
ATTACHMENT 1 

National Advisory Committee for 
Acute Exposure Guideline Levels for Hazardous Substances 

NACJAEGL-36 
April 12-14,2005 

U.S. EPA, Office of Research and Development 
Building C, Auditorium 

109 T.W. Alexander Drive 
Research Triangle Park, NC 27709 

AGENDA 

Tuesdav, April 12,2005 
9:00 a..m. Introductory remarks and approval of NACIAEGL-35 Highlights (George Rusch, Ernie Falke, 

and Paul Tobin) 
9: 15 Review of NASICOT-15, February, 2005 

Process Issues (Ernie Falke and George Rusch) 
SOP Issues (Iris Camacho) 

I1:15 Revisit of Allyl AIcohol- COT comments (Claudia Troxel) 
I2:00 p.m. Lunch 

1 :00 Discussion of PBPK SOP White Paper (Jim DennisonIClaudia Troxel) 
2:15 AEGL Chemical Priority ListIDatabase Update (Paul Tobin) 
3:OO Break 
3:15 Revisit of Iron Pentacarbonyl- COT Comments (Ernie FalkeIBob Young) 
3:30 Review of Methyl t-butyl ether (Steve BarbeelDana Glass) 
5:30 Adjourn for the day 

Wednesday, April 13,2005 
8:30 a.m. Revisit of Ammonia- COT Comments (Susan RippleiKowetha Davidson) 
9:30 Review of Hexafluoroacetone (Paul TobinIBob Young) 

10:30 Break 
10:45 Review of Aluminum Phosphide (Ernie FalkeiCheryl Bast) 
1 1:45 Revisit of Epichlorohydrin- FRO8 comments (Richard ThomasiKowetha Davidson) 
12:15 Lunch 

1 :30 Revisit of Nitrogen Mustards (Richard ThomasIBob Young) 
2:30 Review of Methyldichlorosilane and Methylchlorosilane (Ernie FalkeiCheryl Bast) 
3:30 Break 
3:45 Revisit of Acrylic Acid- COT comments (Ernest FalkeiPeter GriemRJrsula Gundert-Remy) 
5:30 Adjourn for the day 

Thursdav, April 14,2005 
8:00 a.m. Review of Diketene (Warren JederburgiKowetha Davidson) 
9:45 Break 

1O:OO Revisit of Acetone- FRO8 comments (Nancy KirniJens-Uwe VossiUrsula Gundert-Remy) 
1 1 :00 Revisit of Sulfur Dioxide- COT comments (Cheryl Bast) 
1 1:30 Administrative matters 
12:OO noon Adjourn meeting 
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** = 2 50% LEL 

*** = 2100% LEL 
1 I 

*Safety considerations against the hazard(s) of explosion(s) must be taken into account. 
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AEGL 2 Motion by: Second by: 
AEGL 3 Motion by: Second by: 
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ATTACHMENT 3 

DP Issues 
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I) Databasederived UFs 
Example: similarity of toxicity values acmss species, 
mode andlor slte of actlon, etc. 

2) Weighofevidence evaluation of AEGL 

Example: AEGL-3 values at levels tolerated by humans 
support adjustment of total UF to be consistent with 
supportlng data 

I Islms Rdalw b N hEGL'r SOP- M C 3 1  1 

Discuss approaches to improve UF rationales 
when uncertainty factors are changed based 
upon an evaluation of the supporting data 

5 

rohl  rtlaonb uulapnma d b n b a r  m n# .m * m r .  1. n bm.rIo .wwn 
Ind.ld-1 hdon 1nlol.l UF nuonl.? d .cmm~ m b h l  IF 

"u.nI.1 

Y 

Issm1 Rdalw 10 h e  AEGL'r SOP- LUCJB B 



25.3.2. A Selected UF Applied to Animal Data Drlvlng the AEGLP 
or -3 to a Value Tolerated by Humans Without Lethal or Serious 
Adverse Effeck 

W e n  the application of an interrpecier UF of 10 r d c e s  the AEGL-3 value (the 
threshold for lethality) a Ihe AEGL-2vaiue [the t hmhdd  f a  lnmrsible or 
dsabling f l a s )  loan exposure mwnbal ion mat h u m s  are k n a m  to tdaate 
w lhw t  advase elfed, the interspsius VF  is reducad to 3 a 1. 

T h  rabmsk Icr DSe relecLbn d a UFshould inclvd DSe W i n g :  

1. Ctalims and explanations d t h e  human data and h w  it reinter lothe AEGL 
value daived m a UF rcleded on the basis d t h e  existing guldslines. 

2.5.3.4.6 UFs That Result In A ues That Conflict wim 
Actual Human Exposure Data 

M m  AEGL values are initilly damsd, the slldidmte nnpe olvslues is 
mpvcd wm me born rp&tnm d q p a l i n g  data an h e  chemical. In ad.#+ 
o~her jdmca  appmrh. Mfiids b-the andda1eAEGI.s ( gms l l b  
d s i n d  fmn nimal data) and the suppohg W a  (eiha nimal data or hman 
dlla) may bad lo  the conduaim Uut the UFs utlued n Ih U w l d m s  rs 
inppmprimle, b u r s  they d i d  *ilh CUW gedflc m d  h i h b  rdsvanl h m n  
d m ,  h lhll a e .  the canddte AEGLs m r&md tomled the urpportilg d m .  
In as cases in W i t h e  AEGL may dld*ilh an a M 0  bndad  o guidebne. 
the canpan lb~  bass of thehvahusmay b. svalmted to me Y Ih dsaepncy 
is jvdi(led a resdv&ie. 

T h a n t i n a ) s W I h , s s l s d b d f h i r U F s h o J d i r M s U a W @ :  

1. A suemenl on &y the use olUFs nitialy ssledsd m m d s  *m Ih published 

I 

Where is it more appropriate to adjust the 
UFs based upon a weightefevidence 

evaluation of the supporting data? 

In the inter-lintraspecies UF rationale? 

In the total UF rationale? 



COT Recommendation 

Use SOP'S recommended default UFs or 
dataderived UFs 

Adjust AEGL values wlth a modifying 
factor (MF) applled to total UF 

LLI M.eL 

I. *,*n O Ur L I .  d l r m . 4  -3.c n r U . d  or\l,h.m I*". 
M\ k8.w.e Irh~ L..rn.,.k,~-,.,.I\ I h l l . l k " * * l t l ~ b h i  
O-.--~~I~~-I&L.L."I"I"I"I"I "I~~h.h.h.h.II JJ-hahahaha I.- 
Ln-madTr-o~~~~a: .-ms*rr,rdl? .tnlbrhm.rlr Tkn.6 
hrnr I*l* -*-rr.o. ~r<.u.xul ju l~ , .  -n*r <n,lr ,l,,.)ar a\nlr"li 
s r n n ~ - i n , l p n d  l.+a~~,a.~.b:~~..lrpllrpllrpl\mc 1 n b . p  
u, Ik".d,:~mwUl,r~ !.Thrn 8.W W & t l  Ik,w.ul,,drn 
I 

The definition wlii be revised If MFs are used for adjusting 
AEGL values based on&ght-ofsvldence considerations 

based upon a weight-ofevidence evaluation of the supporting data 
and to make AEGL ~ l u e s  consistent with the supporting data. Its 
magnitude (>O) will depend on the empirical data specfic forthe 
chemical under consideration. Values less than 1 should be 
expressed as a fraction, such as 113 or 1110, to be consistent Ath 
the UF progression of 1, 3, and 10, and amid a repeating decimal. 

. The rationale forthe seleclion of the weght-of-evidence factor should 

1. Citations and explanations of the supporting human andlor 
animal data 

2. Justification for the selected factor, including discussion of 



ln lerrpcsln UF and Rattonale = 1. The h L e s t  msanb.tim u u b g  no morhlimr 
ianblh mice. nb. and nbbib ( X U  ppm br lhr) and at h ~ a o g o a r m ,  uch o f D m  
rpcdcr had mada6ty (2C-IWI). These data rum M e  6Ummca be- g&r h 
m r e  6 a v l r a h d  w$.xum. Then(w. the h t e m p d n  unce i tah tyhdumr  rel to I. 
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Interspecies UF and Rationale = 1. The h'L& msanb'abm a u b g  no morb l#*s r  
idatial h rriw, nh, and nbbib ( XUppm br fh0  and at h i i aexposunr ,  each ofhere 
specks had m l t y  (201WI).  The= data wgpcst M e  6#-ca be- gsd.r h 
m w  m .lyl a k d d  o w n .  Themfore. the i n a p e s i n  u n n n a h l y h c w  ws u( l o  1. 

Inlnspectrs UF and Rattonale = 1Db.Uum dUle  lack d&la adbcrring hta-hdrl&al 
n k b U y  

Totd uncerlatnfy factor = 10 

MDdlfylng factor = 113. A t m l  UF d 1 0 u u l d  dwelhe AEa-avahes fa *vet¶ h m v r t m f  
r*h a a a &  cnpilul dab. A tda l  UF d l 0  w l d   art in 1. 4. and e hwrAEU-3  valuer 
of 20.5.1, n d  2.5 ppn. Rlpes(ively. h n l a p  d al. (1858) reported that nb u p 4  br 7 
h r l d , 5 ~ ~ B 0 - m f o 1 , 2 , 0 ~ 5 p p m h a d n o o b w f l e  
n f r  exposdm mppn exhbibd mtydesnued b&p&j~t p in .  Tohchand a1 (195.91) 
w a t u l h a f  m a d r m  Mmdx*arsnacd*hennlr. phu pipr.mhbh.anddogrnwm 
&tpowi to 2 wrn 7 hrld, 5 W br 28 apowm. *hb erpaum drat%. p h e a  pipr, and 
R b b i a ( o 7 p p m ~ 7 h r l d l d 5 W ~ 1 Y e r p a u m ~ h d m l y l n m n r b l e l h ~ a n d  
WfyBnm~~. Thcn lm,  a MF-11) m r  thou*l a p p W a i e  in d l o  M e  AEU-1  
n h n  m r i s t m f  a me avaflable mpiiul dab. 

k ~ m ~ R u a t e d  to h.A£GL's SOP- M U 6  15 



Example: Allyl Alcohol 

Dab-derived 

Mulblpllcatkn of 
lndivldual factors 

Adjusted total UF l O X 1 / 3 =  3  

- 
blues ~uatea to ~ ~ I E C L ' S  SOP- WU(I 18 



GUIDELINES AND CRITERIA FOR SELECTION OF 
WEIGH-OF-EVIDENCE ADJUSTMENT FACTORS 

Sections 2.5.3.2.8 and 2.5.3.4.6 in the Standing Operating Procedures (SOP) allow for an adjustment to 
the interspecies and intraspecies uncertainty factors &IF) in order to derive Acute Exposure Guideline 
Levels (AEGL) values that are consistent with the empirical human and/or animal data. This represents a 
weight-of-evidence approach to select UF values that generate scientifically credible AEGL values. 
However, weight-of-evidence considerations may not provide the necessary experimental data to 
quantitatively allocate the uncertainty factor adjustment between inter- and intraspecies uncertainty 
factors. 

The National Academies (NRCJAEGL Subcommittee) has expressed its concerns on the current weigh- 
of-evidence approach used to modify the UFs since it is usually not possible to assign the adjustment 
between the inter- and intraspecies uncertainty factors based upon the available data. As an alternative 
approach, the NACJAEGL Committee could select UFs using the criteria stipulated in the SOP which 
rely on the thorough assessment of experimental data and scientific judment. A weigh-of-evidence 
assessment is independently conducted following selection of UFs to determine whether or not the AEGL 
values need to be adjusted with another factor to ensure that the range of AEGL values is consistent with 
the animal and/or human supporting data. This adjustment could be done with a modifying factor. 
However, using a modifying factor for such purposes may be inappropriate because the modifying factor 
is generally used to account for database uncertainties. This adjustment factor could be called the 
weight-of-evidence factor and be used to revise AEGL derivations based upon a weight-of-evidence 
evaluation of the supporting data and to make AEGL values consistent with the supporting data.. Its 
magnitude (>O) will depend on the empirical data specific for the chemical under consideration. Values 
less than 1 should be expressed as a fraction, such as 113 or 1/10, to be consistent with the UF 
progression of 1, 3, and 10, and avoid a repeating decimal. 

The rationale for the selection of the weigh-of-evidence factor should include the following: 
1. Citations and explanations of the supporting human and/or animal data 
2. Justification for the selected factor, including discussion of why the initially derived AEGL values 

conflict with the published evidence 





Physiologically Based 
Pharmacokinetic Modeling 

(PBPK) Use in Risk Assessment 

Endorsed by USEPA (1994, 2002, 2003) 
and NAS (1993, 1997) 

Broadly Used in Risk Assessment 
H IRIS, FIFRA, Office of Water, Air, OPP 
H Industry 

OSHA 

Detailed risk assessments typically use 
PBPK 



Improve the extrapolation of internal doses 

Exposure - Internal Dose -b Response 

Pharmaco kinet ics 
PBPK Models 

I,) 

Pharmacodynamics 
PBPt) Models 





Use of PBPK Models in AEGL 
Development 

I 1. Determine Point o f  Departure (POD) / 
and Dose Metric (DM) 

+ 
3. Use PBPK model 

6. Use Model t o  

t o  Calculate DM 8 Determine Equivalent 

POD 
Exposure Concentration 

I (EC) that Yields the DM 

+ 5. Scale Model t o  

1 7. Next I 

2. Select Most 

I Timepoint 1 

Humans a t  a 
Appropriate PBPK 

Model for Use 



Animal to Human PK 
AEGL = POD /(UFA + UFH) 

The default UFA ,, is 3. When PBPK modeling is used, the 
actual dosimetry is determined by the model in the PODpK 
and the UFA, ,, is re-set to I. The other UFs are retained 
as they were, unless other kinds of modeling are used as 
well (which is not very often). 

While the PBPK model-based AEGL values are often higher 
(if the UFA, ,, is conservative), they can be lower, when 
this UF is not sufficient. 





Initial Determination of Feasibility 

Chemical manager, author, and modeler 
should discuss the chemical 
I s  there an existing PBPK model? 
I s  there a mode of action/dose metric that 
is model-accessible? 
PBPK justification in the TSD (Y/N) 



Model Development 

Evaluate all available models 
Select best one 
Modify if necessary 
Make a final determination whether 
modeling can be done for the chemical 
Compute the AEGL values 







Input workloads 
for various 
physical 
activities 

* Assumes 21°/0 
efficiency 

Output 
W *  

72 

144 

54 

99 

126 

189 

225 

63 

45 

81 

18 

16 

22 

18 

144 

99 

27 

54 

144 

288 

36 

63 

8 1 

Activity 

Bicycling, ~ 1 0  mph 

Bicycling, 12-13.9 mph, moderate effort 

Conditioning exercise, stationary bike, 50W, very light effort 

Conditioning exercise, stationary bike, 100W, light effort 

Conditioning exercise, stationary bike, 150W, moderate effort 

Conditioning exercise, stationary bike, 200W, vigorous effort 

Conditioning exercise, stationary bike, 250W, very vigorous effort 

Conditioning exercise, rowing, 50W, light effort 

Carpet sweeping, sweeping floors 

Cleaning, heavy or major 

Inactivity, quiet 

Sleeping 

Standing quietly 

Reclining 

Carrying heavy loads 

Construction 

Sitting- light office work 

Standing, IighVmoderate activity 

Running, 5 mph 

Running, 10 mph 

Walking, <2 mph 

Walking, 3 mph 

Walking, 4.5 mph 

From PBPK White 
Paper 

Input 
W 

343 

686 

257 

472 

600 

900 

1072 

300 

214 

386 

86 

77 

103 

86 

686 

472 

129 

257 

686 

1372 

1 72 

300 

386 
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Legend for AEGL Chemical Priority List (March 15,2005) 

CHEMISTRY (structures) 
note: structures do not show properly, because they were designed in Accord Sofhvare for Excel 
and do not niove with edits to the table. 

CasNo. 
Chemical Cas Registry Number. 

ChemName 
The common chemical name. 

List 
Original chemical listlcurrent AEGL chemical status. For example, 1 F = Chemical Priority List 
One, Status = Final 
Status codes:F = Final; I = Interim; P = Proposed; H = Holding; pl = Planning 

AEGL-3 1 Hr 
The AEGL 3 value for a one hour exposure. 

AEGL-2 1 Hr 
The AEGL 2 value for a one hour exposure. 

AEGL-1 1 Hr 
The AEGL 1 value for a one hour exposure. 
*These values has been arbitrarily selected for comparison from one chemical to another. 

Physical State: s 1 (bp. vp) g 
The physical state for a chemical: 
s = solid; 1 = liquid (followed by boiling point and vapor pressure); g = gas 

RMP 
Indication 'x' if a chemical is listed on the EPA Clean Air Act and Amendments Risk 
Management Program (CAAA s. 1 12r) list for focus on prevention of industrial accidents that 
could harm community populations. 

DOT 
(a) Indication 'x' if a chemical is listed in the Department of Transportation Emergency 
Response Guidebook (ERG) Table of ~nitial Isolation and Protective Action Distances; 'x-W' 
reveals that the chemical is included at least in part due to release of toxic gas upon spill into 
water. All 2011201DOT Response Guidebook (ERG) Table of Initial Isolation and Protective 
Action Distances are included. 
(b) Indication '0' if a chemical is listed in the DOT ERG but not in the Table of Initial Isolation 
and Protective Action Distances (the chemical did not meet specified qualification for vapor 
pressure to volatility ratio to make it onto this table, but did meet minimum qualification to make , 



it into the ERG) 

OSHA PSM 
Indication 'x' that a chemical is listed in the OSHA Chemical Process Safety Table for focus on 
prevention of accidents in the workplace that could harm workers. 9611 35 OSHA PSM chemcials 
appear on the AEGL Chemical Priority List. Some chemicals are listed on the OSHA PSM list 
for hazards other than toxicity, such as reactivity or explosivity and some listings are mixtures of 
toxic chemicals. 

Seveso I1 chemicals are a subset of chemicals from a Seveso I listing, list I1 was developed 
shortly after the Bohpal incident in 1984, for chemicals which met certain criteria. 

Prod 
(a) Indication of 'HPV" (High Production Volume, over 1 million lbs) chemical. 
(b) Indication of 'RMPIY' Risk Management Program chemical with at least one reporting 
facility. 
(c) Indication of 'RMP/N' Risk Risk Management Program chemical without at least one 
reporting facility. 
(d) Indication 'T a----b' of TSCA Inventory production information for 2002 (or a previous 
reporting year as indicated). 
(e) Unfortunately, TSCA Inventory Update Rule (IUR) information on inorganics will not be 
available until about 2007-2008 and OPPTIEETD is helping us with production information on 
some of these chemicals. 
(f) For some chemicals, a separate search in chemical handbooks and google indicates some 
qualitative opinion about "significant" production and is indicated by "yes" or ''no" in 
parentheses: (Y = Indication of significant production; Y? = Possible indication of significant 
production; N? = Unlikely indication of significant production; N = Indication of no significant 
production). 
(g) For some chemicals, like chemicals with use only as chemical weapons, but of interest for 
AEGL development, production is indicated as "NIA" = Not assigned. 

ERE'G 
Notation that a chemical has been reviewed by the American Industrial Hygiene Association 
"Emergency Response Planning Guideline" Committee and values have been published. 8711 1 1 
ERE'G chemcials appear on the AEGL Chemical Priority List. 

IDLH 
Notation that a chemical has been reviewed by NIOSH and an Immediately Dangerous to Life or 
Health value has been published for use in respirator selection. 11 11387 IDLH chemicals appear 
on the AEGL Chemical Priority List. Some chemicals, for example, are more of a concern for 
workplace exposure, such as certain chemical dusts. 
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ERPG 

- 

x 

IDLH 
OSHA 
PSM 

x 

DOT 

x 1 

X 

l 

x 

x 

x 

S I I  

X 

o 

x 

0 

0 

Prod 

H PV 

1986 T 10- 
500K i 

(Y) 

RMP 

A E G L J  I 
H r 

AEGL-1 
I Hr 

CHEMISTRY 

0 

O = c ( c ( c ) ( c ) c ~ C I  - 1 

l 

a 
0 

o = c ( c ( c c l ) ( c ) c ) c l  

,a S 
1 1  
0 

O=S(CI)CI 

0 
F\s', 

x 

x 

2100 

AEGL-2 I 
H r 

1 1s ~ ( ~ P ~ V P )  B 

11105 36mm 

1/>200 <. 1 mm 

l n 9  97mm 

11166 2.5mm 

530 

ChernNarne 

trirnethylacetyl chloride 

chloropivaloyl chloride 

thionyl chloride 

CASNo 

3282-30-2 

4300-97-4 

771 9-09-7 

107-18-6 allyl alcohol 1 I 67 4.2 2.1 

OCC=C 1/96 24mm 

propargyl alcohol 

o c c # c  111 14 12rnrn 

occo 11196 0.06mm 

Aldehydes 

O= 50-00-0 formaldehyde 14 0.90 9 

,O=C 

11151 Irnrn 

1/65 gornm 

fluorosulfonic acid 

L ls t  

2 

I 

2 

2 

I *o m 

OS(F)(=O)=O 

a 
0 / 

+s, 
$ O H  

S(=O)(=O)(Cl)O 

Alcohols 1 

oc o a 

x 

X 

7789-21-1 

7790-94-5 

67-56- 1 

HPV 

RMPN 

H PV 

HPV 

RMPN 

7100 

chlorosulfonic acid 2 

methanol 

X 

x 

x 

1 I 

x 

x 

x 
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CHEMISTRY 

F 
F 

\sl 
1 \F 
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s(F)(F)(F)F 

a 
o* 1 

//'\a 
0 

O=S(=o)(cI)cI 

H3 
O*s+O 

0+ I\ I I 
0 0 

o=s(=o)(o)o.o=s(=o)(=o) 

a/s\s/a 

ClSSCl 

a/S\ a 

ClSCl 

Tellurium Compound5 (not otherwlse 

CASNo 

7783-60-0 

7791-25-5 

8014-997 

10025-67-9 

10545-99-0 

14989-32-3 

classifled) 

ChemName 

sulfur tetrafluorids 

sulfuryl chloride 

oleum (fuming sulfuric acid) 

disulfur dichloride 

sulfur dichloride 

disulfur dichloride 

\ ,F 

tellurium hexafluoride 

titanium tetrachloride 

titanium chloride 

- 
F / ~  'F 

F, I F 
~ e /  

F/ 1 'F 
F 

JTe](F)(F)(F)(F)(F)F 

List 

1 H 

2 

1 

1 P 

2P 

2 

2 

7783-80-4 

I1 ll6kL & 
CI[T~](CI)(&)CI O 

I 
a 

JTifiCI)(CI)CI 

(N) 

RMPN 

1990 10- 
500K 

A E G L d  1 
H r 

160 

15 

3 , 2 

7705-07-9 

S II 

x 

FALSE 

TRUE 

FALSE 

2P 

2 

Tungsten Compounds (not otherwise classifled) 

x 

AEGL-2 1 
Hr 

8.7 

i 

6.4 

FALSE 

9 2 

3 

Prod 

RMPIN 

(Y) 
TI986 
500K-1M i 

RMPN 

1994 1- 
1 OM 

(y?) 
T 1994 10- 
500K 

(N?) 

x 

AEGL-1 
1 Hr  

0.20 

0.53 

TRUE 

I 

TRUE 

TRUE 

TRUE 

ERPG 

x 

x 

i I 

9 

11136 1Omm 

IDLH 

x 

s I (~P,vP)  B 

9 

1/69 140mm 

1/>200 <<O.lmm 

11138 c.10mm 

lIc.100 c.10mm 

11c.100 c.10mm 

x 

x-W 

x-W 

RMP 

x 

x 

x 

DOT 

x 

x-W 

x 

x-W 

,x-W 

X-w 

OSHA 
PSM 
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Summary of Effects of Exposure of Humans to Non-Lethal Concentrations of Epichlorohydrin 

Conc. 

10-12 
PPm 

10-20 ppm 

17 P P ~  

25 PPm 

20 PPm 

40 PPm 

68 PPm 

136ppm 

j 

Duration of 
Exposure 

5 min. 

work shift 

2 min. 

5 min. 

1 hour 

1 hour 

2 min. 

2min. 

Effect 

50% of subjects detected the odor 

cause irritation (not otherwise described) 

odor detected by 214 subjects, no irritation reported 

odor detection for 100% of subjects 

burning of eyes and nasal mucosa 

throat irritation that lasted 48 hours 

odor detected for 414 subjects; 114 reported 
pharyngeal irritation 

214 subjects reported cooling sensation reported by; 
214 subjects reported eye or pharyngeal irritation 

Reference 

Shell Oil Co., 
1992 

Enterline et al. 
(1 990) 

UCC, 1983 

Shell Oil Co., 
1992 

Wexler, 197 1 

Wexler, 1971 

UCC, 1983 

UCC, 1983 



PROPOSAL NO. 1 

Human study (UCC, 1983) 
Four subjects exposed to epichlorohydrin at 
concentrations of 17, 68, and 136 ppm for 2 minutes 
17 ppm: 214 subjects detected and identified odor of 
epichlorohydrin 
68 ppm: 414 subjects detected odor; 114 subjects 
reported irritation to the pharynx 
136 ppm: 214 subjects reported cooling sensation to 
eyes or mouth; 214 subjects reported irritation in the eyes 
or pharynx 







PROPOSAL NO. 2 

Recommend no values for AEGL-1 
Rationale 
- Values derived under proposal no. 1 are 

below odor detection (OD,, = 10 ppm) 
- Values derived under proposal no. 1 are 

lower than 17 ppm where no irritation was 
detected (UCC, 1983) 
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Acute Exposure Guideline Levels (AEGLs) 
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Revisit of Acetone 

11 SUMMARY TABLE OF AEGL VALUES FOR ACETONE " I 
Classification 10- 30- 1-Hour 4-Hour 8-Hour 

M i o u t e M i n u t e l  1 1 1 Endpoint (Reference) 

AEGL- 1 
(Nondisabling) 

AEGL-2 
(Disabling) 

AEGL-3 
(Lethality) 

200 pprn 
(470 

see below 
# 

mg/m3) I mdm3) I mg/m3) I ing/m3) pelson et al. 1943; Stewart et al. 1975) 
I I I I 

200 pprn 
1 (470 

200 pprn 
(470 

4,900 
P P ~ *  

(1 1,000 

I I I I I I 
n: Cutanso~~s absorption of liquid acetone may occur. Since liquid acetone is an eye irritant, eye contact must he avoided. 
#:  The lower explosive limit (LEL) of acetone in air is 2.6 ?4 (26,000 pp~n). The AEGL-3 valuc o f  16.000 ppm (39,000 mg/m3) for I O minutes is higher than 50 of the LEI,. 
Therefore, extreme safety considerations against hazard ofexplosio~i must be taken into account. 
* :  Concentrations are higher than 1/10 ofthe lower explosive limit of acetone in air. Therefore, safety considerations against hazard of explosion must be taken into account. 

mg/in3) 

8,600 
P P ~ *  

(20,000 

NACIAEGL-36; April 2005 2 

200 pprn 
(470 

3,200 
P P ~ *  
(7700 

mg/m3) 

5,700 

P P ~ *  
(1 4,000 

200 pprn 
(470 

1,400 
PPm 

(3400 

NOAEL for slight irritation (Ernstgard 
et al. 1999; Matsushita et al., 1969a; 

mg/m3) 

2500 ppm 
(6000 

mg/m3) 

950 ppin 
(2300 

mg/m3) 

Ataxia in rats (Bruckner and Petersen 
198 la; Goldberg et al. 1964) 

1,700 
ppm 

(4000 

No lethality in rats (Bruckner and 
Petersen 198 la;  Sinyth et al. 1962) 



Comments made by 

GAMA (Global Acetate Manufacturers ' Association, 
Brussels, Belgium), very detailed and complex 
comments; and by 

John Morawetz (ICWUC Center for Worker Health & 
Safety, Cincinnati, Ohio), 

GAMA: report "is very well written and reasonably detailed 
in many regards and .. most, but not all, of the critical 
studies described"; proposed limits are deficient in four 
areas: 

"AEGL-2 and AEGL-3 limits can be improved by 
establishing a human biological effect con- 
centration that corresponds to the appearance of 
a particular neurological effect." 
(GAMA considers approach usinq animal data 
"peculiar", instead, values not in accordance with 
observations at workplace, data from human case 
reports and PBPK model should be used) 

2. "AEGL-1 limits derived using outdated and 
unreliable information from unscientific 
symptom surveys." 
(refer to new review of Arts et al., 2002) 

3. AEGL-1 limits do not conform with SOP for AEGL 
(use only sensory irritation as relevant endpoint, 
acetone is a very weak sensory irritant, AEGL-1 
far too conservative) 

4. AEGL-1 very close to LOA of 160 ppm, may result 
in unnecessary alarm or panic in an emergency 
situation. 
(balance the need to keep people safe without 
causing widespread fear and confusion in the 
affected population) 

NACIAEGL-36; April 2005 3 



5. (errors or omissions in Table 8.2 regarding extant 
standards and guidelines for acetone; 
will be checked and corrected, but not be dealt 
further here) 

John Morawetz 

Basis for AEGL-1: The "bottom line is that without 
any factor, the population variability stated in the 
SOP is not taken into account." 
(do not use study of Nelson et al. (1943) since its 
use was rejected recently by NACIAEGL in the 
derivation of AEGL for another substance 
(acetaldehyde). 
Remaining studies considered to have limitations 
because of the number of subjects were small, all 
were male and healthy. 
Therefore a modifying factor of 2 is recommended 
and 250 ppm be used as a starting point. 
This would lead to a (rounded) AEGL-1 of 130 ppm 
for all time points. 
Alternatively, John Morawetz also suggests to 
discuss that a higher concentration (with, however, 
effects above AEGL-1 threshold) and an 
intraspecies uncertainty factor of 3 might be used. 

NACIAEGL-36: April 2005 4 



Statement to GAMA comments for AEGL-2 and -3 

Case reports: 

show that high blood levels (2500 mg/L) may be 
survived but these patients received intensive 
medical care at stationary hospital admittance, 
outcome otherwise not known 

sometimes biased by history of disease (chronic 
alcoholism) and medication 

uptake of mixtures, acetone not considered 
cause of death 

uptake of isopropanol, acetone is active 
metabolite but role of both hard to differentiate 

PBPK models: 

may be useful to describe toxikokinetics at lower 
concentrations (about 500 ppm), but not 
validated at high exposure concentrations 
relevant for AEGL-2 and AEGL-3 

use of interspecies uncertainty factor would still 
be necessary to account for possible kinetic and, 
especially, toxikodynamic differences 

Recommendation: 

Retain derived AEGL-2 and AEGL-3 values for all 
time points. 

NACIAEGL-36: April 2005 5 



AEGL- 1 

GAMA states that AEGL-1 rely on "sensory irritation" 
which is observed for acetone at concentrations far 
higher than 1,000 ppm 

Statement to GAMA comments 

"airborne concentration . . . above which it is 
predicted that the general population, including 
susceptible individuals, could experience notable 
discomfort, irritation, or certain asymptomatic 
nonsensory effects. . . . effects.. . not 
disabling.. .transient and reversible ...." 
Not restricted to "objective" sensory irritation as 
suggested by GAMA, other factors also relevant. 

NRC (2001), derivation of SMAC ("Spacecraft 
Maximum Allowance Concentrations for Selected 
Airborne Chemicals"): 

"For 1-h and 24-h SMACs, a slight degree of 
adverse effects is acceptable as long as the 
effects do not limit an astronaut's ability to 
perform during an emergency. The slight 
adverse effects at 200 ppm reported by Stewart 
et al. (1975) and those at 250 ppm reported by 
Matsushita et al. (1969a) are acceptable for 
short-term exposures (24 h), and, on the basis of 
the 1000-ppm results in the Stewart study, and 
the 500-ppm results in the Matsushita study, a 1- 
h exposure at 500 ppm should not affect 
performance." 

Follow NRC (2001), but consider different 
protection level and group (trained astronaut's 

NACIAEGL-36: April 2005 6 I 



ability vs. general public exposed without 
warning); 

AEGL-1 is in accordance with definition and 
fully consistent with NRC-evaluation in the 
derivation of SMACs. 

GAMA: AEGL-1 of 200 ppm close to LOA of 160 ppm, 
suggests widespread panic and mass confusion could 
develop in an emergency situation when people are 
exposed at or near the AEGL-1 level. 

Statement to GAMA comments 

Cognitive bias can influence perceived irritation 
and health symptoms from acetone exposure (more 
health symptoms in "negatively biased" experimental 
groups) 

Reaction to Acetone does not depend on the level 
of the AEGL-1 but on the subjective signs that may be 
felt at exposure. In an emergency situation, it is to be 
expected that persons exposed to acetone will react 
rather more than a "negatively" biased group. 

Therefore, we consider an AEGL-1 level of 200 
ppm as appropriate. 

NACIAEGL-36; April 2005 7 



John Morawetz 

without any factor, the population variability 
stated in the SOP is not taken into account. 
Use mofifying factor of 2. 

Statement to comment of J. Morawetz 

Concentrations around 200 - 500 ppm represent 
the lowest level of the concentration range above 
which effects of exposure to acetone are 
increasingly reported. Although in the studies 
used all volunteers were males, not much variance 
is expected in the outcome between males and 
females with respect to the endpoints considered 
relevant here. Therefore, we suggest that a 
modifying factor is not necessary. 

Recommendation: 

Retain derived AEGL-1 values for all time points. 

NACIAEGL-36; April 2005 8 



Revisit of Acetone 

Key studies: Ernstgard et  al. 1999; Matsushita et  al. 1969a; 
Nelson e t  al. 1943; Stewart et a1.1975 

Endpoint: 200 ppm: subjective symptoms (irritation) not 
reported more often than in controls (Nelson et  
al., 1943; Stewart et a1.1975); 

250 ppm: slight irritation, few complaints about 
discomfort in one study (Matsushita et al. 
1969a) but not in another (Ernstgard et  al. 1999) 

300 ppm: slight irritation in majority of 
volunteers (Nelson e t  al. 1969); 

Scaling: one value for all time points since local effect, 
accommodation, complaints about discomfort 
not reported to increase during several hours of 
exposure 

Total uncertainty factor: 1 

Intraspecies: 1 

200 pprn as  NOEL for local effects, effects weak 
at  higher conentrations 

1 AEGL-1 Values ~ 
1 hour 

Remark: AEGL-1 is above odor recognition threshold. 
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4 hours 

200 ppm 

8 hours 

200 ppm 
(470 mg/m3) (470 mg/m3) (470 mg/m3) 

200 ppm 
(470 mg/m3) 

200 ppm 
(470 mg/m3) 



Key studies: Goldberg et al. (1964); 
Bruckner and Peterson 1981a 

Endpoint: Effects on CNS in rats 

LOAEL: 12000 ppm, 4 h; 
12600 ppm, 3 h 
(ataxia, reduced escape response) 

NOEL: 6000 ppm, 4h 

Scaling: Cn x t = k, with n = 3 for shorter time periods 
and n = 1 for longer time periods (default). 

Total uncertainty factor: 4.2 

Interspecies: 1; because data do not indicate much 
variability in toxikokinetics and in acute 
neurotoxic effects between species; 

factor of 3 incompatible with human data 
(total UF = 10 would give 
4-h AEGL-2: 600 ppm; 8-h AEGL-2: 300 ppm) 

Intraspecies: 4.2; based on span of LD,, in rats of 
different age 

AEGL-2 Values 

/ 10 minutes 1 30 minutes I 1 hour 1 4 hours 1 8 hours I 

I I I 1 I I 

*: Values higher than 1/10 of lower explosive limit in air (2.6 %). 

9300 ppm* 
(22,000 
mg/m3) 

NACIAEGL-36; April 2005 

l o  I 

4000 ppm* 
(11,000 
mg/m3) 

3200 ppm* 
(7500 mg/m3) 

1400 ppm 
(3400 mg/m3) 

950 ppm 
(2300 mg/m3) 



Key studies: Smyth e t  al. (1962): 
Death in 116 animals following exposure to 
16,000 pprn 4 hours 

Bruckner and Peterson 1981a: 
No lethality in rats following exposure to 
12,600ppm for 3 hours 

Endpoint: 

Scaling: 

No lethality in rats a t  12,600 ppm, 3 hours 

Cn x t = k with n=3  for shorter periods of time 
and n =  1 for longer periods of time 

Total uncertainty factor: 3 

Interspecies: 1 (see AEGL-2); 
factor of 3 incompatible with human data 
(total UF = 10 would give 
4-h AEGL-3: 950 ppm; 8-h AEGL-2: 470 ppm) 

Intraspecies: 4.2 

Because the threshold for acute neurotoxic 
effects on the CNS is not expected to vary much 
in humans 

AEGL-3 Values Acetone 

10 minutes 1 30 minutes 1 1 hour 1 4 hours 1 8 hours I 

*: Values higher than 1/10 of lower explosive limit in air (2.6 %); * *  
value higher than 50 % of LEL in air. 

see below * *  

Level of Distinct Odor Awareness 

LOA = 160 pprn 

NACIAEGL-36; April 2005 

8600 ppm* 
(20,000 rnglrri3) 

3200 ppm* 
(7700 mg/m3) 

1400 ppm* 
(3400 mg/m3) 

950 ppm 
(2300 mg/m3) 



ATTACHMENT 8 

RESPONSE TO COT'S 
COMMENTS FOR ALLYL 

ALCOHOL 
Claudia Troxel 

Nancy Kim 

AEGL-1: Slight to moderate irritation in humans at 6.25 ppm 
for 5 minutes (Dunlap et al., 1958) [UF = 31 

AEGL-2: NOAEL for severe eye irritation in humans exposed 
at 12.5 ppm for 5 minutes (Dunlap et al., 1958) [UF = 31 

AEGL-3: Highest concentration w/ no mortality in mice, rats, 
and rabbits of 200 ppm for 1 h (Union Carbide, 1951) [UF = 31 



AEGL-3 
n value: derived value of 0.78 based on 
LC,, data from Dunlap et al., 1958; 
rounded to 1 to be consistent with other 
chemicals; the 10 min value was set equal 
to the 30-min value in order not to exceed 
the 150 ppm conc. that killed almost all the 
rats only two 7- or &hour exposures 

COT: NAC has had chemicals with n 
value of less than 1; rounding to 1 not in 
SOP 

AEGL-3 Tota.1 UF of 3 
Interspecies UF - 1 because the highest 

concentration causing no mortality was identical 
in all three species 

lntraspecies UF - 3 because UF of 10 - 
inconsistent with data; 1, 4, and 8- hour would 
be 20, 5.1, and 2.5 ppm, respectively. 

P Dunlap - rats: 7 hrld, 5 dayslwk for 60 exp. 
No effects at 1, 2, or 5 ppm; 1 bw gain at 20 
PPm. 

P Torkelson - rats, guinea pigs, rabbits, and dogs: 
no effects at 2 ppm for 7 hrld, 5 dlwk for 28 exp., 
reversible liver and kidney damage at 7 ppm for 
7 hrld, 5 dlwk for 134 exp. 



COT: AEGL-3 Total UF of 3 
Interspecies UF - 1 not justified; insufficient 
data to conclude that all species (including 
humans) respond similarly to the effects 
resulting from exposure (suggest UF of 3) 

lntraspecies UF - 3 It is illogical to make a 
scientific judgment about what the UF should be 
based on the data and available information, 
and if the end result values seem inconsistent 
with other values, go back and adjust the UFs. 
The UFs should remain the same and then, if 
there is a strong reason to change the resulting 
numbers, an adjustment should be made. 



COT COMMENTS FOR ALLYL ALCOHOL 

Two main issues: selection of UF and value of n 

Selection of UF of AEGL-3: 
The NAC used an interspecies UF of 1 in deriving an AEGL-3 based on data from an animal 
study. The rationale provided for this determination is that "these data suggest little difference 
between species in response to allyl alcohol exposure" (page vii, line 28; page 17, lines 25-26). 
However, no data are provided in the Executive Summary to support this claim. The text (page 
17, Section 4.3 Species) discusses some data, but it is not sufficient to conclude that all species 
(including humans) respond similarly to the effects resulting from exposure to allyl alcohol. 

The data discussed in Section 4.3 are mostly lethality data, and no data on humans were 
presented that are comparable to the animal data. In addition, the text states that "the lethality 
data summarized in Table 5 lack LC,, values suitable for direct comparisons of species 
sensitivity" @age 17, lines 19-20). In addition, the data presented on nonlethal effects come fiom 
a study in which all the animal data were grouped together such that the reader cannot determine 
which specific effects occurred in which specific species. The text states that these results were 
"discussed in general terms for all species" (page 9, line 33). For these reasons, selecting an 
interspecies UF of 1 for AEGL-3 may not be justified, and a UF of 3 could be used to derive 
AEGL-3. 

The argument for selecting an intraspecies UF of 3 for AEGL-3 is weak and not scientifically 
based; the values would be "inconsistent with available empirical data" (page vii, line 33). 
Inconsistency between the results and other established values is not sufficient reason to alter the 
UFs. It is illogical to make a scientific judgment about what the UF should be based on the data 
and available information, and if the end result values seem inconsistent with other values, go 
back and adjust the UFs. The UFs should remain the same and then, if there is a strong reason to 
change the resulting numbers, an adjustment should be made. There needs to be a solid scientific 
basis for moving away fiom the default value of 10. This should not be done in order to "make 
the numbers work." 

Value of n for AEGL-3: 
As written, it is not clear why the experimentally derived n = 0.8 in Section 4.4 was not used for 
time scaling since page 94 of the SOP lists TCE as one example of a substance with n = 0.8. 
There is nothing in Section 2.7 of the SOP that states empirical n values < 1 .O shall be assumed 
equal to the default n value of 1 ; SOP page 103 states, "The lowest value of n was 0.8 and the 
highest value of n was 3.5." Therefore, additional justification for n = 1 (page 20, lines 28-29) is 
needed unless the empirical n = 0.8 is used in time scaling. 



EXECUTIVE SUMMARY 

Ally1 alcohol is a colorless liquid that is a potent sensory irritant. Signs of intoxication 
following inhalation exposure to allyl alcohol vapor include lacrimation, pulmonary edema and 
congestion, and inflammation, hemorrhage, and degeneration of the liver and kidney. Human 
data were limited to voluntary exposures for short durations and general statements about the 
symptoms following accidental occupational exposures to unknown concentrations of allyl 
alcohol for unspecified amounts of time. Animal data were limited to studies in which lethality 
was the only endpoint of interest, subchronic exposures, or single-exposure experiments in which 
the model was questionable. 

The basis for derivation of AEGL- 1 values was human data that reported exposure to 6.25 
pprn allyl alcohol for 5 minutes resulted in slight or moderate nose irritation in 316 or 116 
volunteers, respectively (Dunlap et al., 1958). An intraspecies uncertainty factor of 3 was used 
because irritation is not likely to vary greatly among individuals. The same 2.1 pprn value was 
applied across the 10- and 30-minute, and 1-, 4-, and 8-hour exposure times because mild 
irritancy generally does not vary greatly over time, and prolonged exposure is not expected to 
result in an enhanced effect. 

The basis for derivation of AEGL-2 values was the human data from Dunlap et al. (1958). At 
12.5 pprn for 5 minutes, moderate or greater nose irritation was reported in 4 of 7 volunteers, and 
117 reported slight eye irritation. At 25 pprn for 5 minutes, severe eye irritation and moderate 
nose irritation were reported in 515 subjects. The 12.5 pprn was taken as a no-effect-level for 
severe eye irritation. An intraspecies uncertainty factor of 3 was applied based on the steep dose- 
response curve for eye irritation in humans (only one individual reported slight eye irritation at 
6.25 or 12.5 pprn for 5 minutes, while all 5 individuals reported severe eye irritation at 25.0 pprn 
for 5 minutes). The same 4.2 pprn value was applied across the 10- and 30-minute, and I-, 4-, 
and 8-hour exposure times because mild irritancy generally does not vary greatly over time, and 
because it is not expected that prolonged exposure will result in an enhanced effect. 

The highest concentration causing no mortality in mice, rats, and rabbits of 200 pprn for 1 
hour was chosen as the AEGL-3 endpoint (Union Carbide, 195 1). The highest concentration 
causing no mortality was identical in all three species. At higher exposures each of these species 
had mortality. These data suggest little difference between species in response to allyl alcohol 
exposure. Therefore, the interspecies uncertainty factor was set to 1. An intraspecies uncertainty 
factor of 3 was chosen. Although the traditional approach for uncertainty factors in a case such 
as this would argue for an uncertainty factor of 10 because of the lack of data addressing inter- 
individual variability, this would result in a composite uncertainty factor of 10. An uncertainty 
factor of 10 would drive the AEGL-3 values to levels inconsistent with available empirical data. 
A total uncertainty factor of 10 would result in 1,4, and 8- hour AEGL-3 values of 20,5.1, and 
2.5 ppm, respectively. Dunlap et al. (1958) reported that rats exposed for 7 hrld, 5 dayslwk for 
60 exposures to 1,2, or 5 pprn had no observable adverse effects, while rats exposed to 20 pprn 
only exhibited decreased body weight gain. Torkelson et al. (1959) reported that no adverse 
effects were noted when rats, guinea pigs, rabbits, and dogs were exposed to 2 pprn for 7 hrld, 5 



d/wk for 28 exposures, while exposure of rats, guinea pigs, and rabbits to 7 pprn for 7 hrld, 5 
d/wk for 134 exposures resulted only in reversible liver and kidney damage. 

The experimentally derived exposure value was then scaled to AEGL time Erames using the 
concentration-time relationship given by the equation @ x t = k, where C = concentration, t = 
time, k is a constant, and n generally ranges from 1 to 3.5 (ten Berge et al., 1986). To calculate n 
for allyl alcohol, a regression plot of the LC,, values was derived from the rat LC,, data (1 -, 4-, 
and 8-hour LC,, values of 1060, 165, and 76 ppm, respectively) from Dunlap et al. (1958) The 
regression analysis resulted in an n value of 0.78. The NAC committee recommended using an n 
of 1 (C1 x t = k ; Haber's Law) for consistency with other chemicals when an n of less than 1 is 
derived from the data. 

The 10-minute AEGL-3 value was set equal to the 30-minute value. Repeated 7-hour and 8- 
hour exposures at 100 pprn required 32 or more days for all rats to die (Dunlap et al., 1958; Shell 
Chemical Corporation, 1957). At 150 ppm, however, all rats in one study (Shell Chemical 
Corporation, 1957), and 8 of 10 of the rats in the other study (Dunlap et al., 1958) died by the end 
of the first two exposures. In order not to exceed the 150 pprn concentration that killed almost 
all the animals in only two 7- or %-hour exposures, the calculated 10-minute value of 400 pprn 
was set equal to the 30-minute value of 130 ppm. 

The derived AEGL values are listed in the table. 
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Classification 

AEGL- 1 
(Nondisabling) 

AEGL-2 
(Disabling) 

AEGL-3 
(Lethality) 

30-min 

2.1 [5.1] 

4.2 [lo] 

130 [210] 

10-min 

2.1 15.11 

4.2 [lo] 

130 [310] 

1-hr 

2.1 [5.1] 

4.2 [lo] 

67 [I601 

4-hr 

2.1 15.11 

4.2 [lo] 

17 [41] 

8-hr 

2.1 [5.1] 

4.2 [lo] 

8.3 [20] 

Endpoint (Reference) 

Slight to moderate irritation in humans at 
6.25 ppm for 5 minutes (Dunlap et al., 
1958) 

NOAEL for severe eye initation in 
humans exposed at 12.5 ppm for 5 
minutes (Dunlap et al., 1958) 

Highest concentration causing no 
mortality in mice, rats, and rabbits of 200 
pprn for 1 hr (Union Carbide, 195 1) 




