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[6560-01-M]
Title 40—Protection of Environment

CHAPTER I—ENVIRONMENTAL
PROTECTION AGENCY

SUBCHAPTER C—AIR PROGRAMS
“ [FRL 1018-21

PART 50—NATIONAL PRIMARY AND
SECONDARY AMBIENT AIR QUAL-
ITY STANDARDS

Revisions fo the National Ambient
Air Quality Standards for Photo-
chemical Oxidants

AGENCY: Environmental Protection
Agency.

ACTION: Final rulemaking.

SUMMARY: In accordance with the
provisions of Sections 108 and 109 of
the Clean Air Act as amended, EPA
has reviewed and revised the criteria
upon which the existing primary and
secondary photochemical oxidant
standards are based. These standards
were promulgated in 1971 (36 FR
8186) and*were both set at an hourly
average level of 0.08 part per million
(ppm) not to be exceeded more than 1
hour per year. On June 22, 1978, EPA
proposed changes in the standard (43
FR 26962) based on the findings of the
revised criteria. The proposed changes
included (1) raising the primary stand-
ard to 0.10 ppm, (2) retaining the 0.08
ppm secondary standard, (3) changing
the chemical designation of the stand-
ard from photochemical oxidants to
ozone, and (4) changing to a standard
with a statistical rather than deter-
ministic form. The final rulemaking
will make three further changes in the
standard: (1) Raising the primary
standard to 0.12 ppm, (2) raising the
secondary standard to 0.12 ppm, and
(3) changing the definition of the
point at which the standard is at-
tained to “when the expected number
of days per calendar year with maxi-
mum hourly average concentrations
above 0.12 ppm is equal to or less than
one.”

EFFECTIVE DATE: This revision is-
. effective immediately upon publica-
tion. The normal 30-day delay in effec-
tiveness is not required, when, as in
this case, a restriction is eased.

FOR FURTHER INFORMATION .

CONTACT: .

Mr. Joseph Padgett, Dlrector (MD-
12), Strategies and Air Standards Di-
vision, Office of Air Quality Plan-
ning and Standards, U.S. Environ-
mental Protection Agency, Research
Triangle Park, NC 27711, Telephone:
919-541-5204 (F'T'S 629-5204.
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AVAILABILITY OF RELATED IN-
FORMATION: A docket (Number

"OAQPS 78-8) containing information

used by EPA in revising the standards
is available for public inspection and
copying between 8:00 a.m. and 4:30
p.m. ‘Monday through Friday, at
EPA’s Central Docket Section, Room
2903 Waterside Mall, 401 M Street
SW, Washington DC 20460. These ma-
terials include the “Air Quality Crite-
ria for Ozone and Other Photochemi-
cal Oxidants” and “Control Tech-
niques for Volatile Organic Emissions
from Stationary Sources,” both of
which were issued simultaneously
when this standard was proposed. The
control techniques document and staff
papers pertaining to the form of the
ozone standard, risk assessment
method, secondary standard, and
health panel assessment are available
upon request from Mr. Joseph Pad-
gett. Statements of the environmental,
economic, and energy impacts of im-
plementing this standard revision are
also available upon request from Mr.
Joseph Padgett, at the address shown
above. The air quality criteria docu-
ment can be obtained from: Mr. Mi-
chael Berry (MD-52), Environmental
Criteria and Assessment Office, Office
of Research and Development, U.S.
Environmental Protection Agency, Re-
search Triangle Park, NC 27711, Tele-
phone: 919-541-2266 (FTS 629-2266).

‘This préamble describes revisions-to
40 CFR Part 50, Appendix H, “Inter-
pretation of the National Ambient Air
Quality Standards for Ozone,” and Ap-
pendix D,
and Calibration' Procedure for the
Measurement of Photochemical Oxi-
dants Corrected for Interferences Due
to Nitrogen Oxides and Sulfur Diox-
ide,” that are related to the revision of
the air quality standard for oZone. In
addition, elsewhere in this issue of the
FEDERAL REGISTER EPA is promulgat-
ing revisions to 40 CFR Part 50, Ap-
pendix D, replacing (superseding) the
cwrrent calibration procedure with a
new, superior calibration procedure
based on ultraviolet photometry.

Revisions to 40 CFR Part 51, substi-
tuting the word “ozone” for “photo-
chemical oxidants” throughout that
part, and to Section 51.14, pertaining
to control strategies, are being promul-
gated by EPA elsewhere in this issue
of the PEDERAL REGISTER.

-SUPPLEMENTARY INFORMATION

BACKGROUND"

On April 30, 1971, the Environmen-
tal Protection Agency promulgated in
the FEpERAL REGISTER (36 FR 8186)
National Ambient Air Quality Stand-
ards for photochemical oxidants. The
scientific, technical, and medical hases
for these standards are contained in
the air quality criteria document for
photochemical oxidants, published by

“Measurement Principle -

the U.S. Department of Health, Edu.
cation, and Welfare in March 1970.
Both the primary and secondary
standards were set at an hourly aver-
age level of 0.08 ppm not to be exceed-
ed more than once per year. The
asthma study cited as evidence for the
original standard is based on work by
Schoettlin and Landau (1961). As dis«
cussed in the June 22, 1978, proposed
revision to the original standard, EPA
has reassessed its conclusions regards
ing this study. This reassessment, plus
the evaluation of medical evidence ac-
cumulated since 1970, led EPA to pro-
pose, on June 22, 1978, a revised pri-
mary standard of 0.10 ppm (43 FR
26962). EPA did not propose a change
in the secondary welfare standard at
that time. The proposal was accompa-
nied by publication of revised criteria
and control techniques documents, as
well as various staff papers relating to
the standard itself and to implementa-
tion of the standard. EPA solicited
written comments on the proposed
standard and, to accept oral testimo-
ny, sponsored four public hearings
(Washington, D C.—July 18; Altanta,

. Ga.—August 17; Dallas, Tex.—August

22; Los Angeles, Calif.—August 24).

Oxidants are strongly oxidizing com-
pounds, which are the primary con-
stituents of photochemical smog. The
oxidant found in largest amounts is
ozone (O,), a very reactive form of
oxygen. Oxidants also include the
group of compounds referred to collec-
tively as peroxyacylnitrates (PANSs)
and other compounds, all produced in
much smaller quantities than ozone.

Most of these materials are not emit-
ted directly into the atmosphere bub
result primarily from a serles of
chemical reactions between oxidant
precursors (nitrogen oxides and organ-
ic compounds) in the presence of sun-
light. The principal sources of organic
compounds are the hydrocarbon emis-
sions from automobile and truck ex-
hausts, gasoline vapors, paint solvent
evaporation, open burning, dry clean-
ing fluids, chemical plants and other
industrial operations. Nitrogen oxides
are emitted primarily from combus-
tion sources such as electric power
generation units, gas and oil-fired
space heaters, and automobile, diesel
and jet engines.

The reductions in emissions of nitro-
gen oxides and organic compounds are

_achieved through Federal and State

programs that have been formalized in
regulations promulgated under the
Clean Air Act. The Federal programs
provide for. reduction in emissions na-
tionwide through the Federal Motor
Vehicle Control Program, the Federal
program for control of alrcraft emis-
sions, National Emission Standards for
Hazardous Air Pollutants, and the de-
velopment of New Source Perform-
ance Standards, The State programs
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brovide for additional control meas-
ures through State Implementation
Plans in those areas of the country
where the Federal programs are not
sufficiently stringent-to permit attain-
ment of air qua.htysta.ndards

. LEGISI.A‘I‘IVE REQUIREI-E}NTS AFFECTING
THE1S PROMULGATION

Two sections -of the Clean Air Act
govern the develgpment -of a National
Ambient Air Quality Standard: Sec-
{ion 108 insiructs EPA fo document
the scientific basis {criteria) for the
standard, and Section 109 provides
guidance on establishing standards
and reviewing the criteria. ¢

Air quality criteria are reguired by
Section 108(a)X2) to reflect accurately
the latest scientific information useful
in indicating the kind and extent of 211

- identifiable effects on public health or
welfare that may be ekpected from
the presence of the pollumnt in the
ambient air. -

“The 'Administrator is reqguired to
propose, simultaneously with the issn-
ance of thesecriteria, primary and sec-
ondary ambient air guality standards
based upon such crteria. The primary
standard is defined in Section
103M)YA) as the. ambient gir quality

" standard ‘the attainment and mainte-

" nance.of ‘which in the Administrator’s
Jjudgment, based on such -criteria and
allowing an adequate margin of safety,
are requisite to protect the public
health. The secondary standard {Sec-
tion 109(b)(2)) must specify a level the
attainment and maintenance of which
in the Administrators judgment,
based on such -criteria, -are requisite to
protect the public welfare from -any
known -or anticipated -adverse effects
associated -with the presence of the
pollutant in the ambient air. These ad-
verse welfare effects, which are dis-
cussed In Section 302(h)of the Act, in-
clude -effects on soils, water, crops,
vegetation, man-made materials, ani-

‘mals, weather, -visibility, hazards to
transportation, economic values, per-
sonal comifort and well-being, and
other factors.

The Clean Air Act specxﬁes that pri-
mary Nzational Ambient Air. Quality
Standards are to be based on scientific
criteria relating to “the level that
should be attained to protect public

health adeguately. Considerations of
" cost of achieving ‘those standards or
the existence of technology to bring
about needed reductions of-emissions
are not germane to such a determina-
tion, as the words of the Act and its
legislative history clearly Indicate.
Section 109(d) directs-the _Administra-
tor to-complete a review of all existing
standards and criteria before the end
of 1980 and af 5-year intervals thereaf-
ter and 1o revise them.in whatever

manner that review reveals is neces-
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sary. This promulgation Is the result
of such a review. .

Assuring attainment and mainte-
nance of ambient air quality standards
is the responsibility of the States.
Under section 110-0f the Act, they are
to submit to EPA for approval State
Implementation Plans (SIPs) that pro-
vide for the necessary legal require-
ments for sources of the relevant pol-
lutant so as to demonstrate attain-
ment and maintenance of the stand-
ards by certain deadlines. In many
areas of the country the ambient air
quality standards <ore not being at-
tained, despite the fact that the dead-
line for attainment has long since
passed..As a remedy, Part D of the Act
requires states with viclations of ambi-
ent air quality standards to submit re-
vised -SIPs to ensure attainment of the
standards .end to meet certain new re-
quirements of Part D by January 1,
1979. (Section 129(c), Pub. L. 95-95,
note-under 42 U.S.C. 7502.) The Act
does not authorize the Administrator
to extend that deadline, and conse-
quently this revision of the photo-
chemical oxidant standard does not
affect the deadline for submittal of
SIP revisions.

Section 110¢a)(1) requires that SIP
revisions be submitted within 9
months after a standard is revised.

However, this provision refers to situa- *

tions where a standard is tishtened,
with the result that existing SIPs are
no longer adequate to attain and
maintain “the standard in question.
Where a standard is relaxed, no SIP
revision s required by the law, since
states may have more stringent con-
trols than necessary if they choose.
Furthermore, the change in the
chemical species designation of the
standard from photochemical oxidants
to ozone does not make this standard
subject to the provision of section
110(a)(1) cited above. The intent of
the standard (total oxidant reduction),
the control strategies, and the index
of progress toward attzinment (meas-
ured .ozone levels) remain unchanged.

SunmaRY OF GENERAL FINDINGS FRoM
ATR QuarLITY CRITERIA FOR OZOKRE
AND PROTOCHENMICAL OXIDANTS

On April 20, 1977, EPA announced
(42 FR 20493) that it was reviewing
and updating the 1970 criteria docu-
ment for photochemical oxidants in
accordance with provisions -of section
109(dX(1) of ¢the Clean Ailr Act as
amended. The notice called for infor-
mation:and data that would be helpful
in revising the document. In preparing
the criteria document, EPA provideda
number of opportunities for external
review and comment. Two drafts -of
the document have been made availa-
ble for external review, and EPA re-
cieved more than 50 written comments
on the first draft and approximately
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20 on the second draft. The American
Petroleum Institute has submitted ex-
tensive Information that EPA consid-
ered in this standard review. The crite-
ria document was the subject of iwo
meetings of the Subcommittee on Sci-
entific Criteria for Photochemiecal Ox-
idants of EPA’s Science Advisory
Board. Each of these meetings “was
open to the public, and a number of
individuals presented both critical
review and new information for EPA’s
consideration. A full discussion of
comments received during the review
process, as well as EPA’s dx‘sposition of
these comments, can be found in the
docket (OAQPS 178-8) assembled for
this rulemaking.

From EPA's review -of the scientific
information presented in the criteria
document, several key aress with par-
ticular relevance to setting the ozene
standard have emerged:

1. Threshold concept—Althouzh the
concept of an adverse hezlih effect

threshold has utility in setting ambi-

ent air quality stindards, the adverse
health -effect threshold concentration
cannot be identified with cerfainty.
The Jlowest .concentration -which
causes measured health effects in 2
sclentlfic experiment depends on the
particular subjects who have been
studied because sensitivity to poliut-
ants varles among different members
of the.population. Only limited studies
can be perfcrmed -on groups of unusu-
ally sensitive persons. Most experi-
mental studies of human subjects are
performed on small numbers of rela-
tively healthy persons who do not
{ully reflect the range of human sensi-
tivity. Also, the air to which the sub-
Jects are exposed does not include the
full mix of chemicals other than the
pollutent being studied which are in
the ambient air. Some of these chemi-
cals may be additive with the given
pollutant in -causing the adverse
health effect, so that lower levels of
the pollutant will result in the effect.
Animal exposure studies cannot pro-
vide precise models of sensitive human
populations. Thus, adverse health
effect thresholds for sensitive persons
are difficult or impossible to deter-
mine experimentally, while the
threshold for healthy persons or ani-
mals is not likely to be predictive of
the response of more sensitive groups.
In this notice of rulemaking EPA uses
the terminology ‘probable effecis
level” to refer to the level that in its
best judgment is most likely to be the
adverse health -effect threshold con-
centration. It is the fact that the ad-
verse health effect threshold concen-
tration is actually unknown that ne-
cessitates the margin of safety re-
quired by the Act.

2. Ozone health effects—QOzone is 2
pulmonary drritant that affects the
respiratory mucous membranes, other

i
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lung tissues and respiratory functions.
Clinical and epicemiological studies
. have demonstrated that ozone impairs
the normal mechanical function of the
human lung and causes clinical symp-
toms such as chest tightness, coughing
and wheezing. These effects may occur
in sensitive individuals, as well as in
healthy exercising persons, at short-
term ozone concentrations between

0.15 and 0.25 ppm. The clinical studies

data base for these effects is far more
extensive than that which was availa-
ble in 1970, and these effects have now
been demonstrated at lower levels
than those cited in the 1970 cntena
document.

3. Ejffects on Asthmatzcs—-—The best
available evidence suggests that an
elevated proportion of asthmatics ex-
perience attacks on days when the
peak hourly oxidant concentratiohs -
reach about 0.25 ppm. This finding is
based on a reevalution of the study. by .
Schoettlin and Landau (1961).

4., Torxicologic fmdmgs—The key
finding from toxicologic studies is the
increased susceptibility to bacterial in-
. fection in laboratory animals exposed
to 0.10 ppm ozone and a bacterial chal-
lenge. Infection rates are lower for
animals exposed only to the bacterial
challenge. Other effects such as bio- -
chemical changes, morphological ab- _
normalities, and genetic changes have
been found in some studies of animals
exposed” to ozone concentrations as
low as 0.1 to 0.3 ppm. While the data
from animal studies cannot be directly

extrapolated to man, they can be-

taken as indicators of the full range of
effects that may occur in humans. The

epidemiology study by Durham (1974) _

that reported increased rates of illness
in college students following periods of
elevated air pollution levels (with peak
oxidant being the pollution® variable
most st;rongly a.ssociated with illness)
. further increases our concern regard-
ing the implications for man of the
animal study findings.

8. Ozone effects on aging processes—
A limited amount of data suggests
that ozone may accelerate the aging
process in living organisms, Exposure
of rabbits to unspecified concentra-
tions of ozone for 1 hour per week for
a year has been reported to induce
premature aging symptoms such as
premature cartilage
severe depletion of body fat, and the:
general signs. of aging (Stokinger,
1965),

6. Pollutant ‘mteractzons—The fact
that ozone exposure is frequently ac-
companied by exposure to other pol-
lutants, such as sulfur dioxide (SO.),
has prompted several investigators to
conduct laboratory evaluations of ex-
posure of human subjects to combina-
tions of O, and other pollutants. Si-
multaneous exposures to,0.37 ppm O,

and 0.37 ppm SO. were reported to.

<3 -

calcification,
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produce larger changes in' pulmonary
function_than exposure to either pol-
Iutant alone. No obvious effects were
observed in other simultaneous expo-
sure tests using 0.25 ppm O; and 0.3
ppm nitrogen dioxide (NO.), as well as
'O NO., and 30 ppm carbon monoxide
(CO). Nevertheless, the S0,-O; syner-

. gism findings supportlthe need for an

adequate margin of safety in the
ozone standard.

7. Mortality studies—No studJes have
conclusively linked exposure to ozone
or photochemical oxidants with an in-
crease in human mortality. A number
of epidemiologic studies have been de-
signed and conducted to demonstrate
this effect, but in each case the results
have been negative or inconclusive,

8. Welfare effects—Ozone accelerates
the aging of many materials, resulting
in rubber cracking, dye fading and
paint erosion. These effects are linear-
ly related to the total dose of ozone and
can occur at very low levels, given long-
duration exposures. Damage to vegeta-
tion, as expressed by decreased growth
and yield, is related to the long-term
(egrowing season) mean of the daily
maximum 6- to-8-hour-average ozone
concentrations. .

9. Causes and control of oxidant pol-
lution—All presently available evi-
dence indicates that around urban
" centers with severe oxidant problems,
the major concern is-the formation of
photochemical oxidants from man-
made organic and nitrogen oxide emis-
sions. Control of these emissions will
result in significant reductions in am-
bient ozone, peroxyacetylnitrate
(PAN), aldehydes and photchemical
aerosol.

As is the case with most standard-'

setting activities, the data base on
ozone will continue to expand after
the standard is set. EPA will continue
to inform itself of new research results
and also will accelerate the schedule
for its own research on the health ef-
fects of ozone and other photocherni-
cal oxidants at low exposure levels.
The Agency plans to make the results
of these studies available as they are
completed and to issue an interim
report on all new research results in
two years.

RULEMAKING PETITIONS

The Agency was petitioned by the
American Petroleum Institute (API)
and 29 member companies on Decem-
ber 9, 1976, and by the City of Hous-
ton on July 11, 1977, to revise the cri-
teria, standards and comntrol strategy
guidelines for photochemical oxidants.
EPA had already begun such a revi-
sion when both petitions were . filed,
and the Agency responded that it was
deferring decision on these petitions
until the rulemaking, was completed.
EPA considers this final rulemaking
and the accompanying one on control

1

¥

strategy guidelines to be the Agency’s
final action on these petitions. A sum-
mary of the two petitions and EPA's
response is given below.

The API petition requested that
EPA revise the air quality criterla doc-
ument for photochemical oxidants in
light of new information regarding the

- causes, effects, and extent of air pollu-

tion attributed to ozone and other oxi-
dants. EPA has published a revised alr
quality criteria document for photo-
chemical oxidants; in the Agency’s
judgment, this document accurately
reflects the latest scientific informa-
tion regarding the causes, effects, and
extent of ‘air pollution attributed to
ozone and other oxidants.

The second request in the API peti-
tion was that EPA establish a national
primary ambient air quality standard
based on new studies that allegedly
demonstrate no significant adverse
human health effects at or below
ozone levels of 0.256 ppm for 2-hour ex-
posures. As requested by API and as
required under the Clean Air Act, the
Agency has considered all new studies
published since 1971 that are relevant
to 'setting a revised primary standard
the attainment and maintenance of
which would, in the Administrator's
judgment, protect the public health
with an adequate margin of safety.
EPA disagrees with API's conclusion
that new studies conducted since 1971
demonstrate no significant adverse
human-health effects at or below 0.25
ppm.

A more detailed discussion of EPA’s
judgments regarding reported or prob-
able health consequences at concen-

- trations below 0.25 ppm is presented in

the rationale for revising the primary
standard and in the response to com-
ments, which appear elsewhere in this
notice.

The third request by API was that
the national secondary ambient air
quality standard .be based on adverse
effects on public welfare as.indicated
by studies using ozone-specific mea-
surement methods. In addition, API
concluded that Congress inténded that
EPA weigh the overall economic and
social impact of a lower secondary
standard against adverse effects of a
pollutant. EPA has reviewed the data
presented in the criteria document
and concluded that there is currently
no evidence of a significant decrease in
yield or growth to commercially im-
portant crops for short-term exposures
to ozone concentrations below 0.12.
ppm. EPA believes a secondary stand-
ard more-stringent than the primary
standard is unnecessary and that a
cost-benefit analysis is not required.

In their petitions, both API and
Houston requested EPA to state the
primary and secondary standards so as
to permit reliable assessments of com-
pliance. EPA agrees that the present

. . FEDERAL REGISTER, VOL. 44, NO. Zéé-lelURSDAY, FEBRUARY 8, 1979



deterministic form of the .oxidant
standard has several limitations .and
has made xreliable assessment of com-
‘pliance difficult. The revised .ozone 2ir
 quality standards are stated in a statis-

fical form that will more -accurately
reflect the air quality problems in var-
ious regions of the country and allow
more Treliable assessment of -compli-
ance with the standards.

The API‘and Houston petitions re-
quested that EPA specify the use of an
appropriate measurement method for
‘monitoring ambient concentrations of
ozone. API suggested the use of :ethyl-
-ene chemiluminescence calibrated by
either gas phase tifration (GPT) or ml-
traviolet (V) photometry. As:a result
of EPA’s continuing evaluation of sev-
eral -calibrafion techniques, the
Agency has <defined the Teference
method to be ethylene chemilumines-
cence calibrated by UV photometry.
See the amendment $0 Appendix D of
40 CFR Part 50 elsewhere in this -edi-
Hon of the FepEraL REGISTER.) EPA is
allowing the use of 'a modified version

. of- - the current calibration method

(acidified KT).as.an interim measure to
avoid problems that would resulf from

~ immediate conversion to0 TV photom-

etry.
Both the API and Houston petitions

requested revision of the State Imple-’

mentation Plan (SIP) requirements {1)
to delete the assumption of no back-
ground -concentration of photochemi-
«cal .oxidants and (2) to specify more re-
liable, alternative oxidant prediction
relationships to replace AppendixJ of
40 :«CFR Part 351 for determining the
degree of necessary Precursor emission
Teductions. .

‘With respect to the first point, EPA
recognizes that backgronnd concentra-
tions and transport of ozone From
upwind locations wcan contribute. to
high levels oi ozone in or mear an
urban area during the aiternoon
hours. Therefore, several revisions are
being made in conirolstrategy and im-
plementation guidelines for wozone.
The revised guidelines set forth proce-
dures Ifor consideration of both

- upwind transport and irreducible ‘nat-
ural background by the States in cal-
culating the necessary reductions in

- hydrocarbon emissions. In response to

the secomd request, EPA has deter-
mined that Appendix J of 40 CFR

Part 51 mo longer represents an ac-

ceptable -analytical relationship be-
tween hydrocarbons and ozone. Ap-
pendix J is, therefore, being .deleted.

EPA will now. allow -States to-use any

of four analytical techniques to deter-
mine the amount of hydrocarbon re-
duction necessary to demonstrate at-
tainment of the national ozone air

‘duality standards: (1) Photochemical

dispersion .models, (2) Empirical XKi-
netics Modeling Approach (ERKMA),

(3) Empirical and statistical- models,
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and (4) Proportional rollback. These
four techniques are discussed further
in the revision of Part 51, which ap-
pears elsewhere in this edition-of the
FEDERAL REGISTER.

The Houston petition requested that
EPA consider information in thelr pe-
tition relative to atmospheric .condi-
tions and other factors that affect
photochemical oxidants in the Hons-
ton area. The petition claimed that
the air pollution problems in Houston
warrant special attention in standard-
setting and “tailor-made” control
strategies, because the emisslon and
meteorology situations and the overall
pollution picture in that area are
“unique." .

In response to the above .claim, it
;should be moted that the majority of

. the data presented in the revised crite-

Tia document are based on ozone expo-
sure. Nearly all of the clinical and tox-
icological studies are based 'on the ef-
fects of ozone. “The biomedical data
also suggest that many of the effects
observed during periods of elevated
photochemical -oxidant concentrations
are reasonably attributable primarily
to vzone in the ambient air. Since the
primary and secondary standards .are
based on the effects of ozone, the dif-
ferences between areas in their overall
photochemical oxidant mixtures do
not bear upon the setting of national
ozone air quality standaxds.

EPA -agrees with the Houston peti-
tion that compomnents of the photo-
chemical oxidant mixture other than
ozone may have an adverse Impact on
health and/or welfare. The data base
is not, however, sufficient at this time
to justify a separate standard for PAN
or other mon-ozone woxidants. While
EPA does not propose to establish sep-
-arate standards for the non-ozone con-

stituents of the mixture at this time, -

those measures taken to reduce .ozone
precursor emissions will also reduce
PAN and other non-ozone oxidant con-
centration levels,

JIn response $o Houston's request for
2 unique standard based on their local
situation, it must be realized that the
Clean Air Act does not contemplate
separate standards for different cities.
PDealing in terms of national ambient
air quality standards, the Act charges
EPA 1o identify the air quality levels
which must be attained and main-
tained to ensure, with an -adequate

margin of safety, that adverse health.

effects will not-occur.

The Houston petition also requested
that EPA include realistic Tequire-
ments for the reduction oI .oxides of
nitrogen as conditions in the Houston
area may indicate to be mecessary to
achieve the revised standards. EPA's
response is that it Is the responsibility
-of the .State -of “Texas and the City of
‘Houston to submit State Implementa-
tion Plan provisions tallored to the sit-

O~
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uation prevailing in Houston. If the
current SIP is not represemtative -of
the most efficient means of reducing
ozone in Houston, then, with Hous-
ton’s assistance, Texas should submit
a revision that is consistent with local
emission and meteorological -condi--
tions.

SoxARY oF COMMERTS RECEIVED

EPA has solicited puoblic comment
and critique on proposed revisions fo
the photochemical oxidant zir quality
standard during all phases of the
standard development process. Prior
lo proposal (April 20, 1977), EPA zn-
nounced (42 FR 20493) that it was re-
viewing and updating the criteria doc-
ument and called for information that
might be helpful in revising the docu-
ment. Public comments were received
on two drafts of.the-criteria docttment,
and the public was invited to two
meetings of the Subcommittee on Sci-
entific Criteria for Photochemical Ox-
idants of EPA’s Science Advisory
Board. In addition, the Agency held 2
public meeting on January .30, 1978, to
receive comments from interested par-
ties prior to -development of any
formal Agency position on the initial
proposed revision -of the standard. In
particular, EPA actively solicited the
participation of the State and Territo-
rial Air Pollution Program Administra-
tors (STAPPA) and the Association of
Local Air Pollution Control -Officials
(ALAPCO) in this meeting; severzl
representatives of these groups of-
{ered comments at the meeting. The
results of this meeting are discussed in
the proposed regulation (43 FR 26970)
and a transcript .of the meefing is
available in docket OAQPS 78-8.

Following proposal, EPA held four
public meetings to receive comments
on the proposed standard revisions.
Meetings were held in ‘Washington,
D.C.—July 18; .Atlanta, Ga.—August
17; Dallas, Tex.—August 22; and Ios
Angeles, Calif.—August 24; transcripts
are avallable in ‘docket OAQPS 78-8.
In -addition, 168 written comments
were received during the formal com-
ment period, which extended through
October 16, 1978.

‘The principal comments and Agency
responses are summarized in the fo}
lowing paragraphs (individuoal re-
sponses to comments are contained In
docket OAQPS 78-8). EPA dlso re-
ceived comments on the propased
standard after October 16. Althongh
EPA does not have a legal obligation
to review these comments, .81l signifi-
cant issues raised in the post-October
16 comments have been addressed and
responded to as part .of the discussion
of comments in this preamble. As with
all other documents considered or ex-
amined by EPA as part of ifs decision
process, these documents have been
placed in the public docket and have
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become part of the administra.tive
record of this decision.

The majority of comments received
(132 out of 168) opposed EPA’s pro-
posed standard revision, favoring
either a more relaxed or a more strin-
gent standard, State air pollution con-
trol agencies (and STAPPA) generally
supported a standard level of 0.12 ppm
on the basis of their assessment of an
adequate margin of safety. Municipal
groups generally supported d standard
level of 0.12 ppm or higher, whereas
most industrial groups supported a
standard level of 0.15 ppm or higher.
Environmental groups generally en-
couraged EPA to retain the 0.08 ppm
standard.

Comments on the proposed revisions
were received from five Federal agen-
cies. Three of the_agencies endorsed
the proposed primary standard, but
one of these agencies requested that
EPA consider formulating the stand-
ard on a daily maximum hourly aver-
age basis. Another agency expressed
concern that EPA had inadequately
substantiated the rationale for raising
the primary standard level and re-
quested 'that the final revisions pro-
vide further analysis in this regard. Fi-
nally, the Executive Office of the
President/Council on Wage and Price
Stability suggested, through the Regu-
latory Analysis Review Group, that
the proposed standard was unnecessar-
ily stringent, recommending that EPA
set the primary standard using an al-
ternative methodology that focuses on
the marginal costs per person-hour of
ozone effects avoided. -

. Groups and individuals submltting
comments are identified below:

COMMENTS RECEIVED Einnoxsmc CURRENT
PRIMARY STANDARD LEVEL OF 0.08 PPM

ORGANIZATION AND AGENCIES -

Ameriecan Lung Association of Colorado

American Lung Association of Colorado,
West Region

American Lung Association of Louislana.

American Lung Association of New J ersey

American Lung' Association of New York
State, Inc.

Bangor-Brewer TB and Health Association,
Maine .

California Lung Association

Connecticut State Department of Health

Environmental Confederation of Southwest
Florida

Environmental Defense Fund .

Ms. Nancy C. Fahden, Supervisor District
Two, Contra Costa County (Callf )
Board of Supervisors

Florida Lung Association .

Greenleaf Nurseries, Warsaw, Indiana

Issac Walton League, Manasota Chapter

League of Women Voters of the U.S.

, League of Women Voters of Dallas, Texas

Maine Health Systems Agency .

Maine Lung Association )

Medford-Ashland Air Quality Maintenance
Advisory Committee, Oregon

Michigan Lung Assoclation

RULES AND REGULATIONS

Michigan Lung Association, Saginaw Valley
Region

National Air Conservation Commission,
American Lung Association

Natural Resources Advisory Committee,
Cedar Grove, N.J.

Natural Resources Defense Council ~-

New Mexico Lung Association ‘

Oregon Environmental Council

Oregon Lung Association

Queensboro Lung Association, Ja.maica,
'N.Y.

Sterra Club

Sierra Club, Houston Chapter

South Shore (Ohio) Christmas Seal Associ-
ation

Southwestern Ohio Lung Association

U.S. Department of the Interior -

Washington Air Quality Coalition

Yale Environmental Law Association

‘Summary.” 35 comments from organiza-

tions, agencies or their representatives and

38 comments from concerned citizens sup-

porting the current primary standard level

of 0.08 ppm.

v

CoMMENTS RECEIVED ENDORSING PROPOSED
PRIMARY STANDARD LEVEL OF 0.10 PPM

ORGANIZATIONS AND AGENCIES

Air Pollution Control League of Greater
Cincinnati

Air Quality Advisory Committee, California
Department of Health

California Air Resources Board

Coalition of Labor and Business (COLAB),
Concord, California

Colorado Department of Health

Connecticut Department of Environmental

.. Protection

Massachusetts bepartment of Environmen-
tal Quality Engineering’

Public Health Service, US Department of

HEW

Regional Planning Commission for Jeffer-
.son, Orleans, St. Bernard and St. Tam-
many Parishes, Louisiana -

Rhode Island Lung Association

‘Southern Alameda County Board of Real-

tors, California
U.S. Department of Energy
U.S. Department of Transportation
‘Wasatch Front Regional Council, Utah

.Wayne County Department of Healtﬁ,

Michigan

Wisconsin State Department of Natural Re-
sources
Summary. 16 comments from organiza.
tions, agencles or thelr representatives and
1 comment from a concerned citizen endors-
ing the proposed primary standard level of
0.10 ppm.

(;‘ommm's Ricmvm ENDORSING A PRIMARY
STANDARD LEVEL OF 0.12 PPM

STATE AND LOCAL AGENCIES

Alabama Air Pollution Control Commigsion

Berkeley, Charleston, and Dorchester (8.C.)
Council of Governments

City of Philadelphia, Pennsylvania

Georgla Department of Natural Resources®

Indiana State Board of Health

Kansas ?epartment of Health and Environ-
men

Kentucky Department for Natural Re-
sources and Environmental Protection

Max;ylairild Environmental Health Adminis.

ration

"Michigan Department of Natural Resources

Nebraska Department of Environmental
Control

Nevada Department of Conservation and
Natural Resources

New York Department of Environmental
Conservation

North Caroliria Department of Natural Re-
sources and Community Development

Pennsylvania Department of Environmental
Resources -

Tennessee Department of Public Health

Utah Bureau of Air Quality

Virginia Air Pollution Control Board

ORGANIZATIONS AND COMPANIES

Area Cooperation Committee of Tidewater

and Virginia Peninsula Chamberg of
Commerce
Byvansville, Indiana, Chamber of Commerco
Sierra Pacific Power Company
State and Territorial Air Pollution Program
‘Administrators
Texas Oil Marketers Association
Vulcan Materfals Company,
Kansas
Summary. 17 comments from State and
local agencies and 6 comments from organi.
zations and corporatifons supporting a pri-
mary standard level of 0.12 ppm.

Wichita,

COMMENTS RECEIVED ENDORSING A PRIMARY STANDARD LEVEL HIGHER THAN 0.12 PPM AND/OR
. CONTENDING Paorosxn STANDARD T'00 STRINGENT

Endorse standard’
higher than 0.12
ppm

Proposed standard
too stringent

Organization or agency:

American Petroleum Institute (API) ..................

Association of Local Adr Pollutiori Control Officials

Associated Building Industry of Northern California
Cook County Dept. of Environmental Control, Illinois....

Dow Chemical Company

esssssesessee

UMM

sese  aessssatesictittseesssatistnttittetts

AssetesaNesINILIIIIISINISaLILIINLINILINE

Eastman Kodak Company

MM

440400 000RNIILIIISININIIRIISIILIIAEIE

General Motors Corporation

]

Great Plains Legal Foundation

.

Greater San Antonio Chamber of Commerce, Texas

Houston Chamber of Commerce, Texas

HWHRMNHN

Jowa-Tllinois Gas and Electric Company.
Louistana Afr Control Commission’.

[}
$e000000008000400adb00IIIIRIIININISIN

Manufacturing Chemists Association

Monsanto Chemical Intermediates CO.....cmsescssese

Motor Vehicle Manufacturers Association

.............

L

National Flexible Packaging Assocfation

it

New Orleans Public Service, Inc

HMHRND W

asebeetsaidrrnsiaiartinnsiaitiininiiesie

?A

Oklahoma State Dept. of Health

N
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COMMENTS RECEIVED ENDORSING A PRIMARY STANDARD LEVEL HIGHER THAN 0.12 PPM Axp/oR
CONTENDING PROPOSED STANDARD T'00 STRINGENT —Continued

Endorze standard  Proposed standard
higherthan0.12 ~  toostringent
ppm

Owens-Illinois

X X

Rio Blanco Oil Shale Company

St. Louls County, Missouri™.

San Antonio }Metropolitan Health Dlstrict. TEXAS cererererssres

Shell Oil Company.

X
X
X

Stearns-Roger, Inc., Denver, Colorado.
‘Tennessee Eastmen Corp.

Texas Alr Control Board

Texas Chemical Councfl

MM

U.S. Council on Wage and Price Stability

Utah Manufacturers Association

Virginia Air Pollution Control Board

‘Western Oil and Gas Assoclation

White River Shale Project

Summary: 15 comments from organizations, agencles, and companies and 4 comments from concerned
citizens 'supporting a primary standard level higher than 0.12 ppm. 23 comments stating the propesed

standard is too stringent.

The principal. issues raised during
the comment period relate to the fol-
lowing topics:

L Health effect criteria and selection
of the primary standard.

A. Definition of an Adverse Health -
Effect.

B. ‘EPA’s
studies.

C. Margin of safety.

D. Use of animal studies.

E. Exposure of sensitive groups. «
_ P. Synergistic effects and chemical
species designation of the standard.

. IL Risk assessment method.

III. Welfare effects and the second-
ary standard.

Iv. Implementation ‘and attainabil-
.ity.

A. Value of hydroca.rbon control and
timing of SIP submissions. -

B. Consideration of control costs.

C. Natural background concentra-
tions.

V. Procedural issues.

The comments received have been
reviewed and a document detailing
their disposition has been placed in
the rulemaking docket (OAQPS 78-8)
for public inspection. The following
sections summarize the significant
comments and present the Agency’s
responses. )

1. HEALTH EFFECT CRITERIA AND
.. SELECTION OF THE PRIMARY STANDARD

A, DEF’INITION OF AN ADVERSE HEALTH
" EFFECT

C’omment. The proposed standard is
unsuitable because EPA has-never de-
fined what constitutes “protection of
public health.” As a specific example,
EPA has not shown that pulmonary
function and ventilatory pattern

Interpretation of cited

.

»

_changes are adverse health effects.

Agency Response. As stated in the
criteria document, the available evi-
dence regarding’ pulmonary function
changes observed in clinical exposures
of healthy subjects to ozone does not

’

suggest that small changes in lung
function (unaccompanied by discom-
fort symptoms or impairment of
‘oxygen uptake) would interfere with
normal activity in healthy individuals,
However, even small changes in people
with underlying respiratory disease
such as asthma, chronic bronchitis,
and emphysema can Interfere with
normal activity and, thus, may slgnal
impairment of public health.

Comment. EPA should Iidentify
where adverse effects begin in the con-
tinuum of responses to pollutants.

Agency Response. In conducting a
preliminary risk assessment, EPA in-
terviewed several biomedical experts
to obtain their judgments as to the
risk of exceeding the threshold of ad-
verse health effects in sensitive per-
sons for alternative standard levels.
An essential feature of this risk assess.
ment procedure is the utilization of
the experts’ judgments as to the point
in the continuum of physiological re-
sponses to ozone that must be exceed-
ed for an adverse 'health effect to
ocecur. As an example, discussions with
several experts indicated that a 1 per-
cent decrease in pulmonary function
(e.g., forced expiratory volume 1-
second test) would be inconsequential,
whereas a 50 percent decrease would
be a severe effect in sensitive persons;
the experts’ judgments varied as to
the point at which adverse effects
would begin, but fell within the range
of a 5 to 15.percent decrease. .

Comment. Quickly reversible irrita-
tion experienced for a short period of
time is a welfare effect related to per-
sonal comfort and well-being and
should therefore be considered in con-
nection with the secondary standard.

Agency Response. The criterla docu-
ment states that physical discomfort,
as manifested by symptoms such as
difficulty in breathing, chest tight-
ness, and pain on deep inspiration, has
usually been observed in clinical stud-
ies in conjunction with pulmonary
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{function changes. Even when revers-
ible, respiratory symptoms may re-
strict normal activity or limit the per-
formance of tasks. In clihical studies,
exposure of healthy subjects to realis-
tic levels of ozone (0.3 ppm) has pro-
duced discomfort sufficient to prevent
completion of experimental protocols,
particularly when vigorous exercise
was involved. Accordingly the criteria
document concluded that increased
rates of respiratory symptoms consti-
tute impairment of public health. On
this topic, a physician affiliated with
the California Department of Health
stated (docket OAQPS 78-8, IV-F-31)
that it was his medical opinion that
symptoms such as those described
above constitute adverse health ef-
{ects, inasmuch as they signzl bulmon-
ary function decrements and an in-
creased pulmonary work load for af-
fected individuals. He expressed his
concern for the long-term effect of re-
peated exposure to levels of ozone suf-
{iclent to induce such symptoms. EPA
concurs in this view and considers
such symptoms, even though transi-
tory, to be of concern in selecting the
level of the primary standard.

B. EPA’S INTERPRETATION OF CITED
STUDIES

1. DeLucia and Adams (1977

Comments. (a) EPA misread the De-
Lucia and Adams study in claiming
significant effects have been reported
at 0.15 ppm for one hour. .

(b) Mouthpiece breathing may have
invalidated the DelLucia and Adams
study.

(c) Since DeLucia and Adams dem-
onstrated effects at 0.15 ppm in
healthy individuals, more susceptible,
populations would be expected to sus-
tain effects at Jower levels.

Agency Responses. (a) EPA acknowl-
edges that DeLucia and Adams failed
to demonstrate any statistically sig-
nificant decrements in pulmonary
Tunction resulfing from exposure to
0.15 ppm for one hour. (The investiga-
tors did observe statistically signifi-

cant decrements in pulmopary func-

tion resulting from exposure to 0.30
ppm for one hour.) In groups as small
as those tested by DeLucia and Adams
(six subjects), however, tests of statis-
tical significance are difficult to inter-
pret. The criteria document concluded
that the study by DeLucia and*Adams,
although unreplicated, has raised the
question of whether O, concentrations
as low as 0.15 ppm exert effects in a
portion of healthy subjects exercising
vigorously. Indeed, DeLucia 2and
Adams specifically state that the two
most sensitive subjects sustained
markedly impaired respiratory fune-
tion and exercise ventilatory patterns
during the two most stressful exercise
protocols in the four ozone-exposure

FEDERAL REGISTER, VOL. 44, NO. 28—THURSDAY, FEBRUARY 8, 1979



8208

experiments (i.e., both 0.15 ppm and
0.30 ppm).

Furthermore, Delucia and Adams
state that most of the subjects experi-
enced subjective symptoms of discom-
fort (e.g., congestion, chest pain, and
cough) when exposed to 0.15 ppm for
one hour under the most, stressful ex-
ercise protocol (equivalent to running
about 6 miles in an hour). These symp-
toms occurred at a lower excercise rate
when the subjects were exposed to
. 0.30 ppm. DelLtcia and Adams did not
report the incidence of these symp-
toms in a quantitative manner, but
this fact does not remove EPA’s con-
cern about the implications for
healthy persons such as those studied
by DeLucia and Adams, or for more
susceptible persons who may sustain
more severe reactions or who may be
affected at lower concentrations than
those observed.

(b) As noted .in the criteria docu-
ment, persons tend to breathe through
their mouths when exercising. Thus,
DeLucia and - Adams’ utilization of
mouthpieces to dispense O, probably
represents actual exposures in persons
who, in the course of their normal
daily activities, are undergoing exer-
cise.

(c) EPA agrees with this comment,
as noted above. EPA considered the
implications of this study for more
susceptible members of the population
in its determination of the margin of
safety for the ozone standard.

2. Schoettlin and Landau (1961)

Comments. (a) There are still prob-
lems with reliance on this study be-
cause (1) ambiguities remain in its in-
terpretation and (2) more recent stud-
ies of effects of ozone on asthmatics

RULES AND REGULATIONS

‘ does not believe that this conclusion
has been refuted by more recent stud-
ies. The reported results of the recent
epidemiological study by Kurata et al
(1976) are- qualitatively similar to
those of Schoettlin and Landau. EPA’s
analysis (docket OAQPS 78-8, IV-A-1)
of the data presented in the Kurata
study indicates that a statistically sig-
nificant elevation of the asthma index
occurred on days when the maximum
‘instantaneous (2-minute average) oxi-
dant. concentrations exceeded 0.28
ppm. While the exact hourly average
equivalent of this.value is not known,
it must be less than or equal to 0.28
ppm, and'is probably in the range of
0.20 to 0.27 ppm. -

(b) EPA acknowledges that it is un-
certdin from Schoettlin :and Landau’s
"paper what averaging time was used in
correlating oxidant concentration and
Incidence of asthma attacks. As stated
in the criteria document, however,
consultations with the authors have
established that daily .asthma attack
rates were correlated with daily maxi-
mum hourly average oxidant levels.
EPA considers that these consulta-
tions (docket OAQPS 78-8, IIA-C-2)
have satisfactorily resolved the contro-
_ versy regarding the averaging times
" used by Schoettlin and Landau.

EPA agrees with the comment that
ozone levels may have been lower than
the oxidant readings with which
Schoettlin and Landau correlated
asthma attack incidence. Ozone levels
have been shown to range from ap-
proximatley 65 percent to nearly 100
percent of the total oxidant levels.
This fact provides reason for concern
that ozone in the ambient air at daily
maximum hourly average concentra-
tions less than 0.25 ppm may adversely

have falled to corroborate this study’s™ affect asthmatic persons.

conclusions.

(b) EPA's interpretation of the con-
centration at which Schoettlin and
Landau correlated increased incidence
of asthmatic attacks is unnecessarily
conservative. There is good reason to
believe that the 0.25-ppm oxidant con-
centration cited by Schoettlin and
Landau was a daily peak (2-minute
average) concentration rather than a
daily maximum hourly average con-
centration, as EPA claims. Further-
more, the level of ozone occurring on
these high oxidant days would have
been less than the level of oxidant re-
ported. *

Agency Responses. (a) The criteria

document recognizes. limitations that’

make it difficult to interpret the
Schoettlin -.and Landau study un-
equivocally., Nevertheless, Schoettlin
and Landau did conclude that the pro-
portion of asthmatics having :attacks
was significantly greater on days when
the oxidant concentration exceeded
0.25 ppm ‘than on days when the con-

centration was below that level. EPA‘

3. Hammer et al. (1974)

Comments. (a) This study has meth-
odological problems (such as the .fail-
ure to adjust the data for smoking
habits and allergy histories) that un-
dermine confidence in its conclusions.

(b) It is uncertain that oxidants
caused the increase in symptoms ob-
served in this study.

Agency Responses. (a) Hammer et al.
conducted a longitudinal survey of an

- essentially constant group of subjects
over a period of time. Consequently, in
order for the authors’ failure to adjust
the data for smoking habits and aller-
gy histories to have biased the results,
the survey reponse pattern on high
pollution: days would had to have dif-
fered with respect to the distribution
of smokers and allergic persons as
compared with the pattern on low pol-

.lution days. Such an occurrence seems
unlikely; furthermore, the criteria doc-
ument noted that the results of this
epidemiological study are. generally
consistent with the results-of cli{xical

1

exposure studies. This fact, along with
the extensive data base evaluated
(about 53,000 person-days of observa-
tion), enhances the reliability of Ham-
mer’s study.

(b) Hammer et al. found that symp-«
tom frequencies were more closely cor-
related to. photochemical oxidants
than to several other environmental
parameters (e.g., carbon monoxide and
nitrogen dioxide). In addition, the cri-
teria document noted that the oxidant
levels at which cough and chest dis.
comfort were observed to increase in
the student nurse population were
quite similar to ozone concentrations
that have been observed ‘to produce
impairment of pulmonary function
and respiratory irritation in experi-
mental exposures of healthy subjects
performing intermittent light exercise
(0.37 ppm for 2 hours). Consequently,
it is reasonable to propose that photo-
chemical oxidants—and specifically
ozone in the ambient air—contributed
substantially to observed increases in
rates of cough, chest discomfort, and
headache.

4. Hazucha (1973)

Comment. Results reported by Hazu-
cha on impairment of pulmonary func-
tion at ozone levels of 0.25 ppm for 2
hours are not statistically significant.

Agency Response. The small number
of ‘'subjects (three) examined at that
exposure precludes the application of
statistical methods to the results, The
absolute value of the pulmonary func.
tion decrements (about 5 percent) is
the more relevant factor in evaluating
the results of this study. :
7 As described in the criteria docu.
ment, the small pulmonary function
changes’ observed by Hazucha in a 2.
hour exposure of healthy subjects un-
dergoing intermittent light exercise lie
along a continuum of responses when
compared with results at higher con-
centrations and similar exposure re-
gimes. There is no indication that 0.25
ppin is the threshold for that exercize
level, and indeed the study by DeLucia
and Adams (1977) has shown symp-
tomatic effects in healthy individuals
that are indicative of pulmonary func.
tion impairment at levels as low as
0.15 ppm under a more strenuous exer-
cise protocol.

5. Studies in which effects were not ob-
served at levels above 0.15 ppm

Comments. (a) The 1977 National
Academy of Sciences (NAS) document,
Ozone and Other Photochemical Oxi-
dants, was cited in several comments
as concluding that effects in human
subjects have been observed only from
ozone exposures above 0.25 ppm.

(b) Linn et al. (1978) failed to find
any significant pulmonary effects in
asthmatics exposed to 0.20-0.25 ppm
for 2 hours under conditions of heat"
and exercise.
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(c) Hackney et al. (1975) observed
human health effects only at expo-
sures above 0.25 ppm for 2 hours.

Agency Responses. (a) The NAS doe-
ument states that “some limited stud-
ies show evidence of human health ef-
fects of exposure to pure ozone at con-
centrations as low as 0.25 ppm * * *”
This document was prepared before
publitation of the DeLucia and Adams
~ study, which suggests effects at lower

levels. Furthermore, this NAS docu-
ment in no way concludes that effects
" resulting from ozone, as it occurs in
the ambient photochemical mix, do
not occur at concentrations below 0.25
ppm. . . A
(b) Although Linn et al. found statis-
tically significant changes in one of
several measures of pulmonary func-
tion in their laboratory study, the

manner- in which the investigators’
conducted the study (e.g., persons with -

marked respiratory disability were ex-
cluded from the study) and analyzed
the data are such that the observed re-
sults probably underestimate the ef-
fects that would occur-at similar ambi-
ent exposure levels. There was & slight
increase in symptom scores during
ozone exposure, and statistically sig-
nificant changes in blood biochemical
factors were observed. While the clini-
cal significance of these latter changes
is uncertain, -they do represent alter-
ations in normal body functions and
cannot be discarded in selecting a2
standard that protects public health
with an adequate margin of safety.

(c) Although the criteria document

states that Hackney et al. observed no ~

Iung function changes of note at 0.25
ppm for 2 hours even among “reac-
tive” subjects (persons giving a history
of cough, chest discomfort, or wheez-
. ing in response to allergy or air pollu-
tion exposure), closer inspection of the
Hackney et al. (1975) studies reveals
that dose-response ‘relationships hold
for sensitive subjects for lung function
and blood biochemical effects across
the range of exposure from 0.20 to
0.50 ppm ozone.

6. Other Human Studies

Comments. (a) Von Nieding et al.
(1976) have demonstrated effects on
pulmonary function of healthy indi-
viduals at 0.10 ppm ozone,

(b) EPA cannot justify a conclusion
that Japanese epidemiological studies
indicate a risk of symptomatic effects
in human beings from ozone exposures
below 0.15 ppm for one hour.

Agency Responses. (a) EPA is con-
cerned about the findings of von Nied-
ing et al. showing decreased oxygen
pressure in arterialized blood and in-
creased.airway resistance after 2 hours
of exposiire to-0.10 ppm ozone and in-
termittent light exercise. The criteria
document points out, however, that
the investigators used non-standard
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physiologic measurement methods.
Thus, although von Nieding’s {indings
cannot be ignored in the standard-set-
ting .process, they are unconfirmed,
and must be interpreted cautiously.

(b) Makino and Mizoguchi (1975) re-
ported an epidemiological study of
Tokyo students that showed increased
rates of discomfort symptoms on days
when the oxidant level (believed to be
a daily maximum hourly average con-
centration) exceeded 0.15 ppm as com-
pared with days when it fell below 0.10
ppm. The criteria document reviewed
this and several other Japanese epide-
miological studies, and concluded that
the studies were appropriately de-
signed but that it is very difficult to
interpret their results. In setting a
standard with an adequate margin of
safety, however, EPA must consider
evidence such as these Japanese stud-
ies and must evaluate the uncertain-
ties which medical research has not
yet resolved.

7. Validity of Clinical Studies in Gen-
eral

Comment. At the August 22, 1978
public hearing in Dallas, testimony
was presented alleging that the ozone
generators used in clinical health stud-
jies produce other toxic materials in
addition to ozone. Experimental data
obtained using a new total oxidant
monitoring method indicated that
these additional oxidants were present
in large quantities (as high as 300 per-
cent greater than ozone). It was hy-
pothesized that the adverse effects
noted in clinical studies may be pre-
ponderantly caused by the additional
oxidants and not ozone.

Agency Response. EPA has conclud-
ed that the experimental evidence of-
fered to support these {findings is un-
convincing and cannot be substantiat-
ed. The results of an experimental
program initiated by EPA after the
Dallas hearing.indicate that the new
monitoring technique which supposed-
1y measured ozone and any additional
oxidants has a variable chemical reac-
tion relationship (stoichiometry) with
ozone depending on whether or not
oxygen is present. The higher oxidant
readings obtained by this technique
appear to result from this variable
stoichiometry rather than represent-
ing the presence of any additional
non-ozone oxidants. Furthermore, an
exhaustive search for such oxidants in
the output of ozone generators operat-
ing under various conditions (using as
the input stream either dry or humidi-
fied tank air or oxygen, with very low
or background concentrations of hy-
drocarbons, mostly methane) failed to
produce any evidence of non-azone 0x-
idants. Consequently, EPA judges the
hypothesis offered by this comment to
be experimentally unsupportable. A
report documenting the results of

-
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EPA's experimental program has been
placed in the docket (OAQPS 78-8, IV~
A-2).

C. MARGIN OF SAFETY .

Comment. EPA has proposed a
standard with an inappropriate
margin of safety. The margin of safety
was criticized as being either inad-
equate or too great. .

Agency-Response. The Clean Air Act
requires that EPA set air quality
standards that are requisite to protect
the public health, allowing an ade-
quate margin of safety. As stated in
the legislative history of the Clean Air
Act, the standard must protect against
hazards that research has not yet
identified. EPA feels that the decision
regarding an adequate margin of
safety is a judgment which must be
made by the Administrator after
weighing ¢l the medical evidence
bearing on ozone. The factors to be
taken into account include inconclu-
sive evidence as well as findings from
studles that are considered definitive
and not subject to challenge. For ex-
ample, in selecting an adequate
margin of safety, the Administrator
must consider: (1) findings from
animal studies that show increased
susceptibility to infectious respiratory
disease and other serious effects at rel-
atively low ozone levels, (2) the con-
cern that health studies may not
always reflect the health impact in
more sensitive segments of the popula-
tion, and (3) studies suggesting that
ozone may produce an enhanced effect
when combined with other air pollut-
ants commonly present in the urban
atmosphere but not present in clinical
study chambers.

D. USE OF ANIMAL STUDIES

Comment. EPA has failed to give ap-
propriate consideration fo the results
of animal studies, especially those in-
volving young animals and those ex-
aminlng reduced resistance to infec-

on, .

Agency Response. EPA is concerned
about the studies which have demon-
strated effects in young animals and
decreased resistance to infection in
animals exposed to ozone. The infec-
tlon effect has been demonstrated at
exposures as low as 0.08 ppm for 3
hours. The criteria document conclud-
ed that these findings have definite
human health implications, although
different exposure levels may be asso-
clated with such effects in humans.
For this reason, these results cannot
be the sole factor used in selecting the
level of the primary standard. Howev-
er, as is the case with other inconclu-
sive evidence, EPA " must consider
these studies in selecting an adequate
margin of safety.

Comment. There is no evidence of
reduced resistance to infection in epi-
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demiologic studies in places such as
Los Angeles.

Agency Response. Epidemiological
studies have been inconclusive in dem-
onstrating this -effect in man. Howev-
er, EPA does not agree with this com-
ment. The study by Durham (1974) of

air pollution effects on college stu-~

dents, indicates that rates of new ill-
ness increase following short-term ex-
posures to elevated pollutant concen-
trations. The pollutant variable most
strongly associated with illness was
peak oxidant. Also, several studies doc-
umenting increased levels of mucous

membrane irritation during periods of °

ozone exposure suggest indirectly that
* susceptibility to infection may rise
during these periods. Furthermore, al-
though animal study findings cannot
be directly extrapolated to.man, the
criteria document concludes that the
reactions observed in imice represent
effects on basic biological responses to
infectious agents, and there is no
reason to believe that the pollutant-in:
duced -alterations of basic defense
mechanisms that occur in mice could
not occur in human beings. Thus,
these studies cannot be ignored in the
standard-setting process.

E. EXPOSURE OF SENSITIVE GROUPS

Comment. EPA is being unnecessar-
ily stringent in selecting the sensitive
population. The standard could be
much less stringent without endanger-
ing the health of such persons if EPA
accounted for the portion of time that
persons are indoors and, thus, not ex-
posed to higher a.mblent concentra—
tions.' |

Agency Response. The legislative his-

tory of the Clean Air Act makes quite-

clear Congress’ intention to protect
sensitive persons (asthmatics and em-
physematous patients are cited as ex-
amples) who in the normal course of
daily activity are exposed to the ambi-
ent énvironment. Air quality ‘stand-
ards are to be established with refer-
ence to protecting the health of a rep-
resentative sample of persons compris-
ing the sensitive group rather than a
single person in such a group. Stand-

ards must be based on a judgment of a :

safe air quality level and not on an es-
timate of how many persons will inter-
sect given concentration levels. EPA
interprets the Clean Air ‘Act as provid-

ing citizens the opportumty to pursue .

their normal activitiesin a healthy en-
vironment.

F. SYNERGISTIC EFFECTS AND CHEMICAL
SPECIES DESIGNATION OF STANDARD

Comment. 'There were objections to
the proposed change of the chemical
designation of the standard from pho-

tochemical oxidants.to ozone because-

the health impacts of photochemical
air pollution arise not only from
ozone, but also "from the spectrum of

’
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other gaseous and particulate pollut-
ants that co-exist with ozone. There
was also concern that the change in
the chemical designation signalled a

. change in emphasis in oxidant control

efforts that would impede progress in
the reduction of non-ozone compo-
nents of the photochemical oxidant

mixture such as peroxyacetylnitrate-

(PAN). Specific concern was expressed
regarding the eye-irritating compo-
nents of the mixture, since at ambient
levels ozone alone is not an eye irri-

- tant.

Agency Response. Certain clinical
studies (such as Hazucha and Bates,
1975) have demonstrated the potential
for greater health impacts resulting
from exposure to ozone in combina-

tion with other pollutants which occur -

in the ambient air than from exposure
to ozone alone. The ozone standard is
not intended merely to protect against
the levels of ozone that have been
demonstrated to produce effects in
clinical studies where subjects have
been exposed to highly purified air to
which ozone alone has been added.
Rather, setting an ozone standard
with an adequate margin of safety in-
volves, among other considerations,
evaluating the effects .of ozone as it
occurs in the ambient air, in combina-
tion with other pollutants.

One reason for changing the chemi-
cal designation of the standard from
photochemical oxidants to ozone is to
correct an inconsistency between the
title of the standard (photochemical
oxidants) and the chemical species

(ozone) that has always been meas-

ured by the reference method used to
estimate ambient oxidant levels and
determine compliance with the stand-
ard. Consequently, no redirection of
control efforts is contemplated; i.e., re-
ductions in hydrocarbon and nitrogen
oxide emissions will continue to be re-
quired in order to reduce the levels of
the secondarily generated pollutant
(ozone) measured to determine compli-
ance with the standard.

The criteria document examined the
issue of whether or not measures
taken to reduce ozone will also. reduce
other manifestations of photochemical
pollution such as eye irritation. The
evidence from laboratory and theoreti-
cal studies indicates that, for urban at-
mospheres, reductions in hydrocarbon
and nitrogen oxide emissions should
have even greater impacts on ambient
PAN than on ambient ozone. Similar-

ly, laboratory data suggest a linear re- -

lation between hydrocarbon emissions
and ambient levels of photochemically
produced aldehydes. Since PAN and
such aldehydes as fomaldehyde and
acrolein’ are know to be eye irritants,
the criteria document concludes that
emission control measures for ozone
reduction will probably have a positive
effect on reducing eye irritation in

those situations where eye irritation is
associated with photochemical ‘proc-
esses (e.g., Los Angeles).

II. R1sK ASSESSMENT METHOD

Comment. The risk assessment
method should not be used at this
time because it has not been reviewed
adequately by the Science Advisory
Board or the scientific community.

Agency Response. The tisk assess-
ment method is not being used to set
the ozone standard. In determining
what ozone standard has an adequate
margin of safety, however, the find.
ings of the initial application of the
risk assessment method to ozone have
been considered. EPA agrees that the
method has not received sufficient
review. The method will be published
in the open literature and the Science
Advisory Board is forming an ad hoc
subcommittee to review the method.

Comment, EPA’s risk assessment
method is incomplete. .

Agency Response. EPA agrees with
the comment. As applied to ozone, the
risk assessment method assesses the
risk (probability) that ozone would
contribute to health effects in some
sensitive people if alternative stand-

- ards were just met. A complete risk

picture would also include information

Ton:

(a) a best point estimate of the
number of people affected;

(2’) the “expected number” (In a sta-
tistical sense) of people affected;

(2”) various risks (probabilities) that
the actual number of people affected
would be various amounts greater
than the expected number;

(b) a best point estimate of the
amount of health damage;

(ctli’) the “expected” health damage;
an

(b™) various risks (probabilities) that
the actual health damage would be
various amounts greater than the ex-
pected health damage.

As noted in the draft EPA document
explaining the risk assessment
method, there are complex technical

problems that must be dealt with in

responsibly developing information of
this type suitable for use in setting
National Ambient Air Quality Stand-
ards. EPA is presently déeveloping the
‘capability to generate this type of in.
formation and will only consider itg
risk. assessment - method complete
when the method includes this capa-
bility.

Comment. The main problem with
the risk assessment method stems
from its purpose. Instead of estimating
health damage, EPA provides a table
of risk numbers without providing an
estimate of their health significance;
these numbers serve no function.

Agency Response. EPA agrees that
the risk estimates provided do not
serve the function of estimating
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> damage to vegetation, crops, materials,

health damage, but the Agency does
not agree that the estimates are with-
out value. The function of these esti-
mates is to indicate the varying risk
(or probability) that- some sensitive
People would suffer health effects in a
given period of time if- alternative
ozone standards  were just met, For
each health effect category, the re-
sponse that is of sufficient concern to
be deemed a health effect has been de-
-cided upon and its seriousness de-

- scribed. As EPA interprets the Clean

Air Act, this determination, which is
an important step-in the process of
setting National Ambient Air Quality
Standards, is a function that is to be
served by a risk assessment.

There were many comments on both

the procedural and the technical as--

pects of the risk assessment method.
EPA will consider these comments in
the detailed responses to be placed in
the docket. Some of the comments
identify improvements that can be
made in the risk assessment method,
while others reflect misunderstand-
ings that will be dealt with in the de-
‘tailed docket responses. Some.of the

. comments provide discussion and opin-

jons on various complex issues that
arise in the conduct of a program in-

- volving .the difficult subject areas of
risk assessment and standard-setting
methodology.”
comments into advisement as it devel-
ops its riSk assessment and standard-
setting methodologies.

ITI. WELFARE EFFECTS AND THE
- SECONDARY STANDARD

“Comment. EPA’s proposal to retain

" the existing secondary standard is
based entirely on evidence of possible
damage to extremely sensitive vegeta-

tion. An adequate economic analysis .

that considers the incremental costs

~ and benefits of alternative secondary

standard levels should be conducted.
EPA should then weigh the economic
costs of pollution control measures
against the benefits of reduced dam-
ages from lower ozone concentration
_levels before -setting a secondary
standard.
. Agency Response. The Clean Air Act
requires EPA to set a national second-
ary ambient air quality standard at a
level that, in the judgment of the Ad-

. ministrator, is requisite to protect the
public welfare from any known or an-

ticipated adverse effects. The term
“public welfare,” which is defined in
Section 302(h) of the Clean Air Act,

‘includes among other things'effects on:

crops, vegetation, wildlife, visibility,

and clima.te, “as well as effects on eco-

nomic values and on personal comfort
and well-being.”

EPA has ca.refully examined the

+ data presented in the criteria docu-

concerning ozone-related

EPA will take these .

RULES AND REGULATIONS

and visibility. A staff paper, “Evalua-
tion of Alternative Secondary Ozone
Air Quality - Standards,” has been
placed in the docket (OAQPS 78-8, IV~
A-3).

With regard to damage to materials,
the paper concludes that no effect-
based rationale can be offered to
decide the 1level of the secondary
standard. Damage to materials is lin-
early related to the total dose sus-
tained by the materjal. As a result, the
annual average concentration will de-
termine the rate at which material
damage occurs. Current evidence indi-
cates that annual average concentra-
tions for remote rural areas are com-

- parable to urban areas, due to strong

night-time scavenging of ozone In
urban areas by man-made pollutants.
Reducing the peak 1-hour concentra-
tion in urban areas will have virtually
no impact on the annual average con-
centration. Therefore, there would be
no measurable reduction in materials
damage if 2 more stringent secondary
standard level was selected.

The .criteria document states that
there is a limited amount of data sug-
gesting an association between ambi-
ent ozone and visibility degradation,
particularly in the Los Angeles area.
On the basis of EPA's evaluation to
date of the information presented in
the criteria document, however, EPA
is unable ta conclude at this time that
a secondary ozone standard more
stringent than the primary standard iIs
necessary to prevent visibility deterio-
ration. The relationship between visi-
bility and abmient ozone will be con-
sidered further in the development of
subsequent PSD programs designed to
protect against significant deterlora-
tion of air quality.

Finally, EPA has concluded that
there is currently no evidence indicat-
ing that a significant decrease in yield
or growth or commercially important
crops or indigenous vegetation will
result from the long-term (growing
season) mean of the daily maximum 7-
hour-average ozone concentrations
which is expected to occur when the
primary standard is attained. Conse-
quently, EPA does not belleve thet a
secondary standard more stringent
than the primary standard is neces-
sary to protect vegetation from ozone-
related yield reduction effects.

On the basls of these conclusions,
EPA does not believe that a detailed
cost-benefit analysis of alternative
standard levels is required, since a sec-
ondary standard more stringent than
the primary standard is not necessary

. to protect the public welfare adequate-

Comment. The current secondary
standard of 0.08 ppm should be re-
tained to protect vegetation and crops.
There Is singificant reduction in
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growth and yield to crops exposed to
0.10 ppm of ozone.

Agency Responge. The claims that
slgnificant reduction in growth and
yield occurs in crops as a2 result of

short-term exposures to "ozone at.

levels around 0.10 ppm are undocu-
mented. While sensitive plants may
incur foliar injury at low ozone levels,
there is currently no evidence that sig-
nificant yield or growth effects in com-

merically important crops or indig- -

enous flora are associated with the
long-term (growing season) mean of
the dafly maximum 7-hour-averaging
ozone concentrations expected to
occur when the primary standard is at-
tained. Consequently, EPA does not
believe that a secondary standard
more stringent than the primary
standard Is necessary to prevent
ozone-related yield reduction effects in
vegetation.

IV. IMPLEMENTATION AND
ATTAINABILITY

A. VALUE OF HYDROCARBONX CONTROL AXD
TIMING OF SIP SUBMISSIONS

EPA recelved comments on the ef-

fectiveness of hydrocarbon controls in
reducing levels of ozone in the ambi-
ent air as well as on the issue of
whether or not the statutory deadline
for submission of revised State Imple-
mentation Plans (SIPs) for nonattain-
ment areas should be postponed be-
cause of the changes” in . the
photochemical oxidants standard. The
Agency responses to these comments
are contained in the accompanying
Feperar RecisTER notice dealing with
the revision of the 40 CFR Part 51 reg-
ulations’pertaining to the implementa-
tion of the standard.

B. CONSIDERATION OF CONIROL COSIS

Caomment.

Cost of control should be considered
in selecting the level of the primary
standard.

Agency Response. The Agency’s posi-
tion with respect to control cost con-
sideration was stated in the preamble
to the proposed regulation (43 FR
26963); this position remains un-
changed. The Clean Air Act specifies

that primary National Ambient Air-

Quality Standards are to be based on
sclentific criteria relating to the level
that should be attained to protect
public health adequztely. Consider-
ations of cost of achieving these stand-
ards or of the existence oi technology
to bring about needed reductions of
emissions are not germane to such a
determination, as the words of the Act
and its legislative history clearly indi-

cate. EPA has, however, analyzed the .
_cost and economic impacts of the con-

trol programs required to attain alter-
native ozone standard levels in order
that the publc may be better informed
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-of the consequences of the Agency’s
decision. This analysis and the com-
ments recelved in response to it are
available to-the States for their use in
developing strategies to implement the
standard.

Comment. The cost estimates pre-
sented in EPA’s cost and economic
impact assessment document are un-
derstated.

Agency Response. EPA has carefully
reviewed and considered these com-
ments and is publishing a revised eco-
nomic impact assessment, which is
available from Mr. Padgett at the pre-
viously mentioned address.

C. NATURAL BACKGROUND
CONCENTRATIONS

Several comments: were made re-

garding the contributionn of natural’

sources to ambient ozone concentra-
tions, These comments focus on (1)
the extent to which natural  back-
ground was considered in developing
the proposed standards and related
control programs and (2) the attain-
ability of these standards, considering
the possibility that natural back-
ground may at times contravene the
proposed levels. Some of the com-
ments suggested that EPA ignored, or
did not adequately consider, natural
background in developing the pro-
" posed standards and related control
programs. While this topic was not
. emphasized in the preamble to the
proposed rulemaking, EPA was, and is,"
cognizant of the background levels
that can be attributed to natural
sources. This matter was treated ex-
ténsively in the revised criteria docu-
ment. Furthermore, EPA procedures
for preparation of control plans rec-
‘ommend allowance for natural back-

ground in developing control strate--

gies for ozone.

For several years, EPA has been con-
ducting an active field and laboratory
research program seeking to deter-
miné the nature and extent of back-

.ground concentrations of ozone. The

results of these studies have been
widely publicized in EPA reports, sci-
entific literature, and public' confer-
ences. One comment suggested that
EPA had ignored evidence of natural
source impacts reported in contract
work conducted for the Agency and
that this information had not been re-
leased for public review. Actually, all
pertinent information available -to
- EPA was considered. However, there
may have been some contractually de-
veloped information that had not been
released or could not be specifically
cited because the contract studies were
still in progress and the resulting data
had not been fully validated or ana-
lyzed. Subsequent to the comment, all
information in guestion were released
_publically or arrangements have been -
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made to release them as soon as possi-
ble,

EPA’s review of data related to the
background contribution leads the
Agency to conclude that such levels
are usually well below the proposed
levels. of the standard, especially
during the season of the ndost active
production of photochemical ozone. It
is “possible, however, that natural

* events.could occasionally cause contra-

vention of the promulgated standard
levels. EPA policy (see 40 - CFR
51.12(d)) permits data for such occur-
rences to be .disregarded for regulatory
purposes. Such events are usually dis-
tinguishable because they tend not to

coincide with conditions conducive to .

buildup of man-caused, photochemi-
cally produced ozone. Field measure-
ments at some remote sites, where
man-caused ozone is likely to be negli-
gible, have shown low—but not insig-
nificant—rates of exceedances of the
0.08-ppm level originally proposed for
the secondary- standard. The frequen-
cies decrease markedly for concentra-
tions above 0.12 ppm, so that natural
exceedances of the standards ‘being
promulgated can be considered quite
rare at any particular location.

One comment indicated that strato-
spheric tracer levels meéasured at sur-
face sites increase by about 40 percent
between the front and back side of
high pressure systems in the Eastern
United States, thus suggesting that
stratospheric ozone, through subsi-
dence and horizontal circulation in
highs, plays a significant role in the
widespread buildup of ozone that
tends to occur in the back side of
highs in the Eastern U.S. during the
photochemically active season. EPA’s
estimate is that,.even if commonly oc-
curring natural ozone background
were increased by 40 percent, the re-
sulting concentration ‘would be insuffi-
cient to exceed the standard levels
being promulgated. Also, a correspond-
ing increase between the tracer and
ozone of stratospheric origin would
not be- expected, since the tracer is
chemically stable near the surface,
while ozone is rapidly depleted by re-
actions with surfaces a.nd with air con-

-taminants.

Some comments referred to a possi-
bly significant contribution to ozone
concentrations- from reactions involv-
ing organic compounds emitted by
vegetation. Such emissions are abun-
dant, relative to man-made emissions,
but are relatively diffuse spatially.
Some of the comments cited a recent
statistical study that reported a high
correlation between vegetative growth
in the Bay Area of California, as indi-
cated by winter rainfall, and the fre-
quency of days with concentrations
above 0.08 ppm. EPA has not, howev-
er, seen sufficient physical evidence of
a relative abundance of natural organ-

-

ics or associated ozone increases in am-
bient air to consider vegetative sources
as significant contributors.to high am-
bient ozone levels. The principal
source of natural ozone is still consid-
ered to be the stratosphere, with grad.
ual transfer accounting for the more
commonly observed background levels,
and sporadic intrusions being the prin-

- eipal cause of anomalous high values.

Although research will continue to
assess more definitively the contribu-
tion of natural sources of ozone, EPA
believes that adequate consideration
Hias been given to this issue in develop-
ing control programs and implementa-
tion guideline documents.

V. PROCEDURAL ISSUES

Comment. EPA’s use of an “Advisory.
Panel on Health BEffects of
Photochemical Oxidants” was proce-
durally incorrect in that certain legal
requirements on establishment and
uset of Advisory Committees were not
met.

Agency Response. The ad hoc Advi-
sory Panel consisted of a group of
medical experts retained by EPA as
consultants for the purpose of obtain-
ing their interpretation of the evi-
dence presented in a preliminary ver-
sion of the criteria document. As such, -

' EPA did not regard the Panel as dn

advisory body within the meaning of
the Advisory Committee Act of 1972,
In any case, the Panel’'s report has
been in the docket and subject to com-
ment since proposal, and bases for its’
recommendations have ‘ been fully
aired.

Comment. In revising its criteria doc-
ument, EPA failed to comply with the
recommendations of the statutory sci-
entific review body, the Science Advi«
sory Board (SAB), as evidenced by the
SAB’s refusal to approve the criteria
document.

Agency Response. The function of
the Science Advisory Board subcom-

. mittee is to advise EPA regarding the

scientific and technical accuracy, the

- manner of presentation, and the ade-

quacy of the criteria document. Inevi-
tably, no two scientists ever agree com-
pletely on' the importance, accuracy
and manner of presentation of data.
In the final analysis the responsibility
for the criteria document rests with
EPA and, therefore, the decision re-
garding the content of the document
must also rest with EPA.

EPA solicits the advice of its scientif-
ic advisors and has attempted to re-
spond to the specific comments made
by members of the SAB subcommittee
established to review the criteria docu-
ment by incorporating suggested
changes ih the document. Following
the last SAB subcommittee meeting in
Febrary 1978, members of the subcom-
mittee who had specific comments
were consulted by EPA personnel, and
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. their comments and criticisms were
discussed with them prior to making
the changes in the document. It has
always been Agency policy that once
the EPA staff had considered the
changes suggested- by the SAB and,
where appropriate, incorporated them
into the criteria document, the Agency
would proceed with publication. Con-
- sequently, EPA feels that the criteria
document adequately reflects the
latest scientific knowledge pertaining
to the effects of ozone and other pho-
tochemical oxidants. .
Comment. EPA has failed to submit
the proposed standard to the SAB for
- review as required by the Environmen-
tal Research, Development, and Dem-
onstration Authorization Act of 1978
(Pub. L. 95-155). EPA -should do so
before promulgating the standard.

. Agency Response. The development

of the ozone standard revision, which
began in 1976, followed the procedural
process in place before the enactment
of Public Law 95-155. Accordingly, the
SAB was asked to review only the cri-

teria document. The independent com- -

mittee established in accordance with
the 1978 Act held its first session in
October 1978, when there was not ade-
quate time for it to review the stand-
ard. The thorough review of the tech-
nical and scientific basis for the crite-
ria document, which is in twrn the
basis for the standard, substantially
complies with the objectives of ‘the
Act. - :

SELECTING THE LEVEL OF THE PRIMARY
- STANDARD

" EPA’s objective in setting the stand-
ard level is to select an ozone concen-
tration that will reflect an accurate
consideration-of the existing medical
. evidence and an adequate assessment
of the uncertainties in this evidence,
and, thus, will protect all population
groups with an adequate margin of
safety. -

The criteria document supports the
contention that a clear threshold of
adverse health effects cannot be iden-

RULES AND REGULATIONS

tified with certainty for ozone.
Rather, there is a continuum consist-
ing of ozone levels at which health ef-
fects are certain, through levels at
which scientists can generally agree
that health effects have been clearly
demonstrated, and down to levels at
which-the {ndications of health effects
are less certain and harder to identify.
Given such a body of evidence, in se-
lecting a standard with an adequate
margin of safety the decislonmaker is
taking into account the uncertainty
about whether a possible standard will

. prevent adverse health effects.

This uncertainty results from sever-
al factors. First, human susceptibility
to health effects varies, and we cannot
be certain that experimental evidence
has accounted for the full range of
susceptibility. Second, we cannot be
certain.that all effects occurring at
low ozone levels have been identified
and demonstrated. Third, varjations in
weather create uncertainty as to the
expected annual maximum ozone con-
centrations.

The Clean Air Act, as the Adminis-
trator interprets it, does not permit
him to take factors such as cost or at-
tainability into account in setting the
standard; it is to be a standard that
will adequately protect public health.
He recognizes that controlling ozone
to very low levels is a task that will
have significant impact on economic
and social activities. This recognition
causes him to reject as an option the

.setting of a zero-level standard as an

expedient way of protecting public
health without having to decide
among uncertainties. However, it Is
public health, and not economic
impact, that must be the compelling
factor in_ the decision. Thus, the deci-
sion as to what standard protects
public health with an adequate margin
of safety is based on the uncertainty
that any given level is low enough to
prevent health effects, and on the rel-
ative acceptability of various degrees
of uncertainty, given the seriousness
of the effects.

-
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In selecting the proper level for the
standard, EPA must make assessments
and judgments In five critical areas:

1. Reported effect Ilevels from
human studies.

2. Characterizing the sensitive popu-
lation.

3. Nature and severity of effects.

4. Probable adverse health effect
level in sensitive persons.

5. Judgment of a standard level
below the probable effect level that
provides an adequate margin of safety.

REPORTED EFFECT LEVELS

In the preamble fo the proposed
standard (43 FR 26965), EPA present-
ed a table of demonstrated effect
levels in man ranging from 0.15 to 0.30
ppm. On the basis of suggestions re-
celved during the comment period,
that table has been expanded to in-
clude a greater number of studies
where effects have been reported. EPA
believes that this is a more complete
representation of the medical evidence
since it includes some less conclusive
studies at low levels that cannot be
discarded in weighing the full body of
health data. Nonetheless, the table
must be used with caution and in con-
junction with qualifying “statements
made in the criteria document regard-
ing the technical merit of each study,
particularly the less conclusive studies
at lower concentrations.

While this table does not provide an
undisputed value for adverse health
effect levels in sensitive individuals, it
does indicate that normal body func-
tions are most likely disrupted at rela-
tively low ozone concentrations. The
studies also indicate that the intensity
and significance of effects increases as
the pollutant level increases. The re-
ported findings leave open the ques-
tion of increased intensity of effects in
more sensitive persons.and the con-
cern that eifects reported in some
studies may occur at lower concentra-
tions when ozone is-present in combi-
nation with other urban pollutants.
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[6560-01-C] . REPORTED EFFECT LEVELS -
. , cOmpﬂatxon of Results Reported in Human Studies Exammna Ozone or Oxidant Exposure
Concentration, Exposure Duration, Pollutant " Reported Reference(s)
ppm hours {for clinical Measured . Effect(s)
studies); Averaging (0, = ozone, . o
time (for epidemio- 0x = oxidant) R
logical studjes) . .
0.01 - hourly R 03 Lung function parameters in about 25% of Japansse Kagawa and Toyand
0.30 average . school children tested were significantly corre- (1975); Kagawa et al,
lated with 0. concentrations {over the range of (1976) ‘
. ~ 0.01 - 0.30 apm) in. the 2 hours prior to testing.
0.03 - hourly Ox - Although significant correlaticn was observed be- Hayne et al,
0.30 average ) tween ‘decreased athletic performance and Oy con- (1967)
- centrations in the range of 0.03 - 0.30 pp'n. the
Triteria document states tnat inspectiop of the )
data reveals no obvious relationship between ’ J
performance and Ox values below 0.10-0.15 oom, ‘
0.10 2 ) 03 Dacreased 02 pressure fn arterialized blood, von Nieding et aly
increased “airway resistance observed using non-  (1976)
standard measurement techniques.
0.10 - probably dafly Ox Increased rates of respiratory symptoms and head- Makino and Mizogueni
0.15 maximum hourly : * . ache were reported by Japanese students on days when (1975)
average 0, concentrations exceeded 0.15 ppm as compared to .
1 - . : - days when O, concentrations were less than 0.10 ppm.
0.15 . 1 . 0, Subjective symptoms of discomfort were cbserved by DolLucia & Adamg
‘ ; . mast subjects, and discernible but not statistical- (1977)
1y significant changes in respiratory patterns 0C-
curred while performing vigorous exercise. -
0.20 3 ) - 0, . Reduction in visual acuity (night vision) ob- Lagerwerff
N . served. (1963)
.20 - 2 Co . 0. Asthmatic patients exposed under intermittent Linn et al.
0.25 2 tight exefcise conditions showed no statistically (1978)
, significant changes in respiratory function.
; Symptom scores increased slightly during 03 ox=
. posures. Small but statistically significant
— . blood bioshemical changes ocgurred.
0.25 2. . O3 ‘e - Smaill changes in lung function were observed n 3  Hazucna (1973)
v subjects performing intermittent lignt exercise.
0.25 2 and 4 B 03 R No lung.function changes of note were observed fn  Hackney et al,
. *resctive” subjects {who had histories of cough, (1975)
. - chest’ discomfort or wneszing associated with air
pollution or allergy) while performing‘inter-
- ‘ mittent, light exercise. .
0.25 dafly maximum . 0, - The average numoer of asthma patients having Schoettlin and

attacks was statistically significantly elevated

hourly average
on days when.0y levels exceeded 0.25 ppm.

Landau (1951}

8rinkman at al,

0.25 0.5-1 0y Blood samples of exposed subjects had increased
. rates of sphering of red blood cells {1964)
0.28 ° daily maximum , 0 Although the reported results are inconclusive, Kurata et al.. .
instantaneous : X EPA's examination of the avidence presented (1976) <
(2-minute) - . suggests exacerbation of asth.-na when 0, levels .
average - ' are above §.28 ppn.
0.30 1 03 Subjective symptoms of discomfort and statisticale DeLucia and Adanms
. ' ' » 1y significant changes in pulmonary function were {1977) P
. observed in subjects undergoing vigorous exercise, . .
0.30 daily maximum Ox Increased rates of cough, chest, discomfort, and Hammer et al,
hourly average headache were observed in student nurses on days (1974)
) when the Ox concentratiaons exceeded 0.30 ppm.
0.37 2 0, Discomfort symptoms and significant changes in Hazucha et al. (1973);
' tung function were observed in subjects .undergoing Folinsbee et al, (1975);
< intermittent light exercise. Silverman et a1, (1976
0.37 2 03 Exposure to 0, and SO, together produced changes Hazucha and Bates {1975)
0.37 2 SOZ in lung funct?on subsgantully greater than the
sum of the separate effects of the individual
pollutants. i
0.37 - ‘2 . - 03 The observed Q. - 50, interactive effect on lung Bell et al, (1977)
0.37- 2 * o function was cansldegably smaller than that seen
2 by Hazucha and Bates. The authors concluded that

) the.earlier study probably more nearly simulated
! a smog episode in reglions havmg high oxidant and
sulfur oollution,

’ . .
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SENSITIVE POPULATION

The legislative history of the Clean
Air-Act indicates that, in setiing pri-
mary ambient air quality standards,
EPA is to direct its efforts at groups of
“particularly sensitive citizens such as
bronchial asthmatics and emphysema-
. tics who in the normal course of daily
" activity are exposed to the ambient en-
“vironment.” (U.S. Senate Serial No.
93-18, 93d Cong: 2d Sess. p. 410).

Cliniczl and epidemiological studies
have shown that persons with chronic
obstructive airway disease,. particular-
ly asthmatics, appear most sensitive to
changes in ozone concentrations.. This
- sensitivity results from the fact that
their airways are hyper-reactive to ir-
ritants  such as ozone. These people
are, thus, judged to be the principal
sensitive group of concern in settmg
the standard.

Studies have also established that
exercise
ozone dose delivered to the target tis-
sues in the resplratory tract. Thus,
persons engaging in exercise are par-
ticularly vulnerable to the acutely irri-
tating effects of ozone. The response
of these groups to such changes in
concentrations has not, however, been
systematically studied.

NATURE AWD SEVERITY OF EFFECTS

Impaired Pulmonary Function and
Clinical Symptoms—Qzone is a pul-
-monary irritant that affects the
mucous lining, other lung tissue, and
respiratory function. Changes in lung

function appear as increased airway,

resistance and as reductions in vital
capacity, expiratory flow rates, and
diffusion capacity. ‘These effects are
greater in exercising individuals and
individuals with hyper-reactive air-
ways (i.e., individuals with a history of
developing symptoms during light ac-
tivity in smog or history of asthma).
Changes in lung function are accom-
panied by clinical symptoms such as
coughing, chest tightness, and lower
chest soreness.

Because the human respu‘atory
system is endowed with a large re-
serve, even airway-resistance increases
of 50 to 100 percent will not ordiharily
be perceived in normal individuals. As
stated in the criteria document, how-
ever, two considerations suggest that
oxidant-associated changes in lung
function may signal impairment of
public health. first, in people with un-
derlying respiratory illness such as
asthma, chronic broncHitis, and em-
physema, even small decrements in
lung function often interfere with
.normal activity. Second, at experimen-
tal ozone concentrations as low as 0.30
ppm, decrements in lung function
have usually been accompanied by
physical discomfort, as manifested in
symptoms such as sore throat, chest
pain, cough, and headache. At times

—_—

effectively increases the .

RULES AND REGULATIONS

this discomfort has been great enough
to prevent the completion of experi- .
mental protocols, particularly when
subjects have been exercising vigor-
ously. It appears quite likely that the
pulmonary irritant properties of ozone
(and perhaps other oxidants) underlie
both the discomfort and the decre-
ments in function. Thus, at least when
associated with ozone exposure,
changes in lung function often repre-
sent a level of discomfort which, even
among healthy people, may restrict
normal activity or impair the perform-
ance of tasks.

Decreased Resfstance lo Infection—
This effect is represented by an in-
creased rate of mortality in laboratory
animals subjected to both a bacterial

<challenge and exposures to ozone. Ac-

cording to some studies, the effect
may be enhanced by the addition of
such stresses as exercise or the addi-
tion of other pollutants_in combina-
tion with the ozone dose. Despite the
uncertainties involved in predicting
human - effects from animal studies,
medical experts agree that decreased
resistance to infection probably does
occur in man. The Durham study
(1974) reporting increased illness in
college students following periods of
elevated pollution levels (with peak
oxidant belng the pollution variable
most strongly associated with iliness)
reinforces this hypothesis and adds to
EPA's concern about the relationship
of ozone to the occurrence of such an
effect in man.

Aggravation of Chronic Respiralory
Disease—Although the relationship
between ambient oxidant or ozone
levels and chronic pulmonary disease
has not been fully assessed, available
evidence suggests that the incidence
and severity of asthma attacks in-
crease when short-term total oxidant
concentrations exceed 0.25 to 0.28
ppm. Also, several investigators have
reported a relationship between short-
term oxidant exposure and aggrava-
tion of other chronic obstructive lung
diseases. However, their reports are in-
conclusive since short-term fluctu-
ations in cigarette smoking habits
were not considered in their data
analyses.

Air pollution is one of the many
stresses that can precipitate an
asthma attack or worsen the disease
state in persons with chronic cardio-
pulmonary disease. Other factors that
can precipitate attacks include respira-
tory infections, passage of cold fronts,
seasonal pollens, extreme heat or cold,
and emotional disturbances.

Eye Irritation—Eye irritation is asso-
ciated with selected chemical species
(such as PAN) in the photochemical
oxidant mix and with other organic
vapors. While there is no evidence
that eye irritation is produced by
ozone, an ozone standard will serve to

8215

limit this effect because control meas-
ures that reduce ozone will also reduce
the eye-irritating components in the
total oxidant mix.

Biochemical Effects—Experimental-
exposures of human subjects f{o ozone
have produced.changes in blood bio-
chemistry, such as increased fragility
of red blood cells and altered enzyme
activities in the serum. The signifi- .
cance of these ozone-mediated changes
is not yet known, but the criteria docu-
ment states that changes of the mag-
nitude observed in human experimen-
tal exposures have not yet been linked
to any clinical diseases.

Carcinogenic, BMutagenic and Relat-
ed Effects—Studies have been conduct-
ed in an attempt to relate ozone to
carcinogenic, mutagenic, and related
effects. Available evidence in these
areas Is not particularly helpful in set-
ting ambient ozone standards because
most of the studies have not yet been
replicated (In spite of some atfempts
to do s0), and because some effects ob-
served in lower life forms are of ques-
tionable significance for man. The cri-
teria document states that the signifi-
cance of effects such-as chromosomal
aberations has not been established
and that some studies Have produced
conflicting results. In addition, EPA’s
Sclence Advisory Board recommended
that certain studies on the mutagenic
effects of ozone, which have not been
replicated, not be emphasized in the
criteria document.

PRIMARY STANDARD

As lllustrated in the table of report-
ed effect levels, there is no clear
threshold air concentration of ozone
indicated by the data as the onset of
adverse health effects. It is EPA’s best
Judgment that physiological responses
probably occur in extremely sensitive
persons at very low levels. At what
point these responses become an ad-
verse health effect and at what level
they most likely occur in sensitive per-
sons must necessarily be an informed
judgment. As stated in the proposal,
this judgment Is based on (1) the
Agency's understanding of the medical
evidence presented in the criteria doc-
ument and in the table of reported
effect levels, (2) the findings of the ad-
visory panel on health effects, ard (3)
the judgment of medical experts as to
the adverse effect level in sensitive
persons. The health experts who were
consulted were asked to focus not only
on the most sensitive population
group, but also on a very sensitive por-
tion of that group (specifically, those
persons who are more sensitive than
99 percent of the sensitive group, but
less sensitive than 1 percent of that
group). The lowest adverse healtk
effect level estimate cited by the
health panel and the median value-
developed through the expert inter
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view process are reasonably consistent,
ranging from 0.15 to 0.18 ppm. (See
table below.) On the basis of the effect
levels cited in the criteria document, it
is EPA’s judgment that the most prob-
able level for adverse health effects in
sensitive persons, as well as in health-

RULES AND REGULATIONS

ier (Iess sensitive) persons who are ex-
ercising vigorously, falls in the range
of 0.15-0.25 ppm. While the evidence is

“ more convincing and the effects more
pronounced at the higher end of this
range, the data shows effects of con-
cern at the lower concentration.

ProBaBLE EFFECT LEVEL ESTIMATES

[F.«;t(mqta forISensltlve Populat;on Segments]

" Aggravation of Reduced ‘ .Chest discomfort
i asthma, resistance to Reductionin  and irritation of
emphysema, and * = bacterial - pulmonary the respiratory"
chronic Infection (animal ' function tract,
bronchitis - studies)
H;:am!l pa.ncl judgment of effect 0.15-0.25 ppm Not ava.llable 0.15-0.25 ppm.  0.15-0.25 ppm
evel - .
Probable or median effect level as o 17 ppm ° - 0.18 ppm 0.15 ppm 0.15 ppm
estimated from interviews with (0.14-0.25 ppm) (0. 07-0 38 ppm) (0.07-0.18 ppm)

health experts (Range of esti-
mates given in parentheses).

. (0.11-0.18 ppm)

s’

In order to set an ambient air qt\;al-
ity standard that protects the public
health with an adequate margin of
safety, EPA must deal with the uncer-
tainty inherent in the judgment that
the probable level for adverse effects
in sensitive persons is in the range of
0.15-0.25 ppm. .

Because the nature and intensity of
effects vary from pollutant to pollut-
ant and because medical research pro-
duces new and different findings as
science progresses, EPA does not be-
lieve that a fixed acceptable margin of
safety can be established for all pollut-
ants or' for a’ single pollutant over
time, Each decision on a standard level
must be made on the best, evidence
available at-the time and should in-
clude consideration of such factors as:

1. Concern for more.sensitive indi-
viduals—Sensitive persons may re-
spond to ozone differently from the
less sensitive persons who generally
are tested in clinical studies. Individ-
uals with underlying respiratory ill-
ness such as asthma, chronic bronchi--

tis, and ‘'emphysema are particularly
sensitive to even modest impairments
of pulmonary function resulting from
ozone exposure. For ethical reasons,
clinical investigators normally do not
expose persons with these illnesses
and thus caution- that such studies
may not represent the full range of
sensitivity to ozone. Also of concern

are individuals engaged in vigorous .

outdoor activity (construction work,
tennis, jogging, ete.) where the effects
of ozone are enhanced or may occur at
lower ambient concentrations.

2. Pollutant interactions—There is
real concern that effects -reported in
some ozone studies may occur at lower’
concentratiofis and may be enhanced

- when ozone is present in comblnatlon

.

N,
-, . ‘

with other urban pollutants. Labora- '

tory studies of a single pollutant (e.g.,
ozone in clean, filtered air); while im-
portant in elucidating physiological ef-
fects peculiar to that pollutant, cannot
be viewed as providlng definitive evi-
dence of the minimum level at which
these effects occur when that pollut-
ant is present as only a, part of the
total insult delivered to an individual
in the urban environment. Also of con-
cern are other toxic oxidant species,
such as ' PAN, that are often present
with ozone in the ambient photoche-
-mical pollution mixture and cause
other adverse effects such as eye irri-
tation. Thus, the effects of ozone must
be considered in the context of the
total environment of the exposed indi-
vidual; this environment includes con-
centrations of other pollutants consist-
ent with their maximum allowable
levels, high relative humidity, high
a.mbient temperature, - and high levels
of physical stress."

3. Long-term deleterious effects of

ozone—Unfortunately, there are few
studies that have attempted to docu-

" ment the long-term adverse effect of

human exposure to repeated peaks of
ozone. Some animal studies do indicate
that long-term ozone exposures act as
an inducer of biochemical or morpho-
logical changes. Some of these
changes are transient and, on a short-
term basis, may have a physiological
significance in that they confer a resis-
tance against further lung injury in an

oxidant environment (a similar re-’

sponse has been observed in human
clinical studies). Some animal studies
have indicated, however, that effects
from continued exposure can result in
an emphysema-like condition (e.g.,
P’an et al,, 1972).

4, Ammal znfectzmty studzes—-Al-

.

though evidence of reduced resistance
to bacterial infection has not reached
the point where it can be meaningful-
ly used to extrapolate concentrations
that would similarly affect man, these

studies cannot be dismissed In select-

ing a standard level that provides an
adequate margin of safety. Despite the
present inability to extrapolate to an
effect level in humans, most experts
agree that ozone exposures may well

. result in decreased resistance to infec-

tion in humans. Further, it is the kind
of effect that is serious enough in its
implications to raise a need for cau-
tion. Thus, it is prudent public health
practice to set a standard more strin«
gent than the probable effect level es-
timated from human studies, in order

*to account in some measure for theso

unquantified, but possibly serious, ef-

fects.

5. Inconclusive studies-reporting ef«
Jects at low levels—A similar caution Is
suggested by both the Makino and Mi-
zoguchi epidemiological study and the
von Nieding clinical study reporting
effects at levels around 0.10 ppm.

6. Uncertainties arising from air
quality variations due to meteorol-
ogy—Since EPA’s revised standard s
statistically based and permits an.ex-
pected number of allowable violations
per year, there is concern about the
magnitude of these excursions and
how' they might impact an exposed

Asensitive individual,

7. 'Effects of calibration procedure .

charnge—Another factor that has been
considered in establishing a margin of
safety is the variability that exlists in
the measurement and calibration tech-
niques used in hedlth studies and how
these measurements may differ from
those made with the ultraviolet (OV)
reference calibration procedure belng
.promulgated elsewhere in this issue of
the PEDERAL REGISTER. Most of the rel-
evant clinical studies utilized monitor‘
ing instruments calibrated with t

current (NBKI colorimetric) reference
calibration procedure or modifications
thereof. EPA’s best judgment 1s that
the reference NBKI procedure shows
a positive bias of about 10 percent

with respect to the UV procedure

when these techniques are compared
under carefully controlled experimen-
tal conditions. However, due to the
variability that can reasonably be ex-
pected in any clinical exposure moni-
toring measurements, as well as the
uncertainty introduced by the modi-
fied calibrations procedures, EPA
cannot determine a preclse gquantita-
tive factor to adjust the findings of
these health studies. In the case of the
study done by DeLucla and Adams
(1977), the authors have Indicated to

EPA!\ that the reported ozone va.lues‘

4
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might be high with respect to the UV
calibration procedure. While the exact
magnitude of any required adjustment
in the reported ozone values is uncer-
tain, adjusted values could range from

- 0.12 to 0.15 ppm for the 0.15 ppm

value reported by the authors, and
from 0.23 to 0.30 ppm for the 0.30 ppm

- concentration. EPA will continue its

evaluation of this issue through its
program of clinical exposure studies.
8: Findings from the preliminary

. risk assessment—The preamble to the

proposed standard described a prelimi-

- nary risk assessment method per-

-formed to aid EPA in accurately treat-
ing the uncertainties associated with a
standard decision. While this method
cannot be used at this time as the sole
tool _for making that decision, the
Agency does believe that the findings
resulted from this initial application
of the method do not permit any re-
laxation of the standard above 0.12
ppm. N . -

After reviewing the comments re-

_ceived from all segments of the public,
including those from the public health
.community, EPA remains convinced
that at levels in the range of 0.15-0.25
ppm, adverse health effects will
almost certainly be experienced by sig-
nificant numbers of sensitive persons.
Unless the standard is set somewhat
below that level, the Agency would not
be exercising that degree of prudence
called for by the ‘“adequate margin of
safety” requirement of the Clean Air
Act. The Administrator must exercise
the informed scientific judgment that
Congress has authorized him to bring
to bear on these difficult problems.

There is no collection of facts or
medical evidence that permits select-
ing an undisputed value for the stand-
ard level. EPA proposed a standard of
0.10 ppm, taking severall factors into
account in providing a .margin of
safety, as discussed above. Among
those were epidemiological studies in-
dicafing effects below 0.15 ppm which
the criteria document did not fully en-
dorse, but which EPA thought it
unwise to disregard. (See 43 FR
26966.) Also considered were animal
studies indicating reduced resistance
to bacterial infection, although ex-

trapolation to.human effects levels is -

not possible. (Jd.) During the comment
periods, EPA received informed scien-
tific opinion disputing the interpreta-
tion and application of such studies.
Based on its current understanding of

- these studies, EPA has concluded that

they do not dictate as wide a margin
of safety as was established in the pro-
posal. EPA does believe, however, that
these studies do suggest the real possi-
bility of significant human adverse
health effects below 0.15 ppm. Conse-
quently, the Administrator has deter-
mined that a standard of 0.12 ppm is
necessary and is sufficiently prudent

»
~
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unless and until further studies dem-
onstrate reason to doubt that it ade-
quately protects public health.

‘WELFARE EFFECTS AND THE SECONDARY
STANDARD

The Clean Air Act mandates the set-
ting of a national secondary ambient
air quality standard to protect the
public welfare from any known or an-
ticipated adverse effects associated
with an air pollutant in the ambient
air. Ozone and other photochemical
oxidants constitute a form of air pollu-
tion that has been shown to affect
vegetation and materials and that may
have an impact on visibility. The eco-
nomic loss resulting {rom gurrent oxi-
dant levels has been estimated to be in
the range of several hundred million
dollars per year nationwide. Non-quan-
tifiable losses to the natural environ-
ment occur as well. A staff paper, “As-
sessment of Welfare Effects and the
Secondary Air Quality Standard for
Ozone,” was placed in the docket at
the time of proposal. The following
paragraphs summarize this report and
information received after its release.

Exposure of vegetation to harmful
levels of ozone may result in leaf
injury, decreased growth and yield, or
reproductive effects. Visible leaf
injury is the most readily detectable
and frequently reported symptom of
ozone damage; however, it is not an ac-
curate indicator of yield or growth re-
duction. _

In the June 22, 1978, FEDERAL REGIS-
TER proposal (43 FR 26968-26969), it
was stated that several investigators
suggested that foliar injury rates in
the range of 5 to 10 percent could pro-
duce detectable reductions in growth
or yield, depending on the timing of
the injury and other environmental
factors. Since proposal of the standard
in June, EPA has discussed the matter
further with several experts in the
field of air pollution damage to vegeta-
tion, particularly regarding what level
of leaf injury should be of concern in
protecting against significant reduc-
tions in yield or growth in commercial-
ly important crops and indigenous
flora. These experts emphasized the
uncertainty associated with correlat-
ing yield reduction with foliar injury.
Some stated that detectable yield re-
ductions would not occur until leaf
injury reached values as high as 10 to
20 percent, and others felt that foliar
injury was an inappropriate indicator
of yield reduction.

The foliar responses of plants to
ozone exposures are not linearly de-
pendent on the dose (product of con-
centration and exposure duration) sus-
tained by the plant: A given dose ap-
plied over a short period of time Is
more damaging than if it were applied
over a2 longer period. EPA used a
mathematical model to summarize, for

£

-
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several crops, the experimental results

- which depict the variation in foliar re-
sponse with short-term (0.5-hour to 8-
hour) ozone exposures. The notice of
proposed rulemaking predicted (on the
basis of the mathematical model) that
2 secondary ozone air quality standard
set at an hourly average concentration
of 0.08 ppm, expected to be exceeded
only once per year, would prevent any
important commercial crop from re-
cefving more than 3 percent leaf
injury. On the basis of this prediction
and the aforementioned assumptions
regarding the relationship of foliar
injury and yield reduction, EPA pro-
posed to set the secondary standard
level at 0.08 ppm.

As 2 result of its further consulta-
tions with researchers, EPA decided to
reassess the uncertainties associated
with the judgments that led to the
proposed 0.08 ppm 1-hour average sec-
ondary standard. These experts point-
ed out that there are large uncestain-
tles in the assumptions relating yield
reduction to foliar injury. The math-
ematical model used to predict foliar
injury was based on chamber studies,
not on studies conducted under field
conditions. The experts cautioned that
these chamber studies generally repre-
sent experimental condifions.in which
the most sensitive varieties of a given
specles are used and in which moisture
and temperature are optimal for pro-
ducing Injury. In addition, a given
short-term dose of ozone, which can
produce 5, 10, or even 20 percent foliar
injury in a given plant, is unlikely to
have an impact on yield unless the
plant is exposed during a critical stage
in the plant’s life cycle.

Consequently, EPA has decided to
base its decision on the secondary
ozone air quality standard on the in-
formation currently available on
growth and yield reduction in commer-
cially important crops and indigenous
vegetation exposed to ozone under
{ield conditions. As discussed in a staff
paper that has been placed in the
docket (OAQPS 78-8, IV-A-3), “BEvalu-
ation of Alternative Secondary Ozone”
Alr Quality Standards,” these data in-
dicate that growth and yield responses
are related to the long-term (growing

season) mean of the daily maximum 6- -

to 8-hour-average oZone concentra-
tions. Based on an examination of this
information, and the available air
quality data, EPA concludes that
there is currently.no evidence indicat-
ing that a significant decrease in
growth or yield of commercially im-
portant crops or indigenous flora will
result from the long-term mean of the
daily maximum 7-hour-average ozone
concentrations expected to cccur when
the primary standard is attained. Con-
sequently, EPA helieves that a second-
ary standard more stringent than the
primm standard is not necessary on
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the basis of ozone-related yield reduc-
tion effects in vegetation.

Materials damage resulting from

ozone can be described as an accelera-
tion of aging processes; for example,
rubber cracking, dye fading, and paint
weathering. In contrast to the effects
of ozone on vegetation, these effects
are linearly dependent on the total
ozone dose sustained by the material.
As a-result, the. annual-average con-
centration will determine the rate at
which material is damaged. Any non-
zero ozone concentration (including
natural background levels). will con-
tribute to the deterioration of sensi-
tive materials over a sufficient expo-
sure duration. While peak 1-hour
ozone concentrations in urban areas
~tend to be considerably higher than in
rural areas.remote from man-made
emission sources, ‘the annual average
concentrations observed in these areas
are essentially the same. This finding
is believed to be due to the impact of
very low urban-area nighttime ozone
concentrations on the annual average
values; nighttime ozone levels in
remote areas are not reduced as much
from the daytime levels diie to the ab-
sence of scavenging by man-made
urban pollutants. As peak ozone levels
in urban areas are reduced through
control of man-made pollutants, scav-

enging will also be reduced resulting in -

little if any change in the annual aver-
age. Consequently, no effect-based ra-
tionale can be offered to decide the
level of the secondary standard needed
to protect materials. Accordingly, EPA
believes that a secondary standard
more stringent than the primary
standard is not necessary.on the basis
of ozone damage to materials.

The criteria document states- that
there is a limited amount of data sug-

gesting an association. between am--

bient ozone and visibility degradation,
particularly in the Los: Angeles area.
On the basis of EPA’s evaluation to
date of the information presented in
the criteria document, however, EPA
is unable to conclude at this time that
a secondary. ozone standard more
stringent than the primary standard is
necessary to prevent visibility deterio-
ration. The relationship between visi-
bility 'and ambient ozone will be con-
sidered further in the development of
subsequent PSD programs designed to

protect against significant deteriora- -

tion of air quality. -

On the basis of these conclusions
with respect to ozone damage to vege-
tation and materials and the associ-
ation of ozone with visibility reduction

~ in some areas, EPA is revising the sec-
ondary ozone air quality standard
level to 0.12 ppm.

OTHER ASPECTS OF THE STANDARD

On the basis of EPA’s evaluation of
evidence submitted and comments, re-

N
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ceived during the public review proc-
ess, no major changes will be made in
the following aspects of the proposed
standard: (1) Averaging time: 1 hour;
(2) chemical species: ozone; (3) form:
statistical; and (4) a separate standard
for PAN is not being promulgated. As
discussed below, changes will be made
in (1) the set of hourly averages from
which the number of exceedances of
the standard level is counted, and (2)
the exclusion criteria for missing data,

DAILY MAXIMUM HomY AVERAGE
INTERPRETATION OF THE sra;gnm

The maximum ozone concentrations

‘which will occur in any given time

period will vary from one period to the

. next, even if precursor emissions re-

main constant. These variations are
mainly due to the random nature of

meéteorological factors which affect’

the formation' and dispersion of ozone
in the atmosphere. The present deter-
ministic form of the standard, which
permits only a single hourly exceed-
ance of the standard level in any year,
inadequately deals with this situation.
‘The risk to public health contributed
to by ozone can be managed better if
the ozone standard reflects the fact
that maximum ozone concentrations
are probabilistic in nature. Conse-
quently, EPA is changing the standard
to a statistical form that allows one
expected exceedance per year.

The proposed standard would have
allowed one expected hourly exceed-
ance per year. EPA is further modify-
ing the standard so that the one ex-
pected exceedance will be given a daily
interpretation; that is,.a calendar day
will exceed the standard level if the
maximum hourly average concentra-
‘tion for the day exceeds the level of
the standard. This modification means
that a day with two hourly values over
the standard level counts as one
exceedance of the standard’ level
rather than two; similarly for days
with more than two hourly values over
the standard level. As was indicated in

the proposal notice, the daily interpre--

tation has some advantages and it is

evident from the comments received

that there is considerable support for
the use of this interpretation.

It should be understood that the
change to a daily interpretation is not
predicated on a reinterpretation .of
health data. In making this change,

"~ EPA isnot coneluding that 3-hours of

exposure above a given level, for ex-
ample, are no worse than 1, hour of ex-
posure above the same level as long as
the 3 hours of exposure occur during
the same day. The impact of ozone is
related to-the total dose delivered to
the respiratory tract, and obviously
for a given concentration & 3-hour ex-
posure gives a greater dose than a 1-
hour exposure. In the case of ozone,
the pattern of hourly levels is mainly
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determined by meteorological fluctu.
ations, and EPA’s decision to promul-

- gate a daily standard does not affect

meteorological fluctuations. Ozone
precursor emissions are not easily ma-
nipulated on a short-term basls, so
there is little likelihood that emission
sources could readily alter emission
patterns to’ take advantage of the
daily interpretation.

The change to a daily interpretation
does make the standard slightly less
stringent, and hence there is a small
increase in the risk to health. In gen-
eral, the reduction in emissions of or«
ganic compounds needed to meet the
standard under the daily interpreta-
tion will be smaller. As discussed in a
report placed in the docket (OAQPS
78-8, IV-A-4), the long-term increase
in health risk at an average geographi-
cal location is estimated to be equiva-
lent to the increase that would result
from raising the level of the standard
to 0,123 ppm and keeping the hourly
interpretation of the number of
exceedances.

EXCLUSION CRITERIA FOR MISSION DATA

EPA Is.additionally modifying the
standard with respect to the treat-
ment of missing data. The proposed
standard permitted certain missing
values to be excluded from the esti-
mateéd exceedances calculation if
either of two exclusion criteria were
satisfied. The first criterion recognized
the impact of short-term meteorologi-
cal influences by allowing a missing
value to be excluded if the adjacent
values were below an arbitrary limit
(715 percent of the standard level),
This criterion should be relatively
easy to_incorporate into data-handlihg
schemes and has been retained, al-
though it now applies to dally maxi-
mum hourly average values. The
second criterion dealt with compari-
sons with dafa from the previous 3
years. The purpose of this second cri-
terion yas to accommodate situations
for which ozone data for a particular
season are not available but for which
known seasonal patterns of ozone and
related meteorological factors make it
unlikely that the level of the standard
would have been exceeded.

This second criterion would be more
difficult to implement because it ne-
cessitates the cross-referencing of ear-
lier historical data. For newly estab-
lished monitors, the historical data
needed to invoke this exclusion would
not be available. Thus, this second cri-
terion in the proposal is difficult to
implement and could be potentially
burdensome in geographic areas where
the climate makes high ozone values
during certain seasons very unlikely.
It is also possible to accomplish the in«
tended purpose of this exclusion
through provisions of the recently
proposed 40 CFR Part 58 (see 43 FR



34892) that would grant waivers of the
ozone monitoring requirements for
certain times of the year at the discre-
tion of the appropriate Regional Ad-
ministrator. Therefore, the second ex-
clusion criterion has been eliminated,
and the computation formulas for esti-
mating the -expected number of
exceedances have been modified to re-
flect the number of required monitor-
ing days for the year. -

Definition of When the Standard is’

Attained—EPA is adding Appendix H
to 40 CFR Part 50 to explain when the
_standard is or is not being attained.
Certain modifications to the proposal
were necessary to accommodate the
daily interpretation and the previously
mentioned changes in the treatment
of missing data. In order to implement
the change from an hourly to a daily
interpretation, it is necessary to define
what is meant by a valid day of ozone
data. Such a definition must ensure
that a sufficient number of hours of
the day have been monitored and that
the hourly values in question reflect
the time of day when high. ozone
values.are likely to occur. At the same
time, this criterion should be relative-
1y easy to implement, it should allow
time for routine maintenance, and yet
it should protect against high values
being ignored merely because not
. enough hours of the day were meas-
ured. Accordingly, & daily maximum
. hourly average concentration will be
considered valid if 75 percent of the
"hourly values from 9:01. a.m. to 9:00
p.m. (LST) were recorded or if an
hourly Value above the level of the
standard was measured. This validity
criterion is intended as a minimum re-
quirement and not as a recommended
schedule. ’
The computation formula for-calcu-
lating the estimated number of
exceedances per year has been modi-
fied to correspond to the daily inter-
pretation of the standard. Allowance
has also been made for any situation
in which the Regional Administrator
has granted a waiver of the ozone
monitoring requirements under the
provisions of the recently proposed 40
CFR Part 58 and, therefore, the total
number of required monitoring days is
less than a full year. The use of the
exclusion criterion may result in an
underestimate of the probability of an
exceedance in some situations but is
, relatively easy to implement and
should suffice to account for the
effect of missing data. It should be
noted that the formula given in Ap-
pendix H is necessary to show- attain-
- ment. Accounting for missing data can
- "never, however, decrease the number
of exceedances, and thus it is possible
to establish non-attainment without
tHe use-of this equation.
These modifications to Appendix H
are intended to simplify somewhat the
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calculations and to allow for more
flexible monltoring schedules. The
comments received on Appendix H
were varied. A few commenters
thought it was too complicated while
others suggested .even more complex
techniques. Most cmments were, how-
ever, supportive of (or, at least, neu-
tral toward) the proposed approach.
One suggestion was to employ a mini-
mum percent ‘completeness require-
ment, rather than estimating the
number of exceedances. The problem
with that approach, however, is that it

_remains unclear as to what should be

done with data sets that fail to meet
such a completeness requirement.

Some comments discussed the use of
3 years of data. As indicated in the
proposal, the choice of a 3-year period
represents a compromise: between
added stability and reasonably current
status assessments. Even under the
present deterministic form of the
standard, . attainment designations
(e.g.,, 40 CIFR Part 81, Section 107)
have been based on more than 1 year.
Furthermore, although 3 years are
used in estimating the expected
number of exceedances under the sta-
tistical form of the standard belng
promulgated, it is still possible to es-
tablish non-attainment after one year
if, for example, four or more excee-
dances were reported. Therefore, an
upper bound to exceedances during a
gingle year still applies under the new
orm.

Ecoroxic, ENERGY, AXD
ENVIRORMENTAL IMPACTS

As has been noted, the Clean Air Act
specifically requires that National Am-
bient Air Quality Standards be based
on scientific criteria relating to the
level that should be attained to pro-
tect public health and welfare ade-
quately. EPA interprets the Act as ex-
cluding any consideration of the cost
of achieving such a standard in deter-
mining the level of the primary stand-
ard. However, in compliance with the
requirements of Executive Orders
11821 and 11949 and OMB Circular A-
107 and with the provisions of the re-
cently issued Executive Order 12044
for rulemaking proccedings that are
currently pending, EPA has prepared
an analysis of economic Impacts asso-
ciated with efforts to attain this stand-
ard.

Ozone air pollution is a pervasive
problem throughout the country.
Most urban and many rural areas
exceed the existing standard. Even
with the less stringent’standard, most
of the major urban areas are not ex-
pected to attain the standard in the
near term. Control of the organic pre-
cursor materials that generate photo-
chemical oxidants is a major effort in
this country and a multibillion-dollar
program. The existing control pro-
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gram Includes measures to reduce or-
ganic emissions from automobile and
truck exhausts, production of chemi-
cal and petroleum products, the dry-
cleaning industry, most painting oper-
ations (including the automotive in-
dustry), and other industrial oper-
ations.

Because the attainment problem in
most urban areas Is so severe, the re-
Jaxation of the standard is not expect-
ed to change the level of control re-
quirements in the near term. The
move to a 0.12 ppm standard will, how-
ever, eliminate the theoretical need
for major control programs in many
rural and wilderness areas that cur-
rently exceed the present standard.

With the relaxation of the standard,
EPA’s economic impact analysis indi-
cates that most urban areas are ex-
pected to achieve the standard by
1987. Even with aggressive control pro-
grams, however, it will be very diffi-
cult for some urban areas to achieve
the standard within the next 10 years.

In addition, a document has been
prepared assessing the impacts that
efforts to attain the standard may
have on the nation’s energy require-
ments. This document examines the
extent to which ozone precursors will
be controlled by recovery of organic
materials that would otherwise be
emitted to the atmosphere, with resul-
tant energy savings. Purthermore, an
additional energy conservation should
result in those areas that utilize trans-
portation control measures to reduce
precursor emissions by reducing the
total number of vehicle-miles trav-
elled. Because of such energy savings,
EPA believes that ozone precursor
control measures may well lessen the
nation’s energy requirements.

Finally, environmental impacts asso-
clated with control of oxidant precur-
sors have been examined in a docu-
ment available in docket number
OAQPS 78-8. This study _indicates
that modifying the current standard
should have minimal environmental
impacts.

Copies of these analyses of the eco-
nomic, energy, and environmental im-
pacts involved in the revised ozone
standard are available from Joseph
Padgett at the address given earlier.

REVISIORS TO PART 50 REGULATIONS

In addition to the revised standard,
this action necessitates two other revi-
slons to 40 CFR Part 50 as follows:

1. In Appendix D, as well as in the
table of sections for Part 50, the title
is revised to read as follows: “Appen-
dix D—Measurement Principle and
Calibration Procedure for the Mea-
surement of Ozone in the Atmos-
phere.” The substitution of *ozone”
for ““photochemical oxidants corrected
for Interferences due to nitrogen
oxides and sulfur dioxide” is a result
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of the change in the chemical specxes
designation of the standard.
2. Appendix H,

Standards for Ozone,” is added because
additional guidance is necessary to un-
derstand the statistical nature of the
revised standard.

REVISIONS TO PART 51 REGULATIONS

Elsewhere in this issue of the FEDER-
AL REGISTER, three revisions to 40 CFR
Part 51 are promulgated concurrently
with the revision to the photochemical
oxidant standard. They are as follows:

1. The term “photochemical oxi-
dants” is changed to “ozone” through-
out Part 51. . .

2. Section 51.14, “Control strategy:
Carbon monoxide, hydrocarbons, pho-
tochemical oxidants, and nitrogen
dioxide,” is revised to (a) allow the
- states to use any of four analytical
techniques in the place of Appendix J
to calculate the percent hydrocarbon
reduction needed to attain the ozone
standard, and (b) require that the
states consider background ozone con-
centrations and ozone transport.

3. Appendix J is deleted from Part
51.

I;;EDERAL RMCE METHOD

The measurement principle and cali-
bration procedure applicable to refer-
ence methods for measuring ambient
ozone concentrations to determine
» compliance with the standard are not
Else-

REGISTER, however, EPA is replacing
(superseding) the current calibration
' procedure with a new, superior cali-
bration procedure based on ultraviolet

photometry. The measurement princi-

ple and the current calibration proce-
dure are set forth in Appendix D of 40
CFR Part 50 (as amended in the Feb-
" ruary 18, 1975, issue of the FepeEraL
REGISTER, 40 FR 7042). Reference
methods—as well as equivalent meth-
ods—for monitoring ozone are desig-
nated in accordance with 40 CFR Part
.53 (40 FR 7044). A list of all methods

designated' by EPA as reference or

equivalent methods for measuring
ozone is available from any EPA re-
gional’ office, or from EPA, Depart-
ment E (MD-76), Research . Tna.ngle
Park, NC 27711.

Dated: January 26, 1979.

DovucrLas M. COSTLE,
Administrator.
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EPA amends Part 50 of Chapter I,
Title 40, of the Code of Federal Regu-
lations as follows:

1. Section 50.9 is revised to read as
follows:

§50.9 National primary and secondary
ambient air quality stondardy for
ozone.

(a) The level of the national primary
and secondary ambient air quality
standards for ozone measured by & ref-
erence method based on Appendlx D

to this part and designated in accord- -

ance with Part 53 of this chapter, i
0.12 part per million (235 pg/m?. The
standard is attained when the expect-
ed number of days per calendar year
with maximum hourly average concen-
trations above 0.12 part per million
(235 pg/m3) is equal to or less than 1,
as determined by Appendix H.

2. In Appendix D, as well as in the
table of sections for Part 60, the title
is revised to read as follows:

APPENDIX D—MEASUREMENT PRINCIPLE
AND CALIBRATION PROCEDURE FOR THE
MEASUREMENT OF OZONE IN THE AT-
MOSPHERE

3. Appendix H is added as follows:

APPENDIX H-—INTERPRETATION OF THE NaA«
TIONAL AMBIENT AIR QUALITY STANDARDS
FOR OZONE

1. General

This appendix explains how to determlnu
when the expected number of days per cal-
endar year with maximum hourly average
concentrations above 0.12 ppm (235 pg/m?
is equal to or less than 1. An expanded dis-
cussion of these procedures and assoclated
examples are contained in the “Guidellne
for Interpretation of Ozone Air Quality
Standards.” For purposes of clarity in the
following discussion, it is convenient to use

‘the term “‘exceedance” to describe a daily

maximum hourly average ozone measure«
ment that is greater than the level of the
standard. Therefore, the phrase “expected
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.number of days with maximum hourly aver-

age ozone concentrations above the level of
the standard” may be simply stated as the
“expected number of exceedances.”

The basic principle in making this deter-
mination is relatively straightforward. Most -
of the complications that arise in determin-
ing the expected number of annual exceed-
ances-relate to accounting for incomplete
sampling. In general, the average number of
exceedances per calendar year must be less
than or equal {o 1. In its simplest form, the
number of exceedances at a monitoring site
would be recorded for each calendar year
and then averaged over the past 3 calendar
years to determine if this ayerage is less
than or equal to 1.

2. Interpretation of Expected Exceedances

‘The ozone-standard states that the ex-
pected number of exceedances per year
must be less than or equal o 1. The statisti-
cal term “expected number” is basically an
arithmetic average. The following example
explains what it would mean for an area to
be in compliance with this type of standard.
Suppose a monitoring station records a valid
daily maximum hourly average ozone value
for every day of the year during the past 3
years. At the end of each year, the number
of days with. maximum hourly concentra-

_ tions above 0.12 ppm is determined and this

number is averaged with the results of pre-
vious years. As long as this average remains
“less than or equa.l to 1,” the area is in com-
pliance.

3. Estimating the Number of Exceedances
Jor-a Year

In general, a valid daily maximum hourly
average value may not be available for each
day of the year, and it will be necessary to

=account for these missing values when esti-

mating the mumber- of exceedances for a

- particular calendar year. The purpose of
-these computations is to determine if the

expected number of exceedances per year is
less than or equal to 1. Thus, if & site has
two or more observed exceedances each
year, the standard is not met and it is not

~ necessary to use the procedures of this sec-

tion to account for incomplete sampling.

The term “‘missing value” is used here in
the general sense {o describe all days that
do not have an associated ozone measure-
ment. In some cases, a measurement might
actually-have been missed but in other cases
no measurement may have been scheduled
for that day. A daily maximum ozone value
is defined to be the highest hourly ozone
value recorded for the day. This daily maxi-
mum value is considered to be valid if 75
percent of the hours from 9:01 a.m. to 9:00
p.m. (IST) were measured or if the highest
‘hour is greater than the level of the stand-
ard.

In some areas, the seasonal pattern of
ozone is so pronounced that entire months
need not be sampled because it is extremely
unlikely that the standard would be exceed-
ed. Any such waiver of the ozone monitor-
ing requirement would be handled under
provisions of 40 CFR Part 58. Some allow-
ance should also be made for days for which
valid daily maximum hourly values were not
obtained but which would quite likely have
been below the standard. Such an allowance
introduces a complication in that it becomes

necessary to define under what conditions a .

missing,value may be assumed to have been
less than the level of the standard. The fol-
lowing criterion may be used for ozone:

” ~ T
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A missing dally maximum ozone value
may be assumed to be less than the Jevel of
the standard if the valid daily maxima o
both the preceding day and the following
day do not exceed 75 percent of the level of
the standard.

Let z denote the number of missing dafly
maximum values that may be assumed to be
less than the standard. Then the following
formula shall be used to estimate the ex-
pected number of exceedances for the year:

=v+[(v/n)*(N-n-2)] (1)
(*Indicates multiplication.)
Where:
e=the estimated number of exceedances
for the year,
N=the number of required monitoring
days in the year,

n=the number of valid daily maxima,

v=the number of daily values above the
level'of the standard, and

z=the number of days assumed to be less
than the standa-d level.

*Indicates multiplication.

~This estimated number of exceedances
shall be rounded to one decimal place ({rac-
tional parts equal to 0.05 round up).

It should be noted that N will be the total
number of days in the year unless the ap-
propriate Regional Administrator has grant-
ed a waiver under-the provisions of 40 CFR
Part 58.

The above equation may be interpreted in-
tuitively in the following manner. The esti-
mated number of exceedances Is equal to
the observed number of exceedances (v)
plus an increment that accounts for incom-
plete sampling, There were (N-n) missing
values for the year but a certain number of
these, namely 2, were assumed to be less
than the standard, Therefore, (N-n-z) miss-
ing values are considered to Include possible
exceedances. The {fraction of measured
values that are above the level of the stand-
ard iIs v/n., It Is assumed that this same {rac-
tion applies to the (N-n-z) missing values
and that (v/n)*(N-n-z) of these values would

- also have exceeded the level of the stand-

ard,

AvTHORITY: Sections 109 and 301 of the
Clean Air Act, as amended (42 U.S.C. 7409,
7601),

[FR Doc. 79-4056 Filed 2-7-79; 8:45 am]

[6560-01-M]
- [FRL 1018-3) ’

PART 50—NATIONAL PRIMARY AND
SECONDARY AMBIENT AIR QUAL-
ITY STANDARDS

Calibration of Ozone Reference
Methods

AGENCY: U.S. Environmental Protec-
tion Agency.

ACTION: Final rule.

SUMMARY: Appendix D to 40 CFR
Part 50 prescribes a measurement
principle upon which reference meth-
ods for the measurement of ozone® in

*The term *ozone” Is used herein to be
consistent with another EPA action in this
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the atmosphere must be based. This
appendix also specifies a procedure to
be used for calibrating those ozone ref-
erence methods. EPA has evidence
that another calibration procedure for
ozone reference methods is significant-
ly more accurate and less variable
than the procedure currently specified
in Appendix D. Accordingly, EPA is
amending 40 CFR Part 50, Appendix
D, to replace (supersede) the current
callbration procedure with a superior
calibration procedure based on ultra-
violet photometry.

EFFECTIVE DATE: This action is ef-
fective immediately upon publication
because the revised standard to which
it applies is immediately effective.

FOR FURTHER INFORMATION
CONTACT:

Mr. Larry J. Purdue, Telephone 919-
541-2665 (FTS: 629-2665).

ADDRESS: Department E (MD-77),
Environmental Monitoring and Sup-
port Laboratory, U.S. Environmental
Protection Agency, Research Triangle
Park, NC 27711.

SUPPLEMENTARY INFORMATION :
BACEGROUND

Part 50 of Title 40, Chapter I of the
Code of Federal Regulations specifies
the National Ambijent Air Quality
Standards for several air pollutants in-
cluding ozone. Appendixes to Part 50
provide information concerning the
reférence methods which are used fo
measure those pollutants. In particu-
lar, Appendix D to Part 50 describes a
measurement principle upon which

ozone reference methods must be,” .

based, and specifies a calibration pro-
cedure to be used for calibrating such
methods. Previously, the calibration
procedure specified by Appendix D
was based on assay of ozone with 1%
neutral buffered potassium iodide
(NBKI) and was known as the “NBKI
procedure.”

On June 22, 1978, EPA indicated its .
conclusion that another calibration
procedure was clearly superior to the
NBEKI procedure, and accordingly EPA
proposed an amendment to Appendix
D to replace the NBKI procedure with
the new procedure, based on ulfravio-
let (UV) photometry (43 FR 26971-
26984). The rationale for the proposed
amendment was discussed in .the pre-
amble to that proposal. Interested per-
sons and organizations were afforded
en opportunity to comment on all as-
pects of the proposed changes. The
amendment, revised slightly after con-
sideration of the public comments, is
being promulgated today in conjunc-

{ssue of the PEpzrAL REGISTER substituting
“ozone"” for “photochemical oxidants cor-
rected for Interferences due to nitrogen
oxides and sulfur dioxide,” which was for-
merly used in Part 50.
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tion with changes in the ambient air .

quality standards for photochemical
oxidants (ozone) appearing elsewhere
in this issue of the FEDERAL REGISTER.

‘NATURE OF CHANGES

'fhe amendment makes three salient’

changes to the previous requirements
for calibration of ozone reference
methods. These are as follows:

(1) The NBKI calibration procedure
is superseded by a procedure based on
UV photometry for the calibration of
reference methods for ozone. Since no

National Bureau of Standards (NBS),

Standard Reference Material is availa-

‘ ble for ozone, ozone standard concen- -

trations established via the UV proce-
dure are tantamount to primiary ozone
standards, and the UV procedure itself
is thus referred to as a “UV standard”
for ozone. ]

(2) Independent use of a manual XI
procedure known as the “BAKI proce-
dure” in lieu of the UV procedure is al-
lowed for 18 months after th® effec-
tive date of the amendment, with the
recommendation that the BAKI tech-
nique be related to a TV standard
whenever possible.

(3) The use of alternative procedures
as transfer standards is specifically al-
lowed if they meet certain transfer
standard performance guidelines set

", forth by EPA. A transfer standard is

any device or procedure which can be
referenced to a UV ozone standard and
then used at another location to repro-
duce ozone standards. A practical -
transfer standard offers some impor-
tant advantages—such as lower cost,
ruggedness, easier operation, or con-
venience—over dxrect; use of the UV
- procedure.

NeW UV CALIBRATION Pnoézmm

The new UV calibration procedure is
quite simple. After generating a stable,
ozone concentration with an ozone
generator, the operator assays it by
passing all or a portion of the gas flow
through the cell of a UV photometer.
The photometer readings are then
used in a formula o calculate the
ozone concentra.tlon, which as noted
earlier, is effectively a primary ozone

 standard. Most commercially available
photometers do the photometric cal-
culations automatically, and some may

also make temperature and pressure,

corrections automatically. The prima-
ry burden on the operator is to insure
(1) that the photometer is operating
correctly, (2) that the apparatus is set
up properly and is clean and leak-free,
and (3) that the calculations are com-
plete and accurate. While_none of .
these is particularly dxfncult EPA has -
prepared a Technical Assistance Docu-
ment which explains these tasks and
provides other  detailed information
about the procedure. This document,
which is still in draft form to allow

‘ppm_or 3%
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further mcorporatmn of user’s com-
ments, is available from the address
specified at the beginning of this pre-
amble.

The photometer is obviously of criti-
cal-importance to the procedure and
must have a precision "within 0.005
of the concentration,
whichever is greater. While a calibra-
tion photometer can be assembled
from laboratory components, EPA rec-
ommends the purchase of a commeri-
cal- photometer which is either de-
signed specifically for this calibration
procedure, or which can be readily

adapted to it. EPA is presently aware-

of 2 such commercial photometers
(available from Dasibi Environmental
Corp., Glendale, California,- and Sci-
ence Applications, Inc,, La Jolla, Cali-
fornia) and expects others will become
available in the future.

UV photometers of the type used in
ambient ozone analyzers are likely to
be suitable as calibration photometers.
Conversion of an ambient UV analyzer
to a calibration photometer is covered
in the Technical Assistance Document
mentioned above. However, it is impor-
tant to differentiate between the use
of a UV photometer as an ambient
’ analyzer and its use as a calibration
photometer. This distinction is predi-
cated more on operational differences
than on any specific physical differ-
ences. The new calibration procedure
requires that a photometer used for
calibration must be dedicated exclu-
T sively to such use, must be maintained
“under meticulous conditions, and must
be used.only with clean, calibration
gases. UV analyzers used for ambient
nionitoring should always be calibrat-
ed with an independent calibration
photometer or a certified transfer
standard. A UV analyzer should not be
considered to be “self-calibrated” even
though it contains a UV photometer
which meets ‘the specifications of the
UV calibration procedure.

New BAKI CALIBRATION PROCEDURE ’

The New BAKT calibration proce-
dure is very similar to the previously

specified NBKI procedure. Relatively

minor modifications provide somewhat

“less variability’ than the NBKI proce-

dure. Agencies which are familiar with
the NBKI procedure should have no
difficulty switching to the BAKI pro-
cedure. Independent use of the BAKI
prodecure is allowed only for direct
calibration of ozone analyzers (not
transfer standards) on a temporary
basis during the 18-month transition
period to permit agencies to adopt the
new, UV calibration procedure. Never-
theless, the BAKI procedure has more
variability thah the UV -procedure.
Therefore, EPA would urge agencies
to adopt the UV procedure-as soon as
practical. And, when possible, the
BAKI procedure should be related to

the UV procedure to improve the over-
all accuracy.

Following the 18-month périod, the
BAKI procedure will not be author-
ized for independent use, but can be
used as a transfer standard. As such, it

must be related to the UV procedure,

and its variability and accuracy must
be monitored and controlled. Thus,
agencies which find the BAXI proce-
dure advantageous could continue to
use this procedure as a transfer stand-
ard.

TRANSFER STANDARDS «,

EPA is specifically allowing transfer
standards for calibrating ozone analyz-
ers, and has noted a numbet of advan-
tages which can beé realized by their
use. Transfer standards for ozone can
include procedural techniques such ag
BAXKI and gas phase titration, as well
as devices such as ozoné analyzers and
stable ozone generators. EPA recom-
mends that agencies consider the use
of transfer standards where advanta-
geous. But transfer standards must
meet certain performance specifica.
tions, and their performance must be
monitored. EPA has prepared a Tech-
nical Assistance Document on “Trans-
fer Standards for Calibration of Ambi-
ent Air Monitoring Analyzers for
Ozone,” which gives the required per-
formance specifications and general
guidance on the certification and use
of any type of transfer standard for
ozone. This document is also still in
draft form to allow incorporation of
further user’s comments, and a copy
of it may be obtained from the address
given at the beginning of this préeam-

le.

SunaArRY OF COMMENTS RECEIVED AND
CHANGES MADE TO FINAL AMENDMENT

Comments relative to theé proposed
amendment (43 FR 26971) were re-
ceived from 26 respondents represent-
ing EPA Regional Offices, State and
local air pollution control agencies, In-
dustrial corporations, and other orga-
nizations. Almost all of the respond-
ents expressed general support for the
proposed change to the UV photomet-
ric calibration procedure. Other com-
ments ranged from issues of basic
policy to technical aspects of the pro-«
posed amendment. After consideration
of all fhe comments, several minor re-
visions and improvements were made
to the proposed amendment, although
the basic principles and objectives
have not been altered. Specific
changes to the proposed amendment
are discussed briefly below.

A document containing a summary
of all the comments received, the iden-

tity of the respondents, the resulting
changes made to the amendment, and

the rationale for adoption or rejection
of each comment is available from the
address given at the beginning of this
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preamble. This document will also be
added to Docket No. OAQPS 78-8,
which is available for public inspection
during normal business hours at the

USEPA, Central Docket Section, Room -

2903, 401 M ‘Street, SW., Washington,
D.C. 20460. .
Several respondents pointed to the
relatively high cost of implementing
- the change in calibration procedures
and suggested that EPA should either
provide the necessary funds to those
agencies with nonattainment and un-
classified -areas, or make available, in
each EPA Region, a reference photom-
eter that could be used to certify ap-
propriate transfer standards. Other
comments suggested a similar need for
such reference photometers until such
time that commercial photometers
become more generally available. EPA
agrees with these general comments
and intends to pursue them, but this
requires no actual change to the
amendment as proposed.
Many of the comments indicated a

concern for a lack of reliability in-

present commercial UV systems. Some
of these same respondents recom-
mendéd revisions in the UV calibra-
tion procedure to incorporate proce-
dures for checking or calibrating the
photometer’s wavelength, path length,

* and optical density (or .absorbancy).
However, EPA believes” that the reli-
ability .of most commercial photo-
meters will be adequate. The photom-
eter specifications require a non-dis-
persive optical system which is not
likely to experience changes in the wa-
velength, Path length is normally
fixed and should be adequately speci-
fied by the photometer manufacturer.

* Optical- density checks with neutral
density filters (for example) are not
practical because of the extremely

- . small optical density range over which
the photometer normally operates.
The only practical way to check the
response of the photometer is with an
absorbing gas such as ozone. The lin-

earity test described in Section 5.2.3_

serves this purpose.

There was some concern for whether
the absorption coefficient of ozone at
254 nm (given in' the procedure as
30844 atm~? em~! at 0°C and 760 torr)
‘might be different at different tem-
peratures. Other comments indicated
that the corrections for temperature
and pressure in the UV photometric
assay procedure were not always clear.
The absorption coefficient of ozone is,
in fact, quite insensitive to tempera-
ture between 0 and 40°C—aside from
the normal effect of gas density
change with temperature. For photo-
meters used at. temperatures and pres-
sures other than 0° and 760 torr, cor-
rections ‘are required according to the
perfect gas laws. Efforts are being
made to further clarify these correc-

- tion procedures in the ozone calibra-
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tion Technical Assistance Document
mentioned earlier.

A serles of comments from one re-
spondent recommended revisions to
the proposed procedure to more clear-
1y allow the use of other UV photom-
eter designs and other configurations
of components within the UV calibra-
tion system. 1t was further pointed out
that, with certain configurations, some
of the components shown In the sug-
gested configuration might not be nec-
essary, and some of the procedural
steps in the proposed procedure might
not be necessary or even possible. This
respondent questioned whether UV
photometer linearity tests by the user
are necessary if the manufacturer of
the photometer has done the tests.
Modification of the commerclal pho-
tometer might be necessary to carry
out the tests and any resultant leaks
in the system or improper dilution
techniques might confuse the resulits.

In response to these comments, EPA
has revised Sectlons 3, 3.2, and 5.3
somewhat to more explicitly allow al-
ternate systems or system configura-
tions and to provide for appropriate
variations in the procedural steps to
accommodate such systems. Also, Sec-
tion 5.23 on linearity has been

-~changed to allow acceptance of the

manufacturer’s linearity test in lleu of
the user-conducted test if the manu-
facturer can show that the lnearity
error is less than 3%. When the user
carries out the test, the error specifi-
cation remains at 5% to allow for some
variation in the necessary flow meas-
urements.

There were several comments re-
garding the BAKI calibration proce-
dure and its use for an interim period
of 18 months. One respondent ques-
tioned the wisdom of changing from a
known procedure (NBEI) to an un-
known procedure (BAKI) and then
changing again to UV photometry
within 18 months. The respondent rec-
ommended that EPA allow the contin-
ued use of the NBKI procedure on an
interim basis until the change to OV
photometry can be implemented. An-
other respondent questioned the ne-
cessity of allowing the conslderably
more variable (than UV photometry)
BAKI procedure for the interim
period, and recommended that com-
ments from State and local agencles
directly affected should guide EPA in
this area. -

EPA agrees that the BAKI proce-
dure is more variable than the UV pro-
cedure but believes that some transi-
tion period is necessary before the UV
procedure is required exclusively.
There were few comments to the con-
trary. EPA considered allowing contin-
ued use of the NBKI procedure during
the transition period, but the BAKI
procedure s really only a slightly
modified version of the NBKI proce-
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dure and is thus very similar. Since
the change from NBKI to BAKI is so
easily made, and the performance of
the BAKI procedure is significantly
better than the NBKI procedure, EPA
{eels the interim change to BAKI is
adequately justified.

A few relatively minor changes were
made to the BAKI procedure in Sec-
tions 1, 3.8, 4.4.4, and 4.4.5 where re-
spondents suggested a need for clarifi-
cation or where various improvements
to the method could be realized. For
example, the units given as “eq” in
equation 5a of the’ BAKI were
changed to “equivalents” in order that
they not be confused with equivalent
welght. Also, the concentration of the
hydrogen peroxide added in Section
3.8 has been increased slightly and the
specification for the resulting absor-
bance increase has been reduced from
0.010 to 0.008. Furthermore the cali-
bration slope specification in Section
445 has been changed from
25,800+:600 to 26,000780.

‘While several respondents endorsed
the use of transfer standards in gener-
al, one respondent questioned the ad-
visability of allowing the use of trans-
fer standards based on methods known
to be highly variable even under ideal
conditions. EPA still belleves that the
variabllity of such transfer standards
will be adequately controlled by the
qualification and certification require-
ments on transfer standards described
in the transfer standard Technical As-
sistance Document mentioned previ-
ously. Hence, EPA has made no major
changes to the transfer standard con-
cept as originally proposed.

In regard to EPA’s statement that
no factor is available to “correct” pre-
viously collected ozone measurements
to make them comparable to the new
UV standard, one respondent thought
that EPA should allow individual
states or Regions to make corrections
to their previously obtained ozone air.
quality data if they have consistent
comparative data for the NBKI and
UV photometric calibration tech-
niques. EPA has re-evaluated this posi-
tion, but as noted below, still discour-
ages such attempted corrections.

EFFECT ON NATIONAL AMBIENT AIR
QUALITY STANDARD FOR OZONE

Because of the substantial variabil-
ity of the NBKI procedure and the un-
predictable bias resuits reported by
various investigators, the exact magni-
tude of any universal bias which may
exist between the NBKI and UV pro-
cedures cannot be determined. Howev-
er, avallable data suggest that any
such blas probably does not exceed
10% on the average. For this reason,
EPA believes that supersession of the
NBEKI calibration procedure with the
TV procedure should have no effect
on the magnitude of the National Am-
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bient Air Quality Standard for Ozone
(being revised elsewhere in this issue
of the FEpERAL REGISTER). And for the
same reason, EPA discourages any at-
tempt to “correct” or “adjust” previ-
ously obtained oxidant or ozone meas-
urements to make them “comparable”
to measurements baséd on the new UV
calibration procedure—even when indi-
vidual agencies or laboratories try to
determine a more precise, 1aboratory-
specific bxas value,

EFFECT ON CURRENTLY DESIGNATED
REFERENCE AND EQUIVALENT METHODS

* As noted in the June 22 proposal, a
change in the calibration procedure
specified in Appendix D of 40 CFR
Part 50 does not affect the design or

performance characteristics of exist--

ing reference methods for ozone. The
only effect of the change is on the
calibration procedure described.in the
operation manuals associdted with the
analyzers. EPA will allow a 6-thonth
period of time after final promulga-
tion for manufacturers to revise their
manuals, have the revised manuals ap-
proved by EPA, and distribute revised
manuals (or manual supplements) to
all analyzer owners.

The two equivalent methods for
ozone designated to date prescribe the
NBKI calibration procedure. Because
the UV calibration procedure and the
transfer standard concept are as bene-
ficial to equivalent methods as they
are for reference methods, EPA will

also request that the manufacturers of .

the two equivalent methods revise
their respective manuals to specify the

UV procedure or  certified transfer .

standards for calibration. EPA believes
that, under the circumstances, such a
modification to equivalent methods
for ozone is desirable and appropriate
and should not jeopardize their desig-
nated status. Conversely, failure to
make such a change may be consid-
ered by EPA as possible grounds for
cancellation of the equivalent method
desighation under 40 CFR 53.11. If all
manufacturers respond promptly to
this request for appropriate manual
changes, . there will be .no impact
(other than the change in calibration
procedure ftself) to owners of de51g-
nated ozone analyzers.

REVISION ADOPTED

Accordingly, with the final changes

as described above, Appendix D of 40

* CFR Part 50 is rev1sed as set forth
below,

Dated: January 26, 1979.

*DovcLas M. CosTLE,
Adminisirator.

»
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Part 50 of Title 40, Code of Federal
Regulations is amended as follows:
1. Appendix D is revised to read as
follows: -
APPENDIX D-MEASUREMENT PRINCIPLE AND
CALIBRATION PROCEDURE FOR THE MEASURE-
MENT OF OZONE IN THE ATMOSPHERE

AUTHORITY: .
Section 109, 301 of the Clean Air Act
as amended (42 USC 57409, 7601).

—  MEASUREMENT PRINCIPLE

1. Ambient air and ethylene are delivered
simultaneously to a mixing zone where the
ozone in the air reacts with the ethylene to
emit light, which is detected by a photomul-
tiplier tube. The resulting photocurrent is
amplified and is either read directly or dis-
played on a recorder.

2. An analyzer based on this principle will
be considered a reference method only if it
has been designated as a reference method
in accordance with Part 53 of this chapter
and calibrated as follows:

< CALIBRATION PROCEDURE

1. Principle. The calibration procedure is
based on the photometric assay of ozone
(Os) concentrations in a dynamic flow
system. The cornicentration of O, in an ab-
sorption cell is determined from a measure-
ment of the amount of 254 nm light ab-

. sorbed by the sample. This -determination

requires knowledge of (1) the absorption co-
efficient (a) of O, at 254.nm, (2) the optical
path length (D) ‘$hrough the sample, (3) the
transmittance of the sample.at a wave-
length of 254 nm, and (4) the temperature
(T) and pressure (P) of the sample. The
transmittance is defined as the ratio I/I,,
where I is the intensity of light which
passes through the cell and is sensed by the
detector when the cell contains an O,
sample, and I, is the intensity of light which
passes through the cell and'is sensed by the
detector when the cell contains zero air. It is
assumed that all conditions of the system,
except for the contents of the absorption
cell, are identical during measurement of I
and L. The quantities defined above are re-
lated by the Beer-Lambert absorption law,
Transmittance. = % = goct ¢}
-0
where:
a=absorption ~ coefficient of O, at 254
nm=308+4 atm™! cm™? at 0°C and 760
torr (L2345 6

¢=0s concentration in atmospheres
. l=optical path length i inem

In practice, a stable 0, generator is used
to produce O, concentrations over the re:
quired range. Bach O, concentration is de-
termined from the measurement- of the

. transmittance (I/L) of the sample at 254 nm

with a photometer of path length ! and cal-

culated from the equation,

clatn) = - =% (In /1)) (22)

or, . v
s - !

, c(ppn) = 10 (In I/I ) . (2b)

The calculated O, concentrations must be
“corrected for O, losses which may occur in

;.,:

-

the photometer and for the temperature
and pressure of the sample.

2.’ Applicability. This procedure is applica«
ble to the calibration of ambient alr O, ana-
Iyzers, either directly or by means of a
transfer standard certififed by this proce-

. dure. Transfer standards must meet the re- .
quirements and specifications set forth ln\

Reference 8.

3. Apparatus. A complete UV calibration
system consists of an ozone generator, att
output port or manifold, a photometer, an
appropriate source of zero alr, ‘and other
components as necessary. The configuration
must provide a stable ozone concentration
at the system output and allow the photom-
eter to accurately assay the output concen-
tration to the precision specified for the
photometer (3.1). Figure 1 shows & comnion-
ly used configuration and serves to illus.
trate the calibration procedure which fol.
lows. Other configurations may require ap-
propriate variations in the procedural steps.
All connections between componerts in the
calibration system downstream of the O,
generator should be of glass, Teflon, or
other relatively inert materlals. Additional
information regarding the assembly of a UV
photometric calibration apparatus is given
in Reference 9, ¥or certification of transfer
standards which provide thelr own source of
0O,, the transfer standard may replace the
O, generator and possibly other components
shown in Figure 1; see Reference 8 for guid.
ance.,

3.1 UV photometer. The photometer con-
sists of a low-pressurc mercury discharge
lamp, (optional) collimation optics, an ab-
sorption cell, a detector, and signal-process«
ing electronics, as illustrated in Figure 1. It
must be capable of measuring the transmit«
tance, 171, at o wavelength of 254 nm with*
sufficlent precision such that the standard’

. deviation of the concentration mensure.

ments does not: exceed the greater of 0.005
ppm or 3% of the concentration. Because
the low-pressure mercury lamp radiates at
several wavelengths, the photometer must
incorporate suitable means to assure that
no O, is generated in the cell by the 1amp,
and that at least 99.5% of the radiation
sensed by the detector is 254 nm radiation.
(This can be readily achieved by prudent se«
lection of optical filter and detector re«
sponse characteristics.) The length of ‘the
light path through the absorption cell must
be known with an accuracy of at ‘least
99.5%. In addition, the cell and assoclated
plumbing must be deslgned to minimize losy
of O, from contact with cell walls and gas
handling components. Sce Reference 9 for
additional information.

3.2 Air flow controllers. Devices capable
of regulating air flows.as necessary to meet
the output stability and photometer preci-
sion requirements.

3.3 Ozone generator. Device capable of
generating stable levels of O, over tho re-
quired concentration range.

3.4 Output manifold. The output manl.
fold should be constructed of glass, Teflon, *
or other relatively inert material, and
should be of sufficlent dlameter to Insure n
negligible pressure drop at the photometer
connection and other output ports. The
system must have a vent designed to insure
atmospheric pressure in the manifold and to
prlelent ambient air from entering the man{.
fo

»

* .
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3.5 Two-way valve. Manual or automatic
valve, or other means to switch the photom-
eter flow between zero air and the O, con-
centration.

3.6 Temperature indicator. Accurate to
+1°C.

3.7 Barometer or-pressure indicator. Ac-
curate to +2 torr. ;

4. Reagents.

4.1 Zero air. The zero air must be free of
contaminants which would cause a detect-
able response from the O; analyzer, and it
should be free of NO, C.H,, and other species
which react with Os. A procedure for gener-
ating suitable zero air is given in Reference 9.
As shown in Figure 1, the zero air supplied to
the photometer cell for the I, reference

" measurement must be derived from the
same source as the zero air used for genera-
tion of the ozone concentration to be as-
sayed (I measurement). When using the
photometer. to certify a transfer standard
having- its own source of ozone, see Refer-
ence 8 for guidance on meeting this require-

ment.

5. Procedure.

5.1 General operation. The calibration
photometer must be dedicated exclusively
to use as a calibration standard. It should
always be used with clean, filtered calibra-
tion gases, -and never used for ambient air
sampling. Consideration should be given to
Iocating the calibration photometer in a
clean laboratory where it can be stationary,
protected from physical shock, operated by
a responsible analyst, and used as a common
standard for all field calibrations via trans-
fer standards.

5.2 Preparation. Proper operation of the
photometer is of critical importance to the
accuracy of this procedure. The following
steps will help to verify proper operation.
The steps are not necessarily required prior
to each use of the photometer. Upon initial
operation of the photometer, these steps
- should be carried out frequently, with all

quantitative results or indications recorded
in a chronological record either in tabular
form or plotted on a graphical chart. As the
performance and stability record of the
photometer is established, the frequency of
these steps may be reduced consistent with
- the documented stability of the photometer.
.5.2.1 Instruction manual: Carry out all
set-up and adjustment procedures or checks
as described in the operation or instruction
manual associated with the photometer.

5.2.2 System check: Check the photom-
eter system for integrity, leaks, cleanliness,-
proper flowrates, etc, Service or replace fil-
ters and zero air scrubbers or other consum-
able materials, as necessary.

5.2.3 Lmea.nty' Verify that the photom-
eter manufacturer has adequately estab-
lished that the linearity error of the pho-
tometer is less than 3%, or test the linearity
by dilution as follows: Generate and assay
an O, concentration near the upper range
limit of the system (0.5 or 1.0 ppm), then ac-s
curately dilute that concentration with zero
air and reassay it. Repeat at several differ-
ent dilution ‘ratios. Compare the assay of
the original concentration with the assay of

- the diluted concentration divided by the @i~ -

lution ratio, as follows

‘A'l - AZ/R ‘

E=—5 x 1003 (3)

1
‘Where: .
E=linearity error, percent
A,=2assay of the original concentration
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A,=assay of the diluted concentration
R=dilution ratlo={low of original concen-
tration divided by the total flow -

The lnearity error must be less than 5.
Since the accuracy of the measured flow-
rates will affect the linearity error as meas-
ured this way, the test is not necessarily
conclusive, Additional information on veri-
{ying linearity is contained in Reference 9.

5.24 Intercomparison: When possible,
the photometer should be occaslonally in-
tercompared, either directly or via transfer
standards, with calibration photometers
used by other agencles or laboratories.

5.2.5 Ozone losses: Some portion of the
O, may be lost upon contact with the pho-
tometer cell walls and gas handling compo-
nents, The magnitude of this loss must be
determined and used to correct the calculat-

-ed Os; concentration. This loss must not
exceed 5%. Some guldelines for quantita.
tively determining this loss are discussed in
Reference 9.

§.3 Assay of O, concentrations.

5.3.1 Allow the photometer system to
warm up and stabflizer,

5.3.2 Verily that the flowrate through
the photometer absorption cell, F allows the
cell to be fiushed In a reasonably short
period of time (2 liter/min Is a typical flow).
The precision of the measurements s In-
versely related to the time required for
flushing, since the photometer drift error
increases with time.

5.3.3 Insure that the flowrate into the

(0317 = (L iy Gy &<l

where:

[O;)orr=0; concentration, ppm

a=gbsorption coefficient of O, at 254
nm=308 atm>? cm"* at 0°C and 760 _torr

« l=optical path length, cm

T=sample tempemture. K

P=sample pressure, torr

L=correction factor for O; losses from
5.2.5=(1-fraction O; lost).

Nore—Some commercial photometers
may automatically evaluate all or part of
equation 4, It is the operator’s responsibility
to verify that all of the information re-

-quired for equation 4 is obtalned, either

automatically by the photometer or man-
ually. For “automatic” photometers which
evaluate the first term of equation 4 based
on a linear approximation, a manual corree-
tion may be required, particularly at higher
O, levels. See the photometer instruction
manual and Reference 9 for guidance,

5.3.11 Obtain additional O, concentration
standards as necessary by repeating steps
5.3.6 to 5.3.10 or by Option 1.

5.4 Certification of transfer standar&. A
transfer standard is certified by relating the
output of the transfer standard to one or
more ozone standards as determined accord-

f0.]
recorder response (% scale) = (-—%Rggl-x 100) +Z

whe‘:re:
Ug_l.;sxgpcr range limit of the O, analyz-
Z=r'ecorder response with zero alr, % scale
. Record the O, concentration and the cor-
responding response, If substantial

analyzer
adjustment of the span control is necessary,
recheck the zero and span adjustments by

.
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output manifold is at least 1 liter/min great-
er than the total flowrate required by the
photometer and any other flow demand
connccted to the manifold.

5.3.4 Insure that the flowrate of zero air,
F,, Is at least 1 liter/min greater than the

" flowrate required by the photometer.

5.3.5 With zero air flowing in the output
manifold, actuate the t{wo-way valve to
allow the photometer to sample first the
manifold zero air, then F,. The two photom-
eter readings must be equal (I=L,).

Nore.—In some commercially available
photometers, the operation of the two-way
valve and various other operations in sec-_
tion 5.3 may be carried out automaticaily by
the photometer.

5.3.6 Adjust the O, generator to produce
an O, concentration as needed.

6.3.7 Actuate the two-way valve to allow
the photometer to sample Zero air until the
absorption cell is thoroughly flushed and
record the stable measured value of I..

5.3.8 Actuate the two-way valve to zllow
the photometer to sample the ozone concen-
tration until the absorption cell is thor-
oughly flushed and record the stable meas-
ured value of L.

5.3.9 Record the temperature and pres-
sure of the sample in the photometer zb-
sorptlon cell. (See Reference 9 for guid-
ance.)

5.3.10 Calculate the O; concentration
from equation 4. An average of several de-
terminations will provide better precision.

(4)

ing to section 5.3. The exact procedure
varies depending on the nature and design
of the transfer standard. Consult Reference
8 for guidance.

5.5 Calibration of ozone analyzers. Ozone
analyzers are calibrated as follows, using
ozone standards obtained directly according
to section 5.3 or by means of a certified
transfer standard.

5.5.1 Allow sufficient time for the-O, ana-
lyzer and the photometer or transfer stand-
ard to warmup and stabflize.

55.2 Allow the O, analyzer to sample
zero alr until a stable response is obtained
and adjust the O, analyzer’s zero control.
Offsetting the analyzer’s zero adjustment to
+6% of scale I3 recommended to facilitate
observing negative zero drift. Record the
stable zero alr response as “2”.

5,53 Generate an O, concentration
standard of approximately 80% of the de-
sired upper range limit (ORL) of the O, ana-
lyzer. Allow the O, analyzer-to sample this
O, concentration standard until 2 stable re-
sponse {s obtained.

5.54 Adjust the O, analyzer’s span con-
trol to obtain a convenient recorder re-
sponse as indicated below:

(s)

repeating steps 5.5.2 to 5.5.4.

5.5.5 Generate several other O; concen-
tration standards (at least 5 others are rec-
ommended) over the scale range of the O,
analyzer by adjusting the O, source or by
Option 1. For each O, concentration stand-
ard, record the O, and the corresponding
analyzer response.
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5.5.6 Plot the O, analyzer responses’
versus the corresponding O, concentrations
and draw the O, analyzer’s calibration curve
or calculate the appropriate response factor.

5.5.7 Option 1: The various O, concentra-
tions required in steps 5.3.11 and 5.5.5 may
be obtained by dilution of the O, concentra-
tion generated in steps 5.3.6 and 5.5.3. With
this option, accurate flow measurements are
required. The dynamic calibration system
may be modified as shown In Figure 2 to
allow for dilution air to be metered in down-
stream of the O, generator. A mixing cham-
ber between the O, generator and the
output manifold is also required. The flow-

. rate through the O, generator (F,) and the
dilution air flowrate (F,) are measured with
a reliable flow or volume standard traceable
to NBS. Each O, concentration gcnerated by
dilutwn is-calculated from:

~

.

. , FO
03y = 03dgyr Gy (O

where: =
[Os¥ orr=diluted O, concentration, ppm
. Fo=flowrate through the O, generator,
liter/min -
Fp=diluent air flowrate, liter/min
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“Temporary Alternative Calibration proce-
dure~-(Boric Acid-Potassium Iodide). This
procedure may be used as an -alternative to
the Ultraviolet Photometry procedure for
direct calibration of ozone analyzers—but
not to certify transfer standards—until (18
months after the date, of final promulga-
tionl, After that time this procedure can be
used only as a transfer standard in accord-

ance with the guidance and specifications -

set forth in Reference 4, “Transfer Stand-
ards for Calibration of Ambient Air Moni-
toring Analyzers for Ozone”.

1. Principle. This calibration procedure (1)
is based upon the reaction between ozone
(Os) and potassium jodide (KI) to release
fodine (I.) according to the stoichlometric

.

equation: (2) -

‘

- 3
03+ZI + 2H ->Iz+H20+02

The stoichiometry is such that the amount
of I. released Is equivalent to the amount of
Q,, absorbed. Ozone is absorbed in a 0.1M
borie acid (H:BO,) solution containing 1%
KI, and the I. released reacts with excess
fodide 'fon (I*) to form triiodide ion (I7s)
which is measured spectrophotometrically
at a wavelength of 352 nm. The output of a
‘stable O, generator is assayed in this
manner, and the generator is immediately
used to calibrate the O, analyzer. The O,
generator must be used immediately after
calibration and without physical movement,
and it is recalibrated prior to each use. Al-
ternatively, the O, analyzer may be calibrat-

RULES AND REGULATIONS

’ 2.6 Air pump and flow controller. Any
pump and flow control device capable of
maintaining a constant flowrate of 0.4-0.6

‘liter-min through the impingers may be

used. A critical orifice as described by Lodge
et al. (3) is recommended. The orifice should
be protected against moisture and particu-

late matter with a2 membrane filter or mois- .

ture trap containing Drierite, silica gel, or
glass wool. The air pump must be capable of
maintaining a pressure differential of at
least 0.6-0.7 atmospheres across the critical
orifice. Alternatively, a needle valve could
be used with the pump to adjust the flow

' through the impingers. A flowmeter is then

¥

ed by assaying the O, concentrations using

the prescribed procedure while simulta-
neously measuring the corresponding O,
analyzer responses. Ozone concentration
standards may also be generated by an op-
tional dilution technique. With this option,
the highest O, concentration standard is as-
sayed using the prescribed procedure. The
additional O, concentration ‘standards re-
quired are then obtained by dilution.

2. Apparatus, Figures 1 and 2 illustrate a
typical BAKI O, calibration system and
show the suggested configuration of the
components listed below. All connections be-
tween components downsfream of the O,
generator should be of glass, Teflon or
other relatively inert material.

2.1 Air flow controller. Device capable of -

maintaining a constant air flowrate through .

the O, generator within +2%. .
. 22 Air flowmeter. Calibrated ﬂowmeter
capable of measuring and monitoring the
afr flowrate through the O,  generator
within $2%.

2.3 Ozone generator. Device capable of
gencrating stable levels of O; over the re-
quired concentration range.

2.4 Output manifold. The output mani-
fold should be constructed of glass, Teflon,
or other relatively inert material and should
be of sufficient diameter to insure a negligi-
ble pressire drop at the analyzer connec-
tion. The system must have & vent designed
to insure atmospheric pressure in the mani-
fold and to prevent ambieént air from enter-

ing the manifold. )
" 2.5 Impingers.. All glass. impingers with

the specifications indicated in Figure 2 are -

recommended. The impingers may be pur-
chased from most major glassware suppli-
.ers. Two impingers connected in series are
used to insure complete collection of the
sample, -

recommended to monitor the flow. The
needle valve-flowmeter combination should
be protected against moisture and particu-
late matter with 2 membrane filter or mois-
ture trap.

2.7 Thermometer. Accurate to *1°C.

‘2.8 Barometer. Accurate to 2 torr. |

2.9 Volumetric flasks (Class A). 25, 100,
200, 500, 1000-ml.

2.10 Pipets (Class A). 1,-5, 10, 15, 20, and

© 25-ml volumetric; 1-ml or 10-ml graduated.

2.11 Spectrometer, Capable of measuring
absorbance at 352 nm with an absolute accu-
racy of +1% and linear response over the
range of 0-1.0 absorbance units. The photo-
metric accuracy may be-checked using opti-
cal glass filters which have certified absor-
bance values at specified wavelengths.
Matched 1-cm or 2-cm cells should be used
for all absorbance determinations.

3. Reagents.

3.1 Zero air. The zero air must be free of
contaminants which will cause a detectable
response of the O, analyzer or which might
react with 1% BAKI. Air meeting this re-
quirement may be obtained by: (1) passing it

through silica gel for drying; (2) treating it -

with O, to convert any nitric oxide (NO) to
nitrogen dioxide (NQ,);' (3) passing it
through activated charcoal (6-14 mesh) and
molecular sieve (6-16 mesh, type 4A) to
remove any NO., hydrocarbons, and traces
of water vapor; and (4) passing it through a
2-micron filter to remove any particulate
matter.

3. 2 Boric acid (H,BO:s),

3. 3 Potassium 1odxde (KI), ACS reagent
grade.

3.4 Hydrogfen perox1de (H,0,), ACS rea-
gent grade,-3% or 30%.

3.5 Potassium iodate (KIO,), ACS rea-
gent grade certified 0.1N.

3.6 Sulfuric acid (HzSO.) ACS reagent
grade, 95% to 98%.

3.7 Distilled water. Used for preparation
of all reagents.

3.8 Absorbing reagent. Dissolve 6.2 g of
boric acid (H,BQ,) in approximately 750 ml
of distilled water in an amber 1000-ml volu-
metric flask. The flask may be heated
gently to speed dissolution of the H,;BO;,
but the solution must then be cooled to
room temperature or below before proceed-
ing -with the reagent preparation. [While
the H,BO, solution is cooling, prepare the
hydrogen peroxide (H,O,). solution accord-
ing to the directions in 3.9.] When the
‘H,BO, solution has cooled, add 10 g of po-

ACS reagent

tassium iodide (KI) to the H,BO, solution

and dissolve. Add 1 ml of 0.0021% H.O, solu-
tion (see 3.9) and mix thoroughly. Within 5
minutes after adding the peroxide, dilute to
volume with distilled water, mix, and-deter-
mine the absorbance of this BAKI solution

_at 352 nm against distilled water as the ref-

erencé. The pH of the BAKI solution should
be5.1+0.2.

. Set 'the absorbing solution aside for 2
hours and then redetermine the absorbance
at 352 nm against distilled water as the refs
erence. If the resultant absorbance from
this second determination is at least 0.008
absorbance units/cm greater than the first
determination, the absorbing reagent I8
ready for use. If no increase or an increase
of less than 0.008 absorbance tunits/cm is ob-
served, the KI reagent probably contains an
excessive amount of a reducing contaminant
and nust be discarded. In this event, pre-
pare fresh absorbing reagent using a differ«
ent numbered lot of K1, If unacceptable ab-
sorbing reagent results from differont lots
of KI, test the possibility of contamination

in the H,BO, by using a different’ numbered

lot of H,BOs.

3.9 Hydrogen peroxide solution 0.0021%.
Using a graduated pipet, add 0.7 ml of 30%
or 7.0 ml of 3% hydrogen peroxide (H,0,) to
approximately 200 ml of distilled water in o
§00-ml volumetric flask, dilute to volume
with distilled water and mix thoroughly. To
prepare-the 0.0021% solution, pipet 5 ml of
the above solution into 50 ml of distilled
water in a 100-ml volumetric flask, dilute to
volume with distilled water, and mix thor«

* oughly. This 0.0021% H,0, solution must be

,prepared fresh each time a fresh batch of
'absorbing reagent is prepared. Therefore,

+ the remaining contents of both volumetrio
flasks should be discarded after treatment
of the BAKI absorbing reagent (see 3.8).

3.10 Standard potassium fodate solution
(0.1N). Use a commercial standard solution
of potassium jodate (KIO,) having a certi.
fied normality.

3.11 Sulfuric acid (IN). Dilute 28 ml of
concentrafed (95-98%) sulfuric acid (H,SO¢)
to volume in a 1000-ml volumetric flask.

4. Procedure.

4.1 Assemble an ozone calibration system

such as shown in Figure 1.

4.2 Assemble the KI sampling train such
as shown in Figure 2. All connectlons be-
tween the various components must be leak
tight and may be made using grease-free
ball joint fittings, heat-shrinkable Teflon
tubing, or Teflon tube fittings. The connecs
tion to the O, output manifold should be
made using 6 mm (% in.) Teflon tublhg not
to exceed 1.5 meters in length.

4.3 Calibrate all flowmeters and critical
orfices under the conditions of use agalnst &
reliable flow or volume standard such as &
NBS traceable bubble flowmeter or wet-test
meter., Correct all volumetric flowrates to

25°C and 760 torr as follows:
- P
. F . HO 208
R 760 Ts + 273
where:

Fr=flowrate corrected to reference condi.
tions (25° C and 760 torr), liter/min

Fs=ifxllbwmte at sampling conditions, lter/
m:

. Ps=barometric pressure at sampling con-

ditions, torr

Pyo=vapor pressure of H, at T, torr (For
wet volume standard. For a dry stand-
ard, Puy»=0)

Ts=temperature at sampling conditions,
°C
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441 Prepare iodine sta.ndards fresh
when needed, as follows: _

A, Accurately pipet 10 ml of 0.1N standard
potassium iodate (KIO;) solution into a 100-
ml volumetric flask containing approximate-
1y 50 ml of distilled water. Add 1 g of potas-
sium iodide (XI) and 5 ml of IN sulfuric
acid (H.SO,), dilute to volume with distilled
water, and mix thoroughly.

-B. Immediately before use, pipet 10 mi of
the iodine (I,) solution prepared in step A
above into a 100-ml volumetric flask and
dilute to volume with absorbing reagent.
Then further dilute this sclution by pipet-
ting 10 ml of it into a 200-ml volumetric

- flask and diluting it to volume with absorb-

ing reagent.

C. In turn, pipet 5, 10, 15, 20, and 25 ml
aliquots of the final I. solution prepared in
step B above into a series of 25-ml volumet-
ric flasks. Dilute each to volume with ab-
sorbing reagent and mix thoroughly. To
prevent I, losses by volatilization, the flasks
should remain stoppered until absorbance
measurements are made. Absorbance mea-
surements (see 4.4.2) should be taken within
20 minutes after preparation of the I. stand-
ards.

442 Determine the absorbance of each
1. standard at 352 nm. Also measure the ab-
sorbance of a sample of unexposed absorb-
ing reagent. Determine the net absorbance
of each I. standard as:

. e
sample ungxposed
net absorbance‘ absorbance reagent
absorbance

443 For each I. standard, calculate the
net absorbance/cm as:

net absorbance/cm = w

_where:
b=spectrophotometer cell path length, cm-

4.4.4 For each I, standard, calculate the
1. concentration in u;ole/uter as:

1 equivalent IZ 1 rale 12
X Tequivatent | K10y x Z'equnalent'l
V
10 10
X oo * T@ * a5 * 2‘5

z

{53 = Ry

-5

[Iz],i = NKIO3 xV; x10

where:
[L.]J=concentration of each I. standard,
mole L./liter
Numgs=normality of EKIO,
equivalent liter -
Vi=volume of I, solution (from step
4.4.1.0)=5, 10. 15, 20, or 25 ml

(from 3.10),

RULES AND REGULATIONS

4.4.5 Plot net absorbance/cm (y-axis)
versus the mole I,/liter (x-axis) for cach X,
standard and draw the KI calibration curve.
Calculate the slope of the curve in liter
mole~! cm™? and record as S, The value of
the slope should be [26,000:£780. If the
slope is not within this range, and the pho-
tometric accuracy of the spectrophotometer
meets the specifications given in 2,11, repeat
the procedure using freshly prepared I,
standards. If the slope Is still not within the
specified range, repeat the procedure using
a different lot of certified 0.1N KIO, to pre-
pare the I, standards.

4.5 Calibration of the ozone generator.

4.5.1 Adjust the alr flow through the O,
generator to the desired flowrate and record
as Fo. At all times the air flow through the
generator must be greater than the total
flow required by the sampling systems, to
assure exhaust flow at the vent.

452 With the O, generator off, flush the
system with zero alr for at least 15 minutes
to remove residual O;. Pipet 10 ml of absorb-
ing reagent into each of 2 impingers and
connect them--into the sampling train as
shown in Figure 2, Draw air {rom the
output manifold of the O, calibration
system through the sampling train at 0.4-
0.6 liter/min for 10 minutes. Immediately
transfer the exposed solutions to clean spec-
trophotometer cells, Determine the net ab-
sorbance (sample absorbance-unexposed
reagent absorbance) of each solution at 352
nmsWithin three minutes. Add the net ab-
sorbances of the two solutions to obtain the
total net absorbance. Calculate the Indicat-
ed O; concentration (system blank) as equlv-

-alent O, concentration according to 4.5.4. If

the system blank is greater than 0.005 ppm
O;, continue flushing the O, generation
system for an additional 30 minutes and re-
determine the system blank, If the system
blank is still greater than 0.005 ppm O,, the
zero air probably contalins traces of an oxl-
dizing contaminant, and the activated char-
coal and molecular sieve (see 3.1) should be
replaced.

4.5.3 Adjust the O; gencrator to generate

. an O, concentration In the range of interest

and allow the system to equilibrate for
about 15 minutes. The uncalibrated O, ana-
1yzer to be calibrated can convenlently be
used to indicate the stabllity of the O, gen-
erator output. When the O, generator
output has stabilized, pipet 10 m! of absorb-
ing reagent into each fmpinger. Draw O
from the output manifold of the O, callbra-
tion system through the sampling train at
0.4-0.6 liter/min. Use a sample time of be-
tween 10 and 30 minutes such that a total
net absorbance between 0.1 and 1.0 absor-
bance units Is obtalned. (At an O, concentra-
tion of 0.1 ppm and a sampling rate of 0.5
liter/min, a total net absorbance > 0.1 absor-

* bance units should be obtained if 2 sampling

time of 20 minutes and 1-cm spectrophoto-
meter cells are used.) Immediately after col-
lection, transfer the exposed solutions’ to
clean spectrophotometer cells, Determine
the net absorbance (sample absorbance—un-
exposed reagent absorbance) of each solu-
tion at 352 nm within three minutes, Add
the net absorbances of the two solutions to
obtain the total net absorbance, .
4.5.4 Calculation of ozone concentration.

4.5.4.1 Calculate the total volume of alr.

sampled, corrected to reference conditions
of 25°C and 760 torr as:

VR=FthS

8229

where:
Vx=volume of air sampled, corrected to
reference conditions, liter
Fy=sampling flowrate corrected to refer-
ence conditlons, liter/min
ts=sampling time, min
4.54.2 Calculate the I. released in moles
as:

total net absorbance-x 0.01
SC X b

ale IZ =

where: total net absorbance=sum of net 2b-
sorbances for the two solutions
0.01=volume of absorbing reagent in each
Implinger, liter
S.=slope of KI calibration curve, liter
mole~ *cm™*
b=spectrophotometer cell path length, cm

4543 Calculate the p of O, absorbed as:

Imle oy 2710, Wil
T=ole l;‘ aTe 0y TG,

A °3 »rele Iy x

or, ~

wl 0; = nole I, 24.47 x 10°

4.54.4 Calculate the O, concentration in
ppm ass

pl 03
R

ppm 03 =

4.5.5 Repeat steps 4.5.3 and 4.5.4 at least
one more time at the same O, generator set-
ting. Average the two (or more) determina-
tions and record the average along with the
O, generator setting.

4.5.86 Adjust the O, generator to obtain
other O, concentrations over the desired
range. Determine each O, concentration
using the procedure given above. Five or
more O, concentrations are recommended.
Plot the O, concentrations versus the corre-
sponding O, generator settings and draw the
O; generator calibration curve.

4.6 Calibration of the ozone analyzer.

4.6.1 Allow sufficient time for the O, ana-
Iyzer to warm-up and stabilize,

4.6.2 Allow the O, analyzer to sample
zero air until a stable response is obtained
and adjust the O, analyzer's zero control
Offsetting the analyzer’s zero adjustment to
+5% of scale Is recommended to facilitate
observing negative zero drift. Record the
stable zero air response as “2”,

4.6.3 Using the O; generator as calibrated
above and the same F,, generate an O, con-
centration near 80% of the desired upper
range limit (URL) of the O, analyzer.

4.6.4 Allow the O, analyzer to sample
this O, concentration until a stable response
{s obtained. Adjust the analyzer’s span con-
trol to obtain a convenient recorder Te-
sponse as Indicated below:
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recorder response (% scale) =

[O:lorr=0s concentration at the output
. manifold, ppm URL = upper range limit
of the O, analyzer, ppm, Z = recorder

. response with zero air, % scale.

Record the O. concentration and the O,
dnalyzer response. If substantial adjustment
of'the span control is necessary, recheck the
zero and span adjustments .by repeating
steps 4.6.2 through 4.6.4.

4.6.5 Generate several- other O: concen-

trations (at least 5 others are recommended)

over the scale range of the O, analyzer by
adjusting the O, generator settings (prefer-
ably the same settings as used in 4.5) or by
Option 1. For each O, concentration, allow
for a-stable analyzer response, then record
the response and.the corresponding O, con-
centration.

-4.6.6 Plot the O, analyzer responses
versus the corresponding O, concentrations
and draw the O, analyzer’s calibration curve

4.6.7 Option 1: The variofls O, concentra-
tions required in step 4.6.5 may be obtained
by dilution of the O, concentration generat-
ed in 4.6.3. With this option, accurate flow
measurements are required. The dynamic
calibration system must be modified as
shown in Figure 3 to allow for dilution air to
be metered in downstream of the O, gener-
ator. A mixing chamber between the O gen-

. erator and the output manifold is also re-

quired. The flowrate through the O; gener-
ator (Fy) and the dilution air flowrate (¥Fy)
are measured with a reliable.flow or volume
standard traceable to NBS. The highest O,
concentration standard required (80% URL)

. or calculate the appropriate response factor. -

([U3:IOUT x 100) + 7

is assayed according to the procedure in 4.5.
Each O, concentration generated by dilution
is ca:Iculabed from:

F
0
093y = [O3Jour T+

where. [Os'1%r = diluted O, concentration,
ppm; F. = flowrate through the O, gener-
ator, liter/min; F;, = diluent air flowrate,
liter/min. °

NotE.~Direct calibration of the O, analyz-
er may also be accomplished by assaying the
O, concentrations using the procedure in 4.6
while simultaneously measuring the corre-

 sponding O, analyzer responses as specified

in 4.6. ‘
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[6560-01-M] i

“ [FRL 1018-41

" PART 51—PREPARATION, ADOP-

TION, AND SUBMITTAL OF IMPLE-
MENTATION PLANS

* Revisions to Implementation Proce-

dures Related to Photochemical
Oxidants (Ozone)

‘AGENCY: Environmental Protection

Agency.
ACTION: Final rulemaking.

SUMMARY: In this action, the Ad-
ministrator revises the procedures for
preparation of State Implementation
Plans for ozone (formerly photochemi-
cal -oxidants). Throughout 40 CFR
Part 51, the terms “photochemical
oxidant(s),” and ‘“oxidant(s)” are

‘changed to “ozone” to be consistent

with EPA’s redesignation of the pho-
tochemical oxidant standard as an

- ozone standard. The redesignation

action is being taken elsewhere in this
issue of the FEDERAL REGISTER.’

With regard to the development of a

.control strategy for ozone, Appendix J
to 40 CFR Part 51.is being deleted .and.

Sectfon 51.14 is amended, to .allow
States to use any of four analytical re-
lationships for determining the hydro-
carbon reductions necessary to meet
the ozone standard. In addition, the
control strategy requirements 'are
being amended to require that States
consider background ozone concentra-
tions and ozone transport. EPA guid-
ance is available to States in making
such considerations.

EFFECTIVE DATE: This rulemaking
is effective upon publication because
the revision-of the national standard
tz which it relates is effectwe 1mmed1-
ately.

ADDRESSES: U.S. Environmental
Protection Agency, Office of Air Qual-
ity Planning and Standards, Control
Programs Development Division (MD-
15), Research Triangle Park, North
Carolina 27711.

FOR FURTHER INFORMATION

" CONTACT:

Joseph Sableski, Chief, Plans Guide- -
lines Section, at the above address or.

at 919-541-5437 (commercxa.l) or 629-
5437 (F'I'S).

SUPPLEMENTARY IN'FORMATION

1. BACKGROUND

- On June 22, 1978, at 43 FR 26985,
EPA proposed certain revisions to 40
CFR Part 561 concerning the proce-
dures for preparation of State Imple-

RULES AND REGULATIONS

mentation 'Plans for photochemical
oxidants. This proposed action wds

- taken -simultanegusly with related
. EPA proposals in the same issue of the

FEDERAL REGISTER to numerically
change the primary photochemical ox-
idant standard, to redesignate the pri-
mary and secondary standards as
ozone standards, and to change to
standards with a statistical form
rather than a deterministic form (43
FR 26962);-and to replace the existing
calibration procedure for the ozone
reference methods (43 FR 26971).

A total of four public hearings were

- held during.July and August to receive
" comments on all the actions being

" States must

-Empirical
proach (EKMA),

taken relative-to photochemical oxi-
dants (ozone). In addition, written

-comments were received through Oc-

tober 16. EPA received comments on
the proposed revisions to the imple-
mentation requirements from 27 com-
menters, including 12 representatives
from industry, 10 from State and local
governmental agencies, and 5 from
citizens’ organizations and private citi-
zZens.

2. SUMMARY OF COMMENTS AND
- RESPONSES

The following discussion summarizes
the comments received onthe propos-
al to amend 40 CFR Part 51. In some
cases, similar comments are considered
together in order to prepare a common
response where appropriate. Where an
interested person wishes to identify in-
dividual comments, a summary of all
comments received, -including those

comments pertaining to the other re- .

lated .actions, and EPA’s responses is
available for public idnspection .in
Docket No., OAQPS-78-8 on’ file in
EPA's Central Docket Section, Room
2903-B, 401 M Street, S.W., Washing-
ton, D.C. 20460.

2.1 CONTROL STRATEGY

" Two regulatory changes are being
. made with regard to the development

of control strategies for ozone. First,
Appendix J is being replaced by four
analytical techniques. States must use
one of the four techniques to deter-
mine the amount of hydrocarbon re-
ductions necessary to demonstrate at-
tainment of the national ozone stand-
ard. The four techniques include: (1)
Photochemical dispersion models, (2)
Kinetics . Modeling Ap-
, . (3) Empirical and
Statistical Models, and (4) Proportion-
al Rollback. EPA received several com-
ments related to these analytical tech-
niques. These comments and EPA’s re-
sponses are presented in this section.
The second change provides that
consider _background
ozone concentrations and ozone trans-
ported into an area in the develop-
ment of their control strategies. Previ-

ously, States were allowed to. assume °

that there were no background ozone
concentrations. The consideration of
,ozone background and transport may
“significantly affect the calculated con-
trol requirements under certain cir-
cumstances; in some cases, however,
the net impact on control require-
ments is relatively insignificant. A dis-
cussion of these effects and proce-
dures for taking background and
transport into account is provided in
the EPA document entitled Uses,
Limitations and Technical Basis of
Procedures for Quantifying Relation-
ships Between Photochemical Oxi-
dants and Precursors (EPA-450/2-77~
021a). EPA did not receive any com-
‘ments expressing opposition to this
particular change; however, & number
of comments were made concerning
the contribution of both natural back-
ground and ozone transport to ambi-
ent ozone concentrations. Comments
concerning tfransport are handled in
this section. Some of the comments
concerning natural background levels
are discussed in the preamble to the 40
CFR Part 50 notice promulgating the
new ozone standard which appears
elsewhere in this issue of the FEpERAL
REGISTER. Other comments on natural
background are containtd In the

- docket (No. OAQPS-78-8) containing

information used by EPA in revising
the ozone standard.

Several commenters ' criticized the
analytical techniques proposed to re-
place Appendix J, citing various short-
comings of the techniques. Some coms'
. menters ;pointed to the failure of tho"
EKMA and rollback techniques to ac-"
-count for temporal and spatial distrl-
butions of sources in the design of con-
trol strategies and pointed out that,

“ since control of industrial sources will

be extremely costly, the most effective
models should be used in'strategy de-
velopment. One commenter indicated
that the level of control necessary to
achieve the standard could not be pre-
dicted with a satisfactory level of con-
fidence since the various techniques *
produced different results. EPA ac.
knowledges the fact that the various
techniques do produce different re-
sults since different assumptions and
different data bases are required for
each specific model. Also, EPA agrces
that control strategies should be based
on the most effective models. Howev-
er, effectiveness is in part determined
by .the cost of gathering input data
and running a model. If simple models,
such as rollback, indicate the need for
extensive controls, EPA feels it may
not be necessary to expend additional
time and resources to gather the infor-
mation needed to run a more sophisti-
cated model which would reach the
same general conclusion. A sophisti-
cated model, i.e., a photochemical dls-
persion model, would appear to be'!
most warranted in cases where there Is **

FEDERAL REGISTER, VOL. '/44, NO. 28—THURSDAY, ‘FEBRUARY 8, "1979



some doubt . whether extensive con-
trols are needed to attain the stand-
ard. EPA requires that States attempt-
ing to demonstrate attainment and
maintenance of the revised ozone
standard by 1982 without adopting
reasonably available control technol-
ogy (RACT) regulations for large hy-
drocarbon sources must employ photo-
chemical dispersion modeling. The use
of other less rigorous analytical téch-
niques are only acceptable in areas
where RACT measures are also sched-
uled for implementation. Where
States are unable fo demonstrate at-
tainment by 1982, EPA believes any of
the models are useful for indicating
the magnitude of the ozone problem

RULES AND REGULATIONS

bons and ozone, and that controlling
hydrocarbon emissions may or may
not be effective in reducing maximum
ozone concentrations. This particular
issue was addressed in a recent pub-
lished report for the Manufacturing
Chemists Association (MCA)2) which
‘noted a lack of any clear downward
trend in Houston's ozone levels despite
control measures to reduce hydrocar-
bons. This report concluded that exist-
ing ambient- air quality data do not
necessarily support the hypothesis
that reducing hydrocarbon emissions
reduces ambient ozone levels. At least
two difficulties exist which prevent

' straightforward interpretation of the

study’s findings. First, the period of

and for identifying the need for major- record was relatively short (two to

confrol programs to be implemented
over the next several years. As these
confrol programs are implemented and
the State moves closer to attainment,
it is likely that sufficient information
will be acquired fo wuse dispersion
models to adjust the control strategy.
Additionally, it should be noted that
the city-specific version of ERMA can
account, to a limited extent, for tem-
poral and spatial distribution of
sources.(f)

Another commenter stated that the
annual emission inventory-may not be
readily adaptable to the models and to
refine the inventory into hourly seg-
ments may be very costly, time-con-
suming, and inaccurate. In response,
EPA points out that of the techniques
specified, only photochemical disper-
sion models require a detailed emis-
sion inventory to arrive at their pre-
dictions (with the exception of the
more sophisticated city-specific ver-
sion of EKMA which can consider

‘emission data). The other techniques

primarily utilize ambient air quality
data. At the same time, EPA recog-
nizes the importance of an accurate

emission inventory in translating the.

requirements forecast by these simple
models info actual control programs.
For example, suppose EKMA predicts
that a 70-percent control requirement
is needed to meet the standard. If the

.emission inventory only includes 50

.

percent of the emissions, a 70 percent
reduction in the inventory would only
result in a 35 percent reduction in
actual emissions. Photochemical dis-
persion models, on the other hand, do
require explicit information concern-
ing hourly emissions. It would obvious-
1y be impractical to make hourly mea-
surements for every source. However,
hourly rates can be estimated by su-
perimposing observed diurnal emission
patterns on annual-average emissions.
Such patterns have been observed in

“several cities so that it-would be possi-

ble to utilize annual emissions data.
Several - persons commented that

there is an inadequate understanding

of the relationship between hydrocar-

three years of data) and no attempt
has been made to normalize the trends
for meteorological differences. It Is
generally belleved by EPA that at
least a five year period of record may
be needed to discern a trend In alr
quality attributable to changes in
emissions. A recent review of ozone
trend data conducted for EPA In areas
having* long periods of records sug-
gests that periods as long as eight
years may be required. (3) Thus, while
efforts are underway within EPA to
develop procedures for “normalizing’*
trends for differing meteorology
during short periods of record, at the
present time trend analyses are useful
in only a limited number of areas. The
second difficulty in using the conclu-
sions drawn from the study Is that it
appears as though some of the con-
trols may have been initiated prior to
any substantial air quality measure-
ment programs.

EPA believes that convincing evi-
dence exists to say that reducing hy-

* drocarbons will reduce amblent con-

centrations of ozone. This position
rests primarily upon experimental and
theoretical studies (4-15) which have
clearly established a physical cause-
effect relationship between organic
pollutants and ozone in the presence
of oxides of nitrogen. Smog chamber
studies have shown that maximum
ozone concentrations are particularly
sensitive to hydrocarbon controls
when the ratio of non-methane hydro-
carbons (NMHC) to nitrogen oxides
(NO,) is lower than 15-20:1. In fact,
the lower the ratio the more effective
the hydrocarbon strategy Is likely to
be. Examination of available NMHC
and NO, data suggests that most U.S.
cities experlence ratlos in the order of
6-12:1, Also, there is a limited number
of areas having amblent air quality
data and emission estimates over suffi-
clently long periods of record that
tends to confirm the theory of smog
formation.(3, 16-19)

Two commenters indicated that a
consequence of relaxing the standard
could be the change of some urban

8235
areas from nonattainment to attain-

ment status, thus, permitting greater .-

hydrocarbon emissions than allowed
by their former status. In one case the
commenter argued that prior to revis-
ing the standard EPA should ascerfain
that existing downwind violations
would not be further aggravated. The
other commenter opposed the revision
because, when coupled with current
EPA control strategy policy, more of
the burden of control would be shifted
to the States where ozone is measured
and away from States where emissions
originate. EPA does not believe that
consideration of such arguments is ap-
propriate in setting the national pri-
mary ambient air quality standard.
The Clean Alr Act requires that pri-
mary standards be based solely upon
effects on public health. However, the
consequences indlcated by the com-
menters are appropriate for considera-
tion in the formulation of policy and
guidance to assist States in developing
a control strategy to meet the stand-
ards. EPA does not believe that either
concern Is warranted for areas that
could be classified as attainment based
on the new ozone standard. Two basic
reasons exist for this EPA position:
first, the potential increase in the
transported levels of ozone, which may
occur as a result of the greater emis-
slons permitted by the new standard,
will be offset by the equally increased
allowable level of ozone in the down-
wind areas. Second, it should be noted
that future levels of ozone being frans-
ported from attainment areas will
tend to be reduced as a result of the
Federal Motor Vehicle Control Pro-
gram which requires reductions in the
emissions of hydrocarbons and nifro-
gen oxides from new motor vehicles,
and control requirements applicable to
new stationary sources which will, in
some Instances, replace existing
sources having fewer, less effective
‘controls.

EPA is concerned, however, that the
transport of ozone may be 2 problem
when it originates in areas for which
insufficient monitoring data preclude
classifying the area as either attain-
ment or nonattainment. EPA is now
taking steps to identify areas which
are currently unclassified but which
have high potential for exceeding the
national ozone standard. Within such
areas, States will be urged fo require
controls on existing large stationary
sources. If controls are not subse-
quently adopted, the States will be re-
quired to monitor for ozone, where-
upon, the area in question will be clas-
sified nonattainment if violations are
{dentified. These areas would then be
subject to the requirements to control
hydrocarbon emissions from existing
stationary sources as in other nonat-
tainment areas. EPA believes that the
present policy focuses the limited re-
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sources of air pollution control agen-
.cies and industry on the areas (ie,
nonattainment areas) where the con-
trols will be most effective.'- .

One commenter suggested that the
chemical . diethylhydroxylamine
(DEHA) be dispersed in the atmos-
phere to scavenge free radicals as an
effective means of controlling ambient
concentrations of photochemical oxi-
dants. The use of various free radical
scavenger compounds has been sug-
gested in the past as a means of reduc-
ing pollutant concentrations; however,
no compound has yet been demon-
strated to be completely acceptable.
Before this approach to controlling air
pollution can be seriously considered,
comprehensive studies must show not

. only that the chemical employed is ef-

fective in laboratory studies, but also
that the results can be extrapolated to
actual ambient atmospheres. Such
concerns as how, when and where to
introduce the chemical to the atmos-
phere constitute problems whose solu-
tions can be extremely difficult to
derive. Futhermore, thorough .consid-
eration must be given to the potential
hazards of exposing-a population to a

smog-inhibiting chemical or to any of

its reaction products. One of the earli-
“est suggestions for using DEHA came
as a result of its ability to inhibit con-

version of NO to'NO, Consequently,
“various tests of DEHA’s smog-inhibit-

ing ability have been performed over
the past several years. Recently, irra-
diation of mixtures of NO;, HC and
DEHA was carried out in a large smog
chamber at EPA’s Research Triangle
Park, North Carolina, facility. Test re-
sults indicated that while the -initial
effect of adding DEHA is an immedi-
ate suppression of ozone formation,
consumption of the chemical ultimate-
1y causes increased formation of ozone
and ozone producing chemicals. The
studies pointed to possible adverse'im-
pacts on rural areas downwind from
the urban center as well. Further
problems raised by the studies includ-
ed, 'among others, the danger of ex-
ceeding the odor threshold of DEHA
at certain “effective” atmospheric
doses, and population exposure to an
unknown NO, product being formed
by the DEHA reactions. (20) Obvious-
ly, EPA cannot at this time accept or
encourage the use of DEHA as an ef-
fective control strategy for ozone. In-
stead, EPA believes that direct control
of precursor emissions will result in
greater and more certain improve-
ments in air quality.-

Several commenters claimed that’

the ozone-problem is an urban prob-
lem and EPA requirements for control
strategies should concentrate on the
urban area while paying special atten-
tion to the present levels of NO, and
the NMHC/NO,
that the ozone attainment problem is

ratio. EPA agrees .
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primarily an"urban problem. Conse-
quently, the most stringent require-
ments are imposed in the urbanized
nonattainment areas-with a popula-
tion greater than 200,000. Low
NMHC/NO, ratios primarily occur in
the urbanized areas thus the required
controls would be effective in control-
ling ozone levels. However, EPA does
not feel it is appropriate to completely
ignore hydrocarbon emissions outside
the urbanized nonattainment areas be-
cause these emissions may contribute
to the overall  ozone nonattainment
problem, particularly during adverse
meteorological conditions. EPA there-
fore believes it is justified in requiring
that large hydrocarbon sources (more
than 100-ton/year potential emissions)
in rural nonattainment areas imple-

ment reasonably available control.

techniques (RACT) to reduce their or-
ganic emissions.

One commenter claimed that EPA
failed to issue timely guidance on con-
trol techmiques as required by the
Clean Air Act and as needed by States
in revising their implementation plans.
The commenter’s argument is based
on Section 108(b)(1) of the Clean Air
Act which requires control technique
Information to be issued simultaneous-
1y with the issuance of health and wel-
fare related air quality criteria. EPA
did issue the control technique infor-
mation required by the Act in a docu-
ment entitled “Control Techniques for

Volatile Organic Emissions from Sta- -

tionary Sources” (EPA-450/2-78-022,
May, 19'78).- However, this was not the
information which EPA inteénded
States to use -to. develop and enforce
regulations for implementation plans.
In addition to the document described
above, EPA has published a series of”
Control Technique Guidelines (CTGs)
which define reasonably available con-
trol technology (RACT) for stationary

sources of hydrocarbons. These CTGs _

are specifically designed to assist
States and local agencies in the devel-
opment of air pollution control regula-
tions for volatile- organic emissions.
The ozone SIPs due on January 1,
1979 are to reflect the application of
RACT to the stationary sources for
which EPA has published CTGs by
January 1978. Additional CTGs are
planned for future publication ‘such

" that States will be required to adopt

and submit additional RACT regula-
tions on an annual basis beginning in
January 1980, for those CTGs that
have been published by January of the
preceding year.

One commenter inquired as to why .

the proposdl did not retain the origi-
nal statement contained in Section
51.14(c)(4) which allowed States to

.assume that the hydrocarbon emission

reductions necessary to attain the
ozone standard would also be adequate
to attainr the national hydrocarbon

standard. EPA’s response is that this
statement was unintentionally omitted
from the June 22 proposal, and this
omission is being corrected in today's
action. Previously, statements con-
cerning the attainment of the ozone
standard and the hydrocarbon stand-
ard were both contained in Section
51.14(c)(4). To take the actions de-
scribed herein, EPA is deleting (and
reserving) paragraph (¢)(4) of Section
51.14 and establishing three new para-
graphs (e)('D), (cX(8), and (c)(9). Para-
graph (e)(7) is to be used to set forth
the four analytical techniques for de-
termining the amount of hydrocarbon
reduction necessary to demonstrate at-
tainment of the ozone standard; para-
graph (c)(8) describes specific. consid-
erations to be made in developing the
ozone control strategy; and paragraph
(c)(9) addresses attainment of the hy-
drocarbon standard.

2.2 SUBMITTAL OF SIP REVISIONS

Several industrial and governmental
agency spokesmen expressed the opin.
ion that EPA should grant States ex.
tensions of up to nine months to cor-
rect their SIPs-to be consistent with
the revision of the ozone standard.
EPA’s response to this request is pro-
vided in detail in the preamble to the
revision of the ozone standard appear-
ing elsewhere in today’s FPEDERAL REG-
1sTER. In summary, States are still ex-
pected to submit their plan revisions
to EPA on January 1,.1979, as required

by the Clean Air Act. These plans will -

most likely be based upon the old
standard of 0.08 p.p.m. However, once

_submitted, any State is free to make

the additional revisions necessary to
account for the revised standard, if
they so desire. Thus, the time sched-
ule for submitting the latter revisiony
is to be determined by each State,

3, OTHER CHANGES FROM PROPOSAL

In reviewing the June 22 proposed
rule, EPA has determined that two
changes from the proposal are neces-
sa.ry even though no comments ad-
dressing these particular matters were
received. With regard to the first
change, EPA originally proposed to
change the terms “photochemical oxi-
dants” and “oxidants” to “ozone’ in 40
CFR Parts 51 and 52 to be consistent
with the proposed redesignation of the
photochemical oxidant standard to an
ozone standard. EPA has decided not

to proceed with the proposed nomen- .

clature changes in Part 62 at this time.
The reason for this decision is that in
numerous places throughout Part 52
the terms “photochemical oxidants"
and “oxidants” are used either as part
of the title of a State Implementation
Plan- or to denote use of the terms
within the plan itself. EPA therefore,
feels that it would be proper to wait
until States made the appropriate no-
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menclature changes in their plans
prior to enacting any changes to Part
52, .

~“The second change concerns EPA's
proposal to allow States to use photo-
chemical grid models as one of four
analytical techniques for determining
the needed hydrocarbon emission re-
ductions. The intended terminology
for such models should have been pho-
tochemical dispersion models. There
are two major types of dispersion
models—grid (or Bulerian) and La-
grangian. EPA intends to allow either
type model to be used where appropri-
ate. Thus, the more inclusive terminol-
ogy (.e., photochemical dispersion
models) will appear in Sectxon
51.14(cXD).
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Dated: January 26, 1979.

Doucras M. COSTLE,
Administrator.,

"The Code of Federal Regulations,
Title 40, Chapter I, Part 51, is amend-
ed as follows:

1. Wherever the terms “photochemi-
cal oxidant(s)” or “oxidant(s)” appear
in Part 51, they are changed to read
“ozone.”

rd
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2. Appendix J is deleted and re-
served.

3. Section 51.14(c) is amended by de-
leting and reserving paragraph (4) and
by adding new paragraphs (7), (8) and
(9) as follows:

§51.14 Control strategy: Carbon monox-
ide, hydrocarbons, ozone, and nitrogen

dioxide.
] » > - *
(cy*** -
(4) [(Reserved]
» » - - : »

(') In selecting an appropriate model
to determine the amount of hydrocar- -
bon reductions necessary to demon-
strate attainment of the ozone stand-
ard, one of the following techniques
must be applied:

(4] Photochemical dispersion
models—These models are based on
the most accurate available physical
and chemical principles underlying
the formation of ozone.

(i1) Empirical Kinetics Modeling Ap-
proach (EKMA)—This model repre-
sents a compromise between rigorous
treatment of chemical and physical
principles underlying ozone formation
and dispersion and the extensive data
requirement that would be necessitat-
ed by such an approach.

(lif) Empirical and statistical
models—These models reflect observed
relationships between ozone and other
variables.

(iv) Proportional rollback—This
model assumes a linear relationship
between hydrocarbon emissions and
ambient concentrations of ozone.

(8) In developing an ozone control
strategy for a particular area, back-
ground ozone concentrations and
ozone transported into an area must
be considered. States may assume that
the ozone standard will be attained in
upwind areas.

(9) The degree of total hydrocarbon
emission reduction necessary for at-
talnment of the national standard for
ozone will also be adequate for attain-
ment of the national standard for hy-
drocarbons.

AvrgoriTy: Sections 110 and 301(a), Clean
Alr Act, as amended (42 U.S.C. 7410, 7601).
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