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Setting Priorities Among
Possible Carcinogenic Hazards in
the Workplace

Lois Swirsky Gold,
Georganne Backman Garfinkel,
and Thomas H. Slone

Historically, many of the 55 chemicals and industrial processes that have been
found to cause cancer in humans (Vainio, Coleman, and Wilbourn 1991) were
identified in the workplace under high exposure conditions. The U.S. Occupa-
tional Safety and Health Administration (OSHA) establishes permissible expo-
sure limits (PELs) in workplace air. The PEL is the maximum allowable
concentration of an airborne contaminant in workplace air on a time-weighted
average basis over an eight-hour day and thus represents the maximum allowable
dose for a worker per day. In 1989, OSHA set riew PELs for hundreds of
chemicals, chiefly by adopting the threshold limit values (TLVs) of the Amer-
ican Conference of Governmental Industrial Hygienists (ACGIH). Under this
new Air Contaminants Standard, more than 400 chemicals are regulated with
PELs; however, thé PEL for a particular chemical does not usually reflect con-
sideration of carcinogenicity data. In contrast to the limited regulation of
occupational exposure on the basis of potential carcinogenic effects, more than
1,100 chemicals have been tested for carcinogenicity in long-term, chronic ro-
dent bioassays, and about half of these are positive in at least one experiment.
Other regulatory agencies such as the Environmental Protection Agency (EPA)
routinely use such animal cancer test results in the regulatory process.

It is not known whether, or at what exposure levels, rodent carcinogens will
turn out to have carcinogenic effects in humans. Thus, it is not clear how best
to make use of the animal data. For a variety of reasons, we have argued that
rodent bioassays do-not provide sufficient information to assess the risks to
humans at the low doses of most human exposures; however, occupational ex-
posures can be high. Evidence is lacking as to which mathematical model is
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appropriate for making a quantitative assessment of human risk by extrapolation
across doses. The high doses used in rodent tests may increase the mutagenic
and therefore the carcinogenic response, due to increases in cell division (e.g.,
through cell death and consequent cell replacement [Ames and Gold 1990;
Ames, Shigenaga, and Gold, 1993]). Mechanisms of carcinogenesis are only
beginning to be understood, and efforts at quantitative human risk assessment
baged on animal data suffer from both random and systematic errors (Peto 1985).

One reasonable strategy for gaining a broad perspective on possible carcin-
ogenic hazards in the workplace is to use a rough index to compare and rank
possible hazards for chemicals that workers are exposed to that have been dem-
onstrated to be rodent carcinogens. Ranking allows research and regulatory pri-
orities to be set by focusing attention on those exposures that are highest in
possible hazard. In the occupational context, ranking provides a role for carci-
nogenesis bioassays in setting priorities among chemicals for medical surveil-
lance, exposure assessment, epidemiological research, and regulatory policy.
Additionally, consideration of chemicals that rank high in possible hazard re-
quires little extrapolation from the high doses of rodent bioassays to worker
exposure levels, since permitted exposures for chemicals that rank high are close
to the doses administered to rodents.

We have used rodent carcinogenicity data in two analyses. First, we have
ranked possible carcinogenic hazards among chemicals on the basis of an index
thut compares the dose at which workers are permitted to be exposed to a given
chemical (at the OSHA PEL) with the dose rate that induces a standard tumor
rale in laboratory animals (carcinogenic potency). We call this index the Per-
mitted Exposure/Rodent Potency, or PERP. PERP expresses the worker per-
mitted lifetime exposure (in mg/kg/day) to a rodent carcinogen as a percentage
of the lifetime dose that induces tumors in 50 percent of animals (the TDj, in
mp/kg/day). A similar rank order would be expected using standard risk assess-
ment methodology for the same permitted exposures. The ratio of the human
versus animal dose rates may well be correlated with occupational carcinogenic
hazards: if it is, then by computing this ratio for many chemicals with PELs,
Potential carcinogenic hazards to workers can be ranked and compared. This
index is a rough measure that may be useful for prioritizing on an ordinal scale.
It is not, however, intended as a direct estimate of human hazard.

In 1987, we performed a similar ranking by PERP using the OSHA PEL
vallues prior to the 1989 Air Contaminants Standard and for a smaller data set
of rodent carcinogenicity results (Gold et al. 1987a). The analysis presented here
rellects the reductions in OSHA PEL values, the addition of new PELs for
chemicals not previously regulated, and the results of additional animal cancer
tests. In our earlier ranking (Gold et al. 1987a), we showed that the possible
carcinogenic hazards (PERP) for 41 rodent carcinogens differed by more than
100,000-fold from each other, and that for some substances workers were per-
mitted to be exposed to doses close to those that induce tumors in test animals.

In a second analysis, we have identified chemicals that workers are exposed
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to and that are carcinogenic in rodents but that currently have no OSHA PEL.
The National Occupational Exposure Survey (NOES) (NIOSH 1990) conducted
by the National Institute for Occupational Safety and Health (NIOSH) was used
to identify the chemicals to which workers are exposed. In both of these anal-
yses, we report for each rodent carcinogen the estimated number of exposed
workers according to the NOES, carcinogenicity in rats and mice, carcinogenic
potency in rats and mice, and positivity in the Salmonella mutagenicity test if
results are available.

Our ranking of potential carcinogenic hazards is for permitted exposures in
the workplace. In a previous analysis, we ranked estimated actual human ex-
posures from a variety of sources, including naturally occurring plant pesticides,
the products of cooking, medicinal drugs, workplace exposures, indoor air, and
synthetic pesticide residues, using a similar index, HERP (Human Exposure/
Rodent Potency) (Gold, Manley, and Ames 1992). This approach may help to
formulate sensible priorities for research and regulatory action among the large
number of rodent carcinogens already identified.

In summary, we find that the PERP values for 75 rodent carcinogens to which
workers are exposed differ by more than 100,000-fold from each other. For 9
chemicals, the permitted worker exposure is greater than 10 percent of the tu-
morigenic dose rate in rodents (TD,), and for 27, it is between 1 and 10 percent.
We have also identified 120 chemicals that require further attention because
they have no OSHA PEL, workers are exposed to them, and they are rodent
carcinogens.

ANALYTICAL APPROACH

Dose Rates

Two factors are required for the determination of a PERP: worker exposure
limits and carcinogenic potency in laboratory animals. For both humans and
rodents, we use standard values to estimate an average daily dose rate in mil-
ligrams per kilogram body weight per day for a lifetime as follows: Dose rate
= dose X exposure per day as a proportion of body weight X proportion of
life during which exposure occurs.

Worker Exposure Levels

Exposure assessments for chemicals in the workplace are frequently incom-
plete or uneven, so the actual average daily dose levels that workers receive are
not accurately known. Workplace exposures vary substantially by occupation,
type of plant, and even from one particular plant to another. We have studied
instead not actual exposures but the PELs set by OSHA, which are based pri-
marily on across-the-board adoption in 1989 of the TLVs of the ACGIH.

PELs are specified in parts per million or milligrams per cubic meter of
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workplace air. To convert these levels to a maximal average daily dose rate in
milligrams per kilogram body weight, we assume that a worker inhales 9.6 m?
of air per day, weighs 70 kg, works five days per week 50 weeks per year for
40 years, and has a standard life span of 70 years.

Carcinogenic Potency Values in Laboratory Animals

Our group has developed a large database of the results of chronic animal
cancer tests, the Carcinogenic Potency Database (CPDB) (Gold et al. 1984; Gold
et al. 1986; Gold et al. 1987b; Gold et al. 1990; Gold et al. 1993). TD,, values
have been estimated from all long-term, chronic experiments that meet a set of
standard inclusion criteria, for example, administration by an oral route or by
inhalation, a dosing period at least one-fourth the standard life span of two years
for rodents, an experiment length of at least one year, and the presence of a
control group (Gold et al. 1984). The CPDB excludes particulates, and conse-
quently, some important substances regulated by OSHA such as asbestos and
heavy metals are not included in the CPDB. Currently, the CPDB includes
results on more than 1,150 chemicals tested in rats or mice, about half of which
are positive in at least one experiment. TDy, is defined as the chronic dose rate
in milligrams per kilogram body weight per day that would halve the proportion
of tumorless test animals by the end of a standard lifetime (Sawyer et al. 1984;
Peto et al. 1984). The estimation procedure for TDs, standardizes the results of
rodent experiments by taking into account the spontaneous tumor rate, using
lifetable data when available, and adjusting for early termination of dosing or
observation period. Our standard values for animal weight; intake of food, air,
and water; and life spans are given in Gold et al. (1984). We have found that
the TD,, values of rodent carcinogens vary more than 10 million—fold (Gold et
al. 1984). The availability of a numerical description of the tumorigenic dose
rate for a large number of test agents makes it possible to calculate PERP values
for a great many human exposures.

In the analysis below, we define a compound as carcinogenic if the author of
at least one published paper in the CPDB evaluated it as positive and if, in
addition, the p-value for at least one experiment is less than 0.01 (Gold et al.
1984; Gold et al. 1986; Gold et al. 1987b; Gold et al. 1990; Gold et al. 1993).
For each rodent carcinogen, the TD,, value reported for rats and for mice is the
harmonic mean of the most potent TD,, values from each positive test in that
species; the most potent TD,, for an experiment is selected from among the
positive target sites identified by the author of the published paper. For chem-
icals positive in both rats and mice, the TDs, used in PERP is from the species
with the more potent value. For chemicals tested in both species, but positive
in only one, we make no adjustment in the PERP for the lack of a carcinogenic
effect in the second species. TDs, values would be similar if we had selected
the most potent value in each species rather than the harmonic mean (Gold et
al; 1987a; Gold, Slone, and Bernstein 1989). (Our 1987 PERP analysis [Gold
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et al. 1987a] used the most potent site rather than a harmonic mean to charac-
terize TDs,, Whereas here we use the harmonic mean as we did in our recent
HERP analysis [NIOSH 1990]).

Selection of Chemicals

The chemicals included in our ranking of potential carcinogenic hazards to
workers are all those that have both a PEL in OSHA'’s 1989 Air Contaminants
Standard (OSHA 1989a, 1989d) and also a positive experiment in the CPDB in
which the chemical was administered by an oral or inhalation route (Gold et al.
1984; Gold et al. 1986; Gold et al. 1987b; Gold et al. 1990; Gold et al. 1993).
The strength of evidence of carcinogenicity in rodents differs among the com-
pounds selected, in terms of number of positive sex-species groups, number of
target organs, lethality of tumors, and proportion of tests that are positive. For
six of these rodent carcinogens, there is only one positive experiment in the
CPDB (e.g., styrene). The shape of the dose response and mechanisms of car-
cinogenesis are also variable across chemicals, and none of these differences are
reflected in the PERP value. For some chemicals with data indicating a markedly
upward curvature in the dose response (e.g., formaldehyde), the PERP value
may exaggerate potential carcinogenic hazards compared with chemicals with a
more linear dose response, since PERP is a simple ratio.

From among approximately 500 carcinogens in the CPDB that were evaluated
as tumorigenic in at least one experiment by our criteria above, and more than
400 chemicals that are regulated with PELs by OSHA, only 75 compounds are
common to both. We did not calculate PERP values for 11 additional com-
pounds that have no allowable exposure level because they are regulated by
OSHA as carcinogenic hazards (Table 9.2 footnote).

Estimated Number of Exposed Workers

Estimates of the number of workers exposed to rodent carcinogens are taken
from the NIOSH NOES survey conducted in 1981-1983 (Seta, Sundin, and
Pedersen 1988). For our listing of rodent carcinogens with no PEL, we include
all chemicals in the CPDB with a positive experiment that are also listed in the
NOES. The NOES surveyed 4,490 facilities, excluding mining, agriculture, gov-
ernment, military, and major sectors of the financial system. The number of
exposed workers includes those exposed at least 30 minutes per week on an

annual average or at least one time per week for 90 percent of the year (NIOSH
1990).

RANKING POTENTIAL CARCINOGENIC HAZARDS BY
PERP

Table 9.1 lists alphabetically the 75 rodent carcinogens with PELs and the
TD,, values in rats and/or mice from the CPDB. For each of the 75 chemicals,
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Table 9.1
Carcinogenic Potency of 75 Rodent Carcinogens with OSHA PELs
TDsg in TDsgin
mg/kg/dayP mg/kg/dayP
. CAsa Chemical Rats | Mice CAS2 Chemical Rats | Mice
75-07-0 Acstaldshyda 153 NT 50-00-0 | Formaldehyde 2.19 | 43.9
79-06-1 Acrylamide 6.15 NT 98-01-1 | Furfural 683 197
107-13-1 Acrylonitrile 16.9 NT 556-52-5 | Glycidol 4.28 34.7
309-00-2 Aldrin ? 1.27 76-44-8 | Heptachlor - 1.21
61-82-5 Amitrole 9.94 25.3 87-68-3 | Hexachlorobutadiene 65.8 NT
142-04-1 Aniline® 194 - 67-72-1 | Hexachlorcethane 554 | 338
134-29-2 o-Anisidine © 23.0 748 302-01-2 | Hydrazine 0.31 2.93
71-43-2 Benzene 169 77.5 7722-84-1 Hydrogen peroxide NT | 9,010
100-44-7 Beanzyl chloride - 61.5 123-31-9 | Hydroquincne 59.9 122
111-44-4 bis-2-Chloroethylether NT 11.7 78-59-1 | Isophorone 1,210 -
74-96-4 Bromoethane 149 535 58-89-9 | Lindane B 25.3
75-25-2 Bromoform 648 - 75-09-2 | Methylene chloride 724 918
106-99-0 1,3-Butadiens 261 26.2 101-14-4 | 4,4'-Methylene-bis- 19.3 NT
(2-chloroaniline)
10108-64-2 | Cadmium® 0.00625 - 60-34-4 | Methylhydrazine NT 7.55
2425-06-1 | Captafol NT 108 100-00-5 | p-Nitrochlorobenzene 2 473
56-23-5 Carbon tetrachloride 449 150 27323- | PCB-54% - 9.58
18-8
57-74-9 Chlordane - 2.99 87-86-5 |2,3,4,5,6- - 23.0
Pentachlorophenal
75-00-3 Chloroethane - 1,810 122-60-1 | Phenylglycidyl ether 44.0 NT
67-66-3 Chloroform 262 80.3 59-88-1 | Phenylhydrazine © NT 53.5
123-73-9 Crotonaldehyde 4.20 NT 78-87-5 | Propylene dichloride - 276
96-12-8 DBCP 0.259 2.72 75-56-9 | Propylene oxide 74.4 912
50-29-3 boT 84.7 123 7446~ Selenium cornpoundsd 8.01 69.3
34-6
7572-29-4 | Dichloroacetylene 3.58 0.57 100-42-5 | Styrene 23.3 -
106-46-7 p-Dichlorobenzene 644 398 79-34-5 | 1,1,2,2-Tetrachloroethane - 38.3
542-75-6 1,3-Dichloropropene 84.0 49.6 127-18-4 | Tetrachloroethylene 101 126
62-73-7 Dichlorvos 4.16 70.4 509-14-8 | Tetranitromethana 0.447 | 1.19
60-57-1 Dieldrin ? 1.01 26471- | Toluene diisocyanate 33.7 250
62-5
121-69-7 N,N-Dimethylaniline 125 - 638-03-9 | m-Toluidine - 1,080
57-14-7 1,1-Dimethylhydrazine NT 2.64 636-21-5 | o-Toluidine © 326 | 629
Dinitrotoluene 8.02 NT 540-23-8 | p-Toluidine - 62.5
123-91-1 Dioxane 334 838 8001- Toxaphene - 5.57
35-2
106-89-8 Epichlorchydrin 2.96 - 79-00-5 | 1,1,2-Trichloroethane - 55.0
140-88-5 | Ethyl acrylate - 120 a24 79-01-6 | Trichloroethylene 668 | 1.578
64-17-5 Ethyl alcohol 9,110 - 108-05-4 | Vinyl acetate 201 NT
106-93-4 Ethylene dibromide 1.52 7.45 593-60-2 | Vinyl bromide 18.5 NT
107-06-2 Ethylene dichloride 8.04 101 75-01-4 | Vinyl chloride 19.1 20.9
75-21-8 Ethylene oxide 21.3 63.7 75-35-4 | Vinylidene chloride - 34.6
117-81-7 di(2-Ethylhexyl)phthalata® 798 894
3CAS= Chemical Abstracts Service registry number. PNT = No test in the CPDB in this species. - = all tests in this species
were negative; ? = in only one report, did the author evaluate the chemical as carcinogenic to rats, but there was no
idantified target site; for the category "all tumor-bearing animals® there was no dose-related effect (p=1).
CThe TDs5p is for the free-base and the CAS is for the hydrochloride saft. For cadmium, the TD5q is for the free-base and
the CAS is for cadmium chloride; both cadmium chloride and cadmium sulfate were used in calculating the TDsg,
dThe TDs and the CAS are for selenium suffide.

Table 9.2 reports the PERP value, expressed as the milligram per kilogram daily
permitted dose to workers as a percentage of the rodent TDs,. PERP values are
listed in descending order, with the highest potential hazards at the top. PERP
values range more than 100,000-fold for exposures to different substances at the
current PEL. For 9 chemicals the permitted exposures are more than 10 percent
of the rodent TDs; for 17, they are between 1 and 10 percent of the rodent
TD,,; and for 39, they are less than 1 percent. The nine substances with PERP



Table 9.2

Ranking by PERP of 75 Rodent Carcinogens with OSHA PELs*

PERP OSHA PEL TDsg in Estimated no.
% Chemical ppm mg/mS | ma/kg/day | workers(NOES)
540 *Ethylene dibromide [s]2F 20 163 1.52 8,562
456 1 ,3-Butadlene°-+ 1,000 2,200 26.2 51,973
94 Tetranitromethane* 1 8 0.447 1,445
96 Glycidol* 25 75 4.28 4,871
50 Styrenet 50 215 233 333,210
a2 Bromoethanet 200 890 149 12,285
15 *Epichlorohydrin [s]* 2 8 2.96 80,167
14 bis-2-Chloroethylether [s]* 5 30 11.7 -
13| *Methylene chioride P+* 500 1,737 724 1,438,207
9.1 *Tetrachloroethylene ~ 25 170 101 688,099
Tk Chloroethane* 1,000 2,600 1,810 49,212
eI Crotonaldehyde 2 6 4.20 -
6.8 Propylene dichloride* 75 350 276 2,947
6.3 *Acetaldehyde” 100 180 153 216,534
6.1 *p-Dichlorobenzene” TH 450 398 33,977
5.8 *Vinyl bromide 5 20 18.5 1,821
4.4 1,1,2-Trichloroethane [s] " 10 45 55.0 1,036
4.0 *Cadmium &~ - 0.005 0.00625 88,966
3.9 Dichloroacetylene 0.1[c] 0.4[c] 0.57 61
3.6 *Propylene oxide* 20 50 74.4 421,143
3.6 *o-Toluidine [s] 5 22 32.6 356
=T *Ethylene dichloride™ 1 4 8.04 83,249
23 *Formaldehyde C:+ 0.75 0.923 2.19 1,329,332
2.2 Heptachlor [s]” 0.5 1.21 1,033
2.2 Phenyihydrazine [s[* 5 22 53.5 212
2.2 Trichloroethylene” 50 270 668 401,366
2.0 *1,1-Dimethylhydrazine (s]* 0.5 i 2.64 2,917
1.6 *Hydrazine [s]* 0.1 0.1 0.31 60,499
1.5 *Dioxane [s]” 25 90 334 429314
1.4 *Acrylonitrile [s]&:* 2 45 16.9 81,686
1.3 Dichlorvos [s]* - 1 4.16 24,204
1.3 Dieldrin [s]” - 0.25 1.01 -
1.1 Ethyl alcohol” 1,000 1,900 9,110 2,069,131
1.1 N.N-Dimethylanﬂine [s] 5 25 125 30,480
1.0 Aldrin s] - 0.25 121 42
1.0 Dinitrotoluene [s]* - 1.5 8.02 -
0.98 1.1.2.2-Tetrachloroethane(s]” 1 7 38.3 4,143
0.97 | Hexachioroethane [s]” 1 10 55.4 8,515
0.90 |Chlordane [s]” - 0.5 2.99 3,832
0.90 *Ethyl acrylate [s]” 5 20 120 44,603
0.80 | Vinyl acetate” 10 30 201 129,022
0.77 | p-Toluidine 2 9 62.5 -
0.73 Phenyiglycidyl ethert 1 6 44.0 10,554
0.73 *Vinyl chloride &+ 1 2.6 19.1 81,318
0.62 | Vinylidene chiloride* 1 4 34.6 2,675
0.58 | *Chloroform™ 2 9.78 90.3 95,778
0.54 | *1.3-Dichloropropene* 1 5 49.6 2,159
0.48 | *Toxaphena [s]* . 0.5 5.57 -
0.45 *Ethylene oxide C,+ 1 1.8 21.3 270,684
0.45 *Carbon tetrachloride (s] 2 12.6 150 104,172
0.44 |°DDT[s|” - 1 12.3 -
0.44 Benzyl chloride* 1 S 61.5 41,072
0.39 |*DBCPS+ 0.001 0.01 0.259 -
0.28 | *PCB-54%ls| - 0.5 9.58 23
0.25 | Methylhydrazine [s]* 0.2[c] 0.35[c] 77.5 1,473
0.22 Aniline [s]” 2 8 194 41,991
0.22 | *Benzene &% 1 3.2 715 272,286
0.22 Furfural [s]* 2 8 197 135,914
0.18 | Hydroquinone™ - 2 59.9 442,744
0.14 | Selenium compounds® - 0.2 8.01 2,965
0.12 |2.3,4,5,6-Pentachlorophenol [s]] - 0.5 23.0 26,805
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Table 9.2 (Continued)

0.12 | "o-Anisidine [s]* - 0.5 23.0 1,108
0.11 *Amitrole” - 0.2 9.94 694
0.11 Lindane [s] - 0.5 25.3 15,035
0.10 | lsophorone™ 4 23.0 1,210 47,099
0.062 | *4,4-Methylene-bis

(2-chloroaniline) [s]+ 0.02 0.22 19.3 114
0.045 | m-Toluidine 2 9 1,080 -
0.042 | Bromoform [s]* 0.5 5 648 1,473
0.034 | *di(2-Ethylhexyi)phthalate” - 5 798 340,797
0.033 | *Acrylamide [s] - 0.03 6.15 10,653
0.020 | Hexachlorobutadene™ 0.02 0.24 65.8 1,010
0.011 | p-Nitrochlorobenzene [s|* - 1 473 2,950
0.006 | “Toluene diisocyanate® 0.005 0.04 33.7 38,883
0.005 | Captafol” - 0.1 108 -
0.001 | Hydrogen peroxide * 1 1.4 9,010 1,006,736

3APERP: Permitted Exposure/Rodent Potency. The following chemicals have no PERP
values because they are suspected human carcinogens with no allowable exposure
level: 2-actylaminofluorene, 4-aminodiphenyl, benzidine, bis-(chloromethyl)ether,
chloromethyl methyl ether, 3,3'-dichlorobenzidine, 4-dimethylaminoazobenzene,
ethylene imine, B-naphthylamine, A-nitroscdimethylamine, and B-propiclactone.

bin process of OSHA 6(b) rule-making.

CFinal OSHA 6(b) rule, comprehensive standard.

dWorkers exposed fo benzene from gasoline are not included in estimate of number of
exposed workers.

*+ = Mutagenic in Salmonella.

- = Nonmutagenic in Salmonella.

[c]=Dichloroacetylene and methylhydrazine are both ceiling values.

[s]=0SHA indicates that thése substances may be absorbed into the bloodstream
through the skin, mucous membranes and/or eyes, as well as by inhalation.

* = International Agency for Research on Cancer's evaluation of the chemical is
*sufficient evidence® of carcinogenicity in animals.

greater than 10 percent are ethylene dibromide (PERP = 540 percent), 1,3-
butadiene (456 percent), tetranitromethane (96 percent), glycidol (94 percent),
styrene (50 percent), bromoethane (32 percent), epichlorohydrin (15 percent),
bis-2-chloroethylether (14 percent), and methylene chloride (13 percent). Three
of the chemicals with highest PERP values (ethylene dibromide, 1,3-butadiene,
and methylene chloride) have been addressed individually by OSHA, and 6(b)
rulemakings are in progress. The PERP values for these chemicals would rank
much lower if the new recommended values were used instead of the current
PELs. Estimates of the PERP for various chemicals span several orders of mag-
nitude, whereas the TD;, values for the same compounds estimated from various
experiments are generally within one order of magnitude; therefore, we would
expect little difference in the ranking of chemicals by PERP if we had used the
most potent site per chemical instead of the average of the various TD,s.

Among the nine chemicals that rank highest in potential carcinogenic hazard
at the PEL (PERP > 10 percent) are eight that have been tested in both rats
and mice, of which six are positive in both species. All nine are mutagenic in
Salmonella (Table 9.2), and four of the nine have been evaluated by the Inter-
national Agency for Research on Cancer (IARC) as having sufficient evidence
of carcinogenicity in laboratory animals (Table 9.2).

It is relevant to consider, even if it is not explicitly used, information about
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the size of the exposed population, as well as information about the ratio of the
permitted exposure levels in humans to the carcinogenic potency in rodents. The
number of U.S. workers exposed to different chemicals varies widely, and it
changes over time due to alterations in markets, production techniques, and
product substitution. Crude estimates of the numbers of workers who might be
exposed to each compound are reported in Table 9.2 based on estimates from
the NOES. These numbers include workers who might be exposed only 30
minutes per week annually, whereas the PEL is based on a time-weighted av-
erage of eight hours per day.

IDENTIFICATION OF RODENT CARCINOGENS THAT
HAVE NO PEL

OSHA has indicated that a high regulatory priority is the establishment of
PELs for chemicals for which no exposure limits exist (OSHA 1989d). Table
9.3 reports 120 chemicals that are rodent carcinogens lacking PELs, to which
workers are exposed (based on NOES); the chemicals are ordered by the number
of workers estimated to be exposed. This list is a first step toward identifying
chemicals that OSHA may want to investigate further. For each chemical, we
report the TDs, values in rats and mice, the estimated number of workers ex-
posed, mutagenicity results in Salmonella, and whether IARC evaluates the com-
pound as having sufficient evidence of carcinogenicity in laboratory animals.
Among the 120 chemicals, 33 have the JARC sufficient evaluation, and 43 are
mutagenic in Salmonella (Table 9.3).

DISCUSSION

The PERP is a rough measure that is useful for prioritizing potential carcin-
ogenic hazards on an ordinal scale. It is not intended as a direct estimate of
human carcinogenic hazard because rodent bioassays (for several reasons, in-
cluding lack of data on cell division [Ames and Gold 1990; Gold et al. 1992])
do not provide enough information about mechanisms of carcinogenesis or shape
of the dose response to assess the risks to humans. Our results indicate that it
is reasonable to give special consideration to reduction of allowable worker
exposures to those chemicals that rank highest in PERP, particularly since their
PELSs are so close to the tumorigenic dose rate in rodents. Thus, little quantitative
extrapolation (across doses) is required. Further work on the top-ranked chem-
icals might include evaluation of mechanisms of carcinogenesis, particularly data
on increased cell division at the high doses administered to rodents (Ames and
Gold 1990), strength of evidence of carcinogenicity in rodents, further exposure
assessment, and epidemiological studies.

Our ranking by PERP of 75 rodent carcinogens with PELs under the 1989
OSHA Air Contaminants Standard indicates that possible carcinogenic hazards
vary widely, more than 100,000-fold across chemicals. We found a similar range



Table 9.3

Numbers of U.S. Workers Exposed to 120 Rodent Carcinogens with No OSHA

PEL
TDsq in mﬂ(ydayb Estimated no.
CAS?3 Chemical Rats Mice workers(NOES
7632-00-0 Nitrite, sodium 167 - 928,528
111-46-6 Diethylene glycol” 1,660 NT 890,123
90-43-7 o-Phenylphenol* 232 - 617,393
63449-39-8 Chlorinated paraffins 222 113 573,164
140-11-4 Benzyl acetate” - 1,440 275,797
106-88-7 1.2-Epoxybutane™® 220 - 261,646
828-00-2 Dimethoxane 716 NT 183,977
5989-27-5 d-Limonene™ 204 - 138,293
5160-02-1 D & C Red No. 9* 146 - 122,320
25013-16-5 *Butylated hydroxyanisole” 719 - 89,675
149-30-4 2-Mercaptobenzothiazole” 344 - 86,505
548-62-9 Gentian Violet” NT 90.5 75,635
128-44-9 *Saccharin, sodium” 2,140 - 68,407
100-52-7 Benzaldehyde” - 1,690 67,717
103-90-2 Acetaminophen” 495 1,620 65,110
1897-45-6 Chlorothalonil” 2,270 , - 62,724
132-27-4 *o-Phenylphenate, sodium™ 487 - 56,548
842-07-9 1-Phenylazo-2-naphthol* 29.4 - 44,359
2475-45-8 C.l. Disperse Blue 1+ 156 - 43,520
108-78-1 Melamine” 735 - 43,104
62-56-6 *Thiourea” 98.5 . 37.577
137-30-4 Zine dimethyldithiocarbamate™ 40.7 . 34,595
1163-19-5 Decabromodiphenyl oxide™ 3,341 - 32,656
50-18-0 *Cyclophosphamide* 2.21 5.96 30,028
5307-14-2 2-Nitro-p-phenylenediamine™* = 614 29,422
7758-01-2 *Bromate, potassium 9.81 - 26,562
139-13-9 Nitrilotriacetic acid” 1,770 2,660 25,216
517-28-2 Hematoxylin® 1,000 NT 24,190
50-06-6 *Phenobarbital™ - 5.52 22,928
6373-74-6 C.l. Acid Orange 3* 1,710 - 22,237
18662-53-8 Nitrilotriacetic acid, 370 - 21,594
trisodium salt, monohydrate”
924-42-5 N-{Hydroxymethyf)acrylamide” - 26.6 20,666
2832-40-8 C.l.Disperse Yellow 3* 380 1,020 20,479
99-57-0 2. Amino-4-nitrophenol™ 839 - 20,255
62-44-2 *Phenacetin® 1,250 2,140 19,676
2465-27-2 Auramine-0 11 62.7 19,093
4342-03-4 *Dacarbazine* 0.71 0.97 17,274
98-85-1 a-Methylbenzyl alcohol” 458 - 15,990
103-23-1 di(2-Ethyihexyl)adipate” - 3,880 15,635
114-83-0 1-Acetyl-2-phenylhydrazine* NT 51.2 15,429
121-88-0 2-Amino-5-nitrophenol* 111 - 14,512
54-31-9 Furosemide™ - 732 14,100
915-67-3 FD & C Red No. 2° 1,470 NT 13,794
99-55-8 5-Nitro-o-toluidine™ - 277 13,741
57-30-7 *Phenobarbital, sodium™ 86.0 51.2 13,061
119-34-6 4-Amino-2-nitrophenol* 309 - 11,981
105-55-5 N,N'Diethylthiourea” 24.0 - 11,481
96-45-7 *Ethylene thiourea* 16.5 16.9 10,749
51-79-6 *Urethane” 41.3 221 9,458
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140-67-0 Estragole” NT 51.8 9,128

95-80-7 *2 4-Diaminotoluene* 2.47 26.7 8,513

59-87-0 5-Nitro-2-furaldehyde 8.39 30.8 6,653
semicarbazone*

94-59-7 *Safrole” 441 56.2 6,475
389-08-2 Nalidixic acid” 201 - 6,187
615-28-1 o-Phenylenediamine® 177 526 6,083

4680-78-8 FD & C Green No. 1 6,060 - 5,997

50-55-5 Reserpine” 0.306 5.02 5,610
139-05-9 Cyclamate, soidum - 667 5.267
443-48-1 *Metronidazole* 542 507 5,263
1694-09-3 *FD & C Violet No. 1~ 612 - 4,330

94-52-0 Nitrobenzimidazole* - 372 4,273
101-61-1 4,4'-Methylenebis (N,N- 16.4 207 4,140

dimethyl)benzenamine”

67-20-9 Nitrofurantoin* 698 1,400 3,755
305-03-3 *Chlorambucil* 0.896 0.133 3,718

51-52-5 *Propylithiouracil 137, 409 3,331

75-27-4 Bromodichloromethane* 72.5 47.7 3,266

54-85-3 Isoniazid* 150 27.1 2,924

88-73-3 1-Chloro-2-nitrobenzene* - 157 2,897
563-41-7 Carbamyi hydrazine S+ NT 169 2,814
593-70-4 Chlorofluoromethane 27.5 NT 2,705
136-40-3 *Phenazopyridine &~ 265 62.1 2,547
301-04-2 Lead acetate” 28.4 - 2,145
756-79-6 Dimethyl methylphosphonate™ 700 = 2,135

60-35-5 *Acetamide” 180 3,010 2,073

90-94-8 Michler's Ketone* 5.64 841 2,025
101-90-6 *Diglycidyl resorcinol ether, 3.78 243 1,857

technical grade+
868-85-9 Dimethyl hydrogen phospite+ 139 . 1,821
105-11-3 p-Quinone dioxime* 106 - 1,810
141-90-2 Thiouracil NT 55.0 1,776
135-23-9 Methapyrilene © 8.15 NT 1,698
2432-99-7 11-Aminoundecanoic acid” 1,100 - 1,534
2489-77-2 Trimethylthiourea™ 25.8 B 1,622

80-08-0 Dapsone” 22.4 - 1,510

56-53-1 *Diethylstilbestrol” 0.114 0.0407 1,492

97-56-3 *o-Aminoazotoluene® 4.04 - 1,449

23031-25-6 Terbutaline 410 NT 1,406

78-42-2 Tris(2-ethylhexyl)phosphate” - 2,560 1,209

3761-53-3 *D & C Red No.5" 386 716 1,200
118-74-1 *Hexachlorobenzene” 8.03 65.1 1,038
11096-82-5 *Aroclor 1260 1.74 NT 991
122-66-7 Hydrazobenzene* 5.59 26 977
10034-93-2 Hydrazine sulfate* 40.8 7.59 946
13292-46-1 Rifampicin - 33.6 927

624-84-0 Formylhydrazine NT 36 919
569-61-9 p-Rosaniline®* 35.5 46.4 908

88-06-2 *2.4.6-Trichlorophenol” 405 1,070 851

62-55-5 *Thioacetamide- 11.5 5.36 787

18559-94-9 Salbutamol 40.0 NT 744

60-56-0 Methimazole" 1.14 NT 708
3165-93-3 *4-Chloro-o-toluidine®+” - 21.5 682

82-68-8 Pentachloronitrobenzene” B 1.4 575
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Table 9.3 (Continued) J
70-25-7 *N-Methyl-NV- 0.817 NT 522
Nitrosoguanidine®
96-09-3 *Styrene oxide™ 55.4 118 457
57-97-6 7,12-Dimethylbenz NT 0.084 448
(a)anthracens™®
156-51-4 Phenylethylhydrazine NT 14.6 438
sulfate*
117-10-2 Chrysazin 245 201 357
637-07-0 Clofibrate 169 NT 323
536-33-4 Ethionamide” - 69.3 307
76-01-7 Pentachloroethane” - 57.3 231
91-93-0 3,3-Dimethoxybenzidine- 1,630 - 227
4 4'-diisocyanate*
590-21-6 1-Chloropropene NT 5.05 145
135-20-6 Cupferron* 8.35 585 136
331-39-5 Caffeic acid” 284 4,970 80
86-74-8 Carbazole” NT 164 78
115-28-6 Chlorendic acid” 40.8 141 55
3564-09-8 *FD & C Red No. 1 521 NT 36
613-94-5 Benzoyl hydrazine NT 9.59 28
2243-62-1 1.5-Naphthalenediamine™* 69.6 162 28
72-54-8 p,p-DDD” - 30.7 14
1746-01-6 *0 3 7,8-Tetrachlorodibenzo- 0.000023 0.000156 14
p-dioxin”
acAS = Chemical Abstracts Service registry number.
bNT = No Test in the CPDB in this group. If no value is given the chemical was evaluated as a carcinogen
in at least one test in the CPDB, but all tests in the specific group were negative.
CThe TDsp is for the free-base, and the CAS is for the hydrochloride sait.
* - International Agency for Research on Cancer's evaluation of the chemical is *sufficient evidence" of
carcinogenicity in animals.
+= Mutagen in Salmonella. -= Nonmutagen in Salmonella.

of PERP values in our 1987 paper based on the then-current OSHA PELs (Gold
et al. 1987a). In general, we would expect a similar rank order of ‘‘cancer risk
estimates’’ using current regulatory risk assessment methodology for the same
permitted exposure values, since linear extrapolation from the TD,, generally
leads to low-dose slope estimates similar to those based on the linearized mul-
tistage model (Krewski, Szyszkowicz, and Rosenkranz 1990).

The wide variation in PERP values reflects in part the fact that carcinogenic
effects are rarely the basis for establishment of PEL values. OSHA reports that
among the hundreds of chemicals with PELs, only 15 were set on the basis of
cancer: 7 of these are among the 75 chemicals in our analysis (OSHA 1989b).
In contrast, NIOSH has recommended that 53 of the 75 be treated as potential
occupational carcinogens (NIOSH 1992). Additionally, NIOSH has recom-
mended that exposures to 34 of the 75 be lower than the PEL (NIOSH 1992).

The wide range in PERP values based on rodent carcinogenicity data is con-
sistent with an analysis by Roach and Rappaport of the ACGIH TLVs (which
OSHA used to set most of its PEL values) (Roach and Rappaport 1990). Those
authors examined the epidemiological data referenced in the documentation for
the TLVs and suggested that TLVs were generally set at levels that were prev-
alent in industry rather than at levels that were below those reported to have
adverse health effects in the workplace.
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We have examined actual exposure estimates in the workplace for a few of
the chemicals that rank highest in PERP. The conclusion of Roach and Rap-
paport is consistent with our finding that for the chemicals we examined (eth-
ylene dibromide, methylene chloride, styrene, tetrachloroethylene, and
1,3-butadiene), estimates of actual average exposures for high exposure occu-
pations were within an order of magnitude of the PEL (data to appear in a future
paper). For some of the chemicals with highest PERP values, OSHA has per-
formed a substance-specific rulemaking, using carcinogenicity data. The newly
recommended PEL values would result in much lower PERP values for 1,3-
butadiene, methylene chloride, and ethylene dibromide (nearly all uses of eth-
ylene dibromide have now been discontinued in the United States).

ADDENDUM AT TIME OF PUBLICATION

The federal courts have overturned OSHA’s Air Contaminants Standard that
we have used in our analyses because the chemicals did not go through a chem-
ical-by-chemical (6b) rulemaking process. The generic approach used by OSHA
to base PELs on TLVs could still be authorized by future legislation.

NOTE

Supported by Department of Energy contract DE-AC-03-76SF00098 and National In-
stitute of Environmental Health Sciences Center grant ES01896. We thank Bonnie Stern
and Bruce Ames for suggestions on the manuscript, and David S. Sundin, David H.
Pedersen, and the late Joseph A. Seta for assistance with the NOES. Parisa Farvid, Lars
Rohrbach, and Ken Chow provided much valued technical assistance.
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