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ATTACHMENT 1

10:00 a.m.

11:00

11:15
II :20
12:00 p.m.

1:00
3:00
3:15

4:15

4:30
5:30

*Development team meetings: Isocyanates; PBPK issue chemicals (I, I, I-trichloroethane;
Ethyl benzene; Tetrachloroethylene); Cyanogen
Introductory remarks and approval ofNAC/AEGL-44 Highlights (George Rusch, Ernie
Falke, and Paul Tobin)
Status Update:Ethylphosphonothioic dichloride; methoxymethyl isocyanate (Cheryl Bast)
Review of Nitrogen trioxide and Nitrogen tetroxide (George Woodall/Carol Wood)
Lunch
Review of Ethyl benzene (John HinziCarol Wood/Jim Dennison)
Break
Progress Report: I, 1,1-Trichloroethane: PBPK Issues (Bob Benson/Sylvia Talmage/Jim
Dennison)
Progress Report: Tetrachloroethylene: PBPK Issues (Bob Benson/Claudia Troxel/Jim
Dennison)
Review of Cyanogen (Glenn Leach /Cheryl Bast)
Adjourn for the day

2:30
3:30
3:45
5:30

9:30
10:30
10:45
12:00 p.m.
1:00

Tuesday, March 4, 2008
8:30 a.m. *Development team meetings: 1,2-Butylene oxide; Ethyl Phosphorodichloridate;

Isocyanates (if needed)
Review of Ethyl isocyanate (Susan Ripple/Bob Young)
Break
Review of Phenyl Isocyanate (Susan Ripple/Bob Young)
Lunch
Review ofn-Butyl isocyanate; Isobutyl isocyanate; n-Propyl isocyanate; Isopropyl
isocyanate; and t-Butyl isocyanate (Susan Ripple/Bob Young)
Benchmark Concentration Analysis (Jay Zhao)
Break
Review of Methyl isothiocyanate (Susan Ripple/ Sylvia Talmage)
Adjourn for the day

Wednesday, March 5, 2008
8:30 a.m. Review of Ethyl phosphorodichloridate (Gail Chapman/Cheryl Bast)
9:30 Break
9:45 Review of 1,2-Butylene oxide (Jim Holler/Sylvia Talmage)
II :45 Administrative matters
12:00 noon Adjourn meeting

*See page 2.

ANY INFORMATION DISCUSSED AT THE NAC/AEGL MEETINGS IS CONSIDERED PUBLIC INFORMATION
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Action: Proposed _ Interim Other----- -----
ATTACHMENT 2

f ff.-------------St rrsCh . 1Memlca ana2er: a clen IS :
~AC Member ~EGLI AEGL2 AEGLJ LOA l'/AC Member ~EGLI IAEGL2 ~EGL3 LOA

Henry Anderson )<. John Hinz V
Marc Baril X Jim Holler /
Lynn Beasley ./ Glenn Leach V
Alan Becker '7'. Richard Niemeier v
Robert Benson )<. Susan Ripple

1/
IEdward Bernas v". KJeorge Rusch,

~hair /'
Pail Chapman V Martha Steele /
George Cushmac V Daniel Sudakin

V
Ernest Falke V Marcel vanRaaij /
David Freshwater V \.-alvin Willhite /
Ralph Gingell V George Woodall V
Roberta Grant (" Alan Woolf {

/

Dieter Heinz II

TALLY

PASS/FAIL

PPM, (mg/mJ
) 10 Min 30 Min 1 Hr 4Hr SHr

AEGLI , ( ) , ( ) , ( ) , ( ) , ( )

AEGL2 , ( ) , ( ) , ( ) , ( ) , ( )

AEGL3 , ( ) , ( ) , ( ) , ( ) , ( )

LOA

* = :1:10% LEL

** =:1: 50% LEL

*** = :1:100% LEL

*Safety conSiderations agamst the hazard(s) of exploslOn(s) must be taken Into account.
** and ***Extreme safety considerations against the hazard(s) ofexplosion(s) must be taken into account.

NR= Not Recommended due to-------------------
AEGLI
AEGL2
AEGL3
LOA

Motion by: _
Motion by: _
Motion by: _
Motion by: _

Second by: _
Second by: _
Second by: _

Second by: _

Approved by Chair: DFO: Date: _



ATTACHMENT 3

1,1,1-Trichloroethane
NAC-45, March 3-5, 2008

NRCINAS Committee on Toxicology, AEGL Subcommittee
Comments on 1,1,1-Trichloroethane, July 2000

These comments affect the choice of key studies

AEGL-l (4-hour exposure to 450 ppm - slighteye irritation [Salvini et aI. 1971])
Why choose Salvini et aI. (1971) as the key study for AEGL-l ?

Give rationale why this is the best human study
Value is inconsistent with several other well-conducted studies
Consider using the 500 ppm for eye irritation in the study of Stewart et aI. (1961).
A two-fold intraspecies uncertainty factor is not warranted for slight eye irritation,

"a slight, reversible, subjective effect" (Le., a UF of 1 is sufficient)

Agree with usirig the same value across time for AEGL-l
But consider raising the 10-minute value

AEGL-2 (3780 ppm for 4 hours - ECso for ataxia in rats [Mullin and Krivanek 1982])
There are substantialproblems with the use of rodent CNS depression

Behavior performance studies are notoriously insensitive and difficult to interpret
Rats receive a much higher internal dose of inhaled 1,1,I-trlchloroethane than

humans
The calculated AEGL-2 values range from 930 ppm to 300 ppm

350 ppm is the TLV
900 ppm was the threshold for lightheadedness in humans (Stewart et al. 1961;

1969; Torkelsonet al. 1958)
1900 ppm for 5 minutes - disturbance in equilibrium ofhuman subjects

(Torkelson et al. 1958) appears to be a betterbasis.
Need 10,000-26,000 for light plane anesthesia in humans (Dornette and Jones 1960)

Suggest using 2000 ppm as a reasonable basis for AEGL-2 and using UF of2.
Make 10-minute value higher

Approaches steady-state in the brain at 30-45 minutes
Use validated PBPK modeling to time-scale

AEGL-3 (6-hour, 7000 ppm estimate of lethality threshold in rats [Bonnet et al. 1980])
Estimated from a graph not much detail. .. study is in French

The most sensitive subjects inhaling 6000 ppm during surgery did not die
Light plane anesthesia is not lethality .
Questioned keeping the values below the threshold for cardiac sensitization because the

injected dose of epinephrine in dogs was lOX physiological levels
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Summary of Interim Values for l,l,l-Trichloroethane

Classification to-Minute 30-Minute t-Hour 4-Hour 8-Hour Endpoint
(Reference)

AEGL-l 230 ppm 230 ppm 230 ppm 230 ppm 230 ppm Eye irritation and slight

(Nondisabling) dizziness in humans
(Salvini et al., 1971)

AEGL-2 930 ppm 670 ppm 600 ppm 380 ppm 310 ppm ECso for ataxia in rats

(Disabling) (Mullin and Krivanek,
1982)

AEGL-38 4200 ppm 4200 ppm 4200 ppm 2700 ppm 2100 ppm Estimated

(Lethal) concentration causing
no deaths in rats
(Bonnet et al., 1980)

• The I-hour value was used as the 10-minute and 30-minute values so as not to exceed the threshold for
cardiac sensitization of 5000 ppm observed in dogs (Reinhardt et aI., 1973).
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Effects of Exposure to 1,1.1-Trichloroethane
Concentration (ppm) Duration Effect Reference

Clinical Studies
35-400 0.5-6 hours Effects included no symptoms; no effect on body sway; initial Eight clinical studies

(avg 4 hours) noticeable odor, slight eye irritation; both slower and enhanced
neurobehavioral performance (subclinical deficits)

500 (450-561) 6.5-7 hours, No consistent symptoms Stewart et al. 1969
500 (498-509) 5 days No consistent symptoms Stewart et al. 1975
500 (6 male subjects) 1.3 hours Slight eye irritation, 3 of6 subjects Stewart et al. 1961
500 (6 male subjects) 3.1 hours No effects reported
900 (2 male subjects) 20 minutes Lightheadedness, positive Romberg test in 1 of2 subjects
910 (2 male subjects) 35 minutes Lightheadedness, in 1 of2 subjects, Romberg test difficult
955 (3 male subjects) 1.2 hours Positive Romberg test in 1 on subjects
0-2650 (7 subjects) 15 minutes Loss ofequilibrium in 2 of7 subjects at peak of2650 ppm
546 (450-710) 1.5 hours NOAEL for subjective symptoms; normal Romberg test Torkelson et al. 1958
506 (415-590) 7.5 hours Transient odor detection; normal Romberg test
920 (900-1000) 70-75 minutes Vcry slight equilibrium distwbance in 3 of4 subjects, rapid recovery
1000 (890-1190) 30 minutes Strong odor, equilibrium not distwbed
1900 (1740-2180) 5 minutes Noticeable odor; equilibrium distwbance
10,000-16,000 2 minutes Induction oflight plane anesthesia Domette and Jones 1960
6000-22,500 (with N2O) No data Maintenance oflight anesthesia during surgical procedures
Laboratory Animal Studies
1000 (rat) 100 minutes No deficits in neurobehavioral tests Warren et al. 1998
2000 100 minutes Small decrease in response after 1 hour
1750 (rat) 4 hours No neurobehavioral deficits Mullin and Krivanek 1982
3780 4 hours ECso for ataxia
700,1400 (baboon) 4 hours No change in response in neurobehavioral test Geller et al. 1982
1800,2100 4 hours No effect on correct responses, decreased responses, 29 and 33%
5000 (monkey) 7 hours Ataxia after 1 hour, tremblinJ!: ofhands after 5 hours Adams et al. 1950
12,500 (rat) 4 hours Highest non-lethal value (average of4 studies) Hazleton Labs 1989
15,525 (rat) 4 hours Highest non-lethal value Calhoun et al. 1988

Romberg test: standing on one foot with arms extended, both with eyes open and with eyes closed.
Equilibrium test: walking heel~to-toe in a straight line for 5 feet
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AEGL-2 Values from the PBPK Modeling
(no Uncertainty Factors applied)

Study Exposure CV 10 min 30 min 1 hour 4 hour 8 hourStewart 900 ppm/20 min 3.91 mg/L 1440 710 530 390 380Stewart 910 ppm/35 min 5.38 mg/L 2000 980 730 530 520Stewart 955 ppm/73 min 7.61 mg/L 2830 1390 1020 750 740Torkelson 920 ppm/72.5 min 7.33 mg/L 2730 1340 990 730 710Torkelson 1000 ppm/30 min 5.48 mg/L 2040 1000 740 540 530Torkelson 1900 ppm/5 min 3.00 mg/L 1120 550 410 300 300

Note: values based on preliminary revised model and may be different after
additional work

Iii



AEGL for NITROGEN OXIDES

NAC-AEGL #45
[3-5 Mar 08)

ATTACHMENT 4

III

Chemical manager

Chemical reviewers

Principal author

George Woodall

Daniel Sudakin

Marc Baril

Carol Wood

STATUS

Nitrogen dioxide: Interim
- accepted by the NAC

- currently in review by COT

Nitrogen tetroxide and Nitrogen trioxide: Draft
- chemical specific information added to N02 document

- literature search for data

Atmospheric Reactions

2NO + 02~ 2N02
(minor at ambient temp)

NO + 0 3~ N02+ O2
NO + H02- - N02+ HO­
NO + R02-~ N02+ RO­

N02+ HO-~ HN03

2N02~ N20 4

- temperature dependent

- favors N02 production

1



• N20 4

- Physicochemical properties

- Case reports of respiratory complaints after accident

- LCso values for four species; no experimental details

- Pulmonary lesions in rats; questionable protocol

• N20 3
- Physicochemical properties

- No exposure data

Other relevant information

• Oxides of nitrogen =N02 toxicity
- NIOSH, EPA, etc. .

• N20 4 in rocket emissions but NRC considered
N02, nitric acid, and HCI

NAC/AEGL Action

• Adopt the N02 values for these three
oxides of nitrogen

• Include data for N20 4 and N20 3 in TSD as
written

2



AEGL for ETHYLBENZENE

NAC-AEGL #45
[3-5 March DB)

A':f1'ACHMENr··5

Chemical manager

Chemical Reviewers

Principal Author

John P. Hlnz

Jim Holier

Iris Camacho

Carol S. Wood

History

• First addressed by the NAC iri September, 2006;
industry presented unpublished data (Stump
2003)

• Second draft was brought to the NAC in
December, 2006; it was decided to look at PBPK
modeling for AEGL 2 and 3
- the NAC discussed and decided upon the key studies

and points of departure to use in the model

- these were communicated to industry and the model
was run

AEGL 1: Key Study and POD

• Bardodej and Bardodejova 1961

-Humans

- 100 ppm for 8 hours: no complaints or any
problems in nine subjects

-180 ppm for 8 hours: irritation of respiratory
tract and conjunctiva, headaches, sleepiness
in eleven sUbjects

1



AEGL 2: Key Study and POD

• Cappaert et al. 2002

- Ototoxicity in female rats
- 550 ppm, 8 hr/d, 5 days

• Pronounced outer hair cell loss

• Threshold shift measured in mid-frequency hearing
range

AEGL 3: Key Study and POD

• Andersson et al. 1981

- Male rats: highest non-lethal
- 2000 ppm, 6 hrs: no clinical signs or deaths

PBPK model for Ethylbenzene

• Lisa Sweeney, The Sapphire Group, Inc.

• Supported by ACC EB Panel

• Peer review by Jim Dennison

• AEGL 2 and 3 run based on POD chosen
byNAC

2



Summary of Proposed AEGL values for Ethylbenzene

(PBPK model used for derivation of AEGL 2 and 3)

10-min 30-mln 1-hr 4-hr B-hr

AEGL 1 10 ppm 10 ppm 10 ppm 10 ppm 10 ppm

AEGL2 4000 ppm 1400 ppm 710 ppm 200 ppm 120 ppm

AEGL3 1400 ppm S10ppm 5BOppm 360 ppm 320 ppm

UF = 10 for all

Why is AEGL 2 > AEGL 3?

• AEGL 3 (POD = 2000 ppm for 6 hr, highest non­
lethal)
- Based on peak blood concentrations (peak CR)

- Endpoint (death) measured after single exposure

• AEGL 2 (POD = 550 ppm, 8 hr, 5 days,
ototoxicity)
- Based on cumulative exposure (AUC)

- Endpoint (ototoxicity) measured after 5 exposures

Options

1. Use AEGL 2 values tram model, but not
AEGL 3 values (but data are available)

2. Use AEGL 3 values tram model, but not
AEGL 2 values (but data are available)

3. Use model with different UFs (see upcoming
slide)

4. Use POD and calculate the old fashioned
way (as presented in T5D; may need different UFs)

3



Summary of Proposed AEGL values for Ethylbenzene
(calculated from data)

10-mln 30-mln l-hr 4-hr B-hr

AEGLl 10 ppm 10 ppm 10 ppm 10 ppm 10 ppm
(UF: 10)

AEGL2 46 ppm 46 ppm 37 ppm 23 ppm lBppm
(UF: 30)

AEGL3 150 ppm 150 ppm 120 ppm 76 ppm 50 ppm
, (UF: 30)

UFo 10"" Int..... fer systemic toxldly

3 lor Inter- because effects constslent between species

Application of UFs
• UFH = 10 because the mechanism of systemic

toxicity is unknown
- "Reduce to 3 for AEGL 3 and AEGL 1

• Mechanism for lethality Is probably CNS deprasslon
• Mechanism for ototoxicity Is unknown so leave as 10 for

AEGL2
• Irritation threshold Is basis for AEGL 1

- Reduce t03 for all AEGL levels:
• mechanism Is probably CNS depression or contact Irritation
• limited data suggest steady-state reached quickly In both rat

and human
• rapid metabolism with IIUle tissue retention
• toluene, xylenes, l,2-dlchloroethene use 3 [Among humans

the minimum alveolar concentration (MAC) for volatile .
anesthetics (CNS) typically varies by about 2-3 fold.]

Application of UFs

• UFA = 3 because clinical signs and systemic
effects were consistent between experimental
animal systems

- "Reduce to 1 for AEGL 3:
• eNS effects do not differ

• May not be same endpoint for AEGL 2

- Reduce to 1 for AEGL-2 and -3:
• toluene and xylenes use 1

4
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ATTACHMENT 6

ACUTE EXPOSURE GUIDELINE LEVELS (AEGLs)

CYANOGEN

NAC/AEGL·45
March 3-5, 2008
Alexandria, VA

ORNL Staff Scientist: Cheryl Bast

Chemical Manager: Glenn Leach

Chemical Reviewers: Henry Anderson and Gail Chapman

Reported that rat data suggest that cyanogen is less acutely
toxic than cyanide by a factor of 10

HOWEVER:

Cyanogen is structurally similar to cyanide and other nitriles.

N=C-C=N

Reportedly converted in the body partly to hydrogen cyanide
and partly to cyanic acid (HOCN)

Reportedly hydrolyzes to yield one mole of hydrogen cyanide
and one mole of cyanate

The mechanism of toxicity of cyanogen is reportedly similar to
that of hydrogen cyanide (HCN)

Qualitatively, many clinical signs noted in cyanogen-exposed
animals are similar to thos!! noted in cyanide-exposed animals.

However, at 'relatively low concentrations, cyanogen appears to
be much more irritating than hydrogen cyanide.

STEEP CONCENTRATION-RESPONSE CURVE

McNerney and Schrenk (1960) : Rats

Analysis of available rat data suggests tlJat this assumption may
be true for very short exposure durations (up to approx 15
minutes), but not for longer durations (30 minutes to 1 hour).

TABLE 1. Comparative rat toxicity of HCN and cyan02en
Exposure

Concentration duration HCN
(ppm) (min) Endpoint Cyan02en Endpoint

400-500 5 LCso -
4000 7.5 - Mortality: 3/6

196 15 LCso -
1000 15 - Mortalitv: 0/6
2000 15 ' - Mortality: 6/6

150-200 30 LCso -
500 30 - . Mortality: 0/6
1000 30 - Mortalitv: 6/6

120-140 60 LCso -
250 60 - Mortalitv: 0/6
400 60 - Mortality: 6/6

00
/. mortality:

100% mortality:

0% mortality:
100% mortality:

0% mortality:
100% mortality:

0% mortality: .
100% mortality:

1000 ppm for IS-min
1000 ppm for 30-min

500 ppm for 3O-min
1000 ppm for 30-min

400 ppm for 45-min
500 ppm for 45-min

250 ppm for 60-min
400 ppm for 60-min



4- and 8-hour values:

No effects were noted in either species similarly exposed at II ppm.

250 ppm for 60-min
400 ppm for 60-min

400 ppm for 45-min
500 ppm for 45-min

1000 ppm for 15-min
1000 ppm for 30-min

500 ppm for 30-min
1000 ppm for 30-min

Three-fold reduction of AEGL-3 values

0% mortality:
100% mortality:

0% mortality:
100% mortality:

0% mortality:
100% mortality:

0% mortality:
100% mortality:

Endpoint:

AEGL-2 Values for Cvanol!en
10-min I 30-min I I-h I 4-h I 8-h
50 ppm I 15 ppm I 7.0oom I 3.7oom I 3.7oom

Uncertainty Factors:
Intrasoecies: 3: Considered sufficient due to the steep concentration­
response curve

Humans exposed to 8 ppm cyanogen for 6 min experienced no irritation;
Humans exposed to 16 ppm for 6 min experienced transient ocular and
nasal irritation (McNerney and Schrenk, 1960).

Interspecies: 3
Use of the full default interspecies UF of 10 would yield AEGL-3 values
that are less consistent with the overall database.

AEGL-3 values derived with a total UF of30:

McNerney and Schrenk (1960) : Rats

Rats and monkeys repeatedly exposed to II ppm cyanogen 6 hours/day,
5 days/week for up to 6 months' experienced no treatment-related
adverse effects.

Rats repeatedly exposed to 25 ppm cyanogen 6 hours/day, 5 dayslweek
for up to 6 months experienced only decreased body weight, and
monkeys similarly exposed showed only marginal behavioral effects
(Lewis et al., 1984).

Approach justified by steep concentration-response relationship

None Applied. Minor contact irritation.

Human
8 ppm
6 minutes
NOEL for ocular and nasal irritation (irritation
was noted at next highest concentration of 16 ppm
for 6 or 8 minutes)
McNerney and Schrenk, 1960

Human data

Contact irritation is a portal-of-entry effect and is
not expected to vary widely between individuals.

Rat
Range of 250 to 400 ppm
Range of 7.5 to 120 minutes
Lethality threshold (LCol) calculated using probit­
analysis dose-response ten Berge program
McNerney and Schrenk, 1960

Reference:

AEGL-I Values for Cvanol!en
10-min I 30-min I I-h I 4-h I 8-h
2.7oom I 2.7 ppm I 0.90 ppm I 0.90 ppm I 0.90 ppm

Uncertainty Factors:

Species:
Concentration:
Time:
Endpoint:

Interspecies: I

Intraspecies: 3

Time Scaling:

Modifying Factor:3

These values are inconsistent with the repeated-exposure data in
both monkeys and rats (Lewis et al., 1984).

c" X t = k, where the exponent, n, is 0.90, as determined by analysis
of rat lethality data using ten Berge (2006) software.

Reference:

Rats repeatedly exposed to 25 ppm cyanogen 6 hours/day, 5
days/week for up to 6 months, experienced only decreased body
weight

Monkeys similarly exposed showed only marginal behavioral
effects.

Species:
Concentration:
Time:
Endpoint:

Applied to the 1-, 4-, and 8-hour time points because of the lack of
human data beyond 8-minutes and because of the potential for a
systemic effect from the cyanide metabolite.
(Similar to Methacrylonitrile)

Time Scaling:
10-min. 30-min. and I-hr values:

Modifying factor of2 applied to the I-hour AEGL-3 value to derive the
4- and 8-hour AEGL-3 values. (Similar to HCI and HF)

Using the calculated probit values (and UFs described below), yields 4­
and 8-hour AEGL-3 values of 4.5 and 2.1 ppm, respectively.

AEGL-3 Values for Cvanol!en
10-min I 30-min I I-h I 4-h I 8-h

15000m I 45 ppm I 21 ppm I II ppm I II ppm



SUPPORT FOR AEGL-3 VALUES:

If the actual experimental concentrations causing no death in rats
(McNerney and Schrenk, 1960) are divided by a total UF of 10, the
resulting values support the proposed AEGL-3 values.

No death was noted in rats exposed to 2000 ppm for 7.5 minutes or 1000
ppm for 15 minutes.

Applying the UF of 10, would yield a 7.5 minute value of 200 ppm and a
15 minute value of 100 ppm, values which encompass the derived 10­
minute AEGL-3 value of 150 ppm.

No deaths were noted in rats exposed to 500 ppm for 30 minutes;
applying the UF of 10, yields a value of 50 ppm, which is in agreement
with the derived 30-minute AEGL-3 value of 45 ppm.

No deaths were noted In rats exposed to 250 ppm for 60 minutes;
applying the UF of 10 yields a value of 25 ppm, which is in agreement
with the derived 60-minute AEGL-3 value of21 ppm.
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TABLE 3. Acute inhalation of cvanosen in male albino rats·
. ConcentrationT';';m) EIDOlun duration (min) Mortalitv incidence

4000 7.5 3/6
4000 IS 6/6

2000 7.5 0/6
2000 IS 6/6

1000 IS 0/6
1000 30 6/6

500 30 0/6
500 45 6/6

400 45 0/6
400 60 6/6

250 60 0/6
250 120 4/6
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n-BUTYL ISOCYANATE
Homan Data

o Du Pont, 1986: industrial hygiene survey

o 5 to 10 ppb (0.005 to 0.01 ppm) resulted in ocular irritation

o 50 ppb (0.05 ppm) normal work operations were not possible bot not
expected to impair escape

n-BUTYL ISOCYANATE
Animal Lethality Data
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o IRDC (1965): acate iDbalatioD toxicity

o 6 aSpngae-Dawley ntslgroap) exposed to 5.5, '7.9, 10.9., 12.0, 18.9,21.7,27.9,28.2,
or 34.6 mglm~ (1.4,1.9, 2.7, 3.0, 4.7, 5.4, 7.0, 7.1, 8.7 ppm) for 1 br

o 14-day OMerYlItiOD

o I-br LC51 of 15.2 mglm~ (12.1-19.0 CJ5-A, c.L)

o .Pungeot smelliag Uqaid with a high vapor pressure

o Intermediate in the manufacture of chemicals, dyes, and pesticides

o Respiratory tract aDd ocular irritation
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n-BUTYL ISOCYANATE
Animal LethaHty nata

12.5
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n-BUTYL ISOCYANATE
ADimal LethaHty nata

30 days post expo

2/6
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516
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21.n5.4-1 416 1 DntIIs lit.1, 1 earll at cbm 9,and 11~en.
27.9(1·OJ 6/6 2Dnt11sOlf l"cbIy. 4 death atday 1 polites,.
2U(7.1) 6/6 1 Ontll.. day ofnpenn. 5 at day 1 pest esp.
34;6'11.11 6/6 6 On..0II.by of_nre

n-BUTYL ISOCYANATE
ADimat LethaHty nata

o Paoluho aod Ebeo (1991): repe8t-exposore 1001 fuuctiou study

o 20 d'Wistar rats exposed (head-oose ouly) to 0, 1.09, 6.22, 14.61, aod 25.97 mrlm3

(analytical; eqoivnlent to O. 0.27. 1.55,3.67, and 6.49 ppm)-for 5 hnlday for 5 days

o 5-wk observation

o no clinical sips in rats of the 1 or 6 mrlm3 (0.25 or 1.5 ppm) lJ'Oups

o 12 ono rats orthe hilbert nposnre lJ'Oup died doring post exposure week 2

o delayed lethality was the result of obstrnctive and p"'lftHive ItlUI damage with
_ociated severe disturbance of ventilatury perfusion

o BllJer AG (1918)
o a"!j1 WIstIor reD; DO nperiineDtlIl details
o l-lIr LC.. : 4Z! "rI..J (210-646 ..rI'" 95% do; eqwinletlt to 106 PPM. 10-162 ppm. 95% d.)
o 4-Itr LC,.: <90 DlrI".' «22.5 ppm) .....
o 4-Itr LC,.: - n nrrJDI' (20 ppIIlI) f_"

o n. Pont .. CO. (1961): Ietll.11ty uny
o 6 aCIIR-eD reD ellJlO8ed to 12.5. 11.5. Z1, 31.5. 33.5 ppIIlI (...IytieIlI; p1Jrity _ spedfied) fOr 4-

honn
o Irnplar 1rreatIriaI. hyperemia, psphl" pale ean •• IHri1mItioII dart,. npnnre
o 4-Itr LC..: 15.6 ppIIlI (13.3-11.2 P...... 95"4 eol.) .
o pest-nponre o1rsernlie..:

• 10-20·4 ...... of body _icht dnrl,.. the lint day. resplretory dlstrnt r"rnderized by
pspIa" I.hered 1rreatll"" ro,.estloD a. rein, red dlsr..rwe fm.. tile eyes

• aU elrJ'Oll1lres resnlted iD so..e deetlls dlJl'ial tile 3O-dny ohserntiorr perInd
• patholo«Y IIDdlnp: d.rk red-eolored, ede...tou IDap. nHrOSis ••d desqn_tIo_ ef

rapirlltory epltllelinm. arrd sicrrs of ..rreued rapln.ry permeability
• s.","-C reb eshlblted .... of recerreratioll ofbmHhlal epithellrr....d pmlifenltioll of

roDrrediYe tIss.e ftS1IltI,. Irr fIbrotk r..1JIeS ••d ate1et1uls
• hmHheI'lJea_DIa _ eriderrt .....,. reD by 14 days pest espesrrre



n-BUTYL ISOCYANATE
Animal Nonlethal

o Paulahn et .1. (1990): palmo••.., f1I.dIo•••rterial blood 18'•••dd-hue ltD......d bro.chloalYeolar
InaIC f1ald (BALI') comJlOlItlo.

o eroa... ofzoa WlmIr ntl nposed (head....ly) for 4 bo.n lit n-bntyllsoeya••te (tech.lal
cnde; 99..5%) .t eo1I""Btntlo.. of 7.6, 13..5. and 55.% ...".' (aalytlal; eq.....lent lit 1.9.5.9.
a.d 14 ppm)

o 1.9 ppm: tn.sIent cUnical ..... (hypothermia, bndypn......d Irritation of m.co..
membn.H) d.ri the lint day

o 5.9 a.d 14 ppm: ofRYere resplnllt.., distress were obHrYed
• 5.9 ppm ero.p: resoIYed wlthl. 0" week
• 14 pp.. ero.p: peniIted tllro.Ch the 4-week obMnJItlon period

o hlclJ-dOle ntl
• If'OII lI.dl... ofC01IIOIidation, disle.tIe•• h-rrhack areas, ede......d pleural

effu.lo••
• microscopic cha.ces I.clnded lnereued ....ben ofalnolar maerophaces. perh'unlar

ro••d-eelllnflltntlon. f_1 f1broprolifentfn readlo...._P~"t11leke.11Ic of the
.epta, a.d pan..o.'"

o S...lIIa..,

• 4-hoar apos.re lit 1.9 ppm: ....or tn_lent cliJllcal effects th.t fIoUy """""" with Z4
ho.n

• 4-hr aposare lit 5.9 ppm: .otable effects whleh reaolnd wIthhI o.e week
• 4-hr uJIOI.re lit 14 pp..: peniltent dlnJeal effects and ....ble blstopotholocJal IInd111cs

co.....tent with .lpitleant pulmo.a.., Inj• ..,.

n-BUTYL ISOCYANATE
AEGL-l

Claslificatio. . lJ-1t

AEGL-l 0.0017

Key .tolly: Da Po.t (D. Po.t de Nellloan' .. Co.) 19116••-Batyl~.ateIndutrlal hnle.. nmy.
Peno••1Co......lcatlo•• Ce.tnl Research a.d DeYelopment Department, R_keU Labonta.., for
Tcmcoloty a.d I.d..trial MedldH.

Critlal ell'ediPOD: occ.patlo.al apos.re;.otIeeable eye Irritation at exponres of 0.005 lit 8.01 pp.; the
lower n. of 0.005 ppm _. H1eeted _ the poInt-of-41epartnre fIor AEGL-l deYelopmnt.

U.eertslnty faclltn: Total ••eertsl.ty factor adj._eat Is 3
I.tenoecia: 1; oeeapatioaal uJIOI.re data; the erltlcal ell'ect a.d po......r-4epartsre (POD) pertain to

••m.... DO I.tenpeela ••""rtsl.ty factor h ._..,.

Iatraspeciu: 3; bee...e t.e eHtleal effect _. "notleeable" Irritatlo•••d hn-olYed _rken who were likely
familiar with t.e effects of a-batyl iIuqa."" a J-fold .neertslnty .dj.....nt.. appHed In the

deYelopme.t of the AEGL-I Taln••

Modlfylnc F.ctor: ...e

Time .ealla,. not applleable; dl~__et Irritant (NRC. ZOOI)

n-BUTYL ISOCYANATE
Animal Lethality nata

Letro tfth.lnntsfo Hate 0DM1Ift lit ate
StadY Letlialltr Iinchlllark .

Co__

1RDC.19S l-uLC'" 3.8mn. DHtbdiolnM.l to 13 dan
DlI P..... Co..l9U 4-hrLC.: 15.6J1P8 Post npunredosths; thne lit deatII ... a finIdioIl

lit toauat••do.
1IlIyerAG. 1971 '. I-hrLC..,:.I" ppm'

4-hrLew: 4Uppm (a)
'. .....r LC":;::111 DIJiIa (~\

n-BUTYL ISOCYANATE
Animal Nonletbal

o lRDC (1965): I-bour exposare of I'IItlI

o ao deaths occarnd i. a grotIpIJ of '1'IItlI exposed to n-batyl isocyD.ate 5..5 m(lmJ for I
bonr

o DO deatbs amonl' nb exposed to 12.0 m(lmJ for I hoar
• lethality oecarred at 7.9 aad 10.9 m(lmJ (absence oflethality at 11..0 m(lmJ is

likely a function ofsman croup size)
• clinical sips: hypoactmty, iacreued croomialo and escape bebBYior dariag

RpOIIIIre only, salmltion, lacrimation, and dyspaea.



AEGL-3
(Lethality)

.AEGL~alaarilr-D.-b

:.~:.lO-ildit'~l:"~;:.iIdit,
;t/ CMI01't':,("IF,cCJ;001T:.

0.017

(}.057

a-BUTYL ISOCYANATE
AEGL-2·

AEGL-Z ..laes for .bllQ1 JBOCYaIl1lte (PDm) ..

C1..mrat1oa I 10-1lIIia I 30-111ia I l-k I 4-Il I 8-.

AEGL-Z I O.OlT' I 0.011 I 0.1111 I 0.011 I 0.011
Ker Itady: D. Pollt (Da Pnt de Nemo.n A Co.) 1986. ...BIItyI""'1l1Ite IIIdntrhII JlnieBe ••my.

Penatnll Comm••iattlo., Celltnl Resarell .1Id DeYeIo....- DepartmeBt, Hakell ....bontory for
TosteoJecy .... 11Id88trf81 Medid1le.

Crltlal efreetlPOD: tile oa:.patloul nponre •••Iysb lItlIted tim: ftJIlII'1Ire to 5lI ppb (0.05 ppm) for •
ooBSpedfIed d.n........ eollSidered I_patible witII .......1werIl opentIo_ InIt Ht e.......red
_pe Impalri..

UDftrb11lty f.don: Total ""rbiDty &dor .dj......ent Is 3
latenpedes: 1; CIU1I)IlItIouI ftJIlII'1Ire uta; t.e erltlal elreet .......illt-or-depart1rre (POD) perU. to

h.m..... DO iatenpedes aDftrbiaty &ctor Is D_ry.
IDtrupedes: 3; the 50 ppb (0.05 ppm) ftJIlII'1Ire from t.e DB Pm (1986) repart Is eoasidered • proteetin

POD for AEGL-Z derifttlo. hea_ the onlu irritDtin ,.,.. aeither nape Impairhlc DOr
Irrennible ID h....as. Altho••• tile 0.05 ppm ftJIlII'1Ire eoIIft1ItnI..... Is • proteetiYe POD for
AEGL-l derifttlo., It Is ......ed th.t the _ ......r ,. w."'. this Is bued ...
•_ed to the irritDlIt efreds of ...1notyI...,. tim: HDSJtiye respotIden m.,. n:perIellft
shnller eIreets .t lower nponres. Therefore, •• iahapedeo .1IftrtDI8ty f.dor of3 ....pp11ed for
deriYlDl tile AEGL-l ft....

Modifyln. F_r: Done Time seaN.., _ .ppHnhle; dlreekelltlld irrltallt (NRc, 2001)
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a-BUTYL ISOCYANATE
AEGL-3

AEGL-3 ftl.es for ...batyl isoeYante (DUm)
C1aulfintloa I 100miD I .30-.... I 1.... I 4-h I 8-h
AE~3 I 0.11 I 0.21 I Ull T-----...ll -T 0.051

Ker study: DB Pollt (Da Pollt de NeBlODn .. Co.) 190. AClIte 1...I.tioD toDdty; ""'m .dd .-blltyl
ester. H.shell ..............,. for ToDco!oIY .nd Ind.strial Medidne. R.....rt No. 2lJ9-QJ, MR No. 511­
243.

Crltlai etreetlPOD: 4-lIrBMa... of 3.35 ppm a estim.ted ofletbDllty thres.oIcI

UaeertDiaty f.eton: Total .aftrbiaty &dor .dj.shneIIt Is 30
bmnpeda: 10; Ieth.Hty uta f.r ...blltylisoeya••te.re .....I..bIe for 0.1y 0.... spedes .ad there Is no

i.forma..... repniialleth.11ty iD .....n.

IlItrupedes: 3; .Itho.p the Ieth.. respaase iD nts exposed to ...1notyI isoey:Il..te nhlbHD laMer. the iDltlal
Inuit .ppears to be the result of palmo••ry d.m This mode of.etIoa Is _1I1IeIY to ftry eonsidenbly
.erass Indiridu.1s .1th0Dlh dOOmeme &etun y be lastnme_L To ._1It for ,..tIIIe dOOmetrfe
...riablHty. the Intrupedes a_i.ty f.ctor .. 3. .

ModifylDl F.dor: no.e

Time saUIII: C" It· Ie, where • - I or 3

'.



ETHYL ISOCYANATE
(CAS Reg. No. 109-90-0)

NAC/AEGL-45
Alexandria, VA
March 3-5 , 2008

ATTACHMENT 8
ETBYLISOCYANATE

o Pungent smelling liquid with a high vap.or pressure

o Intermediate In the manufacture of
pharmaceuticals and pesticides

o Respiratory tract and ocular irritation

o Very limited data

ORNL Staff Scientist:
Chemical Manager:
Chemical Reviewer:
Chemical Reviewer:

Robert A. Young
Susan Ripple
David Freshwater
Ralph Gingell

ETBYLISOCYANATE

o Human data - none

o Animal data

o rats only (Eastman Kodak, 1964)

• 3 rats/group

• expos\lre concentration by wt./voiume



ETHYL ISOCYANATE
~GL-3

ETHYL ISOCYANATE
AEGL-l

AEGL'3 valaes for te(p_)

Clauiflatioa I ID-mill I 3O-mill I~ I 4-It I .~

AEGL-3. I 0.69: . I .. 0.69 0.54 I 0.34 I 0:23

Key study: Entm•• Kodak. 1964. Toddty ••d Health Huard S......ry. EtbyllIlxyuate. IAboratllry
of IIIdustrilll Medidlle, E.stm•• Kodak, Co.. RocIt_, NY. OTSOS1l3~.

Critlal effedlPOO: NOAEL for Ietllallty -27 J'PIB for 6-Ilr; IetII.Uty ...,.,.rftd at _1tIpat eo.entretio.
(82 ppm for 6-br).

AEGL-l values for ethylisocyanate
Classification ItO-min r-3o-miD . [ 1-h' I 4-h I 8-h

AEGL-t I; NRJ I '.~ I::NR --.r NR I NR.
NR: Not1lecoJuI.dedl A....atAEGL'l ..... does... iaIpIy·tbat~tio_beIew tile

. AEGL-2.n -fritIIo1lt efreet.

Uocertal.ty f.cton: Total aacertalaty tartar .djastme.t 1130
latenaecie!: 10; Ieth.1Ity data for ethyl iIoey...te.n .nilable for Dilly o.e spedes; 00 ...... data.

latraspecies: 3; eUoial .... eouiIteot wItII eo.taet Irrltatioo wbie" II DOt IiIreIy til vary eo..lderably
"'roa i.dlvlda.", a1tho.e11 dOlimetrie tartan ••y be Iutrome.taL To .uoo.t for ponible dOlimetrie
varlabWty, the iatnspeeles ••eertalaty tartar II 3 II eouldered sldllde.t. ne Iatraspeela Dllftrtalaty
taetllr of3 II also s.pported by tile steep ...ceatntioo-'rapoue wItII reprd til letllallty (0% mortality Ia
rab exposed to 27 ppID aad lDO% mortality lot 82 ppID for 6-hr; Eamaaa Kodak, 1964).

o Not recommended - insufficient data

ModlfyiOI F..,tllr: 3: s..ne data base

TI..e seanol: C" x t - k, w"en 0 - I Dr 3

AEGLmues for ethvlisocYaaate (uma)

NR: Not Recommeaded. AbseDce of AEGL-l valaes does DOt imply tbat cODceatntioDI
below the AEGL.2 are without effect.

100miD I 30-miD I I-b I . 4-b

NR I NR IN,R I ..;;;NR

0.077

.8-h

ETHYL ISOCYANATE
AEGL-2

8-b
NR

0.23

.0.0770.11

: 0.340.540.69

:'~~~=:'.> I:;,.: .0.18
0.23

0.69

CIusificatiOD
AEGL.I
(NoDdisablina)

.AEGL-3
II _",,-L_ • .!'

AEGL.2
I (Disablinl!)

o Insufficient data

o AEGL-2 values estimated u three-fold reduction of AEGL-3 values
(NRC, 2001)
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PHENYL ISOCYANATE
Human Data

o no quantitative human data; irritantllacrimator

PHENYL ISOCYANATE
Animal Lethality Data
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o Mouanto (1954)
o rats exposed to 0.33 mcJL (-67 ppm) died at 1 hoar. 2 hoan and 2.5 honn of exposnre
o .HCOad esperiment rats were exposed for 4 houn to 0.14 mcJL (-211 ppm): aU rats Inrrived.

o Mobay (11178)
o I-hr LC.. of 11.6 ppm (8.4-111.0; 115% c:.L)
o 4 a 4 ~/group (up to 80 ppm)
o 8-11 days lateucy

o Pungent smelling liquid with a high vapor pressure

o Intermediate in the manufacture of pharmacenticals and pesticides

o Respiratory tract and ocular irritation

~
CO



PHENYL ISOCYANATE
Animal Nonlethal

o Pauluhn et at (1995) (pilot ltudy for l-week ltudy)
o 0 Wistar rats (41group) exposed (uooe-only) to 0, 1.9,5.14, or 11.91 mglm' (equivalent to 0, 0.4, 1.1,

and 1.7 Pfm; analytically determined) ) for 45 minutes
o 1.1 mglm (0.1 ppm) estimated threshold exposnre for upper respiratory tract IIenlOry irritation.

o Pauluhn et al~ (1995)
o 100 Wistar rats exposed (nOle-only) for' 6 hn/day, 5 dayolwk to 0, 1.04, 4.1, 7.18, or 10.39

mglm' (0, 0.1, 0.8, 1.5, or 1.1 ppm)
o uo clinical lipl Ia 0.1 or 0.8 ppm groupe
o iucideuces of hiltopatllolocic 'esionl Ia rats of 1 or 4 mglm' (0.1 or 0.8 ppm) groupe wa not

lignificantly different than controll (exception of Goblet ceU hyperplasia i. the ..... a.d
para....1regiO.1 and main bronchi of rats In the 4 mglm'gro.p)

o 7 and 10 mg/m'groupl exhibited "ieaificant airway I.jury and decrement I. pulmonary
function conliltent with the clinical lig.. of respiratory traet irritatiou

• moot of the "ieU regreued dnring the fint post expo"ure week
• lporadic recurrence of Irregular breathing patteruo and wheezing wa observed
• necropsy f"mdiugo in rats of th_ groupe included macroscopic lunglesiou and ple.ral

adhesiou.

PHENYL ISOCYANATE
AEGL-l

AEGL-1 valnes for phenvl isocvanate (ppm)
Clulification I 10-miD I 30-miD I 1-h I 4-11 I 8-b

AEGL-1 I 0.0067 I .0.0067 .. I 0.0067 I 0.0067 I 0.0067
Key ltady: Paulah., J., R&ageler, W~Mohr, V.1m. Phe.yl isocyauate-induced asthma In rats foUowing a
l-week expo".re period. Fundam. Appl. ToIicol. 14: 117-118.

Critical effeetlPOD: threlbold for respiratory tract irritation; 1.1 mglm' (0.1 ppm); 6-hr repeated expo"ure

Vncertalaty facton: Total uncertainty factor adjutmeat is 30
Intenpecieo: 10; absence of hnmaa data and animal data in 0.1y o.e lpeeles justify reteation of the default
intenpeeles uncertal.ty factor of 10.

Intralpecies: 3; phenyl iIocyauate is a direet-contact Irritant; toIicodyaamiCl would not be expected to
vary; tbe POD appean to be a protective estimate (multiple expo"Ures to bigher concentrationl produced no
diaieall••1 or hiltopathologlc evidence of pulmonary damage); iIocyanates react witb nucleophUes at tbe
point of contact wblch, in respiratory tract tiII.e, indudes protelu with lulfhydryl, bydroxyl, amine, and
earboxylgroupe (OECD, 1005). Paulu'" et al. (1995) noted tbat expertmeutal evideuce luaests that tiIIue
damage il coalilteat with a penilteut iullammatory reopoue involving direct coatact with the tiIIue.

Modifyiug Factor: aone

Time lcaliug: CO x t =.....here n =1 or 3

PHENYL ISOCYANATE
Animal Lethality Data

o Imperial Chemical Iodultrieo Limited (1980.)
o 404 ~ ratllgroup exposed for 1 hORr to 0.358, 1.315, 1.45, 1.167,4.368,6.08,7.941, or 9.187

ppm; 14-day obllervation
o I-hour LC..: 3.9 ppm (1:9-5.3 ppm; 95-;. e.L)
o delayed letllality

o Bayer AG (1981a)
o 50S ~ Wiltar rats eIpooed to a ..turated atmoopbere ofpbe.yl iIocya.ate (-1600 ppm at 10

°C) for 3, 10, or 30 mla.teo; observatio. period 14 days
o aU rats died
o time-to-deatb wa invenely related to expos.re duration (lee table)

o Bayer AG (l99la)
o 404 ~ Wistar rats were exposed for 4 hn to 0,1.1, 10.4,10.8, 31.3, 64.6, 81.9, or 150.1 mgtm'

(equivale.t to 0,0.4,1.1,4.4,6.6,7.7,17.4, and 31.3 ppm)
o c1lnlcallipl and grou patll. findingo iadlcated respiratory tract a primary target
o moot rats died witbia 9 dar.

• 4-br LC..: 11 mglm (19-17 mglm'; 95% c.L) (4.6 ppm)
• NOAEL: 0.7 mglm' (0.15 ppm)

PHENYL ISOCYANATE
Animal Nonlethal

o Mo....to (1954)
o .ao deatbl In rats expolled for 4 bn to -19 ppm

o Imperial Cbemieal Indumes Limited (1980b)
o 8 0 8 ~ Wiltar-tlerived rats exposed to 0.05 ppm or 0.5 ppm, 6 hn/day for 11 days
o 0.05 ppm coacentratio. wal clOle to a .o-effect level

() Bayer AG (1991b)
o 100 10 ~Wistar ratllgroup exposed to 0, 0.11, 0.57, or 3.14 mglm' (analytically determiaed h y

IIPLC aualysis; equivaleat to 0, 0.03, 0.1, or 0.7 ppm), Ii bn/day for 5 days; 3-wk observatiou
o no rats died ; no lignif"lCaat ellnicalligu ia 0.03 or 0.1 ppm groupe
o leroul n...1iliscbarge but ao camulative effects ia the 0.7 ppm group
o multiple 6-hr exposures to 0.1 ppm were ..ithout IIerioUI effect
o multiple exposures at 0.7 ppm rnulted in no lignifieant toxicological couequences

".



-AEGL values for oheovl isocyanate /oom)
Classification IO-min 3o-min I-h 4-h ..... 8-h

AEGL-l 0.0067 0.0067 0.0067 - 0.0067 0.0067
lNondisablinl!)
AEGL-2 0.027 0.027 0.027 0.027 0.027
IDisablinl!)
AEGL-3 0.10 0.10 0.079 0.050 0.050
(Lethality)

PHENYL ISOCYANATE
AEGL-2

AEGL-2 values for obeJIVI isocvanate (oom)
Clusification 1 lo-min 1 3G-min I 1-b 1 4-b 1 8-b

AEGL-2 I 0.027 I 0.027 I 0.027 I 0.027 I 0.027
Key study: Paulubn, J .. RBugeler. W•• Mobr, U. 1995. Pbenyl isocyan.te-induced .stbm. in rao foUo"ing.
Z-..eek eIpo.ure period. Fnnd.m. Appl. ToIicol. 24: Zl7-Z28.

Critical eft'ectlPOD: 0.8 ppm. 6--br repeated eIpo.nre; NOAEL for AEGL-Z .everity eft'ects based upon
clinical.ign., clinical cbemistry evaluation. and groaslbistupatbololY findinlll'

Uncertainty facton: Total uncertainty f.ctor adjustmeat is 30
Intennecies: 10; absence of bnmall data and anim.1 data in only one .peeies justify retentioa of tbe defult
illtenpeeies ullcertainty factor of 10.
Intrasnecies: 3; pbenyl isocyanate is a direct-colltact irritant; toIicodynamlcs ..ould not be eIpeeted to
v.ry; the POD appean to be. proteetive estimate (multiple eIpo'ures to bigber concentrations produced no
clinical .igns or bistop.tbologic evidence of pulmon.ry damage); isocyan.tes react witb nucleopbiJes .t tbe
poiDt of contact ..bicb, in respiratory tract tissne, includes proteins ..itb .ulfhydryl, bydroIYI, amine, aDd
carboIYlgroDps(OECD. 2005). Paulubn et .1. (1995) Doted tb.t eIperimental evidence .uggeso tbat tissue
damage is consistent witb a penisteDt infl.mm.tory respoD.e involviDg direct contact witb tbe tissue.

Modifying F.ctor: none

Time scaling: C" I t - k, ..bere n = 1 or 3

PHENYL ISOCYANATE
AEGL-3

Chemical TClldcIIy • TSO All Ila1a
PMnyt IoocyaMIe

1Q1XUIOOD

1OD.DOOO -_I

o
CJ

AEGL-3 valu••dor nbenvl isocyanate (nnm)
Claulfication 1 lo-min I 3o-miD I 1-.b I 4-b I 8-b

AEGL-3 I 0.10 I 0;10 J 0.079 1 0.050 . I- 0.050
Key .tudy: Bayer. AG. 1991a. Pbenyl isocyanate; Untenucbungen zur akuten inablation.toIizitit an der
Ratte. Bercbt- Nr. 20354. Studien-Nr. T7037386, Bayer AG In.titut mr ToIikologie

Critical eft'ectlPOD: 3-fold reduction ofnt 4-br LC.. (4.6 ppm/3 -1.5 ppm) coa.idered an estimate oftbe
letbality tllresbold.

10.0DD0 -'I

1.00lllI J

0.1000 'I=t:~=±=:=~~~==±
I

0.0100 -A--:- --~ - ------.-

o
o

•

Uucertainty facton: Total uncertainty factor adjutmeat is 30
Intennecies: 10; absence of lIuman data and animal data in Ollly olle .peeies jutify reteatioa of tbe def.ult
intetspecies nDcertaiaty factor of 10.
"trasneeies: 3; pbeayl isocyanate is a direct-contact irritaat for ..blcb the dynamic a.pect of toIicity
..ould not be eIpeeted to v.ry. It b.. been reported that isocy..ates react with nacleopbiJes.t tbe poiat of
coatact ..bicb. in respiratory tract tissue, includes proteins witb .ulfbydryl, bydrl!IYI, .mine, .nd carboIYI
gronps (OECD, 2005). P.ulabn et at (1995) noted that eIperimental evide.ce .nllgeso tb.t tissue d.m.ge is
couisteat with • penistent infIamm.tory respoue involving direet contact witb tbe tissue.
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Modifyinll F.ctor: none
Time .caling: C· I t = k, ..bere n - 1 or 3; tbe lo-minute v.lue is beld coutant with the 3O-min. value. Tbe
8-bour AEGL-3 v.lue .....et equiv.teat to the 4-bour value to maintain coII.latency witb the AEGL-2
values.
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fATTACHMENT 10

METHYL ISOTHIOCYANATE

#1)

ACUTE EXPOSURE GUIDELINE LEVELS
FOR

METHYL ISOTHIOCYANATE (CH3N=C=S)

National Advisory Committee for AEGLs Meeting-45
March 3-5, 2008

ORNL StaffScientist:
Sylvia S. Talmage

Chemical Manager:
Susan Ripple

Chemical Reviewers:
David Freshwater
Ralph Gingell

METHYL ISOTHIOCYANATE

Studies reported from secondary sources

Solid, rapidly vaporizes
Pungent, horse-radish-like odor
Use - pesticide, injected into soil

Toxicity: isothiocyanates (R-N=C=S) less toxic than the isocyanates (R-N=C=O)

Clinical Study:
Odor and eye irritation threshold (Russell and Rush 1996)

Animal Studies:
Acute toxicity, rat- Clark and Jackson 1977; Clark et aI. 1981
Repeat-exposure studies - Klimish 1987; Rosskamp et aI. 1978
Metabolism study, rat - Lam et aI. 1993
DevelopmentallReproductive studies, rat and rabbit (oral): not a teratogen
Carcinogenicity studies, rat and mouse (oral): not carcinogenic

2

Clinical Study

Eye Irritation In Hnman Subjects
Exposure NOEL (ppm) LOEL(ppm) Effect

time
1 minute 3.3 - -
4 minutes 0.60 1.9 Subjective eye irritation
14 minutes 0.60 1.9 Subiective eye irritation
1 hour 0.23 0.80 Subiective eve irritation
1.5 hours 022 - -
2 hours 0.23 0.80 Subjective eye irritation and increased blink rate
3 hours 0.23 0.80 Subiective eve irritation and increased blink rate
3.5 hours 0.22 - -
4 hours 023 0.80 Subiective eve irritation
6 hours 0.22 - -
8 hours 0.22 - -
The 0.22 IDd 0.23 ppm coaceDIl'IIioDI wen: UICd aD difIiiftat days.
--lKItteslC!d
Soun:e: _ ... Ruob 1996; "'l""'"d in 1lubiD .. 01. 2003.

LOELs were determined by statistical significance; variability was graU among control and tested subjects.
Irritation at the LOEL ofO.SO ppm was judged 2.5-26% on a scale of 1-100.

METHYL ISOTHIOCYANATE

Acute Toxicity nata - Rat

Summary ofAcute LetballDhalatioD Data In Laboratory AnImals
Concentration

Species (ppm) ExPosure'Tlme Effect Reference
Rat 210> 1 hour No mortality C1arlt and Jackson 1977

635 1 hour LC..
Rat 80 4 hours No mortality Jackson et a1. 1981

180 4 hours LC...

4
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METHYL ISOTBIOCYANATE

Repeat-Exposure Studies - Rat

TABLE 1. Summan ofReueat-Emosure Studies
Concentration

Soecles (ppm) Emosure Time Effect Reference
Rat 1.7 6 hours/day, No clinical signs Klimisch 1987

6.8 5 days/week Eyelid closure, somnolence,
28 days ruftled fur

34 Eyelid closure, somnolence,
ruftled fur, nasal discharge,
salivation, eye discharge,
difficulty in breathing; nasal
and lonp; lesions

Rat 1 4 hours/day, No clini~ signs Rosskamp et al.
10 5 days/week, No clinical signs 1978
45 12-13 weeks Apathetic appearance,

salivation, nasal discharge,
reduced body weillht

METHYL ISOTBIOCYANATE
AEGL-l

Point of departure:
Clinical study: NOELs for eye irritation

14-minute exposure to 0.60 ppm
1-8 hour exposure to 0.22/0.23 ppm

Uncertainty factor (NOEL):
Intraspecies: I, A NOEL for eye irritation is below the definition ofan AEGL-I.

Alternate point ofdeparture:
LOELs (slight) for eye irritation meet the definition ofan AEGL-I.
Uncertainty factor (LOEL):
Intraspecies: 3, slight irritation should not vary greatly among individuals.

No time-scaling: there is adaptation to the slight irritation that defines the AEGL-I

6

METHYL ISOTBIOCYANATE

AEGL-2

No acute studies that meet the definition of an AEGL-2.
In lethality studies, the dose-response curve is steep.
The AEGL-2 values can be derived by dividing the AEGL-3 values by 3 (NRC 2001).

METHYL ISOTBIOCYANATE

AEGL-3

Point of departure:
Highest non-lethal value - 4-hour exposure of rats to 80 ppm (Jackson et al. 1981)

Uncertainty factors:
Interspecies: I, direct-actin8 irritant
Intraspecies; 3, direct-acting irritant

Application ofgreater uncertainty factors, 3 and 3 for a total of 10, would bring the 4­
hour value to 8 ppm, a concentration inconsistent with the repeat-exposure studies.
No rats died during exposures to 35 ppm, 6 hours/day, 5 days/week, for 28 days
(Klimisch 1978) or to 45 ppm, 4 hour/day, 5 days/week for 12-13 weeks (Rosskamp
et al. 1978.)

Time-scaling (C" x t =k):
Default values ofn = 3 and n = I for shorter and longer exposure durations,
respectively. The lO-minute value was set equal to the 30-minute value.
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METHYL ISOTHIOCYANATE

Proposed Methyl Isothiocyanate AEGL Values

Exposure Duration
Classification 100minute 30-minute I-hour 4-hour 8-hour

AEGL-l
(NOEL) 0.60 ppm 0.22 ppm 0.22 ppm 0.22 ppm 0.22 ppm
(LOEL) 0.63 ppm 0.27 ppm 0.27 ppm 0.27 ppm 0.27 ppm
AEGL-2 26 ppm 18 ppm 14 ppm 9.0 ppm 4.3 ppm
AEGL-3 77 ppm 53 ppm 42 ppm 27 ppm 13 ppm

AEGL-l: NOEL, LOEL for eye irritation - clinical study of 1 minute to 8 hours
AEGL-2: AEGL-3 divided by 3
AEGL-3: Highest non-lethal concentration - 4-hour exposure of rats to 80 ppm

9

METHYL ISOTHIOCYANATE

Proposed Methyl Isothiocyanate AEGL Values

Exposure Duration

Classification IO-minute 30-minute I-hour 4-hour 8-hour

AEGL-I
(NOEL) 0.60 ppm 0.22 ppm 0.22 ppm 0.22 ppm 0.22 ppm
(LOEL) 0.63 ppm 0.27 ppm 0.27 ppm 0.27 ppm 0.27 ppm
AEGL-2 26 ppm 18 ppm 14 ppm 9.0 ppm 4.3 ppm
AEGL-3
(4 hours) 77 ppm 53 ppm 42 ppm 27 ppm 13 ppm
(l hour) 127 ppm 88 ppm 70 ppm 18 ppm 8.8 ppm

AEGL-l: NOEL, LOEL for eye irritation - clinical study of 1 minute to 8 hours
AEGL-2: AEGL-3 divided by 3
AEGL-3: Highest non-lethal concentration - 4-hour exposure of rats to 80 ppm;

" I hour exposure of rats to 210 ppm.
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ATTACHMENT 11

ACUTE EXPOSURE GUIDELINE LEVELS (AEGLs)
FOR

ETHYL PHOSPHORODICHLORIDATE

NAC/AEGL-45
March 3-5, 2008
Alexandria, VA

ORNL Staff Scientist: Cheryl Bast

Chemical Manager: Gail Chapman

Chemical Reviewers: Dieter Heinz and Martha Steele

AEGL-l VALUES: ETHYL PHOSPHORODICHLORIDATE
10 minute I 30 minute I I hour I 4 hour I 8 hour

NR I NR I NR I NR I NR

NR: Not Recommended due to insufficient data.

Limited Database:

No human Data

Acute Inhalation data limited to rats:

I-hr range-finding study (Rhone-Poulenc, Inc., 1990)

4-hr acute toxicity study (Bayer, 1983)

Mechanism:

Primary Irritation

Rat studies suggest that vapors are irritating to the eyes and nose,
and that pulmonary edema increases as concentration increases
(Rhone Poulenc, Inc., 1990; Bayer, 1983).

The liquid was corrosive to the skin and eyes of rabbits (Rhone
Poulenc, Inc., 1990).

May react with water to produce hydrogen chloride fumes

AEGL-2 Values for ETHYL PHOSPHORODICHLORIDATE
10-min 30-min 1-h 4-h 8-h

0.76 ppm 0.76 ppm 0.60 ppm 0.38 ppm 0.19 ppm

Endpoint: Ten-fold reduction of AEGL-3 values.

SOP (NRC, 2001):
In the absence of appropriate chemical-specific data, a
fractional reduction of the AEGL-3 values may be used to
derive AEGL-2 values.

In cases of a steep-concentration-response curve, AEGL-3
values may be divided by 3 to estimate AEGL-2 values.

DERIVATION RATIONALE:

4-Hour rat lethality data suggest that the concentratlon­
response curve is not steep (Bayer, 1983):

Concentration Mortality
37 ppm 0%
61 ppm 20%
75 ppm 20%
90 ppm 60"/.
143 ppm 85%
355 ppm 100%

Therefore, the factor of 3 is not considered sufficient, and
AEGL-2 values are estimated by dividing AEGL-3 values by 10.
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TABLE 1. Inbalation ofetbyl pbOlpborodlcbloridate in SpraEue-Oawlev rats for I-bour·
Conceutration Bodywelgbt Termioallung welgbt Mortality Incidence

(ppm) (Eramo' mean:l:: sm (N) (Eramo; mean:l:: SO)
Male Female Male Female Male Female Total

6.16 Day 1: 24l1:l::15 (5) Day 1: 198:l::7 (5) 1.360:l::0.1l1 1.l199:l::O.065 0/5 0/5 0110
Day 8: 287:1::17 (5) Day 8: 222:1::6 (5)
Dav 15: 334:1::30(5) Oav 15: 236:l::5 IS>

66 Day 1: 331:1::18 (5) Day 1: 238:l::1l (5) - 1.933:1::0.215 515 3/5 8/10
Day 8: - (0) Day 8: 203:1::33 (3)
Day 15: - (Ii) Oav 15: 252:l::S1(2)

134 Day 1: 286:1::16 (5) Day 1: 200:1::14 (5) 1.929:1::0.402 2.408:1::0.0 3/5 4/5 7110
Day 8: 206:1::35 (4) Day 8: 181:1::0 (1)

Oav 15: 246:1::105 (2) Oav 15: 237:1::0 -(i)

LC.. (ppm) 64.6 48.1 43.4
BMCLo, 0.10 0.71 1.28
(ppm)··
BMC.. 2.39 7.50 3.85

(ppm)··
Rhone-Poulenc,lnc., 1990; •• Values calculated for this TSD.

AEGL Values for Ethyl phosphorodicbloridate

Classification Io-min 30-min I-h 4-h 8-b
AEGL-I NR NR NR NR NR
(Nondisabline:)
AEGL-2 0.76 ppm 0.76 ppm 0.60 ppm 0.38 ppm 0.19 ppm
(Disablin2)
AEGL-3 7.6 ppm 7.6 ppm 6.0 ppm 3.8 ppm 1.9 ppm
(Lethality)

NR: Not Recommended due to insufficient data. Absence of an AEGL-I value does not imply
that concentrations below the AEGL-2 are without effect.

There are no other standards or guidelines for ethyl phosphorodichloridate!

~. .."



TABLE 2. Inbalation of etbyl pbospborodicbloridate in rats for 4-bours·

Concentration (ppm) Mortalitv incidence
Male Female Total

37 0/10 0/10 0120
61 2/10 •• 2/10
75 1/10 3/10 4/20
90 7/10 5110 12120
143 10/10 7/10 17120
355 10/10 10/10 20120

LC... (ppm) 85 99.8 91.6
BMC..... (ppm)··· 43.7 25.8 38.0
BMC., (ppm)··· 48.1 32.1 38.2

·Bayer, 1983 ; "Data not reported. No explanation provided; ••• Values calculated for this TSD.
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1,2-BUTYLENE OXIDE

ACUTE EXPOSURE GUIDELINE LEVELS
FOR

1,2-BUTYLENE OXIDE (C4HgO)

National Advisory Committee for AEGLs Meeting-45
March 3-5,2008

Effects:

Acute: Direct acting irritant
Target - eye, respiratory tract

Chronic: Carcinogenic in rats, not in mice
Target - nasal mucosa

ATTACHMENT 12

ORNL Staff Scientist:
Sylvia S. :ralmage

Chemical Manager:
Jim Holler

Chemical Reviewers:
Alan Woolf
Lynn Beasley

Acute Toxicity Data - Rat

NTP (1988) - 4 hour study

l,2-BUTYLENE OXIDE

Support Studies - Repeat-exposure, Rat, mouse
Miller et al. 1981; NTP 1988
Concentration Effect
400 ppm, 6 hours/day, 2 weeks No lesions

Effect
No signs reported
No signs reported
Signs of eye irritation
Ocular discharge, dyspnea
Dyspnea, death of 10 of 10 rats

Reitz et al. 1983 - 6 hour study
Concentration Effect
50 ppm No effect reported
1000 ppm Moderate respiratory rate decrease

Concentration
398 ppm
721 ppm
1420 ppm
2050 ppm
6550 ppm

1,2-BUTYLENE OXIDE

Animal Studies:
Acute toxicity, rats and mice - NTP 1988
Repeat-exposure toxicity studies, rat and mouse - (Miller et al. 1981; NTP 1988)
Metabolism study, rat - Reitz et al. 1983

Conjugated with glutathione
DevelopmentalJReproductive studies (Sikov et al. 1981)

Effects on the fetus only at maternally toxic concentrations
Genotoxicity studies (NTP 1988)

Positive in several tests
Chronic Toxicity/Carcinogenicity study

Male rats - nasal neoplasms (NTP 1988)

Clinical Studies:
No data

Highly flammable, reactive liquid at ambient temperature
Pungent odor
Use - stabilizer in hydrocarbon solvents

4



1,2-BUTYLENE OXIDE
AEGL-l

Point of departure:
NOAEL for eye irritation - 4-hour exposure of rats to 721 ppm (NTP 1988)

Uncertainty factors:
Interspecies: 3: slight irritation from a direct-acting irritant should not vary greatly

between species

Intraspecies: 3: slight irritation from a direct-acting irritant should not vary greatly
among individuals

Application of greater uncertainty factors, 3 and 10 for a total of 30, would bring the 4­
hour value to 24 ppm, 16-fold less than the no effect concentration of400 ppm in
repeat-exposure studies (Miller et al. 1981; NTP 1988)

Time-scaling:
No time scaling - there is adaptation to the slight irritation that dermes the AEGL-1.
The 8-hour value was adjusted by a MF of 2.

1,2-BUTYLENE OXIDE
AEGL-2

Point of departure:
Moderate eye irritation - 4-hour exposure of rats to 1420 ppm (NTP 1988)

Support: Moderate decrease in respiratory rate - 6-hour exposure to 1000 ppm
(Reitz et aI. 1983)

Uncertainty factors:
Interspecies: 3, direct-acting irritant
Intraspecies: 3, direct-acting irritant

Application of greater uncertainty factors, 3 and 10 for a total of 30, would bring the 4­
hour value to 41 ppm, 10-fo1d less than the no effect concentration of400 ppm in
repeat-exposure studies (Miller et al. 1981; NTP 1988)

Time-scaling (C" x t = k):
Default values ofn = 3 and n = 1 for shorter and longer exposure durations,
respectively. The 10-minute value was set equal to the 30-minute value.

6

1,2-BUTYLENE OXIDE
AEGL-3

Point of departure:
Highest non-lethal value - 4-hour exposure of rats to 2050 ppm (NTP 1988)

Uncertainty factors:
Interspecies: 3, direct-acting irritant
Intraspecies: 3, direct-acting irritant

Application of greater uncertainty factors, 3 and 10 for a total of 30, would bring the 4­
hour values to 68 ppm, approximately 6~fold less than the no effect concentration of
400 ppm in repeat-exposure studies (Miller et al. 1981; NTP 1988)

Time-scaling (C" x t = k):
Default values ofn =3 and n = 1 for shorter and longer exposure durations,
respectively. The lO-minute value was set equal to the 30-minute value.

1,2-BUTYLENE OXIDE

Proposed 1,2-Butylene Oxide AEGL Values

Exposure Duration

Classification 100minute 30-minute I-hour 4-hour 8-hour

AEGL-1 72 ppm 72 ppm 72 ppm 72 ppm 36 ppm

AEGL-2 280 ppm 280 ppm 230 ppm 140 ppm 71 ppm

AEGL-3 410 ppm 410 ppm 325 ppm 200 ppm 100 ppm

AEGL-l: NOAEL for eye irritation - 4-hour exposure of rats to 721 ppm
AEGL-2: Moderate eye irritation - 4-hour exposure of rats to 1421 ppm
AEGL-3: Highest non-lethal concentration - 4-hour exposure of rats to 2050 ppm



Chemical Toxicity - Animal Data
1,2-Butylene Oxide
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Outline

• Introduction to benchmark dose method
-Traditional method (NOAEL)
-Concept of BMD method
-Pros and cons for BMD method

• EPA's BMD software (BMDS) and its available models
• BMD modeling procedure
• Evaluation of BMD modeling results

ATTACHMENT 13

Objective

• Introduce Benchmark Dose Modeling and its
application in dose-response analysis for the data
obtained from animal studies.

..

Glossary

• BMD: An estimate of the dose or concentration that produces a
predetermined change in response rate

• BMDL: 95% lower-bound confidence limit on the BMD
• BMR: A predetermined response level based on which a BMD or

BMDL is calculated
• POD: a point of departure used In estimate risk values when

divided by an uncertainty factor
• UFo Factors used in risk assessment to account for uncertainty in

the data or extrapolations to human no-effect levels
• Confidence interval: an interval estimate of a population

parameter at a certain confidence level
• AIC: Akaike's Information Criterion used to assist in model

evaluation based on overall data fitting and number of parameters
used"in the model

1
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Benchmark Dose Definitions

..
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Limitations of Using a NOAEL or LOAEL

• Limited to the doses tested

• Response levels not comparable
• Does not represent 0% response

• Not always available
• Does not consider dose-response slope ("Wastes'
data)

• Highly dependent on sample size

-

Study Conducted with 10 Animals per Dose
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BMD: An estimate of the dose or concentration that
produces a predetermined change in response rate of
an adverse effect (called the benchmark response or
BMR) compared to background.

• For example, an estimate of the dose that causes a
10% increase in the number ofanimals developing
fatty liver compared with untreated animals.

3



Equation for an RID or RfC becomes:

4

• Goal is to estimate a point of departure (POD) that is
relatively independent of study design.

Benchmark Dose

Advantages of BMD Approach

• Not limited to doses tested experimentally
• Less dependent on dose spacing
• Takes into account the shape of the dose-response
curve

• Flexibility in determining biologically significant rates
• Comparable results across chemicals and endpoints
• Incentive to conduct better (larger) studies (less
uncertainty)

-

-
UF

BMDLor BMCL
RID or RfC =

Benchmark Dose Definitions

BMDL: 95% Lower-Bound Confidence Limit on the
BMD.

Deriving an RID using a BMD

No UF for LOAEL to NOAEL extrapolation
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Challenges in the Use of BMD

•Ability to estimate a BMD may be limited by the format
ofthe data presented

• Generally more complicated and time consuming

Are the Data Worth Modeling?

• Significant dose-related trend

• Two doses with responses in excess of the control

• Responses that define the low end of the dose­
response region are preferred

Are the Data Worth Modeling?

• Evaluate database as for NOAEL approach

-good quality studies

-appropriate duration and route of exposure

-measured endpoints of concern

-

Are the Data Worth Modeling?

• Model all biologically, statistically significant responses,
if feasible

• Model all the endpoints with LOAEL < 10-fold above
the lowest LOAEL of the database

• Consider dropping high dose group(s) that negatively
impact low dose fit

5



Benchmark Dose Software

• Benchmark Dose Software is also called BMDS
software.

• It is developed by US EPA and it is free available from
website: \'''IW~·uc!Ra.gQ\lll1gE!_aLbmgs.

-

Types of Models

• Dichotomous Model: for dichotomous or Quantal data
• Continuous Model: for continuous data
• Nested Model: for nested dichotomous data

I •

-

Model Selection - Dichotomous Data

• Dichotomous models are used to evaluate Quantal
data, where an effect for an individual may be
classified by one of two possible outcomes.

• For example: dead or alive, tissue pathology
(present/absent), and cancer incidence (yes/no)

-

BMDS Models for Dichotomous Data

• Gamma

• logistic
-Dose
-log dose

• probn
-Dose
-log dose

• Mutti-stage

• Weibull
-Quantai-linear (power =1)

6
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Model Selection - Continuous Data BMDS Models for Continuous Data

• Effects measured on a continuum

• For example: body weight, organ weight, enzyme
levels

- -

• Polynomial (all-purpose model)

-Linear (simplest model)

-Non linear

• Power (L-shaped dose-responses)
-Linear

. -Non linear

• Hill (dose-responses that plateau)

Model Selection - Nested Dichotomous
Data

Dose
L---T-----'

Dams

Endpoints - Fetal weight, malformations, etc. -

Nested Dichotomous Data

• Malformation in neonates

-SternebraI defect

-Vertebral arch defect

• Ossification changes in neonates

7
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BMDS Models for Nested Dichotomous
Data
• Logistic Nested Model (NLogistic)

• NCTR

• Rai &Van Ryzin Model

IDocument the BMD analysis .. outlined In reporting requlrement8.

8

Select A Benchmark Response

Model Selection - Other Considerations?

• Low BMRs can impart high model dependence, i.e.,
different models will provide different BMDL estimates.

• BMR should be near the low end of the range of
increased risks that can be detected by a bioassay.

• Most BMD models are not biologically based, but all
model fits must be biologically tenable

• To be biologically tenable, model parameters may
need to be restricted

• Consider using model with asymptote term for
saturable responses

I

U.. I......tBMDlI

NO

Conoldel combining BMDLa

No

No

No

IU.. BMDL Irom the model thet provldee the best tit

!

r1. Choose BMR(., 10 Ev.l...... I

Yes +

'-2. Select a model, set parametBrs and run the model I

•I3. Does the model fit the _1

Yes!
r5. Evaluate BMDLs. Are they In 3-fotd range?

Yes J.
14. Have.1I modele/model optIo... been conolderod?

Yes.
I8. Doee one model flt best?



J <

Benchmark Dose

Gamm. Multi-Hit Model with 0.95 Confidence Level

G.mmaI Muli-Hil
1 BMD Lower Bou1d

08

-

BMR Selection: Choose BMR(s)
(Dichotomous Data)

• Extra risk of 10% is the default BMR, since the 10%
response is at or near the limit of sensitivity in most
cancer bioassays and in some non-cancer bioassays.

• If a study has greater than usual sensitivity, a lower
BMR can be used.

• BM010 and BMOL10 should always be presented for
comparison purpose.

-

BMR Selection: Choose BMR(s)
(Continuous Data)
• If there is an accepted level of change in the endpoint
that is considered to be biologically significant. then
that amount of change is the BMR.

• In the absence of any other idea of what level of
response to consider adverse, a change in the mean
equal to one control standard deviation (1.0 SO) from
the control mean can be used.

Restricting Parameters

• BMO Guidance suggests restricting models initially.

• Unrestricted, some models take on unrealistic forms.

• Number of parameters in a model cannot exceed the
number of dose groups.

-
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Does the Model Fit the Data?

• Global measurement: goodness-of-fit p value (p > 0.1)

• Local measurement: Scaled residuals (absolute value
< 2.0)

• Visual inspection of model fitting

Have All Options Been Considered?

• Goal of BMD modeling - fit a model to dose-response
data that describes the data, especially at the lower
end of the dose-response range.

• This may require the application of several models and
model options, or just a few.

-
Note: Consider how well the model predicts both

responses and response variance (in the case of
continuous data).

-

Summary of BMD Results BMDL Estimates Within 3-fold Range?

QuantaJ..linear..

Model P value Ale Residual Residual BMD
atO at 5%

Gamma 0.9032 295.6 0.230 64.3

Logistic

LO\l-lOlliotiC

Multistage

Probil

Log-Probit

Weibul

BMDL

54.5

• Often, more than one model will result in an
acceptable fit to the data.

• Consider using the lowest BMDL if BMDL estimates
from acceptable models are widely divergent (e.g.,
outside of a 3-fold range).

• Consider relative model fit of BMDL if model results in
similar BMDL estimates (e.g., within a 3-fold range).

..

11
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Is There One Model That Fits the Data
Best?

• Global measurement: goodness-of-fit p value (p > 0.1)
• Local measurement: Scaled residuals near the BMR
• Visual comparison of model fits (e.g., to detect
systemic or high dose bias)

Akaike's Information Criterion (AIC)

AIC =-2 x LL + 2 x P

LL = log-likelihood at the maximum likelihood estimates for
parameters

p = number of model parameters estimated

&~~~l~n.......
Summary of BMD Results

M_ Pvalue Ale Reoldull Reoldull BMO BMOl
",0 at 5%

Gamma 0.9032 295.6 0.230 64.3 54.5

~ 0.3317 298.5 -0.996 -0.246 70.5 61.8

LOl/-lOgisIic 0.8851 295.6 0.267 65.1 55.3

MU~ 0.2520 297.9 -1.545 51.3 45.7

p,,",,, 0.6543 296.6 -0.629 -o.on 67.6 59.9

Log.Probit 06513 296.2 0.443 63.7 54.9

Quantal-Unear 324.4 -3.69 24.1 20.5

Welbul 0.9912 295.4 -0.083 64.3 53.7

Deriving an RID/RFC from a BMDL

BMDL or BMCL
UF

RfD or RfC =

• Within a family of models, fit will improve as parameters are
added.

• For a similar degree of fit, Ale rewards the less complex model
(with less parameters).

-
• Comparison of Akaike's Information Criterion (AIC)

(smaller is better)

-
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Conclusion

• BMD method uses more dose-response information.

• It provides a better way for comparing different
endpoints.

• This method gives incentive to conduct better studies
(with less uncertainty).

• BMD modeling requires more information on the data
and it is more time consuming.
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