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may ue i wadieliouses. Sope THIS-
reated children's sleepwear, manufac-
tured prior 4o 1978 and stored in
warehouses, may reappear illegaity in
the Marketplace, Consumers who
suspect they may pe purchasing
pre-‘197a TRIStrealeq sleepwear azre
advised to contac! the anulacturer or
call the CPSC Huline al (800)638-2772.
EPA regulates TRiS under the Resource
Conservation and Recovery Act, the
Comprehensive Environmental Re.
Sponse Compensation and Liability Acy,
and under Section 8(a) ol the Taxic
Substances Control Act, which requires
that EPA be notified of intent to resume
manufacture or importation,

URETHANE
CARCINOGENICITY

T'here IS suthicieny evidence of the ca;.
cinogenicity nf urethane in expefimen-
tal animalg 595 Urelhane was car-
cinogenic in mice, rats, and hamsters
!_L)llox«"ing inhalation, oraf administration
(in drinking water or by stomach tube)

and subcutaneays or intraperitonaal in:
jection, Producing lymph System
cancers, liver cancers, melanamas, ang
vasgglfsr, lung, and other tumors, it was
an intiator of skin carcinogenesis in
mice when given either orally or topic-
afly. Urgthane also enhanced the leuke-

mogenic effect of X-irradiation in mice.

i Was carcinegenic in single dose ex-
Penments and foHowing prenatal ex-
Posure. Neonatal ang infant mice were

535 .
Internaliona Agency far Research on Cancer,

J{\HC Mgnogfaphs 971 (he Evaluation of the Car-
Cincgenic Risk of Checagcats 1o ilmang Supple.

nment 4 2qn b yvoa Fegon (AL}
v : oy
- 1802 Ap
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nare suscephble 1o cancer induclion by . o
urethane than were adult mige. 5% '}

PROPERTIES

‘Urethane, also called ethyl carbamate, N
1S colorless, adorless, and water soluble, ¥
Urethane is available in the United
States in crystal form oras a fused solid. §

Use

Urethane mainly is used as a chemicaf
intermediate in the preparation of amino 3

and veterinary medicine.
urethane was an aclive ingredient in:i
drugs prescribed for the trealment 0{
neoplastic diseases; it also was a hyp-‘.
Nolic, a component of a sclerosing so!u:.! :
tion for varicose veins, and a topical
bactericide, i, 1 970, approval of new @
F:frug applications for products contain-
Ing utethane as an active ingredient wag
withdrawn atter researchers found thatit
urethane wags neflective. Urethane also
has been used as an inactive COMpo- 2
fient or solubilizer in liquid preparationg™
for njeclions, but FDA withdrew the new B

gnz_j Paramethadione), with an allowablg’
limit of 1 PPM; these anticonvutsant' B
drugs may be yseqd only lo treat epilep- 128
Sy that is refractory ta other availabla 78

536, .

Inlernation z) Agency lor Research an Cancer,
I{\HC Mpnograms ont the Evaluation of the Car
cinogenic Risk of Chemicals 10 faq. Vol 7. 328 &
p);: Lyon, France JIARC 1874, pp. 111-140 3
o Rugster, a1 5R 95 3 :
e g 223, 4, Ft.b(uary 27,

Urugs. NU BSUITIELE Was ayanioie 1w v,
on the volume of urethane now used in
the United States, but it is believed to
be small,

PRODUCTION

The 1978 TSCA inventory identifies five
companies praducing 6,105,000 million
pounds of urethane, with some site
limitations.>® Several companies now
produce urethane solely for research.
U.S. caripanies have produced
urethane commercially since 1945.

EXPOSURE

Reports of pobsible human exposure to
urethane are not availabie. in 1974, the
National Occupational Hazard Suivey
made no estimate on the potential
worker exposurg to urethane. Urethane
s volatile at room temperature, and ex-
posute can possibly accur through in-
hatation and skin absorplion during
manufaciure and processing. Urethane
also may possibly be ingested by
humans. Investigators have faund
urethane in diethylpyrocarbonate-
reated beverages, and in wine, beer,
orange juice, and some soft drinks,
Urethane also has been found 1o occur
in foods not treated with diethyl procar-
bonate but made by a fermentation pro-
cess, including ale, beer, bread, wine,
SOy sauce, yogurt, and olives.

REGULATIONS

EPA regulates urethane under the
Resource Conservation and Recovery
Act and the Comprehensive Environ-
mental Response Compensation and
Liability Act. EPA also has designated

*'Toxic Substances Control Act, Chemicat
Substance Inventory, 1979; public record.

waste and will determine the appro
priateness uf additional regulatory 0
other control actions. The wse ¢
urethane in drugs is probibited; o
February 27, 1976, FDA wilhdiew af
praval for all drugs con’taining utelhlan‘
as either an active or ipactive Ingt ef.hen
FOA has prohibited the use of dieth
pyrocarbonate as an additive to huma

foad.

VINYL CHLORIDE

CARCINOGENICITY

There is sufficient evidence that 3»;;?1
chiloride is a human carcinogen. 3 |
targel organs are the liver (angiose
comas), brain, lung and hemo- aqd tyr
phopoietic systems. Although ev\deql
of a carcinogenic effect of vinyl chlori
in humans has come from groups ¢
cupationally exposed to high doses
vinyt chioride, there is (o eviclence tr
there is an exposure level delow whi
no increased risk of cancer would
cur in humang 5%

There is sullicient evidencs lqr '
carcinogenicity of this compound in
perimental animals.®?® Vinyl chlor
was lesled in mice, rals, and hamst
by inhalation exposure and in tats
oral, subcutaneous, and inlraperitor
admiriistration. inhalalion exposure |
duced (umors at differenl sites in
three species, including angiosarcor

international Agency for Nesearch on Ca;
1ARC Mornographs on the Evakeation ol the
cinagenk: flisk of Chermiuals tu Hwnans. Su
ment 4. 292 pp. Lyan, France: INFIC, 198/
260-262.

*Cievernational Agency for Resaarch on Gt
IARC Monograptis on the FEvaluation ol i
cinagenic Risk of Chemicals lo Hurmans. Ve
513pp. Lyon, Frarce IANC, 1979, pp. 377
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of the liver; {ollowing gastric intubation
of a solution in olive oil, vinyl chloride
was carcinogenic in rats. Vinyl chioride
was carcinogenic in rats following
prenatal exposure. A dose response
has been demonstrated. 50541

PROPERTIES

Vinyl chlaride is a coloriess gas that is
slightly soluble in water.

USE

Vinyl chioride is used mainly in the pro-
duction of plastics. it also is used o syn-
thesize cther chemicals, and it was
farmerly a component of aerosol pro-
pellants. Vinyl chloride-vinyl acetate
copolymers are used extensively to pro-
duce vinyl asbestos floor tiles.

PRODUCTION

Annual production ol viny! chloride in
the United States is about 7 billign
pounds. The 1979 TSCA Inventory
identifies 17 companies producing 6.9
billion pounds of vinyl chloride, with
some site limilations; the CBI Aggregate
is more than 1 billion pounds 542
Earlier, domeslic production of the
homopolymer of vinyl chioride was
reported as § billion pounds; imports
amounted to 55 million pounds.
Estimated domestic production of the
acetate copolymer of vinyl chleride is
279 million pounds.

s
International Agerl(.y for Reseﬁru\ onCarcer.

PR Ldam s L. N oo

EXPOSURE

Polenlial human oxposure to vinyl
chlorige occurs mainly through inhala-
tion and. less frequently, through skin
absorption. More than 3.5 million
workers possibly are exposedt lo the
chemical. Others potentially exposed in-
clude 4.6 million people who live within
5 miles of industrial sites at which en-
vironmental emissions occur. Air emis-
sions measured near several production
facilities contained 3.1 to 12.5 ppb ol
vinyl chioride. Very low exposure may
occur if unreacted vinyl chloride remain-
ing in packaging materials made from
polyvinyl chloride leaches into food and
beverages (0.05 to 25 ng/kg) or medical
products. Also, cigarette smoke is
reported to contain 5 ng to 16
ng/cigarette of viny! chloride. ™

REGULATIONS

CPSC, EPA, and FDA each banned the
use of vinyl chloride as an aerosol pro-
pelfant, sliminating exposure of 1 milion
to & million people annually. Under the
Clean Water Act, EPA published a water
quality criteria document for the protec-
tion of human healih, addressing vinyl
chloride. The Clean Air Act, National
Emission Standards for Hazardous Air
Pollutanls, addresses vinyl chloride
amissions from production and
manufacturing facilities. The Resource
Conservation and Recovery Act sub-
iects the chemica’s waste products, off-
specification batches, and spil residues
to handling and reportrecordkeeping
requirements; it also designates vinyl
chloride as a hazardous congituant of
waste and o ihees waskes known o

! ing requirements under the Compre-
B nensive Environmemat Response Com-
pensation and Liability Act.

%, FDA eliminated the use of vinyi
¥ chioride in drug products and has
alerted food manufacturers to the need
i for monitoring packaging malerials that
£ may contain it. FDA's Center for Food
7 Salety and Applied Nutrition presently
is reevaluating its position on the

HEMATITE
UNDERGROUND
MINING

CARCINOGENICITY

4. There is sufficient evidence (or the car-
% cinogenicity in humans of underground
"'hematite mining (with exposure to
2 padon).¥**  Underground hematite
: miners have a high incidence of lung
.f cancer, whereas surface hematite
miners do not. It is not known whether
{{his excess risk may be due to hematite,
*$o radon (a known lung carcinogen); to
' » {nhalation of ferric oxide or sitica; or to
a combination of these or cther factors.
Some studies of melal workers exposed

Hinernational Agercy (or Reseaich on Cancet

Sepiember 3, 1975, propesal andl 1
wilhdraw 11 in October, 1974, Ot
adopted a standardt of 1 phn {or
chlonide, as an 8-hour e weigl
average, with a 5-ppm ceiling (or
15-minute period, OSHA requ
medical surveillance, lAning
workers, use o! protectve clothing
respirators, warning sighs,  prog
jabeling, and periodin monitorng

Occupatlonal Exposures Associated Wi
A Technological Process

io ferric oxide dusts have shown ar
creased incidence of lung cancer, w
other studies have nat "% ihe
fluence of factors in the warkpiace, 0

than ferric oxide, cannot
eliminated. 5>

No carcinogenic: ellecls were
served in Inice, hainslers, or gui
pigs given ferric oxcde ntratrac
ally. 54
PROPERTIES

Hematite is iron ore, and ferric uxid
ils major constituent. Mostiron nte ¢
contains between 10 antl 20 per
silica. Jron and iernc oxide arn solu
in acids, but not in water 1n dany
salty air, iron oxiclizes [a ferie oxi
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Ruses, usually by 10 to 20%. Therefore, even if there is no absolute excess
among a group of deceased persons, for methodologic reasons an excess of
' Might be expected. Note that in the realm of rate ratios, this is a very weak
n.

PMRs tend to be more interpretable for uncommeon causes of death (han for
~ayses. If the rate of some uncommon disease such as lung cancer is increased
‘M7, the SMR and the SPMR will each reflect this increase. However, if a
illness such as circulatory discasc is increased by 200%, the SMR will still
‘S increase, while the SPMR will be increased considerably less. Also, whereas
,;r two or more causes are essentially independent of each other, SPMRs for
10te causes are interdependent, since the sum of the expected numbers must
sum of the observed numbers.

¢ of these limitations to SPMR analyscs, they are most useful and provide
ion that usually differs litile from that obtained in an SMR analysis. It is
¢ instructive to do SPMR and SMR analyses on the same data, so as {0 cval-
[pretation of the results of these two methods of analysis.

ple — Rubber Workers
ler again the data in Table 6.1. In assessing whether a specific cause of death
¢ss, ane might look only as causes for which the SMR is greater than 100, If
:rion is used, only Jeukemia and cancers of the stomach, large intestine, and
are in excess among the entire group of rubber workers. However, it might be
hat because of the HWE (or because of some other bias), SMRs greater than
-causes”’ SMR should be considered to be in excess. Intuitively, one assesses
cess by dividing each cause-specific SMR by the all-causes SMR to obtain a
ted”’ SMR (CSMR).*®
csults of such a division are ilfustrated in Table 6.17. In Column I are the same
s in Table 6.1 {note that the SMRs differ slightly because the analyses were
out at diffecrent times). In Column I are the CSMRs. CSMRs less than 100
1 only for diseases other than cancer or cardiovascular disease. In Column Il
SPMRs from a proporstional montality analysis. By definition the all-cause
and the SPMR are 1.00.
n be seen that the CSMR and the SPMR for the several causes illustrated are
Part of the similarity no doubt is due to the relatively weak associations be-
lisease and working in the rubber industry. However, under any of the three
Is used to compute expected numbers, one would wish to investigate further
rom bladder cancer and the lymphatic and hematopoietic cancers.
¢ is one tendency in Table 6.17 that may be of intcrest. For diseases of old
s, e.g., bladder cancer and stroke, the CSMR is higher than the SPMR. For
's of young persons, e.g., brain cancer and external causes of death, the SPMR
er than the CSMR. Whether this tendency is a general property of the CSMR
e SPMR is unknown. If it is a general property, it no doubt results from the
e weights differ between a SMR computation and SPMR computation, i.e.,
.~years vs. numbers of deaths.

wnple — Vinyl Chloride Workers

Y74, three cases of angiosarcoma of the liver among vinyl chloride workers were

Ali cawim AR cancery
—~———
Division Ever Usual Ever Ui,

“Laid Off"' — 8L (319} - 69 (g
Chemical 74 (16))  14(68) 85 (32) 80 (\yy
Acesospace T4 (711) 81282 92 (155} 193y
Tires 79 (1968)  31(1345) 9203971 9Ideng
Industriat products 76 (1600) 81 (796) 84 (309) 94 (15,
Services 83 (2238} 84(1638) 901409) 94 U
Rubber reclaim 75 (313 T2(93) 34 (68) {00 (5\\‘\
Processing 79 (833)  87(538) 98 (177) R AL TN ~
Total — 82 (5079) —_ * 94 Ny,
*  Data differ slightly from those presented in Table 6.1,

Table 6.17

NUMBER OF DEATHS OBSERYED AMONG
RUBBER WORKERS AND RATIOS OF
OBSERVED TO EXPECTED ACCORDING

TO THREE METHODS
Obscrved/expecicqt
Observed —
Cause of death deaths 1 t m
All causes 4982 0.82 {.00 r.Go
All cancer 980 0.34 t.1? 1.4
Digestive 364 0.98  1.22 .2y
Bladder 48 1.22 1.52 RN
Brain 20 0.80 100 Loy
Lymphatic 106 113 .42 [JE %Y
and hematopoietic

CNS vascular 493 0.91 1.13 1.9
Circulatory 2445 0.83 1.03 g
External 278 0.62 077  O.¥m,
All other causes 786 0.65 0.74 0.7

Excludes 97 deaths of unknown cause.
* | Expecied numbers based on S-ycar age-time specific

mortality sates for U.S. white males (SMR/100).

Il Expecied ratios in | have been divided by 0.82 (ail
causes SMR/100) and by 0.98 (o correct for 97 deaths
af unknown cause (CSMR/ 100},

11 Expected numbers based aa 5-year age-time specilic
proportional mortality ratios for U.S, while inales
{(SPMR./100).

reported.?* Later in the same year, the results of two epidemiol, “at
ported. In one, a standardized proportional smortality analysis Wiy W \\“
causes of dgath among 161 deceased persons, most of whom h'l\l W \\‘“
plant as the three with angiosarcoma. In the second, a standayy \”\u(
b, 0
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Table 6.18
OBSERVED AND EXPECTED DEATHS
AMONG VINYL CHLORIDE WORKERS IN
A PROPORTIONAL MORTALITY STUDY"

Cause ol death Qbiscrved Expected SPMR®
All causes 161 16).0 106
All cancer 41 27.9 150
Digesiive 13 8.3 160
Liver and R 0.7 1100
biliasy
Lung £] 7.9 160
Bram 5 1.2 420
Other 10 10.5 95
CINS vascular 8 9.5 80
Circulatary &6 £8.6 26
Extcrnal 22 24.5 90
All other causes 24 310.5 79

Expected Aaumbers based on prapaortional mortality ra-
tias for United S1ales white males.

* SPMR = Standardized proportional mortalily ratio —
100 x observed/expected.

s was conducted on the mortality among 8384 men who had worked with vinyl
¢.including those at the same plant as above,” Among these 8384 workers were
0 had died, including most of the 16! included in the above report.

tbie 6.18 are presented the results of the SPMR study. A 50% excess of cancer
n, which was due entirely to cancers of the liver, the lung, and the brain. In
1.19 are presented the results of the SMR study. As compared (o the general
tion, there was essentially no excess of cancer. However, the CSMR was (1027
Q0 or 136. There were large excesses of cancers of the liver and of the brain.
piratory cancer, while the SMR was close to 100, the CSMR was 140.

- the two studies reported similar results, even though one was smaller and based
on a SPMR analysis. In this study an analysis according to age and year of
f persons with cancer was also done (Table 6.20). As can be scen, while there
tend with age at death, therc is a steady increase in the SPMR with year of
T'his suggests that mauny more persons will die from cancer because of exposure
I chloride.

iudgnient as to whether the excesses of specific causes of death are likely to be
is based on reason rather than any statistical significance. There can be little
that vinyl chloride (or some closcly related compound) is responsible for the
ircoma. This disease was cxtremely rare before it was discovered among vinyl
¢ workers. The rate ratio among vinyl chloride workers must be in the 1000s.
sease occurred mainly in the men who worked for many years (10 + } cleaning
wtors; these men accumulated a high dosage of exposure to viny! chloride. While
ircoma association is at the top of the highly likely to be causal group. This
e in epidemiology (or any scicnce) is cver absalutely certain. the vinyl-chiloride-
rcoma association is at the top of the highly likely 1o be casual group, This
after the first three cascs of angiosarcoma were identified.

vrespect to cancers af the hrain and of the lune  a cancal internratating of the

Table 6.19
OBSERVED AND EXPECTED
DEATHS AMONG VINYL
CHLORIDE WORKERS IN A
MORTALITY STUDY*

{ause of death QObhseived  Expected SMR
All causes 382 467.3 75
All cancer 79 771.2 102
Digestive 19 21.7 Ra
Liver 7 1.7 412
Respiratory 25 3.9 05
Brain .1 2.3 280
Other 10 9.3 108
CNS vascular i3 24.3 57
Circulatory t42 178.8 79
v External 52 91.7 57
All other causes 66 95.1 69

Expected numbers based on moriality 1ates [or
United States white males.

Table 6.20
OBSERVED AND EXPECTED DEATHS IFROM
ALL CANCERS AMONG VINYL CHLORIDE
WORKERS IN A PROPORTIONAL
MORTALITY STUDY ACCORDING TO AGE
AND YEAR OF DEATH

Characteristic Catcgory  Observed  Expecied SPMR

Ageof death <50 1§ 7.6 {40
50—59 1?7 8.1 210
60 13 12.2 1i0
Year of death <1965 12 1.4 110
1965—69 10 7.3 140
#1970 19 9.2 210

jung cancer. Exposure must be reduced because of its highly likely role i1
angiosarcoma. If some lung and brain cancer are also prevented, so much tl

IV. CASE-CONTROL STUDIES WITHIN A COHORT

On occasion, personnel records may be available lor a cohorl of empluyes
but it may be too cxpensive to review all of the records to deteritine the wo
of each person. Some sample of the records is sclecled 1o be reviewed . Since
interest in such review is Lo determine association betwecn work and diseasi
is given to reviewing the work histories of persons with oue or more discases o
For purposes of comparison, the work historics of “controls’ arcalso determ

A. Procedure
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.m!. J. Med,, 298, 1273, 1978,
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Chapter 9
CURRENT PROBLEMS IN OCCUPATIONAL EPIDEMIOLOG™

[. INTRODUCTION

The purpose of occupational epidemiology is to provide information an y
health that can be used to prevent human iliness. As time goes by data accumuyy
the relationship between occupational exposures and human diseases. Some oy
data can be interprcted unequivocally and can provide a firm basis for a chng,
behavior. Other data arc subject to more than one interpretation or may b¢ chuy
as (o veracity. As indicated throughourt these pages, data by themsclves prus,
indication as to whether or not they reflect true processes in human popuiations,

In this chapter a variety of problems related to occupational exposures are
ered. These problems are illustrated by referring to recent literature in dee
cpidemiology. The intent is ta provide an overview of general problems ratheg
provide a detailed review of specific issues. Excellent reviews of the known g,
pected effects of exposure to substances used in industry can be found in the ¢
Documents published by the National Institute for Occupational Safety amg 1
(NIOSH) and in the reportls of the International Agency for Research o
(IARC).*?

For each of the studies reviewed in this chapter, the collection, analysis, Ay
pretation of the data are presented and the meaning of the results is discusw
of the studies arc models on how to conduct research; some of ihe studies
problems in methodology that should be avoided. All of the studies illustrage W
ities encountered in coaducting rescarch in occupational epidemiology anq i
preting the results of that research.

11. OCCUPATION AND REPRODUCTIVE EFFECTS

Exposure to substances used in industry may lead to effects on the "\‘l\t\\\\
system in men or in women or may lead to an effect on the unborn fetus, By
have been published on the peneral relationship between occupation and Proky
reproduction, Until recently few pregnant women have been exposed 1o i“\“m“
vironments. Any effects on male warkers are difficult to detect. Any cffecry an
have not been studied toany extent.

A. Vinyl Chioride and Fetal Deaths

In October 1974, interviews were conducted with male workers expoxey \
chloride monomer (VCM), polyvinyl-chloride (PYC) or rubber.’ Questions o,
about he interviewee's health as well as about the outconies of pregnancy g !
ers’ wives. The fetal death rate subsequent to exposure for VCM was hig,
the famiities of exposed men than among the families of controis (Table 9,1

This study is difficult to classify. It is not a retrospective cohort Stady
workers were not followed either in retrospect or in prospect for the GQQ“; '
fetal deaths. It is not a case-control study, because subject selection was N l:‘
presence or absence of fetal deaihs. It is best thought of as a Cmss‘s“”u“'
where exposure is presence or absence of a history of VCM exposure ang ‘“'

e € haviing had fatal daath A nAarantiol aenhtaos

“\‘.
™

!
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Table 9.1
FETAL DEATH RATES AMONG FAMILIES OF
MEN EXPOSED TO VINYL CHLORIDE
MONOMER AND AMONG FAMILIES OF
CONTROLS

Fetal death rate®

Prior to exposure Subseguent 10 exposure

Group Crude Standardized Crude Standacdized

Cxposed 10.) 6.1 6.5 15.8
Controls 6.9 6.9 8.8 8.8

*  Numbo of fetal deaths per 100 pregnancics.

10 increased fetal death, but if controls with feial deaths lterminated at a higher
han exposed workers with fetal deaths, This can be thought of as selection bias.
~Ction bias also was possible because not all workers eligible for the study were
‘iewed. The data in Table 9.1 could have resulted if exposed workers with 2 his-
il Tetal deaths selectively agreed to participate in the study.

‘ause the interviews were not conducted blindly, observation bias was possible.
‘ala in Table 9.1 could result if workers with exposure 10 VCM over-reported, or
trols under-reported, the occurrence of fetal deaths.

information on smoking of mothess is presented. Smoking is known to be asso-
I with an increased fctal death rate.* The data in Table 9.1 could have resulted
confounding by smoking if the wives of VCM workers smoked more than the
of controls.

: primary procedurc used in the analysis was dircect standardization of rates, be-
the age distribution differcd between exposed and control groups. Because the
ard used was the age-distribution of the controls, the ¢crude and standardized
for controls in Table 9.1 were identical. For the exposed, there was a substantial
tion in the standardized rate prior to exposure. This occurred because the exposed
» was older than the control group, and because the rate of fetal deaths increased
ge (Table 9.2).°
this example the standardization behaved well, since the age-standardized rates
Il as the age-specific rates showed essentially no differences in fetal death rates
cn the exposed and the control groups. However, the potential difficulties of
standardization with respect (o small numbers can be seen. If there had been
controls in the <20 category, and if there had been two or three fetal deaths
i the seven exposed persons in the <20 category, that stratum would have con-
rd heavily to a high standardized rate among the exposed group. In such a situ-
it is best to linit the analysis to overlapping age-strata in which there are suffi-
numbers, e.g., ages 20 to 29. In any standardization procedure attention must
cn Lo the elements being standardized.

-aincaning of this single study is unclear. Some of the criticisms raised above must
wed as far-fetched. The likelihood of selection bias seems remote. The possibility
servation bias is more real, inasmuch as the interviews were conducted shortly
the carcinogenic properties of vinyl chloride were announced. !f anything, the

Tablc 9.2
FETAL DEATH RATES PRIOR TO EXPOSURE AMONG FAMILITI
OF MEN EXPOSED TO VINYL CHLORIDE MOMNOMER AND
AMONG CONTROLS ACCORDING TO AGE OF FATHER

Agc of father

Group <20 W-24  25--29  30--34 >}
44

Murnber of pregnancies {ixposed 7 S6 27 14 I«
Control 1t R0 38 3 4 I

Feial death rate” Exposed 0.0 4.5 12.5 1R.5 71 I
Conlrol 6.3 5.0 s 16.7 an

Number af feial deashs per 100 pregnancies.

if wives of exposed men smoked more, the assaciation between smoking
deaths is weaker than the association seen in this study.

As suggested by the above paragraph, the meaning of the resulis of this
matter of opinion, not of science. Diffcrent persons will raise differenr cri
different defenses. Certainly the results of this one study are not definitive.

Wil respect to future public health policy, it is not a major concern whe
chloride exposure o men tends to increased fetal deaths among their offsp
association between YCM and angiosarcoma is many times stronger and
VCM exposure must be reduced. Such reduction would be expected to min
adverse effects of VCM on the reproductive system,

However, it is of public health concern that YCM might affeci pregnat
directly. In order to address this concern, studies must be made of pregnal
exposed to VCM and of their children.

B. Paternal Occupation and Childhood Cancer
1. Children in Quebec

“In reviewing, for other purposes, a small sample of birth and death certi
Quebec children, the impression emerged of a large number of fathers in peur
occupations when the cause of death was cancer.''® To quantify this impre
occupation of the father was obtained from the birth certificate of 386 child
the age of 5 who died from cancer. For comparison purposes, two inatchec
per case were selected — the preceding and succeeding child in the bisth ¢
registry. As seen in Table 9.3, approximately twice as many cases had fat
potential exposure to petrol and other hydrocarbons. The odds ratio is (71
(75x315) = 2.1. The 95% confidence interval of the odds ratio is 1 .510 3.0,

Selection bias is an unlikely explanation since paternal accupation was 1
tained until after cases were defined. Observation bias could have led o the
The authors admit to a prior notion that petro-related occupations werc §
childhood cancer. In ctassifying a [ather’s occupation, il is possible that oc
difficult to classify werc coded as petrol-related for cases but not [ar contre
ever, the authors state that occupation was coded by a person who was blin
vase-control status. Thus, for this reason, observation bias was not possible.

Conlounding by some factor related to occupation and childhoad cancer
ways be an explanation. However, no data on potential confounding tacl
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1. THTROQUCTICYH

Inadvertant exposures of populatians to hazacdous chemicals make it neces-
sary for public health officials to have immediate knowledge of the severity of
potential effects and the doses that cause the effects observed. A hazard
index has been developed in response to the nees to establish a ratiﬁg scheme
to characterize hazardous chemicals according to the severity of disease and
tne associated hazards, and to prascribe quantities of hazardous chemicatls
which, when spilied, must be reported to the U.S. Environmental Protection
Agency. About 200 potential carcinagens and 200 chemicals associated with
other diseases have been evaluated, The hazard index for potential carcinogens
couples the waight of evidence indicating potential carcinogenicity with the
potency of the chemical to rate the relative cancer hazard. Similarly, the
hazard index for chemicals that may cause othar diseases cauples rating factors
for the severity of disease with the dose which causas the onset of disease ta
rate the relative hazards of these chemicals. These hazard indexes and the
data for the chemicals thus far evaluated may have more general applicatfons in
assessing chemical risks to the public in response to accidental exposures.

Toxicity indexes, such as_lethal dose for 50% cf animals {LDsg) and no-
observed-effaect-lavel (NOEL) can be used in the setting of parmissible levels
of harmful substances in the environmant or for setting priorities of concern
of harm to human health ar the env%ronmant. Hazard iadex can be dafined as the
overall indicator of potential harm of a hazardous substance to humans and the
anvironment, Hazard indexes can be estimated by taking into consideration all
parameters related to the fate, effects, anc¢ dose-respanse characteristics of the
hazardous substances. Thus tha chemical structure; physicochemical properties;

mechanfsms of action; chemical, biclogical and environmental transformation amd
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sransport; and texicity indexes are important paranzters for estimating hazard
indexes of chemicals in the environment.

Somz of the abave parameters can be estimated from axperimental data, while
others may have to be estimated usfng statistical techniques. The extent and
the form of hazard indexes deperds on tha purposes for which they are used.

This paper describes the use of a systemic (chronic) toxicity index and a
carcinogenicity index in setting reportable quantities (RQ) under Section
101(14) of the Comprehensive Environmental Response, Compensation and Liability
fct (CERCLA or "Superfund“) of 1920. Section 103 of CERCLA requires immediate
natification from any person in charge of a vessel or an offshore or onshare
facility who releases an amount of a hazardous substance equal to or greater
than its RQ. Under CERCLA Section 102(b), the RQ of any hazardcus substance
designated in Sectioa l0L{14} is one pound unless a different RQ has been
established pursuant ta Sectian 3L1(b}(4) of the Faderal Wat;c Pallution Caatral
Act. These are statutory RQs for the CERCLA Section 101{14) hazardous substance
unless and until the Administrator of EPA promulgates regulations establishing
different quantities to be reported when released. CERCLA also permits EPA to
establish a single RQ for each hazardous substance, regardless of the enviran-
mental medium into which the substance is released.

The Emergency Response Division of the Office of Emergency and Remedial
Respense proposed to use "Selected Criterfa Processing™ (SCP) to adjust the
statutory RQs. SCP includes fgnitability, reactivity, carcinegenicity, aguatic
toxicity, acute mammalian toxicity (oral, dermal, inhalation} and chronic toxi-
city as the six primary criteria for adjusting RQs. The RQ for each hazardous
substance is the lowest numerical value of all applicabie RQs derived from the
primary criteria. The RGQ fs then rgadjusted using biodegradability, hydrelysis,

and photalysis as sacandary criteria.

—
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[I. TOXIZITY INDEX QF POTENTIALLY CARCINDGENIC SUBSTANCES

Hazardous substances suspected of carcicaogenic patential are ranked usinc
as toxicity index the level af evidence ia suppart of their carcinogenicity and
the strength (potancy factor) they exhibit in inducing carcineganic responses.
Thres tyoes of evidencs ara used to evaluate 2 substanca's carcinagenic hazard
potential, They are: (1) epidemiologic evidence; (2) experimental evidence
derived from long-term animal bicassays; (3} supportfve or suggestive svidence
from short-term tests, metabolism and pharmacokinetics, and structure-activity

carralations.

THE WEIGHT-OF-EVIDENCE APPROACH TO EVALUATING THE EVIDENCE FOR CARCINCGENICLTY i
The weight-of-evidence is defined as the strength of evidence indicating
potermtial carcinogenicity, not relative carcinogenic activity ur petency of the
agent. Thus, an overall decision as to whether an agent may pose a garcinogenic
hazard to humans 1s based on a careful evaluation of all relevant scientific
data, including the design and conduct of the study and the nature and type of
rasgonsaes. In the most’ccmglete form, a weight-of-evidence detemination should
be made from a cansideration of the -strengths and weaknesses of each giece of
eyidenca, including epidemiological investigations, long-term animal studies,

and supporting {nformatian.

Primary Sourcas of Information

Epidemiology Studies--

Human informacina provides direct evidence of the assacfation of increases
in tumor incidenca or mortality in humans with exposure to chemicals. Wall-
designed and conducted analytical epidemiology studies, especially case-contrgl

and cohort investigations, are of prime importance; descriptive studies and case
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reports provide ancillary information,

Important elements in interprating the lixely causality of epidemiological
observations include “he magnitude .7 iha risk estimates (strength of the assao-
ciations); the likelihood of their being due to chance (statistizal significance!};
the rigor of the study design to avoid various kinds of bias, including those
related to selection, confounding, classification, and measurement; the dose-
response relationships; the temporal ralationships between expasure and disease:

the specificity af the associations; their biological plausibility; and the

Pt B —vo— —— *

reproducibility of the findings,

Lang-Term Animal Studieg--

Confidence {n the results of animal experiments {s gained when carcinogenic
effects have been confirmed in repeated experiments, in different animal strains
or species, or ia different dose groups or sexes within a given study. Other
measures include demonstration of 3 highly significant ingrease in tumors, the ,
gresence of tumors at multiple anatomical sites, the histological types of
tumars prasent, and the shartening of tumor latency in treated groups as compared
with controls. Dose-response relationships also support a conclusion of carci-
nogenicity.

In reaching an overall evaluation of the experimental animal evidenca,
each long-term study is reviewed with regard to the following factors:

a) tumor incidence

b} tumor development

c) preneoplastic lesions

d) target-o~gan toxicity

e) other relevant biological and chemical infarmation.
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Suaportive [aformation

Shart-Term Testing~~

Appropriate in vivo and in vitro short-term ftests provide ancitlary cmpi-

rical and potentially mechanistic information bearing on tne carcincgenicity of
an agent,

Biological Test Results--

Many toxicological, physiological, and biochemical observations, such as
comparative metabolism and pharmmacakinetic studies and certain mechanistic in-

vestigations, can contribute to a determination of carcinogenicity.

Structure-Activity Relationshipss<- *

General fnformation bearing on the bialogical reactivity of compouads che-

mically related to the ageat under investigation ts useful in the evaluation of

the carcinoganicity of the agent.

SUMMART ZING THE WEIGHT-OF-EVIDENRCE FOR CARCINOGEMICITY USING THE INTERNATIONAL
ABENCY FOR RESEARCH ON CANCER (IARC) CRITERIA

After the data have been evaluatad, the weight-of-evidence for carcinoge-
nicity is classified according te the IARC criteria {see Appendix). In this |
appréach'the strength of the evidence for human and animal studies is evaluated

separately, and all relevant factars are combined into an gverall qualitative

ayaluation of the 'ikelihood that the agent is a human carcinogen.

POTENCY FACTCR ESTIMATES

After the decision has been made that a ccmpaund has the potential for

causing cancer in humans, 2 potency factor F, defined as 1/ED1g, is estimated.

E01g is the estimated dose associated with a lifetime cancer risk of 10%. The
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potency factar F s used togetner with the qualitative welght-of-evidence for
carcinogenicity in the ranking of the carcinogenic nazard potential of the
chemicals.
The potency factor F is used in place of the potency factor q{f, which
the Carcinoagen Assessment Group (CAG) normally uses in the estimation of upper
bounds of risk, because the gbjective hers is to rank chemicals for their poten-
tial to causa carcinogenic harm and not to estimate risk associated with a par-
ticular level of exposure. r~urthermore, using the potency facter F has the
advantage of aveiding tha many assumptions that are required for calculabing
and/or using qI, This is possible because the dose associated with a lifetime
cancer risk of 10% is usually within or ciose to the experimentally observable
range.
Other advantagec of the potency factor F are:
a., It is relatively iusansitive tu the choice of the dose-response extrapo-
lation model.
b. The point estimation of €Djg, which has some optimal statistical pro-
perties, can be used to calculate F. Therefore, it {s not necessary tq

use a statistical upper-bound estimate.

POTENCY FACTOR GROUPING
The potency factor estimates are {adicatars of relative magnitude {potency)
to cause carcinogenic ha}m. These nuaerical values are useful tools for settiqg
toxicity indexes. ’
When the relative potency factors are estimated by the procedure qutlined
above, they are aggregated inta four groups. Those chemicals with the highest

potency factor are placed in group 1, intermediata potency factor chemicals are

t qz is the upper confidence limit for the linear coefficient in the
multistage model, -
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placed in group 2, low potency factor chemicals are placed in group 3, and the
lowest paotency Factor chemicals are otaced in group 4. The method usad for
grouping 122 chemicals for the RQ project is to place chemicals #ith patancy
factors (F) above 100 into group 1; chemicals with potency factors frem 10-1720
into group 2; chemicals with potency factors from 1-10 iato group 3; and chemi-
cals witk potency factars belaow L into group 4. The major disadvantage of this
method is that the grouping of chemicals with bordarline potencies between
groups s arbitrary. While toxicolegic information could be used to aid in
placement, the process would stil] be somewhat subjective, Another method of
grouping is analysis for clustering in addition to potency numerical valuys cut-

of f points.

CANCER HAZARD RANKIHG BASED CN COMBINED QUALITATIVE AND QUANTITATIVE ASSESSMENTS
The culmination of the hacard ranking process described in this study is

accanplished by combining the quaiitative weight-of-evidence for carcinogenicity

with the potency group placement to arrive at a final carcinoyenicity fndex for

each chemical. Substances are ranked as posing a high, medium, or low cancer

hazard according to the following scheme:

Carcinogenicity Indexing for Reportable Quantities under CERCLA

Potency Group

IARC Group 1 2 3 4
F>100 F = 10-100 F =1-10 Fel
1 HIGH RIGH MED [UM LOW
2A HIGH MEDTUM MEDIUM L0W
28 HIGH MEDIUM LOW LOW
3 Cannot Be Ranked in General*
T

AP00054882



The hazard rankings for about 200 suspectad carcinogans are cresented in

Table 1 {page 12).

TI1. TOXICITY INDEX FOR SUBSTANCES WITH
SYSTEMIC (CHRONIC) TOXICITY POTENTIAL

The toxicity indexes on chronic toxicity reflect two primary attributes of
each chemical:
1. The minimum effective dosa (MED) levels for chronic exposures (mg/day
for a 70-kg man) via alternative environmental media (air, water, etc.).

2. Type of effect (liver necrocis, teratogenicity, etc.).

THE MINIMUM EFFECTIVE DOSE (MED)

The dase rating for a given chemical is based upaon the MED transformed to
values ranging from 1-10 usfng the graph in Fiqure 1 (page 27). Substances
having an effect at a low dose (i.e.,, those that are more highly toxic) will
be given a high rating an this graph, while those requiring a high dose {iess

toxic) will be ¢*ven a Tow rating. The rating values range.from 1 to 10.

RATING POTENTIALLY HAZARDOUS CHEMICALS ACCORDING TO THE SEVERITY OF DISEASE
The effect rating for an individual chemical will range from 1 to 10 depen-
ding on severity (Table II, page 28), with 10 being the most severe. These

values must be assigned on a chemical-by-chemical basis.

TOXICITY HAZARD RANKING BASED ON THE MED AND THE SEVERITY OF DISEASE

A final Composite Scere ({S) which is the chronic toxicity iadex is detar-

* The group 3 cateaory includes chemicals for which the evidence from animal
studies 1s limited or {nadequate, and for which there is no human evidance.
For those studies with reliable dose-related data, a potency estimate s
determined and a hazard ranking is oerformed.

AP00054883



mined by multiplyirg the dose rating by the affect rating. The possible range
of €3s is thus 1 to 100. Using this scheme, only those compourrds inducing what
are judged to be the most severe ~ffects at law levels of axposure would falt
into the high toxicity index category.

The following step-by-step text gives addijtional details for this proce-

dure:

1, Identify subchronfc ar chronic no cobserved adverse effect levels
(NOAELs), lowest observed adverse effect levels (LOAELs) or frank
affect .Jevels (FELs) based on animal or human data from the avail-
aéie literature, Note the dose/exposure and the effact.

2. _Convert all NOAELs, LOAELs and FEZls to units of mg/kg/day. Inhala-
tion, dietary or drinking water exposure data will be converted to
unfts of mg/kxg/day doses based on the methods outlined previously
(Uu.S, EPA, 1980).

3. If the NOAEL, LOAEL or FEL is based on subc¢hranic exposure, a
corresponding chronic value will be estimated by dividing the
subchronic valye by 10 or less, ;

4, The HEDs based on animal data will be converted to human MEDs
using the cubed raot of the body weight ratfo approximation,
and the subsequent value will be multiplied by 70 kg te put the

MED in units of mg/day for a 70 kg man.**

**This {3 based on the assumption that metabolic rate is a function of body
weight to the two-thirds pawer. Thus, the human dose, assuming a boedy weight
of 70 xg, ts equat to:

© - =~ canimal dose x 70 %aq 2/3
animal weignt

This equation can b2 rearranged so that the human dose in mg/day equals:

, : 173
animalrdqse X (%gl%%ligﬁlﬂﬁ%) x 70 kg

9
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ia.

Assign a dose rating value (RY4) to the dose associated with
the MED as described in Figure 1.
Assign an effect rating value {(RVa) to the effect associated
with the MED as descrited in Table II. '
Calculate tne C35 as:

CS » RVg x RVa
1f more than one MED can be used to calculate a €S for a roote
of exposure (oral or inhalation), the MED for the route of
exposure which will be used in setting the RG will be selected
by the foilowing criteria:

e If adequate chronic data are available, disregard MEDs
based on subchronic data.

¢ [f more than one MED remains, select the MED which is based
on the “best" data.

' .
¢ If considerations of data guality do not lead to the selection

of a single MED, the MED resulting tn the highest CS for a
gfven route will be used. -
Having selected a single MED and derived a CS fuor each route of
exposure, the MED used to determine the RQ will be the MED from

the route of exposure with the highest CS.
The reportable quantities (RQs) are tnen assigned based on the

following relationship to CS:

Composite Score RQ _(1bs)
{or chronic toxicity index)
81-100 1
41-80 10
21-40 100
6-20 1000
1-5 5000
10
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1

The composite scGios for about 200 potentially hazardous chemicals are

presanted in Vable [II {page 29).

11
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TABLE 1. SUIMARY OF HAZARD RADNKEHG U eorbiaial CARLEROGL (o

Chemtcal ltegree of Evlidence Gronplong Da3ed Fotency Flclt:ll‘ FoLency Hazard
Chemlical Nuan {CAS) [10Y HUT Y Antwmals oh [AHU Crikesla Esl)mate roup Havking
Acensphthene (8)-32~9) fnadequales  Ipsdoquate 3 NA NA v
Acenaphthiylene (208-96-8) 1n3dequ.te  Inadequata 3 HA HA b
2-hcelylasinofvorens (5)-96-3) Inadequate  Sufficlent 20 12.00 2 Medlir
Acrylonitrile (wz-13-1} Limited Sulfickent 2h 0.06 Ll Luw C—"‘———-
Afistowin B, {1162-65-8) Lisitcd Sulffciunt 28 10, 000.00 1 Nigh |
Aidrsa { 309-00-2) lnadequats  Liakted 28 63.00 2 Hedla
N-Aminobl phenyl 192-61-1) Suffictent  Sufficlent ] 87.00 2 ieh
Anlirole (81-B2-5) Inadcenuaste  Sufficlent 20 9.20 3 (R
Awaonlum bichromsts (71189-09-5) Jnadequale  Inadeguale 18 & NA Hedtim
Amonlue chromets {1780-98-9} Inadequale tnadequate " « Na Hedlim
Antlwscens (120-12-71) Loadequale  fnadegiate 3 Hi 1A b
Arienfo end Campounds (7Mv80-3B-2) Sufficlent {nadequate ] 13}a.00 NA Itgh
traento mald (711B-39-%) ) imited 1nadoquate and ¢ Ha Nigh
Araanta disulflde (1303-32-8) Limited Fnadogquato 29 4 HA M gh
Arsenio Lrichioride (7704-3%-1) Linlted [nadogiiate 2! ¢ N gh

Hote: The data herein without additfonal analysis should not be used for risk assessment purposes.
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TAULE T, SUMMARY UF HALARD Bedindles v oo v 57 we - o L . ‘

Chemi cal Dugren of Evidince Grouping Dased Potency Paeclor  Potency {larard
Chewlceal Haae (CAS) Hupans Anlmals on [ANC Criterila Estioete Curatp Banklug
Aracnlo pentoatde {110)-~28-2) l.imited Inadoquate 28 9 1A g
Arsenio tricalda £1321-53-3) Suffilclent  Inadoquato ' 130.00 ) SR
Arsenlu trizulfide (1303-13-3) Limited Insdeguat o 29 4 HA 1nigh
A3bestos (1122-21-%) © Suffietent  Suffictent ) P r v
Awraaine €2465-27-2) inadequate  Sufficient 20 1.20 ] Lov
binserine (115-02-6} inadaguate  Sufflclent 239 . 1] °
Aziridine (151-56-1) Inadequalo Lletted ’ 2D }10.00 1 Iigh
Denzane (T1-33-2) Sulficient Limlted ¥ 0.26 L] f.uw
Benzidine and 13 aslte (92-67-5) Sufflclent  SuCflclent 1 190 | Hodlim
Benzofalpyrene (50-32-8) Insdoquals  Jufficlent 28 $00.00 1 (g 1N
Banzol bt lwranthena (205-95-2) tonadequats  Sufficlent 2L 150.0u" 1 1t gt
Benzofghi Jperylene (191-28-2) Inadaquate  lnadequate 3 HA NA b
Benzofk)flwianthena {207-08-9) Inadequste Limited ¥ ' NA MA a
Benzyl Chiortde {100-%%-7) inadaquate Lislted 37 NA NA - o
Pencfa hnthracene {56-55-1} Inadenuate  Sufficlent 2n 24,00 2 Hedlun

Hote: The data hereln without additional analysis should not be used for risk assessment purposes.
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Civwalcal Degrue of Evbdence Grauping fased Potency Factor futeacy Hlazaed
Chumice) Haao (asy) Huwang Aiimala on IANC Criterle tatlastas Group  Nenking
Lenzfo haertdlne (229-91-%) tnaduguat e Linltod i " 158, 00 1 Hedlim
feryl) by snd Coapounds {Ivun-y1-7) Linitel Sufflcient 2 v oud 2 Houdlia
B1a(2-chioroct byl Jether (1)i-4%-8) luadouat o Sufftelent 21 13.00 2 Heddn
Blalchlarcasthyl Jothesr (542-86-1) Sufficlent Sufficiant 1 1900.00 1 titgh
Cacadylia aald {15-60-5) Inadoquat e Inadequate 3 A A b
‘Cadalia mnd Caupounds (1740-%43-9) Limhted Suffichent al 60.00% 2 Medlum
Cadalim mcotste (511-50-8) Lialted Suffbclent af k 1 Hod | v
Cadalim broafds (71769-82-5) Lislted Sufflelent af K Ha Hod | ua
Cadaiim chloride (10105-64-2) Limited Sufficlent af . Hi Hodlu
Laoalus gullsta {1012%-36-4) Limlted Sufficient 21‘ k HA Hedlua
Calcli\m aracnate £1178-8%-1) LimbLed 1naduquate 2" d M High
Calcius arsealte (52740-16-6) Limited fhaduquate 2d 4 ] High
Calcium chroacte {13765-1%-0) SuCflcient Suffictent 1 K I Hod !
Cartun totrachlorlde {56-23-5) tnadoquate Sufficlent - 28 39.00 2 Hedluna
Cld srasbuoafl {105-03-3) Sufflclent  Sufflcient 1 . A °

Hote: The data herein without additional analysis should not be used for risk assessment purposes.

14



wy
—~

csasodand JUINSSISSE YS|4 4D} Pasn 9q Jou pLhOHS S|sSA{rue teuatiippe JNOYIIM uyaaay BIPP 3yl 130N

YRy L (] P _-..m oyenbgpeut  sjwnhapsug te-to-zoozt} $1juzciecyedv D1adn)

= oR k4 00’ 9% L} Wt ing P10 (6-n5-100g) s10¢e001)

rol € 10076 ne: A2 pnS wienbaprug (6-10-p1 2} ausckmy

q ™ 9 N srohoprul  syrobapriy {$-5D-5R001 } plov tmomnay)

h 9 m » gt srmbapeny  eynnhepeny {0-£5-10101) B1%) (D8 OfenRy)

! Py YH . 1 al satnbapry] P23119(7 {S-\6-0FLL) pioy npmony

, n ™w N at ajtnbapeuy  eyenbopwry (re-0L-991} *iMjenw ooy

: wilpoy 3 051 : gl WINING  MIIII0G tt-Ly-ount) tpuodony pun W ee.nD
op,sa1n202pdy

) "o ' 10'a 0z uagagg g eienbopau] (€-E8-591€) Bleg g (0] -0-0sD |11~y

“ 9 T | 4 o1enbopes]  etwenbapeuy {z-ok~Lnt) aee (L1 1aw tlyrewotoy
ML “ . ' } QWP NS uaiotigng {2-o0t-lo)) ploresd teapney

) ‘ 20413 (hyrew 11w o)

m noy £ 002 n2 uagayryng  sienbopmey {£-99-19) " Jo40 114

! ne f 9l nz Wadppne ajenbopeug (961014} CELTREIETTNTXTL)

._w . AL » | - payjoyl tuaEd ) ang {1-fo-st6h) sulzvtpiriso )

b H o0 (g nt PR emnbapreu) ¢ t6-nL-26G}) surpin )

P quuy  dnoiy ojempicy ®Pa1033 UYL v cireyny £urwn | (sY owv) te3ymayy

pawzey Louaye,]  40jae) Aoasiod paeey Budnnan oouaptay Jo aadag [ LETL ETE '

o moNaling 1 3 Imvy

AP00054890




168¥5000dY

TABLE 1. SuMiARY G0f et ponp el f0n vt o Dogf fhaies (Cant Lagad)

Clicmical Nagree of Evidence Grouplog Dasod tolency Factar Potoncy Itazaprd
Chumical None {CAS) flusany Ahlmals on 14HC Critecta Eatlaate Groug  Ranking
Cycluphasplianide (%0~ 18-0) Suffleclent  Sufficlient ) 18,00 2 {tigh
Baunosyciu {20850-81-3) Hadequate  Sufficienl 2D . LL] °
bub (12-54-8) tnadequale  Sufficient 20 a.l0 k& Low
DLE ({72-55-9) Tnavequole  Sufliclient P 3.80 3 Low
{315 ¢ 150-29-3) _Inadegquale  Sufficlem 2 5.460 ] Low
Plallate {230)-16-%) Inadequaks  Sufficionl 2t 2.0 ] fow
2,8-Dinntnotolucae (yn-ta-71) Juadoyudte  Sulftotent 28 1.00 ] Lo
1,2, 7.8-bitcvzapyrone (109-55-9) lu;uh;qualn Sulfficient 20 . HA °
Dibenz[u h hutlcucena (53-70-3) foadequats  Sulflcient 24 1000, 04 | tigh
1,2-Dibruso-)-chloruprupane {96-12-8) Jnadequate  SufcClcient LU 170.00 ] Mlah
Dilait yinitrosamine {928-16-3) fandoguals  Sulflcient 20 3¥.00 2 Houlim
];3'-Dlul0l01'ownlldlnn (31-94-3) Luadequate  Sufflclent 28 7.10 3 Low
1,2-Dichlorocthane . {107-06-2) fnadsquale  Sufriciung 20 0.23 L] l.ow
L 1-Dichloroclhyl ene {i5-35-8) Insdequate Liefted 3" .60 3 Low
DiahRoroplicnytiaraine {696-28-6) Jnudagquate  luadequale 3 HA KA v

Hote: The data herein without additional analysis should not be used for risk assessmeal purposes.
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TABLE 1, SUNMBARY OF HAJAPD Sangpynt =0 M (TR IS T G -4

Chum{cal Degruee of Evidence Graupleg laswd Polency Factor Polency llazasd
Chemteal Hone (cas) hiauns Anlmals on LANC Criterita Esilmate Group Houhbng
Dlisidrin {Lo-57-1) laadequale  Sufflcicnt 20 $130.00 \ High
Biuepowybut ane (1nb%-53-5) Inadequale  Sufftctent 28 8.% ] Low
Diottmpolnitrasaalne C1116-54-T) 1nadequale  Sufflclunt 20 17.08 2 Modlixs
Diethiyl gratns (692-32-2) Yawdaguate  Tuaduguate 3 N HaA v
1,2-Diathylliydrazine (1615-80-1) Iradequote  Sufficient 20 » NA °
Blathylnitrosantne {55-10-5) (nadequats 3Sufficleat 2b 1000.00 1 iiah
Diathylatilbestirol (56-53-1) Sufficlent Sufficlent 1 7900.00 1 Iiah
Dlhydrossirala {9%-50-6) Inadaquats  Sulficlent 28 1.10 3 Low
3. ¥ -Dimcbhoaybonzidine (119-40-%) “luadoguate  Sufficlent 28 .01 'I_ Low
Dimethyl sullsle (17-18~1) lnadcquats  Sufficlont 2u . Ha °
Dimathylualncodwobanzane {60-11-7) Jnadequale Suflictent 1) 280.00 | Iitgh
1,2-Dinvihiplinnz[a} £57-97-0) lmadeguatae  Sulftielent 2u 200,000 00 ] Mrgh

salhracena

Ulsatiylcarbaaoyl chloride (79-t4-7) Inwdagquale  3Jurffclent 20 510.00 1 11gh
b, }-Dimethythydrazine {57~ 18-%) Inadequate Sufflclent 28 13.00 2 Hedlima
1,2-0imslhytliydrazine (5ha-73-8) Jnadequela Sufficient 20 810.00 1 Wigh

Note:

17

The data herein without additional analysis should not be used for visk assessment purpases.
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TABLE T, SURIANY G Mivahils tveniog ¢ o 00000 e vonians Ll (a2 0

' Chual cal Deyres ol Evidunen Grouping Ikired futency Faclar Potency ixzard
Chenical Nama {CAS) [{F-¥TIT} Anlmala ‘ on JAHC Critersa Esllnate Ureup Runking
-Hethyl -d*-uliro-H- {70-2%-7) inaduquaie  3ufiicicnt Zn 5B.u0 2 Hedl ua

nitrozoguant Jlne

Hitoayoin € €40-07-7) ltadoquete  Suffictent 2p . HA ©
Hustard ge3 (505-60-2) SufClelent I lmlted ' o KA o
1-Hajiithylastne tim-32-7} Inadoyste Lialted 3" HA NA €
2-Waplithiylaatas {91-59-8) Suffletent  Sufflctent ) ] 9.20 3 Hed{un
Hickel and Cuapoundy (7“0-02-0'} Lialteud Surficient Zlh l.u.!l 3 Hediwus
Klckol Aracoiim Sulfate (45699 -18-0) Lialted Linlted 22" 1 HA Hodi i
Hicked carimny) {13463-33-3) Lislted SufCicient 2t t M Hed lim
Bickel ahlortde (7718-54-9) Limtted Linltod ) 24" ) NA Hedlus
Mickel cysalds (551-19-7} Linited Listtcy 2" 1 HA Hedlua
Nickel hydrosids (12054 -48-7) timited Linitod ah i i Hod 1
Wlckel nitrate (11N18-00-7) Linitod Limdted 24" 1 HA Hedl
Nickel auboullide (12035 -72-2)  Liatte Suffictent ah 1.0 \ Hedia
Hicksl sullsle {1786-81-1) ListLled Limiled ah t Nt Hedlus
Ritsosoastiiyphw et hana . ({6¥5-53-2) 1aadequita Suifscient B 2304, 00 [} 1i1gre

flote: The data herein without additional analysis should pot be used for risk assesswent purpascs.
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TABLE J.  SUNMARY OF BAZAND fAHKIIG FOR POTENTIAL CARCINDGERS (Continued)
Clicmtcal Degron of Evideice Qrouplng Basecd Fotency Faator Patency luzard

Chcalcal Nuns {Ca3} thaans Anlaals on LAKC Criterta Estinata Group  Heunklug
0-Tolfdlne ’ (419-33-7) Inadequalea  SurTlcient 2n 21.00 2 Hodl
0-Toluiutae wnd (636-21-5) Limited Sufficteal 2A 0.22 y Low
143 Lydruchluoride
Toraphitne {8aa1-35-2) Inadequale Sufflclent 28 9.70 3 L
3, 1, 2-Trblchtocostihane (19-00-5) Inadequate  Limited ki 0.30 L] Low
Trichlarosltiybens {19-01-6) Inadeguute  Limltcd 3" 0.18 ] low
2,8, 6-Trichlorophenol {88-06-2) Inadequsle Sulficlent 2 a.ud | Luw
Tria{2,3-di lroaopropyl) (126-72-1 Inndoquale  Sufflcient 2B 9.80 3 oo

phosphate -
Trypan blus (12-67-!)_ Inadaquale  Sulflectenl 28 6.0 L] Low
Urscil Huatard (66-75.1) Inadequata  Suffictent 28 . " °
Urstiane (51-79-6) Inadeguate  Sufficlent 2p 0.64 y Lov
Yinyl chlocide (719-01-4} sl fioient Sufficient 1 C.16 L] Low

Note: The data herein without additional analysis should not be used For risk assessment purposes.
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TALLE |.  SUMMARY OF LAZARD RANKING FOR POTENTIAL CARCINOGENS (Continued)

Chenical begree of Evidencad Grouplng Based Potency Paoter  Folenvy Huzard
Chealcal Nume (Cas) Numsus Antauls on 1AKC Criterla Eatimats Grunp  Renklng

*Data avallalie are Inadoquet s for ocalcutalion of potesncy factor ualuy current mothodolugy, An sppropriate wolhad of ealimsting e polency (actor {of
theze types of data 3 currently vder devulopacul by CAle

hm....r Lostclly endpalnta msuat by waod a3 4 baxdy for haxard rank)ng.

“Carcinagon hazard ranklog will be posalble whon metlodology to caleulate @ reaaonable potency-factar 1z daveloped or new date Lacomas avablatls.
dﬁroupln‘ 204 patency faciaor satlaale 13 bazed on welght of evidencs for araenia snd Ar3onio cozpaunda kn Lhe delnking vatap of bissna (a3simad Lo ba
predosinantly the trioxsdae),

'nrouplna 13 based on walght of evidence for baryllius oulfats,

'Owuplug 13 basod on welghit of evidence oy osdaius compounds aa a clmas,
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