lower the criterion but it will 
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comparably lower the denominator in the WER, thus increasing the 
WER. If the percent of the total recoverable metal that is 
dissolved in the site water is less than 100 percent, changing 
from the total recoverable measurement to the dissolved 
measurement will lower the concentration in the site water that 
is to be compared with the criterion, but it also lowers the 
numerator in the WER, thus lowering the WER. Thus when WERs are 
used to adjust criteria, the total recoverable approach and the 
dissolved approach result in the same interpretations of 
concentrations in the site water (see Figure D3) and in the same 
maximum acceptable concentrations in effluents (see Figure D4). 

Thus, if WERs are based on toxicity tests whose endpoints equal 
the CMC or CCC and if both approaches are used correctly, the two 
measurements will produce the same results because each WER is 
based on measurements on the site water and then the WER is used 
to calculate the site-specific criterion that applies to the site 
water when the same chemical measurement is used to express the 
site-specific criterion. The equivalency of the two approaches 
applies if they are based on the same sample of site water. When 
they are applied to multiple samples, the approaches can differ 
depending on how the results from replicate samples are used: 
a. If an appropriate averaging process is used, the two will be 

equivalent. 
b. If the lowest value is used, the two approaches will probably 

be equivalent only if the lowest dissolved WER and the lowest 
total recoverable WER were obtained using the same sample of 
site water. 

There are several advantages to using a dissolved criterion even 
when a dissolved WER is not used. In some situations use of a 
dissolved criterion to interpret results of measurements of the 
concentration of dissolved metal in site water might demonstrate 
that there is no need to determine either a total recoverable WER 
or a dissolved WER. This would occur when so much of the total 
recoverable metal was nontoxic particulate metal that even though 
the total recoverable criterion was exceeded, the corresponding 
dissolved criterion was not exceeded. The particulate metal 
might come from an effluent, a resuspension event, or runoff that 
washed particulates into the body of water. In such a situation 
the total recoverable WER would also show that the site-specific 
criterion was not exceeded, but there would be no need to 
determine a WER if the criterion were expressed on the basis of 
the dissolved measurement. If the variation over time in the 
concentration of particulate metal is much greater than the 
variation in the concentration of dissolved metal, both the total 
recoverable concentration and the total recoverable WER are 
likely to vary so much over time that a dissolved criterion would 
be much more useful than a total recoverable criterion. 
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Use of a dissolved criterion without a dissolved WER has three 
disadvantages, however: 
1. Nontoxic dissolved metal in the site water is treated as if it 

is toxic. 
2. Any toxicity due to particulate metal in the site water is 

ignored. 
3. Synergism, antagonism, and additivity in the site water are 

not taken into account. 
Use of a dissolved criterion with a dissolved WER overcomes all 
three problems. For example, if (a) the total recoverable 
concentration greatly exceeds the total recoverable criterion, 
(b) the dissolved concentration is below the dissolved criterion, 

and (c) there is concern about the possibility of toxicity of 
particulate metal, the determination of a dissolved WER would 
demonstrate whether toxicity due to particulate metal is 
measurable. 

Similarly, use of a total recoverable criterion without a total 
recoverable WER has three comparable disadvantages: 
1. Nontoxic dissolved metal in site water is treated as if it is 

toxic. 
2. Nontoxic particulate metal in site water is treated as if it 

is toxic. 
3. Synergism, antagonism, and additivity in site water are not 

taken into account. 
Use of a total recoverable criterion with a total recoverable WER 
overcomes all three problems. For example, determination of a 
total recoverable WER would prevent nontoxic particulate metal 
(as well as nontoxic dissolved metal) in the site water from 

being treated as if it is toxic. 

Relationshios between WERs and the Forms of Metals 

Probably the best way to understand what WERs can and cannot do 
is to understand the relationships between WERs and the forms of 
metals. A WER is calculated by dividing the concentration of a 
metal that corresponds to a toxicity endpoint in a site water by 
the concentration of the same metal that corresponds to the same 
toxicity endpoint in a laboratory dilution water. Therefore, 
using the classification scheme given in Figure Dl: 

WER = 
R, + Ns + T, + aNs + AT, 

RL+NL+TL+~NL+~TL’ 

The subscripts "s" and "L" denote site water and laboratory 
dilution water, respectively, and: 

R = the concentration of Refractory metal in a water. (BY 
definition, all refractory metal is nontoxic metal.) 

117 



N = the concentration of Nontoxic labile metal in a water. 

T = the concentration of Toxic labile metal in a water. 

ah' = the concentration of metal added during a WER determination 
that is Nontoxic labile metal after it is added. 

AT = the concentration of metal added during a WER determination 
that is Toxic labile metal after it is added. 

For a total recoverable WER, each of these five concentrations 
includes both particulate and dissolved metal, if both are 
present; for a dissolved WER only dissolved metal is included. 

Because the two side-by-side tests use the same endpoint and are 
conducted under identical conditions with comparable test 
organisms, T, + AT, = T, + AT, when the toxic species of the metal 
are equally toxic in the two waters. If a difference in water 
quality causes one or more of the toxic species of the metal to 
be more toxic in one water than the other, or causes a shift in 
the ratios of various toxic species, we can define 

H= YATs. L + AT, 

Thus H is a multiplier that accounts for a proportional increase 
or decrease in the toxicity of the toxic forms in site water as 
compared to their toxicities in laboratory dilution water. 
Therefore, the general WER equation is: 

WER = 
R, + N, l aiv, + HtT, + AT,, 

R, + NL + ANT + CT; + AT,) * 

Several things are obvious from this equation: 
1. A WER should not be thought of as a simple ratio such as H. 

H is the ratio of the toxicities of the toxic species of the 
metal, whereas the WER is the ratio of the sum of the toxic 
and the nontoxic species of the metal. Only under a very 
specific set of conditions will WER = H. If these conditions 
are satisfied and if, in addition, H = 1, then WER = 1. 
Although it might seem that all of these conditions will 
rarely be satisfied, it is not all that rare to find that an 
experimentally determined WER is close to 1. 

2. When the concentration of metal in laboratory dilution water 
is negligible, RL = NL = TL = 0 and 

WER = 
R, + Ns + AN, + H(AT,) 

ANL + AT,. 
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Even though laboratory dilution water is low in TOC and TSS, 
when metals are added to laboratory dilution water in toxicity 
tests, ions such as hydroxide, carbonate, and chloride react 
with some metals to form some particulate species and some 
dissolved species, both of which might be toxic or nontoxic. 
The metal species that are nontoxic contribute to AN:, whereas 
those that are toxic contribute to AT,. Hydroxide, carbonate, 
chloride, TOC, and TSS can increase aNs. Anything that causes 
aNs to differ from aNL will cause the WER to differ from 1. 

3. Refractory metal and nontoxic labile metal in the site water 
above that in the laboratory dilution water will increase the 
WER. Therefore, if the WER is determined in downstream water, 
rather than in upstream water, the WER will be increased by 
refractory metal and nontoxic labile metal in the effluent. 

Thus there are three major reasons why WERs might be larger or 
smaller than 1: 
a. The toxic species of the metal might be more toxic in one 

water than in the other, i.e., H+ 1. 
b. AN might be higher in one water than in the other. 
C. R and/or N might be higher in one water than in the other. 

The last reason might have great practical importance in some 
situations. When a WER is determined in downstream water, if 
most of the metal in the effluent is nontoxic, the WER and the 
endpoint in site water will correlate with the concentration of 
metal in the site water. In addition, they will depend on the 
concentration of metal in the effluent and the concentration of 
effluent in the site water. This correlation will be best for 
refractory metal because its toxicity cannot be affected by water 
quality characteristics; even if the effluent and upstream water 
are quite different so that the water quality characteristics of 
the site water depend on the percent effluent, the toxicity of 
the refractory metal will remain constant at zero and the portion 
of the WER that is due to refractory metal will be additive. 

The Deoendence of WERs on the Sensitivity of Toxicitv Tests 

It would be desirable if the magnitude of the WER for a site 
water were independent of the toxicity test used in the 
determination of the WER, so that any convenient toxicity test 
could be used. It can be seen from the general WER equation that 
the WER will be independent of the toxicity test only if: 

WER = H(T, + AT,, 
(T, + AT,) 

=H, 

which would require that R,= N, = aNs = R, = NL = hNL = 0. (It would 
be easy to assume that T, = 0, but it can be misleading in some 
situations to make more simplifications than are necessary.) 
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This is the simplistic concept of a WER that would be 
advantageous if it were true, but which is not likely to be true 
very often. Any situation in which one or more of the terms is 
greater than zero can cause the WER to depend on the sensitivity 
of the toxicity test, although the difference in the WERs might 
be small. 

Two situations that might be common can illustrate how the WER 
can depend on the sensitivity of the toxicity test. For these 
illustrations, there is no advantage to assuming that H = 1, so 
H will be retained for generality. 
1. The simplest situation is when R, > 0, i.e., when a 

substantial concentration of refractory metal occurs in the 
site water. If, for simplification, it is assumed that 
Ns=hNS=RL=NL=~NL=O, then: 

WER = 
R, + HlT, + AT,, 

= (TL 
RS 

CT, + AT,) + AT,) 
+H. 

The quantity T, + AT, obviously changes as the sensitivity of 
the toxicity test changes. When R, = 0, then WER = H and the 
WER is independent of the sensitivity of the toxicity test. 
When R, > 0, then the WER will decrease as the sensitivity of 
the test decreases because TL + AT, will increase. 

2. More complicated situations occur when (N, + hNS) > 0. If, for 
simplification, it is assumed that R, = R, = N, = aNr = 0, then: 

WER = 
(N, + ah'*, + H(T, + AT,) = (N, + aNs) 

(T, + AT,) CT, + aTL) 
+H. 

a. If (N, + aNs) > 0 because the site water contains a 
substantial concentration of a complexing agent that has an 
affinity for the metal and if complexation converts toxic 
metal into nontoxic metal, the complexation reaction will 
control the toxicity of the solution (Allen 1993). A 
complexation curve can be graphed in several ways, but the 
S-shaped curve presented in Figure D5 is most convenient 
here. The vertical axis is I'% uncomplexed", which is 
assumed to correlate with I'% toxic". The I'% complexed" is 
then the '1% nontoxic". The ratio of nontoxic metal to 
toxic metal is: 

%nontoxic = %complexed 
%toxic %uncomplexed 

= v. 

For the complexed nontoxic metal: 

v = concentration of nontoxic metal 
concentration of toxic metal * 
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In the site water, the concentration of complexed nontoxic 
metal is (N, + aNs) and the concentration of toxic metal is 
CT, + AT,) , so that: 

vs = ;“T”: 1 ;F; = (Ns + AN,) . 
S H(T, + AT,) 

and 

WER = V#(T, + AT,) + H(TL + hTL) 

CT, + aTL) 
=V$+H=H(V,+l) . 

If the WER is determined using a sensitive toxicity test so 
that the % uncomplexed (i.e., the % toxic) is 10 %, then 
vs = (90 %I/(10 %) = 9, whereas if a less sensitive test is 
used so that the % uncomplexed is 50 %, then 
v, = (50 %)/(50 %I = 1. Therefore, if a portion of the WER is 
due to a complexing agent in the site water, the magnitude 
of the WER can decrease as the sensitivity of the toxicity 
test decreases because the % uncomplexed will decrease. In 
these situations, the largest WER will be obtained with the 
most sensitive toxicity test; progressively smaller WERs 
will be obtained with less sensitive toxicity tests. The 
magnitude of a WER will depend not only on the sensitivity 
of the toxicity test but also on the concentration of the 
complexing agent and on its binding constant (complexation 
constant, stability constant). In addition, the binding 
constants of most complexing agents depend on pH. 

If the laboratory dilution water contains a low 
concentration of a complexing agent, 

v, = NL + ahT, 

TL + AT, 

and 

WER = 
V,$(T, + AT,, + H(T, + ATL, VP + H H(V, + 1) 

Vr(TL + AT,, + (TL + aTL, = vL + 1 = v, + 1 ' 

The binding constant of the complexing agent in the 
laboratory dilution water is probably different from that 
of the complexing agent in the site water. Although 
changing from a more sensitive test to a less sensitive 
test will decrease both V, and vL, the amount of effect is 
not likely to be proportional. 

If the change from a more sensitive test to a less 
sensitive test were to decrease V, proportionately more 
than vs, the change could result in a larger WER, rather 
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b. 

than a smaller WER, as resulted in the case above when it 
was assumed that the laboratory dilution water did not 
contain any complexing agent. This is probably most likely 
to occur if H = 1 and if V, < V,, which would mean that 
WER < 1. Although this is likely to be a rare situation, 
it does demonstrate again the importance of determining 
WERs using toxicity tests that have endpoints in laboratory 
dilution water that are close to the CMC or CCC to which 
the WER is to be applied. 

If (N, + aNs) > 0 because the site water contains a 
substantial concentration of an ion that will precipitate 
the metal of concern and if precipitation converts toxic 
metal into nontoxic metal, the precipitation reaction will 
control the toxicity of the solution. The "precipitation 
curve" given in Figure D6 is analogous to the "complexation 
curve" given in Figure D5; in the precipitation curve, the 
vertical axis is I'% dissolved", which is assumed to 
correlate with 'I% toxic". If the endpoint for a toxicity 
test is below the solubility limit of the precipitate, 
(N, + AN,) = 0, whereas if the endpoint for a toxicity test 
is above the solubility limit, (N, + aNs, > 0. If WERs are 
determined with a series of toxicity tests that have 
increasing endpoints that are above the solubility limit, 
the WER will reach a maximum value and then decrease. The 
magnitude of the WER will depend not only on the 
sensitivity of the toxicity test but also on the 
concentration of the precipitating agent, the solubility 
limit, and the solubility of the precipitate. 

Thus, depending on the composition of the site water, a WER 
obtained with an insensitive test might be larger, smaller, or 
similar to a WER obtained with a sensitive test. Because of the 
range of possibilities that exist, the best toxicity test to use 
in the experimental determination of a WER is one whose endpoint 
in laboratory dilution water is close to the CMC or CCC that is 
to be adjusted. This is the rationale that was used in the 
selection of the toxicity tests that are suggested in Appendix I. 

The available data indicate that a less sensitive toxicity test 
usually gives a smaller WER than a more sensitive test (Hansen 
1993a). Thus, use of toxicity tests whose endpoints are higher 
than the CMC or CCC probably will not result in underprotection; 
in contrast, use of tests whose endpoints are substantially below 
the CMC or CCC might result in underprotection. 

The factors that cause R, and (N, + AN,) to be greater than zero 
are all external to the test organisms; they are chemical effects 
that affect the metal in the water. The magnitude of the WER is 
therefore expected to depend on the toxicity test used only in 
regard to the sensitivity of the test. If the endpoints for two 
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different tests occur at the same concentration of the metal, the 
magnitude of the WERs obtained with the two tests should be the 
same; they should not depend on (a) the duration of the test, (b) 
whether the endpoint is based on a lethal or sublethal effect, or 
(c) whether the species is a vertebrate or an invertebrate. 

Another interesting consequence of the chemistry of complexation 
is that the Z uncomplexed will increase if the solution is 
diluted (Allen and Hansen 1993). The concentration of total 
metal will decrease with dilution but the % uncomplexed will 
increase. The increase will not offset the decrease and so the 
concentration of uncomplexed metal will decrease. Thus the 
portion of a WER that is due to complexation will not be strictly 
additive (see Appendix G), but the amount of nonadditivity might 
be difficult to detect in toxicity studies of additivity. A 
similar effect of dilution will occur for precipitation. 

The illustrations presented above were simplified to make it 
easier to understand the kinds of effects that can occur. The 
illustrations are qualitatively valid and demonstrate the 
direction of the effects, but real-world situations will probably 
be so much more complicated that the various effects cannot be 
dealt with separately. 

Qther Prooerties of WERe 

1. Because of the variety of factors that can affect WERs, no 
rationale exists at present for extrapolating WERs from one 
metal to another, from one effluent to another, or from one 
surface water to another. Thus WERs should be individually 
determined for each metal at each site. 

2. The most important information that the determination of a WER 
provides is whether simulated and/or actual downstream water 
adversely affects test organisms that are sensitive to the 
metal. A WER cannot indicate how much metal needs to be 
removed from or how much metal can be added to an effluent. 
a. If the site water already contains sufficient metal that it 

is toxic to the test organisms, a WER cannot be determined 
with a sensitive test and so an insensitive test will have 
to be used. Even if a WER could be determined with a 
sensitive test, the WER cannot indicate how much metal has 
to be removed. For example, if a WER indicated that there 
was 20 percent too much metal in an effluent, a 30 percent 
reduction by the discharger would not reduce toxicity if 
only nontoxic metal was removed. The next WER 
determination would show that the effluent still contained 
too much metal. Removing metal is useful only if the metal 
removed is toxic metal. Reducing the total recoverable 
concentration does not necessarily reduce toxicity. 
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b. If the simulated or actual downstream water is not toxic, a 
WER can be determined and used to calculate how much 
additional metal the effluent could contain and still be 
acceptable. Because an unlimited amount of refractory 
metal can be added to the effluent without affecting the 
organisms, what the WER actually determines is how much 
additional toxic metal can be added to the effluent. 

3. The effluent component of nearly all WERs is likely to be due 
mostly to either (a) a reduction in toxicity of the metal by 
TSS or TOC, or (b) the presence of refractory metal. For both 
of these, if the percentage of effluent in the downstream 
water decreases, the magnitude of the WER will usually 
decrease. If the water quality characteristics of the 
effluent and the upstream water are quite different, it is 
possible that the interaction will not be additive; this can 
affect the portion of the WER that is due to reduced toxicity 
caused by sorption and/or binding, but it cannot affect the 
portion of the WER that is due to refractory metal. 

4. Test organisms are fed during some toxicity tests, but not 
during others; it is not clear whether a WER determined in a 
fed test will differ from a WER determined in an unfed test. 
Whether there is a difference is likely to depend on the 
metal, the type and amount of food, and whether a total 
recoverable or dissolved WER is determined. This can be 
evaluated by determining two WERs using a test in which the 
organisms usually are not fed - one WER with no food added to 
the tests and one with food added to the tests. Any effect of 
food is probably due to an increase in TOC and/or TSS. If 
food increases the concentration of nontoxic metal in both the 
laboratory dilution water and the site water, the food will 
probably decrease the WER. Because complexes of metals are 
usually soluble, complexation is likely to lower both total 
recoverable and dissolved WERs; sorption to solids will 
probably reduce only total recoverable WERs. The food might 
also affect the acute-chronic ratio. Any feeding during a 
test should be limited to the minimum necessary. 

Ranses of Actual Measured WERs 

The acceptable WERs found by Brungs et al. (1992) were total 
recoverable WERs that were determined in relatively clean fresh 
water. These WERs ranged from about 1 to 15 for both copper and 
cadmium, whereas they ranged from about 0.7 to 3 for zinc. The 
few WERs that were available for chromium, lead, and nickel 
ranged from about 1 to 6. Both the total recoverable and 
dissolved WERs for copper in New York harbor range from about 0.4 
to 4 with most of the WERs being between 1 and 2 (Hansen 1993b). 
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Figure D2: An Example of the I&npirical Extrapolation Procses 

Assume the following hypothetical effluent and upstream water: 

Effluent: 
TE : 100 ug/L 
D EZ 10 ug/L 
0 E: 24 cfs 

Upstream water: 
T u: 40 ug/L 
D u: 38 ug/L 
0 0: 48 cfs 

Downstream water: 
T, : 60 ug/L 
D D: 36 ug/L 
0 DE 72 cfs 

where: 

T = concentration of 
D = concentration of 
Q = flow. 

(10 % dissolved) 

(95 k dissolved) 

(60 % dissolved) 

total recoverable metal. 
dissolved metal. 

The subscripts E, U, and D signify effluent, upstream water, and 
downstream water, respectively. 

By conservation of flow: QD = 96 + Q" * 

By conservation of total recoverable metal: T&, = T&, + T&,. 

If P = the percent of the total recoverable metal in the 
effluent that becomes dissolved in the downstream water, 

p = “‘(‘&D - ‘&“) 

T&b 

For the data given above, the percent of the total recoverable 
metal in the effluent that becomes dissolved in the downstream 
water is: 

p = 100[(36 ug/L) (72 cfs) - (38 ug/L) (48 cfs)] = 
(100 ug/L) (24 cfs) 

32 % , 

which is greater than the 10 % dissolved in the effluent and less 
than the 60 % dissolved in the downstream water. 
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Figure D3: The Internal Consistency of the TWO Approachem 

The internal consistency of the total recoverable and dissolved 
approaches can be illustrated by considering the use of WERs to 
interpret the total recoverable and dissolved concentrations of a 
metal in a site water. For this hypothetical example, it will be 
assumed that the national CCCs for the metal are: 

200 ug/L as total recoverable metal. 
160 ug/L as dissolved metal. 

It will also be assumed that the concentrations of the metal in 
the site water are: 

300 ug/L as total recoverable metal. 
120 ug/L as dissolved metal. 

The total recoverable concentration in the site water exceeds the 
national CCC, but the dissolved concentration does not. 

The following results might be obtained if WERs are determined: 

In Laboratorv Dilution Water 
Total recoverable LC50 = 400 ug/L. 

% of the total recoverable metal that is dissolved = 80. 
(This is based on the ratio of the national CCCs, 

which were determined in laboratory dilution water.) 
Dissolved LC50 = 320 ug/L. 

In Site Water 
Total recoverable LC50 = 620 ug/L. 

"s of the total recoverable metal that is dissolved = 40. 
(This is based on the data given above for site water). 

Dissolved LC50 = 248 ug/L. 

WERs 
Total recoverable WER = (620 ug/L)/(400 ug/L) = 1.55 
Dissolved WER = (248 ug/L)/(320 ug/L) = 0.775 

Checkins the Calculations 

Total recoverable WER 1.55 lab water % dissolved z-z =- 
Dissolved WER 0.775 site water % dissolved 

80 = 2 
40 

Site-soecific CCCs (ssCCCs) 

Total recoverable ssCCC = (200 ug/L) (1.55) = 310 ug/L. 
Dissolved ssCCC = (160 ug/L) (0.775) = 124 ug/L. 

Both concentrations in site water are below the respective 
sscccs. 
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In contrast, the following results might have been obtained when 
the WERs were determined: 

In Laboratory Dilution Water 
Total recoverable LC50 = 400 ug/L. 

% of the total recoverable metal that is dissolved = 80. 
Dissolved LCSO = 320 ug/L. 

In Site Water 
Total recoverable LC50 = 580 ug/L. 

% of the total recoverable metal that is dissolved = 40. 
Dissolved LC50 = 232 ug/L. 

WERs 
Total recoverable WER = (580 ug/L)/(400 ug/L) = 1.45 
Dissolved WER = (232 ug/L)/(320 ug/L) = 0.725 

Checkins the Calculationq 

Total recoverable WER 1.45 = ~ = lab water % dissolved =- 
Dissolved WER 0.725 site water % dissolved 

80 = 2 
40 

Site-sDecific CCCs (ssCCCs) 

Total recoverable ssCCC = (200 ug/L)(1.45) = 290 ug/L. 
Dissolved ssCCC = (160 ug/L) (0.725) = 116 ug/L. 

In this case, both concentrations in site water are above the 
respective ssCCCs. 

In each case, both approaches resulted in the same conclusion 
concerning whether the concentration in site water exceeds the 
site-specific criterion. 

The two key assumptions are: 
1. The ratio of total recoverable metal to dissolved metal in 

laboratory dilution water when the WERs are determined equals 
the ratio of the national CCCs. 

2. The ratio of total recoverable metal to dissolved metal in 
site water when the WERs are determined equals the ratio of 
the concentrations reported in the site water. 

Differences in the ratios that are outside the range of 
experimental variation will cause problems for the derivation of 
site-specific criteria and, therefore, with the internal 
consistency of the two approaches. 
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Figure D4: The Application of the 'Ituo Approachem 

Hypothetical upstream water and effluent will be used to 
demonstrate the equivalence of the total recoverable and 
dissolved approaches. The upstream water and the effluent will 
be assumed to have specific properties in order to allow 
calculation of the properties of the downstream water, which will 
be assumed to be a 1:l mixture of the upstream water and 
effluent. It will also be assumed that the ratios of the forms 
of the metal in the upstream water and in the effluent do not 
change when the total recoverable concentration changes. 

Unstream water (Flow = 3 cfs) 
Total recoverable: 400 ug/L 

Refractory particulate: 200 ug/L 
Toxic dissolved: 200 ug/L (50 % dissolved) 

Effluent (Flow = 3 cfs) 
Total recoverable: 440 ug/L 

Refractory particulate: 396 ug/L 
Labile nontoxic particulate: 44 ug/L 
Toxic dissolved: 0 q/L (0 % dissolved) 

(The labile nontoxic particulate, which is 10 % of the 
total recoverable in the effluent, becomes toxic 
dissolved in the downstream water.) 

Downstream water (Flow = 6 cfs) 
Total recoverable: 420 ug/L 

Refractory particulate: 298 ug/L 
Toxic dissolved: 122 ug/L (29 % dissolved) 

The values for the downstream water are calculated from the 
values for the upstream water and the effluent: 

Total recoverable: [3(400) + 3(440) l/6 = 420 ug/L 
Dissolved: [3(200) + 3(44+0)]/6 = 122 ug/L 
Refractory particulate: [3(200) + 3(396)]/6 = 298 ug/L 

Assu ed National CCC ( CCC) 
TEtal recoverable =n300 ug/L 
Dissolved = 240 ug/L 
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Uostream site-soecific CCC (ussCCC) 

Assume: Dissolved cccWER = 1.2 
Dissolved ussCCC = (1.2) (240 ug/L) = 288 ug/L 

By calculation: TR ussCCC = (288 ug/L)/(O.S) = 576 ug/L 
Total recoverable cccWER = (576 ug/L)/(300 ug/L) = 1.92 

ccc cccWER ussccc Cont. 
Total recoverable: 30: ug/L 1.92 576 ug/L 400 ug/L 
Dissolved: 240 ug/L 1.2 288 ug/L 200 ug/L 

% dissolved 80 % ---- 50 % 50 % 
Neither concentration exceeds its respective ussCCC. 

Total recoverable WER _ 1.92 lab water % dissolved m-z 
Dissolved WER 1.2 

80 = 1 6 
site water % dissolved = ??i * 

Downstream site-soecific CCC (dssCCC) 

Assume: Dissolved cccWER = 1.8 
Dissolved dssCCC = (1.8) (240 ug/L) = 432 ug/L 

By calculation: TR dssCCC = 
{ (432 ug/L-[(200 ug/L)/2])/0.1}+{(400 ug/L)/2} = 3520 ug/L 

This calculation determines the amount of dissolved 
metal contributed by the effluent, accounts for the 
fact that ten percent of the total recoverable metal 
in the effluent becomes dissolved, and adds the total 
recoverable metal contributed by the upstream flow. 

Total recoverable cccWER = (3520 ug/L)/(300 ug/L) = 11.73 

nCCC cccWER dssccc Cont. 
Total recoverable: 300 ug/L 11.73 3520 ug/L 420 ug/L 
Dissolved: 240 ug/L 1.80 432 ug/L 122 ug/L 

% dissolved 80 % ---- 12.27 % 29 % 
Neither concentration exceeds its respective dssCCC. 

Total recoverable WER 11.73 lab water % dissolved 80 s-z 
Dissolved WER 1.80 site water % dissolved 

= ____ =6.52 
12.27 

Calculating the Maximum Acceotable Concentration in the Effluent 

Because neither the total recoverable concentration nor the 
dissolved concentration in the downstream water exceeds its 
respective site-specific CCC, the concentration of metal in 
the effluent could be increased. Under the assumption that 
the ratios of the two forms of the metal in the effluent do 
not change when the total recoverable concentration changes, 
the maximum acceptable concentration of total recoverable 
metal in the effluent can be calculated as follows: 

129 



Starting with the total recoverable dssCCC of 3520 ug/L 

(6 cfs)(3520 ug/L) - (3 cfs) (400 ug/L) =664(-J ug/L 
3 cfs 

Starting with the dissolved dssCCC of 432 ug/L 

(6 cfs) (432 ug/L, - (3 cfs) (400 ug/L) (0.5) =6640 ug,L 
(3 cfs) (0.10) 

Checkinu the Calculationa 

Total recoverable: 

(3 cfs)(6640 ug/L) + (3 cfs) (400 ug/L) = 3520 ug/L 
6 cfs 

. 

Dissolved: 

(3 cfs)(6640 ug/L) (0.10) + (3 cfs) (400 ug/L) (0.50) = 432 ug,L 
6 cfs 

. 

The value of 0.10 is used because this is the percent of the 
total recoverable metal in the effluent that becomes dissolved 
in the downstream water. 

The values of 3520 ug/L and 432 ug/L equal the downstream 
site-specific CCCs derived above. 

. . 
Another Wav to Calculate the Maximum ACCeDtable Concentr&.&QD 

The maximum acceptable concentration of total recoverable 
metal in the effluent can also be calculated from the 
dissolved dssCCC of 432 ug/L using a partition coefficient to 
convert from the dissolved dssCCC of 432 ug/L to the total 
recoverable dssCCC of 3520 ug/L: 

[6 cfs] [ 432 ug'L 
0.1227 

- (3 cfs) (400 us/L., 1 

3 cfs 
= 6640 ug/L . 

Note that the value used for the partition coefficient in this 
calculation is 0.1227 (the one that applies to the downstream 
water when the total recoverable concentration of metal in the 
effluent is 6640 ug/L), not 0.29 (the one that applies when 
the concentration of metal in the effluent is only 420 ug/L). 
The three ways of calculating the maximum acceptable 
concentration give the same result if each is used correctly. 
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The curve is for a constant concentration of the complexing 
ligand and an increasing concentration of the metal. 
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Figure D6: A Generalized Precipitation Curve 

The curve is for a constant concentration of the precipitating 
ligand and an increasing concentration of the metal. 
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Appendix E: U.S. EPA Aquatic Life Criteria Documents for Metals 

Metal 

Aluminum 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Zinc 

EPA Number 

EPA 440/5-86-008 

EPA 440/5-80-020 

EPA 440/5-84-033 

EPA 440/5-80-024 

EPA 440/5-84-032 

EPA 440/5-84-029 

EPA 440/5-84-031 

EPA 440/5-84-027 

EPA 440/5-84-026 

EPA 440/5-86-004 

EPA 440/5-87-006 

EPA 440/5-80-071 

EPA 440/5-80-074 

EPA 440/5-87-003 

NTIS Number 

PB88-245998 

PB81-117319 

PB85-227445 

PB81-117350 

PB85-227031 

PB85-227478 

PB85-227023 

PB85-227437 

PB85-227452 

PB87-105359 

PB88-142237 

PB81-117822 

PB81-117848 

PB87-153581 

All are available from: 
National Technical Information Service (NTIS) 
5285 Port Royal Road 
Springfield, VA 22161 

TEL: 703-487-4650 
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Appendix F: Considerations Concerning Multiple-Metal, Multiple- 
Discharge, and Special Flowing-Water Situations 

Multiple-Metal Situations 

Both Method 1 and Method 2 work well in multiple-metal 
situations, although the amount of testing required increases as 
the number of metals increases. The major problem is the same 
for both methods: even when addition of two or more metals 
individually is acceptable, simultaneous addition of the two or 
more metals, each at its respective maximum acceptable 
concentration, might be unacceptable for at least two reasons: 
1. Additivity or synergism might occur between metals. 
2. More than one of the metals might be detoxified by the same 

complexing agent in the site water. When WERs are determined 
individually, each metal can utilize all of the complexing 
capacity; when the metals are added together, however, they 
cannot simultaneously utilize all of the complexing capacity. 

Thus a discharger might feel that it is cost-effective to try to 
justify the lowest site-specific criterion that is acceptable to 
the discharger rather than trying to justify the highest site- 
specific criterion that the appropriate regulatory authority 
might approve. 

There are two options for dealing with the possibility of 
additivity and synergism between metals: 
a. WERs could be developed using a mixture of the metals but it 

might be necessary to use several primary toxicity tests 
depending on the specific metals that are of interest. Also, 
it might not be clear what ratio of the metals should be used 
in the mixture. 

b. If a WER is determined for each metal individually, one or 
more additional toxicity tests must be conducted at the end to 
show that the combination of all metals at their proposed new 
site-specific criteria is acceptable. Acceptability must be 
demonstrated with each toxicity test that was used as a 
primary toxicity test in the determination of the WERs for the 
individual metals. Thus if a different primary test was used 
for each metal, the number of acceptability tests needed would 
equal the number of metals. It is possible that a toxicity 
test used as the primary test for one metal might be more 
sensitive than the CMC (or CCC) for another metal and thus 
might not be usable in the combination test unless antagonism 
occurs. When a primary test cannot be used, an acceptable 
alternative test must be used. 

The second option is preferred because it is more definitive; it 
provides data for each metal individually and for the mixture. 
The first option leaves the possibility that one of the metals is 
antagonistic towards another so that the toxicity of the mixture 
would increase if the metal causing the antagonism were not 
present. 
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Multiple-Discharge Situations 

Because the National Toxics Rule (NTR) incorporated WERs into the 
aquatic life criteria for some metals, it might be envisioned 
that more than one criterion could apply to a metal at a site if 
different investigators obtained different WERs for the same 
metal at the site. In jurisdictions subject to the NTR, as well 
as in all other jurisdictions. EPA intends that there should be 
no more than one criterion for a pollutants at a point in a body 
of water. Thus whenever a site-specific criterion is to be 
derived using a WER at a site at which more than one discharger 
has permit limits for the same metal, it is important that all 
dischargers work together with the appropriate regulatory 
authority to develop a workplan that is designed to derive a 
site-specific criterion that adequately protects the entire site. 

Method 2 is ideally suited for taking into account more than one 
discharger. 

Method 1 is straightforward if the dischargers are sufficiently 
far downstream of each other that the stream can be divided into 
a separate site for each discharger. Method 1 can also be fairly 
straightforward if the WERs are additive, but it will be complex 
if the WERs are not additive. Deciding whether to use a 
simulated downstream water or an actual downstream water can be 
difficult in a flowing-water multiple-discharge situation. Use 
of actual downstream water can be complicated by the existence of 
multiple mixing zones and plumes and by the possibility of 
varying discharge schedules; these same problems exist, however, 
if effluents from two or more discharges are used to prepare 
simulated downstream water. Dealing with a multiple-discharge 
situation is much easier if the WERs are additive, and use of 
simulated downstream water is the best way to determine whether 
the WERs are additive. Taking into account all effluents will 
take into account synergism, antagonism, and additivity. If one 
of the discharges stops or is modified substantially, however, it 
will usually be necessary to determine a new WER, except possibly 
if the metal being discharged is refractory. Situations 
concerning intermittent and batch discharges need to be handled 
on a case-by-case basis. 

Special Flowing-Water Situations 

Method 1 is intended to apply not only to ordinary rivers and 
streams but also to streams that some people might consider 
"special", such as streams whose design flows are zero and 
streams that some state and/or federal agencies might refer to as 
"effluent-dependent", "habitat-creating", "effluent-dominated", 
etc. (Due to differences between agencies, some streams whose 
design flows are zero are not considered "effluent-dependent", 
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etc., and some "effluent-dependent" streams have design flows 
that are greater than zero.) The application of Method 1 to 
these kinds of streams has the following implications: 
1. If the design flow is zero, at least some WERs ought to be 

determined in 100% effluent. 
2 If thunderstorms, etc., occasionally dilute the effluent 

substantially, at least one WER should be determined in 
diluted effluent to assess whether dilution by rainwater might 
result in underprotection by decreasing the WER faster than it 
decreases the concentration of the metal. This might occur, 
for example, if rainfall reduces hardness, alkalinity, and pH 
substantially. This might not be a concern if the WER 
demonstrates a substantial margin of safety. 

3 If the site-specific criterion is substantially higher than 
the national criterion, there should be increased concern 
about the fate of the metal that has reduced or no toxicity. 
Even if the WER demonstrates a substantial margin of safety 
(e.g., if the site-specific criterion is three times the 

national criterion, but the experimentally determined WER is 
111, it might be desirable to study the fate of the metal. 

4 If the stream merges with another body of water and a site- 
specific criterion is desired for the merged waters, another 
WER needs to be determined for the mixture of the waters. 

5. Whether WET testing is required is not a WER issue, although 
WET testing might be a condition for determining and/or using 
a WER. 

6. A concern about what species should be present and/or 
protected in a stream is a beneficial-use issue, not a WER 
issue, although resolution of this issue might affect what 
species should be used if a WER is determined. (If the 
Recalculation Procedure is used, determining what species 
should be present and/or protected is obviously important.) 

7. Human health and wildlife criteria and other issues might 
restrict an effluent more than an aquatic life criterion. 

Although there are no scientific reasons why "effluent- 
dependent", etc., streams and streams whose design flows are zero 
should be subject to different guidance than other streams, a 
regulatory decision (for example, see 40 CFR 131) might require 
or allow some or all such streams to be subject to different 
guidance. For example, it might be decided on the basis of a use 
attainability analysis that one or more constructed streams do 
not have to comply with usual aquatic life criteria because it is 
decided that the water quality in such streams does not need to 
protect sensitive aquatic species. Such a decision might 
eliminate any further concern for site-specific aquatic life 
criteria and/or for WET testing for such streams. The water 
quality might be unacceptable for other reasons, however. 

In addition to its use with rivers and streams, Method 1 is also 
appropriate for determining cmcWERs that are applicable to near- 
field effects of discharges into large bodies of fresh or salt 
water, such as an ocean or a large lake, reservoir, or estuary: 
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a. The near-field effects of a pipe that extends far into a large 
body of fresh or salt water that has a current, such as an 
ocean, can probably best be treated the same as a single 
discharge into a flowing stream. For example, if a mixing 
zone is defined, the concentration of effluent at the edge of 
the mixing zone might be used to define how to prepare a 
simulated site water. A dye dispersion study (Kilpatrick 
1992) might be useful, but a dilution model (U.S. EPA 1993) is 
likely to be a more cost-effective way of obtaining 
information concerning the amount of dilution at the edge of 
the mixing zone. 

b. The near-field effects of a single discharge that is near a 
shore of a large body of fresh or salt water can also probably 
best be treated the same as a single discharge into a flowing 
stream, especially if there is a definite plume and a defined 
mixing zone. The potential point of impact of near-field 
effects will often be an embayment, bayou, or estuary that is 
a nursery for fish and invertebrates and/or contains 
commercially important shellfish beds. Because of their 
importance, these areas should receive special consideration 
in the determination and use of a WER, taking into account 
sources of water and discharges, mixing patterns, and currents 
(and tides in coastal areas). The current and flushing 

patterns in estuaries can result in increased pollutant 
concentrations in confined embayments and at the terminal up- 
gradient portion of the estuary due to poor tidal flushing and 
exchange. Dye dispersion studies (Kilpatrick 1992) can be 
used to determine the spatial concentration of the effluent in 
the receiving water, but dilution models (U.S. EPA 1993) might 
not be sufficiently accurate to be useful. Dye studies of 
discharges in near-shore tidal areas are especially complex. 
Dye injection into the discharge should occur over at least 
one, and preferably two or three, complete tidal cycles; 
subsequent dispersion patterns should be monitored in the 
ambient water on consecutive tidal cycles using an intensive 
sampling regime over time, location, and depth. Information 
concerning dispersion and the commun ity at risk can be used to 
define the appropriate mixing zone(s), which might be used to 
define how to prepare simulated site water. 
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Appendix G: Additivity and the Two Components of a WER Determined 
Using Downstream Water 

The Concept of Additivity of WERs 

In theory, whenever samples of effluent and upstream water are 
taken, determination of a WER in 100 % effluent would quantify 
the effluent WER (eWER) and determination of a WER in 100 % 
upstream water would quantify the upstream WER (uWER); 
determination of WERs in known mixtures of the two samples would 
demonstrate whether the eWER and the uWER are additive. For 
example, if eWER = 40, uWER = 5, and the two WERs are additive, a 
mixture of 20 % effluent and 80 % upstream water would give a WER 
of 12, except possibly for experimental variation, because: 

20(eWER) + 80(uWER) = 20(40) + 80(5) = 800 + 400 =1200=12. 
100 100 100 100 

Strict additivity of an eWER and an uWER will probably be rare 
because one or both WERs will probably consist of a portion that 
is additive and a portion that is not. The portions of the eWER 
and uWER that are due to refractory metal will be strictly 
additive, because a change in water quality will not make the 
metal more or less toxic. In contrast, metal that is nontoxic 
because it is complexed by a complexing agent such as EDTA will 
not be strictly additive because the % uncomplexed will decrease 
as the solution is diluted; the amount of change in the % 
uncomplexed will usually be small and will depend on the 
concentration and the binding constant of the complexing agent 
(see Appendix D). Whether the nonrefractory portions of the uWER 
and eWER are additive will probably also depend on the 
differences between the water quality characteristics of the 
effluent and the upstream water, because these will determine the 
water quality characteristics of the downstream water. If, for 
example, 85 % of the eWER and 30 % of the uWER are due to 
refractory metal, the WER obtained in the mixture of 20 % 
effluent and 80 % upstream water could range from 8 to 12. The 
WER of 8 would be obtained if the only portions of the eWER and 
uWER that are additive are those due to refractory metal, 
because: 

20(0.85) (eWER) + 80(0.30) (uWER) = 20(0.85) (40) + 80(0.30) (5) = 8 
100 100 

The WER could be as high as 12 depending on the percentages of 
the other portions of the WERs that are also additive. Even if 
the eWER and uWER are not strictly additive, the concept of 
additivity of WERs can be useful insofar as the eWER and uWER are 
partially additive, i.e., insofar as a portion of at least one of 
the WERs is additive. In the example given above, the WER 
determined using downstream water that consisted of 20 % effluent 
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and 80 % upstream water would be 12 if the eWER and uWER were 
strictly additive; the downstream WER would be less than 12 if 
the eWER and uWER were partially additive. 

The Importance of Additivity 

The major advantage of additivity of WERs can be demonstrated 
using the effluent and upstream water that were used above. To 
simplify this illustration, the acute-chronic ratio will be 
assumed to be large, and the eWER of 40 and the uWER of 5 will be 
assumed to be cccWERs that will be assumed to be due to 
refractory metal and will therefore be strictly additive. In 
addition, the complete-mix downstream water at design-flow 
conditions will be assumed to be 20 % effluent and 80 % upstream 
water, so that the downstream WER will be 12 as calculated above 
for strict additivity. 

Because the eWER and the uWER are cccWERs and are strictly 
additive, this metal will cause neither acute nor chronic 
toxicity in downstream water if (a) the concentration of metal in 
the effluent is less than 40 times the CCC and (b) the 
concentration of metal in the upstream water is less than 5 times 
the CCC. As the effluent is diluted by mixing with upstream 
water, both the eWER and the concentration of metal will be 
diluted simultaneously; proportional dilution of the metal and 
the eWER will prevent the metal from causing acute or chronic 
toxicity at any dilution. When the upstream flow equals the 
design flow, the WER in the plume will decrease from 40 at the 
end of the pipe to 12 at complete mix as the effluent is diluted 
by upstream water; because this WER is due to refractory metal, 
neither fate processes nor changes in water quality 
characteristics will affect the WER. When stream flow is higher 
or lower than design flow, the complete-mix WER will be lower or 
higher, respectively, than 12, but toxicity will not occur 
because the concentration of metal will also be lower or higher. 

If the eWER and the uWER are strictly additive and if the 
national CCC is 1 mg/L, the following conclusions are valid when 
the concentration of the metal in 100 % effluent is less than 40 
mg/L and the concentration of the metal in 100 % upstream water 
is less than 5 mg/L: 
1. This metal will not cause acute or chronic toxicity in the 

upstream water, in 100 % effluent, in the plume, or in 
downstream water. 

2. There is no need for an acute or a chronic mixing zone where a 
lesser degree of protection is provided. 

3. If no mixing zone exists, there is no discontinuity at the 
edge of a mixing zone where the allowed concentration of metal 
decreases instantaneously. 

These results also apply to partial additivity as long as the 
concentration of metal does not exceed that allowed by the amount 
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of additivity that exists. It would be more difficult to take 
into account the portions of the eWER and uWER that are not 
additive. 

The concept of additivity becomes unimportant when the ratios, 
concentrations of the metals, or WERs are very different. For 
example, if eWER = 40, uWER = 5, and they are additive, a mixture 
of 1 % effluent and 99 % upstream water would have a WER of 5.35. 
Given the reproducibility of toxicity tests and WERs, it would be 
extremely difficult to distinguish a WER of 5 from a WER of 5.35. 
In cases of extreme dilution, rather than experimentally 
determining a WER, it is probably acceptable to use the limiting 
WER of 5 or to calculate a WER if additivity has been 
demonstrated. 

Traditionally it has been believed that it is environmentally 
conservative to use a WER determined in upstream water (i.e., the 
uWER) to derive a site-specific criterion that applies downstream 
(i.e., that applies to areas that contain effluent). This belief 
is probably based on the assumption that a larger WER would be 
obtained in downstream water that contains effluent, but the 
belief could also be based on the assumption that the uWER is 
additive. It is possible that in some cases neither assumption 
is true, which means that using a uWER to derive a downstream 
site-specific criterion might result in underprotection. It 
seems likely, however, that WERs determined using downstream 
water will usually be at least as large as the uWER. 

Several kinds of concerns about the use of WERs are actually 
concerns about additivity: 
1. Do WERs need to be determined at higher flows in addition to 

being determined at design flow? 
2. Do WERs need to be determined when two bodies of water mix? 
3. Do WERs need to be determined for each additional effluent in 

a multiple-discharge situation. 
In each case, the best use of resources might be to test for 
additivity of WERs. 

Mixing Zones 

In the example presented above, there would be no need for a 
regulatory mixing zone with a reduced level of protection if: 
1. The eWER is always 40 and the concentration of the metal in 

100 % effluent is always less than 40 mg/L. 
2. The uWER is always 5 and the concentration of the metal in 100 

% upstream water is always less than 5 mg/L. 
3. The WERs are strictly additive. 
If, however, the concentration exceeded 40 mg/L in 100 % 
effluent, but there is some assimilative capacity in the upstream 
water, a regulatory mixing zone would be needed if the discharge 
were to be allowed to utilize some or all of the assimilative 
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capacity. The concept of additivity of WERs can be used to 
calculate the maximum allowed concentration of the metal in the 
effluent if the eWER and the uWER are strictly additive. 

If the concentration of metal in the upstream water never exceeds 
0.8 mg/L, the discharger might want to determine how much above 
40 mg/L the concentration could be in 100 % effluent. If, for 
example, the downstream water at the edge of the chronic mixing 
zone under design-flow conditions consists of 70 % effluent and 
30 % upstream water, the WER that would apply at the edge of the 
mixing zone would be: 

70(eWER) + 3O(uWER) = 70(40) + 30(S) 2800 + 150 = = 29 . 
100 100 100 

5 . 

Therefore, the maximum concentration allowed at this point would 
be 29.5 mg/L. If the concentration of the metal in the upstream 
water was 0.8 mg/L, the maximum concentration allowed in 100 % 
effluent would be 41.8 mg/L because: 

7OC41.8 mg/L) + 3OtO.8 mg/L) = 2926 mg/L + 24 mg/L = 2g 5 mg,L 
100 100 

Because the eWER is 40, if the concentration of the metal in 100 
% effluent is 41.8 mg/L, there would be chronic toxicity inside 
the chronic mixing zone. If the concentration in 100 % effluent 
is greater than 41.8 mg/L, there would be chronic toxicity past 
the edge of the chronic mixing zone. Thus even if the eWER and 
the uWER are taken into account and they are assumed to be 
completely additive, a mixing zone is necessary if the 
assimilative capacity of the upstream water is used to allow 
discharge of more metal. 

If the complete-mix downstream water consists of 20 % effluent 
and 80 % upstream water at design flow, the complete-mix WER 
would be 12 as calculated above. The complete-mix approach to 
determining and using downstream WERs would allow a maximum 
concentration of 12 mg/L at the edge of the chronic mixing zone, 
whereas the alternative approach resulted in a maximum allowed 
concentration of 29.5 mg/L. The complete-mix approach would 
allow a maximum concentration of 16.8 mg/L in the effluent 
because: 

7ot16.8 mg/Ll + 3oCo.8 mg/L) = 1176 m9lL + 24 mg/L =12 mglL 
100 100 

In this example, the complete-mix approach limits the 
concentration of the metal in the effluent to 16.8 mg/L, even 
though it is known that as long as the concentration in 100 % 
effluent is less than 40 mg/L, chronic toxicity will not occur 
inside or outside the mixing zone. If the WER of 12 is used to 
derive a site-specific CCC of 12 mg/L that is applied to a site 
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that starts at the edge of the chronic mixing zone and extends 
all the way across the stream, there would be overprotection at 
the edge of the chronic mixing zone (because the maximum allowed 
concentration is 12 mg/L, but a concentration of 29.5 mg/L will 
not cause chronic toxicity), whereas there would be 
underprotection on the other side of the stream (because the 
maximum allowed concentration is 12 mg/L, but concentrations 
above 5 mg/L can cause chronic toxicity.) 

The Exnerimental Determination of Additivitv 

Experimental variation makes it difficult to quantify additivity 
without determining a large number of WERs, but the advantages of 
demonstrating additivity might be sufficient to make it worth the 
effort. It should be possible to decide whether the eWER and 
uWER are strictly additive based on determination of the eWER in 
100 % effluent, determination of the uWER in 100 'a upstream 
water, and determination of WERs in 1:3, l:l, and 3:l mixtures of 
the effluent and upstream water, i.e., determination of WERs in 
100, 75, 50, 25, and 0 % effluent. Validating models of partial 
additivity and/or interactions will probably require 
determination of more WERs and more sophisticated data analysis 
(see, for example, Broderius 1991). 

In some cases chemical measurements or manipulations might help 
demonstrate that at least some portion of the eWER and/or the 
uWER is additive: 
1. If the difference between the dissolved WER and the total 

recoverable WER is explained by the difference between the 
dissolved and total recoverable concentrations, the difference 
is probably due to particulate refractory metal. 

2. If the WERs in different samples of the effluent correlate 
with the concentration of metal in the effluent, all, or 
nearly all, of the metal in the effluent is probably nontoxic. 

3. A WER that remains constant as the pH is lowered to 6.5 and 
raised to 9.0 is probably additive. 

The concentration of refractory metal is likely to be low in 
upstream water except during events that increase TSS and/or TOC; 
the concentration of refractory metal is more likely to be 
substantial in effluents. Chemical measurements might help 
identify the percentages of the eWER and the uWER that are due to 
refractory metal, but again experimental variation will limit the 
usefulness of chemical measurements when concentrations are low. 

Summary 

.The distinction between the two components of a WER determined 
using downstream water has the following implications: 
1. The magnitude of a WER determined using downstream water will 

usually depend on the percent effluent in the sample. 
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2. Insofar as the eWER and uWER are additive, the magnitude of a 
downstream WER can be calculated from the eWER, the uWER, and 
the ratio of effluent and upstream water in the downstream 
water. 

3. The derivation and implementation of site-specific criteria 
should ensure that each component is applied only where it 
occurs. 
a. Underprotection will occur if, for example, any portion of 

the eWER is applied to an area of a stream where the 
effluent does not occur. 

b. Overprotection will occur if, for example, an unnecessarily 
small portion of the eWER is applied to an area of a stream 
where the effluent occurs. 

Even though the concentration of metal might be higher than a 
criterion in both a regulatory mixing zone and a plume, a 
reduced level of protection is allowed in a mixing zone, 
whereas a reduced level of protection is not allowed in the 
portion of a plume that is not inside a mixing zone. 
Regulatory mixing zones are necessary if, and only if, a 
discharger wants to make use of the assimilative capacity of 
the upstream water. 
It might be cost-effective to quantify the eWER and uWER, 
determine the extent of additivity, study variability over 
time, and then decide how to regulate the metal in the 
effluent. 

Reference 
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Appendix H: Special Considerations Concerning the Determination 
of WERs with Saltwater Species 

1. The test organisms should be compatible with the salinity of 
the site water, and the salinity of the laboratory dilution 
water should match that of the site water. Low-salinity 
stenohaline organisms should not be tested in high-salinity 
water, whereas high-salinity stenohaline organisms should not 
be tested in low-salinity water; it is not known, however, 
whether an incompatibility will affect the WER. If the 
community to be protected principally consists of euryhaline 
species, the primary and secondary toxicity tests should use 
the euryhaline species suggested in Appendix I (or 
taxonomically related species) whenever possible, although t 
range of tolerance of the organisms should be checked. 
a. When Method 1 is used to determine cmcWERs at saltwater 

sites, the selection of test organisms is complicated by 
the fact that most effluents are freshwater and they are 
discharged into salt waters having a wide range of 

he 

b. 

salinities. Some state water quality standards require a 
permittee to meet an LC50 or other toxicity limit at the 
end of the pipe using a freshwater species. However, the 
intent of the site-specific and national water quality 
criteria program is to protect the communities that are at 
risk. Therefore, freshwater species should not be used 
when WERs are determined for saltwater sites unless such 
freshwater species (or closely related species) are in the 
community at risk. The addition of a small amount of brine 
and the use of salt-tolerant freshwater species is 
inappropriate for the same reason. The addition of a large 
amount of brine and the use of saltwater species that 
require high salinity should also be avoided when salinity 
is likely to affect the toxicity of the metal. Salinities 
that are acceptable for testing euryhaline species can be 
produced by dilution of effluent with sea water and/or 
addition of a commercial sea salt or a brine that is 
prepared by evaporating site water; small increases in 
salinity are acceptable because the effluent will be 
diluted with salt water wherever the communities at risk 
are exposed in the real world. Only as a last resort 
should freshwater species that tolerate low levels of 
salinity and are sensitive to metals, such as Daphnia magna 
and Hyalella azteca, be used. 
When Method 2 is used to determine cccWERs at saltwater 
sites: 
1) If the site water is low-salinity but all the sensitive 

test organisms are high-salinity stenohaline organisms, 
a commercial sea salt or a brine that is prepared by 
evaporating site water may be added in order to increase 
the salinity to the minimum level that is acceptable to 
the test organisms; it should be determined whether the 
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salt or brine reduces the toxicity of the metal and thereby 
increases the WER. 
2) If the site water is high-salinity, selecting test 

organisms should not be difficult because many of the 
sensitive test organisms are compatible with high- 
salinity water. 

2. It is especially important to consider the availability of 
test organisms when saltwater species are to be used, because 
many of the commonly used saltwater species are not cultured 
and are only available seasonally. 

3. Many standard published methodologies for tests with saltwater 
species recommend filtration of dilution water, effluent, 
and/or test solutions through a 37-µm sieve or screen to 
remove predators. Site water should be filtered only if 
predators are observed in the sample of the water because 
filtration might affect toxicity. Although recommended in 
some test methodologies, ultraviolet treatment is often not 
needed and generally should be avoided. 

4. If a natural salt water is to be used as the laboratory 
dilution water, the samples should probably be collected at 
slack high tide (± 2 hours). Unless there is stratification, 
samples should probably be taken at mid-depth; however, if a 
water quality characteristic, such as salinity or TSS, is 
important, the vertical and horizontal definition of the point 
of sampling might be important. A conductivity meter, 
salinometer, and/or transmissometer might be useful for 
determining where and at what depth to collect the laboratory 
dilution water; any measurement of turbidity will probably 
correlate with TSS. 

5. The salinity of the laboratory dilution water should be within 
± 10 percent or 2 mg/L (whichever is higher) of that of the 
site water. 
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Appendix I: Suggested Toxicity Tests for Determining WERs for 
Metals 

Selecting primary and secondary toxicity tests for determining 
WERs for metals should take into account the following: 
1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

WERs determined with more sensitive tests are likely to be 
larger than WERs determined with less sensitive tests (see 
Appendix D) . Criteria are derived to protect sensitive 
species and so WERs should be derived to be appropriate for 
sensitive species. The appropriate regulatory authority will 
probably accept WERs derived with less sensitive tests because 
such WERs are likely to provide at least as much protection as 
WERs determined with more sensitive tests. 
The species used in the primary and secondary tests must be in 
different orders and should include a vertebrate and an 
invertebrate. 
The test organism (i.e., species and life stage) should be 
readily available throughout the testing period. 
The chances of the test being successful should be high. 
The relative sensitivities of test organisms vary 
substantially from metal to metal. 
The sensitivity of a species to a metal usually depends on 
both the life stage and kind of test used. 
Water quality characteristics might affect chronic toxicity 
differently than they affect acute toxicity (Spehar and 
Carlson 1984; Chapman, unpublished; Voyer and McGovern 1991). 
The endpoint of the primary test in laboratory dilution water 
should be as close as possible (but must not be below) the CMC 
or CCC to which the WER is to be applied; the endpoint of the 
secondary test should be as close as possible (and should not 
be below) the CMC or CCC. 
Designation of tests as acute and chronic has no bearing on 
whether they may be used to determine a cmcWER or a cccWER. 

The suggested toxicity tests should be considered, but the actual 
selection should depend on the specific circumstances that apply 
to a particular WER determination. 

Regardless of whether test solutions are renewed when tests are 
conducted for other purposes, if the concentrations of dissolved 
metal and dissolved oxygen remain acceptable when determining 
WERs, tests whose duration is not longer than 48 hours may be 
static tests, whereas tests whose duration is longer than 48 
hours must be renewal tests. If the concentration of dissolved 
metal and/or the concentration of dissolved oxygen does not 
remain acceptable, the test solutions must be renewed every 24 
hours. If one test in a pair of side-by-side tests is a renewal 
test, both of the tests must be renewed on the same schedule. 

Appendix H should be read if WERs are to be determined with 
saltwater species. 
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Suggested Tests1 for Determining cmcWERs and cccWERs2. 
(Concentrations are to be measured in all tests.) 

cmcWERs4 cccWERs4 Water3 Metal 

Aluminum 

Arsenic(II1) 

Cadmium 

Chrom(III) 

Chrom(VI) 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

FW DA X 

GM 
CR 

SL5 or FM 
CR 

SL or DA 

GM 
NE 

FM or GM 
AR 

GM 
MYC 

GM 
BM 

FX 
BM 

Y 
MYC 

FMC 
CR 

FM 
MY 

CDC 

CDC 
MYC 

CDC 
MYC 

FMC 

CDC 
MYC 

CDC 
BMC 

CDC 
MYC 

Y 
Y 

CDC 
MYC 

Y 
MYC 

CDC 
MYC 

CDC 
MYC 

X 

FMC 
BM 

FMC 
X 

CDC 

GM 
NEC 

FM 
AR 

X 
X 

Y 
Y 

FMC 
BMC 

Y 
X 

FMC 
BMC 

FMC 
BMC 

DA 
BM 

FW 
SW 

FW 
SW 

DA 
MY 

FW GM 

FW 
SW 

DA 
MY 

FW 
SW 

DA 
BM 

FW 
SW 

DA 
BM 

FW 
SW 

DA 
MY 

DA 
MY 

FW 
SW 

FW 
SW 

Y 
CR 

FW 
SW 

DA 
BM 

FW 
SW 

DA 
BM 

1 The description of a test specifies not only the test species 
and the duration of the test but also the life stage of the 
species and the adverse effect(s) on which the endpoint is to 
be based. 

2 Some tests that are sensitive and are used in criteria 
documents are not suggested here because the chances of the 
test organisms being available and the test being successful 
might be low. Such tests may be used if desired. 
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3 FW = Fresh Water; SW = Salt Water. 

4 Two-letter codes are used for acute tests, whereas codes for 
chronic tests contain three letters and end in "Cl'. One- 
letter codes are used for comments. 

5 In acute tests on cadmium with salmonids, substantial numbers 
of fish usually die after 72 hours. Also, the fish are 
sensitive to disturbance, and it is sometimes difficult to 
determine whether a fish is dead or immobilized. 

ACUTE TESTS 

AR. A 48-hr EC50 based on mortality and abnormal development from 
a static test with embryos and larvae of sea urchins of a 
species in the genus Arbacia (ASTM 1993a) or of the species 
Stronqvlocentrotus nurnuratus (Chapman 1992). 

BM. A 48-hr EC50 based on mortality and abnormal larval 
development from a static test with embryos and larvae of a 
species in one of four genera (Crassostrea, Mulinia, Mvtilus, 
Mercenaria) of bivalve molluscs (ASTM 1993b). 

CR. A 48-hr EC50 (or LC50 if there is no immobilization) from a 
static test with Acartia or larvae of a saltwater crustacean; 
if molting does not occur within the first 48 hours, renew at 
48 hours and continue the test to 96 hours (ASTM 1993a). 

DA. A 48-hr EC50 (or LC50 if there is no immobilization) from a 
static test with a species in one of three genera 
(Ceriodaohnia, DaDhnia, SimoceDhalus) in the family Daphnidae 
(U.S. EPA 1993a; ASTM 1993a). 

FM. A 48-hr LC50 from a static test at 25OC with fathead minnow 
(PimeDhales nromelas) larvae that are 1 to 24 hours old (ASTM 
1993a; U.S. EPA 1993a). The embryos must be hatched in the 
laboratory dilution water, except that organisms to be used 
in the site water may be hatched in the site water. The 
larvae must not be fed before or during the test and at least 
90 percent muet survive in laboratory dilution water for at 
least six days after hatch. 

Note: The following 48-hr LCSOs were obtained at a 
hardness of 50 mg/L with fathead minnow larvae that 
were 1 to 24 hours old. The metal was measured 
using the total recoverable procedure (Peltier 
1993) : 

Metal LCSO (LLq/L) 
Cadmium 13.87 
Copper 6.33 
Zinc 100.95 
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FX. A 96-hr LC50 from a renewal test (renew at 48 hours) at 25OC 
with fathead minnow (Pimephales nromelas) larvae that are 1 
to 24 hours old (ASTM 1993a; U.S. EPA 1993a). The embryos 
must be hatched in the laboratory dilution water, except that 
organisms to be used in the site water may be hatched in the 
site water. The larvae muet not be fed before or during the 
test and at least 90 percent must survive in laboratory 
dilution water for at least six days after hatch. 

Note: A 96-hr LC50 of 188.14 pg/L was obtained at a 
hardness of 50 mg/L in a test on nickel with fathead 
minnow larvae that were 1 to 24 hours old. The 
metal was measured using the total recoverable 
procedure (Peltier 1993). A 96-hr LC50 is used for 
nickel because substantial mortality occurred after 
48 hours in the test on nickel, but not in the tests 
on cadmium, copper, and zinc. 

GM. A 96-hr EC50 (or LC50 if there is no immobilization) from a 
renewal test (renew at 48 hours) with a species in the genus 
Gammarus (ASTM 1993a). 

MY 

NE 

SL 

A 96-hr EC50 (or LC50 if there is no immobilization) from a 
renewal test (renew at 48 hours) with a species in one of two 
genera (Mvsidopsis, Holmesimvsis [nee Acanthomvsis]) in the 
family Mysidae (U.S. EPA 1993a; ASTM 1993a). Feeding is 
required during all acute and chronic tests with mysids; for 
determining WERs, mysids should be fed four hours before the 
renewal at 48 hours and minimally on the non-renewal days. 

A 96-hr LC50 from a renewal test (renew at 48 hours) using 
juvenile or adult polychaetes in the genus Nereidae (ASTM 
1993a). 

A 96-hr EC50 (or LC50 if there is no immobilization) from a 
renewal test (renew at 48 hours) with a species in one of two 
genera (Oncorhvnchus, Salmo) in the family Salmonidae (ASTM 
i993a). 

CHRONIC TESTS 

BMC. A 7-day IC25 from a survival and development renewal test 
(renew every 48 hours) with a species of bivalve mollusc, 
such as a species in the genus Mulinia. One such test has 
been described by Burgess et al. 1992. [Note: When 
determining WERs, sediment must not be in the test chamber.] 
[Note: This test has not been widely used.1 

CDC. A 7-day IC25 based on reduction in survival and/or 
reproduction in a renewal test with a species in the genus 
Ceriodaphnia in the family Daphnidae (U.S. EPA 1993b). The 
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test solutions must be renewed every 48 hours. (A 21-day 
life-cycle test with Danhnia magna is also acceptable.) 

FMC. A 'I-day IC25 from a survival and growth renewal test (renew 
every 48 hours) with larvae (5 48-hr old) of the fathead 
minnow (Pimeohales Dromelas) (U.S. EPA 1993b). When 
determining WERs, the fish must be fed four hours before 
each renewal and minimally during the non-renewal days. 

MYC. A 7-day IC25 based on reduction in survival, growth, and/or 
reproduction in a renewal test with a species in one of two 
genera (Mvsidopsis, Holmesimvsis [nee Acanthomvsisl) in the 
family Mysidae (U.S. EPA 1993c). Mysids must be fed during 
all acute and chronic tests; when determining WERs, they 
must be fed four hours before each renewal. The test 
solutions must be renewed every 24 hours. 

NEC. A 20-day IC25 from a survival and growth renewal test (renew 
every 48 hours) with a species in the genus Neanthes (Johns 
et al. 1991). [Note: When determining WERs, sediment must 
not be in the test chamber.1 [Note: This test has not been 
widely used.] 

COMMENTS 

X. Another sensitive test cannot be identified at this time, and 
so other tests used in the criteria document should be 
considered. 

Y. Because neither the CCCs for mercury nor the freshwater 
criterion for selenium is based on laboratory data concerning 
toxicity to aquatic life, they cannot be adjusted using a WER. 
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Appendix J: Recommended Salts of Metals 

The following salts are recommended for use when determining a 
WER for the metal listed. If available, a salt that meets 
American Chemical Society (ACS) specifications for reagent-grade 
should be used. 

Aluminum 
*Aluminum chloride 6-hydrate: AlCl3•6H2O 

Aluminum sulfate 18-hydrate: Al2(SO4)3•18H2O 
Aluminum potassium sulfate 12-hydrate: AlK(SO4)2•12H2O 

Arsenic(III) 
*Sodium arsenite: NaAsO2 

Arsenic(V) 
Sodium arsenate 7-hydrate, dibasic: Na2HAsO4•7H2O 

Cadmium 
Cadmium chloride 2.5-hydrate: CdCl2•2.5H20 
Cadmium sulfate hydrate: 3CdSO4•8H20 

Chromium(II1) 
*Chromic chloride 6-hydrate (Chromium chloride) : CrC13•6H2O 
*Chromic nitrate g-hydrate (Chromium nitrate) : Cr(NO3)3•9H2O 

Chromium potassium sulfate 12-hydrate: CrK(SO4)2•12H2O 

Chromium(V1) 
Potassium chromate: K2CrO4 
Potassium dichromate: K2Cr207 

*Sodium chromate 4-hydrate: Na2CrO4•4H2O 
Sodium dichromate 2-hydrate: Na2Cr2O7•2H2O 

Copper 
*Cupric chloride 2-hydrate (Copper chloride): CuCl2•2H2O 

Cupric nitrate 2.5-hydrate (Copper nitrate) : Cu(NO3)2•2.5H2O 
Cupric sulfate S-hydrate (Copper sulfate) : CuSO4•5H2O 

Lead 
*Lead chloride: PbCl2 

Lead nitrate: Pb(NO3)2 

Mercury 
Mercuric chloride: HgCl2 
Mercuric nitrate monohydrate: Hg(NO3)2•H2O 
Mercuric sulfate: HgSO4 
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Nickel 
* Nickelous chloride 6-hydrate (Nickel chloride): NiC12•6H20 
* Nickelous nitrate 6-hydrate (Nickel nitrate): Ni(NO3)2•6H2O 

Nickelous sulfate 6-hydrate (Nickel sulfate): NiSO4•6H2O 

Selenium(IV) 
*Sodium selenite 5-hydrate: Na2SeO3•5H2O 

Selenium (VI) 
*Sodium selenate 10-hydrate: Na2SeO4•10H2O 

Silver 
Silver nitrate: AgNO3 

(Even if acidified, standards and samples containing silver 
mumt be in amber containers.) 

Zinc; 
Zinc chloride: ZnCl2 

*Zinc nitrate 6-hydrate: Zn(NO3)2•6H2O 
Zinc sulfate 7-hydrate: ZnSO4•7H2O 

*Note: ACS reagent-grade specifications might not be available 
for this salt. 

No salt should be used until information concerning the safety 
and handling of that salt has been read. 
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ECONOMIC GUIDANCE FOR WATER QUALITY STANDARDS

WORKBOOK

1.  INTRODUCTION

As presented in the Water Quality Standards Regulation, economic factors are
taken into consideration at various points in the process of setting, enforcing, or
changing Water Quality Standards  This guidance is presented to assist States and
applicants in understanding the economic factors that may be considered, and the
types of tests that can be used to determine if a designated use cannot be attained, if a
variance can be granted, or if degradation of high-quality water is warranted.  In order
to remove a designated use or obtain a variance, the State or discharger must
demonstrate that attaining the designated use would result in substantial and
widespread economic and social impacts.  Likewise, if a degradation in high-quality
water is proposed, it must be shown that lower water quality is necessary to
accommodate important social and economic development. 

This workbook provides guidance for those seeking to remove a designated use
(such as might occur under a Use Attainability), or obtain a variance based on
economic considerations, or to lower water quality in a high-quality water.  In
addition, it provides guidance to States and EPA regions responsible for reviewing
requests for variances and modifications to designated uses, and for approval of
antidegradation analyses.  The guidance describes the types of information and
analyses that should be considered by applicants and reviewers.  The guidance,
however, is not an exhaustive description of appropriate economic impact analyses. 
Additional information and tests may be necessary and/or desirable in certain circum-
stances.

The economic impacts considered are those that result from treatment beyond that
required by technology-based regulations.  Since water quality cannot be lower than
that resulting from technology-based limits applied to direct and indirect point source
discharges and reasonable Best Management Practices (BMP) applied to nonpoint
sources, these are considered to be the baseline.  All economic impact analyses of
water quality standards should, therefore, address only the cost of improving the water
to meet water quality standards or the cost of maintaining water quality in high-quality
waters.

Although EPA is responsible for approving a State's water quality standards, the
State is responsible for interpreting the circumstances of each case and determining
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where there are substantial and widespread economic and social impacts, or where
important social and economic development would be inappropriately precluded. 
Each analysis of economic impacts must demonstrate:

that the polluting entity, whether privately or publicly owned, would face
substantial financial impacts due to the costs of the necessary pollution controls
(substantial impacts or would interfere with development), and

that the affected community will bear significant adverse impacts if the entity is
required to meet existing or proposed water quality standards (widespread
impacts or important development).

This Workbook supplements the description contained in the Water Quality
Standards Handbook, which should be read first as it contains many important
definitions and descriptions of the regulations.  Specific attention should be paid to
Chapters 2 (Designation of Use) and 4 (Antidegradation), which describe the context
in which this guidance is to be used.  This Workbook is designed as a series of
worksheets and accompanying guidance to be used when actually calculating the
impacts of pollution control.  

The intent of this workbook is to point States and dischargers in the right direction. 
It does not give definitive answers as to whether or not an entity has demonstrated
substantial, widespread, or important economic and social impacts.  If a State or
discharger has difficulty with any part of the analysis presented in this workbook, they
should consider seeking the assistance of a financial expert.  In addition, State and
regional EPA water quality staff should feel free to contact EPA headquarters'
Economic and Statistical Analysis Branch in the Office of Water for advice and
assistance.

The remaining sections of Chapter 1 provide an overview of the analysis and
describe various factors and concepts that generally apply to analyzing the economic
impacts of compliance with water quality standards.  The following four chapters
provide detailed guidance.  

Throughout this Workbook, the term "financial impacts" refers to impacts on the
entity or party that will pay for the pollution control, whereas the term "socioeconomic
impacts" refers to changes in the social and/or economic conditions of the affected
community.  For public-sector entities, such as a publicly owned treatment works
(POTW), substantial impacts include financial impacts on the community, taking into
consideration current socioeconomic conditions.  Widespread, on the other hand,
refers to changes in the community's socioeconomic conditions.  By contrast, for
private-sector entities, substantial impacts refer to financial impacts and widespread
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impacts refer to socioeconomic impacts on the surrounding community.  In addition,
the term "applicant" refers to whomever will actually complete the economic impact
analysis, whether it be the State, an individual discharger, a consultant, or some other
organization. 

1.1 Designated Uses, Variances, and Antidegradation

Pursuant to the Water Quality Standards Regulation (40 CFR 131), States must
define statewide water quality goals by:  1) designating water uses and 2) adopting
water quality criteria that protect the designated uses.  When designating uses, States
must consider the use and value of the waterbody for public water supplies, protection
and propagation of fish, shellfish and wildlife, recreation in and on the water,
agricultural, industrial, and other purposes including navigation.  The designated use
may or may not coincide with the existing use, but it cannot reflect lower water quality
than the existing use.  As described in the Water Quality Standards Handbook, if the
designated use of a water body is also an existing use, the designated use cannot be
downgraded to one that requires less stringent water quality criteria.  If, however, the
designated use is not an existing use the States may, under certain circumstances,
remove the designated use, create new subcategories of the use, or grant a water
quality standard.  

Before a designated use is removed a State or a discharger must conduct and
submit a use attainability analysis to EPA.  Briefly, a use attainability analysis is an
assessment of the physical, chemical, biological and, if necessary, economic factors
affecting the attainment of a use.  If the analysis shows that, based on any one of these
factors, conditions exist which make the use unsuitable or impossible to achieve, then
the State may remove the designated use.   

In many cases, a designated but unattained use for a stream segment need not be
removed.  Instead, individual dischargers may be granted variances from the water
quality standards for a limited time with the expectation that they will be able to
comply with water quality standards by the time their variance expires.  A variance is
preferable to a removal of a designated use since other dischargers, who are capable of
meeting the standards, must comply with the standards through their permits.  In cases
where a discharger can meet water quality based permit limits for some parameters, a
variance would not be granted for those parameters.  The variance procedure is
designed to encourage compliance with the Clean Water Act within a reasonable
timeframe.

States are also required to adopt an antidegradation policy to protect existing uses,
high-quality waters, and water quality in waters that are considered to be outstanding
national resources. The antidegradation policy allows States to lower water quality in
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higher-quality waters only if it is necessary to accommodate important economic or
social development.  The use of the term "important"  communicates a general sense
of the level of economic and social development.  This provision is intended to permit
degradation of high-quality water bodies in only a few extraordinary cases where the
benefits of the economic or social development unquestionably outweigh the costs of
lowering water quality.  Under no circumstances, however, may water quality fall
below that required to protect existing or designated uses.  

For each of the circumstances described above, the Water Quality Standards
Regulation allows the applicant to take economic considerations into account.  When
applying for a change in a designated use or for a variance, the applicant must
demonstrate that meeting water quality standards will cause substantial and
widespread economic and social impacts.  The antidegradation provision requires that
the applicant demonstrate that important economic or social development would be
prevented unless lower water quality is allowed.  In all three cases, the same general
tests of impacts are used.

1.2 Pollution Sources

The choice of methods used to evaluate the economic impacts of meeting water
quality standards depend, in part, on whether pollution control is the responsibility of a
privately or a publicly owned entity.  Since the polluting entity or party may not be the
one to pay for reductions, the analyses focus on the party that pays for pollution
control.  Some of the more common privately owned entities include, but are not
limited to:  manufacturing facilities, agricultural operations, shopping centers and
other commercial development, residential developments, and recreational develop-
ments.  Publicly owned entities include: publicly owned sewage treatment works,
roads, and other municipal infrastructure.  

In an economic impact analysis, the distinction between private-sector and public-
sector entities is important as it determines not only who will pay for the necessary
pollution control, but also the types of funding mechanisms available.  For example, in
the case of a privately-owned entity, the facility can raise the money  through loans
and equity funds but may try to pass some or all of the cost on to the consumer in the
form of higher prices.  In the case of a publicly-owned entity, the community can float
bonds to pay for the capital costs, with the cost of the bonds and operating expenses
covered by user fees and/or tax revenues.  The different impact measures are
addressed in two separate chapters.  Chapter Two provides guidance on public-sector
entities and Chapter Three provides guidance on private-sector entities.

Whether publicly or privately owned, polluting entities can be point (direct
discharge) or nonpoint (runoff and erosion) sources of pollution.  Attainment of water
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quality standards is not limited to controls placed on point sources.  Water quality
standards are applicable to nonpoint sources of pollution despite the fact that there
may be no direct implementation mechanisms for nonpoint sources.  Although
pollution control approaches used by nonpoint sources may differ substantially from
approaches typically  employed by point sources, analysis of the ensuing economic
impacts still depends upon whether the entity providing the pollution control is
privately or publicly owned.   

1.3 Substantial Impacts

A financial analysis of the discharger should be conducted to determine if the
capital and the operating and maintenance costs of pollution control will have a
substantial impact.  This analysis is typically performed by the discharger and
reviewed by the State, although there may be cases where the State or some other
group completes the analysis on behalf of the discharger.  The first step is to estimate
the capital and the operation and maintenance costs of the necessary pollution control
(see Figure 1-1).  The second step is to determine how the entity will finance the
necessary reductions.  If the entity is publicly-owned (e.g. a municipal sewage
treatment plant), the households in the community will bear the cost either through an
increase in user fees, an increase in taxes or a combination of both.  The burden to
households resulting from total annual pollution control costs must be estimated.  In
addition, the financial impact analysis must consider the community's ability to obtain
financing and the general economic health of the community.

If the entity is privately-owned (e.g. a manufacturing facility), the analysis should
consider factors such as the entity's ability to secure financing and the degree to which
it will be able to pass the cost of pollution control on to its customers in the form of
higher prices.  The financial impact analysis of private-sector entities employs a
variety of financial ratios and tests.  Some of these ratios and tests include benchmark
values to help in the analysis.

Demonstration of substantial financial impacts is not sufficient reason to modify a
use or grant a variance from water quality standards.  Rather, the applicant must also
demonstrate that compliance would create widespread socioeconomic impacts on the
affected community.

1.4 Widespread Impacts

States and dischargers will need to consider the possibility that financial impacts
could cause far reaching and serious impacts to the community.  An important factor
in determining the magnitude of these impacts is defining the geographical area
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affected.  The affected area might be a town, city, region, county or some combination
of these geographical units.  

Equally important are the types of impacts that might occur.  There are no
economic ratios or tests per se to evaluate socioeconomic impacts.  Instead, the
relative magnitude of a group of indicators should be taken into account.  For public-
sector entities, the applicant will need to estimate the change in socioeconomic
conditions that would occur as a result of compliance.  Of particular importance are 
changes in factors such as median household income, unemployment, and overall net
debt as a percent of full market value of taxable property.  For private-sector entities,
the assessment of widespread impacts should consider many of the same
socioeconomic conditions.  The analysis should also consider the effect of decreased
tax revenues if the private-sector entity were to go out of business, income losses to
the community if workers lose their jobs, and indirect effects on other businesses.

In some instances, several entities potentially may suffer substantial impacts.  For
example, this situation can arise where several facilities are discharging to a stream
segment that is being considered for a change in designated use.  While a separate
financial analysis should be performed for each facility, the impacts on all the facilities
should be considered jointly in the analysis of widespread impacts.

1.5 Antidegradation

As with removing a use or granting a variance, eco-nomic impacts are considered
as part of an antidegradation review.  While the terminology is different, the tests are
basically the same.  In the first case (discussed in Chapters 2, 3, and 4), a finding of
substantial and widespread economic impacts can be the basis for granting a variance
or changing a designated use.  In the case of antidegradation, the analysis must show
that maintaining "high-quality waters" will preclude important economic and social
development.  As such, the two cases can be thought of as two sides of the same coin. 
Variances and downgrades refer to situations where additional treatment to meet
standards may result in declining economic and social conditions, while
antidegradation refers to situations where lowering water quality may result in
improved social and economic conditions.

When performing an antidegradation analysis, the first question is whether the
costs of the pollution controls needed to maintain the high-quality water will interfere
with the development.  If not, then lower water quality is not "necessary" for the
development to take place.  If, on the other hand, the costs will interfere with the
development and lower water quality is "necessary" for the development to take place,
then the analysis must show that the development would be an important economic
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and social development.  These two steps rely on the same test as the determination of
substantial and widespread economic and social impacts.

1.6 Organization of the Rest of the Workbook

The remainder of this Workbook addresses the measurement of economic impacts. 
In Chapter 2, guidance is presented to assist applicants in evaluating financial impacts
on public-sector entities.  Chapter 3 presents guidance on evaluating financial impacts
on private-sector entities.  Chapter 4 provides a discussion of how to assess whether
impacts are widespread as well as substantial. This discussion includes both public-
sector and private-sector entities.  Chapter 5 applies the concepts developed in
Chapters 2, 3, and 4 to antidegradation.

Worksheets are included in each chapter that will assist the reader in calculating
potential impacts.  Chapters 2 and 3 include worksheets for: 1) estimation of
annualized costs of pollution control, and 2) evaluation of the financial burden of
pollution control.  Chapter 4 includes worksheets that can be used in the evaluation of
whether the impacts on the entity(ies) will result in widespread economic and social
impacts.  Chapter 5 includes worksheets for determining if important social and
economic development might be lost.  

In addition to presenting step by step guidance on how to estimate impacts, several
of the worksheets provide benchmark comparisons that allow an assessment of the
magnitude and relative importance of potential impacts.  These worksheets, however,
should not be used in isolation.  Discussion of key sources of information, important
entity and community attributes, and interpretation of results are found only in the
accompanying text.  Applicants, and State Water Quality staff charged with reviewing
the application, should be sure to read all text accompanying the worksheets.  While
Chapter 2 addresses public-sector treatment requirements, if a substantial portion of
the costs of a public facility is borne by a private entity (such as a manufacturing
facility that pays substantial user charge fees to a POTW), both Chapters 2 and 3
should be referred to.

In all cases, the determination of economic and social impacts must be made on a
case by case basis.  This determination, therefore, requires the application of good
judgement as well as use of the guidance provided in this workbook.  Additional
information and tests may be required in order to measure the size and extent of the
impacts.  Applicants should be aware that they will be required to supply documenta-
tion to substantiate their claim of substantial and widespread economic and social
impacts.  In addition to background data, however, this documentation should  include
a brief written description of why the applicant believes economic and social impacts
will occur.
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2. EVALUATING SUBSTANTIAL IMPACTS: 
PUBLIC SECTOR ENTITIES

Public entities seeking relief from meeting water quality standard requirements must
demonstrate that the cost of required water pollution control will result in substantial
impacts and that there will be "widespread" adverse social and economic impacts if they
are required to meet these standards.  For the purposes of this workbook, a public entity
refers to any governmental unit that must comply with pollution control requirements in
order to meet water quality standards.  The most common example is a municipality or
sewage authority operating a publicly owned treatment works (POTW) that must be
upgraded or expanded.  Municipalities, however, may also be required to control other
point sources or nonpoint sources of pollution within their jurisdiction.  The procedures
outlined in this chapter apply to all types of publicly financed projects that may be
required to meet water quality standards.  Throughout this chapter, the term
"State/discharger" refers to whoever will actually conduct the financial and
socioeconomic impact analysis for the  public entity, whether it be the State, the
municipality, a consultant or some other organization.  

The remainder of this chapter details methodologies and sources of information for
determining the financial viability of publicly financed projects.  Several worksheets are
presented that will assist in demonstrating substantial impacts.  States/dischargers are
referred to Chapter 4 for guidance on demonstrating widespread impacts.  Readers should
keep in mind that the guidance in this chapter is not meant to be exhaustive.  The State
and/or EPA may require additional information or tests in order to evaluate whether
substantial and widespread impacts will occur.  In addition, the State/discharger should
feel free to include any additional information they think is relevant.

As mentioned in Chapter 1, the evaluation of substantial impacts resulting from public
entity compliance with water quality standards includes two elements, 1) financial impacts
to the public entity and 2) current socioeconomic conditions of the community.
Governments have the authority to levy taxes and distribute pollution control costs among
households and businesses according to the tax base.  Similarly, sewage authorities charge
for services, and thus can recover pollution control costs through users fees.  In both
cases, a substantial impact will usually  affect the wider community.  Whether or not the
community faces substantial impacts depends on both the cost of the pollution control and
the general financial and economic health of the community. 

If the public entity passes a significant portion of the pollution control costs along to
private facilities or firms, then the review procedures outlined in Chapter 3 of this
workbook should also be consulted to determine the impact on the private entities.  Both
public and private entities should consult Chapter 4  for guidance on how to estimate
potential widespread impacts on the community.  
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This chapter focuses on ways to determine if the costs of the proposed project will
likely result in substantial impacts.  To make this determination the State/discharger will
need to complete a five step analysis.  As shown in Figure 2-1 the first step in the process
is to estimate the cost of the pollution control project and calculate the annual cost of the
proposed pollution control project.  The second step is to calculate the total annual
pollution control cost per household, which includes the cost of the project and existing
pollution control costs.  In the third step, the Municipal Preliminary Screener is
calculated, which quickly identifies entities that clearly will not experience substantial
impacts due to the cost of the necessary pollution control. If it is not clear whether there
will be substantial impacts, entities should proceed to the fourth step, which is the
calculation of the Secondary Test.  In this step public entities will need to provide
financial and socioeconomic information.  For example, the ability of the community to
finance the project may depend on existing financial conditions in the community such
as debt per capita and the community's bond rating.  The socioeconomic health of the
community prior to the project's construction will also be an important indicator of
whether the pollution control would impose a substantial impact on the community.  The
fifth and final step of determining whether impacts are "substantial" is evaluating where
the community falls in the impacts matrix.  This matrix takes into consideration the
Municipal Preliminary Screener and the Secondary Test score.  Later, in Chapter 4,
estimated changes in socioeconomic health indicators will be reviewed to evaluate the
extent to which the impacts can be considered widespread.  

The remainder of this chapter is divided into five sections that detail the essential steps
of an evaluation of substantial impacts for publicly financed projects.  Figure 2-1
illustrates the steps and decision points in this process.  The five steps are:

Verify Project Costs and Calculate the Annual Cost of the Pollution Control
Project  - This section discusses factors that should be considered when selecting
a pollution control project.  It also describes the type of general information about
the proposed project that should be provided.  In addition, it discusses how to
annualize capital costs of the project and calculate total annual costs of the
pollution control project.

Calculate Total Annualized Pollution Control Costs Per Household  - This
section outlines the calculation of total annual pollution control costs per
household.  The costs of the proposed project and existing pollution control are
included.

Calculate and Evaluate the Municipal Preliminary Screener Score  - This
section explains the "screener" which identifies only those communities that
clearly will not face any substantial impacts.  
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Apply the Secondary Test  - This measurement incorporates a characterization
of the community's current financial and socioeconomic well-being. 

Assess where the community falls in The Substantial Impacts Matrix - This
matrix evaluates whether or not communities are expected to incur substantial
economic impacts due to the implementation of the pollution control costs.  If the
applicant cannot demonstrate substantial impacts, then they will be required to
meet existing water quality standards.  If impacts are expected to be substantial,
then the applicant goes on to demonstrate whether they are also expected to be
widespread.  

 
2.1 Verify Project Costs and Calculate the Annual Cost of the Pollution Control

Project.

Before the impact analysis can be performed, the project costs should be verified and
then annual costs calculated.

2.1.a  Verify Project Costs

The first step of an economic analysis of a publicly financed project is an evaluation
of the proposed project.  Public entities should consider a broad range of discharge
management options including pollution prevention, end-of-pipe treatment, and upgrades
or additions to existing treatment.  Specific types of pollution prevention activities that
should be considered are:

Public Education;
Change in Raw Materials;
Substitution of Process Chemicals;
Change in Process;
Water Recycling and Reuse; and
Pretreatment Requirements.

Many of these approaches are particularly relevant to industrial indirect discharges to
the public system.  Whatever the approach, the applicant must demonstrate that the
proposed project is the most appropriate means of meeting water quality standards and
must document project cost estimates.  If at least one of the treatment alternatives that
meets water quality standards will not have a substantial financial impact, then the
community should not proceed with the analysis presented in the rest of this workbook.
General information regarding the proposed pollution control project and other projects
considered should be supplied in Worksheet A.

The most cost-effective approach to meeting water quality standards should be
considered.  Submissions should include assumptions about excess capacity, population
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growth, and consideration of alternative technologies where appropriate.  The most
accurate estimate of project costs may be available from the discharger's design engineers.
If site-specific engineering cost estimates are not available, preliminary project cost
estimates can be derived from a comparable project in the State or from the judgement of
experienced water pollution control engineers.  (See Appendix A for sources of
engineering cost information.)  Capital, operation and maintenance (O&M), and other
project costs can be summarized using Worksheet B. For comparative purposes, cost
estimates (e.g. capital, O&M, other project costs) for each alternative being considered
should be presented in the same units (typically annualized costs, $/yr) and for the same
year.  The next section explains how to annualize project costs.

For illustrative purposes, the example of a local government upgrading their existing
wastewater treatment facility in order to meet water quality standards is used throughout
this chapter.  Details of this example may differ significantly from other projects
undertaken to meet water quality objectives.  Other types of public-sector water pollution
control, however, would be analyzed in a similar fashion using the worksheets included
in this chapter.  

2.1.b Calculate the Annual Costs of the Pollution Control Project

Since capital costs typically will be paid over several years, annualized costs are used
in the evaluation of economic burden to the community.  The capital portion of project
costs is typically financed over approximately 20 years, by issuing a municipal debt
instrument such as a general obligation bond or a revenue bond.  Local governments may
also finance capital costs using bank loans, state infrastructure loans (revolving funds),
or federally subsidized loans (such as those offered by the Farmers' Home
Administration).  

It should be noted that interest rates used to annualize costs are dependent on the type
of debt instrument used as well as the recipient's credit standing.  For example, revenue
bonds typically are financed at a slightly higher interest rate because of their dependence
on revenues from services as opposed to being guaranteed by the full faith and credit of
the jurisdiction.  Because interest rates affect the interest payment and thus the annualized
capital cost of the project, it is important that the interest rate used on Worksheet B
reflects the debt instrument (i.e. municipal bond, commercial bank loan, state revolving
fund loan, or other instrument) likely to be used by the municipality.  
 

The calculation of total annualized cost of the project is presented in Worksheet B.
First, capital costs are summed and the portion of costs to be paid for with grant monies
are deducted, as these costs will not need to be financed.  Next, the annualization factor
is calculated using the formula supplied on Worksheet B, or the annualization factor is
found in Appendix B.  Annualized capital cost is then calculated by multiplying the total
capital costs to be financed by the annualization factor.  
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Next, annual operating and maintenance costs are summed, and the total is added to
the annualized capital cost.  These costs should include the costs of monitoring,
inspection, permitting fees, waste disposal charges, repair, administration, replacement,
and any other recurring costs.  All recurring costs should be stated in terms of dollars per
year.  The sum of the annualized capital cost and total annual operating and maintenance
costs is the total annual cost of the project.  In the next section, the annualized costs paid
by households in the community are calculated. 

2.2 Calculate Total Annualized Pollution Control Costs Per Household

In order to assess the burden that total pollution control costs are expected to have on
households, an average annualized pollution control cost per household should be
calculated for all households in the community that would bear project costs.  In order to
evaluate substantial impacts, therefore, the analysis must establish which households will
actually pay for pollution control as well as what proportion of the costs will be borne by
households.  These apportioned project costs are then added to existing pollution control
costs paid by households.

It is important to first define the affected community.  The "community" is the
governmental jurisdiction responsible for paying compliance costs.  In practice, pollution
control projects may serve several communities or just portions of a community.  In the
case of a sewage agency serving several communities, once project costs are allocated to
each community served, the economic analysis is conducted on a community by
community basis.  In the case of a community in which only a portion of the community
is served, the affected community is defined as those who will pay the compliance costs.
In such cases, it may be difficult to obtain socioeconomic data for just part of the
community and data for the entire community may be used instead.  The area that is
affected may not be the same as the area that is paying, therefore it may be appropriate
to evaluate widespread impacts, described in Chapter 4, over a community that is defined
differently than the paying community.

If project costs were estimated for some prior year, these costs should be adjusted
upward to reflect current year prices using the average annual national Consumer Price
Index (CPI) inflation rate for the period.  The CPI inflation rate is available from the
Bureau of Labor Statistics.  An additional source reporting the CPI inflation rate is the
CPI Detailed Report, which is published monthly by the U.S. Department of Labor,
Bureau of Labor Statistics.  

The ratio of the current CPI to the CPI for the year of the cost estimates indicates how
much costs have increased over the period.  This ratio can be applied to the cost estimates
to "bring them up to current year costs."  Likewise, there are engineering cost indices that
can be used for this purpose.
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If project costs are not distributed simply according to wastewater flow or tax
revenues, then consideration should be given to separately analyzing the impacts on users
who pay a disproportionate share of the costs.  This situation can arise, for example,
where industrial dischargers to a sewer system are assessed pollutant surcharges to pay
for their share of the cost of advanced treatment necessitated by the presence of their
pollutants.  Remaining costs would then be split among households according to
wastewater flow or tax revenues, whichever is appropriate.  The total amount of the
pollution control project to be recouped by surcharges should, therefore, be removed from
the total project cost before costs are allocated according to wastewater flow or tax
revenues.

In calculating the total annual cost of pollution control per household, current costs of
pollution control must be considered along with the projected annual costs of the
proposed pollution control project.  The existing cost per household usually can be
obtained from the most recent municipal records.  For example, it can be found in the
sewer enterprise fund accounts for communities that maintain a separate enterprise fund.
It is not necessary, in such cases, to sum all the cost components.  Instead, use the most
recent operating revenues, divided by the number of households served.  In cases where
the community does not maintain a separate enterprise fund for sewers, the cost elements
can be summed from the consolidated statement for the community.  If the portion of
proposed project costs that households are expected to pay is known or is expected to
remain unchanged, then use Worksheet C to calculate the total annual cost of pollution
control per household.  If the portion paid by households is based on flow, then should
refer to Worksheet C: Option A as well. 

The cost per household as a percent of median household income is used in Section
2.3 as a screener to quickly identify those communities that clearly will not face
substantial impacts due to pollution control.  For guidance in estimating impacts on non-
household users (e.g., industrial, commercial), refer to Chapter 3.  
2.3 Calculate and Evaluate The Municipal Preliminary Screener Value 

Whether or not the community is expected to incur "substantial" economic impacts due
to the pollution control project is determined by jointly considering the results of two
tests.  The first test is a "screener" to establish whether the community can clearly pay for
the project without incurring any substantial impacts.  The Municipal Preliminary
Screener estimates the total annual pollution control costs per household (existing costs
plus those attributable to the proposed project) as a percentage of median household
income.  The screener is written as follows:

Municipal Preliminary Screener = Average Total Pollution Control Cost per Household
Median Household Income
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Median household income information for many municipalities is available from the
1990 Census of Population.  If median household income is not available for the current
year, it should be estimated for the current year by using the CPI inflation rate for the
period between the year that median household income is available and the current year.
To calculate the inflation rate over the relevant period, use the "percent change from the
previous annual average" (annual inflation rate) presented in the CPI Detailed Report.
For example, if the current year is 1993, 1990 is the most recent year that median
household income is available, and the percentage changes for the 1990, 1991, and 1992
annual averages respectively are: 5.2, 4.1 and 2.9, the adjustment factor equals:

Adjustment Factor = 1.052 * 1.041 * 1.029 = 1.13

Adjusted Median Household Income = 
Median Household Income * Adjustment Factor  

Depending on the results of the screener, the community is expected to incur little,
mid-range, or large economic impacts due to the proposed project (see Worksheet D).
If the total annual cost per household (existing annual cost per household plus the
incremental cost related to the proposed project) is less than 1.0 percent of median
household income, it is assumed that the project is not expected to impose a substantial
economic hardship on households.  The screener is therefore set at 1.0 percent of median
household income.  Communities with screener results of less than 1.0 but still fairly close
to 1.0, however, may still want to proceed to the Secondary Test. 

Communities are expected to incur mid-range impacts when the ratio of total annual
compliance costs to median household income is between 1.0 and 2.0 percent.  If the
average annual cost per household exceeds 2.0 percent of median household income, then
the project may place an unreasonable financial burden on many of the households within
the community.  In either case, communities move on to the Secondary affordability Test
to demonstrate substantial impacts.  For example, assume that Community XYZ has a
screener of 2.3 percent.  Although it appears that the community faces large impacts,
substantial impacts have not necessarily been demonstrated and the community must
proceed to the next step and apply the Secondary Test.  Dischargers with screener values
well below 1.0 percent are assumed to be able to pay for pollution control without
incurring any substantial economic impacts and are required to meet existing water
quality standards.  They do not need to proceed to the Secondary Test (see Figure 2-1).

2.4. Apply Secondary Test 

The Secondary Test is designed to build upon the characterization of the financial
burden identified in the Municipal Preliminary Screener.  The Secondary Test indicates
the community's ability to obtain financing and describes the socioeconomic health of the



Economic Guidance for Water Quality Standards 2-8

community.  Indicators describe precompliance debt, socioeconomic, and financial
management conditions in the community.  Using these indicators and the scoring system
described below, the impact of the cost of pollution control is estimated.  Specifically,
applicants are required to present the following six indicators for the community:

Debt Indicators

Bond Rating (if available) - a measure of credit worthiness of the community;

Overall Net Debt as a Percent of Full Market Value of Taxable Property - a
measure of debt burden on residents within the community;

Socioeconomic Indicators

Unemployment Rate - a measure of the general economic health of the
community;

Median Household Income - a measure of the wealth of the community;

Financial Management Indicators

Property Tax Revenue as a Percent of Full Market Value of Taxable Property - a
measure of the funding capacity available to support debt based on the wealth of
the community; and

Property Tax Collection Rate - a measure of how well the local government is
administered.

A more detailed description of the six indicators, as well as alternative indicators for
states with property tax limitations, are presented below.  Table 2-1 summarizes the
indicators and what is considered to be a strong, mid-range, or weak rating.

Debt Indicators

Bond Rating

Current ratings for the community summarize a bond rating agency's assessment of a
community's credit capacity.  The ratings generally reflect current financial conditions.
If security enhancements like bond insurance have been used for the bond issue, however,
the bond rating on a particular issue may be higher than local conditions justify.  Only
ratings for uninsured bonds, therefore, should be used.

Many small and medium sized communities have not used debt financing for projects
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and, as a result, have no bond rating.  The absence of a bond rating does not indicate
strong or weak financial health.  When a bond rating is not available, this indicator should
not be included in the analysis of substantial impacts.  When available, the rating for the
most recent general obligation bond should be used.  If a general obligation bond has not
been issued recently, the most recent rating for a sewer bond should be used.  Recent
bond ratings are included in municipal bond reports from rating agencies (e.g., Moody's
Bond Record, Standard and Poor's Corporation).

Overall Net Debt as a Percent of Full Market Value of Taxable Property

Overall Net Debt is debt repaid by property taxes.  It excludes debt that is repaid by
special user fees (e.g. revenue debt).  This indicator provides a measure of debt burden
on residents within the community and measures the ability of local government
jurisdictions to issue additional debt.  It includes the debt issued directly by the local
jurisdiction and debt of overlapping entities, such as school districts.  It compares the
level of debt owed by the community with the full market value of real property used to
support that debt and serves as a measure of the community's wealth.

Debt information is available from the financial statement of each community.  In most
cases, recent financial statements are on file with the State (e.g., State Auditor's Office).
Overlapping debt may or may not be provided in a community's financial statements.  The
property assessment data (assessment ratio) should be readily available through the
community or the State Assessor's Office.  The boundary of the affected community
generally conforms to one or more community boundaries.  Therefore, prorating
community data to reflect specific service area boundaries is not normally necessary for
evaluating the general financial capability of the affected community.

Socioeconomic Indicators

Unemployment Rate

The unemployment rate is defined as the percent of a community's labor force
currently unemployed.  If the unemployment rate in the service area is not available, the
encompassing county's rate may be used as a substitute.  The Bureau of Labor Statistics
(BLS) maintains current unemployment rate figures for municipalities and counties.
National unemployment data is also needed for comparison purposes.  This information
can be obtained from the BLS are available by request at (202) 606-6392. A community's
unemployment rate is considered to be below the national average if it is more than 1%
below the national average.  Similarly, a community's unemployment rate is considered
to be above the national average if it is more than 1% above the national unemployment
rate.  If the community's employment rate is equal to the national average unemployment
rate, plus or minus 1%, then the community's unemployment rate is assessed as being
equal to the national rate.  
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Median Household Income

Median household income (MHI) is defined as the median of the total income dollars
received per household during a calendar year in a given area.  It serves as an overall
indicator of community spending capacity.  Median household income, which was also
used in the screener process, is available from the 1990 Census or through state data
centers.  The state value is also needed for comparison purposes. If a community's median
household income is more than 10% below the state's median household income, then it
is considered to be below the state's median.  If a community's median household income
is more than 10% above the state's median, then it is considered to be above the state
median value.  If, however, the community's median household income is equal to the
state median, plus or minus 10%, then the community's median household income is
assessed as being equal to the state's median household income. 

Financial Management Indicators

Property Tax Revenues as a Percent of Full Market Value of Taxable Property

This indicator can be referred to as the "property tax burden" since it indicates the
funding capacity to support new expenditures, based on the wealth of the community.
Some states and local jurisdictions may have established legal limits on the amount of
property taxes that can be levied as a percent of full market or assessed value of real
property.  Property assessment data should be readily available through the community
or the State Assessor's Office.  Property tax revenues are available in communities' annual
financial statements.

Property Tax Revenue Collection Rate

This rate is an indicator of the efficiency of the tax collection system and a measure
of how well the local government is administered.  It compares the actual amount
collected from property taxes to the amount levied.  Property taxes levied can be
computed by multiplying the assessed value of real property by the property tax rate, both
of which are available from a community's financial statements or the State Assessor's
Office.
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Alternative Indicators for States with Property Tax Limitations

Two of the indicators may not be appropriate in states with statutory limits on
property tax collections and/or rates, or where data on full-market value of taxable
property are not available.

The first of these indicators -- The Overall Net Debt as Percent of Full Market Value
of Taxable Property -- can be replaced with:

Overall Net Debt Per Capita

In calculating the Secondary Score, the following ratings for Overall Net Debt Per
Capita should be used:

Greater than $3,000 = weak = 1
$1,000 - $3,000 = mid-range = 2
Less than $1,000 = strong = 3

The second of these indicators -- Property Tax Revenues as a Percent of Full-
Market Value of Taxable Property -- has no appropriate substitute in cases where
property taxes are at their limit or where full-market value of taxable property
cannot be estimated.  In such cases, this indicator should be dropped and the other
five factors are assigned equal weights.

These six indicators are then used to form a composite assessment of the
community's economic health and the financial impact of the required project.
Worksheet E can be used to record each indicator.  For each of the six indicators, the
community is rated as weak, mid-range, or strong, based on the thresholds presented in
Table 2-1.  For example, if a community's median household income equals $15,000 and
the state's median household income equals $17,000, the community would be considered
weak on this measure.  If, however, the community's median household income were
$19,000, then the community would be considered strong on this measure.  

Next, a Secondary Score is calculated for the community by weighting each
indicator equally and assigning a value of 1 to each indicator judged to be weak, a 2 to
each indicator judged to be mid-range, and a 3 to each strong indicator.  A cumulative
assessment score is arrived at by summing the individual scores and dividing by the
number of factors used.  Worksheet F,provided at the end of Section 2.4, guides the
applicant through this calculation.  The cumulative assessment score is evaluated as
follows:

less than 1.5 is considered weak
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between 1.5 and 2.5 is considered mid-range
greater than 2.5 is considered strong

For example, consider a Community XYZ, which has:

a weak ratio of overall net debt to full market value of taxable
property = 1,
a weak bond rating = 1,
a mid-range unemployment rate = 2,
a mid-range median household income = 2,
a strong property tax collection rate = 3, and 
a strong ratio of property tax revenues to full market value of
taxable property = 3.

[(1 + 1 + 2 + 2 + 3 + 3)/6] = 2

The Secondary Score for Community XYZ, equal to 2, falls into the mid-range category.

If the applicant is not able to develop one or more of the six indicators, they must
provide an explanation as to why the indicator is not appropriate or not available.  Since
the point of the analysis is to measure the overall burden to the community, the debt and
socioeconomic indicators are assumed to be better measures of burden than the financial
management indicators.  Consequently, if one of the debt or socioeconomic indicators is
not available, the State/discharger should average the two financial management
indicators and use this averaged value as a single indicator with the remaining indicators.
This averaging is necessary so that undue weight is not given to the financial management
indicators.

2.5 Assess Where the Community Falls in The Substantial Impacts Matrix

The results of the two tests are considered jointly in determining whether the
community is expected to incur substantial impacts due to the proposed pollution control
project.  

In the following matrix, the cumulative assessment score for the community is
combined with the estimated household burden.  The combination of factors establishes
whether impacts can be expected to be substantial.  In the example of Community XYZ,
their screener equaled 2.3 percent and their cumulative assessment score equaled 2.  They
are, therefore, in the middle cell in the far right column and thus have a rating of "X" in
the matrix presented below (Table 2-2).

In the matrix, "X" indicates that the impact is likely to be substantial.  The closer
the community is to the upper right hand corner of the matrix, the greater the impact.
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Similarly, " " indicates that the impact is not likely to be substantial.  The closer to the
lower left hand corner of the matrix, the smaller the impact.  Finally, the "?" indicates that
the impact is unclear.  

For communities that fall into the "?" category, if the results of both the Secondary
Test and the Municipal Preliminary Screener are borderline, then the community should
move into the category closest to it.  Take, for example, a community that falls into the
center box, with a cumulative assessment score of between 1.5 and 2.5 and a percent of
median household income (MHI) between 1.0 and 2.0.  If the cumulative score was 1.6
and the percent of MHI was 1.8, then the community should be considered to fall into one
of the adjacent "X" categories.  If results are not borderline, other factors such as the
impact on low or fixed income households, the presence of a failing local industry, and
other projects the community would have to forgo in order to comply with water quality
standards should be considered.  Relevant additional information might include
information collected from interviews with municipal financial officers, special reports
on industry trends that may affect local employers, and specific financial and economic
indicators.  The State/discharger should provide any additional information they feel is
relevant.  This additional information will be critical where the matrix results are not
conclusive. 

EPA will interpret a " " rating to mean that the community is not expected to
incur substantial impacts as a result of the pollution control project.  Communities falling
into this category will be required to meet existing water quality standards.  If the
applicant State/discharger disagrees with the results of the Secondary Test, they may
present additional information to the Regional EPA Administrator documenting the
unique circumstances of the community.  Since the impacts are not substantial, there is
no need to demonstrate widespread impacts.  EPA will interpret a "X" rating to mean that
the community will incur substantial impacts.  Before a water quality standard is modified
or changed, however, communities falling into this category must demonstrate that
impacts are also widespread.  For those communities rated "?", EPA's interpretation will
rely on the additional information presented by the State/discharger.  It should be noted
that, in this case, there is no "correct" set of information.  It will be up to the applicant to
collect whatever information they feel is relevant in describing the unique circumstances
affecting their community.  For example, the matrix may suggest that the community's
financial condition is strong.  At the same time, however, a local industry may be failing.
In such a case, it is important to determine the importance of that industry to the local
economy (as measured by its contribution to area employment, payroll, and tax revenues)
and whether the industry itself would be affected by the project.  Communities falling into
either the "X" or the "?" category should proceed to Chapter 4 to determine whether the
impacts are also expected to be widespread.
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Table 2-1

Secondary Indicators

Secondary Indicators

Indicator Weak Mid-Range Strong

Bond Rating Below BBB (S&P) BBB (S&P) Above BBB (S&P)
Below Baa Baa (Moody's) or Baa (Moody's)
(Moody's)

Overall Net Debt as
Percent of Full Above 5% 2%-5% Below 2%

Market Value of
Taxable Property

Unemployment More than 1% National Average More than 1%
above National below National

Average Average

Median Household More than 10% State Median More than 10%
Income below State Median above State

Median

Property Tax
Revenues as a
Percent of Full Above 4% 2%-4% Below 2%

Market Value of
Taxable Property

Property Tax
Collection Rate < 94% 94% - 98% > 98%



Table 2-2
Assessment of Substantial Impacts Matrix

Secondary Municipal Preliminary Screener
Score

Less than 1.0 Percent Between 1.0 and Greater than
2.0 Percent 2.0 Percent

Less than 1.5 ? X X

Between 1.5 and ? X
2.5

Greater than 2.5 ?



Economic Guidance for Water Quality Standards 3-1Economic Guidance for Water Quality Standards

3. EVALUATING SUBSTANTIAL IMPACTS: PRIVATE-SECTOR ENTITIES

For facilities owned by the private sector, measuring substantial impacts requires
estimating the financial impacts on the entities that will pay for the pollution controls.  For
example, compliance with water quality standards may require that a particular facility,
perhaps a factory, install additional wastewater treatment.  After estimating the cost of the
additional wastewater treatment, the next step is to measure the ability of the factory to
pay for the additional treatment.  If the analysis shows that the entity will not incur any
substantial impacts due to the cost of pollution control (e.g., there will be no significant
changes in the factory's level of operations nor profit), then the analysis is completed.  If,
on the other hand, the analysis shows that there will be substantial impacts on the entity,
then the resulting impacts on the surrounding community must be considered (e.g. the
impact of lost employment on the community's employment base, or the impact on the
overall economy of the community).  Impacts to the surrounding community, referred to
as widespread impacts, are addressed in Chapter 4.

The following sections describe the steps involved in evaluating whether impacts will
be substantial.  These steps are outlined in Figure 3-1.  This chapter explains how to adapt
each of the steps to a range of data sources and provides worksheets to assist the
discharger in working through each step.  The analytic approach presented here can be
used for a variety of private-sector entities, including commercial, industrial, residential
and recreational land uses, and for point and nonpoint sources of pollution.  The guidance
provided in this chapter, however, is not meant to be exhaustive.  The State and/or EPA
may require additional information or tests in order to evaluate whether substantial and
widespread impacts will 
occur.  In addition, the applicant should feel free to include any additional information
they feel is relevant.  The steps described in further detail in the rest of the chapter are:

Verify Project Costs and Calculate the Annual Cost of the Pollution Control
Project - This section discusses factors that should be considered when verifying
that the proposed pollution control project is the most appropriate solution to the
pollution problem.  It also describes the type of general information that should
be provided about the proposed project.  In addition, it discusses how to annualize
capital costs of the project and calculate total annual costs of the pollution control
project.

Financial Impact Analysis - This section describes the types of financial tests
that should be applied to measure the impact on the applicant.  The primary
measure is profitability.  The secondary measures include indicators of liquidity,
solvency, and leverage.

Most of this chapter is written in terms of evaluating whether there will be a substantial
impact on a particular discharger.  This type of analysis is necessary whenever there is a
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request for a variance.  These same tests, however, can be used to analyze the impact on
a group of dischargers, as might be the case in a use attainability analysis.  For example,
there may be several facilities that would confront similar requirements to improve their
waste water discharges in order to meet a higher water quality standard under
consideration.  The same primary and secondary tests would be used to measure
substantial impacts in the dischargers.  The difference would be, however, when the
analysis moved to measuring widespread impacts.  Here the impacts on the total group
of dischargers (or all dischargers in the relevant reach) would be used to measure whether
or not the impacts are considered widespread.  

3.1 Verify Project Costs and Calculate The Annual Cost of the Pollution Control
Project

Before the impact analysis can be performed, the project costs should be verified and
the annual costs calculated.

3.1.a Verify Project Costs

The first step in the financial impact analysis is an evaluation of the proposed pollution
control project.  Private entities should consider a broad range of discharge management
options including pollution prevention, end-of-pipe treatment, and upgrades or additions
to existing treatment.  Specific types of pollution prevention activities to be considered
include:

Change in Raw Materials;
Substitute Process Chemicals;
Change in Process;
Water Recycling and Reuse; and
Pretreatment Requirements.

Whatever the approach, the discharger must demonstrate that the proposed project is the
most appropriate means of meeting water quality standards and must document project
cost estimates.  If at least one of the treatment alternatives that allows the applicant to
meet water quality standards would not impose substantial impacts, then they are not able
to demonstrate substantial impacts and should not proceed with the analysis presented in
the remainder of this workbook.

Since the most cost-effective approach to meeting water quality standards should be
considered, submissions should list their assumptions about excess capacity, future
facility expansion, and alternative technologies.  The most accurate estimate of project
costs may be available from the discharger's design engineers.  These estimates can be
compared to estimates available from EPA.
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3.1.b Calculate the Annual Costs of the Pollution Control Project

In order to perform the economic tests, the cost of the pollution control needed to
comply with the Water Quality Standards must be calculated and converted to an
annualized cost.  Initially, pollution control costs are expressed in two parts:  (1) the
capital costs of purchasing and installing the equipment and (2) the yearly operating and
maintenance (O&M) costs.  Both the capital and O&M cost estimates should be provided
by the discharger requesting relief.  To assess whether the costs represent the most cost
effective means of meeting the water quality standards, they should be compared to costs
at comparable entities that meet the same standards.  For dischargers covered by effluent
guidelines, compliance costs have been calculated by the Agency and are available for
comparative purposes.  (See Appendix A.)  Costs for nonpoint sources are less readily
available.

Instead of assuming that the total capital costs will be paid in the first year of
operation, these costs are usually annualized.  By assuming that costs are spread out over
several years, annualization calculates the amount that will be paid each year, including
the financing costs.  In order to allow for comparisons across cases, the analysis should
assume that the applicant will borrow the capital for the pollution control equipment and
repay the loan in even annual installments over a 10 year period.  The assumption of ten
years is based on the likely life of the equipment.  The assumption of even annual
installments is made for convenience.  The interest rate on the loan should be equivalent
to the rate the applicant pays when it borrows money.  If it borrows from the parent firm,
the interest charge should be equivalent to the interest charged by the parent firm.  If the
parent firm would lend the entity money without interest, then the interest payments
should be equivalent to the interest rate the applicant would pay to borrow from a bank
or on its line of credit.  If it is impossible to determine the appropriate interest rate, the
analysis should assume an interest rate equal to the prime rate plus one percent.

The financial tests discussed below compare the costs of compliance to other costs and
revenues of the applicant.  Compliance costs and other costs and revenues must, therefore,
be comparable.  In other words, they should be calculated for the same year.  If
compliance costs are estimated assuming construction several years in the future, they
should be deflated back to the year of the financial data.  This can be done by assuming
that the inflation rate over the last five years will continue into the future.  See discussion
in Section 2.2, and Appendix A for references to inflation/deflation indices.  Likewise,
if costs were estimated for an earlier year, they should be inflated to current year costs.
The Annualized Cost of Pollution Control can be calculated using Worksheet G.

3.2 Financial Impact Analysis

The purpose of the financial impact analysis is to assess the extent to which existing
or planned activities and/or employment will be reduced as a result of meeting the water
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quality standards.  The tests described in this Workbook are not designed to determine the
exact impact of pollution control costs on an entity.  They merely provide indicators of
whether pollution control costs would result in a substantial impact.

Four general categories of financial tests are presented in the following sections.  As
indicated below, the four categories are divided into a primary measure of financial
impacts and three secondary measures of financial impacts:

Primary Measure

Profit -- how much will profits decline due to   pollution control expenditures?

Secondary Measures

Liquidity -- how easily can an entity pay its short-term bills?
Solvency -- how easily can an entity pay its fixed and long-term bills?
Leverage -- how much money can the entity borrow?

Profit and solvency ratios are calculated both with and without the additional compliance
costs (taking into consideration the entity's ability, if any, to increase its prices to cover
part or all of the costs).  Comparing these ratios to each other and to industry benchmarks
provides a measure of the impact on the entity.

For all of the tests, it is important to look beyond the individual test results and
evaluate the total situation of the entity.  While each test addresses a single aspect of
financial health, the results of the four tests should be considered jointly to obtain an
overall picture of the economic health of the applicant and the impact of the water quality
standards requirement on the applicant's health.  The results should be compared with the
ratios for other entities in the same industry or activity.  In addition, the ratios and tests
should be calculated for several years of operations.  This will allow long-term trends to
be differentiated from short-term conditions.

The structure, size, and financial health of the parent firm should also be considered.
An important factor, which may not be reflected in the preceding measures, is the value
of an applicant's product or operations to its parent firm.  For example, if a facility
produces an important input used by other facilities owned by the firm, the firm may be
likely to support the facility even if it appears to have only borderline profitability.  The
results of these tests and other relevant factors, can be used to make a judgement as to the
likely actions of the applicant (e.g. shut down entirely, close one or more product/service
lines, shift to other products/services, not proceed with an expansion, continue operations
at current levels) faced with the pollution control investment.
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Each type of test measures a different aspect of a discharger's financial health.  The
primary measure evaluates the extent to which an applicant's profit rate will change, and
compares the profit level to typical profits in that industry.  The secondary measures
provide additional information about specific impacts that the discharger would bear if
required to meet water quality standards.  In some cases, the tests might indicate that the
discharger would remain profitable (Profit) after investing in pollution control, but would
have trouble borrowing the needed capital (Leverage).  This situation would indicate a
need to work with the discharger in choosing the technology and schedule used to meet
the regulations. In other cases the tests might show that the discharger has a short-term
problem with meeting the financial obligation imposed by the standards, but could handle
it in the long-run (Liquidity vs. Solvency).  This is important information when
considering whether or not to grant a variance so as to allow more time for compliance.

Since it is the discharger that will have to pay for the wastewater treatment, the
financial tests presented in this Workbook use data about the discharger's operations.  This
data, however, may not be readily available for the discharger itself, and if available, the
discharger may consider the information to be confidential.  It is EPA policy, however,
that applications based on economic considerations must be accompanied by data that
demonstrate the impacts.

If the information is not available at the discharger level, it can be estimated from the
balance sheets or income statements of the firm that owns or controls the discharger.
Estimates can be made in a variety of ways.  One commonly used approach is to compare
the discharger's sales or revenues to the firm's sales or revenues and apply this ratio to
other financial factors.  For example, if the discharger is responsible for 20 percent of its
firm's revenues, than it is assigned 20 percent of the firm's current assets and current
liabilities.  In some cases, particularly with manufacturing facilities, the discharger may
not sell its production directly, but may ship it to another facility owned by the same firm.
In this case, the discharger's share of sales should be calculated by determining the market
value of the goods produced by the discharger, using market prices for the year being
analyzed.

The primary and secondary measures are described below, along with an example of
specific tests to be used.  While there are several ratios that could be used for each test,
to simplify the presentation only one ratio per test is described in detail.  All four primary
and secondary measures, however, should be used in the analysis.

In most cases, interpreting the results requires comparisons with typical values for the
industry.  Among the sources that provide comparative information are:  Robert Morris
Associates' Annual Statement Studies, Moody's Industrial Manual, Dun and Bradstreet's
Dun's Industry Norms, and Standard & Poor's Industry Surveys.  The Annual Statement
Studies, Dun's Industry Norms , and Standard & Poor's Industry Surveys provide
composite statistics for firms grouped into various manufacturing and service industries.
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The Moody's Industrial Manual provides detailed financial information on individual
firms that can be used for comparison purposes.  Although benchmarks are available for
most financial tests, EPA emphasizes that the discharger should consider these
benchmarks as indicators of financial health and not as definitive measures.

3.2.a Primary Measure:  Profitability

The Profit Test measures what will happen to the discharger's earnings if additional
pollution control is required.  If the discharger is making a profit now but would lose
money with the pollution control, then the possibility of a total shutdown or the closing
of a production line must be considered.  Greatly reduced, but still positive, profits are
also of concern.  Likewise in the case of a proposed facility or proposed expansion; if
estimated profits would drop considerably with pollution control, then the development
might not take place.

Two pieces of information are needed for the Profit Test.  The first piece is the total
annual cost of the required pollution control from Worksheet G.  The second piece is the
earnings information from the entity's income statement (Worksheet H).

The Profit Test should be calculated with and without the cost of pollution control.  In
the former case, the annualized cost of pollution control (including O&M) is subtracted
from the discharger's earnings before taxes (revenues minus costs excluding income
taxes) for the most recently completed fiscal year.  Profits before pollution control
investments have been made should be examined to determine whether the discharger was
already in trouble (either not profitable or profits far below industry norms) before
pollution control investments were made.  If the discharger is already not profitable, it
may not claim that substantial impacts would occur due to compliance with water quality
standards.

The Profit Test can be calculated using Worksheets H, and I.  Earnings before taxes
(EBT) should be calculated for at least the three previous fiscal years in order to identify
any trends or atypical years.  Earnings with pollution control costs should be calculated
for the latest year with complete financial information.  Arguably, as long as the applicant
maintains positive earnings, it can afford to pay for the pollution control.  Over the long
run, however, the owner is likely to shift operations to more profitable facilities, if
possible.  The workbook, therefore, guides the applicant through a more thorough
analysis, which compares the EBT, with and without pollution control, to total revenues
to yield a profit rate and change in the profit rate due to pollution control.  (Use
Worksheet I.)  These profit rates should be compared to those for facilities in similar
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lines of business.  As with other tests, it may not be possible to compare the discharger's
rate directly with the rates of similar facilities.  In such cases the discharger's profit rate
should be compared with that of firms that concentrate in similar businesses, using data
in Moody's Industrial Manual, Dun & Bradstreet's Industry Norms and Key Business
Ratios, Standard & Poor's Industry Surveys, or Robert Morris's Annual Statement Studies.
If the discharger's ratio compares favorably with the median or upper quartile ratio for
similar businesses, the discharger is considered to be financially healthy.  A typical
income statement, like those found in Moody's Industrial Manual, has been included in
Exhibit 3-1.  The appropriate data have been underlined.

Although complicated, the analysis should consider whether the discharger or firm
would be able to raise its prices in order to cover some or all of the pollution control costs.
In such a case, revenues increase and earnings fall by an amount less than the costs of
pollution control.  The degree to which the discharger is able to raise prices is difficult to
predict, and depends on many factors.  Considerations should include the level of
competition in the industry, the likelihood of competitors' facilities facing similar project
costs, and the willingness of consumers to pay more for the product.

3.2.b Secondary Measures

The following secondary measures provide additional important information about the
financial health of the discharger.  All primary and secondary measures will be included
in the analysis.  It is not sufficient to conclude that the discharger will be unprofitable
after pollution control investments.  In addition, the applicant should feel free to include
any additional information about the discharger's financial health that they feel is relevant.

Liquidity

Liquidity is a measure of how easily a discharger can pay its short-term bills.  One
measure of liquidity is the Current Ratio, which compares current assets with current
liabilities.  Current assets include cash and other assets that are or could reasonably be
converted into cash during the current year.  The following items are considered to be
current assets:

Inventories -- finished products, products in the process of being manufactured,
raw materials, supplies, fuels, etc.;

Prepaid expenses -- expenses paid in advance of use such as prepaid rent;

Short-term investments -- savings accounts, certificates of deposit;

Accounts receivable;
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Marketable securities; and

Cash.

Likewise, current liabilities are items that must be paid within the current year.  The
following items are considered to be current liabilities:

Accounts payable -- purchases of goods for resale and services received in the
normal course of business;

Wages payable;

Short-term notes payable -- any debt initially incurred and due in the current
year;

Accrued expenses -- expenses that have been incurred but have not yet been paid
at the end of the accounting period;

Taxes; and

Current portion of any long-term debt.

A more stringent test is the Quick Ratio, also known as the Acid Test, which compares
current assets without inventories to current liabilities.  It does not include inventories
since they may take time to convert to cash and may be valued on the discharger's books
for more than they could be sold.

The Current Ratio should be calculated for each of the last three full fiscal years for
which there are data.  Comparing ratios for three years will identify any trends that are
developing and will ensure that the most recent year is not an unusual year that might
distort the results of the analysis.

The Current Ratio is calculated by dividing current assets by current liabilities.

The Current Ratio can be calculated using Worksheet J.  The general rule is that if the
Current Ratio is greater than 2, the entity should be able to cover its short-term
obligations.  Frequently, lenders require this level of liquidity as a prerequisite for
lending.  While a Current Ratio of greater than 2 indicates that the entity can probably
cover its short-term obligations, the impact of a major capital investment such as the
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pollution control project must be judged in conjunction with the other three financial tests
described in this guidance.

In addition, this rule (Current Ratio > 2) may not be appropriate for all types of private
entities covered by Water Quality Standards.  The Current Ratio of the discharger in
question should be compared with ratios for other dischargers in the same line of
business.  It may not be possible, however, to compare the discharger's ratio directly with
other similar dischargers because this information frequently is unavailable at the facility
level or is considered confidential.  In cases where a direct comparison cannot be made,
the discharger's Current Ratio should be compared with the ratio for firms that concentrate
in similar businesses.  If the discharger's ratio compares favorably with the median or
upper quartile ratio for similar businesses, it should be able to cover it's short term
obligations.  Among the sources that provide comparison information are:  Robert Morris
Associates' Annual Statement Studies, Moody's Industrial Manual, and Dun and
Bradstreet's Dun's Industry Norms.  The Annual Statement Studies and Dun's Industry
Norms provide composite statistics for firms grouped by different manufacturing and
service industries.  The Moody's Industrial Manual provides detailed financial
information on individual firms.  Pages from both of these sources are displayed in
Exhibits 3-2 and 3-3, with the appropriate data indicated.

Solvency

Solvency is a measure of an entity's ability to meet its fixed and long-term obligations.
These obligations are bills and debts that are owed on a regular basis for periods longer
than one year.  Solvency tests are commonly used to predict financial problems that could
lead to bankruptcy within the next few years.  Since any single year of data can easily be
distorted by unusually high or low net income or by the timing of debt, solvency tests
must be considered over at least three years of data in order to reveal long-term trends.

As with liquidity, there are several possible tests for solvency.  One commonly used
solvency test (called Times Interest Earned) compares income before interest and taxes
to interest expenses.  Another solvency test, the Beaver's Ratio, compares cash flow to
total debt.  This test has been shown to be a good indicator of the likelihood of
bankruptcy.

The Beaver's Ratio can be calculated using Worksheet K.  Cash Flow is a measure
of the cash the entity has available to it in a given year.  Since depreciation is an
accounting cost -- a cost that does not use any currently available revenues -- it is added
back to reported net income after taxes to get cash flow.  Total debt is equal to the current
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debt for the current year plus the long term debt, since current debt includes that part of
long-term debt that is due in the current year.

If the Beaver's Ratio is greater than 0.20 the discharger is considered to be solvent (i.e.,
can pay its long-term debts).  If the ratio is less than 0.15 the discharger may be insolvent
(i.e., go bankrupt).  If the ratio is between 0.15 and 0.20, then future solvency is uncertain.
The discharger's Beaver's Ratio should be compared with the ratios of similar dischargers.
However, as with other ratios, it may not be possible to compare the discharger's ratio
directly with other similar dischargers.  In cases where a direct comparison cannot be
made, the discharger's Beaver's Ratio should be compared with that of firms that
concentrate in similar businesses, using information from income accounts and balance
sheets in Moody's Industrial Manual.  If the discharger's ratio compares favorably with
similar businesses, it should be able to meet its fixed and long term obligations.  A typical
balance sheet and income statement have been included in Exhibits 3-4 (for calculating
total debt) and 3-5 (for calculating cash flow).  The appropriate data from them has been
underlined.

Leverage

Leverage tests measure the extent to which a firm already has fixed financial
obligations and thus indicate how much more money a firm is capable of borrowing.
Firms that rely heavily on debt may find it difficult and expensive to borrow additional
funds.  Most leverage tests compare equity to some measure of debt or fixed assets.  The
Debt to Equity Ratio is the most commonly used method of measuring leverage.  Unlike
the ratios discussed above, the debt to equity ratio cannot be easily calculated for a single
facility; it must be calculated for the firm, since it is usually the firm, not the facility, that
borrows money.  The ratio measures how much the firm has borrowed (debt) relative to
the amount of capital which is owned by its stockholders (equity).  Since values for the
Debt to Equity Ratio vary widely by the type of enterprise, the ratio should be compared
with the ratio for firms in similar lines of business.  The ratio also should be calculated
with at least three years of data.

The Debt to Equity Ratio is equal to Long-Term Liabilities (long-term debt such as
bonds, debentures, and bank debt, and all other noncurrent liabilities like deferred income
taxes) divided by Owners' Equity.  Owner's Equity is the difference between total assets
and total liabilities, including contributed or paid in capital and retained earnings.  For
publicly held firms, use Net Stockholders Equity (which is the equivalent of Total
Stockholder Equity minus any Treasury Stock).
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The Debt to Equity Ratio can be calculated using Worksheet L.  Since there are no
generally accepted Debt/Equity Ratio values that apply to all types of economic activity,
the ratio should be compared with the ratio of firms in similar businesses.  If the entity's
ratio compares favorably with the median or upper quartile ratio for similar businesses,
it should be able to borrow additional funds.  These ratios can be calculated using data in
Robert Morris Associates' Annual Statement Studies, Moody's Industrial Manual, and Dun
& Bradstreet's Dun's Industry Norms.  Pages from these sources have been included in
Exhibits 3-6 and 3-7, with the appropriate data indicated.

For entities with special sources of funding, leverage is not an appropriate measure of
their ability to raise capital.  Examples are agriculture and affordable housing, where
special loan programs may be available.  In these cases, an analysis of the probability that
the project would receive this money is appropriate.

3.3 Interpreting the Results

The financial analysis should be used to determine if there will be a substantial adverse
impact on the applicant.  As indicated above, the Profit Test should be considered first.
The Profit Test measures what will happen to the discharger's earnings if additional
pollution control is required.  If the discharger is making a profit now but would lose
money with the pollution control, then the possibility of a total shutdown or the closing
of a production line must be considered.  Likewise in the case of a proposed facility; if it
would make money without the pollution control but would make much less or even lose
money with it, then the development might not take place.  In either case, there is the
chance that employment will be lost and local purchases by the discharger reduced.
Whether or not these impacts will be considered widespread is addressed in Chapter 4.

There are several more complicated scenarios that all involve making a judgement as
to the likely impacts on the discharger, including questions of the timing of compliance.
For example, the Profit Test may indicate that the applicant will continue to maintain
profit levels typical for its industry after compliance, but the Debt/Equity Ratio may
indicate that they will have trouble raising the required capital through debt.  This
problem may be solved by giving them more time to meet the regulations (a variance),
so that they can restructure their debt and/or find alternative sources of funds.  In another
case, the applicant might argue that while they will still make money and be able to raise
the needed capital, they would alternatively spend those funds on an expansion which
would have resulted in increased employment and income for the community.  This is a
more difficult situation to analyze, and will depend on judgments about the relative
importance of water pollution control versus economic growth.  These issues are
discussed in more detail in Chapter 4.

Another possible scenario is that the discharger may shift to an alternative economic
activity (e.g., manufacture another product or produce a different crop).  While the



Economic Guidance for Water Quality Standards 3-12Economic Guidance for Water Quality Standards

applicant will not have gone out of business, this shift may result in reduced profits,
employment, and purchases in the local community that must be considered.  In each
case, it is important to take the entire picture presented by the four ratios into account in
judging whether or not the discharger will incur substantial impacts due to the cost of the
necessary pollution reductions.

Using the guidance presented in this chapter, applicants that feel they have
demonstrated substantial impacts should proceed to Chapter 4: Determination of
Widespread Impacts.  If dischargers are not able to demonstrate substantial impacts, the
entity must meet existing standards.  If a group of dischargers within the community will
experience the substantial impacts resulting from compliance with water quality
standards, these impacts should be considered jointly when assessing whether or not the
impacts will be widespread.
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Exhibit 3-1
XYZ, INC.
CONSOLIDATED
STATEMENTS OF
INCOME AND
RETAINED EARNINGS
(DEFICIT)
FOR THE YEARS ENDED SEPTEMBER 30, 1988, 1987, 1986

1988 1987 1986

Net sales $33,294,962 $30,730,768
Cost of sales   26,405,930   24,972,185
Gross profit 6,889,032 5,758,583
Selling, general and administrative expenses    3,876,206    3,824,226
Income from operations 3,012,826 1,934,357

$42,389,957
 35,981,363

6,408,594
  3,957,771
2,450,823

Other income (deductions)
Interest income 347,613 362,295
Interest expense (22,513) (46,467)
Other investment income - net 134,690
Miscellaneous     48,660     93,654

Total other income (deductions) - net    373,760    544,172
Income before income taxes 3,386,586 2,478,529
Provision for income taxes  1,620,012  1,150,949
Net income 1,766,574 1,327,580

441,891
(10,985)

    55,066
   485,972
2,936,795
 1,139,118
1,797,677

Retained earnings, beginning of year 1,726,292 1,983,007
Stock dividend (1,952,645) (1,365,590)
Cash dividend ($.11 per share, 1988; $.08 per share,
1987; $.06 per share, 1986) (300,693) (218,705)
Common stock acquired and retired    (82,000)            
Retained earnings (deficit), end of year $ 1,157,528 $ 1,726,292
Weighted average number of shares outstanding   3,630,652   3,637,798
Earnings per common share     $.49       $.36   

1,157,528
(2,610,888)

(391,960)
    (2,591)

$  (50,234)
  3,593,048

    $.50   

See accompanying Notes to Financial Statements

INDEPENDENT
AUDITORS'
REPORT

To the Shareholders of XYZ, Inc.:

  We have audited the consolidated balance sheets of XYZ, Inc. at September 30,
1988 and 1987, and the related consolidated statements of income and retained
earnings (deficit), and cash flows for each of the three years in the period ended
September 30, 1988.  These financial statements are the responsibility of the
Company's management.  Our responsibility is to express an opinion on these
financial statements based on our audits.

  We conducted our audits in accordance with generally accepted auditing standards. 
Those standards require that we plan and perform the audit to obtain reasonable
assurance about whether the financial statements are free of material misstatement. 
An audit includes examining, on a test basis, evidence supporting the amounts and
disclosures in the financial statements.  An audit also includes assessing the
accounting principles used and significant estimates made by management, as well as
evaluating the overall financial statement presentation.  We believe that our audits
provide a reasonable basis for our opinion.

  In our opinion, the accompanying consolidated financial statements present fairly, in
all material respects, the financial position of the companies at September 30, 1988
and 1987, and the results of their operations and their cash flows for each of the three
years in the period ended September 30, 1988 in conformity with generally accepted
accounting principles.
DELOITTE HASKINS & SELLS
Minneapolis, Minnesota
December 5, 1988



Exhibit 3-2
353

MANUFACTURERS • GAMES, TOYS & CHILDREN'S VEHICLES; EXCEPT DOLLS & BICYCLES.  SIC # 3944 
Comparative Historical Data Current Data Sorted by Sales

17 19 19 Type of Statement 4 4 11
11 21 24 Unqualified 1 3 7 10 2 1
2 7 14 Reviewed 3 5 3 1 2

17 20 18 Tax Returns 2 5 2 1 8
1 Compiled

1 # Postretirement 1
Benefits

Other
4/1/90- 4/1/91- 4/1/92-
3/31/91 3/31/92 3/31/93 17(4/1/-9/30/92) 58 (10/1/92-3/31/93)

ALL ALL ALL 0-1MM 1-3mm 3-5MM 5-10MM 10-25MM 25MM & OVER
47 68 75 NUMBER OF STATEMENTS 6 13 9 17 8 22

% % % ASSETS % % % % % % 
7.1 8.9 7.2 Cash & Equivalents 7.4 13.3 5.8

27.0 30.9 31.8 Trade Receivables - (net) 24.5 32.0 36.0
31.9 30.4 35.3 Inventory 47.4 31.0 28.3
2.1 1.9 1.7 All Other Current .6 2.2 2.7

68.1 72.1 76.1 Total Current 79.8 78.5 72.7
19.2 17.5 16.7 Fixed Assets (net) 16.1 14.4 17.2
4.2 3.7 3.1 Intangibles (net) 1.8 2.2 5.4
8.5 6.7 4.1 All Other Non-Current 2.3 4.9 4.7

100.0 100.0 100.0 Total 100.0 100.0 100.0

16.4 12.6 14.0 Notes Payable Short-Term 13.9 12.3 11.8
3.4 2.3 3.0 Cur. Mat.-L/T/D 4.5 3.6 .7

11.7 13.1 14.6 Trade Payables 14.5 12.0 16.5
.7 .9 .6 Income Taxes Payable .5 .5 .7

8.1 9.0 11.1 All Other Current 5.6 10.8 11.9
40.3 38.0 43.2 Total Current 38.8 39.2 41.7
13.2 13.4 12.2 Long Term Debt 15.5 9.4 11.8
1.2 .5 .4 Deferred Taxes .1 .5 .6
2.8 5.3 3.5 All Other Non-Current 2.2 2.1 1.7

42.4 42.9 40.6 Net Worth 43.4 48.8 44.3
100.0 100.0 100.0 Total Liabilities and Net Worth 100.0 100.0 100.0

LIABILITIES

100.0 100.0 100.0 Net Sales 100.0 100.0 100.0
35.5 37.2 36.0 Gross Profit 35.5 33.5 35.8
28.5 29.3 30.2 Operating Expenses 29.9 28.2 28.6
6.9 7.9 5.8 Operating Profit 5.7 5.3 7.2
3.3 1.8 1.2 All Other Expenses (net) 1.1 .4 1.8
3.7 6.1 4.6 Profits Before Taxes 4.6 4.9 5.3

INCOME DATA

2.5 2.8 2.9 4.5 2.8 2.8
1.7 1.9 1.8 Current 2.3 1.9 1.9
1.2 1.3 1.3 1.5 1.3 1.2

RATIOS

1.4 1.7 1.4 1.7 2.0 1.8
.8 1.1 .8 Quick .6 .8 1.0
.6 .7 .6 .5 .6 .7

34 10.6 31 11.6 34 10.8 14 25.2 31 11.9 56 6.5
55 6.6 49 7.4 56 6.5 Sales Receivables 37 10.0 56 6.5 72 5.1
85 4.3 85 4.3 85 4.3 78 4.7 89 4.1 99 3.7

62 5.9 55 6.6 63 5.8 79 4.6 43 8.5 68 5.4
104 3.5 85 4.3 94 3.9 Cost of Sales/Inventory 126 2.9 78 4.7 85 4.3
146 2.5 152 2.4 146 2.5 166 2.2 140 2.6 118 3.1

21 17.0 21 17.7 18 20.1 10 38.1 12 30.2 29 12.5
29 12.4 27 13.3 30 12.3 Cost of Sales/Payables 27 13.3 22 16.4 39 9.4
50 7.3 47 7.8 61 6.0 40 9.1 33 11.0 66 5.5

3.9 3.4 3.3 2.6 3.0 3.3
7.6 6.2 6.3 Sales/Working Capital 4.4 6.5 5.1

17.5 10.8 13.8 14.0 11.5 15.0

(44) 2.4 (66) 3.4 (69) 3.6 EBIT/Interest (12) 1.9 (14) 4.6 (21) 4.3
7.1 10.1 9.0 6.8 9.2 14.5

1.0 1.5 1.5 .8 1.3 2.9

(23) 2.8 3.3 2.8 Amort./Cur. Mat.L/T/D
8.9 (34) 13.3 (24) 13.1 Net Profit + Depr., Dep.,

.5 1.8 1.2

.2 .2 .1 .1 .1 .2

.6 .4 .5 Fixed/Worth .4 .3 .5

.8 .8 1.0 1.2 .7 1.0

.9 .8 1.0 .7 .5 .7
2.0 1.6 1.8 Debt/Worth 1.5 1.1 1.7
3.0 3.3 3.3 3.0 5.5 2.6

(45) 16.2 (65) 26.1 (70) 22.8 Net Worth 9.2 (16) 27.4 (21) 27.9
34.5 52.8 39.9 % Profit Before Taxes/Tangible 51.2 42.8 37.9

1.1 7.0 4.6 2.8 3.2 17.2

11.7 20.5 17.0 % Profit Before Taxes/Total 21.1 18.6 14.2
5.5 10.8 7.6 Assets 3.3 9.6 8.2
.4 1.9 1.5 .8 1.5 3.9

20.1 44.3 35.8 64.6 42.7 21.4
9.8 15.6 17.1 Sales/Net Fixed Assets 35.8 15.1 11.2
6.5 7.3 7.5 9.5 7.3 7.2

2.1 2.5 2.6 2.9 2.6 2.1
1.6 2.0 2.0 Sales/Total Assets 2.0 1.8 1.9
1.3 1.5 1.6 1.7 1.5 1.4

(36) 2.1 (61) 1.7 (61) 1.6 % Depr., Dep., Amort./Sales (11) .8 2.3 2.6
1.1 .8 .7 .4 .8 1.4

2.9 3.3 2.8 2.5 2.9 3.2

(12) 4.3 (23) 4.1 (30) 4.5 Owners' Comp/Sales
1.8 2.4 2.7 % Officers', Directors',

6.7 9.5 7.8

1537661M 1883457M 1840680M Net Sales ($) 3293M 27202M 36782M 116678M 115773M    1540952M      
1092333M 1169085M 1136958M Total Assets ($) 1948M 13736M 20946M 72757M 52973M     974598M      

© Robert Morris Associates 1993 M = $thousand   MM = $million
See Pages 1 through 15 for Explanation of Ratios and Data



Exhibit 3-3
XYZ, INC.
CONSOLIDATED
BALANCE 
SHEETS
SEPTEMBER 30, 1988 AND 1987

1988 1987

ASSETS Current Assets:
Cash and cash equivalents $ 1,459,475
Cash investments 3,369,289
Trade receivables - less allowance for doubtful

accounts: 1988, $85,352; 1987, $135,353 4,171,421
Inventories 3,335,251
prepaid expenses and other       122,370

Total current assets 12,457,806

$ 2,944,964
2,244,061

5,025,964
4,109,264

     725,964
15,050,217

Property, Plant and Equipment:
Land 296,217
Buildings and Improvements 4,837,392
Machinery and equipment 1,546,476
Transportation equipment 1,705,107
Office furniture and equipment     483,769

Total 8,868,961
Less accumulated depreciation   4,207,598

Property - net 4,661,363

356,217
5,476,155
2,160,671
1,866,005
    463,750

10,322,798
  4,705,580
5,617,218

Other Assets:
Intangible assets - less accumulated amortization: 1988,
$197,437; 1987, $239,281 252,884
Insurance trust 1,066,964
Other    77,778

Total other assets 1,397,626

226,728
1,122,796
    89,287

1,438,811

Total $18,516,795$22,106,246

LIABILITIES AND Current Liabilities:
SHAREHOLDERS' $   17,902
EQUITY 5,049,234

Current portion of long-term debt $   32,405
Accounts payable - trade 2,686,669
Accrued income taxes 21,400
Accrued payroll and employee benefits 678,752
Container deposits 1,199,263
Other accruals    178,736

Total current liabilities 4,797,225

681,369
1,054,373
    198,477
7,001,355

Long-term debt 71,60853,706

Deferred income taxes 242,200249,900

Shareholders' Equity:
Common stock - authorized 4,000,000 shares of $.05

par value, issued: 1988, 3,592,673; 1987, 3,268,337
Additional paid-in capital 163,417
Retained earnings (deficit) 12,084,817

Total shareholders' equity    1,157,528

179,634
14,671,885
   (50,234)

14,801,285 13,405,762

Total $18,516,795$22,106,246

See accompanying Notes to Financial Statements



Exhibit 3-4
XYZ, INC.
CONSOLIDATED
BALANCE 
SHEETS
SEPTEMBER 30, 1988 AND 1987

1988 1987

ASSETS Current Assets:
Cash and cash equivalents $ 1,459,475
Cash investments 3,369,289
Trade receivables - less allowance for doubtful

accounts: 1988, $85,352; 1987, $135,353 4,171,421
Inventories 3,335,251
prepaid expenses and other       122,370

Total current assets 12,457,806

$ 2,944,964
2,244,061

5,025,964
4,109,264

     725,964
15,050,217

Property, Plant and Equipment:
Land 296,217
Buildings and Improvements 4,837,392
Machinery and equipment 1,546,476
Transportation equipment 1,705,107
Office furniture and equipment     483,769

Total 8,868,961
Less accumulated depreciation   4,207,598

Property - net 4,661,363

356,217
5,476,155
2,160,671
1,866,005
    463,750

10,322,798
  4,705,580
5,617,218

Other Assets:
Intangible assets - less accumulated amortization: 1988,
$197,437; 1987, $239,281 252,884
Insurance trust 1,066,964
Other    77,778

Total other assets 1,397,626

226,728
1,122,796
    89,287

1,438,811

Total $18,516,795$22,106,246

LIABILITIES AND Current Liabilities:
SHAREHOLDERS' $   17,902
EQUITY 5,049,234

Current portion of long-term debt $   32,405
Accounts payable - trade 2,686,669
Accrued income taxes 21,400
Accrued payroll and employee benefits 678,752
Container deposits 1,199,263
Other accruals    178,736

Total current liabilities 4,797,225

681,369
1,054,373
    198,477
7,001,355

Long-term debt 71,60853,706

Deferred income taxes 242,200249,900

Shareholders' Equity:
Common stock - authorized 4,000,000 shares of $.05

par value, issued: 1988, 3,592,673; 1987, 3,268,337
Additional paid-in capital 163,417
Retained earnings (deficit) 12,084,817

Total shareholders' equity    1,157,528

179,634
14,671,885
   (50,234)

14,801,285 13,405,762

Total $18,516,795$22,106,246

See accompanying Notes to Financial Statements



Exhibit 3-5
XYZ, INC.
CONSOLIDATED
STATEMENTS OF
INCOME AND
RETAINED EARNINGS
(DEFICIT)
FOR THE YEARS ENDED SEPTEMBER 30, 1988, 1987, 1986

1988 1987 1986

Net sales $33,294,962 $30,730,768
Cost of sales   26,405,930   24,972,185
Gross profit 6,889,032 5,758,583
Selling, general and administrative expenses    3,876,206    3,824,226
Income from operations 3,012,826 1,934,357

$42,389,957
 35,981,363

6,408,594
  3,957,771
2,450,823

Other income (deductions)
Interest income 347,613 362,295
Interest expense (22,513) (46,467)
Other investment income - net 134,690
Miscellaneous     48,660     93,654

Total other income (deductions) - net    373,760    544,172
Income before income taxes 3,386,586 2,478,529
Provision for income taxes  1,620,012  1,150,949
Net income 1,766,574 1,327,580

441,891
(10,985)

    55,066
   485,972
2,936,795
 1,139,118
1,797,677

Retained earnings, beginning of year 1,726,292 1,983,007
Stock dividend (1,952,645) (1,365,590)
Cash dividend ($.11 per share, 1988; $.08 per share,
1987; $.06 per share, 1986) (300,693) (218,705)
Common stock acquired and retired    (82,000)            
Retained earnings (deficit), end of year $ 1,157,528 $ 1,726,292
Weighted average number of shares outstanding   3,630,652   3,637,798
Earnings per common share     $.49       $.36   

1,157,528
(2,610,888)

(391,960)
    (2,591)

$  (50,234)
  3,593,048

    $.50   

See accompanying Notes to Financial Statements

INDEPENDENT
AUDITORS'
REPORT

To the Shareholders of XYZ, Inc.:

  We have audited the consolidated balance sheets of XYZ, Inc. at September 30,
1988 and 1987, and the related consolidated statements of income and retained
earnings (deficit), and cash flows for each of the three years in the period ended
September 30, 1988.  These financial statements are the responsibility of the
Company's management.  Our responsibility is to express an opinion on these
financial statements based on our audits.

  We conducted our audits in accordance with generally accepted auditing standards. 
Those standards require that we plan and perform the audit to obtain reasonable
assurance about whether the financial statements are free of material misstatement. 
An audit includes examining, on a test basis, evidence supporting the amounts and
disclosures in the financial statements.  An audit also includes assessing the
accounting principles used and significant estimates made by management, as well as
evaluating the overall financial statement presentation.  We believe that our audits
provide a reasonable basis for our opinion.

  In our opinion, the accompanying consolidated financial statements present fairly, in
all material respects, the financial position of the companies at September 30, 1988
and 1987, and the results of their operations and their cash flows for each of the three
years in the period ended September 30, 1988 in conformity with generally accepted
accounting principles.
DELOITTE HASKINS & SELLS
Minneapolis, Minnesota
December 5, 1988



Exhibit 3-6
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MANUFACTURERS • GAMES, TOYS & CHILDREN'S VEHICLES; EXCEPT DOLLS & BICYCLES.  SIC # 3944 

Comparative Historical Data Current Data Sorted by Sales

17 19 19 Unqualified 4 4 11
11 21 24 Reviewed 1 3 7 10 2 1
2 7 14 Compiled 3 5 3 1 2

17 20 18 Other 2 5 2 1 8
1 Tax Returns

1 # Postretirement Benefits 1
Type of Statement

4/1/90- 4/1/91- 4/1/92-
3/31/91 3/31/92 3/31/93 17(4/1/-9/30/92) 58 (10/1/92-3/31/93)

ALL ALL ALL 0-1MM 1-3mm 3-5MM 5-10MM 10-25MM 25MM & OVER
47 68 75 NUMBER OF STATEMENTS 6 13 9 17 8 22

% % % ASSETS % % % % % % 

7.1 8.9 7.2 Cash & Equivalents 7.4 13.3 5.8
27.0 30.9 31.8 Trade Receivables - (net) 24.5 32.0 36.0
31.9 30.4 35.3 Inventory 47.4 31.0 28.3
2.1 1.9 1.7 All Other Current .6 2.2 2.7

68.1 72.1 76.1 Total Current 79.8 78.5 72.7
19.2 17.5 16.7 Fixed Assets (net) 16.1 14.4 17.2
4.2 3.7 3.1 Intangibles (net) 1.8 2.2 5.4
8.5 6.7 4.1 All Other Non-Current 2.3 4.9 4.7

100.0 100.0 100.0 Total 100.0 100.0 100.0

16.4 12.6 14.0 Notes Payable Short-Term 13.9 12.3 11.8
3.4 2.3 3.0 Cur. Mat.-L/T/D 4.5 3.6 .7

11.7 13.1 14.6 Trade Payables 14.5 12.0 16.5
.7 .9 .6 Income Taxes Payable .5 .5 .7

8.1 9.0 11.1 All Other Current 5.6 10.8 11.9
40.3 38.0 43.2 Total Current 38.8 39.2 41.7
13.2 13.4 12.2 Long Term Debt 15.5 9.4 11.8
1.2 .5 .4 Deferred Taxes .1 .5 .6
2.8 5.3 3.5 All Other Non-Current 2.2 2.1 1.7

42.4 42.9 40.6 Net Worth 43.4 48.8 44.3
100.0 100.0 100.0 Total Liabilities and Net Worth 100.0 100.0 100.0

LIABILITIES

100.0 100.0 100.0 Net Sales 100.0 100.0 100.0
35.5 37.2 36.0 Gross Profit 35.5 33.5 35.8
28.5 29.3 30.2 Operating Expenses 29.9 28.2 28.6
6.9 7.9 5.8 Operating Profit 5.7 5.3 7.2
3.3 1.8 1.2 All Other Expenses (net) 1.1 .4 1.8
3.7 6.1 4.6 Profits Before Taxes 4.6 4.9 5.3

INCOME DATA

2.5 2.8 2.9 4.5 2.8 2.8
1.7 1.9 1.8 Current 2.3 1.9 1.9
1.2 1.3 1.3 1.5 1.3 1.2

RATIOS

1.4 1.7 1.4 1.7 2.0 1.8
.8 1.1 .8 Quick .6 .8 1.0
.6 .7 .6 .5 .6 .7

34 10.6 31 11.6 34 10.8 14 25.2 31 11.9 56 6.5
55 6.6 49 7.4 56 6.5 Sales Receivables 37 10.0 56 6.5 72 5.1
85 4.3 85 4.3 85 4.3 78 4.7 89 4.1 99 3.7

62 5.9 55 6.6 63 5.8 79 4.6 43 8.5 68 5.4
104 3.5 85 4.3 94 3.9 Cost of Sales/Inventory 126 2.9 78 4.7 85 4.3
146 2.5 152 2.4 146 2.5 166 2.2 140 2.6 118 3.1

21 17.0 21 17.7 18 20.1 10 38.1 12 30.2 29 12.5
29 12.4 27 13.3 30 12.3 Cost of Sales/Payables 27 13.3 22 16.4 39 9.4
50 7.3 47 7.8 61 6.0 40 9.1 33 11.0 66 5.5

3.9 3.4 3.3 2.6 3.0 3.3
7.6 6.2 6.3 Sales/Working Capital 4.4 6.5 5.1

17.5 10.8 13.8 14.0 11.5 15.0

(44) 2.4 (66) 3.4 (69) 3.6 EBIT/Interest (12) 1.9 (14) 4.6 (21) 4.3
7.1 10.1 9.0 6.8 9.2 14.5

1.0 1.5 1.5 .8 1.3 2.9

(23) 2.8 3.3 2.8 Amort./Cur. Mat.L/T/D
8.9 (34) 13.3 (24) 13.1 Net Profit + Depr., Dep.,

.5 1.8 1.2

.2 .2 .1 .1 .1 .2

.6 .4 .5 Fixed/Worth .4 .3 .5

.8 .8 1.0 1.2 .7 1.0

.9 .8 1.0 .7 .5 .7
2.0 1.6 1.8 Debt/Worth 1.5 1.1 1.7
3.0 3.3 3.3 3.0 5.5 2.6

(45) 16.2 (65) 26.1 (70) 22.8 Net Worth 9.2 (16) 27.4 (21) 27.9
34.5 52.8 39.9 % Profit Before Taxes/Tangible 51.2 42.8 37.9

1.1 7.0 4.6 2.8 3.2 17.2

11.7 20.5 17.0 % Profit Before Taxes/Total 21.1 18.6 14.2
5.5 10.8 7.6 Assets 3.3 9.6 8.2
.4 1.9 1.5 .8 1.5 3.9

20.1 44.3 35.8 64.6 42.7 21.4
9.8 15.6 17.1 Sales/Net Fixed Assets 35.8 15.1 11.2
6.5 7.3 7.5 9.5 7.3 7.2

2.1 2.5 2.6 2.9 2.6 2.1
1.6 2.0 2.0 Sales/Total Assets 2.0 1.8 1.9
1.3 1.5 1.6 1.7 1.5 1.4

(36) 2.1 (61) 1.7 (61) 1.6 % Depr., Dep., Amort./Sales (11) .8 2.3 2.6
1.1 .8 .7 .4 .8 1.4

2.9 3.3 2.8 2.5 2.9 3.2

(12) 4.3 (23) 4.1 (30) 4.5 Owners' Comp/Sales
1.8 2.4 2.7 % Officers', Directors',

6.7 9.5 7.8

1537661M 1883457M 1840680M Net Sales ($) 3293M 27202M 36782M 116678M 115773M    1540952M      
1092333M 1169085M 1136958M Total Assets ($) 1948M 13736M 20946M 72757M 52973M     974598M      

© Robert Morris Associates 1993 M = $thousand   MM = $million
See Pages 1 through 15 for Explanation of Ratios and Data



Exhibit 3-7
XYZ, INC.
CONSOLIDATED
BALANCE 
SHEETS
SEPTEMBER 30, 1988 AND 1987

1988 1987

ASSETS Current Assets:
Cash and cash equivalents $ 1,459,475
Cash investments 3,369,289
Trade receivables - less allowance for doubtful

accounts: 1988, $85,352; 1987, $135,353 4,171,421
Inventories 3,335,251
prepaid expenses and other       122,370

Total current assets 12,457,806

$ 2,944,964
2,244,061

5,025,964
4,109,264

     725,964
15,050,217

Property, Plant and Equipment:
Land 296,217
Buildings and Improvements 4,837,392
Machinery and equipment 1,546,476
Transportation equipment 1,705,107
Office furniture and equipment     483,769

Total 8,868,961
Less accumulated depreciation   4,207,598

Property - net 4,661,363

356,217
5,476,155
2,160,671
1,866,005
    463,750

10,322,798
  4,705,580
5,617,218

Other Assets:
Intangible assets - less accumulated amortization: 1988,
$197,437; 1987, $239,281 252,884
Insurance trust 1,066,964
Other    77,778

Total other assets 1,397,626

226,728
1,122,796
    89,287

1,438,811

Total $18,516,795$22,106,246

LIABILITIES AND Current Liabilities:
SHAREHOLDERS' $   17,902
EQUITY 5,049,234

Current portion of long-term debt $   32,405
Accounts payable - trade 2,686,669
Accrued income taxes 21,400
Accrued payroll and employee benefits 678,752
Container deposits 1,199,263
Other accruals    178,736

Total current liabilities 4,797,225

681,369
1,054,373
    198,477
7,001,355

Long-term debt 71,60853,706

Deferred income taxes 242,200249,900

Shareholders' Equity:
Common stock - authorized 4,000,000 shares of $.05

par value, issued: 1988, 3,592,673; 1987, 3,268,337
Additional paid-in capital 163,417
Retained earnings (deficit) 12,084,817

Total shareholders' equity    1,157,528

179,634
14,671,885
   (50,234)

14,801,285 13,405,762

Total $18,516,795$22,106,246

See accompanying Notes to Financial Statements
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4. DETERMINATION OF WIDESPREAD IMPACTS

The financial impacts of undertaking pollution controls could potentially cause far-
reaching and serious socioeconomic impacts.  If the financial tests outlined in Chapter 2
and 3 suggest that a discharger (public or private) or group of dischargers will have
difficulty paying for pollution controls, then an additional analysis must be performed to
demonstrate that there will be widespread adverse impacts on the community or
surrounding area.  There are no economic ratios per se that evaluate socioeconomic
impacts.  Instead, the relative magnitudes of indicators such as increases in
unemployment, losses to the local economy, changes in household income, decreases in
tax revenues, indirect effects on other businesses, and increases in sewer fees for
remaining private entities should be taken into account when deciding whether impacts
could be considered widespread.  Since EPA does not have standardized tests and
benchmarks with which to measure these impacts, the following guidance is provided as
an example of the types of information that should be considered when reviewing impacts
on the surrounding community.

In certain circumstances, the information presented here may not adequately address
all potential impacts.  At a minimum, however, the analysis must define the affected
community (the geographic area where project costs pass through to the local economy),
consider the baseline economic health of the community, and finally evaluate how the
proposed project will affect the socioeconomic well-being of the community.  Applicants
should feel free to consider additional measures not mentioned here if they judge them
to be relevant.  Likewise, applicants should not view this guidance as a check list.  In all
cases, socioeconomic impacts should not be evaluated incrementally, rather, their
cumulative effect on the community should be assessed.  More detailed guidance on the
factors that should be considered when evaluating the socioeconomic impacts to
communities of meeting water quality standards is given below.

4.1 Define Relevant Geographical Area

One important factor in determining the magnitude of these impacts is defining the
geographical area in which they occur.  In some cases, one community's loss may be
another community's gain, as in the case of a plant moving to another community.  In the
case of municipal pollution control projects, the affected community is most often the
immediate municipality.  There are, however, exceptions where the affected community
includes individuals and areas outside the immediate community.  For example, if
business activity in the region is concentrated in a nearby community and not in the
immediate community, then the nearby community may also be affected by loss of
income in the immediate community and should be included in the analysis.  If business
activity of the region is concentrated in the immediate community, then outlying
communities dependent upon the immediate municipality for employment, goods, and
services should also be included in the analysis.  Similarly, if a large number of workers
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commute to an industrial facility that is significantly affected by the costs, then the
affected community should include the home communities of commuters as well as the
immediate community.

The relevant geographic area for evaluating the socioeconomic effects of compliance
by private entities varies with each situation.  For impacts from actions by a private entity,
the area will typically be determined by the area in which the majority of its workers live
and where most of the businesses that depend on it are located.  There are no simple rules
for defining the relevant area or community; the decision is based on the judgement of the
discharger and state, subject to EPA review.

4.2 Determine Whether Impacts are Widespread: Public-Sector Entities

In demonstrating that impacts will be substantial, the applicant will have shown that
compliance with water quality standards would be burdensome to the community.  To
demonstrate that impacts will also be widespread, the applicant must examine the
estimated change in socioeconomic conditions that occur as a result of compliance.

There are no explicit criteria by which to evaluate widespread impacts.  It is
recommended, however, that changes in the socioeconomic indicators listed below be
considered.  For each indicator listed, the applicant should estimate the potential change
from precompliance conditions if the community were to adopt pollution controls.

Median Household Income;
Community Unemployment Rate;
Overall Net Debt as a Percent of Full Market Value of Taxable Property;
Percent of Households Below Poverty Line;
Impact on Community Development Potential; and
Impact on Property Values.

Precompliance estimates of the first three indicators were considered in Chapter 2 in the
Secondary Test.  Estimated changes should be described qualitatively in Worksheet M.
Depending on the size and type of impacts on industrial and commercial discharges, these
estimated changes may be relatively large or small.  In addition to changes in income,
unemployment, and debt, affected communities may be faced with impaired development
opportunities if pretreatment requirements or significantly higher user fees are imposed
by the POTW.  The municipality should therefore assess the potential for the loss of
future jobs and personal income to the community if businesses would chose not to locate
in the affected community.  The potential for impaired development opportunities can be
judged, in part, by comparing post-compliance costs to costs in neighboring communities.
The cost of pollution control may also have an adverse effect on property values.  Where
property taxes are used to finance the project, property values may fall in response to
higher taxes.  Similarly, if the project will be financed through user fees, demand for
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property in the community may fall, thus decreasing the value of property in the
community.

The extent to which estimated changes can be interpreted as significant, however, will
depend on the health of the community before compliance.  It is therefore not possible to
identify acceptable or unacceptable estimated changes for each indicator.  For example,
if Community XYZ were determined to be in a weak condition before compliance.  As
defined in Chapter 2, but the evaluation of widespread impacts suggests that all of the
indicators listed above will remain virtually unchanged, then widespread impacts have not
been demonstrated.  Alternatively, if Community XYZ were very healthy, the estimated
change in the indicators listed above would have to be very large in order for widespread
impacts to occur.

In addition, there may be secondary impacts (not captured by the primary and
secondary tests) to the community.  Secondary impacts might include depressed economic
activity in a community resulting from loss of purchasing power by persons losing their
jobs due to increased user fees.  The next section describes secondary impacts in greater
detail.

4.3 Determine Whether Impacts are Widespread: Private-Sector Entities

If the financial tests suggest that a private entity or group of entities will have difficulty
paying for pollution controls, then an additional analysis must be performed to
demonstrate that there will be widespread adverse impacts on the community or
surrounding area.  The current economic condition of the affected community and the role
of the affected entities within the community should first be considered when determining
whether the affected community will be able to absorb the impacts of reduced business
activity or closures.  Through property taxes and employment, the entity(ies) may be a
key contributor to the economic base of the affected community.  In this situation,
reductions in employment caused by compliance with the water quality standards could
be widespread if workers have no other employment opportunities nearby.  Impacts may
also be significant where the entity(ies) is a primary producer of a particular product or
service upon which other nearby businesses or the affected community depend.  The
impacts of reduced business activities or closure will be far greater in this case than if the
products are sold elsewhere.  These two examples illustrate how the interdependence
between the affected entity(ies) and the affected community is a major factor in
demonstrating that the impacts are not only substantial, but also widespread.

As important as the extent of socioeconomic impacts is the type of impacts that might
occur.  A worksheet has been provided to assist applicants in their evaluation of
socioeconomic impacts.  Worksheet N is designed as a list of the factors applicants
should consider in determining whether impacts are not only substantial but also
widespread.  The worksheet is organized to follow the text below.  To make the most
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efficient use of this worksheet, applicants should read the remainder of Section 4.3 and
then collect the data suggested in the worksheet.  Applicants should feel free, however,
to use anecdotal information to describe any current community characteristics or
anticipated impacts that are not listed in the worksheet.

Potentially, one of the most serious impacts on the affected community's economy is
the loss of employment caused by a reduction in business activity or closure.  The size of
this impact is dependent on the number of jobs lost relative to the total number of jobs in
the community, and to the job opportunities available in the community.  Typically, a
decline in employment leads to a decline in personal income in the affected community.
The total amount of income lost by the affected community will depend, in part, on the
future job prospects of those losing their jobs.  If employees leave the area in search of
opportunities, all of their income will be lost to the affected community.  Workers who
are unable to market the full range of their skills to a new employer will receive lower
wages in subsequent jobs.  If employees stay in the area and find lower paying jobs or
receive unemployment benefits, the loss of income to the affected community would be
equal to the difference between existing and future income; the cost of unemployment
benefits is calculated as a government expense or an expense borne someplace else,
whichever is appropriate to the situation.

To assess the net impact on employment in the affected community, the existing rate
of unemployment should be considered as an indicator of worker mobility between jobs.
When the unemployment rate is very high in an affected community, workers will have
a difficult time finding other jobs in that community.  Where possible, comparisons
should be made between industry employment levels in the community and the nation as
a whole.  If employment levels in the industry as a whole are falling, the industry may be
in decline regardless of the burden placed on them by water quality standards regulations.
If it is clear that a private-sector entity will go out of business regardless of water quality
standards, the impact of the pollution controls should not be viewed as substantial.  If the
entity is in a marginal position, however, the effect that meeting water quality standards
will have on the entity and the community should be considered.  Applicants should also
consider whether the lack of alternative employment opportunities may lead to an
increased need for social services in the affected community.  If the costs of increased
social services will be borne by the affected community, they should be included in the
assessment of widespread and substantial impacts.

Socioeconomic impacts may also include effects on the local government(s) such as
loss of property tax revenues.  If the financial tests in Chapter 3 suggest that an entity or
group of entities will close, then the assessed value of property and tax revenues will fall.
If the entities are a major source of revenue for the affected community, this loss in tax
revenue may be significant.  One example might be water quality standards that affect
farming practices in an agricultural region.  Compliance with these standards might lower
the profitability of many farms, even to the point of forcing them to cease operations.  To
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assess the impact, the loss in property tax revenues should be compared to total property
tax revenues in the affected community to determine the relative size of the loss.  In
general, a drop of 1 percent in property tax revenues would be considered significant.

If compliance is evaluated in the context of a public investment for which the private
entity is paying a share (e.g., a factory's share of the cost to upgrade a municipal treatment
plant), then the analysis of widespread impacts is more complicated.  If the financial
analysis shows that the entity or group of entities cannot pay their share of the cost, then
the socioeconomic and public entity analysis should include this additional burden on
other users.  Likewise, if the entity or group of entities are significant users of the local
utilities, then a reduction in business activity or closure may lead to a lowered demand
and possible decreased efficiency for local utilities.  For example, a water supply system
may be designed with a large industrial user in mind.  If much of the demand is
eliminated, the system may become excessively expensive for the remaining users.

Affected communities may also be faced with impaired development opportunities if
the need to comply with water quality standards discourages other businesses from
locating in the area.  In situations where the affected facility has not been built, additional
expenditures on water pollution controls may delay or cancel the construction.  The
applicant should, therefore, consider not only the loss of potential jobs and personal
income to the community if the entity is not built, but the future losses in jobs, personal
income and tax revenues from other businesses that would choose not to locate in the
affected community.

There may be some cases in which the socioeconomic impacts of implementing
pollution controls are large enough that they are felt at the state level.  For example, the
State may lose tax revenues from lost production and lost income if a business closes.
This will be of particular importance if the business is a major employer in the State
and/or the State is experiencing a period of high unemployment and fiscal distress.  At the
same time, the State may encounter increased expenditures for unemployment
compensation and social services.  In reviewing state level impacts, the applicant should
consider the degree to which decreases in employment and personal income in one area
of the State are offset by increases in employment and personal income in other parts of
the State.  In most cases, impacts at the state level will be relatively minor.  If not, then
impacts are widespread.

4.4 Estimate Multiplier Effect

The effects of increased unemployment, decreased personal income, and reductions
in local expenditures by the entity or group of entities (public and private) will be
compounded as money moves through the local economy.  Some portion of the lost
income would have been spent in the local economy for the purchase of other goods and
services and thus for the salaries of other local employees.  These local employees, in
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turn, would have spent some portion of their income in the local economy.  This
multiplier effect means that each dollar lost to an employee results in the loss of more than
one dollar to the local economy.

The U.S. Department of Commerce, Bureau of Economic Analysis (BEA) has
developed several multipliers to estimate the effect of reduced economic activity on
output (sales), earnings, and employment.  These multipliers are available by industry
sector for 39 or 531 different industry classifications, depending on the level of detail
required.  Applicants that are interested in using these multipliers are advised to consult
a copy of RIMS II Regional Multipliers: A User Handbook of the Regional Input-Output
Modeling System, available from the National Technical Information Service (NTIS).  The
NTIS document number is #PB-86-230-216 and orders can be placed by calling NTIS at
(703) 487-4650.  Additional information on using multipliers is available from the BEA
at (202) 606-5343.

4.5 Economic Benefits of Clean Water

Benefit-cost analysis is not required to demonstrate substantial and widespread
effects under the Federal Water Quality Standards regulation.

In many cases, there may be economic benefits that accrue to the affected community
from cleaner water.  For example, in a rural community where the primary source of
employment is agriculture, the reduction of fertilizer and pesticide runoff from farms
would reduce the cost of treating irrigation water to downstream users.  Another example
might be an industrial facility discharging its wastewater into a stream that otherwise
could be used for recreational cold-water fishing.  Treatment or elimination of the
industrial wastewater would provide a benefit to recreational fishermen by increasing the
variety of fish in the stream.  In both cases, the economic benefit is the dollar value
associated with the increase in beneficial use or potential use of the waterbody.  The types
of economic benefits that might be realized will depend on both the characteristics of the
polluting entity and characteristics of the affected community, and should be considered
on a case by case basis.

Since the assessment of benefits requires site-specific information, it will be up to
States to determine the extent to which benefits can be considered in the economic impact
analysis.  This determination should be coordinated with the EPA Regional Office.  A
more detailed description of the types of benefits that might be considered is given in
Appendix C.  This appendix is not intended to provide in-depth guidance on how to
estimate economic benefits; rather, it is intended to give States an idea of the types of
benefits that might be relevant in a given situation.
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4.6 Summary of Financial Capability and Determination of Whether Impacts are
Substantial and Widespread

Using the guidance described in this document, the applicant must demonstrate that the
pollution control measures needed to meet water quality standards are not affordable.  In
addition, the applicant will have to show that there will be widespread adverse impacts
to the community if it is required to meet standards.  A summary checklist of the steps
required in this process is presented in Table 4-1.  This checklist also presents the type of
data the applicant will need to collect to support each step.  Whether or not the applicant
has successfully demonstrated that substantial and widespread economic and social
impacts would occur, however, will depend upon the EPA Regional Administrator's
review of the application.

If the EPA Regional Administrator determines that substantial and widespread
economic and social impacts have not been demonstrated, then the discharger must meet
the water quality standards.  Alternatively, if substantial and widespread economic and
social impacts have been demonstrated, then the discharger will not have to meet the
water quality standards.  The discharger will, however, be expected to undertake some
additional pollution control.  The criteria outlined in Chapters 2 and 3 should be used to
determine the most protective pollution control technique that would not impose a
substantial impact on the entity.  In addition, the discharger should check with EPA and
the State regularly to determine what else will be required of them.  It is then up to the
State to revise the standards in the water body to reflect the uses that would be achieved
if the discharger adopts the next most protective pollution control technique.  The State
will also have to revise its water quality criteria to protect the newly attainable uses.  The
discharger's NPDES permit will then be revised to reflect the new limits associated with
revised criteria.  Finally, federal regulations require that water quality standards be
reviewed every three years to determine if there is any new information or technology that
allows attainment of the full designated use without causing substantial and widespread
social and economic impacts.



Table 4-1
Demonstration of Substantial and Widespread 

Economic and Social Impacts of Attainment of Designated Uses

CHECKLIST

STEPS APPLICANT
INFORMATION THAT WILL BE REQUIRED FROM

1. Demonstrate that designated use is a potential use and not an Data from State Water Quality Assessment Documents and water quality
existing use. standards regulations.

2. Demonstrate that entity will incur substantial economic impacts.

a. Identify all reasonable pollution reduction options, Information on end-of-pipe treatment, possible treatment upgrades,

b. Evaluate costs of all reasonable pollution reduction Assumptions about water demand, treatment capacity, expansion plans,
options, population growth, and effectiveness of control in reducing pollution for

c. Identify lowest cost pollution reduction option that allows Information on treatment efficiencies for alternative pollution reduction
entity to meet water quality standards. techniques.  Cost estimates for all alternatives.

additions to existing treatment, and pollution prevention activities
including the following:

• change in raw materials,
• substitution of process chemicals,
• change in process,
• water recycling, reuse and efficiency,
• pretreatment requirements, and
• public education.

each option.  Estimate of project costs from design engineers, costs of
comparable projects in the State, or judgement of experienced water
pollution control engineers.



Table 4-1 CHECKLIST (Cont'd.)

STEPS INFORMATION THAT WILL BE REQUIRED FROM
APPLICANT

3. Evaluate entity's financial health (Public Entities Only):

a. determine method of financing,

b. annualize pollution reduction project costs,

c. allocate project costs,

d. apply Municipal Preliminary Screener test,

e. Depending on the results of the Municipal Preliminary
Screener test, apply Secondary Test.

4. Evaluate entity's financial health (Private Entities Only):

a. annualize pollution reduction project costs,

b. Primary Measure: 

profitability, 
 

Information on user fee financing mechanisms such as Revenue Bonds.
Information on tax based financing mechanisms such as General
Obligation Bonds.

Information on appropriate interest rates and period of financing.

Information on user groups, wastewater flow by user group, and
surcharges on industrial users.

Information on average total annual pollution control cost per household
and median household income.

Information on results of Municipal Preliminary Screener test, overall net
debt as a percent of full market value of taxable property, median
household income, bond rating, community unemployment rate, property
tax collection rate, and property tax revenues as a percent of full market
value of taxable property.

Information on appropriate interest rates and period of financing.

Information that will allow evaluation of whether an entity will remain
profitable after incurring the cost of pollution reduction including:

• revenues,
• cost of goods sold,



Table 4-1 CHECKLIST (Cont'd.)

STEPS INFORMATION THAT WILL BE REQUIRED FROM
APPLICANT

• portion of corporate overhead assigned to the entity, and

c. Secondary measures:

solvency, 

liquidity, and

leverage.

5. Determine whether impacts are widespread (Public Entities
Only):

a. Evaluate change in socioeconomic conditions that occur
as a result of compliance.

• total annualized pollution reduction project costs.

Information that will allow evaluation of the entity's ability to meet its
fixed and long-term obligations including:

• long-term debt,
• current debt,
• net income after taxes, and
• depreciation.

Information that will allow evaluation of how easily an entity can pay its
short-term bills such as:

• current assets,
• current liabilities, and
• total annualized pollution reduction project costs.

Information that will allow evaluation of the extent to which a firm
already has fixed financial obligations and therefore how much money
it will be able to borrow including, long-term liabilities and owner equity.

Information on changes in median household income, community
unemployment rate, overall net debt as a percent of full market value of
taxable property, percent of households below the poverty line, impact
on community development potential, and impact on community



Table 4-1 CHECKLIST (Cont'd.)

STEPS INFORMATION THAT WILL BE REQUIRED FROM
APPLICANT

6. Determine whether impacts are widespread (Private Entities
Only):

a. Define community,

b. Evaluate effect on employment,

c. Evaluate effect on tax revenues,

d. Assess impairment of development opportunities,

e. Collect any relevant additional information that
demonstrates widespread socioeconomic impacts.

7. Evaluate economic benefits of cleaner water.

8. Public comment and debate period.

property values resulting from compliance.

Information on the geographical boundary of the area in which the
majority of the entity's workers live and where most of businesses that
depend on the entity are located.

Current unemployment, change in unemployment due to investment in
pollution reduction.

Information on the likely effect on assessed value of property tax
revenues if the entity must adopt pollution reductions.

Information on the likelihood that the need to adopt pollution reductions
in the affected community would discourage other businesses from
locating in the area in the future.

Any additional information that suggests that there are unique conditions
in the affected community that should also be considered.

Information on potential benefits of cleaner water including enhanced
recreational opportunities, reduced treatment costs for downstream users
and increased property values.

Be prepared to supply backup information on the application to modify



Table 4-1 CHECKLIST (Cont'd.)

STEPS INFORMATION THAT WILL BE REQUIRED FROM
APPLICANT

9. If substantial and widespread economic and social impacts are or change a designated use to the public.
demonstrated, determine which pollution reduction option should
be implemented. Information on the cost and efficiency of affordable pollution reduction

10. Redesignate uses.

11. Standards will be adopted to protect new uses.

12. Effluent limits and permits will be modified. uses.

13. Re-evaluate water quality standards in three years. the "affordable" pollution reduction technique.

alternatives.

Uses will be determined by the level of "affordable" pollution reduction.

Once uses are established, standards should be revised to protect those

Limits will be modified to reflect effluent concentrations associated with

Per federal regulations, water quality standards must be revised every
three years to determine if there is any new information or technology
that allows attainment of the full designated uses without causing a
substantial and widespread economic and social impact.
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5. ANTIDEGRADATION: ROLE OF ECONOMIC ANALYSIS

Under the Water Quality Standards program, each State must develop, adopt and
retain a statewide antidegradation policy and establish procedures for its implementation.
The antidegradation policy is intended to protect current water quality; in only a limited
set of cases can economic grounds be used to allow for a lowering of water quality.  In
particular, if the quality of the water exceeds levels necessary to support the propagation
of fish, shellfish, and wildlife and recreation in and on the water (i.e. "high-quality
water"), then economic considerations can be taken into account.  Before any lowering
of water quality in high-quality waters, however, an antidegradation review must
determine that the lowering is necessary in order to accommodate important economic or
social development in the area in which the waters are located.  

Antidegradation is not a "no growth" rule and was never designed nor intended to be
one.  It is a policy that allows the public to make decisions about important environmental
actions.  Where the State intends to provide for development, it may decide that some
lowering of water quality in "high-quality waters" is necessary to accommodate important
economic or social development.  Any such reduction in water quality, however, must
protect existing uses fully and must satisfy the requirements for intergovernmental
coordination and public participation. 

While the terminology is different, the tests to determine substantial and widespread
economic impacts (used when removing a use or granting a variance) are basically the
same as those used to determine if there might be interference with an important social
and economic development (antidegradation).  As such, antidegradation analysis is the
mirror image of the analyses described in Chapters 2, 3 and 4.  Variances and downgrades
refer to situations where additional treatment needed to meet standards may result in
worsening economic conditions; while antidegradation refers to situations where lowering
water quality may result in improved social and economic conditions.

When performing an antidegradation review, the first question is whether the pollution
controls needed to maintain the high-quality water will interfere with the proposed
development.  If not, then the lowering of water quality is not warranted.  If, on the other
hand, the pollution controls will interfere with development, then the review must show
that the development would be an important economic and social one.  These two steps
rely on the same tests as the determination of substantial and widespread impacts.  It
should be stressed at the outset that substantial economic impacts does not mean driving
profits to zero, nor precluding all other municipal expenditures.

The following sections describe the steps involved in  performing an economic impact
analysis as part of an antidegradation review.  These steps are outlined in Figure 5-1.  The
analytic approach presented here can be used for a variety of public-sector and private-
sector entities, including POTWs, commercial, industrial, residential and recreational land
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uses, and for point and nonpoint sources of pollution.  The guidance provided in this
chapter, however, is not meant to be exhaustive.  The State and/or EPA may require
additional information or tests.  In addition, the applicant should feel free to include any
additional information they feel is relevant.  The steps described in further detail in the
rest of the chapter are:

Verify Project Costs and Calculate the Annual Cost of the Pollution Control
Project - This section describes the factors considered when verifying that the
proposed pollution control project is the most appropriate solution and the type of
information that should be provided about the proposed project.  It discusses how
to annualize capital costs of the project and calculate total annual costs of the
pollution control project.

Determine if Requirements would Interfere with Development (i.e., lower
water quality is "necessary") - This section describes the types of financial tests
that should be used to determine if maintaining the high-quality water would
interfere with the development.

Determine if Economic and Social Development would be Important - This
section presents factors to be considered in determining whether the development
would be important from an economic and social point of view.  

These steps closely parallel the analytic techniques presented in Chapters 2, 3, and 4.
These chapters should be read for more detail.

5.1 Verify Project Costs and Calculate The Annual Cost of the Pollution Control
Project

    
Before the impact analysis can be performed, the project costs should be verified and

the annual costs calculated.  Both private-sector and public-sector entities should consider
a broad range of discharge management options including pollution prevention, end-of-
pipe treatment, and upgrades or additions to existing treatment.

Whatever approach, the discharger must demonstrate that the proposed project is the
most appropriate means of meeting water quality standards and must document project
cost estimates.  If there is at least one of the treatment alternatives that allows the
applicant to maintain high-quality water without incurring substantial impacts, then they
have failed to show that the requirements would interfere with the development.  Cost
information, and the assumptions underlying the cost estimates, should be supplied on
Worksheet O.

The following two sections (5.1.a and 5.1.b) discuss analyzing public-sector projects.
Section 5.1.c discusses private sector projects.
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5.1.a Public-Sector Developments: Calculate the Annual Costs of the Pollution
Control Project

Since capital costs typically will be paid over several years, annualized costs are used
in the evaluation of economic burden to the community.  The capital portion of public-
sector project costs is typically financed over approximately 20 years, by issuing a
municipal debt instrument such as a general obligation bond or a revenue bond.

The calculation of total annualized cost of the project is presented in Worksheet P.
First, capital costs are summed and the portion of costs to be paid for with grant monies
are deducted, as these costs will not need to be financed.  Next, the annualization factor
is calculated using the formula supplied on Worksheet P, or the annualization factor is
found in Appendix B.  Annualized capital cost is then calculated by multiplying the total
capital costs to be financed by the annualization factor.

The interest rates used to annualize costs are dependent on the type of debt instrument
used as well as the issuer's credit standing.  Therefore, the interest rate used on
Worksheet P reflects the debt instrument (i.e. municipal bond, commercial bank loan,
state revolving fund loan, or other instrument) likely to be used by the municipality.

Next, annual operating and maintenance costs are added to the annualized capital cost.
O&M costs should include the costs of monitoring, inspection, permitting fees, waste
disposal charges, repair, administration, replacement, and any other recurring costs.  All
recurring costs should be stated in terms of dollars per year.  The sum of the annualized
capital cost and total annual operating and maintenance costs is the total annual cost of
the project.

5.1.b Public-Sector Developments: Calculate Total Annualized Pollution Control
Costs Per Household

To assess the burden that total pollution control costs are expected to have on
households, an average annualized pollution control cost per household should be
calculated for all households in the community that would bear project costs.  In order to
evaluate substantial impacts, therefore, the analysis must establish which households will
actually pay for pollution control and what proportion of the costs will be borne by
households.  Then, these apportioned project costs are added to existing pollution control
costs paid by the households.

It is important to define the affected community.  The "community" is the
governmental jurisdiction or jurisdictions responsible for paying compliance costs.

If project costs were estimated for some prior year, these costs should be adjusted
upward to reflect current year prices using the average annual national Consumer Price
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Index (CPI) inflation rate for the period.  The CPI inflation rate is available from the
Bureau of Labor Statistics.  An additional source reporting the CPI inflation rate is the
CPI Detailed Report, which is published monthly by the U.S. Department of Labor,
Bureau of Labor Statistics.

In calculating the total annual cost of pollution control per household, current costs
of pollution control must be considered along with the projected annual costs of the
proposed pollution control project.  The existing cost per household usually can be
obtained from the most recent municipal records.  For example, use the most recent
operating revenues of the sewer enterprise fund, divided by the number of households
served.  If the portion of proposed project costs that households are expected to pay is
known or is expected to remain unchanged, then use Worksheet Q to calculate the total
annual cost of pollution control per household.  If the portion paid by households is based
on flow, then should refer to Worksheet Q:  Option A as well.

5.1.c Private-Sector Entities: Calculate the Annual Costs of the Pollution Control
Project

As with public-sector investments, the total capital costs  are usually spread out over
several years.  Annualization calculates the amount that will be paid each year, including
the financing costs.  In order to allow for comparisons across cases, the analysis should
assume that the applicant will borrow the capital and repay the loan in even annual
installments over a 10 year period.  The assumption of ten years is based on the likely life
of the equipment.  The assumption of even annual installments is made for convenience.
The interest rate on the loan should be equivalent to the rate the applicant pays when it
borrows money.

The financial tests discussed below compare the costs of compliance to other costs and
revenues of the applicant.  Compliance costs and other costs and revenues must, therefore,
be calculated for the same year.  See discussion in Section 2.2, and Appendix A for
references to inflation/deflation indices.  The Annualized Cost of Pollution Control for a
private-sector entity can be calculated using Worksheet R.

5.2 Financial Analysis to Determine if Lower Water Quality is "Necessary"

The purpose of the financial impact analysis is to assess the extent to which planned
development will be reduced as a result of maintaining water quality.  There are two sets
of tests presented in this section: one set for publicly owned developments, such as
POTWs, and another for privately owned developments, such as new manufacturing
facilities. The tests are not designed to determine the exact impact of pollution control
costs on an entity.  They merely provide indicators of whether pollution control costs
would result in a substantial impact.
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5.2.a Public-Sector Developments: Calculate and Evaluate the Municipal
Preliminary Screener Value

Whether or not maintaining high-quality water is likely to interfere with a
development due to additional public-sector costs is determined by jointly considering the
results of two tests.  The first test is a "screener" to establish whether the community can
clearly pay for the project.  The Municipal Preliminary Screener estimates the total per
household annual pollution control costs to be borne by households (existing costs plus
those attributable to the proposed project) as a percentage of median household income.
The screener is written as follows:

Median household income information for many municipalities is available from the
1990 Census of Population.  To estimate median household income for the current year,
use the CPI inflation rate for the period between the year that median household income
is available and the current year.

Depending on the results of the screener, the community is expected to incur small,
mid-range, or large economic impacts (see Worksheet S).  If the total annual cost per
household (existing annual cost per household plus the incremental cost related to the
proposed project) is less than 1.0 percent of median household income, then the
requirements are not expected to impose a substantial economic hardship on households
and would not interfere with the development.

Communities are expected to incur mid-range impacts when the ratio of total annual
compliance costs to median household income is between 1.0 and 2.0 percent.  If the
average annual cost per household exceeds 2.0 percent of median household income, then
the project may place a large financial burden on many of the households within the
community and the requirements may interfere with the development.  In either case,
communities move on to the Secondary Test to demonstrate substantial impacts.

5.2.b Public-Sector Developments: Secondary Test

The Secondary Test is designed to build upon the characterization of community
identified in the Municipal Preliminary Screener.  The Secondary Test indicates the
community's ability to obtain financing and describes the socioeconomic health of the
community.  Indicators describe precompliance debt, socioeconomic, and financial
management conditions in the community.  Using these indicators and the scoring system
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described below, the impact of the cost of pollution control is estimated.  Specifically,
applicants are required to present the following six indicators for the community:

Debt Indicators

Bond Rating (if available) - a measure of credit worthiness of the community;

Overall Net Debt as a Percent of Full Market Value of Taxable Property - a
measure of debt burden on residents within the community;

Socioeconomic Indicators

Unemployment Rate - a measure of the general economic health of the
community;

Median Household Income - a measure of the wealth of the community;

Financial Management Indicators

Property Tax Revenue as a Percent of Full Market Value of Taxable Property  -
a measure of the funding capacity available to support debt based on the wealth
of the community; and

Property Tax Collection Rate - a measure of how well the local government is
administered.

A more detailed description of the six indicators is presented in Section 2.4, including
a discussion of alternative measures to use in States with property tax caps and limitations
on assessed values.  Worksheet T can be used to estimate each of the indicators.  Table
5-1 summarizes the indicators and what is considered to be a strong, mid-range, or weak
rating.

The Secondary Score is calculated for the community by weighting each indicator
equally and assigning a value of 1 to each indicator judged to be weak, a 2 to each
indicator judged to be mid-range, and a 3 to each strong indicator.  A cumulative
assessment score is arrived at by summing the individual scores and dividing by the
number of factors used.  Worksheet U guides the reader through this calculation.  The
cumulative assessment score is evaluated as follows:

less than 1.5 is considered weak
between 1.5 and 2.5 is considered mid-range
greater than 2.5 is considered strong
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If the applicant is not able to develop one or more of the six indicators, they must
provide an explanation as to why the indicator is not appropriate or not available.  Since
the point of the analysis is to measure the overall burden to the community, the debt and
socioeconomic indicators are assumed to be better measures of burden than the financial
management indicators.  Consequently, if one of the debt or socioeconomic indicators is
not available, the applicant should average the two financial management indicators and
use this averaged value as a single indicator with the remaining indicators.  This averaging
is necessary so that undue weight is not given to the financial management indicators.

5.2.d Public-Sector Developments: Assess Whether the Requirements Would
Interfere With the Development

The results of the two tests are considered jointly in determining whether the
community is expected to incur substantial impacts that would interfere with the
development.  As shown in Table 5-2, the cumulative assessment score for the community
is combined with the estimated household burden.  The combination of factors establishes
whether impacts can be expected to be substantial.

In the matrix, "X" indicates that the impact is likely to interfere with the development.
The closer the community is to the upper right hand corner of the matrix, the greater the
likelihood.  Similarly, " " indicates that the impact is not likely to interfere with
development.  The closer to the lower left hand corner of the matrix, the smaller the
likelihood.  Finally, the "?" indicates that the impact is unclear.

5.2.e Private-Sector Developments: Financial Measures

Four general categories of financial tests are used to determine if maintaining high-
quality water will interfere with privately owned development.  The four categories are
divided into a primary measure of financial impacts and three secondary measures of
financial impacts:

Primary Measure

Profit -- how much would profits decline due to   pollution control expenditures?

Secondary Measures

Liquidity -- how easily can an entity pay its short-term bills?
Solvency -- how easily can an entity pay its fixed and long-term bills?
Leverage -- how much money can the entity borrow?

Profit and solvency ratios are calculated both with and without the additional compliance
costs (taking into consideration the entity's ability, if any, to increase its prices to cover
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part or all of the costs).  Comparing these ratios to each other and to industry benchmarks
provides a measure of the impact on the entity.  Since antidegradation reviews involve
new or expanded operations, the ratios often will be calculated using estimated values
from pro-forma income statements and balance sheets prepared for the development.

For all of the tests, it is important to look beyond the individual test results and
evaluate the total situation of the entity.  While each test addresses a single aspect of
financial health, the results of the four tests should be considered jointly to obtain an
overall picture.  The results should be compared with the ratios for other entities in the
same industry or activity.

The primary and secondary measures are described below, along with an example of
specific tests to be used.  While there are several ratios that could be used for each test,
to simplify the presentation only one ratio per test is described.  In most cases, interpreting
the results requires comparisons with typical values for the industry.  Among the sources
that provide comparative information are:  Robert Morris Associates' Annual Statement
Studies, Moody's Industrial Manual, Dun and Bradstreet's Dun's Industry Norms, and
Standard & Poor's Industry Surveys.  The Annual Statement Studies, Dun's Industry
Norms , and Standard & Poor's Industry Surveys provide composite statistics for firms
grouped into various manufacturing and service industries.  The Moody's Industrial
Manual provides detailed financial information on individual firms that can be used for
comparison purposes.  Each of the tests is discussed in more detail in Chapter 3.

5.2.f Private-Sector Developments: Primary Measure

Primary measure is the Profit Test, which measures the development's earnings if it
is required to provide pollution control necessary to maintain the high-quality waters and
if it is not required to do so.  If maintaining high-quality water would result in
considerably lower profits, then the development might not take place.

Two pieces of information are needed for the Profit Test.  The first piece is the total
annual cost of the required pollution control from Worksheet R.  The second piece is the
earnings information from the entity's income statement (Worksheet V).

The Profit
Test should be
calculated with and without the cost of the pollution control.  In the former case, the
annualized cost of pollution control (including O&M) is subtracted from the discharger's
estimated earnings before taxes (revenues minus costs excluding income taxes).  The
Profit Test can be calculated using Worksheets V, and W.  These profit rates should be
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compared to those for facilities in similar lines of business, using data in Moody's
Industrial Manual, Dun & Bradstreet's Industry Norms and Key Business Ratios,
Standard & Poor's Industry Surveys, or Robert Morris's Annual Statement Studies.  

The degree to which the discharger is able to raise prices is difficult to predict, and
depends on many factors.  Considerations should include the level of competition in the
industry, the likelihood of competitors' facilities facing similar project costs, and the
willingness of consumers to pay more for the product.

5.2.g Private-Sector Developments: Secondary Measures

The following secondary measures provide additional important information about the
financial health of the development.  All primary and secondary measures should be
included in the analysis.

Liquidity

Liquidity is a measure of how easily a discharger can pay its short-term bills.  One
measure of liquidity is the Current Ratio, which compares current assets with current
liabilities.  Current assets include cash and other assets that are or could reasonably be
converted into cash during the current year.  Likewise, current liabilities are items that
must be paid within the current year.

The Current Ratio is calculated by dividing current assets by current liabilities.

The Current Ratio can be calculated using Worksheet X.  The general rule is that if the
Current Ratio is greater than 2, the entity should be able to cover its short-term
obligations.  Frequently, lenders require this level of liquidity as a prerequisite for
lending.  This rule (Current Ratio > 2) may not, however, be appropriate for all types of
private entities.  The Current Ratio of the discharger in question should be compared with
ratios for other dischargers in the same line of business.

Solvency

Solvency is a measure of an entity's ability to meet its fixed and long-term obligations.
These obligations are bills and debts that are owed on a regular basis for periods longer
than one year.  Solvency tests are commonly used to predict financial problems that could
lead to bankruptcy within the next few years.
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As with liquidity, there are several possible tests for solvency.  One solvency test, the
Beaver's Ratio, compares cash flow to total debt.  This test has been shown to be a good
indicator of the likelihood of bankruptcy.

The Beaver's Ratio can be calculated using Worksheet Y.  Cash Flow is a measure
of the cash the entity has available to it in a given year.  Since depreciation is an
accounting cost -- a cost that does not use any currently available revenues -- it is added
back to reported net income after taxes to get cash flow.  Total debt is equal to the current
debt for the current year plus the long term debt, since current debt includes that part of
long-term debt that is due in the current year.

If the Beaver's Ratio is greater than 0.20 the development is considered to be solvent
(i.e., can pay its long-term debts).  If the ratio is less than 0.15 the development may be
insolvent (i.e., go bankrupt).  If the ratio is between 0.15 and 0.20, then future solvency
is uncertain.

Leverage

Leverage tests measure the extent to which a firm has fixed financial obligations and
thus indicates how much more money a firm is capable of borrowing.  Firms that rely
heavily on debt may find it difficult and expensive to borrow additional funds.  One
commonly used measure of leverage is the Debt to Equity Ratio.

The Debt to Equity Ratio can be calculated using Worksheet Z.  Since there are no
generally accepted Debt/Equity Ratio values that apply to all types of economic activity,
the ratio should be compared with the ratio of firms in similar businesses.  If the entity's
ratio compares favorably with the median or upper quartile ratio for similar businesses,
it should be able to borrow additional funds.  These ratios can be calculated using data in
Robert Morris Associates' Annual Statement Studies, Moody's Industrial Manual, and Dun
& Bradstreet's Dun's Industry Norms.  

For entities with special sources of funding, leverage is not an appropriate measure of
their ability to raise capital.  Examples are agriculture and affordable housing, where
special loan programs may be available.  In these cases, an analysis of the probability that
the project would receive this money is appropriate.
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5.2.g Private-Sector Developments: Assess Whether the Requirements Will
Interfere With the Development: Interpreting the Results

The financial analysis should be used to determine if there will be a substantial
adverse impact such as to interfere with the development.  If the four tests taken together
indicate that the requirements would interfere with the development, then proceed to
Section 5.3 to determine if the development would be considered important in social and
economic terms.

5.3 Determine If Economic and Social Development Would Be Important 

There are no economic ratios per se that determine whether a development would be
considered important.  Instead, the relative magnitudes of indicators such as increases in
unemployment, losses to the local economy, changes in household income, decreases in
tax revenues, indirect effects on other businesses, and increases in sewer fees should be
taken into account.  The term important is intended to convey a general concept regarding
the level of social and economic development used to justify a change in high-quality
waters.

5.3.a Define Relevant Geographical Area

One important factor is defining the geographical area in which the impacts will occur.
In the case of municipal pollution control projects, the affected community is most often
the immediate municipality.  The relevant geographic area for evaluating the importance
of a private-sector development varies with each situation.  The area will typically be
determined by the area in which the majority of its workers live and where most of the
businesses that depend on it are located.  In either case, the geographical area considered
must include "...the area in which the waters are located."  (40 CFR 131.12 (a)(2))  There
are no simple rules for defining the relevant area or community; the decision is based on
the judgement of the applicant and state, subject to EPA review.

5.3.b Public-Sector Developments: Determine Whether Important

While there are no explicit criteria, it is recommended that changes in the
socioeconomic indicators listed below be considered.  For each indicator listed, the
applicant should estimate the potential change that would result from the development.

Median Household Income;
Community Unemployment Rate;
Overall Net Debt as a Percent of Full Market Value of Taxable Property;
Percent of Households Below Poverty Line;
Impact on Community Development Potential; and
Impact on Property Values.
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Estimated changes should be provided, along with supporting discussions, on Worksheet
AA.  

5.3.c Private-Sector Developments: Determine Whether Important

Determination of whether or not a private-sector development will be important to a
community requires exploring more factors than is the case with public-sector
developments.  Worksheet AB has been provided to assist applicants in their evaluation
of socioeconomic impacts.  It is designed as a list of the factors applicants should consider
in determining whether the development is important.  Applicants should feel free,
however, to add anecdotal information to describe any current community characteristics
or anticipated impacts that are not listed in the worksheet.

Potentially, one of the most important impacts on the affected community's economy
is the employment to be gained.  The size of this impact is dependent on the number of
new jobs relative to the total number of jobs in the community, and to the other job
opportunities available in the community.  Typically, an increase in employment leads to
an increase in personal income in the affected community.  The total amount of income
gained by the affected community will depend, in part, on the other job prospects of those
hired.  To assess the net impact on employment in the affected community, the existing
rate of unemployment should be considered as an indicator of worker mobility between
jobs.  

The analysis should also consider whether the increase in employment opportunities
may lead to a decreased need for social services in the affected community.  If the cost
of savings for decreased social services will be borne by the affected community, they
should be included in the assessment.

The effects of increased employment and personal income will be compounded as the
money moves through the economy.  This multiplier effect means that each dollar gained
to an employee results in the gain of more than a dollar to the local economy.  Multiplier
effects are discussed in more detail in Section 4.4.

Socioeconomic impacts may also include effects on the local government(s) such as
property tax revenues and the demand for other public services.  For example, if the
development would be paying a share of the cost to upgrade a municipal treatment plant,
then the analysis of community impacts is more complicated.  If the development is
eliminated, the system may become excessively expensive for the remaining users.

5.4 Summary

Using the guidance described in this document, the applicant must demonstrate that
the pollution control measures needed to maintain the high-quality waters will interfere
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with the development.  In addition, the applicant will have to show that the development
is important to the community.

The tests used to demonstrate interference and importance are the same as those used
to demonstrate substantial and widespread.  The difference is, however, that an
antidegradation review considers situations that would improve the economic condition.



Verify Pollution Control
Costs and Calculate

Annual Costs

Capital Cost, Annual
O&M Costs, Interest Rates

Determine of
Development is

Important

Socio-economic
characteristics of

community

Determine if Maintaining
High-Quality Waters Will

Interfere with
Development

Annual Cost, Median
Household Income,

Financial Data

Figure 5-1:
Antidegradation Review

No Degradation
Allowed

Quality of water may be
reduced as long as existing
and designated uses fully

protected

No 

No Degradation
Allowed

Yes

No 

Economic Guidance for Water Quality Standards



TABLE 5-1

SECONDARY INDICATORS

Secondary Indicators

Indicator Weak Mid-Range Strong

Bond Rating Below BBB (S&P) BBB (S&P) Above BBB (S&P)
Below Baa (Moody's) Baa (Moody's) or Baa (Moody's)

Overall Net Debt as
Percent of Full Market Above 5% 2%-5% Below 2%
Value of Taxable
Property

Unemployment More than 1% above National Average More than 1% below
National Average National Average

Median Household More than 10% below State Median More than 10%
Income State Median above State Median

Property Tax
Revenues as a Percent
of Full Market Value Above 4% 2%-4% Below 2%
of Taxable Property

Property Tax
Collection Rate < 94% 94% - 98% > 98%
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TABLE 5-2

ASSESSMENT OF SUBSTANTIAL IMPACTS MATRIX

Secondary Score Percent Percent

Municipal Preliminary Screener

Less than 1.0 Percent Between 1.0 and 2.0 Greater than 2.0

Less than 1.5 ? X X

Between 1.5 and 2.5 ? X

Greater than 2.5 ?
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Cost Estimation Resources:

U.S. EPA, Construction Costs for Municipal Wastewater Treatment Plants: 1973-1978,
EPA/430/9-80-003, April, 1980.

U.S. EPA, Technical Report: Operation and Maintenance Costs for Municipal Wastewater
Facilities, EPA/430/9-81-004, September, 1981.

U.S. EPA, Construction Costs for Municipal Wastewater Conveyance Systems: 1973-1979,
EPA/430/9-81-003, January, 1981.

U.S. EPA, Quarterly Indices of Direct Costs for Operation, Maintenance and Repair: (a) Waste
Pumping Stations, (b) Gravity Sewers, Office of Municipal Pollution Control, Municipal
Facilities Division, Current.

Municipal Statistics Resources:

Bureau of the Census, U.S. Department of Commerce, County and City Data Book, published
annually.

Financial and Ratio Analysis Resources:

Leopold A. Bernstein, The Analysis of Financial Statements, Dow Jones-Irwin, 1978.

Dun & Bradstreet, Dun's Industry Norms, annual.

J. Fred Weston and Eugene F. Brigham, Managerial Finance, The Dryden Press, several
editions.

Robert Morris Associates, Annual Statement Studies, annual.

Moody's Financial Services, Moody's Industrial Manual, annual.

U.S. Department of Labor, Bureau of Labor Statistics, CPI Detailed Report.

U.S. EPA, EPA Financial Capability Guidebook, Office of Water Programs Operations, 1984.

U.S. EPA, The Municipal Sector Study: Impacts of Environmental Regulations on Municipalities,
EPA 230-09-038, Office of Policy, Planning and Evaluation, September 1988.



Interest Rate
Year 0.5% 1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0% 4.5%

1 1.0050 1.0100 1.0150 1.0200 1.0250 1.0300 1.0350 1.0400 1.0450
2 0.5038 0.5075 0.5113 0.5150 0.5188 0.5226 0.5264 0.5302 0.5340
3 0.3367 0.3400 0.3434 0.3468 0.3501 0.3535 0.3569 0.3603 0.3638
4 0.2531 0.2563 0.2594 0.2626 0.2658 0.2690 0.2723 0.2755 0.2787
5 0.2030 0.2060 0.2091 0.2122 0.2152 0.2184 0.2215 0.2246 0.2278
6 0.1696 0.1725 0.1755 0.1785 0.1815 0.1846 0.1877 0.1908 0.1939
7 0.1457 0.1486 0.1516 0.1545 0.1575 0.1605 0.1635 0.1666 0.1697
8 0.1278 0.1307 0.1336 0.1365 0.1395 0.1425 0.1455 0.1485 0.1516
9 0.1139 0.1167 0.1196 0.1225 0.1255 0.1284 0.1314 0.1345 0.1376

10 0.1028 0.1056 0.1084 0.1113 0.1143 0.1172 0.1202 0.1233 0.1264
11 0.0937 0.0965 0.0993 0.1022 0.1051 0.1081 0.1111 0.1141 0.1172
12 0.0861 0.0888 0.0917 0.0946 0.0975 0.1005 0.1035 0.1066 0.1097
13 0.0796 0.0824 0.0852 0.0881 0.0910 0.0940 0.0971 0.1001 0.1033
14 0.0741 0.0769 0.0797 0.0826 0.0855 0.0885 0.0916 0.0947 0.0978
15 0.0694 0.0721 0.0749 0.0778 0.0808 0.0838 0.0868 0.0899 0.0931
16 0.0652 0.0679 0.0708 0.0737 0.0766 0.0796 0.0827 0.0858 0.0890
17 0.0615 0.0643 0.0671 0.0700 0.0729 0.0760 0.0790 0.0822 0.0854
18 0.0582 0.0610 0.0638 0.0667 0.0697 0.0727 0.0758 0.0790 0.0822
19 0.0553 0.0581 0.0609 0.0638 0.0668 0.0698 0.0729 0.0761 0.0794
20 0.0527 0.0554 0.0582 0.0612 0.0641 0.0672 0.0704 0.0736 0.0769
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APPENDIX C

CONCEPTUAL MEASURES 
OF ECONOMIC BENEFITS

In valuing benefits associated with an ecological resource such as clean water, a basic
distinction is made between the intrinsic value of the existence of the resource and its
value in use by the human population.  Use values are further subdivided into direct or
indirect uses.  Other valuation concepts arise from the uncertainty surrounding future uses
and availability of the resource.  A classification of these valuation concepts, along with
examples, is presented in Table C-1.

C.1 Use Benefits

Estimating the benefits of clean water will depend upon several variables that describe
the attributes of the resource and its uses.  A waterbody might be used for recreational
activities (such as fishing, boating, swimming, hunting, bird watching), for commercial
purposes (such as industrial water supply, irrigation, municipal drinking water, and fish
harvesting), or for both.  Where recreational activities are created or enhanced due to
water quality improvements, the public will benefit in the form of increased recreational
opportunities.  Similarly, the cost of treating irrigation and drinking water to down stream
users could be reduced if pollutant discharges were reduced or eliminated in a particular
stretch of river.

Direct use includes both consumptive and non-consumptive uses.  Consumptive uses
can be distinguished from non-consumptive uses in that the former excludes other uses
of the same resource while the latter does not.  For example, water is consumed when it
is diverted from a waterbody for irrigation purposes.  With non-consumptive uses,
however, the resource base remains in the same state before and after use (e.g.,
swimming).  Human health benefits associated with cleaner water could be consumptive
(reduced illness from eating finfish or shellfish) or non-consumptive (reduced exposure
to infectious diseases while recreating).

When estimating benefits, it is important to determine whether or not the resource and
its uses (in this case clean water) can be considered market or non-market resources and
uses (i.e., does a market exist for the resource or its use).  For example, commercial
fisheries have a market value reflected by the financial value of landings of a particular
species.  By contrast, no market exists to describe the value individuals receive from
swimming.  Where market values are available, they should be used to estimate benefits.
In the case of water supply, there may or may not be a market for clean water.  Some
water users may be required to pay for that use as in the case of a farmer paying a regional
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water board to divert water for irrigation purposes.  This will be particularly true in the
arid west.  By contrast, a manufacturing facility using water for cooling or process water
may not pay anything for the right to pump and use water from an adjacent river.  For
resources with no market value, a number of estimation techniques including the travel
cost, estimation from similar markets, and contingent valuation methods have been
developed.

While they are conceptually distinct attributes, consumptive use is frequently
associated with markets and non-consumptive use is frequently associated with non-
market situations.  Some resources that are considered market resources, however, may
be used non-consumptively.  The converse is also true.  As an example of the first, a fee
may be charged (other than parking) to gain entrance to a state park, however, while a
swimmer's use of a lake in the park is not consuming any part of the lake.

Commercial activities that are dependent on clean water which is not directly owned
are said to benefit from indirect use.  Examples would be a fishing equipment
manufacturer's dependence on healthy fish stocks to induce demand for its products or the
dependence of property values on the pristine condition of an adjacent water body.
Indirect use is also characterized by the scenic views and water enhanced recreational
opportunities (camping, picnicking, birdwatching) associated with the quality of water in
a water body.  Indirect use benefits such as enhanced property values can be estimated
using the hedonic price technique.  Care should be taken, however, to not double-count
benefits.  If property values reflect the proximity to and thus use of water, then the value
of the use should not be included separately.

C.2 Intrinsic Benefits

Intrinsic benefits include all benefits associated with a resource that are not directly
related to the current use of the resource.  Intrinsic benefits are represented by the sum of
existence and option values.  Existence value indicates an individual's (and society's)
willingness to pay to maintain an ecological resource such as clean water for its own sake,
regardless of any perceived or potential opportunity for that individual to use the water
body now or in the future.  Contributions of money to save endangered species such as
the snail darter demonstrate a willingness to pay for the existence of an environmental
amenity despite the fact that the contributors may never use it or even experience it
directly.

Option value is the willingness to pay for having a future opportunity to use resources
such as clean water in known or as yet unknown ways.  In a sense it is a combination of
insurance and speculative value.  Individuals routinely pay to store or transport something
they are not sure they will use in the future because they recognize it would be more
costly to recreate the item than to preserve it.  In an ecological sense, pristine habitats and
wildlife refuges are often preserved under the assumption that plant or animal species
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which may yield pharmaceutical, genetic, or ecosystem benefits are yet to be discovered.
Option value takes on particular importance when proposed development or
environmental perturbations are largely irreversible or pollutants are persistent.  Intrinsic
benefits are difficult to measure due to the level of uncertainty associated with these
benefits.  The most common approach to estimating intrinsic benefits, however, is the
contingent valuation method, which cannot be described in detail within this short
overview.

C.3 Summary

Total valuation of clean water benefits includes all use and existence values as well as
option value.  The proper framework for estimating the economic benefits associated with
clean water consists of 1) determining when damage first occurs or would occur; 2)
identifying and quantifying the potential physical/biological damages relative to an
appropriate baseline; 3) identifying all affected individuals both due to potential loss of
direct or indirect services or uses, and to potential losses attributable to existence values
(may include projections for growth in participation rates); 4) estimating the value
affected individuals place on clean water prior to potential degradation; and 5)
determining the time horizon over which the waterbody would be degraded or restored
to some maximum reduced state of service (if ever), and appropriately discounting the
stream of potential lost services.  If evaluating an improvement in water quality, the
procedures are the same except that benefits gained are measured.
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TABLE C-1

CATEGORIES OF BENEFITS

Use Benefits

Direct

Consumptive:Market Benefits

Industrial Water Supply
Agricultural Water Supply
Municipal Water Supply

Commercial Fishing

Non-Market Benefits

Recreational Fishing
Hunting

Industrial Water Supply
Agricultural Water Supply
Municipal Water Supply

Non-Consumptive:Swimming
Boating

Human Health

Indirect

Fishing Equipment Manufacturer
Property Values

Aesthetics (scenic views, water enhanced recreation)

Intrinsic Benefits

Option Value (access to resource in future)

Existence Value (knowledge that services of resource exist)



Worksheet A

Pollution Control Project Summary Information  

Current Capacity of the Pollution Control System 

Design Capacity of the Pollution Control System 

Current Excess Capacity                                   %

Expected Excess Capacity after Completion of Project                                   %

Projected Groundbreaking Date

Projected Date of Completion

Please describe the pollution control project being proposed below. (Attach additional page if necessary).

Please describe the other pollution control options considered, explaining why each option was rejected.
(Attach additional page if necessary).



Worksheet AA

Public-Sector Development
Qualitative Description of Estimated Change 

in Socioeconomic Indicators 
due to Pollution Control Costs

Estimated change
in Median
Household
Income (MHI)

Estimated change
in the
unemployment
rate

Estimated change
in overall net debt
as a percent of full
market value of
taxable property

Estimated change
in % of
households below
the poverty line

Impact on
commercial
development
potential

Impact on
Property Values



Worksheet AB

Private-Sector Development
Factors to Consider in Making a Determination of Widespread Social and Economic Impacts

Define the affected community in this case; what areas are included. _____________________________________________ (1)

Current unemployment rate in affected community (if available). _____________________________________________ (2)

Current national unemployment rate. _____________________________________________ (3)

Additional number of persons expected to collect unemployment in affected (4)
community due to compliance with water quality standards. _____________________________________________

Expected unemployment rate in the affected community after compliance with (5)
water quality standards (Current # of persons collecting unemployment
in affected community + (4)/labor force in affected community. _____________________________________________

Median household income in affected community. _____________________________________________ (6)

Total number of households in affected community. _____________________________________________ (7)

Percent of population below the poverty line in affected community. _____________________________________________ (8)

Current expenditures on social services in affected community. _____________________________________________ (9)

Expected expenditures on social services due to job losses in the affected (10)
community. _____________________________________________

Current total tax revenues in the affected community. _____________________________________________ (11)

Tax revenues paid by the private entity to the affected community. _____________________________________________ (12)



Worksheet AB, continued

Tax revenues paid by the private entity as a percentage of the affected (13)
community's total tax revenues. _____________________________________________*

Current statewide unemployment rates. _____________________________________________ (14)

Additional number of persons expected to collect unemployment in the State (15)
due to compliance with water quality standards. _____________________________________________

Expected statewide unemployment rate, after compliance with water quality (16)
standards (Current # of persons collecting unemployment in State +
(15)/labor force in State. _____________________________________________

Current expenditures on social services in State. _____________________________________________ (17)

Expected statewide expenditures on social services due to job losses. _____________________________________________ (18)

 In some cases, the affected community will include more than just the municipality in which the private entity is located.  If so, the analysis*

should consider the private entity's tax revenues as a percentage of the tax revenues for only the municipality in which the entity is located. 
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Worksheet B

Calculation of Total Annualized Project Costs

A. Capital Costs

Capital Cost of Project $

Other One-Time Costs of Project (Please List, if any):

$

$

$

Total Capital Costs (Sum column) $ (1)

Portion of Capital Costs to be Paid for with Grant Monies $ (2)

Capital Costs to be Financed [Calculate: (1) - (2) ] $ (3)

Type of financing (e.g., G.O. bond, revenue bond, bank loan)

Interest Rate for Financing (expressed as decimal)  (i)

Time Period of Financing (in years)                     (n)

Annualization Factor =  (or see Appendix B)
                    

                    (4)

Annualized Capital Cost  [Calculate: (3) x (4) ]                     (5)

B. Operating and Maintenance Costs

Annual Costs of Operation and Maintenance (including but not limited to: monitoring, inspection,
permitting fees, waste disposal charges, repair, administration and replacement.) (Please list below)

$

$

$

$

$

Total Annual O & M Costs (Sum column) $ (6)

C. Total Annual Cost of Pollution Control Project

Total Annual Cost of Pollution Control Project [ (5) + (6) ] $ (7)



Worksheet C

Calculation of Total Annual Pollution Control Costs
Per Household

A. Current Pollution Control Costs:

Total Annual Cost of Existing Pollution Control $                                   (1)

Amount of Existing Costs Paid By Households $                                   (2)

Percent of Existing Costs Paid By Households                                   %(3)

Number of Households*                                      (4)

Annual Cost Per Household [Calculate: (2)/(4) ] $                                   (5)

 Do not use number of hook-ups.*

B. New Pollution Control Costs

Are households expected to provide revenues for the new pollution control project in the same proportion
that they support existing pollution control? (Check a, b or c and continue as directed.)

 a) Yes [fill in percent from (3) ]       percent.(6a)

 b) No, they are expected to pay  percent.(6b)

 c) No, they are expected to pay based on flow. (Continue on Worksheet C, Option A) 

Total Annual Cost of Pollution Control Project [Line (7), Worksheet B] $                           (7)

Proportion of Costs Households Are Expected to Pay [ (6a) or (6b) ]                             (8)

Amount to Be Paid By Households [Calculate: (9) x (10) ] $                           (9)

Annual Cost per Household [Calculate: (11)/(4) ] $                         (10)

C. Total Annual Pollution Control Cost Per Household

Total Annual Cost of Pollution Control Per Household (5) + (10) $                          (11)



Worksheet C:  Option A

Calculation of Total Annual Pollution Control Costs Per Household 
Based on Flow

 

A. Calculating Project Costs Incurred By Households Based on Flow

Expected Total Usage of Project (eg. MGD for Wastewater Treatment)                        (1)

Usage due to Household Use (MGD of Household Wastewater)                        (2)

Percent of Usage due to Household Use [Calculate: (2)/(1) ]                      %(3)

Total Annual Cost of Pollution Control Project $                     (4)

Industrial Surcharges, if any $                     (5)

Costs to be Allocated  [Calculate: (4) - (5) ] $                     (6)

Amount to Be Paid By Households [Calculate: (3) x (6) ] $                     (7)

Annual Project Cost per Household [Calculate: (7)/Worksheet C, (4) ] $                     (8)

C. Total Annual Pollution Control Cost Per Household

Annual Existing Costs Per Household [Worksheet C, (5) ] $                 (9)

Total Annual Cost of Pollution Control Per Household [ (8) + (9) ] $                (10)



Total Annual Pollution Control Cost per Household
Median Household Income

× 100

Worksheet D

Municipal Preliminary Screener

The Municipal Preliminary Screener indicates quickly whether a public entity will not incur any substantial
economic impacts as a result of the proposed pollution control project.  The formula is as follows:

A. Calculation of The Municipal Preliminary Screener

Total Annual Pollution Control Cost Per Household [Worksheet C, (11) or $                     (1)
Worksheet C, Option A (10) ]

Median Household Income $                     (2)*

Municipal Preliminary Screener  (Calculate: [(1)/(2)] x 100)                      %(3)

B. Evaluation of The Municipal Preliminary Screener

If the Municipal Preliminary Screener is clearly less than 1.0%, then it is assumed that the cost will not
impose an undue financial burden.  In this case, it is not necessary to continue with the Secondary Test.
Otherwise, it is necessary to continue. 

Benchmark Comparison:

Little Impact Mid-Range Impact Large Impact

Less than 1.0% 1.0% - 2.0% Greater than 2.0%

Indication of no
substantial ))))))))))))))))
economic impacts Proceed to Secondary Test

 1990 Census adjusted by CPI inflation rate if necessary.*



Worksheet E

Data Used in the Secondary Test

Please list the following values used in deter mining the Secondary Score.  Potential sources of the data are
indicated.

A. Data Collection

Data Potential Source Value

Direct Net Debt Community Financial Statements
Town, County or State Assessor's Office

$ (1)

Overlapping Debt Community Financial Statements
Town, County or State Assesor's Office $ (2)

Market Value of Property Community Financial Statements
Town, County or State Assessor's Office

$ (3)

Bond Rating Standard and Poors or Moody's                   
(4) 

Community Unemployment 1990 Census of Population
Rate Regional Data Centers %(5)

National Unemployment Bureau of Labor Statistics  
Rate (202) 606-6392 %(6)

Community Median 1990 Census of Population
Household Income $ (7)

State Median Household 1990 Census of Population
Income $ (8)

Property Tax Collection Community Financial Statements
Rate Town, County or State Assessor's Office %(9)

Property Tax Revenues Community Financial Statements
Town, County or State Assessor's Office $ (10)



Worksheet E, Continued

B. Calculation of Indicators

1. Overall Net Debt as a Percent of Full Market Value of Taxable Property

Overall Net Debt (Calculate: (1) + (2) ) $                               (11) 

Overall Net Debt as a Percent of Full Market Value of Taxable                               
Property (Calculate: [(11)/(3)] x 100)                               %(12)

2. Property Tax Revenues as a Percent of Full Market Value of Taxable Property

Property Tax Revenues as a Percent of Full Market Value of Taxable
Property (Calculate: [(10)/(3)] x 100)                              %(13)



Worksheet F

Calculating The Secondary Score

Please check the appropriate box in each row, and record the corresponding score in the final column. Then, sum the scores and compute the average.    
Remember, if one of the debt or socioeconomic indicators is not available, average the two financial management indicators and use this averaged value as a
single indicator with the remaining indicators.

Secondary Indicators Score

Indicator Weak Mid-Range Strong* ** ***

Bond Rating Below BBB (S&P) BBB (S&P) Above BBB (S&P) or
Worsksheet E, (4) Below Baa (Moody's) Baa (Moody's) Baa (Moody's)

Overall Net Debt as Percent
of Full Market Value of Above 5% 2%-5% Below 2%

Taxable Property
Worksheet E, (12)

Unemployment Above National Average National Average Below National Average
Worksheet E, (5)& (6)

Median Household Income Below State Median State Median Above State Median
Worksheet E, (7) & (8)

Property Tax Revenues as a
Percent of Full Market Value Above 4% 2%-4% Below 2%

of Taxable Property
Worksheet E, (13)

Property Tax Collection Rate
Worksheet E, (9) < 94% 94% - 98% > 98%

                                       Weak is a score of 1 point                                      *

                      
                                     Mid-Range is a score of 2 points                           **

                           

                SUM

                                      Strong is a score of 3 points                                 ***

                         
               AVERAGE
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Worksheet G

Calculation of Total Annualized Project Costs

Capital Costs to be financed (Supplied by applicant) $                    (1)

Interest Rate for Financing  (Expressed as a decimal)                       (i)

Time Period of Financing (Assume 10 years )        10 years    (n)*

Annualization Factor  = **
                     
                      (2)

Annualized Capital Cost [Calculate: (1) x (2) ] $                    (3)

Annual Cost of Operation and Maintenance 
(including but not limited to monitoring, inspection, permitting fees, waste
disposal charges, repair, administration and replacement) $                    (4)***

Total Annual Cost of Pollution Control Project   [ (3) + (4) ] $                   (5)

    While actual payback schedules may differ across projects and companies, assume equal annual       *

  payments over a 10-year period for consistency in comparing projects.

   Or see Appendix B for calculated annualization factors**

  For recurring costs that occur less frequently than once a year, pro rate the cost over the relevant      ***

number of years (e.g., for pumps replac ed once every three years, include one-third of the cost in       each
year).



Worksheet H

Calculation of Earnings Before Taxes
With and Without Pollution Control Project Costs

A. Earnings Without Pollution Control Project Costs

EBT = R - CGS - CO

Where: EBT = Earnings Before Taxes
R =   Revenues
CGS = Cost of Goods Sold (including the cost of materials, direct labor, indirect labor ,

rent and heat)
CO = Portion of Corporate Overhead Assigned to the Discharger (selling, general ,

administrative, interest, R&D expenses, and depreciation on common property)

Three Most Recently Completed Fiscal Years

19       19       19       

R $ $ $ (1)

CGS $ $ $ (2)

CO $ $ $ (3)

EBT [ (1) - (2) -(3) ] $ $ $ (4)

Considerations: Have earnings before taxes changed over the three year period? If so, what would a
"typical" year's EBT be?  Please explain below.

  



Worksheet H, Continued

B. Earnings With Pollution Control Project Costs

EWPR = EBT - ACPR

Where: EWPR = Earnings with Pollution Control Project Costs
EBT = Earnings Before Taxes (4)
ACPR = Total Annual Costs of Pollution Control Project [Worksheet G, (5) ]

19      *

EBT (4) $                (5)

ACPR [Worksheet G, (5)] $                (6)

EWPR [ (5) - (6) ] $               (7)

 The most recently completed fiscal year*

Considerations: Is the discharger expected to have positive earnings after paying the annual cost o f
pollution control?      Yes       No

Additional Comments:



Worksheet I

Calculation of Profit Rates 
With and Without Pollution Control Project Costs  

A. Profit Rate Without Project Costs 

PRT = EBT ÷ R

Where: PRT =   Profit Rate Before Taxes
EBT =   Earnings Before Taxes
R =       Reveneus

Three Most Recently Completed Fiscal Years

19      19      19      

EBT [Worksheet H, (4)] (1)

R [Worksheet H, (1)] (2)

PRT = Calculate: [(1)/(2)] (3)

Considerations:   How have profit rates changed over the three years?

Is the most recent year typical of the three years?    Yes    No
(If not, you might want to use an earlier year or years for the analysis)

How do these profit rates compare with the profit rates for this line of business"?  Please discuss
below.



Worksheet I, Continued

B. Profit Rate With Pollution Control Costs

PRPR = EWPR ÷ R

Where: PRPR =   Profit Rate With Pollution Control Costs
EWPR =   Before-Tax Earnings With Pollution Control Costs
R =       Reveneus

The Most Recently
Completed Fiscal Year

19      

EWPR [Worksheet H, (7)] $                              (4)

R [Worksheet H, (1)] $                              (5)

PRPR [Calculate: (4)/(5)]                               (6)

Considerations:

What is the percentage change in the profit rate due to pollution control  costs ? Calculate as follows: (PRPR
- PR)/PR x 100

How does the profit rate with pollution control compare to the profit rate of this line of business?



Worksheet J

Calculation of The Current Ratio

CR = CA ÷ CL

Where: CR = Current Ratio
CA = Current Assets (the sum of inventories, prepaid expen ses, and accounts receivable)
CL = Current Liabilities (the sum of a ccounts payable, accrued expenses, taxes, and the

current portion of long-term debt)

Three Most Recently Completed Fiscal Years

19      19     19     

CA $ $ $ (1)

CL $ $ $ (2)

CR [Calculate: (1)/(2)] (3)

Considerations:

Is the most recent year typical of the three years?    Yes    No
(If not, you might want to use an earlier year or years for the analysis)

Is the Current Ratio (3) greater than 2.0?   Yes    No

How does the Current Ratio (3) compare with the Current Ratios for other firms in this line of business?



Worksheet K

Calculation of Beaver's Ratio

BR = CF ÷ TD

Where: BR = Beaver's Ratio
CF = Cash Flow  
TD = Total Debt

Three Most Recently Completed Fiscal Years

19     19     19     

Cash Flow:

   Net Income After Taxes $ $ $ (1)

   Depreciation $ $ $ (2)

   CF [Calculate: (1) + (2)] $ $ $ (3)

Total Debt:

  Current Debt $ $ $ (4)

  Long-Term Debt $ $ $ (5)

  Total Debt $ $ $ (6)

Beaver's Ratio:

  BR [(3) /(6)] (7)

Considerations:

Is the most recent year typical of the three years?    Yes    No
(If not, you might want to use an earlier year or years for the analysis)

Is the Beaver's Ratio for this discharger greater than 0.2?   Yes    No
Is the Beaver's Ratio for this discharger less than 0.15?   Yes    No
Is the Beaver's Ratio for this discharger between 0.2 and 0.15?   Yes    No

How does this ratio compare with the Beaver's Ratio for other firms in the same business?



Worksheet L

Debt to Equity Ratio

DER = LTL ÷ OE

Where: DER = Debt/Equity Ratio
LTL = Long-Term Liabilities (long-term debt such as bonds, debentures, and bank debt,

and all other noncurrent liabilities such as deferred income taxes)
OE = Owner Equity (the difference between total assets and t otal liabilities, including

contributed or paid in capital and retained earnings)

Three Most Recently Completed Fiscal Years

19      19      19      

LTL $ $ $ (1)

OE $ $ $ (2)

DER [(1)/(2)] (3)

Considerations:

Is the most recent year typical of the three years?    Yes    No
(If not, you might want to use an earlier year or years for the analysis)

How does the Debt to Equity Ratio compare with the ratio for firms in the same business?



Worksheet M

Qualitative Description of Estimated change 
in Socioeconomic Indicators 

due to Pollution Control Costs

Estimated change
in Median
Household
Income (MHI)

Estimated change
in the
unemployment
rate

Estimated change
in overall net debt
as a percent of full
market value of
taxable property

Estimated change
in % of
households below
the poverty line

Impact on
commercial
development
potential

Impact on
Property Values



Worksheet N

Factors to Consider in Making a Determination of Widespread Social and Economic Impacts

Define the affected community in this case; what areas are included. _____________________________________________ (1)

Current unemployment rate in affected community (if available). _____________________________________________ (2)

Current national unemployment rate. _____________________________________________ (3)

Additional number of persons expected to collect unemployment in affected (4)
community due to compliance with water quality standards. _____________________________________________

Expected unemployment rate in the affected community after compliance with (5)
water quality standards (Current # of persons collecting unemployment
in affected community + (4)/labor force in affected community. _____________________________________________

Median household income in affected community. _____________________________________________ (6)

Total number of households in affected community. _____________________________________________ (7)

Percent of population below the poverty line in affected community. _____________________________________________ (8)

Current expenditures on social services in affected community. _____________________________________________ (9)

Expected expenditures on social services due to job losses in the affected (10)
community. _____________________________________________

Current total tax revenues in the affected community. _____________________________________________ (11)

Tax revenues paid by the private entity to the affected community. _____________________________________________ (12)



Worksheet N, continued

Tax revenues paid by the private entity as a percentage of the affected (13)
community's total tax revenues. _____________________________________________*

Current statewide unemployment rates. _____________________________________________ (14)

Additional number of persons expected to collect unemployment in the State (15)
due to compliance with water quality standards. _____________________________________________

Expected statewide unemployment rate, after compliance with water quality (16)
standards (Current # of persons collecting unemployment in State +
(15)/labor force in State. _____________________________________________

Current expenditures on social services in State. _____________________________________________ (17)

Expected statewide expenditures on social services due to job losses. _____________________________________________ (18)

 In some cases, the affected community will include more than just the municip ality in which the private entity is located.  If so, the analysis should*

consider the private entity's tax revenues as a percentage of the tax revenues for only the municipality in which the entity is located. 



Worksheet O

Pollution Control Project 
Summary Information  

Design Capacity of the Pollution Control System 

Expected Excess Capacity after Completion of Project                                   %

Projected Groundbreaking Date

Projected Date of Completion

Please describe the pollution control project being proposed.  I nclude description of all pollution prevention
activities included in the project.  (Attach additional page if necessary).

Please describe the other pollution control options considered, including pollution prevention activities .
Explain why each option was rejected. (Attach additional page if necessary).
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Worksheet P

Public-Sector Pollution Control
Calculation of Total Annualized Project Costs

A. Capital Costs

Capital Cost of Project $

Other One-Time Costs of Project (Please List, if any):

$

$

$

Total Capital Costs (Sum column) $ (1)

Portion of Capital Costs to be Paid for with Grant Monies $ (2)

Capital Costs to be Financed [Calculate: (1) - (2) ] $ (3)

Type of financing (e.g., G.O. bond, revenue bond, bank loan)

Interest Rate for Financing (expressed as decimal) (i)

Time Period of Financing (in years) (n)

Annualization Factor =  (or see 

Appendix B)  

                    
(4)

Annualized Capital Cost  [Calculate: (3) x (4) ] (5)

B. Operating and Maintenance Costs

Annual Costs of Operation and Maintenance (including but not limited to: monitoring, inspection,
permitting fees, waste disposal charges, repair, administration and replacement.) (Please list below)

$

$

$

$

Total Annual O & M Costs (Sum column) $ (6)

C. Total Annual Cost of Pollution Control Project

Total Annual Cost of Pollution Control Project [ (5) + (6) ] $ (7)



Worksheet Q

Calculation of Total Annual Pollution Control Costs
Per Household

A. Current Pollution Control Costs:

Total Annual Cost of Existing Pollution Control $                                   (1)

Amount of Existing Costs Paid By Households $                                   (2)

Percent of Existing Costs Paid By Households                                   %(3)

Number of Households*                                      (4)

Annual Cost Per Household [Calculate: (2)/(4) ] $                                   (5)

 Do not use number of hook-ups.*

B. New Pollution Control Costs

Are households expected to provide revenues for the new pollution control project in the same proportion
that they support existing pollution control? (Check a, b or c and continue as directed.)

 a) Yes [fill in percent from (3) ]       percent.(6a)

 b) No, they are expected to pay  percent.(6b)

 c) No, they are expected to pay based on flow. (Continue on Worksheet Q, Option A) 

Total Annual Cost of Pollution Control Project [Line (7), Worksheet P] $                           (7)

Proportion of Costs Households Are Expected to Pay [ (6a) or (6b) ]                             (8)

Amount to Be Paid By Households [Calculate: (9) x (10) ] $                           (9)

Annual Cost per Household [Calculate: (11)/(4) ] $                         (10)

C. Total Annual Pollution Control Cost Per Household

Total Annual Cost of Pollution Control Per Household (5) + (10) $                          (11)



Worksheet Q:  Option A

Calculation of Total Annual Pollution Control Costs Per Household 
Based on Flow

 

A. Calculating Project Costs Incurred By Households Based on Flow

Expected Total Usage of Project (eg. MGD for Wastewater Treatment)                        (1)

Usage due to Household Use (MGD of Household Wastewater)                        (2)

Percent of Usage due to Household Use [Calculate: (2)/(1) ]                      %(3)

Total Annual Cost of Pollution Control Project $                     (4)

Industrial Surcharges, if any $                     (5)

Costs to be Allocated  [Calculate: (4) - (5) ] $                     (6)

Amount to Be Paid By Households [Calculate: (3) x (6) ] $                     (7)

Annual Project Cost per Household [Calculate: (7)/Worksheet Q, (4) ] $                     (8)

C. Total Annual Pollution Control Cost Per Household

Annual Existing Costs Per Household [Worksheet Q, (5) ] $                 (9)

Total Annual Cost of Pollution Control Per Household [ (8) + (9) ] $                (10)
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Worksheet R

Private-Sector Development
Calculation of Total Annualized Project Costs

Capital Costs to be financed (Supplied by applicant) $                    (1)

Interest Rate for Financing  (Expressed as a decimal)                       (i)

Time Period of Financing (Assume 10 years )        10 years    (n)*

Annualization Factor  = **
                     
                      (2)

Annualized Capital Cost [Calculate: (1) x (2) ] $                    (3)

Annual Cost of Operation and Maintenance 
(including but not limited to monitoring, inspection, permitting fees, waste
disposal charges, repair, administration and replacement) $                    (4)***

Total Annual Cost of Pollution Control Project   [ (3) + (4) ] $                   (5)

    While actual payback schedules may differ across projects and companies, assume equal annual       *

  payments over a 10-year period for consistency in comparing projects.

   Or see Appendix B for calculated annualization factors**

  For recurring costs that occur less frequently than once a year, pro rate the cost over the relevant      ***

number of years (e.g., for pumps replac ed once every three years, include one-third of the cost in       each
year).



Total Annual Pollution Control Cost per Household
Median Household Income

× 100

Worksheet S

Municipal Preliminary Screener

The Municipal Preliminary Screener indicates quickly whether a public entity will not incur any substantial
economic impacts as a result of the proposed pollution control project.  The formula is as follows:

A. Calculation of The Municipal Preliminary Screener

Total Annual Pollution Control Cost Per Household [Worksheet C, (11) or $                     (1)
Worksheet C, Option A (10) ]

Median Household Income $                     (2)*

Municipal Preliminary Screener  (Calculate: [(1)/(2)] x 100)                      %(3)

B. Evaluation of The Municipal Preliminary Screener

If the Municipal Preliminary Screener is clearly less than 1.0%, then it is assumed that the cost will not
impose an undue financial burden.  In this case, it is not necessary to continue with the Secondary Test.
Otherwise, it is necessary to continue. 

Benchmark Comparison:

Little Impact Mid-Range Impact Large Impact

Less than 1.0% 1.0% - 2.0% Greater than 2.0%

Indication of no
substantial ))))))))))))))))
economic impacts Proceed to Secondary Test

 1990 Census adjusted by CPI inflation rate if necessary.*



Worksheet T

Data Used in the Secondary Test

Please list the following values used in deter mining the Secondary Score.  Potential sources of the data are
indicated.

A. Data Collection

Data Potential Source Value

Direct Net Debt Community Financial Statements
Town, County or State Assessor's Office

$ (1)

Overlapping Debt Community Financial Statements
Town, County or State Assesor's Office $ (2)

Market Value of Property Community Financial Statements
Town, County or State Assessor's Office

$ (3)

Bond Rating Standard and Poors or Moody's                   
(4) 

Community Unemployment 1990 Census of Population
Rate Regional Data Centers %(5)

National Unemployment Bureau of Labor Statistics  
Rate (202) 606-6392 %(6)

Community Median 1990 Census of Population
Household Income $ (7)

State Median Household 1990 Census of Population
Income $ (8)

Property Tax Collection Community Financial Statements
Rate Town, County or State Assessor's Office %(9)

Property Tax Revenues Community Financial Statements
Town, County or State Assessor's Office $ (10)



Worksheet T, Continued

B. Calculation of Indicators

1. Overall Net Debt as a Percent of Full Market Value of Taxable Property

Overall Net Debt (Calculate: (1) + (2) ) $                               (11) 

Overall Net Debt as a Percent of Full Market Value of Taxable                               
Property (Calculate: [(11)/(3)] x 100)                               %(12)

2. Property Tax Revenues as a Percent of Full Market Value of Taxable Property

Property Tax Revenues as a Percent of Full Market Value of Taxable
Property (Calculate: [(10)/(3)] x 100)                              %(13)



Worksheet U

Calculating The Secondary Score

Please check the appropriate box in each row, and record the corresponding score in the final column. Then, sum the scores and compute the average.    
Remember, if one of the debt or socioeconomic indicators is not available, average the two financial management indicators and use this averaged value as a
single indicator with the remaining indicators.

Secondary Indicators Score

Indicator Weak Mid-Range Strong* ** ***

Bond Rating Below BBB (S&P) BBB (S&P) Above BBB (S&P) or
Worsksheet T, (4) Below Baa (Moody's) Baa (Moody's) Baa (Moody's)

Overall Net Debt as Percent
of Full Market Value of Above 5% 2%-5% Below 2%

Taxable Property
Worksheet T, (12)

Unemployment Above National Average National Average Below National Average
Worksheet T, (5)& (6)

Median Household Income Below State Median State Median Above State Median
Worksheet T, (7) & (8)

Property Tax Revenues as a
Percent of Full Market Value Above 4% 2%-4% Below 2%

of Taxable Property
Worksheet T, (13)

Property Tax Collection Rate
Worksheet T, (9) < 94% 94% - 98% > 98%

                                       Weak is a score of 1 point                                      *

                      
                                     Mid-Range is a score of 2 points                           **

                           

                SUM

                                      Strong is a score of 3 points                                 ***

                         
               AVERAGE



Worksheet V

Calculation of Earnings Before Taxes

A. Earnings Without Pollution Control Project Costs

EBT = R - CGS - CO

B. Earnings With Pollution Control Project Costs

EWPR = EBT - ACPR

Where: EBT = Earnings Before Taxes
EWPR = Earnings with Pollution Project Costs
R =   Revenues
CGS = Cost of Goods Sold (including the cost of materials, direct labor, indirect labor ,

rent and heat)
CO = Portion of Corporate Overhead Assigned to the Discharger (selling, general ,

administrative, interest, R&D expenses, and depreciation on common property)
ACPR = Total Annual Costs of Pollution Control Project [Worksheet R (5)]

R $ (1)

CGS $ (2)

CO $ (3)

EBT [ (1) - (2) -(3) ] $ (4)

ACPR [ Worksheet R (5) ] $ (5)

EWPR [ (4) - (5) ] $ (6)



Worksheet W

Calculation of Profit Rates 

A. Profit Rate Without Project Costs 

PRT = EBT ÷ R

B. Profit Rate With Pollution Control Costs

PRPR = EWPR ÷ R

Where: PRT =   Profit Rate Before Taxes
PRPR = Profit Rate with Pollution Control Costs
EBT =   Earnings Before Taxes
EWPR = Before-Tax Earnings with Pollution Control Costs
R =       Revenues

EBT [Worksheet V, (4)] (1)

R [Worksheet V, (1)] (2)

PRT = Calculate: [(1)/(2)] (3)

EWPR [Worksheet V, (6)] $                              (4)

R [Worksheet V, (1)] $                              (5)

PRPR [Calculate: (4)/(5)]                               (6)



Worksheet X

Calculation of The Current Ratio

CR = CA ÷ CL

Where: CR = Current Ratio
CA = Current Assets (the sum of inventories, prepaid expen ses, and accounts receivable)
CL = Current Liabilities (the sum of a ccounts payable, accrued expenses, taxes, and the

current portion of long-term debt)

CA $   (1)

CL $   (2)

CR [Calculate: (1)/(2)]   (3)



Worksheet Y

Calculation of Beaver's Ratio

BR = CF ÷ TD

Where: BR = Beaver's Ratio
CF = Cash Flow  
TD = Total Debt

Cash Flow:

   Net Income After Taxes $ (1)

   Depreciation $ (2)

   CF [Calculate: (1) + (2)] $ (3)

Total Debt:

  Current Debt $ (4)

  Long-Term Debt $ (5)

  Total Debt $ (6)

Beaver's Ratio:

  BR [(3) /(6)] (7)



Worksheet Z

Debt to Equity Ratio

DER = LTL ÷ OE

Where: DER = Debt/Equity Ratio
LTL = Long-Term Liabilities (long-term debt such as bonds, debentures, and bank debt,

and all other noncurrent liabilities such as deferred income taxes)
OE = Owner Equity (the difference between total assets and t otal liabilities, including

contributed or paid in capital and retained earnings)

LTL $ (1)

OE $ (2)

DER [(1)/(2)] (3)
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Introduction 

This background paper provides the history, purposes, and goals of the 
Integrated Risk Information System (IRIS) and a detailed description of the current 
processes used by the two Agency scientific work groups responsible for developing 
the health hazard information in IRIS. This background will help interested persons to 
better understand the focus and contents of the companion FEDERAL REGISTER 
notice. 

The February 25, 1993 FEDERAL REGISTER notice (58 FR 11490): (1) 
announces the availability of this paper that describes IRIS, its contents, and the 
current processes used by the two Agency work groups responsible for developing 
IRIS information; (2) discusses an Agency activity to review IRIS processes and solicits 
comments on this review; (3) highlights points in the current process where public 
input, including information submissions, is encouraged; (4) describes how to access 
IRIS; and (5) announces a new process to publish regularly a list of the substances 
scheduled for IRIS work group review and to solicit pertinent data, studies, and 
comments on these substances. 

General Background 

IRIS is an EPA data base, updated monthly, containing Agency consensus 
positions on the potential adverse human health effects of approximately 500 specific 
substances. It contains summaries of EPA qualitative and quantitative human health 
information that support two of the four major steps of the risk assessment process 
outlined in the National Research Council’s (NRC) 1983 publication, “Risk Assessment 
in the Federal Government: Managing the Process.” 

The risk assessment process described in the 1983 NRC publication consists of 
four major steps: hazard identification, dose-response evaluation, exposure 
assessment, and risk characterization. IRIS includes information in support of the first 
two of those steps, hazard identification and dose-response evaluation. Hazard 
identification is the qualitative determination of how likely it is that a substance will 
increase the incidence and/or severity of an adverse health effect. Dose-response 
evaluation is the quantitative relationship between the magnitude of the effect and the 
dose inducing such an effect. IRIS information supporting risk characterization 
consists of brief statements on the quality of data and very general statements on 
confidence in the dose-response evaluation. IRIS consensus information does not 
include exposure assessment information. Combined with specific situational 
exposure assessment information, the summary health hazard information in IRIS may 
be used as one source in evaluating potential public health risks of or from 
environmental contaminants. 



Many EPA program offices and program support offices, including the Office 
of Research and Development, both at Headquarters and in EPA’s ten Regional 
offices, are involved in assessment activities in support of various legislative mandates. 
In the 1980s as health risk assessment became a more widespread practice across 
Agency programs, the need became clear for greater consensus and consistency in 
the areas of hazard identification and dose-response assessment. It was determined 
that an internal process should be established for reaching an Agency-wide judgment 
on the potential health effects of substances of common interest to these offices, and 
a system developed for communicating that Agency judgment to EPA risk assessors 
and risk managers. These would provide the needed consistency and coordination. 
In 1986, two EPA work groups with representation from program offices involved in 
risk assessment were convened to carry out such an internal process to reach 
consensus Agency positions on a chemical-by-chemical basis. In 19*6, the IRIS data 
base was created for EPA staff as the official repository of that consensus information. 

On June 2, 1988, a FEDERAL REGISTER notice (53 FR 20162-20164) of public 
availability of IRIS was published. That notice described IRIS, the types of risk 
information it contains, and how to get access to the system. It informed the public 
about the establishment of the IRIS Information Submission Desk. The submission 
desk was intended to provide opportunity for public input. The notice explained the 
procedures for submission of data or comments by interested parties on substances 
either on IRIS or scheduled for review by the work groups. As stated in the June 1988 
notice, a list of the substances scheduled for work group review has been a separate 
file on IRIS since it became publicly available. It was hoped that users would submit 
pertinent information to the IRIS Information Submission Desk. In fact, few users have 
taken advantage of the opportunity to submit data and comments. 

Therefore, data submission procedures are reiterated in the FEDERAL 
REGISTER notice (56 FR 11490) related to this paper and a list of the substances 
scheduled for review by specific work groups is included. The data submission 
procedures will be reprinted in the FEDERAL REGISTER every 6 months with a new or 
revised list of substances scheduled for work group review. For the latest status of 
the substances scheduled for review, interested persons should first check the IRIS 
data base itself or contact: 

IRIS User Support (Operated by Computer Sciences Corporation) 
U.S. EPA 
26 W. Martin Luther King Drive (MS-190) 
Cincinnati, OH 45266 
Telephone: (513) 569-7254 Facsimile: (513) 569-7916 



Data Base Contents 

The core of IRIS is the three consensus health hazard information summary 
sections: the reference dose for noncancer health effects resulting from oral 
exposure, the reference concentration for noncancer health effects resulting from 
inhalation exposure, and the carcinogen assessment for both oral and inhalation 
exposure. All of these terms are commonly used for judging the effects of lifetime 
exposure to a given substance or mixture. Citations for the scientific methodologies 
that are the basis for the consensus health hazard sections on IRIS are included on 
page 10 of this paper. 

In addition, an IRIS substance file may include supplemental information such 
as summaries of health advisories, regulatory actions, and physical/chemical 
properties. 

Noncancer Health Effects Information 

An oral reference dose (RfD) is an estimate (with uncertainty spanning perhaps 
an order of magnitude) of a daily oral exposure to the human population (including 
sensitive subgroups) that is believed likely to be without an appreciable risk of certain 
deleterious effects during a lifetime (“Reference Dose [RfD]; Description and Use in 
Health Risk Assessment” Regulatory Toxicology and Pharmacology 8:471-486, 1988). 
RfDs are developed by an assessment method that assumes that there is a dose 
threshold below which adverse effects will not occur. An RfD, which is expressed in 
milligrams per kilogram per day (mg/kg-day), is based on the determination of a 
critical effect from a review of all toxicity data and a judgment of the necessary 
uncertainty and modifying factors based on a review of available data. IRIS substance 
files contain the following information pertaining to the oral RfD: reference dose 
summary tables, principal and supporting studies, uncertainty and modifying factors 
used in calculating the RfD, a statement of confidence in the RfD, EPA documentation 
and review, EPA scientific contacts, and complete bibliographies for references cited. 

The inhalation reference concentration (RfC) is analogous to the oral RfD 
(Interim Methods for Development of Inhalation Concentrations, EPA/600/8-90/066A). 
It is also based on the assumption that thresholds exist for noncancer toxic effects. 
The RfC considers toxic effects for both the respiratory system (portal-of-entry) and for 
effects peripheral to the respiratory system (extra-respiratory). The inhalation RfC is 
expressed in milligrams per cubic meter (mg/cu.m). The RfC method departs from 
that used to determine the oral RfD primarily by the integration of the anatomical and 
physiological dynamics of the respiratory system (i.e., portal-of-entry) with the 
physicochemical properties of the substance or substances entering the system. 
Different dosimetric adjustments are made according to whether the substance is a 
particle or gas and whether the observed toxicity is respiratory or extra-respiratory. 
These adjustments scale the concentration of the substance that causes an observed 
effect in laboratory animals (or in humans, when available from occupational 
epidemiology studies) to a human equivalent concentration for ambient exposures. 
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IRIS substance files contain the following inhalation RfC information: reference 
concentration summary tables, description of dosimetric adjustment, principal and 
supporting studies, uncertainty and modifying factors used to calculate the RfC, a 
statement of confidence in the RfC, EPA documentation and review, EPA scientific 
contacts, and complete bibliographies for references cited. 

Cancer Health Effects Information 

The carcinogen assessment of an IRIS substance file contains health hazard 
identification and dose-response assessments developed from procedures outlined in 
the EPA Guidelines for Carcinogen Risk Assessment (51 FR 33992-43003, September 
24, 1986). Each cancer assessment, as a rule, is based on an Agency document that 
has received external peer review. The hazard identification involves a judgment in the 
form of a weight-of-evidence classification of the likelihood that the substance is a 
human carcinogen. It includes the type of data used as the basis of the classification. 
This judgment is made independently of considerations of the strength of the possible 
response. The dose-response assessment is a quantitative estimate of the potential 
activity or magnitude of a substance’s carcinogenic effect, usually expressed as a 
cancer unit risk. A cancer unit risk is an upper-bound estimate on the increased 
likelihood that an individual will develop cancer when exposed to a substance over a 
lifetime at a concentration of either 1 microgram per liter (1 µg/L) in drinking water for 
oral exposure or 1 microgram per cubic meter (1 µg/cu.m) in air for continuous 
inhalation exposure. Generally, a slope factor for dietary use is also given. It is an 
upper-bound estimate of cancer risk for humans per milligram of agent per kilogram of 
body weight per day. 

IRIS contains the following information in the cancer assessment section: EPA 
weight-of-evidence classification and its basis, a summary of human carcinogenicity 
studies when available, a summary of animal carcinogenicity studies, a summary of 
other data supporting the classification, oral and/or inhalation quantitative estimates, 
dose-response data used to derive these estimates and the method of calculation, 
statements of confidence in magnitude of unit risk, documentation and review, EPA 
scientific contacts, and complete bibliographies for references cited. 

Scientific Contacts 

It is important to note that in each of the three sections described above, EPA 
staff names and telephone numbers are included as scientific contacts for further 
information. The Agency believes that the inclusion of Agency scientific contacts able 
to discuss the basis for the Agency’s position, has been very valuable. These 
individuals play a major role in providing public access to IRIS and a conduit for 
valued public comment. 
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Bibliographies 

IRIS contains full bibliographic citations for each substance file, directing the 
user to the primary cited studies and pertinent scientific literature. One of the major 
intents of IRIS was to encourage users to evaluate the primary literature used to 
develop the IRIS information in light of the assumptions and uncertainties underlying 
the risk assessment process. 

Supplementary Information 

In addition to the RfD, RfC, and carcinogenicity sections, IRIS substance files 
may contain one or more of three supplementary information sections: a summary of 
an Office of Water’s Drinking Water Health Advisory, a summary of EPA regulatory 
actions, and a summary of physical/chemical properties. The only purpose of these 
supplemental sections is to serve as accessory information to the consensus health 
hazard information. Since the primary intent of the IRIS data base is to communicate 
EPA consensus health hazard information, these other sections are only included as 
auxiliary material to provide a broader profile of a substance and are never added until 
at least one of the consensus health hazard sections described above (namely, the 
RfD section, RfC section, or carcinogenicity section) is prepared and approved for final 
inclusion on the data base. These supplemental sections should not be used as the 
sole or primary source of information on the current status of EPA substance-specific 
regulations. 

Use and Development of Health Hazard Information 

The type of substance-specific consensus health hazard information on IRIS 
may become part of the supporting materials used to develop site-specific EPA health 
hazard assessments. These assessments may in turn lead to EPA risk management 
decisions, generally resulting in the formal Agency rulemaking process. This 
rulemaking process often includes FEDERAL REGISTER publication of a proposed rule 
where the public is encouraged to comment. These comments may be directed at 
both the proposed rule and the scientific basis of the decision, including information 
obtained from IRIS and thus offer a further opportunity for comment on the risk 
information in the context of its use. 

The area of human health risk assessment has evolved over the past several 
years. As the risk assessment community has grown and the field itself has matured, 
new approaches to the assessment and use of human health risk information have 
been developed. The evolving nature of risk assessment has also resulted in changes 
to IRIS. The development of methodologies such as those for the inhalation RfC 
determination illustrates the ability of the IRIS information development process to 
grow with the changing science. Areas of future growth may include less-than-lifetime 
risk information and developmental toxicity risk information and other endpoint-specific 
health hazard information. Also, on several occasions, the information in IRIS has 

5 



been reevaluated and modified to reflect new information and approaches. New 
studies on individual substances are continually being conducted by Federal, private, 
and academic institutions and may have significant impact on IRIS information. In 
those cases, the IRIS substance information is reevaluated in light of the new data; 
any changes resulting from that reevaluation are included on the system. 

Management of the Data Base 

The IRIS data base is managed and maintained by the Office of Health and 
Environmental Assessment (OHEA), Office of Research and Development (ORD). IRIS 
is an Agency system primarily funded by OHEA with additional significant support from 
EPA program offices. 

Oversight 

Oversight activities for IRIS are conducted by the IRIS Oversight Committee, a 
subgroup of the Agency’s Risk Assessment Council. Committee membership consists 
of senior Agency risk assessors. The main purpose of the IRIS Oversight Committee 
is to serve as a forum for discussion and advice on significant scientific or science 
policy issues involving IRIS. The Council, which is chaired by EPA’s Deputy 
Administrator, receives periodic status reports on IRIS and related work group 
activities. 

Information Development Process 

There are two EPA work groups, the Carcinogen Risk Assessment Verification 
Endeavor (CRAVE) and the Oral Reference Dose/Inhalation Reference Concentration 
(RfD/RfC) Work Group, that develop consensus health hazard information for IRIS. 
Each group consists of EPA scientists from a mix of pertinent disciplines and 
represents intra-Agency membership. The work groups serve as the Agency’s final 
review for EPA risk assessment information. When the work groups reach consensus 
on the health effects information and the dose-response assessment for a particular 
substance, the descriptive summary is added to IRIS. 

CRAVE: Information Development Procedures 

The goals of the CRAVE are to reach Agency consensus on Agency carcinogen 
risk assessments; to arrive at a unified view on potential cancer risk from exposure to 
specific substances across Agency programs; and to identify, discuss, and resolve 
general issues associated with methods used to estimate carcinogenic risks for 
specific agents. The major outputs of the work group are summaries of risk 
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information that have been previously developed and documented by scientific experts 
in Agency program and program support offices, and results of discussions of general 
issues in carcinogen risk assessment. 

Scientists are selected by executive appointment from respective member 
offices. Membership is open to all major Agency program and regional offices, ORD, 
and the Office of Policy, Planning, and Evaluation (OPPE). Substances are discussed 
at the request of Agency offices or regions according to an established timetable. The 
CRAVE priorities are determined by the member offices. The office requesting review 
prepares a summary describing both a judgment on the weight-of-evidence for 
potential health hazard effects and any dose-response information for the substances 
according to an established format. Literature files on the substances including critical 
studies, pertinent EPA documents, and other relevant supporting documentation are 
made available to work group members in advance of the meeting. Generally, the 
judgment and the dose-response assessment are expected to have appeared in a 
publicly available document of some sort. 

The CRAVE usually meets bimonthly for two days. Work group members 
normally receive draft summaries for pre-meeting review at least one week prior to the 
scheduled meeting. At the meeting, data and documentation are examined, and there 
is discussion of the basis for the risk information and the methods by which it was 
derived. In addition, the nature and extent of previous internal and external peer 
review, including the comments received, are reviewed by the work group. The 
summary is revised by the office originating the review to reflect the meeting 
discussion and accurately express the consensus view of the work group. After the 
process of revision is completed, the summary is circulated again to the work group 
for final approval prior to its inclusion on IRIS. 

Consensus means that no member office is aware either of information that 
would conflict with the final carcinogenicity summary, or of analyses that would 
suggest that a different view is more credible. Such assurance rests on the 
capabilities of the individuals who represent their offices; thus, every effort is made to 
seek scientists who are both expert in the area of human health assessment and who 
can represent their office. 

Peer review has generally been part of the IRIS information development 
processes from the beginning of the system. In the preparation of summaries, 
emphasis has been placed on the use of peer-reviewed EPA assessments. These 
have included Office of Pesticide Programs assessments that have received both 
program office peer review and Science Advisory Panel review. Other EPA 
documentation includes assessments prepared by OHEA such as Health Assessment 
Documents, Health and Environmental Effects Documents, and Health Effects 
Assessments. These documents receive OHEA review and program office review and 
some receive Science Advisory Board (SAB) or other external review. Assessments 
developed by or for the Office of Ground Water and Drinking Water and incorporated 
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in either Drinking Water or Ambient Water Criteria Documents, or in Drinking Water 
Health Advisories generally receive extensive Agency review and SAB review prior to 
discussion by CRAVE. 

On occasion, risk assessments that were contained in draft documents have 
been discussed by CRAVE. In these instances, results of the work group 
deliberations have been incorporated into the document development process at the 
program office or program support office level. Loading of the information on IRIS is 
delayed pending completion of the document. 

If consensus is not reached at the meeting it is generally because an issue is 
raised that requires resolution. Work group deliberations continue until consensus is 
achieved. In the case of substance-specific issues, the substance is referred back to 
the member office that initiated the review for more information and clarification. In 
some instances, it has been necessary for more than one program office to engage in 
a dialogue to resolve the issue. 

For general issues, CRAVE practice has been to form a subcommittee to 
prepare an issue paper that is subsequently discussed at a special meeting. As 
examples of this process, issue papers have been developed for (1) issues relating to 
accuracy and precision of quantitative dose-response information, (2) factors involving 
confidence in quantitative estimates, and (3) use of split classifications and combining 
estimates. 

When consensus is not achieved on a particular substance at a meeting of the 
CRAVE, it is considered to have “under review” status. If after three months, there is 
no further activity to bring the substance back to the work group for additional review, 
the substance loses its “under review” status. The substance is then dropped from 
the work group review list after notifying the responsible office. Any office may 
resubmit the substance for further discussion at any time. 

Reference Dose (RfD)/Reference Concentration (RfC): Information Development 
Procedures 

The purpose of the RfD/RfC Work Group is to reach consensus on oral RfDs and 
inhalation RfCs for noncancer chronic human health effects developed by or in support 
of program offices and the regions. The work group also works to resolve inconsistent 
RfDs or RfCs among program offices and to identify, discuss, and resolve generic issues 
associated with methods used to estimate RfDs and RfCs. 

Scientists are selected by executive appointment from respective member offices. 
Membership is open to all major Agency program and regional offices. There are two 
work group co-chairs. In addition, scientists from the Agency for Toxic Substances and 
Disease Registry and the Food and Drug Administration are invited to work group 
meetings as observers to assist the Agency in the information gathering process. Their 
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involvement fosters better communication and coordination among federal agencies 
regarding assessment approaches and data evaluation. Members reflect a variety of 
pertinent scientific disciplines including expertise in the fields of general and inhalation 
human toxicology. 

Member offices schedule substances for discussion through the work group co- 
chairs for specific meetings, usually one or two months in advance. Regional requests 
for specific substance discussions are routed through the co-chairs, who then either 
schedule these substances in the usual manner or, if the region has not prepared a file, 
requests an appropriate office to undertake that task. 

The RfD/RfC Work Group usually meets once a month for two days. Substances 
are discussed at the request of any Agency office or region. The requesting office 
generally prepares a file that consists of a summary sheet, a copy of the critical study and 
supporting documentation, and distributes these to work group members prior to the 
meeting. 

Consensus generally means that no member office is aware either of information 
that would conflict with the RfD or RfC, or of analyses that would suggest a different value 
that is more credible. Such assurance rests on the capabilities of the individuals who 
represent their offices; thus, a large effort is conducted biannually to seek scientists who 
are both expert in this area of assessment and can represent their offices. 

RfD or RfC summaries are not always based on existing EPA assessment 
documents but may be based on assessments prepared specifically for the work group. 
This is a fundamental difference between the usual processes of the RfD/RfC Work Group 
and those of CRAVE. As stated previously, the general rule has been that for a 
substance to be brought to the CRAVE Work Group for review there should be an 
existing peer-reviewed Agency health effects document. However, for RfDs there may or 
may not be an existing EPA document on which to base work group deliberations and 
in the case of RfCs, there have not, to date, been any existing peer-reviewed EPA 
documents. Thus, RfC deliberations are based on extensive assessment summaries 
prepared expressly for the work group. Therefore, when an Agency peer-reviewed 
document is not available, as with RfCs and some RfDs, extensive assessment summaries 
are included on IRIS once the work group has completed verification and reached 
consensus. 

The work group co-chairs assure that the final summary accurately expresses the 
consensus view of the group at the meeting as specified in the meeting notes. Once 
unanimous consensus is reached, the substance-specific summary for either an RfD or 
RfC is prepared for inclusion on IRIS. In some cases, the work group agrees that 
adequate information is not available to derive an RfD or RfC. A message is then put on 
IRIS to that effect and the reasons for the “not verifiable” status. In most cases the 
message states that the health effects data for a specific substance were reviewed by the 
work group and determined to be inadequate for derivation of an RfD or RfC. 

9 



Conflicts that arise during a meeting regarding a given RfD or RfC generally are 
resolved outside the meeting by scientists from the appropriate offices, and then brought 
back to the work group for clarification and subsequent consensus. Conflicts that arise 
regarding the methods by which RfDs or RfCs are estimated, or the incorporation of new 
methods, are generally taken up at separately scheduled meetings of the work group, for 
which the sponsoring office prepares the appropriate material for review. 

While, as discussed above, the RfD/RfC Work Group process is somewhat 
different from that of the CRAVE, they both use generally the same consensus 
procedures. Other procedural similarities are discussed in the following paragraphs. 

On occasion, scientific issues on individual substances, methods, or on a general 
question cannot be resolved at the work group level. In the event that an issue is 
unresolvable in the work group processes, the issue is referred to the Risk Assessment 
Council. In some cases, the issue is brought to the IRIS Oversight Subcommittee for 
review and discussion, prior to consideration by the full Council. If an issue is raised to 
the Council, it may be referred by the Council to the Risk Assessment Forum for 
consultation. 

Both the CRAVE and RfD/RfC Work Groups, through the IRIS Information 
Submission Desk, discussed in the companion FEDERAL REGISTER notice, have 
received comments and studies from interested parties outside of the Agency that were 
either pertinent to the work group’s initial review or resulted in reconsideration of a 
particular substance assessment. Further, the work groups often contact the authors of 
a primary study if clarifications are necessary, and consult with outside experts on 
scientific issues that require expertise that is not present in the work group. Also, through 
professional societies and other private sector organizations, the work groups have 
fostered discussions and exchanges regarding new and innovative approaches to human 
health assessment methodologies. 

Methods and Guidelines 

Both Agency work groups responsible for the development of the health hazard 
information on IRIS use Agency scientific methods documents and EPA’s risk assessment 
guidelines as the basis for their work. These guidelines and methodologies used to 
develop the RfD or RfC have been peer reviewed by the SAB. 

Summaries of methods used for development of oral RfDs and carcinogenicity 
information on IRIS are contained in IRIS background documents that are available on the 
system. A paper copy of the oral RfD and CRAVE background documents, “Reference 
Dose (RfD); Description and Use in Health Risk Assessment” (Regulatory Toxicology and 
Pharmacology 8:471-486, 1988) and The U.S. EPA Approach for Assessing the Risks 
Associated with Chronic Exposures to Carcinogens, respectively, is also available from 
IRIS User Support by calling: (513) 569-7254. 
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The draft methods document, interim Methods for Development of Inhalation 
Concentrations (EPA/600/8-90/066A), is the basis for the inhalation WCs. A copy of the 
document is available from the Center for Environmental Research Information (CERI) by 
calling: (513) 569-7562. Please cite the EPA document number (EPA/600/8-90/066A) 
when requesting a copy. A revised RfC methodology document based on SAB peer- 
review comments will undergo a second SAB review and will be available later this year. 

The CRAVE background document is based on EPA’s 1986 Guidelines for 
Carcinogen Risk Assessment (51 FR 33992-34003). A copy of the EPA risk assessment 
guidelines (EPA/600/8-87/045) is also available by calling CERI. 

Public Involvement 

The section in the companion FEDERAL REGISTER notice (February 25, 1993, 
58 FR 11490) on Current Opportunities for Public Involvement in the IRIS Process 
elaborates on opportunities for public input and dialogue. 
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126 Priority Pollutants 

A. Chlorinated Benzenes 
Chlorobenzene 
1,2-dichlorobenzene 
1,3-dichlorobenzene 
1,4-dichlorobenzene 
1,2,4-trichlorobenzene 
Hexachlorobenzene 

B. Chlorinated Ethanes 
Chloroethane 
l,l-dichloroethane 
1,2-dichloroethane 
l,l,l-trichloroethane 
1,1,2-trichloroethane 
1,1,2,2-tetrachloroethane 
Hexachloroethane 

C. Chlorinated Phenols 
2-chlorophenol 
2,4-dichlorophenol 
2,4,6-trichlorophenol 
Parametachlorocresol (4-chloro-3-methyl phenol) 

D. Other Chlorinated Organics 
Chloroform (trichloromethane) 
Carbon tetrachloride (tetrachloromethane) 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl)ether 
2-chloroethyl vinyl ether (mixed) 
2-chloronaphthalene 
3,3-dichlorobenzidine 
l,l-dichloroethylene 
1,2-trans-dichloroethylene 
1,2-dichloropropane 
1,2-dichloropropylene (1,3-dichloropropene) 
Tetrachloroethylene 
Trichloroethylene 
Vinyl chloride (chloroethylene) 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD) 

E. Haloethers 
4-chlorophenyl phenyl ether 
2-bromophenyl phenyl ether 
Bis(2-chloroisopropyl) ether 

F. Halomethanes 
Methylene chloride (dichloromethane) 
Methyl chloride (chloromethane) 
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Methyl Bromide (bromomethane) 
Bromoform (tribromomethane) 
Dichlorobromomethane 
Chlorodibromomethane 

G. Nitrosamines 
N-nitrosodimethylamine 
N-nitrosodiphenylamine 
N-nitrosodi-n-propylamine 

H. Phenols (other than chlorinated) 
2-nitrophenol 
4-nitrophenol 
2,4-dinitrophenol 
4.6-dinitro-o-cresol (4.6-dinitro-2-methylphenol) 
Pentachlorophenol 
Phenol 
2,4-dimethylphenol 

I. Phthalate Esters 
Bis(2-ethylhexyl)phthalate 
Butyl benzyl phthalate 
Di-N-butyl phthalate 
Di-n-octyl phthalate 
Diethyl phthalate 
Dimethyl phthalate 

J. Polnuclear Aromatic Hydrocarbons (PAHs) 
Acenaphthene 
1,2-benzanthracene (benzo(a) anthracene) 
Benzo(a)pyrene (3,4-benzo-pyrene) 
3,4-benzofluoranthene (benzo(b) fluoranthene) 
11.12-benzofluoranthene (benzo(k) fluoranthene) 
Chrysene 
Acenaphthalene 
Anthracene 
1,12-benzoperylene (bonze(ghi) perylene) 
Fluorene 
Fluoranthene 
Phenanthrene 
1,2,5,6-bibenzanthracene (dibenzo(ah) anthracene) 
Indeno (1,2,3-cd) pyrene (2,3-o-phenylene pyrene) 
Pyrene 

K. Pesticides and Metabolites 
Aldrin 
Dieldrin 
Chlordane (technical mixture and metobolites) 
Alpha-endosulfan 
Beta-endosulfan 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Heptachlor 
Heptachlor epoxide (BHC-hexachlorocyclohexane) 

2 



Alpha-BHC 
Beta-BHC 
Gamma-BHC (Lindane) 
Delta-BHC 
Toxaphene 

L. DDT and Metabolites 
4,4-DDT 
4.4-DDE (p.p-DDX) 
4,4-DDD (p,p-TDE) 

M. Polychlorinated Biphenyls (PCBs) 
PCB-1242 (Arochlor 1242) 
PCB-1254 (Arochlor 1254) 
PCB-1221 (Arochlor 1221) 
PCB-1232 (Arochlor 1232) 
PCB-1248 (Arochlor 1248) 
PCB-1260 (Arochlor 1260) 
PCB-1016 (Arochlor 1016) 

N. Other Organics 
Acrolein 
Acrylonitrile 
Benzene 
Benzidine 
2,4-dinitrotoluene 
2,6-dinitrotoluene 
1,2-diphenylhydrazine 
Ethylbenzene 
Isophorone 
Naphthalene 
Nitrobenzene 
Toluene 

0. Inorganics 
Antimony 
Arsenic 
Asbestos 
Beryllium 
Cadmium 
Chromium 
Copper 
Cyanide, total 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

OFFICE OF 
WATER 

NOTE TO THE READER 

I am pleased to introduce this handbook, “Wetlands and 401 Certification,” 
developed by EPA’s Office of Wetlands Protection. This document examines the 
Section 401 State water quality certification process and how it applies to wetlands. We 
strongly encourage States to use this handbook as one reference when establishing a 
wetlands protection program or improving wetlands protection tools. 

Protection of wetland resources has become an important national priority as 
evidenced by President Bush’s 1990 Budget statement calling for “no net loss” of 
wetlands. In addition, the National Wetlands Policy Forum included a recommendation 
in their 1988 report which says that States should “make more aggressive use of their 
certification authorities under Section 401 of the Clean Water Act, to protect wetlands 
from chemical and other types of alterations”. This handbook is intended to help States 
do just that. 

EPA would like to work with States who wish to delve into 401 certification for 
wetlands. You will find EPA Regional contacts listed in Appendix A of the document 
The office of Wetlands Protection plans to provide additional technical support 
including guidance focused on wetland-specific water quality standards. 

It is very important to begin now to address the loss and degradation of this 
nation’s wetlands. That is why 401 certification is a perfect tool, already in place, for 
States just getting started. It can also help States fill some gaps in their own statutory 
authorities protecting wetlands. States can make great strides using their existing 401 
certification authorities, while developing the capability and the complementary 
programs to provide more comprehensive protection for wetlands in the future. 

Sincerely, 

David G. Davis 
Director 
Office of Wetlands Protection 



ENDNOTES 

1. The state water quality certification process is authorized by 
Section 401 of the Clean Water Act, 33 U.S.C. 51341. 

2. A Tribe is eligible for treatment as a State if it meets the 
following criteria: 1) it is federally recognized; 2) it carries 
out substantial government duties and powers over a Federal 
Indian Reservation; 3) it has appropriate regulatory authority 
over surface waters of the reservation: and 4) it is reasonably 
expected to be capable of administering the relevant Clean Water 
Act program. EPA is currently developing regulations to 
implement Section 518(e) for programs including Section 401 
certification which will provide further explanation of the 
process tribes must go through to achieve state status. In 
addition, the term nstatem also includes the District of 
Columbia, the Commonwealth of Puerto Rico, the Virgin Islands, 
Guam, American Samoa, the Commonwealth of the Northern Wariana 
Islands, and the Test Territory of the Pacific Islands. 

3. The National Wetlands Policy Forum, chaired by Governor Kean 
of New Jersey, represents a very diverse group of perspectives 
concerned with policy issuee to protect and manage the nation's 
wetland resources. The goal of the Ponm was to develop sound, 
broadly supported ret onendations to improve federal, state, and 
local wetlands policy. The Forum released its recommendations in 
a report, "Protecting America's Wetlands: An Action Agenda" which 
can be obtained from The Conservation Foundation, 1250 24th 
Strut, NW, Washington, D.C. 20037. 

4. 33 U.S.C. 94.1313 (c)(2)(A). 

5. Section 301(b)(l)(c) of the Clean Water Act. 

6. If the applicant is a federal agency, however, at least one 
federal court has ruled that the state's certification decision 
ray be reviewed by the federal courts. 

7. 33 C.P.R. 5328.3 (Corps regulations): 40 C.P.R. 5232.2(q) (EPA 
regulations). 

8. For instance, except for wetlands designated as having unusual 
local importance, New York's freshwater wetlands law regulates 
only those wetlands over 12.4 acres in size. 

9. Alaska Administrative Code, Title 6, Chapter 50. 
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10. Kentucky EnVirOIIm@ntal Protection Act, KRs 224.005(26). 

11. Tennessee Water Quality Control Act, 569-3-103(29). 

12. Massachusetts Clean Waters Act, Chapter 21, 526. 

13. K.R.S. 224.005(28)(Kentucky enabling legislation defining 
waters of the state); 401 K.A.R. 5:029(l) (bb) (Kentucky water 
quality standards defining surface waters): Ohio Water Pollution 
Control Act, 56111.01(H)(8nabling legislation defining waters of 
the state) ; Ohio Administrative Code, 537450l-OZ(DDD) (water 
quality standards defining surface waters of the state). 

14. Xassachusetts Clean Waters Act, Chapter 21, 526 (enabling 
legislation defining waters of the state): 314 Code of Mass. 
Rags. 4.01(5)(water guality standards defining surface waters). 

15. Ohio Administrative Code, 3745-32-01(N). 

16. 40 C.F.R. 5131. 

17. A use attainability analysis (40 C.P.R. S131.1O(g)) must show 
at leest one of six factors in ardor to justify not meeting the 
minimum afishable/swimmable a drsignated uses or to remove such a 
designated use. The analysis must show that atteining a use is 
not feasible becsuu of: naturally occurring pollutant 
concentrations; natural flow conditions or watu levels that 
cannot be made up by offluent dischargu without violating state 
watu conservation reguiremntst human caused pollution that 
cannot~r~i~orthatwould~ruo~nuwi~~~l damage 
if corrected; hydrologic modificstions, if it is not feasible to 
rutore the water to its original conditions or operate the 
modificetion to attain the use; natural non-water guality 
physical conditions precluding attainment of aquatic life 
protection uses: or controls more stringent than those required 
by 5301(b) and 5306 would ruult in substantial and widesprud 
economic and social impact. 

18. Questions and Answrrs on Antidegradation (EPA, 1985). this 
documnt is duignated as Appsndix A of Chapter 2 of EPA’s w 

tv s-s Hanabook. 

19. The regulations implementing Section 404 (b) (1) of the Clean 
Water Act are known as the "(b)(l) Guidelinesn and are located at 
40 C.F.R. 5230. 

20. 40 C.F.R. 5230.1(d) 

21. 40 C.F.R. 5230.10(c). 

22. Code of Maryland Regulations Title lo, 510.50.01.02(~)(2)(a). 
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23. Minnesota Rules, 57050.0170. The Nle states in full: 

The waters of the state may, in a state of nature, 
have some characteristics or properties approaching or 
exceeding the limits specified in the water quality 
standards. The standards shall be ConstNed as 
limiting the addition of pollutants of human activity 
to those of natural origin, where such be present, so 
that in total the specified limiting concentrations 
will not be exceeded in the waters by reason of such 
controllable additions. Where the background level of 
the natural origin is reasonably definable and 
normality is higher than the specified standards the 
natural level may be used as the standard for 
controlling the addition of pollutants of humen 
activity which are comparable in nature and 
significance with those of natural origin. The natural 
background level may be used instead of the specified 
water quality standard as a maximum limit of the 
addition of pollutants, in those lnstancu whore the 
natural level is lower then the specified standard and 
reasonable justification exists for pruerving the 
guelity to that found in a state of nature. 

24. No. 83-1352-I (Chancery Court, 7th Division, Davidson 
County, 1984)(unpublished opinion). 

25. These criteria are at 401 K.A.R. 5:031, 52(4) and 54(l)(c), 
respectively. 

26. Ohio Admin. Code, S3745-32-05. 

27. Ohio Admin. Code, f3745-l-OS(C). 

28. Copiu of Ohio's review guidelines are available from Ohio 
EPA, 401 Coordinator, Division of Water Quality Monitoring and 
Aasusmant, P.O. Box 1049, Columbue, Ohio 4326600149. 

29. 40 CFR 5131.12. 

30. 48 Fed. Reg. S1,400, 51,403 (1983)(preamble). 

31. Kentucky Water Quality Standards, Title 401 X.A.R. 5:031, 57. 

32. Minnesota Rules, 57050.0180, Subpart 7. 

33. 314 Code of Hassachusetts Regulation, )4.04(r). 

34. I&umsota Rules, 57050.0180, Subpart 9. 

35. H.R. Rep. No. 91-127, 91st Cong., 1st Sass. 6 (1969). 

. . . 
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36. 115 Cong. Rec. H9030 (April 15, 1969)(House debate); 115 
Cong. Rec. S28958-59 (Oct. 7, 1969)(Senate debate). 

37. C.P.R. 5323.2(d). However, in Reid v. Harsh, a case 
predating these regulations, the U.S. District Court for the 
Northern Corps District of Ohio ruhd that aeven minimal 
discharges of dredged material are not exempt from Section 404 
reviewW. In this district, the Corps treats all dredging 
projects under Section 404. 

38. West Virginia Code, 5479SA-1 (emphasis addmd). 

39. Clun Water Act, 5401(a)(2). 

40. 40 C.F.R. )230.10(a). 

41. 40 C.F.R. s230.10(6). 

ct v. * 
h&4 (Or.App. 1986). 

C.A. No. CA-61-1792 (Cir. Ct., Ranawha 

44. 33 U.S.C. sl313(c)(Z)(A). 

45. Wut Va. Admin. Cod., 5470SA-9.3 (a). 

46. Unpublished paper by Dr. Paul Hill of Wut Virginia's 
Department of Natural Resources. Prepared for EPA-sponsored 
Decembu 1987 workshop on "The Role of Section 401 C8rtification 
in Wetlands Protectlone. 

47. 33 C.F.R. S32S.?(b)(ii). 

48. 18 C.?.R. %4.38(e)(2). 

49. 40 C.l'.R. 5124.53(c)(3). 

50. Wisconsin Administrative Code, NR 299.04. 

51. West Va. Admin. Code, )47-!!A-4.3. 

52. Ip. 

53. JO C.?.R. 5121.2. EPA’s regulations implementing Section 401 
were issued under the 1970 Water Pollution Control Act, (not the 
later Clean Water Act) and thus, may have ~018 anomaliu as a 
result. 



54. This is a reference to Section 10 of the Rivers and Harbors 
Act. 

55. Ohio Admin. Code, 53745-32-05. 

56. m a.&, P. Adams, Wetland Evaluation Technique (WET), 
Volume II: Methodology Y-87(U.S. Army Corps of Engineers 
Waterways Experiment Station, Vicksburg, MS, 1987): L. Cowardin, 
Classification of Wetlands and Deepwater Habitats of the United 
States (U.S. Fish and Wildlife Service 1979). See also Lonard 
and Clairain, IdantiFication of We- -, in 
Proceedings: National Wetlands Assusment Symposium (Chester, VT: 
Association of State Wetland Uanagers, 1986)(list of twenty five 
methodologies). 

. 57. gee. a.&, R. Tiner, m of w SW 
wand TrulQl (U.S. Govt. Printing Office 
1984) (National Wetlands Inventory). The National Wetlands 
Inventory has mapped approximateiy 45 percent of the lower forty 
eight states and 12 percent of Alaska. A number of regional and 
state reporte may be obtained from the National Wetlands 
Inventory of the U.S. Fish and Wildlife Service in Newton Corner, 
XA. Region 5 maps can also be ordered from the U.S. Geological 
Survey98 NatiOMl Certographic Information Center in Reston, VA. 

58. The new joint e 
w WeUm&, can be obtained from the U.S. Government 
Printing Office 1989). 

Chesapeake Ray Critical Areas Commission, Guidance 
3, Guidelines for Protecting Non-Tidal Wetlands in the 

Criticel'Area (Xaryland Depamt of Natural Resources, April 
1987). 

60. For information on the Wetlands Values Data Base contact: 
Data Base Administrator, U.S. Fish and Wildlife Service, National 
Energy Centrr, 2627 Redwing Road, Cre8kside One, Fort Colliru, 
Colorado, 80526. Phone: (303) 226-9411. 

61. For 8xampl8, Florida's Section 380 process designates wAreas 
of Critical State Concern a which often include wetlands. Florida 
Statutes f380.05. 

62. 40 C.F.R. 5230.80 (1987). 

63. 16 U.S.C. 51452(3) (1980). See u, U.S.Army Corps of 
Engineers, Regulatory Guidance Letter No. 10 (1986). 



64. m D. Burke, Technical and Programmatic Support for 401 
Certification in Maryland, (Maryland DepartrPent of Natural 
Resources, Water Resources Administration, December 
1987)(unpublished)t A. Lam, m Svm fa 

er s We- in River Corridor Handbook 
(N.Y.Department of Environmental Conservation)(J. Kusler and E. 
l4eyers ecis., 1988). 

The system d8SCribed by Burke is called HIPS (Hap and Image 
Processing Systu) and is capable of translating a myriad of 
information to the scale specified by the user. 

65. & e.u&, (multiple authors], eEcologica1 Considerations in 
Wetlands Treatmnt of ?Iunicipal Wastewaters,a (Van Nostrand 
Reinhold Co., New York, 1985); E. Stockdale, "The Use of Wetlands 
for Stormwater Ramgurnt and Nonpoint Pollution Control: A 
Review of the Idt8ratur8,a (Dept. of Ecology, Stat8 of Washington 
1986): "viability of m8ShWat8r w8tlWXi8 for urban Surface Watu 
Wanag8unt and Nonpoint Pollution: An Annotat8d Bibliography," 
prepamd by Th8 Ruourc8 Planning 88ction of King County, 
Washington D8partm8nt of Planning and Conun ity Developmnt 
(July, 1986). 

66. Th8 w- 8. ffUld8nOn W8tlU'& Protection Act of 1984, ?la. 
stat. 5403.91 - 403.938, r8guir8d th8 Florida D8pament of 
Environmntal Regulation to utablbh 8pecific crit8ria for 
W8thBIhd8 that receive and tr8at domastic wa8t8wat8r treattd to 
secondary standards. The rule is at Pla. Admin. Code, 517-6. 

67. Maxirization of sheet flow. 

68. Hydrologic loading and ret8ntion rat88. 

69. u.t m m L. Schwtit, Crit8ria for Wastewater Discharge 
to Florida Wetlands, (?loride Department of Knvironm8ntal 
R8gulation)(D8c. 1987)(unpublish8d rqort). 

70. Cop188 of the draft, gUse.of Advanc8 Identification 
Authoritiu under Section 404 of the C18an Wat8r Act: Guidance 
for Regional Offic88", can b8 obtairmd from the Regulatory., 
Actitivitiu Division Of tb8 OffiC8 Of W@thndS PNt8CtiOn (A- 
lOIF), EPA, 401 M Str88t, SW, Washington, D.C. 20460. 
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I. INTRODUCTION 

This handbook has been developed by EPA’s Office of Wetlands Protection 
(OWP) to highlight the potential of the State water quality certification process for 
protecting wetlands, and to provide information and guidance to the States.1 
Throughout this document, the term “State” includes those Indian Tribes which qualify 
for treatment as States under the federal Clean Water Act (CWA) Section 518(e).2 We 
encourage Tribes who are interested in expanding their protection of wetlands and 
other waters under this new provision of the CWA to examine water quality 
certification as a readily available tool to begin their programs. 

One of OWP’s key mandates is to broaden EPA’s wetlands protection efforts in 
areas which complement our authority under the Clean Water Act Section 404 
regulatory program. Thus, we are exploring and working with other laws, regulations, 
and nonregulatory approaches to enhance their implementation to protect wetlands. In 
addition, the National Wetlands Policy Forum has recommended in its report issued in 
November 1988, that States “make more aggressive use of their certification authorities 
under Section 401 of the CWA, to protect their wetlands from chemical and other types 
of alterations."3 

In light of these directives, we have examined the role of the Section 401 State 
water quality certification process and are working with States to improve its application 
to wetlands. This process offers the opportunity to fulfill many goals for wetland 
protection because: 

• It is a cooperative federal/State program and it increases the role of 
States in decisions regarding the protection of natural resources; 

• It gives States extremely broad authority to review proposed activities in 
and/or affecting State waters (including wetlands) and, in effect, to deny 
or place conditions on federal permits or licenses that authorize such 
activities; 

• It is an existing program which can be vastly improved to protect 
wetlands without major legislative initiatives; 

• Its proper implementation for wetlands should integrate many State 
programs related to wetlands, water quality, and aquatic resource 
preservation and enhancement, to ensure consistency of activities with 
these State requirements. Examples of such programs include coastal 
zone management, floodplain management, and nonpoint source 
programs. 
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The issues discussed in this handbook were identified through discussions with 
State 401 certification program personnel and through a workshop held in December 
1987 with many of the States who actively apply 401 certification to wetlands. The 
handbook includes examples of how some States have successfully approached the 
issues discussed Because the water quality certification process is continually evolving, 
we do not attempt to address all the issues here. This handbook is a first step towards 
clarifying how 401 certification applies to wetlands, and helping States use this tool 
more effectively. 

EPA would like to work with the States to ensure that their authority under 
Section 401 is exercised in a manner that achieves the goals of the Clean Water Act 
and reflects the State role at the forefront in administering water quality programs. 
Clearly, the integrity of waters of the US. cannot be protected by an exclusive focus on 
wastewater effluents in open waters. While the federal Section 404 program addresses 
many discharges into wetlands, and other federal agencies have environmental review 
programs which benefit wetlands, these do not substitute for a State's responsibilities 
under Section 401. A State's authority under Section 401 includes consideration of a 
broad range of chemical, physical, and biological impacts. The State's responsibility 
includes acting upon the recognition that wetlands are critical components of healthy, 
functioning aquatic systems. 

To help States implement the guidance provided in this handbook and to foster 
communication on 401 issues, you will find a list of State 401 certification contacts and 
federal EPA contacts in Appendix A. In order to keep this and other wetland contact 
lists current, EPA has asked the Council of State Governments to establish a 

computerized database of State wetland programs and contacts (See Appendix A for 
details.) EPA is also refining a list of Tribal contacts to foster communication with 
interested Tribes. 
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SUMMARY OF ACIIONS NEEDED 

The following is a summary of the activities needed to make 401 certification a 
mote eflective tool to protect wetlands. States can undertake many of these 
activities right away, while also taking other actions which lay the groundwork for 
improving future 401 certification ddsions. Tribes, who primarily are just 
beginning to develop wetlands pwms, should consider these actions (along 
with developing water qunlity standards) as first steps to becoming more involved 
in wetlands regulatory florts. The actions below am discussed throughout the 
handbook 

l All etates should begin bg including wetlands in their de&&ions of 
smte w8terr 

l States should develop or modify their existing 401 certification and 
water qaaIity standard regalitions and guidelines to l ccomodrte 
spedal weUand amsideraUonr 

l Strtu shonld nuke more effective use of their existing nrrirtive water 
(indading the antidegradation poIScy) to protect the 

l States should initiate or improve open existing inventories of their 
wl!thnd- 

l States should designate uses for these wetlands based on wetland 
fbnctkm usdated with emh wetland type Such tstimatcd uses 
could be verifW when needed for individual l ppliations with an 
assessment tool such as the Wetlands Evaluation Technique, or Habitat 
Evda8Uon Pmcedurr, or region-specific ev8Irution methodr. 

8 States shodd tap into the potential of the outstanding resource waters 
designation d the antidegradatlon polie for their wetlands. 

l States rhoold incorpo~te 401 cettiflcation for wetlands into their water 
qdity manqement planning proeeu. This process can integrate 
wetland resource information with dilferent water management 
p-s afWting wetlands (including autstal zone management, 
nonpoint source and wastewater proprrrms). 
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II. WHAT IS WATER QUALITY CERTIFICATION AND HOW DOES IT WORK? 

States may grant or deny “certification” for a federally permitted or licensed 
activity that may result in a discharge to the waters of the United States, if it is the 
State where the discharge will originate. The decision to grant or deny certification is 
based on a State’s determination from data submitted by an applicant (and any other 
information available to the State) whether the proposed activity will comply with the 
requirements of certain sections of the Clean Water Act enumerated in Section 
401(a)(l). These requirements address effluent limitations for conventional and 
nonconventional pollutants, water quality standards, new source performance standards, 
and toxic pollutants (Sections 301, 302, 303, 306 and 307). Also included are 
requirements of State law or regulation more stringent than those sections or their 
federal implementing regulations. 

States adopt surface water quality standards pursuant to Section 303 of the clean 
Water Act and have broad authority to base those standards on the waters’ use and 
value for “public water supplies, propagation of fish and wildlife, recreational purposes, 
and. . . other purposes."4 All permits must include effluent limitations at least as 
stringent as needed to maintain established beneficial uses and to attain the quality of 
water designated by States for their waters. 5 Thus, the States’ water quality standards 
are a critical concern of the 401 certification process. 

If a State grants water quality certification to an applicant for a federal license 
or permit, it is in effect saying that the proposed activity will comply with State water 
quality standards (and the other CWA and State law provisions enumerated above). 
The State may thus deny certification because the applicant has not demonstrated that 
the project will comply with those requirements. Or it may place whatever limitations 
or conditions on the certification it determines are necessary to assure compliance with 
those provisions, and with any other “appropriate” requirements of State law. 

If a State denies certification, the federal permitting or licensing agency is 
prohibited from issuing a permit or license. While the procedure varies from State to 
State, a State’s decision to grant or deny certification is ordinarily subject to an 
administrative appeal, with review in the State courts designated for appeals of agency 
decisions. Court review is typically limited to the question of whether the State 
agency’s decision is supported by the record and is not arbitrary or capricious. The 
courts generally presume regularity in agency procedures and defer to agency expertise 
in their review.6 

States may also waive water quality certification, either affirmatively or 
involuntarily. Under Section 401(a)(l), if the State fails to act on a certification request 
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“within a reasonable time (which shall not exceed one year)” after the receipt of an 
application, it forfeits its authority to grant conditionally or to deny certification. 

The most important regulatory tools for the implementation of 401 certification 
are the States’ water quality standards regulations and their 401 certification 
implementing regulations and guidelines. While all of the States have some form of 
water quality standards, not all States have standards which can be easily applied to 
wetlands. Most Tribes do not yet have water quality standards, and developing them 
would be a first step prior to having the authority to conduct water quality certification. 
Also, many States have not adopted regulations implementing their authority to grant, 
deny and condition water quality certification. The remainder of this handbook 
discusses specific approaches, and elements of water quality standards and 401 
certification regulations that OWP views as effective to implement the States’ water 
quality certification authority, both generally, and specifically with regard to wetlands. 

III. 401 CERTIFICATION CAN BE A POWERFUL TOOL TO PROTECT 
WETLANDS 

In States without a wetlands regulatory program, the water quality certification 
process may be the only way in which a State can exert any direct control over projects 
in or affecting wetlands. It is thus critical for these States to develop a program that 
fully includes wetlands in their water quality certification process. 

But even in States which have their own wetlands regulatory programs, the water 
quality certification process can be an extremely valuable tool to protect wetlands. 
First, most State wetland regulatory laws arc more limited in the wetlands that are 
subject to regulation than is the Clean Water Act. The Clean Water Act covers all 
interstate wetlands, wetlands adjacent to other regulated waters; and all other wetlands, 
the use, degradation or destruction of which could affect interstate or foreign 
commerce.7 This definition is extremely broad and one would be hard pressed to find a 
wetland for which it could be shown that its use or destruction clearly would not affect 
interstate commerce. Federal jurisdiction extends beyond that of States which regulate 
only coastal and/or shoreline wetlands, for instance. And in States that regulate inland 
wetlands, often size limitations prevent States from regulating wetlands that are subject 
to federal jurisdiction.8 

Even if State jurisdiction is as encompassing or more so than federal jurisdiction, 
however, water quality certification may still be a valuable and essential wetlands 
protection device. In the State of Massachusetts, for instance, a 401 certification is not 
simply “rubber stamped” on the permitting decisions made pursuant to the 
Massachusetts Wetlands Protection Act The State has denied certification to proposed 
projects requiring a federal permit even though the State wetlands permitting authority 
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(in Massachusetts, permits arc granted by local “conservation commissions”) has granted 
authorization for a project. 

There may be a number of reasons that a proposed activity may receive 
authorization under a State wetland regulatory program, but fail to pass muster under a 
401 certification review. The most commonly cited reason, however, is that water 
quality personnel have a specialized understanding of the requirements and 
implementation of the State’s water quality standards and the ways in which certain 
activities may interfere with their attainment. 

It is important, however, to keep in mind the limitations of 401 certification 
when considering a comprehensive approach to protecting your wetland resources. The 
primary limitation is that if 401 certification is the only tool a State has to protect 
wetlands, it cannot place limits on activities which do not require a federal license or 
permit. Some activities such as drainage or groundwater pumping, can have severe 
impacts on the viability of wetlands, but may not require a permit or license. Ideally, 
401 certification should be combined with other programs in the State offering wetlands 
protection opportunities (such as coastal management and floodplain management). 
For example, Alaska has integrated its 401 certification and coastal management 
consistency review process so that the provisions of each program augment the other . 
to provide more comprehensive protection. This approach not only strengthens 
protection, it reduces duplication of State efforts and coordinates permit review for 
applicants.9 

IV. THE ROLE OF WATER QUALITY STANDARDS IN THE CERTIFICATION 
PROCESS 

A. Wetlands Should be Specifically Designated as Surface Waters of the 
States 

In order to bring wetlands fully into the State water quality certification process, 
a first step is to include the term "wetlands” in the State water quality standards' 
definition of surface waters. EPA will be working with all States through the triennial 
review process of State standards to ensure that their definitions arc at least as. 
comprehensive as the federal definitions for waters (see Appendix B for federal 
definitions of "Waters of the U.S.” and the term "wetlands”). 

It may seem minor, but from every standpoint, it is important to have wetlands 
specifically designated as surface waters in State water quality standards. First, it 
precludes any arguments that somehow wetlands are not covered by water quality 
standards. Second, it predisposes decision makers (from 401 certification program 
managers, to the head of the agency or a water quality board, all the way to the judges 
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on the courts that may review these decisions) to consider the importance of wetlands 
as part of the aquatic ecosystem. Third, it makes it clear that wetlands are to be 
treated as waters in and of themselves for purposes of compliance with water quality 
standards and not just as they relate to other surface waters. 

The third point is critical and bears further explanation. When States include 
wetlands in the definition of surface waters covered by their water quality standards, 
they clarify that activities in or affecting wetlands are subject to the same analysis in the 
certification decision as are projects affecting lakes, rivers, or streams. This is not to 
say that a wetland project’s effects on adjacent or downstream waters arc not also part 
of the water quality certification analysis. Rather, it is to say that wetlands, either 
adjacent to or isolated from other waters, arc water-bodies in and of themselves and an 
applicant for water quality certification must show that a proposed project will not 
violate water quality standards in those wetlands, as well as in other waters. 

The States currently have a variety of definitions of "waters of the State” in the 
legislation that enables water quality standards (e.g., multi-media environmental 
protection acts, & water quality acts, and the like). Only three States currently have the 
term "wetlands” explicitly listed as one of the types of waters in this enabling legislation 
(Nebraska, Rhode Island, West Virginia). These States need only to repeat that 
definition in their water quality standards and their 401 certification implementing 
regulations. 

While most States do not have the term "wetlands” in their enabling legislation, 
many use the term "marshes" in a list of different types of waters to illustrate "waters of 
the State" in their enabling legislation. Kentucky, for example, defines waters of the 
State as: 

. . any and all rivers, streams, creeks, lakes, ponds, impounding reservoirs, 
springs, wells, marshes, and all other bodies of surface or underground water, 
natural or artificial, situated wholly or partly within of bordering upon the 
Commonwealth or within jurisdiction.10 

When used in this way, the term is typically understood to be generic 
in nature rather than being descriptive of a type of wetland, and can therefore be 
considered as the equivalent of the term “wetlands”. In these States, however, in order 
to ensure that the term “marshes” is interpreted as the equivalent of wetlands, the best 
approach is to include the term "wetlands” in the definition of surface waters used in 
the State’s water quality standards and in the 401 certification implementing regulations. 

There is another group of States that has neither the term "wetlands” or 
“marshes” in the enabling legislation’s definition of waters of the State. These 
definitions typically contain language that describes in some generic manner, however, 
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ah waters that exist in the State. They may not spccifkally designate any particular 
type of water body, as, for instance, Tennessee’s Water Quality Control Act: 

. . . any and all water, public or private, on or beneath the swfacc of the 
gmund, which fir) contained within, flow[s] through, or border[s] upon 
Tmnctscc or any portion themof. . . .I1 

Or they may specify some types of surface waters and then generically include all 
others with a clause such as “and all other water bodies” or “without limitation”, as does 
Massachusetts: 

In these States, as in the States with “marshes” in the enabling legislation’s 
ck~tion of water& regulators should clarify that wetIan& arc part of the surface 
waters of the Smk subject to the Stat& wtcr quality standards by including that term, 
and any others they deem appropriate, in a dcgnition of surface waters in their water 
quality star&r& and in their 401 cctication impkmcnting rcgulation~ 

Both Kcntudry and Ohio, for instance, which have the term “marshes,” but not 
the term “wetlands” in their enabling kgislation, have mcludcd the term “wetlands” in 
their-waterquality standa& ck&ition ofwatcd Massachusetts, which does 
Mn~~tbcterm~tlandr”or~“inittenablinglegitlation,hatputthettrm 
‘knuan&” into its water quality smndar& alsal* Additionaily, Ohio’s 401 certifjcation 
impkmenting regulations include the term %ctlands” in the deft&ion of waters covered 
by those regulations and spcci&aQ address activities affecting the integrity of 
wetland&~ 

B. Gonad Requkments ofEPA'r Water Quality Smndwds RegulaUons.L6 

When the States review their water quality standards for applicability to projects 
affecting wetlands, it is important to have in mind the basic concepts and rquiremcnts 
of water quality su&ards generally. Congress has given the States broad authority to 
adopt water quality star&&, dirwting only that the States designate water uses that 
protect the public health and welfare and that take into account use of State waters for 
dri&ing water, the propagation of 6sh and wildlife, recreation, and agricultural, 
industrial and other purposes. 

12 



EPA’s water quaIity standards regulations require States lo adopt water quality 
standards which have three basic components: use designations, criteria to protect 
those uses, and an antidegradation policy. 

EPA directs that, where attainable, designated uses must include, at a minimum, 
uses necessary to protect the goals of the CWA for the protection and propagation of 
hsh, shellfish, and wildlife and provide for recreation in and on the waters. This 
baseline is commonly referred to as the “fishable/swimm able” designation. If the State 
does not designate these minimum uses, or wishes to remove such a designated use, it 
must justify it through a use attainability anaIysis based on at least one of six factors.” 
In no event, however, may a beneficial fist& use (any use which is actually attained 
in the water body on or after November 28, 1975) be removed from a water body or 
scpcnt 

Criteria, either polIutant-spcci!% numerical criteria or narrative criteria, must 
protect the designated and existing uses. Marty of the existing numeric criteria are not 
spe&aUy adapted to the characteristics of wetlands (see last section of handbook for 
steps in this direction). However, almost all States have some form of the narrative 
standards (commonly known as the “kc hns”) which say that a.ll waters shall be free 
from substances that: settle to form objectionable deposits; float as debris, scum, oil or 
other matter to form nuisances; produce objectionable color, odor, taste, or turbidity; 
injure, or arc toxic,or produce adverse physiological responses in humans, w or 
plants; or produce undesirable or nuisance aquatic life. States have also used other 
narrative criteria to protect wetland quality. The use of criteria to protect wetlands is . dlscusd in the foIlowing scctioxL 

In addition, EPA ah requires that all States adopt an antidegradation policy. 
Seeral States have used their ant&gradation policy effectively to protect the quality of 
their wetland resources. At a minimum, a State’s antidegradation policy must be 
consistent with the following provisions: 

(1) Existing uses and the level of water qaality necessary to protect existing uses in 
all scgBleuts of a mter budy mnst be maintin* 

(2) if the quality of tile water is higher than that neassary to support propagation 
of fish, rbellllsh, and wildlifq and recreation in and on the water, that quality 
shall be maintained and proteeM, unless the State fhds that lowering the water 
quality is justifkd by overriding economic or social needs determined Piker full 
public involvement. In no event, however, may water quality fall below that 
n-say to protect the existing benefkial uses; 

(3) if the waters have been designated as outstanding resource waters (ORWs) no 
degradation (except temporrrry) of water quality is allowed. 
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In the case of wetland fi&, however, EPA allows a siightiy different 
interpretation of the antidegradation policy. I* Because on the federal level, the 
Congress has anticipated the issuance of at least some permits by virtue of Section 404, 
it is EPA’s policy that, except in the case of ORWs, the “existing use” requirements of 
the antidegradation policy art met if the wetland fill does not cause or contribute to 
“significant degradation” of the aquatic environment as defined by Section 230.10(c) of 
the Section 404(b)(l) Guidelines.19 

These Guidelines lay a substantial foundation for protecting wetlands and other 
special aquatic six from degradation or destruction. The purpose section of the 
Guidelines states that: 

. . . . !hm a uaticmd pmpectivc, the dmtioo or destnxtion of special aquatic sites, 
such as !Uliug operatious in wetlauds, is considered to be among the most severe 
endmuxueutnl impacts covered by these Guidelines. Tbe guiding princi~ should be 
that degmdation or dmction of special situ may rrp-t an irreversible loss of 
vnlrubk 8qMtk mourn- 

The Gui&iincs also state that the following effects contribute to sign&ant 
degradation, either individually or cokctively: 

I) . ..~tdrtrrc~~oa(l)hPmra~thorrrtlhrr.indtldinl~~orr 
mullkiprl w8ter suppIle& plank&& ash, shewIsh, wildlif$ and specw rqu8tic sites 
(w-9 -1; (2) oothe~lifkstagesdaquaticliEeandotherwildlifedepuukatoo 
8qMtic axBpau& iudndiug the trMskr, amceutmtiou or spre8d of pouut8nts or 
their mpctr m the site thxwgh biologkl, physical, or chemial process; (3) 
oo ecosystem diversity, productivity and stability, including low of fish and wildMe 
hbi~ta~oltka~bd8rrrtkndto~~nutrkntr,prrriiL~tcror 
rsduce wave m, or (4) m recreational, aesthetic, and economic values.‘= 

‘k Guideliner may be used by the States to determine “significant degradation” 
for wetland rmt. Of coupe, the States arc kc to adopt stricter requirements for 
wetland fills in their own antidegradation policies, just as they may adopt more stringent 
requirements than federal law requires for their water quality standards in general. 

C &tying Water Quality Standards Regulations to Wetlands - What States 
8ItDOillgNOW 

Some states have taken the lead in using 401 certification as a wetlands 
protection tool to protect them for their water quality and other irreplaceable functions, 
such as storage places for flood waters, erosion control, foodchain support and habitat 
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for a wide variety of plants and animals. These States have taken several different 
approaches to wetlands protection in their water quality certification process. 

1. Using Namtin Criteria 

States have applied a variety of narrative criteria to projects in or affecting 
wetlands in the 401 certification determination. For example, Maryland’s water quality 
standards contain a narrative directive, which the agency relied upon to deny 
certification for a non-tidal wetland fill. The standard provides that “[a]ll waters of this 
State shall be protected for the basic uses of water contact recreation, fish, other 
aquatic life, wildlife, and water s~pply.~ In its denial, Maryland stated: 

Because wetlands vary tremendously in background levels of certain parameters 
measured by the traditional numcrical/chcmical criteria applied to surface waten, some 
states hwc relied on “Il8tur8l w8ur qualiv critcri8 to protect wetlands in the 401 
certification process Minnesota, for instance, has taken this approach in denying 
certification for a flood control project because of tbc State’s primary concern . . . that 
theprojectwould~e3,chanrreLittkDiannLakefromanacidboetoafruh- 
cirmmneutxal water chemistry type of wetland.” The agency was concerned that 
“introduction of lake water into the closed acid system of Little Diann IAt would 
completely destroy the chamctcr of this natural resource.” It relied on a provision of its 
water quality standards allowing the State to limit the addition of pollutants according 
to background levels instead of to the levels specified by criteria for that class of waters 
generally. The denial letter pointed out that this rule “states that the natural 
background level may be used instead of the specified water quality standards, where 
reasonable justifkation exists for preserving the quality found in the State of nature.” 
According to the denial letter, because of the clear potential for impacts to the bog, the 
State was invoking that particular provision.B 

Tcnncsscc has rclkd on broad prohibitory language in its water quality standards 
to deny water quality certification for wetland fill projects and has been upheld in court. 
bm V. Tewc Ww Ouality Bti was brought by a 401 artifkation 
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applicant who proposed to place fill along the southeastern shoreline of a natural 
swamp lake. The court upheld the denial of 401 certification, explaining: 

Rcelfoot Lnke is cl&si@d for jIsh and aquatic life, recreation, and livestock 
watering and wildlife ues. 7%~ [Water Quality] Boatd has csrablished 
various standards for the waters in each classification. Among other things, 
these standards pertain to dirtolved oqgen, pH, tempemture, toxic substances, 
and other pollrrrantr l7u Permit Hearing Panel found the petitioner’s 
activity will violate the “other pol&mts” standard in each cfi~tion. 
Collectively, these [“other pt.dhtants”] standattis ptvvde that other pollutant 
ShoUnotbcaddcdrothcMltcrtharwillbcdrnimcnralroFhoraquotic 
lift, to WCE& and to i&stock watering and wikdife 

The court found that while there was no evidence that the project in and of 
itself would “kill” Reelfoot L&c, there was cvidena that the shoreline was important to 
recreation because tourists visit R&foot to view its natural beauty and the lacustrinc 
wetIan& function as a spawning ground for fish and produce food for both fish and 
wildlife. It found that although the evidence in the record did not quantify the damage 
to fish and aquatic life, recreation, and wildlife that would result f/ram the proposed fill, 
the opinion of the State’s expert that the ac%ty would be detrimental to these uses 
was suffxient to uphold the denial of artiftcation. 

Kcntuc@ has al80 relied on narrative criteria It denied an application to place 
Wfrom~~ mincconrtnrctioninawctlandarcabecawewctlandsart 
protected from pollution as Waters of the Commonwealth” and because placing spoil 
or any fill material @ollutants under KRS 224:00!5(28)) in a wetland specifically violated 
at least two water quality criteria. One of Kentucky’s criteria, applicable to all surface 
WAten,prwidwthatthewaten”shannorbeaesth&@ufothawiK~by 
~thot...[i]njun,[onltcrxictootpoduuodvcrscphysidogicolorbchovioml 
nrrponrain~~fi31andotheraquaticIjfc” 

The other &cricm, applicable to warm water aquatic habitat, provides that 
“If7rowshaUnotbeaitedtoadqmwhichwilladvedyafkttheaquatk 
ccwmudy.N”fJ This second criterion which addresses hydrological changes is a 
particularly important but often overlooked component to include in water quality 
standards to help maintain wetland quality. Changes in flow can severely alter the 
plant and animal species composition of a wetland, and destroy the entire wetland 
system if the change is great enough. 

Ohio has adopted 401 artifjcation regulations applicable to wetlands (and other 
waters) that, together with internal review guidelines, result in an approach to the 401 
Farti6cation decision similar to that of the 404(b)(l) Guidelines. Its 401 certification 
regulations first direct that no artification may be issued unless the applicant has 
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demonstrated that activities permitted by Section 404 or by Section 10 of the Rivc+s 
and Harbors Act (RHA) will not: 

(I) prcvcnr or intnfcn with the attainment or maintenance of applicable water 
quality standanlr; 

(2) result in a violation of Sections 301, 302, 303, 306 or 307 of the CWA; 
additionally, the agency may deny a rcqu~r notwittianding the applicant’s 
demonstmtion of the above if it conchuks that the activity “will result in advme 
long or shoti term impacts on water cpaliy.‘~ 

Ohio has placed all of its wetlands gs a a in the category of “State resource 
waters.” For these waters, Ohio has proposed amendments to its standards to say that 
“[p)rcsent ambient water quality and uses shall be maintained and protected without 
CxaptioL.” n The proposed standards also require that point source discharges to 
State rcsourct waters be regulated accxMng to Ohio’s biological criteria for aquatic 
life. 

However, Ohio has not yet dcvcloped biological indices specif5cally for wetlands. 
Thus, for projects affecting wctlan&, it bases its ccrti6cation decisions on internal 
review guidelinu that are similar to the federal Section 404(b)(l) Guidelines. Ohio’s 
guidelines are structured by type of activity. For instance, for fills, their requirements 
arc as follows: 

(a)ifthepmjaztisnotwattrdrpauiart,cd&uionisdmicd; 

Ohio’s internal review guidelines also call for (1) an historical overview and ecological 
evaluation of the site (including biota imentory and existing bioaccumulation studies); 
(2) a sediment physical characterization (to predict wntaminant levels) and (3) a 
sediment analysis.a 

Using these guidelines, Ohio frequently conditions or denies artification for 
projects that eliminate wetland uses. For instance, Ohio has issued a proposed denial 
of an application to iill a three acre wetland area adjacent to Lake Erie for a 
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recreational and picnic area for a lakefront marina based on its classification of 
wetlands as “state resource waters:” 

Wctlondr senv a vital ecobgiud jimdon Ltcluding fd chain pductioh ptvvinh 
of spwning numry and mting habitats for variout aquatic spies, natuml 
fihmion of surface water runofi grvund water recharge, and erosion and flood 
abatema 77~ 0A.C Secttint 3745-1-05(C) inchdes wetbnds (in the] State 
&sowce Watm catqwy and adims nojbtk water &pa& ~tkn which 
MHJdinttrf~withorbecomeinjthurwthecdingurct. 7heaiiddionofjill 
?natmilltothe~ndwouldc(uLKscv#Icad~~tctswthcwcrloILd m&p 
wo& eliminate valuable wethnd habitu4 ha&y dqding the airting use 

TbejustificationfofthisdtnialaccordinetoOhioprogram~wasnot 
only that the project would interfere with eJdtting uses, but in addition, the project was 
not water dependent as called for in Ohio’s internal guidelines. Ohio 401 certification 
program personnel note that these review guidelines present the general approach to 
certification, but with regard to projects that arc determined to be of public necessity, 
this approach may give way to other public interest amccrns. For example, a highway 
irnotwaterdepcndentperre;4however,rafayand~~fllti~~t108 
cenain route that nccesita Usfillingwetkodr,theagencymayallowiL Inthatevcnt, 
however, mitigation by wetland aeation and/or rcstomtion would be sought by tbc 
agency as a condition of ccrtiktttiot~ 

% EighestlkdPdaSaWtthd8uOaUtaadlngRmarce 
W8t#r 

Oacartrtme~promirinnapproachtaCrtnby~oftbeSmtcrbatbeento 
designate wetlands as ouw resource waters (ORW), in which water quality must 
be maintained and protected acaxd@ to EPA’s regulntkms on anti&gradation (i.e., no 
degradationfor~~irallowled,occeptforrhorttena~whichbaveno 
long term consquencu). a Thisapproachprov&swetlan&withsign5cantprotcction . 

atwasmasmofE&& EPA 
der~~thir~ificati<wnatonlyfortbc~m~waten,but~forwattr 
bodies which arc “important, unique, or scnsitkc ecologklly, but whore water quality 
as measured by the traditional parameters (dissolved oxygen, p& e&) m not be 
particularly high or whose character cannot be adequately dcscrii by these 
parameters.- This description is particularly apt for many wetland system. 

The designation of wetlands as outstanding resource waters has occurred in 
merent ways in different States. Mimxso~ for instance, has designated some of its 
rare, calcaresus fens as ORWs and intends to deny Clls in these fens. 

18 



Ohio has issued for comment, proposed revised water quality standards that 
include a newly created “outstanding State resource waters” category. Ohio intends to 
prohibit all point source discharges to these waters. Of fourteen specific water bodies 
proposed to be included in this category by the Ohio EPA at this time, ten are 
wetlands: four fens; three bogs; and three marshes. 

Because the designation of wetlands as ORWs is such an appropriate 
classification for many wetland systems, it would behoove the States to adopt 
regulations which maximize the ability of State agencies and citizens to have wetlands 
and other waters placed in this category. The State of Kentucky has set out 
procedures for the designation of these waters in its water quality standards. Certain 
categories of waters automatically included as ORWs are: waters designated under the 
Kentucky Wild Rivers Act or the Federal Wild and Scenic Rivers Act; waters within a 
formally dedicated nature preserve or published in the registry of natural areas and 
concurred upon by the cabinet; and waters that support federally recognized 
endangered or threatened spccics. In addition, Kentucky’s ktcr quality standards 
include a provision allowing anyone to pqosc waters for the ORW classikatiot~~* 

Minnesota has a section in its water quality standards that could be called an 
“emergenc)r provision for the designation of out5tanding resource waters. Noxmally it 
is necessary under Minnesota’s water quality standards for the agency to provide an 
opportunity for a hearing before identifvinn and establishing outstanding resource waters 
and before prohiiiting or .rcstricting any discharges to those waters. The “emcrgcnc)r 
provision allows the agency to prohiiit new or expand4 discharges for unlisted waters 
5otheatent.. .nacctrmywpcsavvtheaistinghigtrqucriity,orwprespctcrwthe 
wildcmm,s~~oroJhcrspscial~mctcriaicrthatmakcthc~trtan . otmandmg rr.soum value water.- This provision allows the agency to protect the 
waterbody while completing the listing process which could take several years. 

Moreover, some States have improved on the formulation of the ORW 
classification by spelling out the ptwtetion provided by that designation more 
specifically than do EPA’s regulations. For instance, Massachusetts’ water quality 
standards state that for “National Resource Waters:” 

WaunsodcnjgMtadmoynorbcdrgradadandcurnotsubjactwava~nce 
pocadun. NtwdMargesofp&wnewsuchwatersaqdibited 
Eriffing discharges shall be eliminated unltss the dkchnrger ir able to 
drmonrarru that.- (a) Akmatiu means of dirposal allc not masonably 
avaikzble or feasible; and (b) The dirchorgr will not afi- the quo& of the 
water as a national n30utce” 
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This provision explicitly outlines how the State intends to maintain and protect the 
water quality of ORWs. Another provision which Minnesota uses to control discharges 
to waters that flow into ORWs for their effect on ORWs is that: 

The agency shall require new or expanded discharges that flow into 
outstanding resource value waters [to] be controlled so as to assure no 
deterioration in the quality of the downstream outstanding resource value 
water.34 

V. USING 401 CERTIFICATION 

A. The Permits/Licenses Covered and the Scope of Review 

The language of Section 401(a)(1) is written very broadly with respect to the 
activities it covers. "[A]ny activity, including, but not limited to, the construction or 
operation of facilities, which may result in "any discharge" requires water quality 
certification. 

When the Congress first enacted the water quality certification provision in 1970, 
it spoke of the "wide variety of licenses and permits. . . issued by various Federal 
agencies," which "involve activities or operations potentially affecting water quality."35 
The purpose of the water quality certification requirement, the Congress said, was to 
ensure that no license or permit would be issued "for an activity that through 
inadequate planning or otherwise could in fact become a source of pollution."36 

1. Federal Permits/Licenses Subject to Certification 

The first consideration is which federal permits or licenses are subject to 401 
certification. OWP has identified five federal permits and/or licenses which authorize 

activities which may result in a discharge to the waters. These are: permits for point 

source discharges under Section 402 and discharges of dredged and fill material under 
Section 404 of the Clean Water Act; permits for activities in navigable waters which 
may affect navigation under Section 9 and 10 of the Rivers and Harbors Act (RHA); 

and licenses required for hydroelectric projects issued under the Federal Power Act. 

There are likely other federal permits and licenses, such as permits for activities 
on public lands, and Nuclear Regulatory Commission licenses, which may result in a 
discharge and thus require 401 certification. Each State should work with EPA and the 
federal agencies active in its State to determine whether 401 certification is in fact 
applicable. 
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Indeed, it is not always clear when 401 certification should apply. For instance, 
there remains some confusion under Sections 9 and 10 of RHA concerning which 
projects may involve or result in a discharge, and thus require State certification. In 
many cases there is an overlap between Section 404 CWA and Sections 9 and 10 RHA. 
Where these permits overlap, 401 certification always applies. Under the Section 404 
regulations, the question of whether dredging involves a discharge and is therefore 
subject to Section 404, depends on whether there is more than “de minimis, incidental 
soil movement occurring during normal dredging operations”.37 

Where only a Section 9 or 10 permit is required, 401 certification would apply if 
the activity may lead to a discharge. For example, in the case of pilings, which the 
Corps sometimes considers subject to Section 10 only, a 401 certification would be 
required for the Section 10 permit if structures on top of the pilings may result in a 
discharge. 

States should notify the regional office of federal permitting or licensing agencies 
of their authority to review these permits and licenses (e.g., the Corps of Engineers for 
Section 404 in nonauthorized States, and Sections 9 and 10 of the RHA; EPA for 
Section 402 permits in nonauthorized States; and the Federal Energy Regulatory 
Commission (FERC) for hydropower licenses). In their 401 certification implementing 
regulations, States should also give notice to applicants for these particular federal 
permits and licenses, and for all other permits and licenses that may result in a 
discharge to waters of the State, of their obligation to obtain 401 certification from the 
State. 

West Virginia's 401 certification implementing regulations, for instance, state 
that: 

1.1. Scope . . . Section 401 of the Clean Water Act requires that any 
applicant for a federal license or permit to conduct an activity which will or 
may discharge into waters of the United States (as defined in the Clean 
Water Act) must present the federal authority with a certification from the 
appropriate state agency. federal permits and licenses issued by the federal 
government requiring certification include permits issued by the United States 
Army Corps of Engineers under Section 404 of the Clean Water Act, 33 
U.S.C. 1344 and licenses issued by the Federal Energy Regulatory 
Commission under the Federal Power Act, 16 U.S.C. 1791 et seq. 38 

Because West Virginia has been authorized to administer the NPDES permitting 
program under Section 402 of the Clean Water Act, applicants for NPDES permits do 
not have to apply for water quality certification separately. In addition, West Virginia 
has not specifically designated Rivers and Harbors Act permits in the above regulation. 
However, because the regulation States that such permits or licenses include Section 
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404 and FERC licenses, those and all other permits not specifically designated but 
which may resuit in a discharge to the waters would be covered by the regulation’s 
language. The better approach would be to enumerate all such licenses and permits 
that are known to the State and include a phrase for all others generically. 

2. Scope of Revicrr Under Swtion 401 

An additional issue is the scope of the States’ review under Section 401. 
Congress intended for the States to use the water quality certification process to ensure 
that no federal license or permits would be issued that would violate State standards or 
become a source of pollution in the future. A& because the States’ certification of a 
wns~ permit or lknse also operates as certification for an operating permit 
(except for in certain instants specified in Section 401(a)(3)), it is imperative for a 
State review to consider all potential water quality impacts of the project, both direct 
Mdindircct,ovcrthclifcofthcpTojcct. 

Asccondcom~ofthcscopeofthcrevicwiswhcnanactivityrequirine401 
ccrtificationinoaesmu(~tbesmuinwbichthedirchargeorigina~)willhanM 
impctontbcwaurquali~ofanotbcrStau.~ TbcstatuUprodcsthatafurrccciving 
noti~ofapp~tionfromafedcralpermittineorlicc~agcncy,EPAwillnotify~ 
statuwhoscwatcrqualitymaybe- SuchStatcshavctherighttosubmittheir 
objcdmsladrtqucrtabcaring EPAmayalsosubmititscvaluationand 
mwmmadatiotm If tbc use of wnditions cannot insure wmpliance with the affected 
State’s water quality rcquircmcntt, the federal permitting or licensing agency shall not 
issucmchpcrmitorlia2nsc. 

The foIlowing example of 401 ccrtikation denial by the Pcmtsylvania 
Dqattmat of Envsronmenul Resources @ER) for a proposed FERC hydroclcctric 
project~~tbebreadthoftbescopeofreviewundcrSection401(tccApptndk 
Cforfulldcscr@hofprojectandimpactsa~). TbeCityofhrrisbuq, 
Pmrtryhnnirr pfopoed to construct a hydroclcctric power project on the Suqu&anna 
River. TbePenrrytvanirDERconrideredafullrangeofpotcntialimpact,onthe 
aquatksystcminitsrcvkw. Tbcimpactsincluciedtbo8eonStatewaurslocatedatthe 
damsite,aswcIlastho6c downrtrtam and upstream born the site. The impacts 
wnsidcrcd were not just from the discharge initiating the certikation review, but water 
quality impacts from tbe entire project. Thus, potential impacts such as noodin& 
changes in dissolved qgcn, loss of wetlands, and changes in groundwater, both from 
wnstr&on and future operation of the project, were all considered in the State’s 
decision. 

The concerns expressed by the PennsyM Department of Emkonmental 
Rcsourcu arc not nccusar@ all those that a State should consider in a dam 
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ccrtifkation review; each project will have its own specific impacts and pountial water 
quality problems. The point of the illustration is to show that all of the potential 
eacts of 8 proposed activity on water quality - direct and indim short and long 
term, upstrewn and downstream, construction and operation - should be part of a 
State’s certification review. 

B. Conditioning 401 Certifkations for Wetland Protection 

In 401(d), the Congress has given the States the authority to place any conditions 
on a water quality certification that are necessary to assure that the applicant will 
comply with effluent limitations, water quality standards, standards of performance or 
pretreatment standaN& with any State law provisions or regulations more stringent than 
those sections; and with “any other appropriate requirement of State law.” 

The legislative history of the subsection indicates that the Congress meant for the 
States to impose whatever conditions on the certification arc ntcess81y to ensure that 
an applicant complies with all State requirements that are related to w8ur quality 
conccms9 

L What are Appropriate Conditions? 

There arc any number of possible conditions that could be placed on a 
ccrtikation that have as their purpose preventing water quality deterioration. 

By way of example, the State of Maryland issued a ccrtikation with conditions 
for placement of fill to wnstruct a 350foot earthen dam located 200 feet downstream of 
an existing dam. Maryland used some general wnditions applicable to many of the 
proposed projects it w&den, along with spccifk wnditions tailored to the proposed 
project. Examples of the conditions placed on this particular certification include: 

Stowwater runoflfrom impewious rufoca shall be wntrvlled w ptvlarr the 
washing of debris into the watenq. ne Mtld vegetation shall be maintained 
and momi when disturbed or eded Stonnwater dminage facilities shall be 
designed, implemented, opemted, and maintained in accordance with the 
rqhwunn of the appliuble approving authority. 
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77~ a&icant is mquitui to pmvidc a mixing tower release smcnue to achieve in- 
stream wmpliance with Cl&s III trrout temperuhuc (2O[degrea] C) and ditsolvtd 
cqgen (5.0 mgfliter) standad pdor to the Rney Run/Church Creek confluence. 
‘IhcdesQnofthir smutun shall be appved by the Maryland Depanment of the 
Environment (MDE). 

77~ appiicaru is required to providc a waterdad management plan to minimize 
poti loadings into the rtscrvoir. 7Xs plizn shall be reviewed and approval by 
MDE prior to operation of the new dam facility. In conjunction with thir plan’s 
develipunt any souxa of pollutant loading dent@& duingfieki su~cys shall be 
eliminated or minim&d to the atent parriblr given available techno@. 

SeeAppeadixDforti#full~ofcondition,plactdon~ctrtitication. While 
fewoftherecoaditioruarcbared~ontraditioaalwaurquality~darb,allarc 
valid and relate to the maintenance of water quality or the designated use of the waters 
insomew8y. someofthewr&ionsareckarlyrequiremcntsofstauorlocallaw 
related to water quality other than those promulgated pum.aant to the CWA sections 
cnumeraud in Section 401(a)(l). Other wnditbns were designed to minimiz the 
project’sadvcntcffecaonwaterqualityovtrtbelifcofthcprojcct. 

In addition, Appendix D contains a list of conditions which West Virginia and 
Alaska placed on the ccrtiftcation of some Section 404 nationwide permiff Many of 
thewertv~conditionraretypicalofonerit~onindividualproposalrarwell. 
For any particular proj&, West Virginia will include more spccifk conditions designed 
to address the potential adverse effects of the project in addition to those enumerated 
in Appendix D. The conditions from Alaska arc used on a nationwide permit (#26) 
regarding isolated waters and waurt above headwaters. These conditions are dkusscd 
in Section V. c(1). 
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2. The Role of Mitigation ln Conditioning Certifkation 

Many States are trying to determine the role that mitigation should play in 401 
certifjcation decisions. We cannot answer this question definitively for each State, but 
offer as a guide EPA’s general framework for mitigation under the Section 404(b)(l) 
Guidelines used to evaluate applications for Section 404 permits. In assuring 
compliance of a project with the Guidelines, EPA’s approach is to first, consider 
avoidance of adverse impacts, next, determine ways to minimize the impacts, and 
finally, require appropriate and practicable compensation for unavoidable impacts. 

The Guidelines provide for avoiding adverse impacts by selecting the least 
environmentally damaging practicable altcmativt. In addition, wetlands are “special 
aquatic sites.” For such sites, if the proposed activity is not “water dependent,” 
practicable alternatives with less adverse environmental impacts are presumed to be 
available unless the applicant clearly demonstrates oth~nvise.~ 

The Guidelines also require an applicant to take “appropriate and practicable” 
sups to minimiz the impacts of the least environmentally damaging alternative 
selected4r Examples in the Guidelines for mimm&ing impacts through project 
modifications and best management practices are provided in Appendix E 

After these two steps are wmple- appropriate compensation is required for the 
remaining unavoidable adverse impacts. Compensation would consist of restoration of 
previously altered wetlands or creation of wetlands from upland sites. In most cases, 
compensation on or adjacent to the project site is preferred over off-site locations. The 
restoration or creation should be functionaliy equivalent to the values which are lost. 
Finally, compensating with the same type of wetland lost is preferred to using another 
wetland type. 

The States may choose to adopt mitigation policies which require additional 
replacement to help account for the uncertainty in the science of wetland creation and 
restoration. What is important brn EPA’s perspective is that mitigation not be used as 
a trade-off for w losses of wetlands, and that mitigation compensate, to the 
fullest extent posstble, for the functional values provided to the local ecosystem by the 
wetlands unavoidabty lost by the project. 

3. The Role of Other State kws 

Another question that has been asked is.what State law or other requirements 
are appropriately used to condition a 401 certification. The legislative history of 
Section 401(d) indicates that Congress meant for the States to condition certi5cation.s 
on compliance with any State and local law requirements related to water quality 
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preservation. The courts that have touched on the issue have also indicated that 
conditions that relate in any way to water quality maintenance are appropriate. Each 
State will have to make these determinations for itself, of course; there are any number 
of State and local programs that have components related to water quality preservation 
and enhancement. 

One issue that has arisen in two wurt cases is whether a State may use State 
law requirements, other than those that are more stringent than the provisions of 
Sections 301, 302, 303, 306 and 307 of the CWA(Nl(a)(l)), to &y water quality 
certification. An Oregon State court has ruled that a State may, and indeed must, 
include conditions on certi5cations re5ecting State law requirements “to the extent that 
they have any relationship to water quality.” “Only to the extent that [a State law 
requirement] has absolutely no relationship to water quality,” the wurt said, “would it 
not be an ‘other appropriate requirement of State law.*2 State agencies must act in 
accord with State law, of course, and thus the decision to grant certification carries with 
it the obligation to condition certification to et~ure compliance with such State 
requiremenu. 

This Smu court decision struck down a State agency’s denial of certi5cation 
because it was based on the applicant’s failure to certify compliance with a wunty’s 
comprehensive plan and land use ordinances. The wurt held that such “other 
appropriate rquirement(r) of Smu law? could not be the basis for w certi5cation. 
However, the court held that the agency should determine which of the provisions of 
the land use ordinances had any relation to the maintenance and preservation of water 
quality. Any such provisions, the court said, could and should be the basis for 
w placed on a cettification. 

Another State court, however, this one in West Virginia, has upheld the State’s 
denial of certification on the basis of State law requirements unrelated to the 
implementation of the CWA provisions enumerated in Section 401(a)(l)?3 The court 
simpiy issued an order upholding the State’s denial, however, and did not write an 
opinion on the subject. The questions raised by these two opinions are thorny. If 
States may not deny certification based on State law requirements other than those 
implementing the CWA, yet want to address related requirements of State law, they 
must walk a thin line between their State requirements and the limitations of their 
certification authority under federal law. 

One way to avoid these difficulties and to ensure that 401 certification may 
properly be used to deny certification where the State has determined that the activity 
cannot be conditioned in such a way as to ensure compliance with State water quality 
related requirementa, is to adopt water quality standards that include all State 
provisions related to water quality preservation. Congress has given the States great 
latitude to adopt water quality standards that take into consideration the waters’ use for 
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such things as “the propagation of fish and wildlife, recreational purposes, and . . . other 
purposcs.‘w Because of the broad authority granted by the Congress to the States to 
adopt water quality standards pursuant to Section 303 of the CWA, and because 
compliance with Section 303 is clcariy one of the bases on which a State can ~CJQ 
certification, the States can avoid the difficulty of the deny/condition dilemma by 
adopting water standards that include all the water quality related considerations it 
wishes to include in the 401 certi5cation review. 

For example, the State of Washington has included State water right permit 5ow 
requirements in its conditions for certification of a dam project. This is one means of 
helping to ensure that hydrological changes do not adversely affect the quality of a 
waterbody. However, a more direct approach is to include a narrative criterion in the 
State’s water quality standards that requires maintenance of base 5ow necessary to 
protect the wetland’s (or other waterbody%) living resources. The State of Kentucky has 
such a criterion in its water quality standards (see previous section IV. D(1) on “Using 
Narrative Criteria”). Placing the provision d&ctly in the State standards might better 
scnx the State if a certification is challenged because the requirement would be an 
explicit consideration of 4-01 certification. 

C Special Considemtions for Review of Sectkm 404 Permits: Nationtide and 
A&r-the-FactPtnnits 

L NationWkPumits. 

Pursuant to Section 404(e) of the CW& the Corps may issue general permits, 
after providing notice and an opportunity for a hearing, on a State, regional or 
nationwide basis for any category of activities involving discharges of dredged or fill 
material, where such activities arc similar in nature and will cause only minimal adverse 
environmental effects both individually and cumulatively. Th= permits may remain in 
effect for 5 years, after which they must be reissued with notice and an opportunity for 
a hearing. If the activities authorized by general permits may result in a discharge, the 
permits arc subject to the Smu water quality certification requirement when they are 
5nt proposed and when proposed for rcissuance. States may either grant certification 
with appropriate conditions or deny certification of these permits. 

Under the Corps’ regulations, if a State has denied certification of any particular 
general permit, any person proposing to do work pursuant to such a permit must first 
obtain State water quality certification. If a State has conditioned the grant of 
certification upon some requirement of State review prior to the activity’s commencing 
such condition(s) must be satisfied before work can begin. 
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Some States have reported that for general permits for which they have denied 
water quality certification or on which they have imposed some condition of review,. 
they are having difficulties ensuring that parties performing activities pursuant to these 
permits are applying to the State for water quality certifzation or othenvisc fuEIIing 
the conditions placed on the ccmcation prior to the wmmencement of work under 
these permits. 

At least one State is grappling with the problem through its 401 certification 
implementing regulations. The Smu of West Virginia denied certification for some 
nationwide permits issued by the Corps and conditioned the granting of certification for 
others. One of the conditions that West Virginia has imposed on those ccrtifkttions 
that it granted (which thus apply to all nationwide permits in the Smu) is compliance 
with its 401 certification implementing regulations. The rcguAations in turn require that 
any person authorized to wnduct an activity under a nationwide permit must, prior to 
conducting any activity authorized by a Corps general permit, publish a Class I legal 
advertisement in a qualikd newspaper in the county where the activity is prom to 
take place. The not& must ckscrii the activity, advise the public of the scope of the 
wnditionally granted certification, the public’s right to wmmcnt on the proposed 
activity and its right to request a hearing. The applicant must forward a ccrt&au of 
publication of this notice to the Smu agency prior to conducting any such activity.a 

Thcregulationfurther~tbat~penon~propcrty,inu~tin 
property or “other wnstitutionally pwtwtcd interest under (the West Virginia 
Constitution] [is] direct& affected by the Department’s certification” may request a 
hearing within 15 days of the publication of the notice given by the applicant The 
agency will then decide whether to “uphold, modify or withdraw certifkation for the 
individual activity.” 

West Vii program of&en have descrii the reasons for this procedure: 

. 
-ofahr--wr amcem...that-dn4grandfiu 
aczivihcouklpowliicncbnurovlbothindividrcrJand~barathe 
Irgumomnquinmawhoriudpaminol[undafadaolImu]wf~ 
~fofprb-~-?4?v?f~~~- TJle 
inf- onthenoticeirloggcdintoa~systemandasiteqxcijk 
tkspdonsheetitgcnaruad hspectonthtnmayvisitthesitewdetcnnine 
wmphnce with pennit wnditions and to evaluats cumuiativc impacts.ti 

Without such notice and a tracking system of activities performed under these 
permits, such as that adopted by West Virgin@ it will be diffkult for a State to 
evaluate whether or not to grant or deny water quality cetication for these permits 
when they wme up for rtissuance by the Corps or to condition them in such a way as 
to avoid adverse impacts peculiar to each of these general permits. It is advisable for 
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the States, regardless of whether they have granted or denied certification, to adopt as 
part of their 401 certification implementing regulations, provisions addressing these 
concerns for general permits. 

Another way in which some States are attempting to minimize the potential 
environmental impact of nationwide permits is by stringently conditioning their 
certification. Alaska, for instance, placed conditions on nationwide permit 26 regarding 
isolated waters and waters above the headwaters. One of the conditions Alaska used 
excludes isolated or headwater wetlands of known or suspected high value. When there 
is uncertainty about a particular wetland, the Corps is required to send pre-discharge 
notification to designated State officials for a determination. (See Appendix D for a 
full description of conditions on nationwide permit 26). 

2. Section 404 After-the-Fact Permits 

The Corps of Engineers’ regulations implementing Section 404 provide for the 
acceptance of after-the-fact permit applications for unauthorized discharges except 
under certain circumstances. Several States have expressed concern with after-the-fact 
permits, including the belief that once the discharges have taken place, the water 
quality certification process is moot. Because of that believe many States report that 
they waive certification for after-the-fact permits. Such an approach frustrates law 
enforcement efforts generally and the water quality certification process in particular 
because it encourages illegal activity. 

The evaluation of after-the-fact permit applications should be no different than 
for normal applications. Because the burden should be on the applicant to show 
compliance with water quality standards and other CWA requirements, rather than 
waiving certification, States could deny certification if the applicant cannot show from 
baseline data prior to its activity that the activity did not violate water quality standards. 
If data exist to determine compliance with water quality standards, the States’ analysis 
should be no different merely because the work has already been partially performed or 
completed. Arkansas denied after-the-fact water quality certification of a wetland fill as 
follows: 

[a certain slough] is currently classified as a warmwater fishery.... 
Draining and cleaning of [its associated] wetlands will significantly alter the 
existing use by drastically reducing or eliminating the fishery habitat and 
spawning areas. This physical alteration of the lake will prevent is from being 
"water which is suitable for the propagation of indigenous warmwater species 
of fish " which is the definition of a warmwater fishery. Thus, the . . . project 
[violates] Section 3 (A) of the Arkansas Water Quality Standards, “Existing 
instream water uses and the level of water quality necessary to protect the 
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existing uses shall be maintained and protected." The Department 
recommends the area be restored to as near original contours as possible. 

With after-the-fact permits, just as with any other permit application, if the State 
denies certification, the Corps is prohibited from granting a permit. If the applicant 
refuses to restore the area and does not have a permit, the applicant is subject to a 
potential enforcement action for restoration and substantial penalties for the 
unpermitted discharge of pollutants by the EPA, the Corps, a citizen under the citizen 
suit provision of the CWA, or by the State, if the activity violates a prohibition of State 
law. 

If the State determines that it will get a better environmental result by 
conditioning certification, it may choose to take that approach. The condition might 
require mitigation for the filled area (where restoration may cause more environmental 
harm than benefit, for instance) with restoration or creation of a potentially more 
valuable wetland area. 

In any event, a State should not waive certification of an after-the-fact permit 
application simply because it is after-the-fan 

VI. DEVELOPING 401 CERTIFICATION IMPLEMENTING REGULATIONS: 
ADDITIONAL, CONSIDERATIONS 

A comprehensive set of 401 certification implementing regulations would have 
both procedural and substantive provisions which maximize the State agency’s control 
over the process and which make its decisions defensible in court, The very fact of 
having 401 certification regulations goes a long way in providing the state agency that 
implements 401 certification with credibility in the courts. Currently, no State has “ideal” 
401 certification implementing regulations, and many do not have them at all. When 
401 certification regulations arc carefully considered, they can be very effective not only 
in conserving the quality of the State’s waters, but in providing the regulated sectors 
with some predictability of State actions, and in minimizing the State’s financial and 
human resource requirements as well. 

Everything in this handbook relates in some way to the development of sound 
water quality standards and 401 certification implementing regulations that will enhance 
wetland protection. This section addresses some very basic procedural considerations of 
401 certification implementing regulations which have not been treated elsewhere. 
These include provisions concerning the contents of an application for certification; the 
agency’s timeframe for review, and the requirements placed on the applicant in the 
certification process. 
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A. Review Timeframe and “Complete” Applications 

Under Section 401(a)(1) a State will be deemed to have waived certification if it 
fails to act within “a reasonable period of time (which shall not exceed one year) after 
receipt of such request” Program managers should keep in mind that the federal 
permitting or license agency may have regulations of its own which provide a time limit 
for the State’s certification decision. For instance, Corps regulations say that a waiver 
"will be deemed to occur if the certifying agency fails or refuses to act on a request for 
certification within sixty days after receipt . . . unless the district engineer determines a 
shorter or longer period is reasonable . . . ."47 FERC rules state that a certifying 
agency “is deemed to have waived the certification requirements if . . . [it] has not 
denied or granted certification by one year after the date the certifying agency received 
the request”.48 EPA regulations for Section 402 in non-authorized States set a limit of 
60 days unless the Regional Administrator finds that unusual circumstances require a 
longer time.49 

States should coordinate closely with the appropriate federal agency on timing 
issues. For example, Alaska negotiated joint EPA/State procedures for coastal NPDES 
permit review. The agreement takes into account and coordinates EPA, Coastal Zone 
Management, and 401 certification time frames. 

It is also advisable for the States to adopt rules which reasonably protect against 
an unintended waiver due, for example, to insufficient information to make a 
certification decision or because project plans have changed enough to warrant a 
reevaluation of the impacts on water quality. Thus, after taking the federal agencies’ 
regulations into account, the State’s 401 certification regulations should link the timing 
for review to what is considered receipt of a complete application. 

Wisconsin, for instance, requires the applicant to submit a complete application 
for certification before the official agency review time begins. The State’s regulations 
define the major components of a complete application, including the existing physical 
environment at the site, the size of the area affected, all environmental impact 
assessment information provided to the licensing or permitting agency, and the like. 
The ruler State that the agency will review the application for completeness within 30 
days of its receipt and notify the applicant of any additional materials reasonably 
necessary for review. Although the application will be deemed “complete” for purposes 
of review time if the agency does not request additional materials within 40 days of 
receipt of the application, the agency reserves the right to request additional 
information during the review process.50 
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In the case of FERC projects, West Virginia has taken additional precautions 
with regard to time for review: 

If the ptvject application is altered or modi’ dkng the FERC licensing 
ptvcess p&r to FERC’s Jnai decikh the applicant shail inform the 
Depamunt of such changes. 77~ De~mnent may review such akmtins or 
mudijkations and, if the changes are deemed significant by the Director, the 
Depnnmt may rquim a new appiicatkm fat cmjfication l7ie Depanment 
will have ninety (RI) days to miew such changes or until the end of the year 
mhvphd..., WhkJuver is longer, to ti&mine whether to nquk a 
new ap*tion or to alter itt oigid ce@ication d&ion. If the 
drporrmmr nquims a new applicarion buxwe of a &n&ant appLict&n 
modijhltio~thentheDcpanmcnt ~iUhaves&(6)mon1hstoirsueits 
ce@cuion de&ion fiwn the date of submission of the appiication51 

& RequiremenU for the ApplAcant 

It is very important, in particular for conserving the agency’s resources and 
ensuring that there is slBicknt infoImation to deuxmine that water quality standards 
and other provisions of tbe CWA will not be viohed by the activity, to clarify that it b 
tbc appiicant who is responsible for providing or proving particular facts or 
requirements. 

For inrtance, Section 401(a)(l) requires that a State “establish procedures for 
public notice in the case of all applications for c&i6cation.” West Virginia requ&~ 
applicants for FERC licenses to be rqxmsiiik for this notice. In the case of Section 
104permitr,W~tVirginiaharapintbotict~withthcCo~toissuepublic 
notices for 404 applications which also notify the public of the State certification 
procus. Tbur,thtrcbnonttdforWestVirsiniatorequirctbeapplicanttodosofor 
tlluc glcImi@ 

A second wxuidcnatjon is that States should require the m to demonstrate 
the project’s compliance with applicabk federal and State law and regulation. EPA’s 
401 certification regulations name the sources of information a State should usc.as that 
contained ia the application and other information “furnished by the applicant” 
sufficient to allow the agency to make a statement that water quality standards will not 
be violatds Of course in addition, the regulations also refer to other information the 
agency may choose to examine which is not fwnishcd by the applicant. 

32 



Ohio, for instance, has written a requirement for the applicant to demonstrate 
compliance into its 401 certification implementing regulations: 

(A) 7ke director shall not imu a Section 401 water quality cempation 
unless he determines that the avolicant has demonstrated that the discharge 
of dmdged or jill material to watts of the state or the creation of any 
obsmuxion or altemtion in waters of the state will? (I) Not prevent or 
interfere wirh the attainment or maintenance of applicable water quality 
standarris; (2) Not ES& in a violation of any applicable pro&n of the 
following sections of the Fedeml Wbrcr Polktion Control Act [301, 302, 303, 
306 and 3071. 

(B) Notwithstanding an appkant’s demo-n of the cnktia in pamgmph 
(A)... the dirrctor may dtny an ap~tion for a Section 401 water quality 

adverse long or short term impact on water q~8lity.~s 

C Permit Fees 

A ycry significant concern for all States who plan to initiate or expand their 401 
ccrtikation program is the availability of fund& Application fee requirements arc a 
potential funding source to supplement State program budgets. The State of 
California’s Regional Water Quality Control Boards require 6ling fees for 401 
certification applications unless a Board determines that certification is not required. 
The fee structure is spelled out in the California Water Code. The money collected 
from the fees goes into the State agency’s general fund. The Regional EJoards may 
recover some portion of the fee through the budget request process. The State of 
Ohio also has a fee smxture for 401 cctication applicants. In Ohio, however, fees go 
into the State’s general fund, rather than back into the State agency. Neither State 
collects fees sufficient to support the 401 certification program fuliy. Despite these 
potential barriers, application fees could *de a much needed funding source which 
States should explore. 

D. Basis for certiflcatioa Decisions 

The regulations should also set out the grounds on which the decision to grant or 
deny certification will be based, the scope of the State’s review, and the bases for 
conditioning a certification. If a State has denied water quality certification for a 
general permit or has conditioned such a permit on some requirement of State review, 
the State’s 401 certification implementing regulations might also outline the obligations 
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of a person proposing to accomplish work under such a permit. The following is a 
hypthetical example of regulatory language a State might use to define the grounds for 
the State’s decision to granf condition, or deny certification: 

In order to obtain certification of any proposed activity that may result in a 
discharge to waters of the United States, an applicant must demonstrati that 
the entire activity over its lifetime wiU not violate or interfere with the 
attainment of any limitations or standards contained in Section 301, 302, 303, 
306, and 307, the federal regulations promulgated pursuant thereto, and any 
pmvisions of state law or regulation adopted pursuant to, or which are more 
stringent than, those provisions of the Clean Water Act. 

7%~ agency may condition certification cm any requirements ax&tent with 
emmng the applicant’s compliance with the pr&&as listcdabovt,orwith 
any other requirements of statt law related to the maintcnann preservation, 
or enhancement of watu quality. 

This sample regulatory languaec provides the grounds for the ccrti&ation decision, sets 
the~peofreview(lifctimceff~ofthe~activity)~sStattrthatthe 
m must demonstrate axnpliance. For purposes of conditioning the certification 
in the event it is granted, the same standards can be applied, with the addition of any 
other requirements of State law that are related to water quality. 

Regulations are not project specific They must be generally applicable to all 
projects subject to 401 certification review, while at the same time providing reasonable 
notice to an applicant regarding the general start&& employed by the agency in the 
certification procus. (A State may choose to adopt licensc/permit-speci6c regulations 
for 401 certi&ation, but such regulations will still have to be applicable to all activities 
that may occur pursuant to that license or permit& 

There are other considerations that should be addressed in 401 certification 
implementing regulations, some of which have been mentioned in other parts of this 
handbook These include provisions which require applicants for federal licenses and 
permits which may result in a discharge to apply for water quality certification; 
provisions which define waters of the State to include wetlands and which define other 
pertinent terms; and provisions addressing general permits. 
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VII. EXISTING AND EMERGING SOURCES OF DATA TO AID 401 
CERTIFICATION AND STANDARDS DECISION MAKERS 

According to a number of State program managers, more data on wetland 
functions, or “uses,” would greatly assist the certification process. Wetland ecosystems 
not only perform a wide variety of functions but do so in varying degrees. Public 
agencies and private applicants currently employ a number of assessment methods such 
as the Wetlands Evaluation Technique and the Habitat Evaluation Procedure to 
determine what functions or uses exist in a particular wetland system.56 In many States, 
however, water quality certification reviewers lack the resources to perform even a 
simple assessment of a wetland’s boundaries, values and functions. Information about 
the location and types of wetland systems, and of the functions they may perform (such 
as flood storage, habitat, pollution attenuation, nutrient uptake, and sediment fixing) 
would aid standard writers in developing appropriate uses and criteria for wetlands, and 
allow 401 certification officials to conduct a more thorough review. 

Several States already have extensive knowledge of their wetland resources, and 
data gathering efforts are also being undertaken by EPA, the U.S. Fish and Wildlife 
Service and other agencies .57 Although these efforts to inventory and classify wetlands 
have not been closely tied to the 401 certification process in the past, these existing 
data can be valuable sources of information for 401 certification reviewers. It is 
important to remember, however, that wetland boundaries for regulatory purposes may 
differ from those identified by National Wetland Inventory maps for general inventory 
purposes. The EPA, Corps of Engineers, Fish and Wildlife Service, and Soil 
Conservation Service have adopted a joint manual for identifying and delineating 
wetlands in the United States. The manual will be available in June, 1989.58 

There arc several programs that offer technical support for 401 certification 
decisions. For example, approximately forty States have worked with the Nature 
Conservancy to establish “natural heritage programs,” which identify the most critical 
species, habitats, plant communities, and other natural features within a State’s 
territorial boundaries. Most States now have a State natural heritage office to 
coordinate this identification program. Inventory efforts such as the natural heritage 
program could give 401 certification managers some of the information they need to 
limit or prohibit adverse water quality impacts in important wetland areas. Specifically, 
the inventory process can identify existing wetland uses in order to maintain them. The 
information may also be used in identifying wetlands for Outstanding Resource Waters 
designation.59 

The Fish and Wildlife Service maintains a Wetlands Values Data Base which 
may be very useful in identifying wetland functions and in designating wetland uses for 
water quality standards. The data base is on computer and contains an annotated 
bibliography of scientific literature on wetland functions and values.60 Several States 
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have established critical area programs to identify and protect unique and highly 
sensitive land and water resources. These programs can provide data to the State 
water quality certification office and thereby strengthen the scientific basis for 401 
certification decision making.61 

Another potential source of information which might identify wetlands 
appropriate for designation as Outstanding Resource Waters are the wetland plans 
which each State is required to develop to comply with the 1986 Emergency Wetlands 
Resources Act. Beginning in fiscal year 1988, Statewide Comprehensive Outdoor 
Recreation Plans (SCORP) must now contain a Wetlands Priority Conservation Plan 
approved by the Department of Interior. Although these plans are primarily focused 
on wetlands for acquisition, they are a potential source of data on wetland locations 
and functions. The wetlands identified may also be suitable for special protection under 
the Outstanding Resource Waters provisions of the antidegradation policy. 

The Advance Identification program (ADID), conducted by EPA and the 
permitting authority, may also furnish a considerable amount of useful information. 
EPA’s 404(b)(1) Guidelines contain a procedure for identifying in advance areas that 
are generally suitable or unsuitable for the deposit of dredged or fill material.62 In 
recent years, EPA hat made greater use of this authority. ADID is often used in 
wetland areas that are experiencing significant development or other conversion 
pressures. Many ADID efforts generate substantial data on the location and functions 
of wetlands within the study area such as wetland maps, and habitat, water quality, or 
hydrological studies. 

Special Area Management Plans (SAMPs) are another planning process which 
may yield useful information. SAMPs refer to a process authorized by the 1980 
amendments to the Coastal Zone Management Improvement Act, which provides grants 
to States to develop comprehensive plans for natural resource protection and 
“reasonable coastal-dependent economic growth. "63 The SAMP process implicitly 
recognizes the State water quality certification process, directing all relevant local, State, 
and federal authorities to coordinate permit programs in carrying out the completed 
SAMP. The Corps of Engineers has supported and initiated several of these processes. 
In addition, other SAMPs have been completed by several States. 

Much of these data can be collected, combined, and used in decision making 
with the aid of geographic-based computer systems that can store, analyze and present 
data related to wetlands in graphic and written forms.64 A reviewing official can quickly 
access and overlay a range of different existing information bases such as flora and 
fauna inventories, soil surveys, remote sensing data, watershed and wetland maps, 
existing uses and criteria, and project proposal information. 
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Finally, data is presently emerging on the use of wetlands as treatment areas for 
wastewater, stormwater, and non-point discharges.65 Florida, for instance, has adopted 
a rule on wastewater releases into wetlands. 66 Florida prohibits wastewater discharges 
into the following kinds of wetlands: those designated as outstanding waters of the 
State; wetlands within potable water supplies; shellfish propagation or harvesting waters; 
wetlands in areas of critical State concern; wetlands where herbaceous ground cover 
constitutes more than thirty percent of the uppermost stratum (unless seventy-five 
percent is cattail); and others. Wastewater discharges are permitted in certain wetlands 
dominated by woody vegetation, certain hydrologically altered wetlands, and artificially 
created wetlands, however, the State applies special effluent limitations to take account 
of a wetland’s ability to assimilate nitrogen and phosphorus. It also applies qualitative 
and quantitative68 design criteria. 

The rule establishes four “wetland biological quality” standards. First, the flora 
and fauna of the wetland cannot be changed so as to impair the wetland’s ability to 
function in the propagation and maintenance of fish and wildlife populations or 
substantially reduce its effectiveness in wastewater treatment. Second, the Shannon- 
Weaver diversity index of benthic macroinvertebrates cannot be reduced below fifty 
percent of background levels. Third, fish populations must be monitored and 
maintained, and an annual survey of each species must be conducted. Fourth, the 
“importance value” of any dominant plant species in the canopy and subcanopy at any 
monitoring station cannot be reduced by more than fifty percent, and the average 
“importance value” of any dominant plant species cannot be reduced by more than 
twenty-five percent” 

These types of efforts, constantly being adjusted to take account of new 
information in a field where knowledge is rapidly expanding, are fertile sources of 
information for wetland standard writers and 401 certification decision makers. 

VIII. SUMMARY OF ACTIONS NEEDED 

This handbook has only scratched the surface of issues surrounding effective use 
of 401 certification to protect wetlands. The preceding discussion and examples from 
active States have highlighted possible approaches for all States to incorporate into their 
401 certification programs. The handbook shows that there are many things that a 
State can act on right away to improve the effectiveness of 401 certification to protect 
the integrity of its wetlands. At the same time, there are improvements to water quality 
standards for wetlands which will have to take place within a longer timeframe. 
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A. Steps States Can Take Right Away 

• 

• 

• 

• 

• 

• 

resources. 

States should designate uses for their existing narrative water quality 
functions typically associated with given wetland types. Such potential uses 
could be verified for individual applications with an assessment tool such as 
the Wetlands Evaluation Technique or Habitat Evaluation procedure. 

States should tap into the potential of the outstanding resource waters tier of 
the antidegradation policy for wetlands. it may not be an appropriate 
designation for all of a state's wetlands, but it can provide excellent 
protection to particularly valuable or ecologically sensitive wetlands from both 
physical and chemical degradation. 

States should incorporate wetlands and 401 certification into their other water 
quality management processes. Integrating this tool with other mechanisms 
such as coastal one management programs, point and nonpoint source 
programs, and water quality management plans, will help fill the gaps of each 
individuals tool and allow better protection of wetlands systems from the 
whole host of physical, chemical, and biological impacts. 

• 

All states should begin by explicitly incorporating wetlands into their 
definitions of state waters in both state water quality standards regulations, 
and in state 401 certifications regulations. 

States should develop or modify their regulations and guidelines for 401 
certification and water quality standards to clarify their programs, codify 
their decision process, and to incorporate special wetlands considerations into 
the more traditional water quality approaches- 

States should make more effective use of their existing narrative water quality 
standards (including the antidegradation policy) to protect wetlands. 

States should initiate or improve upon existing inventories of their wetland 

Time and the courts may be needed to resolve some of the more complicated 
and contentious issues surrounding 401 certification such as which federal permits and 
licenses require 401 certification. EPA intends to support States in resolving such 
issues. 
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OWP, in cooperation with the Office of Water Regulations and Standards 
(OWRS), will build on this 401 certifjcation handbook by developing guidance in FY 
89-90 on water quality standards for wetlands. The guidance will provide the 
framework for States to incorporate wetlands into their water quality standards. The 
guidance will: require States to include wetlands as “waters of the State;” provide 
methods to designate wetland uses that recognize differences in wetland types and 
functions; address some chemical-specific and narrative biological criteria for wetlands; 
and discuss implementation of State antidegradation policies. 

B: Laying the Groundrrorlc for Future Dedsions 

Many States are successfully applying their existing narrative an& to a lesser 
extent, numeric water quality criteria to their wetland resources. Nevertheless, more 
work is needed to test the overall adequacy and applicability of these standards for 
wetlands, and to develop additional criteria where needed. 

For example, existing criteria related to pH do not account for the extreme 
natural acidity of many peat bogs nor the extreme Ualinity of certain fens. Also, many 
existing criteria focus too extensively on the chemical quality of the Water column 
without adequately protecting the other physical and biological components which are 
an integral part of wetland aquatic systems. Some numeric criteria for chemicals may 
not be protective enough of species (particularly bird specks) which feed, breed, and/or 
spend a portion of their life cycle in wetlands. Hydrological changes can have severe 
impacts on wetland quality, but these changes are rarely addressed in traditional water 
quality Stan- 

Research of interest to State w is being sponsored by the Wetlands 
Research Program of EPA’s office of Research and Development (ORD). Research 
covers three areas: Cumulative E&ct.s, Water Quality, and Mitigation. Although these 
efforts WiII be &vdoped over ScvuaI year& interim products will be distri%uted to the 
States. States may find these products of use when developing criteria and standards, 
when identifying and designating wetlands as outstanding resource waters, and when 
making 401 ccrt&ation dccisionr. 

EPA’s research on cumulative effects of wetlands takes a regional perspective. 
Through a series of regional pilot studies imtolving landscape anam ORD is 
correlating water quality conditions at the outlets of major watersheds with the 
percentage of wetlands in these watersheds. The types of wetlands, their position, and 
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non-wetland factors arc also being analyzed. The results wiIl allow water quality 
q in these regions to specify the optimal percentage and combination of vafious 
types of wedands needed to maintain water quality of lakes and rivers. Such watershed 
criteria could be used to guide efforts to create or restore wetlands for the purpose of 
intercepting and improving the quality of nonpoint runo& 

The pilot studies will also determine which wetland features can be used to 
predict wetland functions. Once differences among wetlands can be identified based on 
their functions, it will be possible to classify particular wetlands with regard to specific 
designated uses. 

The CumuIativc effects program is using the remIts of the pilot studies as 
technical support for developing a “synoptic Assessment Method”. This method has 
alrcadybeenuscdtorankwaterskdswithincertainrcgionr,afxordingtothelikely 
cumulative bcnc&s of their wetlands. Also+ sources of information useful for 
derignrrtinourerofindividualwe~weredercnbedbyORDinEpA’sQaftguidanct 
for Advance Identifkatkm Appcndk D. ‘ED Informadononregionanyrareor~ 
~wildlife,whicbwuldbt~aroncbaritfor~bli;rhing”~aquatic 
arear”in~WC~~~aYailablefromtbcORDW~R~Team 
at&eConnllitEPALab. 

SevualrcsarchprojtxtsbeingproparedbytbeWetlandResearchProgram 
couldproducciufonMtionvcryuscfuItowaterquaIitymanrgen. Thesearedescriid 
inORD’spubkation,“WethndsandWaterQual$ AResearchandMonitoring 
Impkmultation Plan for the Years 198%1994”. Many d these proporab arc planned, 
butwiJ.Ihingcuponfundinsdecidoarinfuturebudgetyun. Tho6ewhichdrewthc 
most support from a 1988 EPA workshop of scientists and State program administrators 
were as fonm 

0 Water Qdity Criteria to Pmtect Wetland Function. Existing quality criteria for 
surface waters would be reviewed for applicability to wetlands. Methods for 
biological and cbtmical monitoring of wetlands would be r&ned, and a field 
manual produced 
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0 Ecological Status and Trends of the Wetland Resource. A nationwide network 
would be established to monitor the wetland resource. Field surveys would 
define the expected range of numerical values within each region for particular 
chemicals and especially, for biological community metrics, across a gradient of 
sites ranging from nearly-pristine to severely disturbed. 

0 Waste Assimilative Limits of Wetlands. Observable features which determine 
the long-term ability of wetlands to retain contaminants and nutrients would be 
tested. “Safe” loading limits for various substances would be proposed for 
specific wetland types or regions. Similar kinds of information would also 
become available from a research effort focused specifically on artificial wetlands 
and coordinated by EPA-Cincinnati, in cooperation with the Corvallis and Duluth 
Labs. That study would recommend engineering design factors essential in 
wetlands consttuctcd by municipalities for tertiary wastewater treatment. 

Information useful to 401 cert&ation Ml also originate brn ORD5 mitigation 
research. This research aims to determine if created and restored wetlands replace 
functions lost by wetland destruction permitted under Section 404. The rcearch is 
orpized to (1) synthesize current knowledge on wetland creation and restoration, (2) 
compile 404 permit information on created and restored wetlands, and (3) compare 
crcatedandnaturally~ wedan& Research results will be incorporated into a 
“Mitigation Handbook” useful for dcsi@ng and evaluating mitigation projects. A 
literature synthesis being developed as a Ruvisional Guidance Document will be 
available in 1989. A provisional wxsionofthehandbookwillbcproducedin1990. 
This will assist States in identifying areas at greatest risk due to 404 permit activities 
and thus help target 401 certi&ation and water quality standards activities 
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Provided below are State 401 certification contacts and EPA wetlands contacts 
who can provide assistance in applying 401 to wetlands. 

EPA has asked the Council of State Governments (CSG) to maintain a database 
of State wetland contacts and programs. In order to help keep the database up to 
date, please contact CSG when you have changes in your program or staff contacts, or 
if you come across inaccuracies in other State programs. You can access this database 
using virtually any computer with a modem. In order to obtain your free username 
and password contact: 

The Council of State Governments 
P. O. Box 11910, Iron Works Pike 
Lexington, Kentucky 40578 
phone: (606) 252-2291 

APPENDIX A 

FEDERAL 401 CERTIFICATION CONTACTS FOR WETLANDS 

Dianne Fish 
Wetlands Strategies Team 
(A-104F) 
Environmental Protection Agency 
401 M Street, SW 
Washington, D.C. 20460 
Phone: (202) 382-7071 

EPA Region I 
Doug Thompson, Chief 
Wetlands Protection section (WPP- 
1900) 
John F. Kennedy Federal Building 
Boston, Massachusetts 02203 
(617) 565-4421 

Jeanne Melanson 
Outreach and State programs Staff 
(A-104F) 
Environmental Protection Agency 
401 M Street, SW 
Washington, D.C. 20460 
Phone: (202) 475-6745 

EPA Region II 
Mario del Vicario, Chief 
Maine/Wetlands Prot. Branch (2WM- 
MWP) 
26 Federal Plaza 
New York, New York 10278 
(212) 264-5170 
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EPA Region III 
Barbara De Angelo, Chief 
Marine & Wetlands Policy Sect. (3ES42) 
841 chestnut street 
Philadelphia, Pennsylvania 19107 
(215) 597-1181 

EPA Region IV 
Tom Welborn, Acting Chief 
Wetlands Section (4WM-MEB) 
345 Courtland Street, NE 
Atlanta, Georgia 30365 
(404) 347-2126 

EPA Region V 
Doug Ehorn, Deputy chief 
Water Quality Branch (5WQ-TUB8) 
230 south Dearborn street 
Chicago, Illinois 60604 
(312) 886-0139 

EPA Region VI 
Jerry Saunders, Chief 
Technical Assistance Sect. (6E-FT) 
1445 Ross Avenue 
12th Floor, Suite 1200 
Dallas, Texas 75202 
(214) 655-2260 

EPA Region VII 
B. Katherine Biggs, Chief 
Environmental Review Branch (ENVR) 
726 Minnesota Avenue 
Kansas city, Kansas 66101 
(913) 236-2823 

EPA Region VIII 
Gene Reetz, Chief 
Water Quality Requirements Sect. 
One Denver Place 
Suite 1300 
999 18th Street 
Denver, Colorado 80202 
(303) 293-1568 

EPA Region IX 
Phil Oshida, Chief 
Wetlands Section (W-7) 
215 Fremont Street 
San Francisco, California 94105 
(415) 974-7429 

EPA Region X 
Bill Riley, Chief 
Water Resources Assessment (WD-138) 
l200 Sixth Avenue 
Seattle, Washington 98101 
(206) 442-1412 

CD. Robison, Jr. 
Alaska Operations Office, Region X 
Federal Building Room E551 
701 C Street Box 19 
Anchorage, Alaska 99513 

EPA Wetlands Research 
Eric Preston 
Environmental Research Lab 
Corvallis/ORD 
200 S.W. 35 street 
Corvallis, OR 97333 
(503) 757-4666 

Bill Sanville 
Environmental Research 
Laboratory/ORD 
6201 Congdon Blvd 
Duluth, MN 55804 
(218) 720-5723 
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State 401 CERTIFICATION CONT’ACI’S 

Brad Gane 
Field Operation Division 
Dept. of Enviromcntal Management 
2204 Perimeter Road 
Mobile, Alabama 36615 
(205)479X36 

Walter Tatum 
Field Operation Division 
Dept. of Enviromcntal Management 
2204 Perimeter Road 
Mobile, Alab8una 36615 
(205) 9687576 

Doug Redburn 
Dept. of Etwiromental Qmscrvation 
3220HospitalDt+c 
Junaw Alaska 99811 
(903) 465-2653 

Mr. Dick stokes 
soutbcast OEla 
Department of Euvironmental 
-don 
P.O. Box 2420 
9ooo Old Glacier Highway 
JMcau,Alaska 99803 
(907) 789-3151 

Mr. Tii Rumfelt 
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Depnrtment of EnvironmCntal 
conrervation 
437 E Street, Second Floor 
Aacborage, Alaska 99501 
(907) 274-2533 

Mr. Paul Bateman 
Northern Office (Arctic) 
Department of Environmental 
Conservation 
1001 Noble Street, Suite 350 
Fairbanks, Alaska 99701 
(907) 452-1714 

Ms. Joyce Beehan 
Northern Office (Interior) 
Department of Environmental 
Conservation 
1001 Noble Street, Suite 350 
Fairba&,Ala&a 99701 
(907) 452-1714 

SUVCDKMI 
Dept. of PolUon Control and Ec&gy 
8001 National Drive 
LjttkRo&Arkansas 72207 
(501) 652-7444 

Jack Hodges 
State Water Resources Control Board 
P.O. Box loo 
Sacramento, California 95801-0100 
(916) 322-0207 

Jon schcnchligt 
Water Quality Control Division 
4210 E 11th Avenue 
Denver, CQlotado 80220 
(303) 320-8333 

Douglas E Coop- 
Wetlands Management Section 
Dept. of %. Prot. Water Resources 
Room 203, State Office Building 
165 Capitol Avenue 
Hartford, (hnecticut 06106 
(203) 566-7280 



WiIliam F. Moyer 
Dept. of Natural Rtsou.rccs and 
Environmental Control 
89 King’s Highway 
P.O. Box 1401 
Dover, Delaware 19903 
(302) 736-4691 

Richmond Williams 
Dept. of Natural Resources and 
Environmental Control 
hgal OtEcc 
89 King’s Highway 
P.O. Box 1401 
Dover, Delaware 19903 
(302) 7364691 

Randall L Axmstrong 
Division of Emkonmental Permitting 
Dept. of Env. Regulation 
2600 Blairstone Road 
Talkhasq Florida 32399 
(904) 48w130 

MikcCrcason 
Ewironmental Protection Division 
Dept. of Natural Resources 
205 Butler Street SE 
Floyd Towers East 
Atlanta, Georgia 30334 
ww 6564887 

James Km Ikcda 
Environmental Protection & Health 
Scnficcs Division 
Department of Health 
1250 Punchbowl Street 
P.O. Box 3378 
Honolulu, Hawaii 96801-9984 
(808) 548-6455 

John Winters 
Water Quality and Standards Branch 
Dept. of Env. Management 
105 S. Meridian Street 
Indianapolis, Indiana 462064015 
(317) 243-5028 

Al Keller 
Environmental Protection Agency 
2200 Churchill Road 
Springfield, Illinois 62706 
(217) 7824610 

Bmcc Yurdin 
Environmental Protection Agency 
2200 Churchill Road 
Springkld, Illinois 62706 
(217) 782-0610 

Jerry Yodcr 
Bureau of Water Quality 
Division of Environmental Quality 
450 West state street 
Boisc$Idaho 83720 
(208) 334-5860 

Ralph Turkle 
Department of Natural Rcsowcu 
9OOEartGraadAvcnUe 
Des Moines, Iowa 50319 
(515) 281-7025 

boy Haage 
Department of Natural Resources 
900 East Grand Avenue 
Henry A Wallace Of& Building 
Des Moines, Iowa 50319 
(515) 281-8877 
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Larry== 
Dept. of HcaJtb and Environment 
Building 740 
Forbes Field 
Topeka, Kansas 66620 
(913) 862-9360 

Paul Bcckky 
Division of Water 
Dept. of Natural Resources 
Fon Boone Plaza 
Frankfort, Kentucky 40601 
(502) m-310, ext. 495 

DaleGiven 
Water Poilution Control 
P.O. Box 44091 
BwunRougc,- 70804 
(504) 3424363 

Donald T. WithcriU 
Dcpt.ofElIv.Protebn 
DivisionofUmming 
Augusta, Maine 04333 
(207) 289-2111 

Mary Jo Garries 
IXViShOfs- 
Dcp8mcntofthc-t 
201watPrutonsaeet 

w 21201 

Jo AM Watson 
Division of stmdards 
Dqn of Haith md Mental Hygiene 
201watPrestonstrcxt 
Bahimorc, Maryland 21201 
(301) 225-6293 

Ken Chrest 
Water Quality Bureau 
Cogwell Building 
Helena, Montana 59620 
(406) 444-2406 

Bill Gaughan 
Div. of Water Pollution 
Dept. of Env. Quality Enginceting 
1 Winter Strut 
Boston, Massachusetts 021@ 
(617) 292-5658 

Judy Perry 
Regulatory Branch Div. of Water 
Pollution 
Dept. of EIIV. Quality Engineering 
1 Winter Street 
Bo6to& Massachusetts 02108 
(617) 292-5655 

LesThomas 
Iad and Water Management Div. 
Dept. of Natural Resources 
P.O. Box 30028 
Iansing,- 4m9 
(517) 3734244 

R-m 
Buraw of Pollution Control 
Dept. of Natural Ruourazs 
Bax10385 
Jackson, Mississippi 39209 
(601) %l-5171 

atarlcs chisolm 
Bureau of Pollution amtml 
Dcpt of Natural Resources 
BOX10385 
Jackson, Mississippi 39209 
(601) %l-5171 



Jim Morris 
Water Quality Management Section 
Dept. of Natural Resources 
Box 10385 
Jackson, Mississippi 39209 
(601) 961-5151 

LouisFlyM 
MPLA 
1935 West County Road B-2 
Roseville, Minnesota 55113 
(612) 29&7355 

hlrie K cdkrot 
Water Suppiy and Pollution Control 
HazcnDrive 
P.O. Bax 95 
concord, New Hamphh 03301 
(603)27I-2358 

FredElkiDd 
Water Supply axxl Pollution Control 
DCpLOfEltV.servictr 
HamlDrivc 
P.O. Bcx 95 
Concord, New Hampshire 03301 
(603) 271-2358 

Ray-r 
Water Supply and Pollution Control 
HazcnDrivc 
P.O. Bax 95 
Cotmrd, New Hampshire 03301 
(603) 2714358 

George Danskin 
Div. of Regulatory A&irs 
Dept. of Env. Conservation 
50 Wolf Road 
Albany, New York 12233 
(518) 457-2224 

William Clarke 
Div. of Regulatory Affairs 
Dept. of Env. Conservation 
50 Wolf Road 
Albany, New York 12233 
(518) 457-2224 

U. Gale Hutton 
Water Quality Division 
Dept. of Env. Control 
P.O. Box 94877 
State House Station 
Iincoln, Nebraska 685094877 
(402) 471-2186 

George Horztpa 
Division of Water Resources 
Dept. of Env. Protection 
cNo29 
Trhton, New Jersey 08625 
(609) 633-7021 

Barry chaloftky 
Division of Water Resources 
Dept. of Env. Protection 
au029 
Trenton, New Jersey 08625 
(6u9)633-7021 

Robert Pie1 
Div. of Coastal Rcsourccs 
Dept. of Env. Protection 
CN 401 
Trenton, New Jersey 08625 
(609) 633-7021 

David Tague 
Env. Improvement Division 
P.O. Box 968 
Sante Fe, New Mexico 87504-096g 
(505) 827-2822 
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Michael T. Sauer 
State Dept. of Health 
1200 Missouri avcIluc 
Bismarck, North Dakota 58505 
(701) 224-2354 

Paul Wilms 
Div. of Env. Management 
Dcpanment of Natural Rcsourm 
and Community Development 
P.O. Box 27687 
Raleigh, North Caroiina 27611 
(919) 733-7015 

Bill Mills 
Water Quality Section 
Department of Natural Resources 
P.O. Bax 27687 
Raleigh, North Carolina 27611 
(919) 7334083 

Collcen Crook 
Div.ofWatcrQualityand 
Ohio EPA 
1800 Watermark Drive 
P.O. Bax 1049 
Columbus, Ohio 432660149 
(614) 981-7130 

Brooks Kirlin 
Water Resource Buard 
P.O. Bax 53585 
Oklahoma city, Oklahoma 73152 
(405) 271-2541 

Glen Carter 
DCptAfEIIV.ouality 
P.O. Bax 1760 
Portiand,oregon 97207 
(503) 229-5358 

Louis W. Bcrcheni 
Bureau of Water Quality 
Dept. of Env. Resources 
P.O. Box 2063 
Harrisburg, PcnnsyhwCa 17120 
(717) 787-2666 

Peter Slack 
Bureau of Water Quality 
Dept. of Env. Resources 
P.O. Box 2063 
Harrirburg, Pennsyh&a 17120 
(717) 787-2666 

EdWdS.sEymaruki 
Dcpt of Eav. Management 
Division of Water Resources 
291 Promenade street 
Providence, Rhode Island 029085767 
(401) 2n-3%1 

~lynWym0~ 
OfEcc of Ewironmental coordination 
Department of Ewiranmental 
Management 
83 Park Street 
Providence, Rhode Island 02903 
(401) 277-3434 

chcsterEsansblIry 
DivishnofWatcrQuality 
DCpLOfH&hIlIKiEIlV.C0I8trO~ 
2600 Bull Street 
Columbia, South Carolina 29201 
(803) 75854% 

Div. of Water Pollution Control 
Dept. of Health and Env. 
150 Ninth North Avenue 
Nashville, Tennessee 37203 
(615) 741-7883 
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Robert Silcus 
Water Commission 
P.O. Box 13087 
Capitol Station 
Austin, Texas 78711 
(512) 463-8202 

Dr. Donald Hilden 
Bureau of Water Pollution Control 
P.O. Box 45500 
salt Lake city, Utah 84145 
(801) 533-6146 

Carl Page1 
Agency of Natural Resources 
Dept. of Environmental Conservation 
103 s. Main street 
Waterbury, Vermont 05676 
(802) 244-6951 

Steve syz 
Agency of Natural Resources 
Dept. of Env. conservation 
103 s. Main street 
Waterbury, Vermont 05676 
(802) 244-6951 

Jean Gregory 
Of&c of Water Resources Management 
Water Control Board 
P.O. Box 11143 
Richmond, Virginia 23230 
(804) 367-6985 

Mike camavale 
Water Quality Division 
state Dcpt of Env. Quality 
Herschlcr Building 
cheycIule, Wyoming 82202 
(307) m-7781 

Mike Palko 
Dept. of Ecology 
Mail Stop PV-11 
Olympia, Washington 98504 
(206) 459-6289 

John Schmidt 
Water Resources Division 
Dept. of Natural Resources 
1201 Greenbrier Street 
Charleston, west virginia 25311 
(304) 348-2108 

Jim Rawson 
Wildlife Division 
Dept. of Natural Rcsourccs 
P.O. Box 67 
Elkins, West Virginia 26241 
(3W) 636-1767 

Scott Hausmann 
Bureau of Water Regulation and Zoning 
Dept. of Natural Resources 
P.O. Box 7921 
Madison, wisamsin 53701 
(608) 266-7360 
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APPENDIX B 
FEDERAL DEFINITIONS 

The federal definition of “waters of the United States” is (40 CFR Section 232.2(q)): 

(1) 

(2) 
(3) 

(4) 

(5) 
(6) 
(7) 

(* 

All waters which are currently used, were used in the past, or may be susceptible 
to use in interstate or foreign commerce, including all waters which are subject 
to the ebb and flow of the tide; 
All interstate waters including interstate wetlands; 
All other waters such as intrastate lakes, rivers, streams (including intermittent 
streams), mudflats, sandflats, wetlands, sloughs, prairie potholes, wet meadows, 
playa lakes, or natural ponds, the use, degradation or destruction of which would 
or could affect interstate or foreign commerce including any such waters: 

(i) Which arc or could be used by interstate or foreign travelers for 
recreational or other purposes; or 

(ii) From which fish or shellfish could be taken and sold in interstate 
foreign commerce; 

or 

(iii) Which arc used or could be used for industrial purposes by industries in 
interstate commerce;* 

All impoundments of waters otherwise defined as waters of the United States 
under this definition; 
Tributaries of waters identified in paragraphs 1-4. 
The territorial sea; 
Wetlands adjacent to waters (other than waters that are themselves wetlands) 
identified in 16, waste treatment systems, including treatment ponds or lagoons 
designed to meet the requirements of CWA (other than cooling ponds as defined 
in 40 CFR § 423.11(m) which also meet criteria in this definition) arc not waters 
of the United States. 

Note: 
in (3) 

EPA has clarified that waters of the US. under the commerce connection 
above also include, for example, waters: 
Which are or would be used as habitat by birds protected by Migratory 
Bird Treaties or migratory birds which cross State lines; 
Which are or would be used as habitat for endangered species; 
Used to irrigate crops sold in interstate commerce.) 

The federal definition of "wetlands” (40 CFR § 232.2(r)). Those areas that are 
inundated or saturated by surface or ground water at a frequency and duration 
sufficient to support, and that under normal circumstances do support, a prevalence of 
vegetation typically adapted for life in saturated soil conditions. Wetlands generally 
include swamps, marshes, bogs, and similar areas. 
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APPENDIX C 

SCOPE OF PROJECT REVIEW: PENNSYLVANIA DAM PROPOSAL EXAMPLE 

The dam proposed by the City of Harrisburg was to be 3,000 feet long and 17 
feet high. The dam was to consist of 32 bottom hinged flap gates. The dam would 
have created an impoundment with a surface area of 3,800 acres, a total storage 
capacity of 35,000 acre feet, and a pool elevation of 306.5 feet. The backwater would 
have extended approximately eight miles upstream on the Susquehanna River and 
approximately three miles upstream on the Conodoguinet Creek. 

The project was to be a run-of-the-river facility, using the head difference 
created by the dam to create electricity. Maximum turbine flow would have been 
10,000 cfs (at a nethead of 125) and minimum flow would have been 2,000 cfs. Under 
normal conditions, all flows up to 40,000 cfs would have passed through the turbines. 

The public notice denying 401 certification for this project stated as follows: 

1. The construction and operation of the project will result in the significant loss of 
wetlands and related aquatic habitat and acreage. More specifically 

a. The destruction of the wetlands will have an adverse impact on the local 
river ecosystem because of the integral role wetlands play in maintaining 
that ecosystem. 

b. The destruction of the wetlands will cause the loss of beds of emergent 
aquatic vegetation that serve as habitat for juvenile fish. Loss of this 
habitat will adversely affect the relative abundance of juvenile and adult 
fish (especially smallmouth bass). 

c. The wetlands which will be lost are critical habitat for, among other 
species, the yellow crowned night heron, black crowned night heron, 
marsh wren and great egret. In addition, the yellow crowned night heron 
is a proposed State threatened species, and the marsh wren and peat 
egret arc candidate species of special concern. 

d. All affected wetlands areas are important and, to the extent that the loss 
of these wetlands can be mitigated, the applicant has failed to 
demonstrate that the mitigation proposed is adequate. To the extent that 
adequate mitigation is possible, mitigation must include replacement in the 
river system. 
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2. 

e. Proposed riprapping of the shoreline could further reduce wetland 
acreage. The applicant has failed to demonstrate that there will not be an 
adverse water quality and related habitat impact resulting from riprapping. 

f. Based upon information received by the Department, the applicant has 
underestimated the total wetland acreage affected. 

The applicant has failed to demonstrate that there will be no adverse water 
quality impacts from increased groundwater levels resulting from the project. 
The ground water model used by the applicant is not acceptable due to 
erroneous assumptions and the lack of a sensitivity analysis. The applicant has 
not provided sufficient information concerning the impact of increased 
groundwater levels on existing sites of subsurface contamination, adequacy of 
subsurface sewage system replacement areas and the impact of potential . increased surface flooding. Additionally, information was not provided to 
adequately assess the effect of raised groundwater on sewer system laterals, . effectiveness of sewer rehabilitation measures and potential for increased flows at 
the Harrisburg wastewater plant. 

3. The applicant has failed to demonstrate that there will not be a dissolved oxygen 
problem as a result of the impoundment. Present information indicates the 
existing river system in the area is sensitive to diurnal, dissolved oxygen 
fluctuation. Sufficient information was not provided to allow the Department to 
conclude that dissolved oxygen standards will be met in the pool area. 
Additionally, the applicant failed to adequately address the issue of anticipated 
dissolved oxygen levels below the dam. 

4. The proposed impoundment will create a backwater on the lower three miles of 
the Conodoguinet Creek. Water quality in the Creek is currently adversely 
affected by nutrient problems. The applicant has failed to demonstrate that 
there will not be water quality degradation as a result of the impoundment. 

5. The applicant has failed to demonstrate that there will not be an adverse water 
quality impact resulting from combined sewer overflows. 

6. The applicant has failed to demonstrate that there will not be an adverse water 
quality impact to the 150 acre area downstream of the proposed dam and 
upstream from the existing Dock Street dam. 

7. The applicant has failed to demonstrate that the construction and operation of 
the proposed dam will not have an adverse impact on the aquatic resources 
upstream from the proposed impoundment. For example, the suitability of the 
impoundment for smallmouth bass spawning relative to the frequency of turbid 
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conditions during spawning was not adequately addressed and construction of the 
dam and impoundment will result in a decrease in the diversity and density of 
the macroinvertebrate community in the impoundment area. 

8. Construction of the dam will have an adverse impact on upstream and 
downstream migration of migratory fish (especially shad). Even with the 
construction of fish passageways for upstream and downstream migration, 
significant declines in the numbers of fish successfully negotiating the obstruction 
are anticipated. 

9. The applicant has failed to demonstrate that there will not be an adverse water 
quality impact related to sedimentation within the pool area. 
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APPENDIX D 

EXAMPLES OF CERTIFICATION CONDITIONS 

**MARYLAND** 

Maryland certified with conditions the fill/alteration of 6.66 acres of non-tidal 
wetlands as part of the construction of an 18 hole golf course and a residential 
subdivision. Approximately three-fourths of the entire site of 200 acres had been 
cleared for cattle grazing and agricultural activities in the past. As a result, a stream on 
the cast side of the property with no buffer had been severely degraded. An 
unbuffered tractor crossing had also degraded the stream. A palustrine forested 
wetland area on the southeast side of the property received stormwater runoff from a 
highway bordering the property and served as a flood storage and ground water 
recharge area. Filling this area for construction of a fairway would eliminate some 4.5 
acres of wetlands. Additionally, other smaller wetland areas on the property, principally 
around an old farm pond that was to be fashioned into four separate ponds for water 
traps, were proposed to be altered or lost as a result of the development. 

The Corps did not exercise its discretionary authority to require an individual 
permit and thus the project was permitted under a nationwide permit (26). The State 
decided to grant certification, conditioned on a number of things that it believed would 
improve the water quality of the stream in the long run. 

The filled wetland areas had to be replaced on an acre-for-acre basis on the 
property and in particular, the 45 acre forested palustrine wetland had to be replaced 
onsite with a wetland area serving the same functions regarding stormwater runoff from 
the highway. 

Some of the other conditions placed on the certification were as follows: 

1. The applicant must obtain and certify compliance with a grading and 
sediment control plan approved by the [name of county) Soil Conservation 
District; 

2. Stormwater runoff from impervious surfaces shall be controlled to prevent 
the washing of debris into the waterway. Stormwater drainage facilities 
shall be designed, implemented, operated and maintained in accordance 
with the requirements of the [applicable county authority]; 
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3. The applicant shall ensure that fish species are stocked in the ponds upon 
completion of the construction phase in accordance with the requirements 
of the (fisheries division of the natural resources department of the State]; 

4. The applicant shall ensure that all mitigation areas are inspected annually 
by a wetlands scientist to ensure that all wetlands are functioning 
properly; 

5. A vegetated buffer shall be established around the existing stream and 
proposed ponds; 

6. Biological control methods for weed, insects and other undesirable species 
are to be employed whenever possible on the greens, tees, and fairways 
located within or in close proximity to the wetland or waterways; 

7. Fertilizers are to be used on greens, tees, and fairways only. From the 
second year of operation, all applications of fertilizers at the golf course 
shall be in the lower range dosage rates [specified]. The use of slow 
release compounds such as sulfur coated urea is required. There shall be 
no application of fertilizer within two weeks of verticutting, wring or 
spiking operations. 
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l * WESI’ VIRGINIA l . 

THE FOLLOWING GENERAL CONDITIONS APPLY TO ALL NATIONWIDE 
PERMITS IN WEST VIRGINIA: 

1. 

2 

3. 

4. 

5. 

d 

7. 

8. 

Permittee will investigate for water supply intakes or other activities immediately 
downstream which may be affected by suspended solids and turbidity increases 
caused by work in the watercourse. He will give notice to operators of any such 
water supply intakes before beginning work in the waterwurse in sufficient time 
to allow preparation for any change in water quality. 

When no feasible alternative is available, excavation, dredging or filling in the 
waterwurse will be done to the minimum extent practicable. 

Spoil materials from the watercourse or onshore operations, including sludge 
deposits, will not be dumped into the water wursc or deposited in wetlands. 

Permittee will employ measures to prevent or control spills from fuels, lubricants, 
or any other materials used in construction from entering the watercourse. 

upon WmpktiOn of earthwork operations, all filL in the watercourse or onshore 
and other areas disturbed during wnstruction, will be seeded, riprapped, or given 
some other type of protection from subsequent soil erosion. If riprap is utilized, 
it is to be of such weight and size that bank stress or slump conditions will not 
be created due to its placement. Fill is to be clean and of such composition that 
it will not adversely effect the biological, chemical or physical properties of the 
rcccivitlg waters. 

Runoff from any storage areas or spills will not be allowed to enter storm sewers 
without acceptable removal of solids, oils and toxic compounds. All spills will 
promptly be reported to the appropriate Department of Natural Resources 
OffiCe. 

Rest Management Practices for sediment and erosion control as described in the 
208 Construction Water Quality Management Plan are to be implemented. 

Green wncrete will not be permitted to enter the watercourse unless contained 
by tightly sealed forms or cells. Concrete handling equipment will not discharge 
waste washwater into the watercourse or wetlands without adequate wastewater 
treatment. 
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9. No i~trcam work is permissible during the fish spawning season April through 
JUE. 

10. Removal of mature riparian vegetation not directly associated with project 
wnsmxtion is prohiiited. 

11. Instream equipment operation is to be minimitrd and should be accomplished 
during low flow periods. 

12 Nationwide permits arc not applicable for activities on Wild and Scenic Rivers or 
study streams, streams on the Natural Stream Preservation List or the New 
River Gorge National River. These streams include New River (confluence with 
Gauky to mouth of Grccnbrier); Grccnbrier River (mouth to Knapps Creek), 
Birch River (mouth to Cora Brown Barge in Nicholas County), Anthony Creek, 
Cranbmy Run, Bluestone River, Gauky River, and Meadow River. 

13. Eachpcn&tccshallfolkJwthcnotia 
DepartmentofNatumlRmourcu 

reql+mnts~tainedinSectjon9oftbc . -for- . 
ef chapter 2&l, series XIX 

WW 

14. Eachpcrmittee~ifhedounot~ or is not aware of applicable 
NathwidcPcmitco&itions,amactthcCoqsofEngincmpriorto 
conducthganyacthityautborhdbyamhwidepcrmitinordcrtobcadviscd 
of applicable amditions. 
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EXAMPLES OF CERTIFICATION CONDITIONS REQUIRED FOR 
NATIONWIDE PERMIT 26 FROM ALASKA 

(26) Discharges of dredged or fill material into the waters listed in subparagraph 
(i) and (ii) of this paragraph which do not cause the loss or substantial adverse 
modification of 10 acres or more of waters of the United States, including wetlands. 
For discharges which cause the loss or substantial adverse modifkation of 1 to 10 acres 
of such waters, including wetlands, notification of the District Engineer is required in 
accordance with 330.7 of this part (see Section 2 of this Public Notice). 

(i) Non-tidal rivers, sueams, and their lakes and impoundments, including 
adjacent wetlands, that are located above the headwaters. 

(ii) Other non-tidal waters of the United States, including adjacent wetlands, that 
arc not part of the surface m%utary system to intcrstatc waters or navigable waters of 
the united states (ic, isolated waters). 

REGIONAL CONDITION Hz Work in a cksignated anadromous fish stream is subject 
to authorimtion from the Alaska Department of Fii and Game. (No change from 
REGIONAL CONDITION H previously published in SPN 84-7.) 

REGIONAL CONDITION J: 

a If, during review of the prcdkharge notikation, the Corps of Engineers or the 
designated State of Alaska reviewing aflidab determine that the m activity 
wouldoccurinanyofthefollawingarear,theapp~~twinbeadvisedthatan 
individual404permitwillbcrqukd. Whcreuncertaintycxists,theCorpswillsend 
prc-dischargc notification to the designated State officials for a determination. 

1. National Wildlife Refuges 
2 National Parks and m 
3. National Conservation Areas 
4. National Wild and Scenic Rivers 
5. National Experimental Areas 
6. State Critical Habitat AReas 
7. state sanctuaries 
8 State Ranges and Refuges 
9. state Eagle Prcsenes 
10. State Ecological Reserves and Experimental Areas 
11. State Recreation Areas 
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12 Wetlands contiguous with designated anadromous fish 
StEMIS 

13. Headwaters and isolated wetlands in designated public 
water supply watersheds of Craig, Hoonah, Hydaburg, 
Anchorage, Cordova, Seldovia and Kodiak 

14. Sitka Area: Wetlands in the Swan Lake Area Meriting 
Special Attention (AMSA) in the district Coastal 
Management Plan 

15. Anchorage area: Designated Preservation and 
Conservation Wetlands in the Wetlands Management Plan 

16 Bethel area: Designated Significant Wetlands in the 
district Coastal Management Plan not covered under 
General Permit 83-4 

17. Hydaburg area: The six AMSA’s of the district Coastal 
Management Plan 

lg. Bering strait area: Ah designated conservation AMSA’s 
of the district Coastal Management Plan 

19. Juneau area: Designated Sensitive Wetlands of the 
district Coastal Management Plan 

20. NANA: Designated Special Use Areas and Restricted/ 
Sensitive areas in the dist& Coastal Management 

21. TananaBasinAreaPIan: typeA-lwctlandsinthe 
Alaska Rivers coopemtivc StatdFcdtral study 

22 Susitna Area Plan: type A-l wetlands in the Alaska 
Rivers Coopcrativc State/Federal Study 

23. High value headwaters and isolated wetlands identi&d 
once the ongoing Wetlands Management Plans or Guides 
Iisud in b-5 (below) are completed 

24. Alaska Natural Gas Pipclinc Corridor designated type A 
andBW&UIdr 

25. Headwaters and isolated waters which include idcntifxd 
bald eagle, peregrine falcon, and trumpeter swan nesting 

26. ADFBG identified waterfowl use arcas of statewide 
signifjcancc 

27. Designated caribou calving areas. 

Any individual permit issued in locations covered by district coastal management plans, 
State or Federal regional wetlands plans or local wetlands plans (numbers 14 through 
23 above) will be consistent with the plan provisions for the specific wetland type and 
may require adding stipulations. 
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Oil and gas activities in the North Slope Borough which involve the discharge of 
dredged or fill material into waters including wetlands are not covered by the previous 
nationwide permit under 33 CFR 330.4(a) and (b) and are not covered under the 
nationwide permit 26. These activities require individual 404 permits or other general 
permits. These activities were previously excluded by the Corps of Engineers Special 
Public Notice 84-3 dated March 9, 1984. 

b. Pre-discharge notification received by the Corps of Engineers for the discharge of 
dredged or fill material in the following areas will be provided to designated State 
agencies which include (1) the appropriate ADEC Regional Environmental Supervisor, 
(2) the appropriate ADF&G Regional Habitat Supervisor, (3) the appropriate DGC 
regional wntact point, and (4) the appropriate DNR regional contact (should DNR 
indicate interest in receiving notices). 

1. Headwater mbutaries of designated anadromous fish 
streams and their adjacent contiguous wetlands 

2 Open water areas of isolated wetlands greater than 10 
acres and lakes greater than 10 acres above the 
headwaters 

3. North Slope Borough wet and moist tundra areas not 
already covered by APP process 

4. Wet and moist tundra areas outside the North Slope 
BOrOUgh 

5. High value headwaters and isolated wetlands identified 
in the following ongoing State or Federal wetland 
management guides or plans: Mat-& Kenai Borough, 
Valdg North Star Borough Yukon Delta and Copper 
River Basin 

6. Headwater or isolated wetlands within local CZM district 
boundaries or the identified coastal zone boundary, 
whichever is geographically smaller (not withstanding 
the requirements under “a.” 14.20 (above)) 

7. Anchorage Area: designated Special Study areas in the 
Wetlands Management Plan 

g Tanana Basin Area Plan: areas designated A-2, B-l, B-2 
in the Alaska River Cooperative State/Federal Study 

9. Susitna Area Plan: areas designated A-2, A-3, A-4 in 
the Alaska River Cooperative State/Federal Study 

The designated officials of the State of Alaska, and the Corps will evaluate the 
notifications received for the areas listed “b.” above under the provisions set forth in 33 
CFR 330.7 (see Section 2 of this Public Notice) which includes an evaluation of the 
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environmental effects using the guidelines set forth in Section 404(b)(l) of the Glean 
Water Act. Notices shall be screened against the nationwide conditions under 330.5(b) 
(See Section 4 of the Public Notice) using available resource information. Conditions 
330.5(b)(l), (2). (3)1 (4). (61, and (7) and (9) will be focused on during the State 
review. 

The State’s review of these areas under “b.” above will encompass the following: 

1. After receiving predischarge notification from the corps, the State of Alaska 
shall wmment verbally, and/or if time permits, in writing to the Corps District Engineer 
through a single State agency wnceming the need for an individual permit review. 

2 Existing fish and wildlife atlases and field knowledge shall be used to evaluate 
notices. If signifkant resource values are not identified for the area in question or if 
insufficient resource information exists, State agencies will not request an individual 
pcnnit unless: 

(a) An on-site field evaluation will be w&rctcd, weather 
pcrmhti~~g, during the extended review provided under the individual permit, or, 

(b) Federal resource agencies plan a similar field evaluation that wuld provide 
identical information to State resource agencicr. 

Should either the State review or the Corps review determine that the nationwide 
permit is not applicable, an individual 404 permit will be required. 

Newcatego~~maybeaddedatalaterdaterbouldeitbertbeCorprortheSmteof 
Alaska recognk a need. These changes will be made available for public review 
through a public notice and comment period at the appropriate time. 

This REGIONAL CONDITION shall be e&ctive for the period of timothat 
nationwide permit 26 is in effect unless the REGIONAL CONDITION is sooner 
revoked by the Department of the Army with prior coordination with the State of 
Alaska. 
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APPENDIX E 

Federal Register / Vol. 45, No. 249 / Wednesday, December 24, 1980 / Rules and Regulations 85355 

Subpart H - Actions to Minimize 
Adverse Effects 

Note.- There are many actions which can 
be undertaken in response to § 203.10(d) to 
minimize the adverse effects of discharges of 
dredged or fill material. Some of these, 
grouped by type of activity, are listed in this 
subpart. 

§ 230.70 Actions concerning the location 
of the discharge. 

The effects of the discharge can be 
minimized by the choice of the disposal 
site. Some of the ways to accomplish 
this are by: 

(a) Locating and confining the 
discharge to minimize smothering of 
organisms: 

(b) Designing the discharge to avoid a 
disruption of periodic water inundation 
patterns: 

(c) Selecting a disposal site that has 
been used previously for dredged 
material discharge: 

(d) Selecting a disposal site at which 
the substrate is composed of material 
similar to that being discharged, such as 
discharging sand on sand or mud on 
mud: 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

MEMORANDUM 
OFFICE OF 
WATER 

SUBJECT: Transmittal of Final Policy on Biological 
Assessments and Criteria 

PROM: Tudor T. Davies, Director 
Office of Science and Technology (WH-551) 

TO: Water Management Division Directors 
Regions I-X 

Attached is EPA's "Policy on the Use of Biological 
Assessments and Criteria in the Water Quality Program" 
Attachment A). This policy is a significant step toward 
addressing all pollution problems within a watershed. It is a 
natural outgrowth of our greater understanding of the range of 
problem affecting watersheds from toxic chemicals to physical 
habitat alteration, and reflects the need to consider the whole 
picture in developing watershed pollution control strategies. 

This policy is the product of a broad-breed Workgroup chaired 
by Jim Flafkin and Chris Faulkner of the Office of Wetlands, 
Oceans and Watersheds. The workgroup was compared of 
representatives from seven EPA Headquarters officer. four EPA 
Research Laboratories, all 10 EPA Regions, U.S. Fish and Wildlife 
Service, U.S. Forest Service, and the States of New York and 
North Carolina (see Attachment B). This policy also reflects 
review comments to the draft policy statement issued In March of 
1990. Comments were received from three EPA Headquarters 
offices, three EPA Research Laboratories, five EPA Regions and 
two States. The following sections of this memorandum provide a 
brief history of the policy development and additional 
Information on relevant guidance. 

Background 

The Ecopolicy Workgroup was formed in response to several 
converging initiatives in EPA's national water program. In 
September 1987, a major management study entitled "Surface Water 
Monitoring: A Framework for Change" strongly emphasized the need 
to "accelerate development and application of promising 
biological monitoring techniques" in State and EPA monitoring 
programs. Soon thereafter, in December 1987, a National Workshop 
on Instream Biological Monitoring and Criteria reiterated this 
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chcmical/phyaical methods (ace Final Proceedings, ETA-3C5/9- 
09/003). tinrlly, at the June 1988 National Symposium or. Water 
Quality Assessment, a Workgroup of State and Federal 
representatives unanimously recommended the development of a 
national bioaasessment policy that encouraged the expanded use of 
the new biological tools and directed their implementation acroan 
the water quality program. 

Guided by these recommendations, the workgroup held three 
workshop-sty18 meetings between July and December 1988. Wo 
major guostiona emerged from the lengthy discussions as issues of 
general concern: 

ISSUE l- How hard ahould EPA push for formal adoption of 
biological criteria (biocriteria) ln State 
water quality standards? 

ISSUE 2 - 3espite the many beneficial uses of 
biomonitorinq information. how do we guard 
against potentially inappropriate usea of such 
data in the permitting process? 

Issue 1 turns on the means and relative priority of having 
biological criteria formally incorporated in State water quality 
standards. Because biological criteria must be related to local 
conditions, the development of quantitstlve national bioloqicsl 
criteria is not ecologically appropriate. Therefore, the primary 
concern is how biological criteria l hould be promoted and 
integrated Into State water quality standards. 

Immua2 addremmem the question of how to reconcile potential 
apparent conflicts in the results obtained from different 
assessment rothods (I..., chemical-spociflc l nslyses. toxicity 
testing, and blosurveys) in a permitting situation. Should the 
relevance of oath be judged strictly on a case-by-case basis? 
Should oath method ba applied lndopendently? 

Theso issues were discussed at the policy workgroup's last 
meeting in November 1988, and consensus recommendations wore then 
presented to the Acting Assistant Administrator of Water on 
December 16, 1988. For Issue 1, it was dotormined that adapting 
biological crftorir to State atandardr has rigniflcant 
advantages, and adoption of biological criteria should be 
strongly encouraged. Therefore, the current Agency Operating 
Cuidanco establishes the State adaptation of bamic narrative 
biological criteria as a program priority. 

With respect to Issue 2. the policy reflects s position of 
"indepondont application." Independent application moans that 
any one of the three types of assessment information (l.c.. 
chemistry, toxicity testing results, and ecological l ssessmsnt) 
provides conclusive evidence of nonattainment cf water quality 



standards regardless of the results from other t*/pes of 
assessment information. Each type of assessment 2s sensitive to 
different types of water quality impact. Although rare. apparent 
conflicts in the results from different approaches can occ*Jr. 
These apparent conflicts occur when one assessment approach 
detects a problem to which the other approaches are not 
sensitive. This policy establishes that a demonstration of water 
quality standards nonattainment using one assessment method does 
not require confirmation with a second method and that the 
failure of a second method to confirm impact does not negate the 
results of the initlal assessment. 

Rovfew of Draft Policy 

The draft was circulated to the Regions and States on 
March 23, 1990. The comments were mostly supportive and most of 
the suggested changes have been incorporated. Objections were 
raised by one State that using ecological measures would increaso 
the magnitude of the pollution control workload. We expect that 
this ~111 be one result of this policy but that our mandate under 
the Clean Water Act to ensure physical, chemical. and biological 
integrity requires that we adopt this policy. Another State 
objected to the independent application policy. EPA has 
carefully considered the merits of various approaches to 
integrating data In light of the available data, and we have 
concluded that independent application is the most appropriate 
policy at this time. Where there are concerns that the results 
from one approach are inaccurate. there may be opportunities to 
dovelop more refined information that would provide a more 
accurate conclusion (e.g., better monitoring or more 
sophisticated wasteload allocation modelling). 

Additional discussion on this policy occurred at the Water 
Quality Standards for the 21st Century Symposium in December, 
1990. 

What Actions Should Statos Take 

This policy does not require specific actions on the part of 
the States or the regulated community. As indicated under the 
Plscal Year 1991 Aqency Operating Guidance, States are required 
to adopt narrative blocriteria at a minimum during the 1991 to 
1993 triennial roviow. More specific program guidance on 
developing biological criteria is scheduled to be issued within 
the next fw month. Technical guidance documents on developing 
narrative and numerics1 biological criteria for different typos 
of aquatic systems are also under development. 

Relevant Guidance 

There are several existing EPA documents which pertain to 
biological assessments and several others that are currently 
under development. Selected references that are likely to be 
important in implementing this policy are listed :n Attachment C. 



Please share this policy statmmt wxth your States and work 
with them to institute its provisions. If you have any 
questions, pleaso csll me at (FTS) 382-5400 or have your staff 
contact Gooffray Crubbs of the Office of Wetlands, Oceans and 
Watersheds at (mS) 382-7040 or Bill Diamond of the Office of 
Science and Tschnology at (FTS) 475-7301. 

Attachments 

cc: OW Office Directors 
Environmental SONICOS Division Directors, Regions I-X 
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Statement of Policy 

To help restore and maintain the biological integrity of the Nation’s 
waters, it is the policy of the Environmental Protection Agency (EPA) that 
biological surveys shall be fully integrated with toxicity and chemical-specific 
assessment methods in State water quality programs. EPA recognizes that 
biological surveys should be used together with whole-cfflucnt and ambient 
toxicity testing, and chemical-specific analyses to assess attainmcnt/nonattainmcnt 
of designated aquatic life uses in State water quality standards. EPA also 
recognizes that each of these three methods can provide a valid as..qment of 
designated aquatic life use impairment. Thus, if any one of the three assessment 
methods demonstrate that water quality standards arc not attained, it is EPA’s 
policy that appropriate action should bc taken to achicvc attainment, including 
use of regulatory authority. 

It is also EPA’s policy that States should dcsignatc aquatic lift uses that 
appropriately address biological integrity and adopt biological criteria necessary to 
protect those uses. Information concerning attainmcnt/nonattainmcnt of standards 
should bc used to establish priorities, evaluate the cffcctivcncss of controls, and 
make regulatory decisions. 

Close coopcration among the States and EPA will hc nmdcd to carry out 
this policy. EPA will provide national guidance and technical asqistancc to the 
States; however, specific assezzsment methods and biological criteria should bc 
adopted on a State-by-State basis. EPA, in its oversight role, will work with the 
States to ensure that asscssmcnt proccdurcs and biological criteria rcflcct 
important ecological and geographical diffcrcnccs among the Nation’s waters yet 
retain national consistency with the Clean Water Act. 



Ambient Toxicity: Is mcasurcd by a toxicity test on a camplc coilcctcd from a 
waterbody. 

Aauatic Community: An association of interacting populations of aquatic 
organisms in a given waterbody or habitat. 

Aquatic Life Use: Is the water quality objcctivc assigned to a watcrbody to 
ensure the protection and propagation of a balanced, indigcnaus aquatic 
community. 

Biological Assessment: An cvsluation of the biological condition of a waterbody 
using biological surveys and other direct mcasurcmcnts of rcsidcnt biota in 
surface waters. 

Biological Criteria (or Biocritcria): Numerical values or narrative cxprcssions that 
describe the reference biological integrity of aquatic communities inhabiting waters 
of a given designated aquatic life USC. 

Biological Integrity: Functionally dcfincd as the condition of the aquatic 
community inhabiting unimpaired waterbodics of a spccificd habitat as measured 
by community structure and function. 

Biological Monitoring: Use of a biological entity as a dctcctor and its response 
as a measure to dcterminc cnvironmcntal conditions. Toxicity tests and 
biosurveys are common biomonitoring methods. 

Biological Survcv (or Biosurvcyl: Consists of collecting, processing, and analyzing 
a representative portion of the r&dent aquatic community to dctcrminc the 
community structure and function. 

Community Comooncnt: Any portion of a biological community. The 
community component may pertain to the taxonomic group (fish, invcrtcbratrs, 
algae), the taxonomic category (phylum, order, family, genus, spccics), the feeding 
strategy (herbivore, omnivore, carnivore), or organizational kvcl (individual, 
population, community association) of a biological entity within the aquatic 
community. 

Habitat Assessment: An evaluation of the physical characteristics and condition 
of a waterbody (example parameters include the variety and quality of substrate, 
hydrological regime, key environmental paramctcrs and surrounding land u.se.) 

Toxicity Test: Is a procedure to detcrmniw the toxicity of a chemical or an 
effluent using living organisms. A toxicity test mcasurcs the dcgrcc of rcsponw 
of exposed test organisms to a specific chemical or ,:fflucnt. 



Whole-effluent Toxicity: Is the total toxic cffcct of an cfflucnt mcaqurcd directly 
with a toxicity test. 

Background 

Policy context 

Monitoring data are applied toward water quality program needs such as 
identifying water quality problems, assessing their severity, and setting planning 
and management priorities for remediation. Monitoring data should also be used 
to help make regulatory decisions, develop appropriate controls, and evaluate the 
effectiveness of controls once they are impkmented. This policy focuses on the 
USC of a particular type of monitoring information that is dcrivcd from ambient 
biosurveys, and its proper integration with chemical-specific analysts, toxicity 
testing methods, and biological criteria in State water quality programs. 

The distinction between biological surveys, assessments and criteria is an 
important enc. Biological surveys, as stated in the section above. consist of the 
collection and analysis of the rcsidcnt aquatic community data and the 
subsequent determination of the aquatic community’s structure and function. A 
biological a.msmcnt is an evaluation of the biological condition of a waterbody 
using data gathcrcd from biological surveys or other direct mcasurcs of the biota. 
Finally, biological criteria arc the numerical values or narrative cxprcssions used 
to describe the expcctcd structure and function of the aquatic community. 

Rationale for Conducting Biological /&essmcn& 

To more fully protect aquatic habitats and provide more camprchcnsivc 
assessments of aquatic life use attainment/nonattainmcnt, EPA cxpcctc States to 
fully integrate chemical-specific techniques, toxicity testing, biological surveys and 
biological criteria into their water quality programs. 1’0 date, EPA’s activities 
have focused on the interim goal of the Ckan Water Act (the Act), stated in 
Section 101(a)(2): To achicvc; ‘...wherevcr attainable, an interim goal of water 
quality which provides for protection and propagation of fish, shellfish, and 
wildlife and provides for recreation in and on the water....’ However, the 
ultimate objective of the Act, stated in Section 101(a), goes further. Scctian 
101(a) states: 7he objective of this Act is to rcstorc and maintain the chemical, 
physical, and biological integrity of the Nation’s waters.’ Taken together, 
chemical, physical, and biological integrity dcfinc the overall ecological integrity of 
an aquatic ecosystem. Because biological integrity is a strong indicator of overall 
ecological integrity, it can se~c as both a meaningful goal and a useful measure 
of environmental status that relates directly to the comprchcnsivc objcctivc of the 
Act. 



Deviations from, and threats to, biological integrity can bc estimated 
indirectly or directly. Traditional measures, such as chemical-specific analyses 
and toxicity tests, are indirect estimators of biological conditions. They asses.. 
the suitability of the waters to support a healthy community, but they do not 
directly assess the community itself. Biosurveys arc used to directly evaluate the 
overall structural and/or functional characteristics of the aquatic community. 
Water quality programs should use both direct and indirect methods to assess 
biological conditions and to determine attainmcnt/nonattainmcnt of designated 
aquatic life uses. 

Adopting an integrated approach to assessing aquatic lift USC 
l ttainmcnt/nonattainment represents the next logical step in the evolution of the 
water quality program. Historically, water quality programs have focused on 
evaluating the impacts of specific chemicals discharged from discreet point 
sources. In 1984, the program scope was significantly broadcncd to include a 
combination of chemical-specific and whole-cfl’lucnt toxicity testing methods to 
evaluate and predict the biological impacts of potentially toxic mixtures in 
wastewater and surface waters. Integration of these two indirect mcasurcs of 
biological impact into a unified assessment approach has hccn dkcusscd in detail 
in national policy (49 FR 9016) and guidance (EPA-440/4-85-032). This 
approach has proven to be an cffcctivc means of a.wsing and controlling toxic 
pollutants and whole-ef’fluent toxicity originating from point sources. 
Additionally, direct measures of biological impacts, such as biosurvcy and 
bioassessment techniques, can be useful for regulating point sources. However, 
where pollutants and pollutant sources are diflicult to charactcrizc or aggregate 
impacts are diff’tcult to assess (c.g., whcrc discharges arc multiple, complex, and 
variab&; where point and nonpoint sources arc both p)tcntially important; whcrc 
physical habitat is potentially limiting), direct mcasurcs of ambient biological 
conditions are also needed. 

Biosurvcys and biological criteria add this ncedcd dimension to as.sessmcnt 
programs because they focus on the resident community. The cffccts of multiple 
stresses and pollution sources on the numerous biological components of resident 
communities are integrated over a rclativcly long period of time. The community 
thus provides a useful indicator of both aggregate ecological impact and overall. 
temporal trends in the condition of an aquatic ecosystem. Furthermore, 
biosurveys can detect aquatic life impacts that other rvailablc acsessmcnt methods 
may miss. Biosurveys detect impacts cau.sed by: (1) pollutants that are difficult 
to identify chemically or character& toxicologically (c.g., rare or unusual toxics 
[although biosurveys cannot themselves identify specific toxicants causing toxic 
impact], I’ckan’ sediment, or nutrients); (2) complex or unanticipated exposures 
(e.g.; combined point and non-point source loadings, storm events, spills): and 
perhaps most importantly, (3) habitat degradation (e.g., channclization, 
sedimentation, historical contamination), which disrupt the intcractivc balance 
among community components. 



Biosumeys and biological criteria provide important information for a wide 
variety of water quality program needs. This data could bc used to: 

0 Refine use classifications among diffcrcnt types of aquatic ccosystcms 
(e.g., rivers, streams, wetlands, lakes, estuaries, coastal and marine 
waters) and within a given type of USC category such as warmwater 
fisheries; 

0 Define and protect existing aquatic life uses and classify Outstanding 
National Resource Waters under State antidcgradatian policies as 
required by the Water Quality Standards Rcgulatitrn (40 CFR 
131.12); 

0 Identify where site-specific criteria modifications may bc nccdcd to 
effectively protect a waterbody; 

0 Improve use-attainability studies; 

0 Fulfill requirements under Clean Water Act Sections 303(c), 31)3(d), 
304(l), 305(b), 314, and 319; 

0 Assess impacts of certain nonpoint sources rind, togcthcr with 
chemical-specific and toxicity methods, cvaluatc the cffcctivcncss of 
nonpoint source controls; 

0 Dcvclop managcmcnt plans and conduct monitoring in cstuarics of 
national significance under Section 320; 

0 Monitor the overall ecological cffcctq of regulatory action< under 
Sections 401, 402, and 301 (h); 

0 Identify acccptablc sites for disposal of drcdpc and fill material 
under Section 404 and dctcrminc the cffccts of that disposal; 

0 Conduct a-mcnts mandatcd by other statutes (c.g., 
CERCLA/RCRA) that pertain to the integrity of surface waters; 
and 

0 Evaluate the effcctivcness and document the instrcam biological 
benefits of pollution controls. 

Conduct of Biological Surveys 

As is the case with all types of water quality monitoring programs, 
biosurveys should have clear data quality objcctivcs, UIC Ktandardizcd. validated 



laboratory and field methods, and include appropriate quality asvrancc and 
quality control practices. Biosurvcys should bc tailored to the particular type of 
watcrbody being assessed (e.g., wetland, lake, stream, river. estuary, coastal or 
marine water) and should focus on community components and attributes that 
are both representative of the larger community and arc practical to measure. 
Biosurveys should be routinely coupled with basic physicochcmical measurements 
and an objective assessment of habitat quality. Due to the importance of the 
monitoring design and the intricate relationship between the biMurVcy and the 
habitat assessment, well-trained and cxperienccd biologists arc essential to 
conducting an effective biosurvcy program. 

Integration of Assessment Methods and Regulatory Application 

Site-specific Considerations 

Although biosurveys provide direct information for assessing biological 
integrity, they may not always provide the most accurate or practical measure of 
water quality standards attainmcnt/nonattainmcnt. For cxamplc. biosurvcys and 
measures of biological integrity do not directly assess nonaquatic lift uses, such 
as agricultural, industrial, or drinking water uses, and may not predict potential 
impacts from pollutants that accumulate in scdimcnts or tissues. Thcsc 
pollutants may pose a significant long-term threat to aquatic organisms or to 
humans and wildlife that consume these organisms, but may only minimally alter 
the structure and function of the ambient community. Furthcrmorc, biosurvcys 
can only indicate the prcscnce of an impact; they cannot directly identify the 
stress agents causing that impact. Because chemical-specific and toxicity methods 
are designed to detect specific strcssors, they arc particularly useful for diagnosing 
the causes of impact and for dcvcloping source controls. Whcrc a specific 
chemical or toxicity is likely to impact standards attainmcnt/nonattainmcnt, 
a.ssessment methods that measure these stresses directly arc often ncedcd. 

lndcoendent ADDlication 

Because biosumcy, chemical-specific, and toxicity testing methods have 
unique as well as overlapping attributes, sensitivities, and program applications, 
no single approach for detecting impact should bc considcrcd uniformly superior 
to any other approach. EPA recognizs that each method can provide valid and 
independently sufficient evidence of aquatic life use impairment, irrespective of 
any evidence, or lack of it, derived from the other two approaches. The failure 
of one method to confirm an impact identiftcd by another method would not 
negate the results of the initial assessment. This policy, thcrcforc, states that 
appropriate action should be taken when any one of the three types of 
assessment determines that the standard is not attained. States arc encouraged 
to implement and integrate all three approaches into their water quality programs 
and apply them in combination or indepcndcntly as site-specific conditions and 



assessment objcctivcs dictate. 

In cases where an assessment result is suspcctcd to hc inaccurate, the 
assessment may be repcatcd using more intcnsivc and/or accurate methods. 
Examples of more intensive assessment methods arc dynamic modclling instead of 
steady state modclling, site specific criteria, dissolved metals analysis, and a more 
complete biosurvey protocol. 

Biological Criteria 

To better protect the integrity of aquatic communities, it is EPA’s policy 
that States should develop and implement biological criteria in their water quality 
standards. 

Biological criteria are numerical measures or narrative descriptions of 
biological integrity. Designated aquatic life use classifications can also function 
as narrative biological criteria. When formally adopted into State standards, 
biological criteria and aquatic lift use designations scrvc as direct, legal endpoints 
for dctcrmining aquatic life USC attainmcnt/nonattainmcnt. Per Section 
I31 .I l(h)(2) of the Water Quality Standards Regulation (40 CFR part I3 I), 
biological criteria can supplcmcnt existing chemical-specific criteria and provide an 
alternative to chemical-spccifk criteria whcrc such criteria cannot bc established. 

Biological criteria can bc quantitatively dcvelopcd by identifying unimpaired 
or least-impacted reference waters that operationally rcprcccnt best attainable 
conditions. EPA recommends States USC the ccoregion concept when establishing 
a list of reference waters. Once candidate rcfcrcnces arc identified, intcgratcd 
assessments are conducted to substantiate the unimpaired nature of the refcrcncc 
and to characterize the resident community. Biosurvcys cannot fully characterize 
the entire aquatic community and all its attributes. Thcrcforc, State standards 
should contain biological criteria that consider various components (c.g., algae, 
invcrtehrates, fsh) and attributes (measures of structure and/or function) of the 
larger aquatic community. In order to provide maximum protection of surface 
water quality, States should continue to dcvclop water quality standards 
integrating all three assessment methods. 

Statutory Basis 

Section 303&l 

The primary statutory basis for this policy dcrivcs from Section 303 of the 
Ckan Water Act. Section 303 requires that States adopt standards for their 
waters and review and revise these standards as appropriate, or at least once 
every three years. The Water Quality Standards Regulation (40 CFR 131) 



requires that such standards consist of the dcsignatcd uccs of the waters 
involved, criteria ba.sed upon such uses, and an antidcgradation policy. 

Each State develops its own use classification system ba.scd on the gcncric 
uses cited in the Act (e.g., protection and propagation of fish, shellfish, and 
wildlife). States may also subcategorize types of uses within the Act’s general 
use categories. For example, aquatic lift uses may bc suhcatcgorized on the 
basis of attainable habitat (c.g., cold- versus warm-water habitat), innate 
differences in community structure and function (e.g., high versus low species 
richness or productivity), or fundamental differences in important community 
components (e.g., warm-water fish communities naturally dominated by bass 
Venus catfish). Special uses may also be designated to protect particularly 
unique, sensitive or valuable aquatic species, communities, or habitats. 

Each State is required to ‘specify appropriate water uses to IX achicvcd 
and protected’ (40 CFR I3 I. IO). If an aquatic life USC is formally adopted for 
a waterbody, that designation becomes a formal component of the water quality 
standards. Furthermore, nonattainment of the USC, as dctcrmincd with either 
biomonitoring or chemical-specific assessment methods, legally constitutes 
nonattainment of the standard. Thcreforc, the more rcfincd the USC designation, 
the more precise the biological criteria (i.e., the more dctailcd the description of 
desired biological attributes), and the more complctc the chemical-specific criteria 
for aquatic life, the more objcctivc the asscssmcnt of standards 
attainment/nonattainment. 

Section 304(a) 

Section 304(a) requires EPA to dcvclop and publish criteria and other 
scientific information regarding a number of water-quality-rclatcd matters. 
including: 

0 Effects of pollutants on aquatic community components (“Plankton. 
fLsh, shellfish, wildlife, plant lift...? and community attrihutcs 
(.diversity, productivity, and stability...“); 

0 Factors necessary ‘to restore and maintain the chemical. physical. 
biological integrity of all navigable waters...‘, and ‘for protection and 
propagation of shellfish, fish, and wildlife for clas.. and categories 
of receiving waters...“; 

0 Appropriate ‘methods for establishing and measuring water quality 
criteria for toxic pollutants on athcr ba.scs than pollutant-by-pollutant 
criteria, including biological monitoring and asscssmcnt methods.’ 

This section of the Act has been historically cited as the hasis for 



publishing national guidance on chemical-specific criteria for aquatic life, but is 
equally applicable to the development and USC of biological monitoring and 
assessment methods and biological criteria. 

State/EPA Roles in Policy Implementation 

State ImDlementation 

Because there are important qualitative diffcrenccs among aquatic 
ecosystems (streams, rivers, lakes, wetlands, cstuarics, coastal and marine waters), 
and there is significant geographical variation even among systems of a given 
type, no single set of assessment methods or numeric biological criteria is fully 
applicable nationwide. Therefore, States must take the primary responsibility for 
adopting their own standard biosurvcy methods, integrating them with other 
techniques at the program level, and applying them in appropriate combinations 
on a case-by-case basis. Similarly, States should dcvclop their own biological- 
criteria and implement them appropriately in their water quality standards. 

EPA Guidance and Technical Support 

EPA will provide the States with national guidance on performing 
technically sound biosurveys, and developing and integrating biological criteria 
into a comprehensive water quality program. EPA will also supply guidance to 
the States on how to apply ecorcgional concepts to refcrcncc site selection. In 
addition, EPA Regional Administrators will cnsurc that each Region has the 
capability to conduct fully integrated as.scssmcnts and tr, prnvidc technical 
assistance to the States. 
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and Their U808 (45 ?R 79342, Novmb8r 28, 1990, as 
amended at 50 FR 30784, July 29, 1985) 

Quality Criteria for Water 1986 (EPA 440/S-86-001, 
Hay 1, 1987) 

0 Toxicity tarting 

Short-Tan8 Hathods for E8timating the Chronic 
Toxicity of Effluent8 and Rocoiving Waters to 
Froahwator Organisms, Second Edition (EPA/600-4- 
890OOl), March 1989) 

Short-Term Wethod for E8timating the Chronic 
Toxicity of Effluent8 and Rocaiving Wataro to 
?farinc, and E8tuarine Organisms (EPA/600-r-87/028, 
Hay 1988) 

Methods for Haasuring Acute Toxicity of Effluents 
to Pr88hwatar and Harine Organi8ms (EPA/60004-850 
013, March 1985) 

0 Bio8urvey8 and intagratad a8so88ment8 

Technical Support Manual: Waterbody Surveys and 
A88888ment8 for Conducting U8o Attainability 
Analy888: Volumo8 I-111 (Office of Wat8r 
Regulations and Standards, November 1983-1984) 

T8chnical Support Docuamt for Water Quality-based 
Toxic8 Control (EPA/505/2-90/001, March 1991) 

Rapid Bioa88o88mont Protocols for Streams and 
Rivorr: Benthic Hacro-invertebrates and Fish 
(EPA/4440I-89-001, May 1989) 

Hughes, Robert M. and David P. Urren. 1988. 
Ecoragion8: An Approach to Surface Water 
Protection. Journal of tha Wat8r Pollution 
Control Faderation 60, No. 4: 486-93. 

Omerik, J.M. 1987. Ecoregion8 of the Coterminous 
United States. Anna18 of th8 A88ociation of 
&ariCan Geographer8 77, NO. 1: 118-25. 



Rogionalization as a Tool for Managing 
Environmental Ra8OUrco8 (EPA/60003-89-060, July 
1989) 

EPA Biological Criteria - National Program 
Guidance for Surfaco Watora (EPA/440-5-90-004, 
April 1990) 

Technical Guidance on th8 Dw8lopm8nt of 
Biological Criteria 

Stat. Dwoloprmt of Biological Crit8ria (case 
studios of Stat0 inplom8ntation) 

bfonitaring Program Guidance 

Sediment Cla88ification M&hods Compendium 

Macroinvmrtabrat* Fi8ld and Laboratory Manual for 
Evaluating th8 Biological Integrity of durfaca 
Watora 

Fish Field and -oratory Manual for Detwmining 
th8 Biological fnt8grity of Surfac8 Wat8ra 
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CASE STUDIES 

Introduction 

The Water Body Survey and Assessment Guidance for Conducting Use 
Attainability Analyses provides guidance on the factors that may be 
examined to determine if an aquatic life protection use is attainable 
in a given stream or river system. The guidance proposed that States 
perform physical, chemical and biological evaluations in order to 
determine the existing and potential uses of a water body. The 
analyses suggested within this guidance represent the type of analyses 
EPA believes are sufficient for States to justify changes in uses 
designated in a water quality standard and to show in Advanced 
Treatment Project Justifications that the uses are attainable. States 
are also encouraged to use alternative analyses as long as they are 
scientifically and technically supportable. Furthermore, the guidance 
also encourages the use of existing data to perform the physical, 
chemical and biological evaluations and whenever possible States should 
consider grouping water bodies having similar physical and chemical 
characteristics to treat several water bodies or segments as a single 
unit. 

Using the framework provided by this guidance, studies were 
conducted to (1) test the applicability of the guidance, (2) 
familiarize State and Regional personnel with the procedures and (3) 
identify situations where additional guidance is needed. The results 
of these case studies, which are summarized in this Handbook, pointed 
out the following: 

(1) The Water Body Surveys and Assessment guidance can be applied and 
provides a good framework for conducting use attainability 
analyses; 

(2) The guidance provides sufficient flexibility to the States in 
conducting such analyses; and, 

(3) The case studies show that EPA and States can cooperatively agree 
to the data and analyses needed to evaluate the existing and 
potential uses. 

Upon completion of the case studies, several States requested that 
EPA provide additional technical guidance on the techniques mentioned 
in the guidance document. In order to fulfill these requests, EPA has 
developed a technical support manual on conducting attainability 
analyses and is continuing research to develop new cost effective tools 
for conducting such analyses. EPA is striving to develop a partnership 
with States to improve the scientific and technical bases of the water 
quality standards decision-making process and will continue to provide 
technical assistance. 

The summaries of the case studies provided In this handbook 
illustrate the different methods States used in determining the 
existing and potential uses. As can be seen, the specific analyses 
used were dictated by (1) the characteristics of the site, (2) the 
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States capabilities and technical expertise using certain methods and 
(3) the availability of data. EPA is providing these summaries to show 
how use attainability analyses can be conducted. States will find 
these case studies informative on the technical aspects of use 
attainability analyses and will provide them with alternate views on 
how such analyses may be conducted. 
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WATER BO@Y SURVEY AND ASSESSMENT 
Assabet River, Massachusetts 

A. Site Description 

The drainage basin of the Assabet River comprises 175 square miles 
1 ocated in twenty towns in East-Central Massachusetts. The Assabet 
River heqins as the outflow from a small wildlife preservation 
impollndrTent in the Town of Westborough and flows northeast through the 
urban centers of Northborough, Hudson, Maynard and Concord to its 
confluence with the Sudhury River, forming the Concord River. Between 
these arbani7ed centers, the river is bordered by stretches of rural 
and undeveloped land. Similarly, the vast majority of the drainage 
basin is characterized by rural development. Figure 1 presents a 
schematic diaqram of the drainage basin. 

The Assahet River provides the opportunity to study a repeating 
sequence of water quality degradation and recovery. One industrial and 
six dnmestic wastewater treatment plants (WWTP) discharge their 
effluents into this 31-mile long river. All of the treatment plants 
presently provide secondary or advanced secondary treatment, although 
many of them are not performing to their design specifications. Most 
of the treatment plants are scheduTed to be upgraded in the near 
future. 

Interspersed among the WWTP discharges are six low dams, all but 
one of which were huil t at least a half century ago. All are 
"run-of-the-river" structures varying in height from three to eleven 
feet. The last danl built on the river was a flood control structure 
completed in 19HO. 

The headwaters of the Assahet River are formed by the discharge 
fro17 a wildlife preservation impoundment, and are relatively "clean" 
except for low dissolved oxygen (DO) and high biochemical oxygen demand 
(ROD) during winter and summer. Water is discharged from the preserve 
throuqh the foot of the dam that forms the impoundment, and therefore, 
tends to he low in IJO. 90 and ROD problems in the impoundment are 
attributed to winter ice cover and peak algal growth in summer. After 
the discharqe of effluents from the Westborough and Shrewsbury 
mtJfliCipal wastewater treatment plants, the river enters its first 
deyradation/recovery cycle. The cycle is repeated as the river 
receives effluent from the four remaining domestic treatment plants. 
Water quality problems in the river are magnified when the effluents 
are discharcjed into the head of an impoundment. However, the flow of 
water over the dams also serves as a primary means of reaeration in the 
river, and thus, the dams also hecome a major factor in the recovery 
seqmertt of the cyc;e. Water quality surveys performed in 1979 showed 
violation<, of the fecal coliform, phosphorus, and dissolved oxygen 
criteria throt,clholit the river. 
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At present, the entire length of the Assabet River is classified 
R, which is designated for the protection and propagation of fish, 
other aquatic life and wildlife, and for primary and secondary 
recreation. Two different uses have been designated for the Assabet 
River--from river mile 31.8 to 12.4 the designated use is "aquatic 
life" and from river mile 12.4 to the confluence with the Sudbury River 
the designated use is a "warm water fishery". The difference in these 
designated uses is that maintenance of a warm water fishery has a 
maximum temperature criterion of 83 degrees F, and a minimum 00 of 5 
mg/l. There are no temperature or DO criteria associated with the 
aquatic life use. These designations seem contrary to the existing 
data, which document violations of both criteria in the lower reaches 
of the river where warm water fishery is the designated use. 

0. Problem Definition 

The Assabet River was managed as a put and take trout fishery 
prior to the early 1970s when the practice was stopped on advisement of 
the MllWPC because of poor water quality conditions in the river. While 
the majority of the water quality problems are attributable to the 
wastewater treatment plant discharges, the naturally low velocities in 
the river, compounded by its impoundment in several places, led to the 
examination of both factors as contributors to the impairment of 
aquatic life uses. This combination of irreversible physical factors 
and wastewater treatment plant-induced water quality problems led to 
the selection of the Assahet River for this water body survey. 

c 1. Approach to Use Attainability Analysis 

Assessment of the Assabet River is based on the previously 
mentioned site visits and discussions among representatives of the 
Massachusetts Division of Water Pollution Control (MDWPC); the l1.S. 
Environmental Protection Agency (EPA); and the Massachusetts Fish and 
Wildlife Division. This assessment is also based in part upon findings 
reported in the field and laboratory analyses on the Assahet River in 
early June, 1979, and again in early August, 1979. These surveys are 
part of the on-going MDWPC monitoring program, which included similar 
water quality assessments of the Assabet in 1969 and 1974. The water 
quality monitoring includes extensive information on the chemical 
characteristics of the Assahet River. 

Analyses Conducted 

A review of physical, chemical and biological information was 
conducted to determine which aquatic life use designations would be 
appropriate. 

A. Physical Factors 

The low flow condition of the river during the sumer months may 
have an impact on the ability of certain fish species to survive. 
Various percentages of average annual r;ow (AAF) have been used to 
describe stream regimens for critical fisheries flow. As reported in 
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rl)rt pl 1 /19!?), stlJdies conducted by Tennant indicate that lo",, 30X, 
and 6n? nf &lF describe the range of fisheries flows from absolute 
1'1 j n i 77"~I 'lqw AAF) to optimum (604 of AAF). The average annual flow of 
the ?,5s45Pt >iver, as calculated from 39 years of record at the USGS 
,];11']" 1: r-i /or r:lile 7.7, is 183 cfs. Flow measurements taken at the 
1171;\ ']"'ll]C~ orl four consecutive days in early August, 1979, were 43, 34, 
" 7 , Anti 3? cfs. These flows average about 19 percent of the AAF 
l~dicatil<~ that some impairment of the protection of fish species may 
occ 11 r d11r to low flow in the river. The 7-day lo-year low flow for 
this r,ahch of the river is approximately 18 to 20 cfs. 

The outstanding physical features of the Assabet River are the 
I1 11 I.; s , dhlch have a significant influence on the aquatic life of the 
-i ir'r-. Ml)St fish are incapable of migrating upstream of the dams, thus 
'1. itint; ttlrlir ahility to find suitable (sufficient) habitats when 
; ri+lr,jl dq?tlr quality conditions occur. The low flow conditions 
!f)wv5+ r ‘),j'e ()f the riar~s dlJrinq dry periods also result in high water 

l 4’;ltJ~,jt N,r-tJS, further limitinq fish survival in the river. 

:< . i:~ol,~~;ical Factors 

*s with 
hlh&?' 

data on the physical parameters for the Assabet River, 
data are sparse. The last fish survey of the Assabet River 

d?\ cl)pr! lctP(i bv the Massachusetts Fish and Wildlife Division in 1952. 
'("1')~ :)rrch, hlueqills, pickerel, sunfish, and hass were all observed. 
7 my ."4 5 j L+ '1 P t 7iver was sampled by the MDWPC for macroinvertebrates at 
‘,‘,,> ! ~:-3:ions in Ilbnp, 1979, as part of an intensive water quality 
: ,“ii'i - 

Thrl ,!<ita ;qf!re rpvieweri and analvses performed to determine whether 
:ondi tionq precll~fie macroinvertebrate hahitats. The results were 
i I.'-oncl 11si ve. 

r. fhp-1 cd 1 Factors 

Ilf all the chemical constituents measured in the June and August, 
1 II '0 , ddYt>r quality surveys, dissolved oxygen, ammonia nitrogen, and 
t of-II9r 3t I, rfy have the greatest potential to limit the survival of 
d cj~~h+ i c life. Ammonia toxicity was investigated using the criteria 
0 i+l~rj~,j in Water Ouality Criteria 1972. The results of this analysis ---__ 
1' :'"+e that the concentration of un-ionized ammonia would need to be 
7 "f-,>d<,>A .ii,;Iroxir?ately three times before acute mortality in the 
c, :‘f',- 7 07 >f fish listed would occur. Therefore, ammonia is not a 
:‘,r‘ )hl ,>"T# 

Tc~~.l~er-dtures in the lower reaches of the Assabet frequently exceed 
+ "(1 -‘,? < , ~ll,,V] temperature criteria (83 deqrees F) for maintenance of a 
da“'- writer fishery. However, temperature readings were taken in early 
,311 1 13:~ a'tt-'rnoon and are believed to be surface water measurements. 
'he,; jrrJ short-term localized ohservations and should not preclude the 
r.>~jif !*r~?prtl of a warm water fishery in those reaches. nissolved oxygen 

r> ,- t, r- l r- 3tlclns above Maynard are unsuitable for supporting cold or warm 
fi !*..r c?\n~rips, but are sufficient to support a fishery below this 
: ',1-t. 
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The impoundments may exhibit water quality problems in the form of 
high surface temperatures and low bottom DO. Surface temperatures have 
been found to be similar to those in the remainder of the river. The 
only depth sample was at 13 feet in the wildlife impoundment, where the 
temperature was 63 degrees F, while 83 degrees F at the surface. While 
such bottom temperatures are likely to be sufficient to support a cold 
water fishery, it is likely that the DO at the bottom of the 
impoundments will be near zero due to benthic demands and lack of 
surface aeration, which would preclude the survival of any fish, 

Findings 

The data, observations, and analyses as presented herein lead to 
the conclusion that there are four possible uses for the Assabet: 
aquatic life, warm water fishery, cold water fishery, and seasonal cold 
water fishery. The seasonal fishery would be managed by stocking the 
river during the spring. 

These uses were analyzed under three water quality conditions: 
existing, existing without the wastewater discharges, and inclusion of 
the wastewater effluent discharges with treatment at the levels 
stipulated in the 1981 Suasco Basin Water Ouality Management Plan. The 
no discharge condition is included as a baseline that represents the 
quality under "natural" conditions. 

A. Existing Uses 

A limited number of warm water fish species predominate in the 
Assabet River under existing conditions. The species should not be 
different from those observed during the 1952 survey. The combination 
of numerous low-level dams and wastewater treatment plants with low 
flow conditions in the summer results in dissolved oxygen 
concentrations and temperatures which place severe stress on the 
metabolism of the fish. 

The observed temperatures are most conducive to support the growth 
of coarse fish, including pike, perch, walleye, smallmouth and 
largemouth bass, sauger, bluegill and crappie. 

The minimum observed DO concentrations are unacceptable for the 
protection of any fish. Water Quality Criteria establishes the values 
6.8, 5.6, and 4.2 mg/l of 00 for high, moderate, and low levels of 
protection of fish for rivers with the temperature characteristics of 
the Assabet. The Draft National Criteria for Dissolved Oxygen in 
Freshwater establishes criteria as 3.0 mg/l for survival, 4.0 mg/l for 
moderate production impairment, 5.0 mg/l for slight impairment, and 6.0 
for no production impairment. The upper reaches will not even support 
a warm water fishery at the survival level, except in the uppermost 
reach. On the other hand, the lower reaches can support a warm water 
fishery under existing conditions. 
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B. Potential Uses 

The potential aquatic life uses of the Assabet River would be 
restricted by temperature and low flow, and by physical barriers that 
would exist even if water quality (measured In terms of DO and 
bacteria) Is significantly improved. Despite an overall improvement in 
treated effluent quality, the river would be suitable for aquatic life, 
as it is currently, and would continue to be too warm to support a cold 
water fishery In the sumnertime. The posslbillty of maintaining the 
cold water species in tributaries during the sutmner was investigated, 
but there are no data on which to draw conclusions. Water quality 
observations In the only tributary indicate temperatures similar to 
those in the mainstem. Therefore, the maintenance of a cold water 
fishery in the Assabet is considered unfeasible. 

The attainable uses in the river without discharges or at planned 
levels of treatment are warm water fishery and seasonal cold water 
fishery. These uses are both attainable throughout the basin, but may 
be impaired in Reach 1, as the water naturally entering Reach 1 from 
the wildlife preservation impoundment is low in DO. The seasonal cold 
water fishery is attainable because the discharge limits are 
established to maintain a DO of 5 mg/l under 7010 conditions. If the 
DO is 5 mg/l under summer low flow conditions, it will certainly be 6 
mg/l or greater during the colder, higher flow spring stocking period, 
and a seasonal cold water fishery would be attainable. 

According to the Fish and Wlldlife Division, the impoundments of 
the Assabet River have the potential to be a valuable warm water 
fishery. The reaches of the river that have a non-vegetated gravel 
bottom also have a high potential to support a significant fishery 
because these habltats allow the benthic invertebrates that comprise 
the food supply for the fish to flourish. It was further suggested 
that if the dissolved oxygen concentration could be maintained above 5 
mg/l, the river could again be stocked as a put and take trout fishery 
In the spring. 

Sumnary and Conclusions 

The low flow conditions of the Assabet River have been 
exacerbated by the low dams which span its course. In the summer 
months, the flow in the river is slowed as the river passes through its 
Impoundments and flow below the dams is often reduced to a relative 
trickle. When flow is reduced, temperatures in the shallow river 
(easily walkable In many places) can exceed the maximum temperature 
crlterlon for protection and propagation of a warm water fishery. 
Additionally, the dams limit the mobility of fish. At present, most of 
the river reaches also undergo extensive degradation due to the 
discharge of wastewater treatment plant effluent which is manifest in 
low dlssolved oxygen concentrations. All of these factors impair the 
aquatic life potential of the Assabet River. 
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Three use levels corresponding with three alternative actions 
related to the wastewater discharges are possible in the Assabet. The 
no action alternative would result in very low dissolved oxygen 
concentrations in many reaches which are appropriate only for the use 
designation of aquatic life and warm water fishery. In this scenario, 
fish would only survive in the lowest river reaches, and aquatic life 
would be limited to sludge worms and similar invertebrates in the upper 
reaches. The remaining two alternatives are related to upgrading 
treatment plants in the basin. If the discharges are improved 
sufficiently to raise the' instream DO to 5 mg/l throughout, as 
stipulated in the 1981 Water Quality Management Plan, it will be 
suitable as a warm water or seasonal cold water fishery. Should the 
discharge be eliminted altogether, the same uses would be attainable. 

The treatment plant discharges inhibit the protection and 
propagation of aquatic life. Most of the treatment plants are 
scheduled to be upgraded in the near future, which would relieve the 
existing dissolved oxygen problems. Even if the river is returned to 
relatively pristine conditions, the type of fish that would be able to 
propagate there would not change, due to the existing physical 
conditions. However, the extent of their distribution, their 
abundance, and the health of the biota would be likely to increase. 

The present use designations of the Assabet River are sufficient 
to characterize the aquatic life use it is capable of supporting, while 
physical barriers prevent the year-round attainment of a "higher" 
aquatic life use. The potential aquatic life uses could include 
extension of the warm water and seasonal cold water fishery 
classifications to the entire length of the river, should the planned 
improvements to the wastewater treatment plants be implemented. 
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WATER BODY SURVEY AND ASSESSMENT 
Blackwater River 

Franklin, Virginia 

I. INTRODUCTION 

A. Site Description 

The area of the Blackwater River which was chosen for this study extends 
from Joyner's Bridge (Southampton County, Route 611) to Cobb's Uharf near 
its confluence with the Nottoway River (Table 1 and Figure 1). ln addition, 
data from the USGS gaging station near Burdette (river mile 24.57) provided 
information on some physical characteristics of the system. 

TABLE 1 

Sampling Locations for Blackwater River Use Attainability Survey 

Station 
No. Location 

River 
Mi le 

: 

3 

Vicinity Joyner's Bridge, Route 611 20.90 
Below Franklin Sewage Treatment Plant Discharge 13.77 
Vicinity Cobb's Wharf, Route 687 2.59 

The mean annual rainfall is 48 inches, much of which occurs in the sutwner 
in the form of thunderstorms. The SCS has concluded that approximately 
41,000 tons of soil are transported to streams in the watershed due to 
rainfall induced erosion. Seventy (70) percent of this originates from 
croplands, causing a potential p llution problem from pesticides and from 

4 fertilizer based nutrients. In ad ition, 114,000 pounds of animal waste are 
produced annually, constituting the only other major source of non-point 
pollution. 

There are two primary point source discharges on the Rlackwater River. The 
Franklin Sewage Treatment Plant at Station 2 discharges an average of 1.9 
mgd of municipal effluent. The discharge volume exceeds NPDES permit levels 
due to inflow and infiltration problems. The plant has applied for a 
federal grant to upgrade treatment. The second discharge is from Union Camp 
Corporation, an integrated kraft mill that produces bleached paper and 
bleached board products. The primary by-products are crude tall oil and 
crude sulfate turpentine. Union Camp operates at 36.6 mgd but retains its 
treated waste in lagoons until the winter months when it is discharged. The 

O-10 



Figure 1. Map of Study Area 
Southampton Co., VA 
Scale 1:5000 

Cobb's Wharf 

Virginia 
-- -- 

North Carolina 
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Union Camp discharge point is downstream from Station 3 just above the 
North Carolina State line at river mile 0.70. 

The topography surrounding the Blackwater River is essentially flat and the 
riparian zone is primarily hardwood wetlands. There is a good surface water 
supply from several swamps. At the USGS gaging station near Burdette, 
Virginia, the discharge for calendar year 1980 averaged 430 cfs. 

The Blackwater River from Joyner's Bridge (Station 1) to Franklin is clas- 
sified by the State Water Control Board (SWCB) as a Class III free flowing 
stream. This classification requires a minimum dissolved oxygen concentra- 
tion of 4.0 mg/l and a daily average of 5.0 mg/l. Other applicable stan- 
dards are maintenance of pH from 6.0 to 8.5 and a maximum temperature of 
32°C. The riparian zone is heavily wooded wetlands with numerous channel 
obstructions. Near Franklin the canopy begins to open and there is an in- 
creasing presence of lily pads and other macrophytes. The water is dark, as 
is characteristic of tannic acid water found'in swamplands. 

Below Franklin the Blackwater River is dredged and channelized to permit 
barge traffic to reach Union Camp. The channel is approximately 40m wide 
and from 5m to 8m in depth. This reach of stream is classified by the SWCB 
as a Class II estuarine system requiring the same dissolved oxygen and pH 
limitation as in Class III but without a temperature requirement. 

B. Problem Definition 

The study area on the Blackwater River includes a Class III free-flowing 
stream and a Class II estuarine river. Part of the Class III section is a 
freshwater cypress swamp. The water is turbid, nutrient enriched and 
slightly acidic due to tannins. 

In response to the EPA request for Virginia's involvement in the pilot Use 
Attainability studies, the State Water Control Board chose to examine the 
Blackwater River in the vicinity of Franklin, Virginia. There were several 
reasons for this choice. First, the major stress to the system is low dis- 
solved oxygen (DO) concentrations which occur from May through November. 
Surveys conducted by SWCB staff, and officials from Union Camp in Franklin, 
found that during certain periods "natural" background concentrations of 
dissolved oxygen fell below the water quality standard of 4.0 mg/l. This 
has raised questions as to whether the current standard is appropriate. 
Virginia's water quality standards contain a swamp water designation which 
recognizes that DO and pH may be substantially different in some swamp 
waters and provides for specific standards to be set on a case by case 
basis. However, no site specific standards have been developed in Virginia 
to date. One of the goals of this project was to gather information which 
could lead to possible development of a site specific standard for the 
Blackwater River. Second, the Franklin STP has applied for a federal grant 
to provide for improved BOD removals from its effluent. 
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C. Approach to Use Attainability 

On 20 April, 1982, staff of the SWCB met with several EPA officials and 
their consultant. After visiting the study area on the Blackwater River and 
reviewing the available information, it was determined that further data 
should be collected, primarily a description of the aquatic community. The 
SWCB staff has scheduled four quarterly surveys from June 1982, through 
March 1983, to collect physical, chemical, and biological information. In- 
terim results are reported herein to summarize data from the first collec- 
tion. Final conclusions will not be drawn until the data has been compiled 
for all four quarters. 

II. ANALYSES CONDUCTED 

A. Physical Analysis 

Data on the physical characteristics of the Blackwater River were derived 
primarily from existing information and from general observations. The en- 
tire reach of the Blackwater River from Joyner's Bridge to Cobb's Wharf was 
traveled by boat to observe channel and riparian characteristics. A sedi- 
ment sample was collected at each station for partical size analysis. 

B. Chemical Analysis 

Water samples were collected at Stations 1-3 for analysis of pH, alkalini- 
ty 9 solids, hardness, nutrients, five-day BOO, chemical oxygen demand, 
total organic carbon, phenols, pesticides, and heavy metals. In addition, 
previous data on dissolved oxygen concentrations collected by the SWCB and 
Union Camp were used to examine oxygen profiles in the river. The USGS 
Water Resources Oata for Virginia (1981) provided some chemical data for 
the Blackwater River near Burdette. 

C. Biological Analysis 

Periphyton sampling for chlorophyll-a, biomass, and autotrophic index rie- 
termination was conducted using floating plexiglass samplers anchored by a 
cement weight. The samplers were placed in the field in triplicate and re- 
mained in the river for 14 days. They were located in run areas in the 
stream. At the end of this two-week period, the samplers were retrieved and 
the slides removed for biomass determinations and chlorophyll analysis. 

Both a cursory and a quantitative survey of macroinvertebrates were con- 
ducted at each station. The purpose of the cursory study was to rapidly 
identify the general water quality of each station by surveying the pres- 
ence of aquatic insects, molluscs, crustaceans and worms and classifying 
them according to their pollution tolerance. A record was kept of all 
organisms found and these were classified to the family level as dominant, 
abundant, conmon, few or present. The cursory survey was completed with a 
qualitative evaluation of the density and diversity of aquatic organisms. 
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General knowledge of the pollution tolerance of various genera was used to 
classify the water quality at each statlon. The benthic macroinvertebrate 
samples were collected with Hester-Dendy multiplate artiflclal substrates. 
The substrates were attached to metal fence posts and held vertically at 
least 15 cm above the stream bottom. The substrates were left in place for 
six weeks to allow for colonization by macroinvertebrate organisms. In the 
laboratory the organisms were identifled to the generic level whenever pos- 
sible. Counts were made of the number of taxa identified and the number of 
Individuals within each taxon. 

Fish populations were surveyed at each station by electrofishing. Each sta- 
tion was shocked for 1,000 seconds: BOO seconds at the shoreline and 200 
seconds at midstream. Fish collected were identified to species and the 
total length of each fish was recorded. In addition, general observations 
were made about the health status of the fish by observing lesions, hemor- 
rhaging, and the presence of external parasites. 

Diversity of species was calculated using the Shannon-Weaver index. Addi- 
tionally, the fish cormnunities were evaluated using an index proposed by 
Karr (1981) which classifies biotic integrity based on 12 parameters of the 
fish community. 

III. FINDINGS 

There are few physical factors which limit aquatic life uses. The habitat 
is characteristic of a hardwood wetland with few alterations. The major 
alteration is dredging and channelizatlon below Franklin which eliminates 
much of the macrophyte communfty and the habitat it provides for other 
organisms. The substrate at each station was composed mostly of sand with a 
high moisture content. This Is characteristic of a swamp but is not ideal 
habitat for colonization by periphyton and macroinvertebrates. 

DO concentrations are typIcally below the Virginia water quality standards 
during the months of May through November. This is true upstream as well as 
downstream from the Franklin STP and appears to occur even wlthout the im- 
pact of BOD loadings from Franklin. This phenomenon may be typical of en- 
riched freshwater wetlands. However, during the winter months, DO concen- 
trations may exceed 10 mg/l. Another survey conducted by SWCB showed that 
there were only small changes in DO concentration with depth. 

Representatives from 17 families of macroinvertebrates were observed during 
a cursory investigation. These included mayflies, scuds, midges, operculate 
and non-operculate snails, crayfish, flatworms, and a freshwater sponge. 
The majority of these organisms were facultative at Stations 1 and 2. HOW- 
ever, there were a few pollution sensitive forms at Station 1, and Station 
3 was dominated by pollution sensitive varieties. 

Twelve (12) species from seven families of fish were observed during the 
June 1982 study. Several top predators were present including the bowfin, 
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chain pickerel, largemouth bass and longnose gar. Other fish collected were 
the American eel, shiners, pirate perch, yellow perch, and five species of 
sunfish. None of the species are especially pollution sensitive. Results of 
the fish population survey are presented in Table 2. 

TABLE 2 

Results of Fish Population Survey in Blackwater River, 9 June 1982 

Number No. of Diversity Proportion of 
Station Collected Species d Omnivores Carnivores 

:: Joyner's Franklin Bridge STP 19 51 7 6 2.30 2.35 .r)OO .OOO .157 .098 
3. Cobb's Wharf 44 6 2.35 .ooo .114 

Based on the EPA 304(a) criteria, low seasonal 00 concentrations measured 
in the river should present a significant stress to the biotic community. 
Large fish tend to be less resistant to low DO yet large species such as 
the largemouth bass, American eel and some sunfishes were present in an 
apparently healthy condition. The explanation for this is unclear. The low 
dissolved oxygen concentrations are near the physiological limit for many 
species. Fish may be able to acclimate to low DO to a limited extent if the 
change in oxygen concentration occurs gradually. The fact that fish are 
present in a healthy condition suggests that there is a lack of other sig- 
nificant stressors in the system which might interact with low DO stress. 
It is worth noting that spawning probably occurs in most species before the 
Sumner months when dissolved oxygen concentration become critically low. 

The autotrophic index determinations show the Joyner's Bridge and Franklin 
STP stations as having relatively healthy periphyton communities. In each 
case over 80 percent of the periphytic community was autotrophic in nature. 
Based on the autotrophic index, both of these stations were in better bio- 
logical health than the most downstream station, Cobb's Wharf. At Cobb's 
Wharf the autotrophic index characterized an autotrophic community which 
was experiencing a slight decline in biological integrity (74 percent auto- 
trophic as compared to greater than 80 percent upstream). 

Chemical analyses conducted on water from the Blackwater River did not 
reveal any alarming concentration of toxicants when compared to EPA Water 
Quality Criteria Documents, although the zinc concentration at Station 1 
was slightly above the 24-hour average recommended by EPA. One sample col- 
lected by the USGS had a zinc concentration which was twice this number. 
The source of this zinc is unknown. Any impact which exists from this pro- 
blem should be sublethal, affecting growth and reproduction of primarily 
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the most sensitive species. The actual impact of zinc concentrations at 
Joyner's Bridge is unknown. 

Analyses of the periphyton data as well as the water chemistry data indi- 
cate that the Blackwater River is nutrient enriched. Some of this nutrient 
load comes from inadequately protected crop lands and from domestic animal 

wastes. The Franklin STP also contributes to higher nutrient concentra- 
tions. Additionally, an SWCB report estimated that between river mile 20.0 
and 6.0, 1,600 lb per day of non-point source carbonaceous ROD (ultimate) 
are added to the river. Consequently, these point and non-pant sources 
appear to be contributing to both organic enrichment and lower dissolved 
oxygen concentrations. 

IV. SUMMARY AND CONCLUSIONS 

The Blackwater River from river mile 2.59 to 20.90 has been characterized 
as a nutrient enriched coastal river much of which is bordered by hardwood 
wetlands. Periphytic, macroinvertebrate, and fish cotmnunities are healthy 
with fair to good abundance and diversity. The major limitation to aquatic 
life appears to be low 00 concentrations which are enhanced by point and 
non-point sources of nutrients and BOO. A secondary limitation may be ele- 
vated zinc concentrations at Joyner's Bridge. 

The primary difficulty in assessing the attainability of aquatic life uses 
is locating a suitable reference reach to serve as an example of an unaf- 
fected aquatic community. Originally, Joyner's Bridge (Station 1) was 
selected for this purpose, but few major differences occur between popula- 
tions at all three stations. However, the widespread non-point pollution in 
Southeastern Virginia makes the location of an undisturbed reference reach 
impossible, The only alternative, then, is to make the best possible judg- 
ment as to what organisms might reasonably be expected to inhabit the 
Blackwater. 

In reference to the Blackwater River, it is probable that most fish species 
are present that should reasonably be expected to inhabit the river, al- 
though possibly in lower numbers. (No attempt has yet been made to assess 
this with regard to algal and invertebrate communities.) However, based on 
the 304(a) criteria, the low DO concentrations represent a significant 
stress of the ecosystem and the introduction of additional stressors could 
be destructive. It is also probable that higher oxygen concentrations dur- 
ing winter months play a major role in reducing the impact of this stress. 
Removal of point and non-point source inputs may alleviate some problems. 
However, DO concentrations may still remain low. The increased effect of 
oxygen concentrations should be an increase in fish abundance and increased 
size of individuals. Diversity would probably be unaffected. Nevertheless, 
no attempt has been made to estimate the magnitude of these changes. 

Cairns (1977) has suggested a method for estimating the potential of a body 
of water to recover from pollutional stress. Although this analysis is only 
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semi-quantitative and subjective, it suggests that the chances of rapid 
recovery following a disturbance in the Blackwater River are poor. 

The absence of an undisturbed reference reach and the dffffcu’lty in quao- 
tifjfing changes in dissolved oxygen, population structure, and population 
abundance make a definite statement regarding attainability of aquatic life 
uses difficult. However, to surmnarize, several points stand out. First, the 
aquatic cotmnunities in the Blackwater River are generally healthy with fair 
to good abundance and distribution. Dissolved oxygen concentrations are low 
for about half of the year which causes a significant stress to aquatic 
organisms. Oxygen concentrations are higher during the reproductive periods 
of many fishes. Because of these stresses and the physical characteristics 
of the river, the system does not have much resiliency or capacity to with- 
stand additional stress. Although a quantitative statement of changes in 
the aquatic cotnnunity with the amelioration of DO stress has not been made, 
it is probable that additional stresses would degrade the present aquatic 
community. 

The occurrence of low dissolved oxygen concentrations throughout much of 
the Blackwater is, in part, a "natural" phenomenon and could argue for a 
reduction in the DO standard. However, if this standard were reduced on a 
year round basis it is probable that the aquatic comnunity would steadily 
degrade. This may result in a contravention of the General Standard of 
Virginia State Law which requires that all waters support the propagation 
and growth of all aquatic life which can reasonably be expected to inhabit 
these waters. Because of the lack of resiliency in the system, a year round 
standards change could irreversibly alter the aquatic community. 
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WATER BODY SURVEY AND ASSESSMENT 
Cuckels Brook 

Bridgewater Township, New Jersey 

I. INTRODUCTION 

A. Site Description 

Cuckels Brook, a small tributary of the Raritan River, is located entirely 
within Bridgewater Township in Somerset County, New Jersey. It is a peren- 
nial stream approximately four miles long, having a watershed area of ap- 
proximately three square miles. The entire brook is classified as FW-2 Non- 
trout in current New Jersey Department of Environmental Protection (NJDEP) 
Surface Water Quality Standards. 

Decades ago, the downstream section of Cuckels Brook (below the Raritan 
Valley Line Railroad, Figure 11, was relocated into an artificial channel. 
This channelized section of Cuckels Brook consists of an upstream subsec- 
tion approximately 2,000 feet in length and a downstream subsection approx- 
imately 6,000 feet in length, with the Somerset-Raritan Valley Sewerage 
Authority (SRVSA) municipal discharge being the point of demarcation be- 
tween the two. The downstream channelized subsection (hereinafter referred 
to as "Lower Cuckels Brook") is used primarily to convey wastewater to the 
Raritan River from SRVSA and the American Cyanamid Company, which dis- 
charges approximately 200 feet downstream of SRVSA. At its confluence with 
the Raritan River, flow in Lower Cuckels Brook is conveyed into Calco Dam, 
a dispersion dam which distributes the flow across the Raritan River. Ex- 
cept for railroari and pipeline rights-of-way, all the land along Lower 
Cuckels Brook is owned by the American Cyanamid Company. Land use in the 
Cuckels Brook watershed above the SRVSA discharge is primarily suburban but 
includes major highways. 

B. Problem Definition 

Lower Cuckels Brook receives two of the major discharges in the Raritan 
River Basin. SRVSA is a municipal secondary wastewater treatment plant 
which had an average flow in 1982 of 8.8 mgd (design capacity = 10 mgdl. 
The American Cyanamid wastewater discharge is a mixture of process water 
from organic chemical manufacturing, cooling water, storm water, and sani- 
tary wastes. This mixed waste receives secondary treatment followed by 
activated carbon treatment. In 1982 American Cyanamid's average flow was 
7.0 mgd (design capacity 20 mgd). These two discharges totally dominate the 
character of Lower Cuckels Brook. 

Over 90 percent of the flow in Cuckels Brook is wastewater (except after 
heavy rainfall). The mean depth is estimated to be between 1 and 2 feet, 
and the channel bottom at observed locations is covered with deposits of 
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black sludge, apparently derived from solids in the SRVSA and Cyanamid dis- 
charges (primarily the SRVSA discharge). In contrast, the channelized sub- 
section of Cuckels Brook above the SRVSA discharge is often only inches 
deep with a bottom of bedrock, rubble, gravel and silt. 

Cuckels Brook (including Lower Cuckels Brook) is classified as FW-2 Non- 
trout in the NJDEP Surface Water Quality Standards. The FW-2 classification 
provides for the following uses: 

1. Potable water supply after such treatment as shall be required by 
law or regulation; 

2. Maintenance, migration, and propagation of natural and established 
biota (not including trout); 

3. Primary contact recreation; 

4. Industrial and agricultural water supply; and 

5. Any other reasonable uses. 

The attainment of these uses is currently prevented by the strength and 
volume of wastewaters currently riischarged to Cuckels Brook. The size of 
the stream also limits primary contact recreation and other water uses, and 
physical barriers currently prevent the migration of fish between Cuckels 
Brook and the Raritan River. 

C. Approach to Use Attainability 

In response to an inquiry from EPA, Criteria and Standards Division, the 
State of New Jersey offered to participate in a demonstration Water Body 
Survey and Assessment. The water body survey of Cuckels Brook was conducted 
by the New Jersey Department of Environmental Protection, Bureau of Systems 
Analysis and Wasteload Allocation; with assistance from the EPA Region II 
Edison Laboratory. 

The assessment is based primarily on the results of a field sampling pro- 
gram designed and conducted jointly by NJDEP and EPA-Edison in October 
1982. Additional sources of information include self-monitoring reports 
furnished by the dischargers, and earlier studies conducted by the NJDEP on 
Cuckels Brook and the Raritan River. Based on this assessment, NJDEP deve- 
loped a report entitled "Lower Cuckels 8rook Water Body Survey and Use 
Attainability Analysis, 1983.” 

II. ANALYSES CONOUCTED 

A. Chemical Analysis 

The major impact of the SRVSA discharge is attributed to un-ionized ammonia 
and TRC levels, whose concentrations at Station 4, 100 feet below the dis- 
charge point were 0.173 and 1.8 mg/l respectively, which are 3.5 and 600 
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times higher than the State criteria. The un-ionized ammonia concentration 
of the Cyanamid effluent was low, but stream concentrations at Stations 6 
and 7 were relatively high (though below the State criterion of 0.05 mg/l). 

The Cyanamid discharge contained 0.8 mg/l TRC. Concentrations at both Sta- 
tions 6 and 7 were 0.3 mg/l TRC, lower than at Station 4 but still 100 
times the State criterion of 0.003 mg/l. The other major impact of the Cy- 
anamid effluent was on instream filterable residue levels. Concentrations 
at Stations 6 and 7 exceeded 1,100 rng/l, over three times the State crite- 
rion (133 percent of background). 

The effluents apparently buffered the pH of Lower Cuckels Brook which was 
approximately pH 7 at Stations 4, 6 and 7, and the pti of the upstream 
reference stations was markedly alkaline. Dissolved oxygen concentrations 
decreased in the downstream direction despite low 0005 concentrations both 
in the effluents and instream. This suggests an appreciable sediment oxygen 
demand in Lower Cuckels Brook. Dissolved oxygen levels were greater in the 
two effluents than in the stream at Stations 6 and 7. The dissolved oxygen 
concentration at Station 7 of 4.1 mg/l nearly violated the State criterion 
of 4.0 mg/l; this suggests the potential for unsatisfactory dissolved oxy- 
gen conditions during the Sumner. 

The results of the water body survey are generally in good agreement with 
other available data sources. Recent self-monitoring data for both American 
Cyanamid and SRVSA agree well with the data collected in this survey. In 
particular they show consistantly high TRC concentrations in both efflu- 
ents. High average dissolved solids (filterable residue) concentrations are 
reported for the Cyanamid effluent. Total ammonia levels as high as 33.5 
mg/l NH3 (27.6 mg/l N) were reported for the SRVSA effluent. The pH of the 
Cyanamid and SRVSA effluents is sometimes more alkaline than the water body 
survey values indicating that toxic un-ionized amnonia concentrations may 
sometimes be higher than measured during the water body survey. 

8. Biological Analysis 

Fish and macroinvertebrate surveys were conducted in the channelized sub- 
section of Cuckels Brook above the SRVSA discharge. Only three fish species 
were found: the banded killifish, the creek chub and the blacknose date. 
One hundred and eighty-six (186) out of the total 194 specimens collected 
were banded killifish. Killifish are very hardy and are common in both es- 
tuarine and freshwater systems. The largest fish found, a creek chub, was 
146 mm long. 

The results of the macroinvertebrate survey are discussed in detail in a 
separate report (NJDEP, 1982). Four replicate surber samples were collected 
at Stations 1 and 2 above the SRVSA discharge. Diversity indices indicate 
the presence of similar well-balanced communities at both stations. Species 
diversity and equitability were 3.9 and 0.7 respectively at Station 1, and 
4.3 and 0.7 respectively at Station 2. Productivity at Stations 1 and 2 was 
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low, with mean densities of 59 and 89 individuals per square foot, respec- 
tively. The majority of species found at both stations have organic pollu- 
tion tolerance classifications of tolerant (dominant at Station 1) or fac- 
ultative (dominant at Station 2). 

Overall, the biological data indicate that the upstream channelized subsec- 
tion of Cuckels Brook supports a limited fish cotmnunity and a limited mac- 
roinvertebrate community of generally tolerant species. The water quality 
data indicates nothing that would limit the conmiunity. One possible limi- 
ting factor is that, as a result of channelization, the substrate consists 
of unconsolidated gravel and rubble on bedrock, which might easily be dis- 
turbed by high flow conditions. 

Both the chemical data and visual observations at various locations suggest 
that virtually no aquatic life exists along Lower Cuckels Brook: not even 
algae were seen. The discharges have seriously degraded water quality. Un- 
ionized ammonia concentrations at Station 4 were close to acute lethal 
levels, while concentrations of TRC were above acute levels at Stations 4, 
6 and 7 (EPA, 1976). The sludge deposits which apparently cover most of the 
bottom of lower Cuckels Brook could exert negative physical (i.e. smother- 
ing) and chemical (i.e. possible toxics) effects on any benthic organisms. 
No biological survey of the lower brook was made because of concern about 
potential hazards to sampling personnel. Supplemental sampling of the sedi- 
ments is planned to ascertain levels of toxics accumulation. 

As part of their self-monitoring requirements, American Cyanamid performs 
weekly 96-hour modified flow-through bioassays with fathead minnows using 
unchlorinated effluent. Of 63 bioassays conducted between 1 May, 1981 and 
31 August, 1982, results from eight bioassays had 96-hour LC50 values at 
concentrations of effluent less than 100 percent (i.e. 26 percent, 58 per- 
cent, 77 percent, 83.5 percent, 88 percent, 92 percent, and 95.5 percent). 
These results suggest that the American Cyanamid effluent would not be ex- 
tremely toxic if it were reasonably diluted by its receiving waters. Within 
Lower Cuckels Brook, however, the effluent receives only approximately 50 
percent dilution and the potential exists for toxic effects on any aquatic 
life that may be present. These effects would be in addition to the toxici- 
ty anticipated from the TRC concentrations which result from the chlorina- 
tion of the effluent. 

III. FINDINGS 

Practically none of the currently designated uses are now being achieved in 
Lower Cuckels Brook. The principal current use of Lower Cuckels Brook is 
the conveyance of treated wastewater and upstream runoff to the Raritan 
River. Judging from the indirect evidence of chemical data and visual ob- 
servations, virtually no aquatic life is maintained or propagated in Lower 
Cuckels Brook. It has been well documented that fish avoid chlorinated 
waters (Cherry and Cairns, 1982; Fava and Tsai, 1976). Any aquatic life 
that does reside in Lower Cuckels Brook would be sparse and stressed. Mig- 
ration of aquatic life through Lower Cuckels Brook would probably only oc- 
cur during periods of high storm water flow when some flow occurs over the 
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un-named dam (Figure 1) which is designed to direct the flow of Cuckels 
Brook toward Calco Dam. Calco Dam and its associated structures, including 
the un-named dam, normally prevent the migration of fish between Cuckels 
Brook and the Raritan River. 

Lower Cuckels Brook currently does not support any primary or secondary 
contact recreation. No water is currently diverted from Lower Cuckels Brook 
for potable water supply, industrial or agricultural water supply, or any 
other purpose. 

Because Lower Cuckels Brook receives large volumes of wastewater and be- 
cause there is practically no dilution, water quality in Lower Cuckels 
Brook has been degraded to the quality of wastewater. Moreover, the bottom 
of Lower Cuckels Brook has been covered at observed locations with waste- 
water solids. As a result, Lower Cuckels Brook is currently unfit for aqua- 
tic life, recreation, and most other water uses. The technology-based ef- 
fluent limits required by the Clean Water Act are not adequate to protect 
the currently designated water uses in Lower Cuckels Brook. SRVSA already 
provides secondary treatment (except for bypassed flows in wet weather), 
and American Cyanamid already provides advanced treatment with activated 
carbon. Because the Raritan River provides far more dilution than does 
Cuckels Brook, effluent limits which may be developed to protect the Rari- 
tan River would not be adequate to protect the currently designated water 
uses in Lower Cuckels Brook. The only practical way to restore water qua- 
lity in Lower Cuckels Brook would be to remove the wastewater discharges. 
However, there are several factors that would limit the achievement of cur- 
rently designated uses even if the wastewater discharges were completely 
separated from natural flow. 

If it were assumed that the wastewater discharges and sludge were absent, 
and that the seepage of contaminated groundwater from the American Cyanamid 
property was insignificant or absent, then the following statements could 
be made about attainable uses in Lower Cuckels Brook: 

- The restoration of aquatic life in Lower Cuckels Brook 
lmlted to some extent by the small size and lower flow of the 

stream, by channelization, and by contaminants in suburban and highway 
runoff from the upstream watershed. Lower Cuckels Brook could support a 
limited macroinvertebrate community of generally tolerant species, and 
some small fish as were found in the reference channelized subsection 
above the SRVSA discharge (Stations 1 and 2). Unless it were altered or 
removed, the Calco Dam complex would continue to prevent fish migra- 
tion. 

Wildlife typical of narrow stream corridors could inhabit the generally 
narrow strips of land between Lower Cuckels Brook and nearby railroad 
tracks and waste lagoons. Restoration of aquatic life in Lower Cuckels 
Brook would be expected to have little impact on aquatic life in the 
Raritan River. 
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Recreation - Lower Cuckels Brook would be too shallow for swlmning 
or boating, and its small fish could not support sport flshlng. 
The industrial surroundings of Lower Cuckels Brook, Includjng 
waste lagoons and active manufacturing facilities and rallroads, 
severely reduces the potentlal for other recreational actlvlties 
such as streamside trails and pfcnlc areas, wading, and nature 
appreciation. As Lower Cuckels Brook is on private Industrial 
property, trespassing along thls brook and 1n the surroundlng area 
is discouraged. 

It would appear unlikely that any of the landowners, or any 
government agency, would develop recreational facilities along 
lower Cuckels Brook or even remove some of the brush which impalrs 
access to most of the Brook. Recreation along Lower Cuckels Brook 
would be limited, occasional, and informal. 

Other Water Uses - Although water quality In Lower Cuckels Brook 
would generally meet FM-2 Nontrout criteria, the volume of natural 
flow in Lower Cuckels Brook would be insufflc1ent for potable 
water supply or for Industrjal or agricultural water use. 

In general, Lower Cuckels Brook would become a small channellzed 
tributary segnent flowing through a heavily industrlallzed area, free 
of gross pollution and capable of supportlng a modest aquatlc community 
and very limited recreatIona use. 

IV. SUMMARY AND CONCLUSIONS 

This use-attainability analysis has discussed the present impalnent of 
the currently designated uses of Lower Cuckels Brook, the role of 
wastewater discharges in such Impairment, and the extent to which 
currently designated water uses might be achieved If the wastewater 
discharges were removed. Further analysis, outside the scope of this 
survey, will be required: to document the costs of removjng SRVSA and 
American Cyanamid effluent from Lower Cuckels Brook, and to evaluate 
the impact of the SRVSA and American Cyanamld discharges on the Raritan 
River. These analyses may lead to the development of site-specific 
water quality standards for Lower Cuckels Brook (designated uses 
llmited to the conveyance of wastewater and the preventlon of 
nuisances), or to the removal of the wastewater discharges from Lower 
Cuckels Brook. In either case, effluent limits would be established tc 
protect water quality In the Raritan River. 
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WATER BODY SURVEY AND ASSESSMENT 
Deep Creek And Canal Creek 

Scotland Neck, North Carolina 

I. INTRODUCTION 

A. Site Description 

The Town of Scotland Neck is located in Halifax County in the lower coastal 
plain of North Carolina. The Town's wastewater, made up mostly of domestic 
waste with a small amount of textile waste, is treated in an oxidation 
ditch of 0.6 mgd design capacity. The treatment plant is located two-tenths 
of a mile southwest of Scotland Neck off U.S. Highway 258, as seen in Fig- 
ure 1. The effluent (0.323 mgd average) is discharged to Canal Creek which 
is a tributary to Deep Creek. 

Canal Creek is a channelized stream which passes through an agricultural 
watershed, but also receives some urban runoff from the western sections of 
Scotland Neck. It is a Class C stream with a drainage area of 2.4 square 
miles, an average stream flow of 3.3 cfs, and a 7010 of 0.0 cfs. The Creek 
retains definite banks for about 900 feet below the outfall at which point 
it splits into numerous shifting channels and flows BOO to 1400 feet 
through a cypress swamp before reaching Deep Creek. Curing dry periods the 
braided channels of Canal Creek can be visually traced to Deep Creek. Dur- 
ing wet periods Canal Creek overflows into the surrounding wetland and flow 
is no longer restricted to the channels. 

Deep Creek is a typical tannin colored Inner Coastal Plain stream that has 
a heavily wooded paludal flood plain. The main channel is not deeply en- 
trenched. In some sections streamflow passes through braided channels, or 
may be conveyed through the wetland by sheetflow. During dry weather flow 
periods the main channel is fairly distinct and the adjacent wetland is 
saturated, but not inundated. During wet weather periods the main channel 
is less distinct, adjacent areas become flooded and previously dry areas 
become saturated. 

8. Problem Oefinition 

The Town of Scotland Neck is unable to meet its final NPDES Permit limits 
and is operating with a Special Order by Consent which specifies interim 
limits. The Town is requesting a 201 Step III grant to upgrade treatment by 
increasing hydraulic capacity to 0.675 mgd with an additional clarifier, an 
aerobic digestor, tertiary filters, a chlorine contact chamber, post aera- 
tion and additional sludge drying beds. The treated effluent from Scotland 
Neck is discharged into Canal Creek. The lower reaches of Canal Creek are 
part of the swamp through which Deep Creek passes. 
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Figure 1. Study Area, Deep Creek 
and Canal Creek 
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Deep Creek carries a "C" classification, but due to naturally low dissolved 
oxygen and other conditions imposed by the surrounding swamp, it is felt 
that reclassification to "C-Swamp" should be considered. Deep Creek should 
be classified C-Swamp because its physical characteristics meet the C-Swamp 
classification of the North Carolina Administrative Code for Classifica- 
tions and Water Quality Standards. The Code states: Swamp waters shall mean 
those waters which are so designated by the Environmental Management Com- 
mission and which are topographically located so as to generally have very 
low velocities and certain other characteristics which are different from 
adjacent streams draining steeper topograpy. The C-Swamp classification 
provides for a minimum pH of 4.3 (compared to a range of pH 6.0 to pH 8.5 
for C waters), and allows for low (unspecified) DO values if caused by nat- 
ural conditions. 00 concentrations in Deep Creek are usually below 4.0 
W/l. 

C. Approach to Use Attainability Analysis 

1. Data Available 

1. Self Monitoring Reports from Scotland Neck. 
2. Plant inspections by the Field Office. 
3. Intensive Water Quality Survey of Canal Creek and Deep Creek at 

Scotland Neck In September, 1979. Study consisted of time-of- 
travel dye work and water quality sampling. 

2. Additional Routine Data Collected 

Water quality survey of Canal Creek and Deep Creek at Scotland Neck 
in June 1982. Water quality data was collected to support a biologi- 
cal survey of these creeks. The study included grab samples and flow 
measurements. 

Benthic macroinvertebrates were collected from sites on Canal Creek 
and Deep Creek. Qualitative collection methods were used. A two- 
member team spent one hour per site collecting from as many habitats 
as possible. It is felt that this collection method is more reliable 
than quantitative collection methods (kicks, Surbers, ponars, etc.1 
in this type of habitat. Taxa are recorded as rare, common, and 
abundant. 

II. ANALYSES CONDUCTED 

A. Physical Factors 

Sampling sites were chosen to correspond with sites previously sampled in a 
water quality survey of Canal and Deep Creeks. Three stations were selected 
on Canal Creek. SN-1 is located 40 feet above the Town of Scotland Neck 
Wastewater Treatment Plant outfall. This site serves as a reference sta- 
tion. The width at SN-1 is 7.0 feet and the average discharge (two flows 
were recorded in the September 1979 survey and one flow in the June 1982 
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survey) is 0.65 cubic feet per second. Canal Creek at SN-1 has been chan- 
nelized and has a substrate composed of sand and silt. SN-4 is located on 
Canal Creek 900 feet below the discharge point. This section of Canal Creek 
has an average cross-sectional area of 11.8 feet and an average flow of 
1.33 cubic feet per second. The stream in this section is also channelized 
and also has a substrate composed of sand and silt. There is a canopy of 
large cypress at SN-4 below the plant, while the canopy above SN-1 is re- 
duced to a narrow buffer zone. The potential uses of Deep Creek are limited 
by its inaccessability in these areas. 

A third station (SN-5) was selected on one of the lower channels of Canal 
Creek at the confluence with Deep Creek 3200 feet upstream of the U.S. 
Highway 258 bridge. Discharge measurements could not be accomplished at 
this site during this survey because of the swampy nature of the stream 
with many ill-defined, shallow, slow moving courses. Renthic macroinverte- 
brates were collected from this site. 

Three stations were chosen on Deep Creek. SN-6 is approximately 300 feet 
upstream of SN-5 on Canal Creek at its confluence with Deep Creek and is a 
reference site. SN-7 is located at the U.S. Highway 258 bridge and SN-8 is 
located further downstream at the SR 1100 bridge. SN-7 and SN-8 are below 
Canal Creek. There are some differences in habitat variability among these 
three sites. The substrate at both SN-6 and SN-7 is composed mostly of a 
deep layer of fine particulate matter. Usable and productive benthic hab- 
itats in this area are reduced because of the fine particulate layer. It is 
possible that the source of this sediment is from frequent overbank flows 
and from upstream sources. Productive benthic habitats include areas of 
macrophyte growth, snags, and submerged tree trunks. Discharge measurements 
were not taken at any of these three sites during this survey. 

B. Chemical Factors 

Chemical data from two water qualit 
6 

surveys show that the dissolved oxygen 
in Canal Creek is depressed while B 0 

5 
, solids and nutrient levels are ele- 

vated. The 1982 study indicates, howe er, that the water quality is better 
than it was during the 1979 survey. Such water quality improvements may be 
due to the addition of chlorination equipment and other physical improve- 
ments as well as to the efforts of a new plant operator. 

Both above and below its confluence with Canal Creek, Deep Creek shows poor 
water quality which may be attributed to natural conditions, but not to any 
influence from the waste load carried by Canal Creek. Canal Creek exhibited 
higher DO levels than Deep Creek. 

C. Biological Factors 

The impact of the effluent on the fauna of Canal Creek is clear. A 63 per- 
cent reduction in taxa richness from 35 at SN-1 to only 13 at SN-4 indi- 
cates severe stress as measured against criteria developed by biologists of 
the Water Quality Section. The overwhelming dominance of Chironomus at SN-4 
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is indicative of a low 00 level and high concentrations of organic matter. 
To what extent this condition is attributable to the effluent or to natural 
swamp conditions is not clear, No impact to the benthos of Deep Creek was 
discerned which could be attributed to the effluent. 

III. FINDINGS 

Deep Creek is currently designated as a class C warm water fishery but due 
to naturally low dissolved oxygen concentrations may not be able to satisfy 
the class C dissolved oxygen criteria. The 00 criterion for class C waters 
stipulates a minimum value of 4 ppm, yet the DO in Deep Creek, in both the 
1979 and the 1982 studies, was less than 4 ppm. Thus from the standpoint of 
aquatic life uses, Deep Creek may not be able to support the forms of aqua- 
tic life which are intended for protection under the class C standards. 
Because of prevailing natural conditions, there are no higher potential 
uses of Deep Creek than now exist; yet because of prevailing natural condi- 
tions and in light of the results of this water body assessment, the C- 
swamp use designation appears to be a more appropriate designation under 
existing North Carolina Water Quality Standards. 

Canal Creek is degraded by the effluent from the Scotland Neck wastewater 
treatment plant. The BOO 

8 
, fecal coliform, solids and nutrient levels are 

elevated while the 00 c ncentration is depressed. The reach immediately 
below the outfall is affected by an accumulation of organic solids, by dis- 
coloration and by odors associated with the wastewater. 

IV. SUMMARY AND CONCLUSIONS 

The water body survey of Deep Creek and Canal Creek included a considera- 
tion of physical, chemical and biological factors. The focus of interest 
was those factors responsible for water quality in Deep Creek, including 
possible deliterious effects of the Scotland Neck wastewater on this water 
body. The analyses indicate that the effluent does not appear to affect 
Deep Creek. Instead, the water quality of Deep Creek reflects natural con- 
ditions imposed by seasonal low flow and high temperature, and reflects the 
nutrient and organic contribution of the surrounding farmland and wetland. 
It is concluded that the C-Swamp designation more correctly reflects the 
uses of Deep Creek than does the C designation. 

In contrast to Deep Creek, Canal Creek is clearly affected by the treated 
effluent. Further examination would be required to determine the extent of 
recovery that might be expected in Canal Creek if the plant were to meet 
current permit requirements or if the proposed changes to the plant were 
incorporated into the treatment process. 
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WATER RODY SURVEY AND ASSFSSMENT 
Malheur River 

Malheur County, Oregon 

I INTRDDUCTIDh 

A. Site Description 

The Malheur River, in southeastern Oregon, flows eastward to 
the Snake River which separates Dregon from Idaho. Most of 
Malheur County is under some form of agricultural production. 
With an averaqe annual precipitation of less than 111 inches, 
the delivery of irrigation water is essential to maintain the 
hiqh aqricultural productivity of the area. 

The Malheur River system serves as a major source of water for 
the area's irrigation requirements (out of basin transfer of 
water from Owyhee Reservoir augments the Malheur supply). 
Reservoirs, dams, and diversions have heen built on the 
Malheur and its tributaries to supply the irrigation network. 
The first major withdrawal occurs at the Namorf Dam and 
Diversion, at Malheur River Mile 69. Figure 1 presents a 
schematic of the study area. 

Irrigation water is delivered to individual farms by a 
complicated system of canals and laterals. Additional water 
is obtained from drainage canals and groundwater sources. An 
inteqral part of the water distribution system is the use and 
reuse of frriqation return flows five or six times before it 
is finally discharqed to the Snake River. 

R. Problem Definition 

The Malheur River above Flamorf Dam and Diversion is managed 
primarily as a trout fishery, and from Namorf to the mouth as 
a warm-water fishery. The upper portion of the river system 
is appropriately classified. Relow Namorf Dam, however, the 
river is inappropriately classified as supporting a cold-water 
fishery, and therefore was selected for review. This review 
was conducted as part of the U.S. Environmental Protection 
Agency's field test of the draft "Water Body Survey and 
Assessment Guidance" for conducting a use attainability 
analysis. The guidance document supports the proposed rule to 
revise and consolidate the existing regulation governing the 
development, review, and approval of water quality standards 
under Section 303 of the Clean Water Act. 

c ,. Approach to Use Attainability Analysis 

Assessment of the Malheur River is based on a site visit which 
included meetings with representatives of the Malheur County 
Citizen's Water Resources Committee, the USDA-Soil 
Conservation Service, the Dreqon Department of Environmental 
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nualfty (DDEQ), the Oregon Department of Fish and Wildlife 
(CIDFW), and the U.S. Environmental Protection Agency (EPA): 
and upon the findings reported in two studies: 

Final Report, Two Year Sampling Program, Malheur County 
hater Duality Management Plan, Malheur County Planning 
dfffce, Vale, Oregon, 1981. 

Bowers, Hosford and Moore, Stream Surveys of the Lower 
Owyhee and Malheur Rivers, A-Report to the Malheur County 
Qater Resources Committee, Oregon Department of Fish and 
IJlldllfe, January, 1979. 

The first report, prepared under amendments to Section 208 of 
the Clean Water Act, contains extensive information on the 
quantity, quality and disposition of the areas' water 
resources. The second document gives the fish populations 
found in the lower 69 miles of the Malheur River during June 
and July, 1978. Information in the DDFW report is 
incorporated in the 208 report. Additional fisheries 
information supplied by DDFW was also considered. 

A representative of DDEO, Portland, and the Water Duality 
Standards Coordinator, EPA Region X, Seattle, Washington, 
agreed that the data and analyses contained in these two 
reports were sufficient to re-examine existing designated uses 
of the Malheur River. 

II ANALYSES CONDUCTED 

Physical, chemical, and biological data were reviewed to 
determine: (1) whether the attainment of a salmonid fishery was 
feasible in the lower Malheur; and (2) whether some other 
designated use would be more appropriate to this reach. The 
elements of this review follow: 

A. Physical Factors 

Historically, salmonfd fish probably used the lower Malheur 
(lower SO miles) mainly as a migration route, because of the 
warm water and poor habitat. The first barrier to upstream 
fish migration was the Nevada Dam near Vale, constructed in 
mn. Construction of the Warm Springs Dam in 1918, ended the 
anadromous fish runs in the Middle Fork Malheur. The 
construction of Reulah Dam in 1931, befell the remainder of 
anadromous fish runs on the North Fork Malheur. Finally, the 
construction of Brownlee Reservoir in 1958 completely blocked 
salmonfd migrants destined for the upper Snake River System. 
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With the construction of the major irrigation reservoirs on 
the Malheur River and its tributaries, the natural flow 
characteristics in the lower river have chanqed. Instead of 
high early summer flows, low summer and fall flows and steady 
winter flow, the peak flows may occur in spring, if and when 
the upstream reservoirs spill. Also, a high sustained flow 
exists all summer as water is released from the dams for 
irrigation. A significant change limiting fish production in 
the Malheur River below Namorf is the extreme low flow that 
occurs when the reservoirs store water during the fall and 
winter for the next irrigation season. 

Two other physical conditions affect the maintenance of 
salmonids in the lower Malheur. One is the high suspended 
solids load carried to the river by irrigation return flows. 
High suspended solids also occur during wet weather when high 
flows erode the stream bank and re-suspend bottom sediments. 
The seasonal range of suspended solids content is pronounced, 
with the highest concentrations occurring during irrigation 
season and during periods of wet weather. Observed peaks in 
lower reaches of the river, measured during the two-year 2D8 
Program, reached 13DD mg/l, while hackground levels rarely 
dropped below 50 mg/l. A high suspended solids load in the 
river adversely affects the ability of sight-feeding salmonids 
to forage, and may limit the size of macroinvertebrate 
populations and algae production which are important to the 
salmonid food chain. A second factor is high summer water 
temperature which severely stresses salmonids. The high 
temperatures result from the suspended particles absorbing 
solar radiation. 

B. Riological Factors 

The biological profile of the river is mainly based on 
fisheries information, with some macroinvertebrate samples 
gathered by the Oregon Department of Fish and Wildlife (ODFW) 
in 1978. During the site visit, the participants agreed 
additional information on macroinvertebrates and periphyton 
would not be needed because the aquatic insect numbers and 
diversity were significantly greater in the intensively 
irrigated reach of the river than for the upper river where 
agricultural activity is sparse. 

Although the Malheur River from Namorf to the mouth is managed 
as a warm water fishery, ODFW has expended little time and few 
resources on this stretch of the river because it is not a 
productive fish habitat. Survey results in summer of 1978 
showed a low ratio of game fish to rough fish over the lower 
69 miles of the Malheur River. 

D-33 



In the section between Namorf and the Gellerman-Froman 
Diversion Dam there was little change in water quality 
although water temperatures were elevated. 
fish were 

Only three game 
captured but non-game fish sight-feeders were 

cornnon. Low winter flows over a streambed having few deep 
pools for overwinter survival appears to limit fish production 
in this reach of river. 

In the stretch from the Gellenan-Froman Diversion to the 
mouth, the river flows through a region of intensive 
cultivation. The river carries a high silt load which affects 
sight-feeding fish. Low flows immediately below the 
Gellerman-Froman Dam also limit fish production in this area. 

c s. Chemical Factors 

A considerable amount of chemical data exist on the Malheur 
River. However, since the existing and potential uses of the 
river are dictated largely by physical constraints, dissolved 
oxygen was the only chemical parameter considered in the 
assessment. 

The Dissolved Oxygen Standard established for the Malheur 
River Rasin calls for a minimum of 7S percent of saturation at 
the seasonal low and 95 percent of saturation in spawning 
areas or during spawning, hatching, and fry stages of salmonid 
fishes. One sample collected at Namorf fell below the 
standard to 73 percent of saturation or 8.3 mg/l in Novemher, 
1970. All other samples were ahove this content, reaching as 
high as 170 percent of saturation during the summer due to 
algae. Data collected by the DDE0 from Malheur River near the 
mouth between 1976 and 1979 showed the dissolved oxygen 
content ranged from 78 to 174 percent saturation. The 
dissolved oxygen content in the lower Malheur River is 
adequate to support a warm-water fishery. 

III FIN@INGS 

A. Existing Uses 

The lower Malheur River is currently designated as a salmonid 
fishery, but it is managed as a warm water fishery. Due to a 
number of physical constraints on the lower river, conditions 
are generally unfavorahle for game fish, so rough fish 
predominate. In practice, the lower Malheur River serves as a 
source and a sink for irrigation water. This type of use 
contributes to water quality conditions which are unfavorable 
to salmonids. 

D-34 



8. Potential JJses 

Salmonfd spawning and rearing areas generally require the 
highest criteria of all the established beneficial uses. It 
would be impractical, if not impossible in some areas, to 
improve water quality to the level required by salmonids. 
However, even if this could be accomplished, high summer 
temperatures and seasonal low flows would still prevail. 
While salmonids historically moved through the Malheur River 
to spawn in the headwater areas, year-round resident fish 
populations probably did not exist in some of these areas at 
the time. 

The Malheur River basin can be divided into areas, based upon 
differing ma,ior uses. Suggested divisions are: (1) headwater 
areas above the reservoirs; (2) reservoirs; (3) reaches below 
the reservoirs and above the intensively irrigated areas: (4) 
intensively irrigated areas; and (5) the Snake River. 

In intensively irrigated areas, criteria should reflect the 
primary use of the water. Higher levels of certain parameters 
ife.ee;,;;;;ended :qrlJ$;, nutrfen:;ic;emperature, etc.) should 

ln areas lntenslvely irrigated 
agriculture, even under ideal conditions, will unavoidably 
contribute higher levels of these parameters. Criteria, 
therefore, should be based on the conditions that exist after 
Rest Management Practices have been implemented. 

IV SUMMARY AND CONCLUSIONS 

Malheur River flows have been extensively altered through the 
construction of several dams and diversion structures designed to 
store and distribute water for agricultural uses. These dams, as 
well as others on the Snake River, to which the Malheur is 
tributary, block natural fish migrations in the river and, thus, 
have permanently altered the river's fisheries. In addition, 
water quality below Namorf Dam has been affected, primarily 
through agricultural practices, in a way which severely restricts 
the type of fish that can successfully inhabit the water. One 
important factor which affects fish populations below Namorf is 
the high suspended solids loading which effectively selects 
against sight-feeding species. Other conditions which could 
affect the types and survival of fish species below Namorf include 
low flow during the fall and winter when reservoirs are being 
filled in preparation for the coming irrigation season, as well 
as high suspended solids, and high temperatures during the summer 
irrigation season. 

Realistically, the Malheur River could not be returned to its 
natural state unless a large number of hydraulic structures were 
removed. Removal of these structures would result in the demise 
of agriculture in the region, which is the mainstay of the 
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county's economy. Furthermore, removal of these structures is out 
of the question due to the legal water rights which have been 
established in the region. These water rights can only be 
satisfied through the system of dams, reservoirs, and diversions 
which have been constructed in the river system. Thus, the 
changes in the Malheur River Basin are irrevocable. 

Physical barriers to fish migration coupled with the effects of 
hiqh sediment loads and the hydraulics of the system have for 
years established the uses of the river. Given the existing 
conditions and uses of the Malheur River below the Namorf 
Diversion, classification of this river each should be changed 
from a salmonid fishery, a use that cannot be achieved, to 
achievable uses which are based on the existing resident fish 
populations and aquatic life to reflect the present and highest 
future uses of the river. Such a change in designated beneficial 
uses would not further jeopardize existing aquatic life in the 
river, nor would it result in any degradation in water quality. 
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WATER BODY SURVEY AND ASSESSMENT 
Pecan Bayou 

Brownwood, Texas 

I. INTRODUCTION 

A. Site Description 

Segment 1417 of the Colorado River Basin (Pecan Bayou) originates 
below the Lake Brownwood Dam and extends approximately 57.0 miles to 
the Colorado River (Figure 1). The Lake Brownwood Dam was completed in 
1933. Malfunction of the dam's outlet apparatus led to its permanent 
closure in 1934. Since that time, discharges from the reservoir occur 
only infrequently during periods of prolonged high runoff conditions in 
the watershed. Dam seepage provides the base flow to Pecan Bayou 
(Segment 1417). The reservoir is operated for flood control and water 
supply. The Brown County WID transports water from the reservoir via 
aqueduct to Brownwood for industrial distribution, domestic treated 
water distribution to the Cities of Brownwood and Bangs and the 
Brookesmith Water System, and irrigation distribution. Some irrigation 
water is diverted from the aqueduct before reaching Brownwood. 

Pecan Bayou meanders about nine miles from Lake Brownwood to the 
City of Brownwood. Two small dams impound water within this reach, and 
Brown County WID operates an auxilliary pumping station in this area to 
supply their system during periods of high demand. 

Two tributaries normally provide inflow to Pecan Bayou. Adams 
Branch enters Pecan Bayou in Brownwood. The base flow consists of 
leaks and overflow in the Brown County WID storage reservoir and 
distribution system. Willis Creek enters Pecan Bayou below Brownwood. 
The base flow in Willis Creek is usually provided by seepage through a 
soil conservation dam. 

The main Brownwood sewage treatment plant discharges effluent to 
Willis Creek one mile above its confluence with Pecan Bayou. Sulfur 
Draw, which carries brine from an artesian salt water well and 
wastewater from the Atchison, Topeka and Santa Fe Railroad Co., enters 
Willis Creek about 1,700 feet below the Brownwood sewage treatment 
plant. Below the Willis Creek confluence, Pecan Bayou meanders about 
42.6 miles to the Colorado River, and receives no additional inflow 
during dry weather conditions. Agricultural water withdrawals for 
irrigation may significantly reduce the streamflow during the growing 
season. 

The Pecan Bayou drainage basin is composed primarily of range and 
croplands. The stream banks, however, are densely vegetated with 
trees, shrubs and grasses. The bayou is typically lo-65 feet wide, 2-3 
feet deep, and is generally sluggish in nature with soft organic 
sediments. 
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B. Problem Definition 

The designated water uses for Pecan Bayou include noncontact 
recreation, propagation of fish and wildlife, and domestic raw water 
supply. Criteria for dissolved oxygen (minimum of 5.0 mg/l), 
chlorides, sulfates, and total dissolved solids (annual averages not to 
exeed 250, 200, and 1000 mg/l, respectively), pH (range of 6.5 to 9.0) 
fecal coliform (log mean not to exceed lOOO/lOO ml), and temperature 
(maximum of 9D°F) have been established for the segment. 

Historically, Pecan Bayou is in generally poor condition during 
Sumner periods of low flow, when the Brownwood STP contributes a 
sireable portion of the total stream flow. During low flow conditions, 
the stream is in a highly enriched state below the sewage outfall. 

Existing data indicate that instream dissolved oxygen 
concentrations are frequently less than the criterion, and chloride 
and total dissolved solids annual average concentrations occasionally 
exceed the estahlfshed criteria. The carbonaceous and nitrogenous 
oxygen deficencies in Pecan Bayou. The major cause of elevated 
chlorides in Pecan Bayou is the artesian brine discharge in to Sulfur 
Draw. 

Toxic compounds (PCB, DDT, DDD, DDE, Lindane, Heptachlor epoxide, 
Dieldrin, Endrin, Chlordane, Pentachlorophenol, cadmium, lead, silver, 
and mercury) have been observed in water, sediment and fish tissues in 
Pecan Bayou (mainly below the confluence with Willis Creek). It has 
been determined that the major source was the Brownwood STP, but 
attempts to specifiy the points of origin further have been 
unsuccessful. However, recent levels show a declining trend. 

C. Approach to Use Attainability 

Assessment of Pecan Bayou is based on a site visit which included 
meetings with representatives of the State of Texas, EPA (Region VI and 
Headquarters) and Camp Dresser & McKee Inc., and upon information 
contained in a number of reports, memos and other related materials. 

It was agreed by those present during the site visit that the data 
and analyses contained in these documents were sufficient for an 
examination of the existing designated uses of Pecan Bayou. 

II. ANALYSES CONDUCTED 

An extensive amount of physical, chemical, and biological data has 
been collected on Pecan Bayou since 1973. Most of the information was 
gathered to assess the impact of the Brownwood STP on the receiving 
stream. In order to simplify the presentation of these data, Pecan 
Bayou was divided into three zones (Figure 1): Zone 1 is the control 
area and extends from the Lake Brownwood Dam (river mile 57.0) to the 
Willis Creek confluence (river mile 42.6): Zone 2 is the impacted area 
and extends 9.n miles below the Willis Creek confluence. 
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A. Physical Evaluation 

With the exception of stream discharge, the physical 
characteristics of Pecan Bayou are relatively homogeneous by zone. 
Average width of the stream is about 44-511 feet, and average depth 
ranges from 2.1 to 3.25 feet. The low gradient (2.8 to 3.9 ft/mile) 
causes the bayou to be sluggish (average velocity of about 0.1 ft/sec), 
reaeration rates to be low (K2 of 0.7 per day at 20°C). and pools to 
predominate over riffles (965 to 4Y). Stream temperature averages 
about 18°C and ranges from l-32°C. The substrate is composed primarily 
of mud (sludge deposits dominate in Zone 2), with small amounts of 
bedrock, gravel and sand being exposed in riffle areas. 

Rase flow in Pecan Bayou is provided by dam seepage (Zone 1) and 
the treated sewage discharge from the City of Brownwood (Zones 2 and 
3). Median flow increases in a downstream direction from 2.5 cfs in 
Zone 1 to 17.4 cfs in Zone 3. Significantly higher mean flows (118 cfs 
in Zone 1 and 125 cfs in Zone 3) are'the result of periodic high 
rainfall runoff conditions in the watershed. 

B. Chemical Evaluation 

Existing chemical data of Pecan Bayou characterize the degree of 
water quality degradation in Zone 2. Average dissolved oxygen levels 
are about 2.0 mg/l lower in the impact zone, and approximately 50? of 
the observations have been less than 5.0 mg/l. BOD5, ammonia, 
nitrite, nitrate, and phosphorus levels are much hiqher in the impact 
zone as compared to the control and recovered zones. Iln-ionized 
amonia levels are also higher in Zone 2, but most of the 
concentrations were below the reported chronic levels allowable for 
warm water fishes. None of the levels exceeded the reported acute 
levels allowable for warm water fishes, and less than 4:! of the levels 
were between the acute and chronic levels reported. Total dissolved 
solids, chlorides and sulfates were higher in Zones 3 and 3, mainly as 
a result of the hrine and sewage discharges into Sulfur Draw and Willis 
Creek. 

PCR, DDT, DDD, DDE and Lindane in water, and PCB, DDD, and DDE, 
Heptachlor epoxide, Dfeldrfn, Endrin, Chlordane, and Pentachlorophenol 
in sediment have been detected in Zone 2. PCB, DDT, DDD, and DDE 
concentrations in water have exceeded the criteria to protect 
freshwater aquatic life. The Rrownwood STP was the suspected major 
source of these pesticides. Most of the recent levels, however, show a 
declining trend. PCB was detected also in Zones 1 and 3. 

Heavy metals have not been detected in the water. Heavy metals in 
the sediment have shown the hlghest levels in Zone 2 for arsenic (3.7 
mq/kq), cadmfun (1.1 mg/kg), chromiun (17.4 mg/kg), copper (9.5 mg/kg), 
lead (25.1 mg/kg), silver (1.5 mg/kg), zinc (90 mg/kg), and mercury 
(0.18 mg/kd. 
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C. Biological Evaluation 

Fish samples collected from Zone 1 are representative of a fairly 
healthy population of game fish, rough fish and forage species. Zone 2 
supported a smaller total number of fish which were composed primarily 
of rough fish and forage species. A relatively healthy balance of game 
fish, rough fish and forage species reappeared in the recovered zone. 

Macrophytes were sparse in Zones 1 and 3. They were most abundant 
in Zone 2 below the Willis Creek confluence and were composed of 
vascular plants (pondweed, coontail, false loosestrife and duckweed) 
and filamentous algae (Clad0 hora and 

+ abundance below Willis Cree s most 
of the area from the Brownwood STP. 

Zone 1 is represented by a fairly diverse macrobenthfc community 
characteristic of a clean-water mesotrophic stream. Nutrient and 
organic enrichment in Zone 2 has a distinct adverse effect as 
clean-water organisms are replaced by pollution-tolerant forms. Some 
clean-water organisms reappeared in Zone 3 and pollution-tolerant forms 
were not as prevalent; however, recovery to baseline conditions (Zone 
1) was not complete. 

Net phytoplankton desnities are lowest in Zone 1. Nutrient and 
organic enrichment in Zone 2 promotes a marked increase in abundance. 
Peak abundance was observed in the upper part of Zone 3. The decline 
below this area was probably caused by biotic grazing and/or nutrient 
deficiencies. 

Fish samples for pesticides analyses have revealed detectable 
levels of PCB, DDE and DDD in Zone 1. Fish collected from zone 2 
contained markedly higher amounts of DDE, DDO, DDT, Lfndane and 
Chlordane than Zones 1 or 3. PCB in fish tissue was highest in ZOne 3, 
and measureable concentrations of DDE and DDD have also been observed. 
Concentrations of total DDT in whole fish tissues from Zone 2 have 
exceeded the USFDA Action Level of 5.0 mg/kg for edible fish tissues. 
Species representing the highest concentrations. 

Computer modeling simulation were made to predict the dissolved 
oxygen profile in the impact zone during the fish spawning season. The 
results indicate that about three miles of Pecan Bayou in April and May 
and about 4 l/2 miles in June will be unsuitable for propogatfon, 
considering a minimum requirement of 4.0 mg/l. The model predicts a 
minimum D.O. of 0.8 mg/l in April, 1.2 mg/l in May, and 0 mg/l in 
June. 
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D. Institutional Evaluation 

Two institutional factors exist which constrain the situation that 
exists in Pecan Bayou. These are the irrigation water rights and the 
Brownwood sewage treatment plant discharge permits. Although the 
sewage treatment plant discharge permits will expire and the problems 
created by the effluent could be eliminated in the future, there is a 
need for the flow provided by the discharge to satisfy the downstream 
water rights used for irrigation. Currently, there are eight water 
users on Pecan Bayou downstream of the Brownwood STP discharge with 
water rights permits totaling 2,957 acre-feet/year. Obviously, the 0.1 
cfs base flow which exists in Pecan Bayou upstream of the STP discharge 
is not sufficient to fulfill these downstream demands. Therefore, it 
appears that the STP flow may be required to supplement the base flow 
in Pecan Bayou to meet the downstream demands for water unless it could 
be arranged that water from Lake Brownwood could be released by the 
Brown Co. WID $1 to meet the actual downstream water needs. 

Modeling studies show that although there would be some 
improvement in water quality as a result of the sewage treatment plant 
going to advanced waste treatment (AWT), there would still be D.O. 
violations in a portion of Pecan Bayou in Zone 2. The studies also 
show that there is minimal additional water quality improvement between 
secondary and advanced waste treatment, although the costs associated 
with AWT were significantly higher than the cost for secondary 
treatment. In this case, the secondary treatment alternative would be 
the recorrmended course of action. 

III. FINDINGS 

A. Existing Uses 

Pecan Bayou is currently being used in the following ways: 

o Domestic Raw Water Supply 
o Propagation of Fish and Wildlife 
' Noncontact Recreation 
0 Irrigation 
O City of Brownwood STP discharge (not an acceptable or approved 

use designation) 

Use as a discharge route for the City of Brownwood's sewage treatment 
plant effluent has contributed to water quality conditions which are 
unfavorable to the propagation of fish and wildlife in a portion of 
Pecan Bayou. 

B. Potential Uses 

The Texas Department of Water Resources has established water uses 
which are deemed desirable for Pecan Bayou. These uses include: 
noncontact recreation, propagation of fish and wildlife, and domestic 
raw water supply. 
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Of these uses, propagation of fish and wildlife is unattainable in 
a portion of Pecan Rayou due to the effects of low dissolved oxygen 
levels in the bayou primarily during the spawning season. If the 
Brownwood sewage treatment plant effluent could be removed from Pecan 
Bayou, the persistently low dissolved oxygen conditions which exist and 
are unfavorable to fish spawning could be alleviated and the 
propagation of fish and wildlife could be partially restored to Pecan 
Bayou. 

Public hearings held on the proposed expansion of the sewage 
treatment plant indicate a reluctance from the public and the City to 
pay for higher treatment levels, since modeling studies show minimal 
water quality improvement in Pecan Bayou between secondary and advanced 
waste treatment. In addition, an affordability analysis performed by 
the Texas Department of Water Resources (Construction Grants) indicates 
excessive treatment costs per month would result at the AWT level. 

It appears that the elimination of the waste discharge from Pecan 
Bayou is not presently a feasible alternative, since the Brownwood STP 
currently holds a discharge permit and the water rights issue seems to 
be the overriding factor. Therefore, in the future, the uses which are 
most likely to exist are those which exist at present. 

IV. SUMMARY AND CONCLUSIONS 

A summary of the findings from the use attainability analysis are 
listed below: 

O The designated use "propagation of fish and wildlife" is 
impaired in Zone 2 of Pecan Bayou. 

' Advanced Treatment will not attain the designated use in Zone 
2, partially because of low dilution, naturally sluggish 
characteristics (X velocity 0.1 ft/sec) and as a result, low 
assimlitive capacity of the bayou (K2 reaeration rate 0.7 per 
day at 20°C). 

0 Downstream water rights for agricultural irrfgati on are 
significant. 

' Dissolved oxygen levels are frequently less than the criterion 
of 5.0 mg/l in Pecan Bayou. 

' Total DDT in whole fish from Zone 2 exceeded the U.S. Food and 
Drug Administration's action level of 5.0 mg/kg for edible fish 
tissues. 

' Annual average chloride concentrations in Pecan Bayou are 
occasionally not in compliance with the numerical criteria. 
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Dissolved oxygen levels less than 5.0 mg/l (about 50% of the 
measurements) observed in Zone 2 of Pecan Bayou result from the organic 
and nutrient loading contributed by the Brownwood STP and the 
corresponding low waste assimilative capacity of the bayou. As 
previously mentioned, the major source of toxics found in the water, 
sediment and fish tissues was also determined to be the Brownwood STP. 
PCB and DDT in water have exceeded the criteria to protect freshwater 
aquatic life in Zone 2. Although the toxics appear to be declining in 
the water and sediment, the levels of total DDT found in whole fish 
exceed the U. S. Food and Drug Administration's action level (5.0 mg/k) 
for DDT in edible fish tissue. Investigations are underway by the 
Texas Department of Water Resources to further evaluate the magnitude 
of this potential problem. 

Primarily as a result of the oxygen deficiencies and possibly be 
cause of the presence of toxic substances, the designated use 
"propagation of fish and wildlife" is not currently attained in Zone 2 
of Pecan Bayou. These problems could be eliminated only if the 
Brownwood STP ceased to discharges into Pecan Bayou because even with 
advanced waste treatment the water quality .of the receiving stream is 
not likely to improve sufficiently to support this designated use. 
Other treatment alternatives such as land treatment or overland flow 
are not feasible because of the current discharge is necessary to 
satisfy downstream water rights for agricultural irrigation. If the 
flow required to meet the water rights could be augmented from other 
sources, then the sewage treatment plant discharge could be eliminated 
in the future. 

The annual average chloride level in Pecan Bayou are occasionally 
not in compliance with the established criterion. The primary source 
has been determined to be a privately owned salt water artesian well. 
Since efforts to control this discharge have proved futile, some 
consideration should be given to changing the numerical criterion for 
chlorides in Pecan Bayou. 

In conclusion, it appears that either the Brownwood STP discharge 
into Pecan Bayou should be eliminated (if an alternative water source 
could be found to satfsy the downstream water rights) or the numerical 
criterion for dissolved oxygen and the propogatfon of fish and wildlife 
use designation should be changed to reflect attainable conditions. 
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WATER BODY SURVEY AND ASSESSMENT 
Salt Creek 

Lincoln, Nebraska 

I. INTRODUCTION 

A. Site Description 

The Salt Creek drainage basin is located in east central Nebraska. 
The mafnstem of Salt Creek originates in southern Lancaster County and 
flows northeast to the Platte River (Figure 1). Ninety percent of the 
1,621 square mile basin is devoted to agricultural production with the 
remaining ten percent primarily urban. The basin is characterized by 
moderately to steeply rolling uplands and nearly level to slightly 
undulating alluvial lands adjacent to major streams, primarily Salt 
Creek. Drainage in the area is usually quite good with the exception 
of minor problems sometimes associated with alluvial lands adjacent to 
the larger tributaries. Sof.ls of the basin are of three general 
categories. Loessfal soils are estimated to make up approximately 60 
percent of the basin, glacial till soils 20 percent, and terrace and 
bottomland soils 20 percent. 

Frequent high intensity rainfalls and increased runoff from land 
used for crop production has, in past years, contributed to flood 
damage in Lincoln and smaller urbanized areas downstream. To help 
alleviate these problems, flood control practices have been installed 
in the watershed. These practices, including several impoundments and 
channel modifications to the mainstream of Salt Creek, were completed 
during the late 1960’s. Channel realignment of the lower two-thirds of 
Salt Creek has decreased the overall length of Salt Creek by nearly 34 
percent (from 66.9 to 44.3 miles) and increased the gradient of the 
stream from 1.7 feet/mile to 2.7 feet/mile. 

Salt Creek is currently divided into three classified segments: 
(upper reach) LP-4, (middle reach) LP-3a, and (lower reach) LP-3b. 
(Figure 1). Segments LP-4 and LP-3b are designated as Warmwater 
Habitats whereas segment LP-3a is designated as a Limited Warmwater 
Habitat. 

B. Problem Definition 

"Warmwater Habitat" and "Limited Warmwater Habitat" are two sub- 
categories of the Fish and Wildlife Protection use designation in the 
Nebraska Water Quality Standards. The only distinction between these 
two use classes is that for Limited Warmwater Habitat waters, 
reproducing populations of fish are "... l.imited by irretrievable man- 
induced or natural background conditions." Although segment LP-3a 
is classified Limited Warmwater Habitat and segment LP-3b as Warmwater 
Habitat, they share similar physical characteristics. Since the 
existing fisheries of both segments were not thoroughly evaluated when 
the standard was revised, it is possible that the use designation for 
one or other segments is incorrect. This study was initiated to 
determine (1) if the Warmwater Habitat use is attainable for segment 
LP-3a and (2) what, if any, physical habitat or water quality 
constraints preclude the attainment of this use. 
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C. Approach to Use Attainability Analysis 

The analytical approach used in this study was a comparison of 
physical, chemical and biological parameters between the upper, middle, 
and lower Salt Creek segments with emphasis was on identifying limiting 
factors in the creek. The uppermost segment (LP-4) was used as the 
standard for comparison. 

The data base used for this study included United States 
Geological Survey (USGS) and Nebraska Department of Environmental 
Control (NDEC) water quality data outlined in the US EPA STORET system, 
two Master of Science theses by Tom Pesek and Terry Maret, publications 
from the Nebraska Game and Parks Commission and USGS and personal 
observations by NDEC staff. No new data was collected In the study. 

II. ANALYSES CONDUCTED 

A review of physical, chemical and biological information was 
conducted to determine which aquatic llfe use designations would be 
appropriate. Physical characteristics for each of the three segments 
were evaluated and then compared to the physical habitat requlrements 
of important warm water fish species. Characteristics limiting the 
fishery population were identlfied and the sultability of the physical 
habitat for maintaining a valued fishery was evaluated. General water 
quality comparisons were made between the upper reach of Salt Creek, 
and the lower reaches to establish water quality differences. A water 
quality index developed by the NDEC was used in this analysis to 
compare the relative quality of water in the segments. In addition, 
some critical chemical constituents required to maintain the important 
species were reviewed and compared to actual instream data to determine 
if water quality was stressing or precluding their populations. 

The fish data collected by Maret was used to define the existing 
flshery population and composition of Salt Creek. This data was In 
turn used to determine the quality of the aquatic biota through the use 
of six biotic integrity classes of fish connunities and the Karr Index 
tentative numerical Index for defining class boundaries. 

Macroinvertebrate data based on the study conducted by Pesek was 
also evaluated for density and diversjty. 

III. FINDINGS 

Chemical data evaluated using the Water Quality Index indicated 
good water quality above Lincoln and degraded water quality at and 
below Lincoln. Non-point source contributions were identified as a 
cause of water quality degradation and have been Impljcated in fish 
kills in the stream. Dissolved solids in Salt Creek were found to be 
considerably higher than in other streams in the State. Natural 
background contributions are the major source of dissolved solids load 
to the stream. Water quality criteria violations monitored in Salt 
Creek during lo80 and 1981 were restricted to unionized arrmonia and may 
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have adversely impacted the existing downstream fishery. Toxics which 
occasionally approach or exceed the EPA criteria are chromium and 
lindane. Since EPA criteria for both parameters are based on some 
highly sensitive organisms which are not representative of indigenous 
populations typically found in Nebraska, the actual impact of these 
toxics is believed to be minimal. 

Channelization was found to be a limiting factor in establlshing a 
fishery in middle and lower Salt Creek. Terry Maret, in his 1977 
study, found that substrate changes from silt and clay in the upper 
non-channelized area to primarily sand in the channelized area causing 
substantial changes in fish comunities. The Habitat Suitability Index 
(HSI) developed by the Western Energy and Land Use Team of the U.S. 
Fish and Wildlife Service was used to evaluate physical habitat impacts 
on one important species (Channel Catfish) of fish in Salt Creek. The 
results indicated that upper Salt Creek had the best habitat for the 
fish investigated and middle Salt Creek had the worst. These results 
support the conclusion that middle Salt Creek lacks the physical 
habitat to sustain a valued warm water fishery. The Karr numerical 
index used to evaluate the fish data revealed that none of the stations 
rated above fair, further indicating the fish community is 
significantly impacted by surrounding rural and urban land uses. 

Analysis of the abundance and diversity of macroinvertebrates 
Indicated that the water quality in Salt Creek became progressively 
more degraded going downstream. Stations in the upper reaches were 
relatively unpolluted as characterized by the highest number of 
taxa, the greatest diversity and the presence of "clean-water" 
organisms. 

IV. SUMMARY AND CONCLUSIONS 

Based on the evaluation of the physical, chemical and biological 
characteristics of Salt Creek, the following conclusions were drawn by 
the State for the potentlal uses of the various segments: 

1) Current classifications adequately define the attainable uses for 
upper and middle Salt Creek. 

2) The Warmwater Habitat designated use may be unattainable for lower 
Salt Creek. 

3) Channelization has limited existing instream habitat for middle Salt 
Creek. Instream habitat improvement in middle Salt Creek could 
increase the fishery but would lessen the effectiveness of flood 
control measures. Since flood control benefits are greater than any 
benefits that could be realized by enhancing the fishery, instream 
physical habitat remalned the limiting factor for the fishery. 

4) Existing water quality does not affect the limited Warmwater Habitat 
classification of middle Salt Creek. 
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5) Uncontrollable background source impacts on existing water quality 
and the effects of channelization on habitat may preclude attainment 
of the classified use. 

The recommendations of the State drawn from these conclusions are 
as follows: 

1) Keep upper section classification of Warmwater Habitat and middle 
section classification of Limited Warmwater Habitat. 

2) Consider changing the lower section to a Limited Warmwater Habitat 
because of limited physical habitat and existing water quality. 
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WATER BODY SURVEY AND ASSESSMENT 
South Fork Crow River 
Hutchinson, Minnesota 

I. INTRODUCTION 

A. Site Description 

The South Fork Crow River, located in south-central Minnesota, 
drains a watershed that covers approximately 1250 square miles. This 
river joins with the North Fork Crow to form the mainstem Crow River 
which flows to its confluence with the Mississippi River (Figure 1). 
Within the drainage basin, the predominant land uses are agricultural 
production and pasture land. The major soil types in the watershed are 
comprised of dark-colored, medium-to-fine textured silty loams, most of 
which are medium to well drained in character. 

The physical characteristics of the South Fork Crow River are 
typical of many Minnesota streams flowing through agricultural lands. 
The upper portions of the river have been extensively channelized and 
at Hutchinson a forty foot wide, 12 foot high dam forms a reservoir 
west of the city. Downstream of the dam the river freely meanders 
through areas with light to moderately wooded banks to its confluence 
with the North Fork River Crow River. The average stream gradient for 
this section of the river is approximately two feet per mile and the 
substrate varies from sand, gravel and rubble in areas with steeper 
gradients to a silt-sand mixture in areas of slower velocities. 

The average annual precipitation in the watershed is 27.6 inches. 
The runoff is greatest during the spring and early Sumner, after 
snowmelt, when the soils are generally saturated. Stream flow 
decreases during late Sumner and fall and is lowest in late winter. 
Small tributary streams in the watershed often go dry in the fall and 
wlnter because they have little natural storage and receive little 
ground water contribution. The seven-day ten year low flow condition 
for the South Fork below the dam at Hutchinson is approximately 0.7 
cubic feet per second. 

B. Problem Definition 

The study on the South Fork Crow River was conducted in order to 
evaluate the existing fish community and to determine if the use 
designations are appropriate. At issue is the 28 fisheries and 
recreational use classification at Hutchinson. Is the water use 
classification approprlate for this segment? 

C. Approach to Use Attainability 

The analysis utilized an extensive data base compiled from data 
collected by the Minnesota Pollution Control Agency (MPCA), Minnesota 
Department of Natural Resources (MDNR) and United States Geological 
Survey (USGS). No new data was collected as part of the study. The 
USGS maintains partial or continuous flow record statlons on both forks 
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and the mainstem Crow River with a data base of physlcal and chemical 
parameters available on STORET. The USGS data was used in the physical 
evaluation of the river. MPCA has a water quality monitoring data base 
on STORET for five stations In the Crow River watershed. The MPCA data 
plus analytical data from a waste load allocation study on the South 
Fork below Hutchinson was used in the chemical evaluation of the river. 
MDNR fisheries and stream survey data, a MDNR report on the analysis of 
the composition of fish populations in Minnesota rivers, and personal 
observations of MDNR personnel was used to evaluate the biological 
characteristics of the river. 

The analytical approach used by the MPCA sought to 1) compare 
instream fish community health of the South Fork to that of the North 
Fork, the mainstem Crow River, and other warm water rivers in the State 
and 2) evaluate physical and chemical factors affecting fisheries and 
recreational uses. The North Fork of the Crow River was used for 
comparison because of sufficient fisheries data, similar land uses and 
morphologies, slmilar non-point source impacts and the lack of any 
significant point source dischargers. 

II. ANALYSES CONDUCTED 

Physical, chemical and biological factors were considered in this 
use attainability analysis to determine the biological health of the 
South Fork and to define the physical and chemical factors which may be 
limiting. A general assessment of the habitat potentials of the South 
Fork Crow River was performed using a habitat evaluation rating system 
developed by the Wisconsin Department of Natural Resources. In 
addition, the Tennant method for determining instream flow requirements 
was also employed in this study. 

Fish species diversity, equitability and composition were used to 
define the biological health of the South Fork relative to that of the 
North Fork, the mainstem Crow and other warmwater rivers in Minnesota. 
Water quality monitoring data from stations above and below the point 
source discharges at Hutchinson were used to compare beneficial use 
impairment values pertaining to the designated fisheries and 
recreational uses of the South Fork Crow River. A computer data 
analysis program developed by EPA Region VIII was used to compute these 
values. 

III. FINDINGS 

The comparison of species diversity values for the North Fork and 
mainstem Crow River to the South Fork showed higher values for the 
North Fork and mainstem Crow. On the other hand, the South Fork had 
higher species equitability values. The percent species composition 
compared favorably to Peterson's (1975) estimates for median species 
diversity for a larger Minnesota river. Recruitment from tributaries, 
marshes, lakes and downstream rivers has given the South Fork a 
relatively balanced cotnnunity which compares well to other warmwater 
rivers in the State. The calculated species diversity and equitability 
indices coupled with the analysis of species composition indicated that 
the South Fork af the Crow River does support a warmwater fishery with 
evidence of some degree of environmental stress. 
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The MPCA employed the Wisconsin habltat ratlng system and the Tennant 
method designated to quantify minimum Instream flsherles flow 
requirements to identlfy any physical llmitlng factors. Based on the 
Wisconsin habitat evaluation assessment, habitat ratlng score were 
fair. The llmitlng factors Identified via thls assessment were: 1) 
lack of diverse streambed habltat suitable for reproduction, food 
production and cover and 2) instream water fluctuations (low flow may 
be a major controlling factor). 

The State utilized EPA Region VIII’s data analysis program to 
express stream water quality as a function of beneficial use. The 
closest downstream statlon to Hutchinson had the highest warmwater 
aquatic life use impalrment values. Warmwater aquatlc life use 
impairment values declined further downstream indicating that the point 
source dischargers were major contributors to thls use impairment. 
However, primary contact recreatlonal use impairment values were high 
throughout the stream, Thls led the State to believe that the 
impairment of primary contact recreational use Is attrlbutable to 
non-point sources. 

IV. SUMMARY AND CONCLUSION 

The State concluded from the study that: 1) the South Fork of the 
Crow River has a definite fisheries value although the use impairment 
values indicate some stress at Hutchinson on an already limlted 
resource and 2) although the South Fork of the Crow River has a 
dominant rough fish population, game and sport fish present are 
important component species of this rivers' overall cofmnunity 
structure. 

From these conclusions the State recommended that the South Fork 
of the Crow River retain its present 28 flsheries and recreational use 
classification. Furthermore, efforts should continue to mitigate 
controllable factors that contribute to impairment of use. The effort 
should entail a reduction of marsh tilling and drainage, acceptance and 
implementatlon of agricultural BMP's and an upgrade of point source 
dischargers in Hutchfnson. 
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WATER BODY SURVEY AND ASSESSMENT 

South Platte River 
Denver, Colorado 

I. INTRODUCTION 

A. Site Description 

Segment 14 of the South Platte River originates north of the Chatfield Lake at 
Bowles Avenue in Arapahoe County and extends approximately 16 miles, through 
metro Denver, in a northerly direction to the Burlington ditch diversion near the 
Denver County-Adams County line. A map of the study area Is presented in Figure 
1. Chatfield Lake was originally constructed for the purposes of Flood control 
and recreation. The reservoir is owned by the U.S. Army Corps of Engineers and 
is essentially operated such that outflow equals inflow, up to a maximum of 5,nDD 
cfs. In addition, water is released to satisfy irrigation demands as authorized 
hy the State Engineers Office. There Is also an informal agreement between the 
State Engineers Office and the Platte River Greenway Foundation for timing 
releases of water to increase flows during periods of high recreational use. The 
Greenway Foundation has played an important role in the significant improvement 
of water quality in the South Platte River. 

There are several obstructions throughout Segment 14 including low head dams, 
kayak chutes (at Confluence Park and 13th Avenue), docking platforms, and weir 
diversion structures which alter the flow in the South Platte River. There are 
four major weir diversion structures in this area which divert flows for 
irrigation; one is located adjacent to the Columbine Country Club, a second near 
Union Avenue, a third upstream from Oxford Avenue, and a fourth at the Burlington 
Ditch near Franklin Street. 

Significant dewatering of the South Platte River can occur due to instream 
diversions for irrigation and water supply and pumping from the numerous ground 
water dwells along the river. 

Eight tributaries normally provide inflow to the South Platte River in Segment 
14. These include Big Dry Creek, Little Dry Creek, Bear Creek, Harvard Gulch, 
Sanderson Gulch, Weir Gulch, Lakewood Gulch, and Cherry Creek. 

There are several municipal and industrial facilities which discharge either 
directly to or into tributaries of the South Platte River in this reach. The 
major active discharges into the segment are the Littleton-Englewood wastewater 
treatment plant (WWTP), the Glendale WWTP, the City Ice Company, two Public 
Service company power plants (Zuni and Arapahoe), and Gates Rubber. 

The South Platte River drainage basin in this area (approximately 120,000 acres) 
is composed primarily of extensively developed urban area (residential, 
industrial, commercial, services, roads), parks and recreational areas, gravel 
mining areas, and rural areas south of the urban centers for farming and 
grazing. 
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ln the study area, the South Platte River is typically SO-150 feet wide and 1-16 
feet deep (typically l-2 feet) and has an average channel bed slope of 12.67 feet 
per mile, with alternating riffle and pool reaches. The channel banks are 
composed essentially of sandy-gravelly materials that erode easily when exposed 
to high-flow conditions. The stream banks are generally sparsely vegetated with 
trees, shrubs, and grasses (or paving in the urban centers.) 

B. Problem Definition 

The following use classifications have been designated for Segment 14 of the 
South Platte River: 

O Recreatjon - Class 2 - secondary contact 
O Aquatic Life - Class 1 - warm water aquatic life 
O Agriculture 
O Domestic Water Supply 

Following a review of the water quality studies and data available for Segment 14 
of the South Platte River, several observations and trends in the data have been 
noted, including: 

0 Fecal collform values exceeded the recommended limits for recreational 
uses in the lower portlon of Segment 14. 

0 Un-ionized ammonia levels exceeded the water quality criterion for the 
protection of aquatic life in the lower portion of the segment. 

0 Levels of total recoverable metals (lead, zinc, cadmium, total iron, 
total manganese, and total copper) have been measured which exceed the 
water quality crjteria for the protection of aquatic life. 

Although the exact points of origin have not been specified, it is generally felt 
that the source of the ammonia is municipal point sources, and the sources of the 
metals are industrial point sources. 

In addition, the cities of Llttleton and Englewood have challenged the Class I 
warm water aquatic life use on the basis that the flow and habitat are unsuitable 
to warrant the Class I designation, and they have also challenged the 
apporopriateness of the 0.06 mg/l un-ionized ammonia criteria on the basis of new 
toxicity data. The Colorado Water Quality Control Commission in November, 1982 
approved the Class I aquatic life classification and the 0.06 mg/l un-ionized 
ammonia criteria. 

c. Approach to Use Attainability 

Assessment of Segment 14 of the South Platte River was based on a site visit (May 
3-4, 1982) which included meetings with representatives of the Colorado 
Department of Health, EPA (Region VIII and Headquarters) and Camp Dresser & McKee 
Inc., and upon information contained in a number of reports, hearing transcripts 
and the other related materials. Most of the physical, chemical and biological 
data was obtained from the USGS, EPA (STORET), DRURP, and from 
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studies. It was agreed that there was sufficient chemical, physical and 
biological data to proceed with the assessment, even though physical data on the 
aquatic habitat was limited. 

II. ANALYSES CONDUCTED 

A. Physical Factors 

Streamflow in the South Platte River (Segment 14) is affected by several factors 
including releases from Chatfield Dam, diversions for irrigation and domestic 
water supply, irrigation return flows, wastewater discharges, tributary inflows, 
pumping from ground water wells in the river basin, evaporation from once-through 
cooling at the two power plants in Segment 14, and natural surface water 
evaporation. Since some of these factors (particularly ground water pumping, 
evaporation and irrigation diversions) are variable, flow in the South Platte 
River is used extensively for irrigation and during the irrigation season 
diversions and return flows may cause major changes in streamflow within 
relatively short reaches. During the summer, low-water conditions prevail 
because of increased evaporation, lack of rainfall, and the various uses made of 
the river water (e.g. irrigation diversions). Municipal, industrial, and 
storm-water discharqes also contributes to the streamflow in the South Platte 
River. 

Natural pools in the South Platte River are scarce and the shifting nature of the 
channel bed results in temporary pools, a feature which has a tendency to greatly 
limit the capacity for bottom food production. There are approximately 3-4 pools 
per river mile with the majority being backwater pools upstream of diversion 
structures, bridge crossings, low head dams, docking platforms, drop-off 
structures usually downstream of wastewater treatment plant outfalls, kayak 
chutes, and debris. The hydraulic effect of each obstruction is generally to 
cause a backwater condition immediately upstream from the structure, scouring 
imnediately downstream, and sandhar development below that. These pools act as 
settling basins for silt and debris which no longer get flushed during the high 
springs flows once Chatfield Lake was completed. 

In the plains, channels of the South Platte River and lower reaches of 
tributaries cut through deep alluvial gravel and soil deposits. Sparse 
vegetation does not hold the soils, so stream bank erosion and channel bed 
degredation is common durinq periods of high flow, particularly during the spring 
snowmelt season. The high intensity - low duration rainstorms which occur during 
the summer (May, June, and July) also temporarily muddy the streams. 

An evaluation of the physical streambed characteristics of Segment 14 to 
determine the potential of the Seqment to maintain and attract warm water aquatic 
life was conducted by Keeton Fisheries Consultants, Inc. The study concluded 
that the sediment loads in this reach of the South Platte River could pose a 
severe problem to the aquatic life forms present, however, further study needs to 
be conducted to substantiate this conclusion. Furthermore, some gravel mining 
operations have recently been discontinued thus the sediment problem may have 
been reduced. 

The temperature in the South Platte River is primarily a function of releases 
from the bottom of Chatfield Lake, the degree of warming that takes place in the 
shallow mainstream and isolated pools, and the warming that occurs through the 
mixing of power plant cooling water with the South Platte River. 
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B. Chemical Factors 

Water quality conditions in the South Platte River are substantially affected by 
municipal and industrial wastewater discharges, irrigation return flows and other 
agricultural activities, and non-point sources of pollution (primarily during 
rainfall-runoff events). Irrigation and water supply diversions also exert a 
major influence on water quality by reducing the stream flow, and thereby 
reducing the dilution assimilative capacity of the river. 

O Dissolved oxygen levels were above the 5.0 mg/l criteria acceptable for 
the maintenance of aquatic life. 

0 Average concentrations of un-ionized ammonia exceeded the State water 
quality criteria of 0.06 mg/l NH3-N only in the lower portion of 
Segment 14 (north of Speer Rlvd.) 

O Average total lead concentrations exceeded the water quality criteria of 
25 ug/l in Rig Dry Creek, Cherry Creek, and the South Platte River 
north of Cherry Creek, ranging from 30-72 ug/l. 

O Average total zinc concentrations exceeded the criteria of 11 ug/l at all 
the DRURP sampling stations, ranging from 19-179 ug/l. 

O Average total cadmium concentrations exceeded the criteria of 1 ug/l in 
Beer Creek, Cherry Creek and several sites in the South Platte, ranging 
from 2.2-3.6 ug/l. 

O Average total iron concentrations exceeded the criteria of 1,000 ug/l in 
Cherry Creek and several locations on the South Platte River, ranging 
from 1129-9820 ug/l. 

0 Average soluble manganese concentrations exceeded the criteria of 50 
ug/l in the South Platte River north of (and including) 19th Street and 
in Cherry Creek, ranqinq from 51-166 ug/l. 

' Average total copper concentrations equalled or exceeded the criteria of 
25 ug/l at all but two of the DRURP samplinq sites, ranging from 25-83 
ug/l l 

c. Biological Factors 

Several electrofishing studies have been conducted on the South Platte River in 
recent years. Most of the sampling took place in the fall with the exception of 
the study in the spring (1979). The data was reviewed by Colorado Department of 
Health personnel and it was generally agreed that the overall health of the 
existing warm water fishery is restricted by temperature extremes (very cold and 
shallow during the winter and low flow and high temperatures during the summer), 
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the lack of sufficient physical habitat (i.e. 
rocks and dams, 

structures for cover including 
and deep pools) and the potentially stressful conditions created 

by the wastewater discharges (i.e. silt and organic and inorganic enrichment). 

Following a review of the physical, chemical, and biological data available on 
the South Platte River, it was concluded that a fair warm water fishery could 
exist with only modest habitat improvements and maintenance of the existing 
ambient water quality and strict regulation prevent overfishing. 
habitat and water quality improvements, 

With large 
brown trout could potentially become a 

part of the fishery in Segment 14 of the South Platte River. 

III. FINDINGS 

A. Existing Uses 

Segment 14 of the South Platte River is currently being used in the following 
ways: 

O Irrigation Diversions and Return Flows 
' Municipal and Industrial Water Supply 
' Ground Water Recharge 
O Once-through Cooling 
' Municipal, Industrial, and Stormater Oischarges 
O Recreation 
' Warm Water Fishery 

The irrigation diversions, water supply, ground water recharge, and cooling uses 
have primarily affected the flow in the South Platte River, resulting in 
significant dewatering at times. Irrigation return flows and wastewater 
dishcharges, on the other hand, exert their effects on the ambient and storm 
water quality in the River. These previous uses ultimately affect the existing 
warm water fishery and how the public perceives the river for recreation 
purposes. 

R. Potential I)ses 

With the exception of a potential for increased recreation and the improvement of 
a limited warm water fishery, it is anticipated that the existing uses are likely 
to exist in the future. The increased recreational use will result from future 
Platte River Greenway Foundation projects. The improvement of a limited warm 
water fishery may come about in the future as the result of habitat improvements 
(Pools, cover) control of toxic materials (un-ionized ammonia, heavy metals, 
cynanide), and the prevention of extensive sedimentation. However, the success 
of the fishery would rely on strict fishery regulations to prevent overfishing. 
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IV. SUMMARY AND CONCLIISIONS 

A summary of the findinqs from the use 3ttainahilit.y analysis are listed below: 

0 There is evidence to indicate that a warm water aquatic life community 
does exist and the potential for an improved fishery could be attained 
with slight habitat modifications (i.e. cover, pool). 

' Elevated un-ionized ammonia levels were exhibited in the lower portion of 
Segment 14, although this cannot be attributed to the Littleton-Englewood 
WWTP discharge upstream. However, at the present time there is nn basis 
for a change in the existing un-ionized ammonia criterion, particularly 
if EPA's methodology for determining site specific criteria becomes 
widely accepted. 

0 Increased turbidity exists in the South Platte River during a good 
portion of the fish spawning season, which represents a potential for 
problems associated with fish spawning. 

0 Increased sedimentation and siltation in the South Platte River could 
pose a potential threat to the aquatic life present; however, this 
condition might be reduced if Chatfield Lake could be operated to provide 
periodic flushing of the river. 

0 Elevated levels of heavy metals were ohserved in water and sediment 
samples, which could potentially affect the existing aquatic life. 

0 Insufficient data existed to determine the possible effects of chlorine 
and cyanide on the aquatic life present. 

0 Fecal coliform levels were extremely high in the lower portion of the 
South Platte River and Cherry Creek during periods of both low and high 
flow. The source in the South Platte River is apparently Cherry Creek, 
but the origin in Cherry Creek is unknown at this time. 

On the basis of the preceding conclusions and recommendations, the warmwater 
fishery use classification and the un-ionized ammonia criterion (0.06 mg/l) 
recommended for Segment 14 of the South Platte should remain unchanged until 
there is further evidence to support making those changes. 
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WATER QUALITY STANDARDS 
COORDINATORS 

Eric Hall, WQS Coordinator Larry Shepard, WQS Coordinator 
EPA Region 1 EPA Region 7 
Water Division Water Complainance Branch 
JFK Federal Building 726 Minnesota Avenue 
Boston, MA 02203 Kansas City, KS 66101 
617-565-3533 913-551-7441 

Wayne Jackson, WQS Coordinator 
EPA Region 2 
Water Division 
26 Federal Plaza 
New York, NY 10278 
212-264-5685 

Bill Wuertherle, WQS Coordinator 
EPA Region 8 
Water Division 
999 18th Street 
Denver, CO 80202-2405 
303-293-1586 

Evelyn MacKnight, WQS Coordinator 
EPA Region 3 
Water Division 
841 Chestnut Street 
Philadelphia, PA 19107 
215-597-4491 

Phil Woods, WQS Coordinator 
EPA Region 9 
Water Division 
75 Hawthorne Street 
San Francisco, CA 94105 
415-744-1997 

Fritz Wagener, WQS Coordinator 
EPA Region 4 
Water Division 
345 Courtland Street, N.E. 
Atlanta, GA 30365 
404-347-3555x6633 

Marcia Lagerloef, WQS Coordinator 
EPA Region 10 
Water Division (WS-139) 
1200 Sixth Avenue 
Seattle, WA 98101 
206-553-0176 

David Pfeifer, WQS Coordinator 
EPA Region 5 
Water Division 
77 West Jackson Boulevard 
Chicago, IL 60604-3507 
312-353-9024 

Cheryl Overstreet, WQS Coordinator 
EPA Region 6 
Water Division 
1445 Ross Avenue 
First Interstate Bank Tower 
Dallas, TX 75202 
214-655-6643 

-or- 

Sally Brough, WQS Coordinator 
EPA Region 10 
Water Division (WS-139) 
1200 Sixth Avenue 
Seattle. WA 98101 
206-553-1754 
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1. Water Quality Standards Regulation, Part II, Environmental Protection Agency, Federal Register, 
November 8, 1983 
Regulations that govern the development, review, revision and approval of water quality standards 
under Section 303 of the Clean Water Act. 

2. Water Quality Standards Handbook, Second Edition, September 1993 
Contains guidance issued to date in support of the Water Quality Standards Regulation. 

. Office of Water Policy and Technical Guidance on Interpretation and Implementation of 
Aquatic Life Metals Criteria, EPA 822/F-93-009, October 1993 
This memorandum transmits Office of Water policy and guidance on the interpretation and 
implementation of aquatic life metals criteria. It covers aquatic life criteria, total maximum doily 
loads permits. effluent monitoring, compliance and ambient monitoring. 

3. Water Quality Standards for the 21st Century, 1989 
Summary of the proceedings from the first National Conference on water quality standards held in 
Dallas, Texas. March 1-3, 1989. 

4. Water Quality Standards for the 21st Century, 1991 
Summary of the proceedings from the second National Conference on water quality standards held in 
Arlington Virginia, December 10-12. 1990. 

5. Compilation of Water Quality Standards for Marine Waters, November 1982 
Consists of marine water quality standards required by Section 304(a)(6) of the Clean Water Act. The 
document identifies marine water quality standards, the specific pollutants associated with such water 
quality standards and the particular waters to which such water quality standards apply. The 
compilation should not in any way be construed as Agency opinion as to whether the waters listed are 
marine waters within the meaning of Section 301(h) of the Clean Water Act or whether discharges to 
such waters are qualified for a Section 301(h) modification. 
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DOCUMENT 
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CHECK 
TITLE DOCUMENT 
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6. Tcchaial Support M8nurl: W8terbody Surveys 8ad Assasments for Conducting Use 
Attaie8bility An8lysa, November 1983 
Contains technical guidance to assist States in implementing the revised water quality standards 
regulation (48 FR 51400. November 8. 1983). The guidance assists States in answering three key 
questionrt 
a What are the aquatic protection utes currently being achieved in the waterbody? 
b. What are the potential uter that can be attained bared on the physical, chemical and biological 

characteristics of the waterbody? 
C. What are the causes of any impairment of the uses? 

7. Tecbnicrrl Support M8nurl: W8terbody Surveys rnd Assasmcats for Conducting Use 
Attaia8bility Anrlyses, Volume 11: Esturrinc Systems 
Contains technical guidance to assist States in implementing the revised water quality stana2ud.s 
regulation (48 FR 51400, November 8. 1983). This document addresses the unique characteristics of 
estuarine systems and supplements the Technical SuDDort Manual: Waterbodv Summarv and 
&~sments for Conductinn Use Attainabilitv Analvse~ (EPA. November 19831. 

8. Tccb8ic8l Support M8nu8l: W8tcrbody Surveys rnd As.ussmenb for Conducting Use 
Athisrbility Anrlysa, Volume 111: L8ke Systems, November 198J 
Contains technical guidance to assist States in implementing the revised water quality stana&is 
regulation (48 FR 51400 November 8. 1983). The document aaBases the unique characteristics of 
lake systems and supplements two a&itionaI guidance documents: Technical SuDDorr Manual: 
Waterbodv Survey and Assessments for Conductinn Use Attainabilitv Anaivses EPA. November 19831 
and Technical Sumort Manual: Waterbody Surveys and Assessments for Conductinn Use Attainability 
Amtvsa. Vol II: Estuarine Svstems. 

9. He&b Effects Criteri8 for M8rine Recmtionrl Wlters, EPA 600/l-80-031, August 1983 
This report presents health efl=ts quality criteria for marine recreational waters and a 
recommendorion for a specific criterion The criteria were among those developed using &a collected 
from an artetuive in-house extramural microbiological research program conducted by the U.S. EPA 
cner the years 1972-1979. 

10. Health Effects Critcrir for Frtsh Bccmtionrl Wltcn, EPA 66tYl44-004, August 198J 
This report presents health eflects criteria for fresh recreational waters and a criterion for the qualip 
of the bathing water bared upon swimming - associated gastrointeJtim1 illness. The criterion was 
&loped from data obtained during a multi-year freshwater epidemiological-microbiological research 
program conducted at bathing beaches near Erie, Pentuylvania and Tulsa, OMahoma. Three bacterial 
indications of fecal pollutron were used to measure the water quality: E. Coli. enterococci and fecal 
coliforms. 

11. 18troductioa to W8ter Qurlity Stasd8rds, EPA 440/+8%Otl9, September 1988 
A primer on the water quality star&r& program written in question and answer format. The 

publication provides general information about various elements of the water quality stun&.&s 

Pogram. 

12. Ambknt Water Qwlity Critcri8 for B8cterir - 1986 EPA 440/S-&002 
This a&ument contains bacteriological water quality criteria. The recommended criteria are based on 
an estimate of bacterial indicator counts and gastro-intestiml illness rates 



REV 02m7n4 

STANDARDS br APPLIED SCIENCE DIVISION/WATER QUALITY STANDARDS BRANCH 

CHECK 
TITLE DOCUMENT 

REQUESTED 

13. Test Methods for Eschericbir Coil 8nd Enterococci; In W8ter by the Mcmbtnne Filter Procedure, 
EPA 60016851076, 1985 
Contains methods used to measure the bacteriological &nsities of E. coli and enterococci in ambient 
waters. A direct relationship between the &nsity of enterococci and E. coli in water and the 
occurrence of swimming - associated gastroenteritis has been established through epidemiological 
studies of marine and fresh water bathing beaches. These studies have led to the dolelopment of 
criteria which can be used to establish recreational water stat&r& based on recognized health 
efl&s-water quality relationships. 

14. Twenty-Six Water QuPlity Stand8rdS Criterin Summrria, Scptembcr 1988 
These documents contain twenty-six summaries of State/Federal criteria. Twenty-six summaries have 
been compiled which contain information extracted from State water quality standardr. Titles of the 
twe@v-six documents are: Acid@-Alkalinity, Anti&gradation, Arsenic, Bacteria, Caahium. Chromium. 
Copper. Cyanide, Definitions. Desigmted Uses. Dissolved Oxygen, Dissolved Solidr, General 
Provisions, Intermittent Streams, Iron, Led Mercury, Mixing Zones. Nitrogen-Ammonia/NitratdNitrite, 
Organics. Other Elements, Pesticides, Phosphorus, Temperature. Turbid@, and Zinc. 

15. Fifty-Seven State Water Quality Standrrds Summaries, Scptembcr 1988 
Contains fif@seven individual summaries of State water quality standards. Included in each summary 
is the name of a contact person, use classifications of water bodies, mixing zones. anti&gradation 
policies and other pertinent information. 

16. Stnte Water Qunlity Stand8rds Summ8ria, Scptemtxr 1988 (Composite document) 
This document contains composite summaries of State water qualiw stana&&. Tk document contains 
information about use clarsi/icatiom. anti&gradation policies and other information applicable to a 
Staler ’ water qualiv standards. 

17. Transmittal of Final “Guidance for State lmpiementation of Water Quality Standrrds for CWA 
Section 303(c)(2)(B)“, December 12, I988 
Guidance on State adoption of criteria for priority toxic pollutants. The guia’ance is designed to help 
States comply with the 1987 Amendments to the Clean Water Act which requires States to control 
toxics in water qualiry stat&r&. 

18. Chronological Summary of Fcder~l W8tcr QUSlity Standrrds Promulgrtion Actions, JInurry 
1993 
This document contains the date. type of action and Fe&ral Register citation for State water quality 
stoma&& promulgated by EPA. The publication also contains information on F&rally promulgated 
water quality stat&&s which have been withdrawn and replaced with State approved stat&r&. 

19. Status Report: State Complirncc with CWA Section 303(c)(2)(b) as of February 4, 1990 
Contains information on State efforts to comply with Section 303(c)(2)(8) of the Clean Water Act which 
requires adoption of water quality standards for priority pollutants. The report ident@s the States 
that are compliant as of February 4, 1990, summarizes the status of State actions to adopt priority 
pollutants and briefly outlines EPA ‘s plan to federally promulgate standards for noncompliant States. 

20. Wlter Qurlity StandPrds for Wetlands: NItion Guidpace, July 1990 
Provides guidance for meeting the priority established in the FY 1991 Agency Oueratinn Guidance to 
develop water quality star&&s for wetlands during the FY 1991-1993 triennium. By the end of FY 
1993. State-s are required as a minimum to include wetlands in the definition of ‘State waters,” 
establish beneficial uses for wetlands, adopt existing mrrative and numeric criteria for wetlands, adopt 
narrative biological criteria for wetlatuis and apply anti&gradation policies to wetlands, 
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21. Reference Guide for W8ter Quality Standards for lndisn Tribes, January 1990 
Booklet provides an overview of the water quality standards program. Publication IS designed 
primarily for kitan Tribes that wish to quaI& as States for the water quality star&r& program. The 
booNet contains program requirements and a list of reference sources. 

22. Developing Criteria to Protect Our Nation’s Waters, EPA, September 1990 (P8mphlct) 
Pamphlet which brrefly describes the water quality standordr program and its relationship to water 
quality criteria. sediment criteria and biological criteria. 

23. W8tcr Quality Standards for the 2lst Century, EPA 823-R-92-009, December 1992 
Summary of the proceedrngs from the Third Natioml Conference on Water Quality Standards held in 
Las Vegas, Nevada, August 3lSeptember 3. 1992 

24. Biologic81 Criteria: National Program Guidance for Surface Wtttcrs, EPA-4401590-004, April 
1990 
This document provides guidance for dwelopment and implementation of mrrative biological criteria. 

25. Amendments to the Water Quality Standards Regulation that Pertain to Stands& on lndisn 
Reservations - Final Rule. Environmental Protection Agency, Federal Register, December 12, 
1991 
This final rule amends the water qualrty star&r& regulation by aading: I) procedures by which an 
Indian Tribe may quolrh for trwtment as u State for purposes of the water quality standards and 401 
certi/ication programs und 2) a mechanism to resolve unreasonable consequences that may arise when 
an Indian Tribe and a State adopt dtflerent water quality standards on a common bo& of water. 

26. Cuidnncc on Water Quality Standards and 401 Certification ProgrPms Administered by Indian 
Tribes, December 31, 1991 
This guidance provides procedures for determining Tribal eligibility and supplements the fiml rule 
“Amendments to the Water Qua/@ Standards Regulatron that Pertain to Standards on Indian 
Reservations”. 

27. W8tcr Quslity Standards; Establishment of Numeric Critcrir for Priority Toxic Pollutants; 
State’s Compliance - Final Rule, Environmental Protection Agency, Federal Register, December 
22, 1992 
This regulation promulgates for I4 States, the chemical specific, numeric criteria for priority toxic 
pollutants necessary to bring all States into compliance with the requirements of Section 303(c)(2)(B) 
of the Clean Water Act. Staates determined by EPA to fully comply with Section 303(c)(2)(B) 
requirements are not aflected bv this rule. 

28. Interim Guidsncc on Determinations and Use of Wntcr-Etkct Rntios for Met8ls, EPA 823-B-94- 
otbl, Fcbrurry 1994 
This guidance contains speci/;c information on procedures for developing water-eflect ratios. 
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1. Guidance for Water Quality-based Decisions: The TMDL Process, EPA 440/4-91-001, April 1991 
This document defines and clarifies the requirements under Section 303(4 of the Clean Water Act. Its 
purpose is to help State water quality program managers understand the application of total maximum 
daily looa5 (TMDL.s) through an integrated. basin-wide approach to controlling point and nonpoint 
source pollution. The document describes the steps that are involved in identifying and prioritizing 
impaired waters und developing and implementing Tk4DL.s for waters listed under Section 303(4. 
Contact: Don Brady (202) 260-5368 

2. Technical Guidance Manual for Performing Waste Lord Allocations - Book 11 Streams and 
Riven - Chapter I Biochemical Oxygen Demand/Dissolved Oxygen, EPA 440/4-84-020, September 

1983 
This chapter presents the underlying technical basis for performing WLA and analysis of BOD/DO 
impacts. Mathematical models IO calculate water quality impacts are discussed along with &ta ne& 
and data quality. 
Contact: Bryan Goodwin (202) 260-1308 

3. Technical Guidance Manual for Performing Waste Load Allocations - Book II Stramr rod 
Rivers - Chapter 2 Nutrient/Eutrophication Impacts, EPA 44014-84-021, November 1983 
This chapter emphasi:es the eflect of photosynthetic activity stimulated by nutrient discharges on the 
DO of a stream or river II is principally directed at calculating DO concentrations using simpltfled 
estimating techniques 
Contact: Bryan Goodwin (202) 260-1308 

4. Technical Guidance Manual for Performing Waste Lord Allocations - Book H Streams and 
Riven - Chapter 3 Toxic Substances, EPA 440/4-84-022, June 1984 
This chapter describes mathematical models for predicting toxicant concentrations in rivers. It CCIVWS 

a range of complexities. from dilution calculations to complex, multi-dimensional, time-varying 
computer models. The guidance includes discussion of background information and assumptions fw 
specifiing values 
Contact: Bryan Goodwin (202) 260-1308 
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TITLE REQUESTED 

5. Technical Guidance Manual for Performing Waste Load Allocations - Simplified Analytial 
Method for Determining NPDES Effluent Limitations for PQTWs Discharging into Low-Flow 
Streams 
This document descrrbes methods prrmarr1.v intended for ‘iiesk top” WL4 investigations or screening 
studies that use available dutu for streumflow. efluent flow. and water quality It is intended for 
circumstances where resources for unalylrs und datu acquisition are relatively limited. 
Contact: King Boynton (202) 260-7013 

6. Technical Guidance Manual for Performing Waste Load Allocations - Book IV Lakes and 
Impoundments - Chapter 2 Nutrient/Eutrophication Impacts, EPA 440/4-84-019, August 1983 
This chapter drscusses luke eutrophication processes and some factors that influence the performance 
of WLA anaiyrsts und the rnterpretatron of results Three classes of models are discussed, along with 
the application of models und interpretutton of resulting calculations Finally. the document provides 
guidance on monttoring progrums und srmple stut~st~cul procedures 
Contact: Bryan Goodwin (202) 260-1308 

7. Technical Guidance Manual for Performing Waste Load Allocations - Book IV Lakes, Reservoirs 
and Impoundments - Chapter 3 Toxic Substances Impact, EPA 4401487-002, December 1986 
This chapter rexiews the basic principles of chemical water quaI+ modeling frameworb. The 
guiciance includes drsrusston of assumpttons und limrtatrons of such modeling frameworks, as well as 
the type of rnformatton required for model upplrcatron Di/lrrent levels of model compleriry are 
illustrated In step-by,-step examples 
Contact: Bryan Goodwin (202) 260-1308 

8. Technical Guidance Manual for Performing Waste Load Allocations - Book VI Design Conditions 
- Chapter I Stream Design Flow for Steady-State Modeling, EPA 440/4-87-004, September 1986 
Atanv stute wuter quulrty~ stunciurds /WQS) spectfi spec(fic design flows. Wkre such design flows are 
not specified rn WQS, thts document provides u method to assrst in establrshing a maximum design flow 
for the ftnal chronrc vulue (FCC’) o/am, pollutant 
Contact: Bryan Goodwin (202) 260-1308 

9. Final Technical Guidance on Supplementary Stream Design Conditions for Steady State 
Modeling, December 1988 
WQS for many pollutunts ore wrrtten as u function of umbient envrronmental condttions. such as 
temperature, pft or hurdness This document provides gurdunce on selectrng values for these 
parameters when performing steady-state WUs. 
Contact: Bryan Goodwin (202) 260-1308 

10. Technical Guidance Manual for Performing Waste Load Allocations - Book VII: Permit 
Averaging, EPA 440/C84-023, July 1984 
This document provrdcs un Innovative upprwch to &~termrning whtch types of permit lrmits (daily 
maxtmum, weekly, or monthly meruges) should be specrfied for tk stea+state model output, based on 

the freque- of ucute crttertu r.rolut~ons 
Contact: Bryan Goodwin (202) 260-1308 

11. Water Quality Assessment: A Screening Procedure for Toxic and Conventional Pollutants in 
Surface and Ground Water - Part I - EPA 600685-022a, September 1985 
Thrs document provrdes u runge of unulyses to be used for water qualiv assessment. Chapters include 
constderution of uquattc fute of IOXIC organic substances. waste loading calculations, rivers and 
streams, impoundments, wtuuries, and groundwater 
Contact: Bryan Goodwin (202) 260-1308 
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12. Water Quality Assessment: A Screening Procedure for Toxic and Coaveutiouri Poiiutauts in 
Surface and Ground Water - Part II - EPA 600/6-85-022b, September 1985 
This document provides a range of analyses to be used for water quality assessment. Chapters inA& 
consideration of aquatic fate of toxic organic substances, waste loading calculations, rivers and 
streams, impoundments, estuaries, and ground water. 
Contact: Bryan Goodwin (202) 260-1308 

13. Handbook - Stream Sampling for Waste Load Allocation Applications, EPA 625&86/813, 
September 1986 
This handbook provides guidance in designing stream surveys to support modeling applications fm 
waste load allocations. It describes the dota collection process for model support, and it shows how 
models can be used to help design stream surveys. In general, the handbook is intended to educate 

field personnel on the relationship between sampling and modeling requirements. 
Contact: Bryan Goodwin (202) 260-1308 

14. EPA’s Review and Approval Procedure for State Submitted TMDLs&VLAs, March 1986 
The step-by-step procedure outlined in thb gui&nce a&fresses the administrative (i.e., non-technical) 
aspects of developing TMDUWLAs and submitting them to EPA for review and approval. It includes 
questions and answers to focus on key issues, pertinent sections of We.44 regulations and the CWA, 
and examples of correspondence. 
Contact: Bryan Goodwin (202) 260-1308 

15. Guidance for State Water Monitoring and Wasteload Allocation Programs, EPA 440/4-85-031, 
October 1985 
This guidance is for use by States and EPA Regions in developing annual section 106 and 2050) work 
programs. The first part of the document outlines the objectives of the water monitoring program to 
conduct assessments and make necessary control decisions. The second part describes the process of 
identifiing and calculating total mmimum daily loads and waste load allocation3 for point and 
nonpoint sources of pollution 
Contact: King Boyntoa (202) 260-7013 

16. Technical Guidance Manual lor Pcrformiag Waste Load Allocations Book HI Estuaries - Part 1 - 
Estuaries and Waste Load Allocation Models, EPA 823-R-92-002, May 1990 
This document provides technical infmmation and policy gui&nce for preparing estuarine WLA It 
summarizes the important water quality problems, estuarine characteristics, and the simulation models 
available for addressing these problems. 
Contact: Bryan Goodwin (202) 260-1308 

17. Technical Guidance Manual for Performing Waste Load Allocations Book III Estuaries - Part 2 - 
Appiicntion of Esturrinc Waste Load Aiioatiou Models, EPA 823-R-92-003, May 1998 
This document provides a guide to monitoring and ma&l calibration and testing, and a case shu& 
tutorial on simulation of WU problem in simplijkd estuarine systems. 
Contact: Bryan Goodwin (202) 260-1308 
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18. Technical Guidance Maouai for Perlormiag Wuteiord Aiioatioas-Book III: Estuaries - Part 3 - 
Use of Mixing Zone Modeis in Estu8rine Wasteload Allocations, EPA 823-R-92-004 
This technical gui&nce manual &scribes the initial mixing wastewater in estuarine and coastal 
environments and mixing zone requirements. The important physical processess that govern the 
hy&o+aamic mixing of aqueous discharges are described followed by application of available EPA 
supported mixing zone models to four case stu& situations. 
Contact: Bryan Goodwin (202) 260-1308 

19. Technical Guidance Manual for Paforming Wastelord Allocations - Book 111 - Estuaries - Part 4 
- Critical Review of Coastal Embayment and Esturrine Wuteiord Allocation Modeling, EPA 823- 
R-92-005, August 1992 
This document summarizes several historical case studies of mo&l use in one freshwater coastal 
embayment and a number of estuarine discharge situations. 
Contact: Bryan Goodwin (202) 260-1308 

20. Technical Support Document for Water Quality-based Toria Control, EPA 505/2-90-001, 
March, 1991 
This document discusses assessment rrpproaches, water qualiv star&r&, derivation of ambient 
criteria, efluent characterization, human health hazard assessment, exposure assessment. permit 
requirements, and compliance monitoring. An erample is used to illustrate tk recommended 
procedures. 
Contrct: King Boynton (202) 260-7013 

21. Rates, Constants, and Kinetics Formulations in Surface Water Quality Modeling (Second 
Edition), U.S. EPA 600/3-85/040, June 1985 
This manual serves as a refetnce on modeling formulations. constants and rates commonly uxd in 
surfme water quality simulations. This manual also provi&s a range of coegicient values that can be 
used to perform sensitivity anafyses. 
Contact: Bryan Goodwin (202) 260-1308 

22. Dynamic Toxics Waste Lord Aihtion Model (DYNTOX), User’s Manual, September 13, 1985 
A user’s manual which erplainr how to we the DYNTOX m&l. It Ls designed for use in wasteload 
allocation of toxic substances. 
Contact: Bryan Goodwin (202) 260-1308 

23. Windows Front-End to SWMM (Storm Water Management Model), EPA 823-C-94-001, February 
1994 
A user interfae @Font-end) to the Storm Water Management M&l (SWMM) and supporting 
documentation is avaiable on diskette. Operating in the Microsoft Windows Environment, this interface 
simpli/es &ta enny and mo&l set-up. 
Contact: Jerry LaVeck (202) 260-7771 

24. Windows Front-End to SWRRBWQ (Simuiator for W8ter Resources in Rurri B8sins-W8ter 
Quriity), EPA 823-C-94-002, Februrry 1994 
A user interjbce cf;ont-end) to the Simulator for Water Resource in Rural Basins-Water @ali@ model 
and-supporting documentation is available on diskette. Operating in tk Microsoft Windows 
environment, this interface simpltfles a2zta entry and model set-up. 
Contact: Jerry LaVcck (202) 260-7771 
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25. De Minimis Discharges Study: Report to Congress, US. EPA 440/d91-002, November 1991 
This report to Congress a&Tresses the requirements of Section 516 by iahtifiing potential de minimis 
discharges and recommends eJ&ve and appropriate methodr of regulating those discharges. 
Coatwt: Rich Haiy (202) 260-7812 

26. N8tioori Study of Chemiai Residues in Fish. Volume 1, U.S. EPA 823-R-92-008 a, September 
1992 

This report contains results of a screening st& of chemical residues in f2h taken from polluted 
waters. 
Coatact: Richrrd Haiy (202) 260-7812 

27. N8tionri Study of Chemical Residues in Fish. Volume II. U.S. EPA 823-R-92-008 b, September 
1992 

This report contains results of a screening stu& of chemical residues in fuh taken from polluted 
WL?lUS. 

Contict: Richard Haiy (202) 260-7812 

I AFTER COMPLETING THE CLEARINGHOUSE 
REQUEST FORM, PLEASE FOLD, STAPLE, 
ADD A STAMP, AND MAIL. 

I 
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WATER RESOURCE CENTER 
202-260-7786 

COMPW REQUESTOR PROFILE BELOW: 

I 
STANDARDS & APPLIED SCIENCE DIVISION/RISK ASSESSMENT AND MANAGEM&NT BRANCH 

NAME 

REQUESTOR PROFILE __ Chcckhrnifrqucstorwmtrtok 
plwrd on SASD’s maiting list 

-rrq-- 

POSlllON/llTLE Dtrc 

ORGANIZA-tlON 

STREET ADDRFSS 

CITY/STATt3ZIP CODE 

TELEPHONE NUMBER 
DATE REQUEST RECEIVED 

DUE M RESOURCE LIMlTATlONS. ONLY ONE (1) COPY Of EACH DOCUMEPJT CAN BE ?BOVlBBB TO A BBQUBBTOB. 

CHECK 
SEDlMENT CONTAMINATION SECTION DOCUMENT 

TITLE REQUESTED 

1. Sediment Cinssitlcatioo Methods Compendium, U.S. EPA, EPA 823-R-92-006, September 1992 
This compendium is an “encyclopedia” of methods that are used to assess chemically contamimted 
sediments. It contains a description of each method, associated advantages and limitations and 
existing applications. 
Contact: Beverly Baker (202) 260-7037 

2. Managing Contaminated Sediments: EPA Decision-Making Processes, Sediment Ovenight 
Technical Committee, U.S. EPA Report - 506/690/002, December, 1990 
This document identijies EPA 3 current decision-making process (across relevant statutes and 
programs) for assessing and mamging contaminated sediments. Mamgement activities relating to 
contaminated sediments are divided into the following six categories.. /inding contamimted sediments, 
assessment of contamimted sediments, prevention and source controls, remediation, treatment of 
removed sediments, and disposal of removed sediments. 
Contact: Mike Kravitz (202) 260-7049 

3. Contaminated Sediments: Relevant Ststutu and EPA Program Activities, Sediment Oversight 
Technical Committee, U.S. EPA Report - !UW6-901003, December, 1990 
This document provides information on program ogice activities relating to contamimted sediment 
issues, and the specific statutes under which these activities fall. A table containing major laws or 
agreements relevant to sediment quality issues is included 
Contact: Mike Kravitz (202) 260-7049 
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CHECK 
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TITLE REQU~ 

4. Contaminated Sediments News, U.S. EPA 823N92-001 
Thrs nen~sletter. usued periodtcallv, contains information uhout contaminated sediment issues. Back 
I.SSU~.Y of the newsletter ure uvailable. 
. Contact: Beverly Baker (202) 268-7037 

. Contaminated Sediments News, Number I, August 1989 

. Contaminated Sediments News, Number 2, April 1990 

. Contaminated Sediments News, Number 3, April 1991 

. Contaminated Sediments News, Number 4, February 1992 

. Contaminated Sediments News, Number 5, April 1992 

. Contaminated Sediments News, Number 6, August 1992 

. Contaminated Sediments News, Number 7, December 1992 

. Contaminated Sediments News, Number 8, May 1993 

. Contaminated Sediment News, Number 9, August 1993 

. Contaminated Sediment News, Number IO, December 1993 

5. Proceedings of the EPA’S Contaminated Sediment Management Forum, U.S. EPA, Report 823-R- 
92-007, .September 1992 
Thrs report summurt:es the proceedings o/three EPA sponsored forums designed to obtain inpuf on 

EP.4 ‘s C’ontamrnated Sediment Management Strategv 
Contact: Beverly Baker (202) 260-7037 

6. Selecting Remediation Techniques for Contaminated Sediment, U.S. EPA 823-B93-001, June 1993 
T/JI~ plunntng gurde m.~r.~t.r federal-State remedial manugers. local agencies, private cleanup 
L’~lmp~JrJlt’.t clnd .rupporttng contractors in remediul deci.rion-making process at contamrnated sediment 
s1tc.s 
Contact: Beverly Baker (202) 260-7037 

7. Questions and Answers About Contaminated Sediments, U.S. EPA 823-F-93-069, May 1993 
Thrs general pclmphlet highlights what sediments are, how the* are contuminated and what can be 
done 
Contact: Beverly Baker (202) 260-7037 

8. Tiered Testing Issues for Freshwater and Marine Sediments, U.S. EPA 823-R93-001, February 
1993. Proceedings of A Workshop Held in Washington, DC, September 16-18, 1992. 
T\JL~ report .rummurl:es the proceedings o/the workshop sponsored hv the 0,&e 01 Water and O&e 
o/ Reseurch und Development. The workshop was held to provide an opportuniy /or qwrts in 
.scBdrment torrcolo~* und EPA to discuss rhe development oj standard freshwater and marine sediment 
hrt~.rs+, procedures 
Contact: Thomas Armitage (202) 260-5388 
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FISH CONTAMINATION SECTION IXX‘I’%lENT 

TITLE 
ItuJr l:S’rED 

9. Special Interest Group (SIC) Forum for Fish Consumption, User’s Manual, V.I.O., U.S. EPA 
822189l/OOl, February 1992 
This user’s monual &scribes vurious features of the Special Interest Group (SIG) Forum for fish 
consumption advisotries, buns und risk management. The manual explains how IO uccess the SIG ond 
use its dota bases. messags, bulletins and other computer files. 
Contact: Jeff Bigler (202) 260-1305 

10. Consumption Surveys for Fish and Shellfish, A Review and Analysis of Survey Methods, U.S. 
EPA-822/R-92-001, February 1992. 
This document contains a critical analysis o/methods used to determine /ish consumption roles of 
recreational and subsistence fisherment, groups that have the greutes potential for exposure to 
contaminants in fish tissues. 
Contact: Jeff Bigler (202) 260-1305 

Il. Proceedings of the U.S. Environmental Protection Agency’s National Technical Workshop “PCBs 
in Fish Tissue”, U.S. EPA/823-R-93-003, September 1993 
This documents summarizes the proceedings of the EPA sponsored workshop held on May IO- I I. I993 
in Washington, DC. 
Contact: Rick Hoffman (202) 260-0642 

12. Guidance for Assessing Chemical Contaminant Data for Use in Risk Advisories, Volume 1: Fish 
Sampling and Analysis, EPA 823-R-93-002, August 1993 
This document provides detailed technic& guidance on methodr for sampling and analy=tng chemical 
contaminants in fish and shellfish tissues. It addresses monitoring strategies, selection of fish species 
and ckmicol analyzes. Jeld and laboratory procedures and dota analyses. 
Contact: Jeff Bigler (202) 268-1305 

13. National Fish Tissue Data Repository User Manual, Venion 1.0, EPA 823-B-903-003, November 
1993 
The U.S. EPA has developed the Notional Fish Tissue Data Repository (NFTDR) for collection and 
storoge offtsh and shellfish contaminants ah. The dota repository is part of a large EPA dota base 
system culled the Ocean Dato Evoluotion System (ODLS). This manual exploiru how to access 
information from the ODES database. 
Contact: Rick Hoffman (202) 260-0642 

14. National Fish Tissue Data Repository: Data Entry Guide, Venion 1.0, EPA 823-B-93-006, 
November 1993 
The U.S. EPA has developed the Notional Fish Ttssue Dato Repository (NFTDR) for collection und 
storage offish and shellfish contaminants doto. The &IO repository IS port of u larger EPA dutu hmc 
system known as the Ocean Data Evaluation System (ODES) This manual assists State ond Federul 
Agencies in submitting data to the NFTDR. 
Contact: Rick Hoffman (202) 260-0642 
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APPENDIX W 

Update Request Form for 
Water Quality Standards Handbook 

Second Edition 

WATER QUALITY STANDARDS HANDBOOK 

SECONDEDITION 



READER RESPONSE CARD 

The U.S. Environmental Protection Agency is trying bard to be responsive to the needs of our customers. We would 
appreciate knowing if this document has been helpful to you. Please take a minute to complete and return this postage-paid evaluation 
form to us so that we can better serve you. 

1. How helpful was the information contained in this publication? Circle one number: 1........ 2 . . . . . . . . 3 . . ..... 4 ...... 5 
Somewhat Quite Very 

2. Does the publication discuss the subject to your satisfaction? ( ) Yes ( )No 

3. Is the level of detail appropriate for your use? ( ) Yes ( )No 

4. How clearly is the publication written or the material presented? Circle one number: 1........ 2 . . . . . . . . 3 . . . . . . . . 4 . . . . . . . . 5 
Unclear About right Very 

5. How effective are the graphics and illustrations? Circle one number: 1 . . . . . . . 2 . . . . . . . . 3 . . . . . . . . 4 . . . . . . . . . 5 
Ineffective Quite Very 

6. What is your affiliation? Check one: 

( ) Local government representative ( ) Attorney or legal representative ( ) Academia: Circle one: Student * Instructor 
( ) State government representative ( ) Environmental group Level: Elementary School 
( ) Federal government representative ( ) Private citizen Junior High or Middle School 
( ) Consultant ( ) Trade or industrial association High School 
( ) Other: University 

7. Do you have any suggestions for improving this publication? 

8. UPDATES. If you would like to be added to the mailing list to receive updates of this publication, please check here and 
tell us who you are by completing box #10 below. 

9. CATALOG OF DOCUMENTS. The Office of Science and Technology, Office of Water, is responsible for developing 
standards, criteria, and advisories that relate to water quality and public drinking water supplies, and for developing effluent 
guidelines, limitations and standards for industries discharging directly to surface water or indirectly to publicly owned wastewater 
treatment plants. If you would like to receive a copy of the Catalog of OST Publications which lists all documents related to these 
topics and includes information on bow you may obtain copies of them, please: check here and complete box #10 below. 

10. Your Name: 

Address: 

Please fold and either staple or tape thus form so that the address is visible on the back and mail it to us. Thanks for your assistance. 

THIS RESPONSE CARD FOR EPA DOCUMENT NUMBER: EPA-823-B-94-005 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 
 

AUG 19 1994 
 

OFFICE OF WATER  
 
Dear Colleague:  
 

The following material contains the 1994 update to the document Water Quality Standards 
Handbook - Second Edition. Policy and technical changes to the Handbook are included for 
Chapters 3 and 4. Changes in Chapters 2, 3 and 7 also correct typographical and editorial errors. 
The Preface, Glossary, Introduction, and References Sections have been modified to reflect 
changes elsewhere in the Handbook. 

Additions to Chapter 3 include:  

• Section 3.6 incorporates EPA's policy on aquatic life metals criteria as modified by the Office 
of Water Policy and Technical Guidance on Interpretation and Implementation of Aquatic 
Life Metals Criteria (US EPA, 1993f). This policy was signed as the 1993 printing of the 
Handbook went to press and we promised you revisions to reflect it (p. iv). 

• Section 3.7 adds guidance on site-specific aquatic life criteria as modified by the Interim 
Guidance on Determination and Use of Water-Effect Ratios for Metals (included as new 
Appendix L), which provides interim guidance concerning the experimental determination of 
water-effect ratios (WERs) for metals and supersedes all guidance concerning water-effect 
ratios and the Indicator Species Procedure in USEPA, 1983a and in USEPA, 1984f. It also 
supersedes the guidance in these earlier documents for the Recalculation Procedure for 
performing site-specific aquatic life criteria modifications.  

Conforming changes have also been made to other Sections of Chapter 3.  

Section 4.6 has been added to Chapter 4 and includes guidance on the interpretation of the 
EPA's antidegradation policy as it relates to nonpoint sources as presented in the guidance 
memorandum Interpretation of Federal Antidegradation Regulatory Requirement (USEPA, 1994a). 

Several Appendices have also been added or modified. New Appendix J provides additional 
material on EPA's policy on aquatic life criteria for metals. New Appendix L adds the Interim 
Guidance on Determination and Use of Water-Effect Ratios for Metals. Appendices U and V 
update the list of EPA Regional water quality standards coordinators and Standards and Applied 
Science Division document request forms, respectively. Appendix X has been added as a repository 
for this and future update instruction sheets so that a record of updates is maintained in the 
Handbook.  

Please follow the instructions on the reverse.  

 

 
David K. Sabock, Chief 
Water Quality Standards Branch  

  



[WEBMASTER’S NOTE: These pages are obsolete because all of the changes described below 
have already been made in the internet version of the Handbook.] 

 
 

WATER QUALITY STANDARDS HANDBOOK 
SECOND EDITION – UPDATE #1 

 
FILING INSTRUCTIONS 

 
Follow the instructions below carefully.  
 

• With the addition of the new Appendices, the Handbook will require two 3-
ring binders. Place the Handbook through page REF-6 in a 1" binder and the 
Appendices in a 3" binder before making the changes below.  

• Proceed row by row down the chart following the instructions in both the 
"REMOVE" and "INSERT" columns for each row.  

• Remove the obsolete pages listed in the "REMOVE" column from the Handbook.  
• Insert the pages in the "INSERT" column in the appropriate places in the 

Handbook. These are the new or replacement pages contained in this package. 
 

SECTION REMOVE INSERT 

HANDBOOK 
Cover Handbook cover New Handbook cover 
Title Page Title Page Title Page 
Preface pp. iii through viii pp. iii through viii 
Glossary pp. GLOSS-3 through 

GLOSS-8 
pp.   GLOSS-3 through 
GLOSS-8 

Introduction pp. INT-7 and INT-8 pp. INT-7 and INT-8 
Chapter Table of Contents Chapter Table of Contents Chapter 2 
pp. 2-5 and 2-6 pp. 2-5 and 2-6 
Chapter Table of Contents Chapter Table of Contents Chapter 3 
pp. 3-1 through 3-48 pp. 3-1 through 3-45 

Chapter 4 Chapter Table of Contents Chapter Table of Contents 
 pp. 4-7 through 4-13 pp. 4-7 through 4-14 
Chapter 7 Chapter Table of Contents Chapter Table of Contents 
 pp. 7-7 through 7-13 pp. 7-7 through 7-13 
References pp. REF-1 through REF-9 pp. REF-1 through REF-9 

APPENDICES 

Cover None Document cover for 
Appendices 

Appendix J Title Page (reserved) Title Page and new 
Appendix J 

Appendix L Title Page (reserved) Title Page and new 
Appendix L 

Appendix U WQS Coordinator list WQS Coordinator list 
Appendix V all pages new Document Request 

Forms 
Appendix W Update Request Form new Update Request Form 
Appendix X None Title Page and this page 

of instructions 
 
 
If you have any trouble with missing pages or have other questions about this 
update to the Water Quality Standards Handbook, please let us know. 
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