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INTRODUCTION

The Guide to Occupational Exposure Values is a readily accessible reference for comparison of published values from ACGIH®; the U.S. Occupational Safety and Health Administration
(OSHA); the U.S. National Institute for Occupational Safety and Health (NIOSH); Deutsche Forschungsgemeinschaft (DFG), Federal Republic of Germany, Commission for the Investigation
of Health Hazards of Chemical Compounds in the Work Area; the American Industrial Hygiene Association (AIHA); and Occupational Alliance for Risk Science (OARS). Provided below are
the sources of the values cited in this Guide, including publication dates, and the uniform resource locator (URL) if verified online. November 2018 was the date of online verification.

+ ACGIH® Threshold Limit Values (TLVs®) for Chemical Substances
o 2019 TLVs® and BEIs®: Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices. ACGIH®, Cincinnati, OH (2019).
OSHA Permissible Exposure Limits (PELS)

o Qccupational Safety and Health Administration (OSHA): Occupational Safety and Health Standards, Toxic and Hazardous Substances, Limits for Air Contaminants. Specified in
Tables Z-1, Z-2, and Z-3. Title 29 CFR 1910.1000-1910.1200. Reviewed at: https://www.osha.gov/dsg/annotated-pels/index.html.

NIOSH Recommended Exposure Limits (RELSs)
o NIOSH Pocket Guide to Chemical Hazards: Introduction. Available online at: http://www.cdc.gov/niosh/npg/pgintrod.html (Reviewed 2018).

o See also: Ludwig HR; Cairelli SG; Whalen JJ (Eds): Documentation for Immediately Dangerous to Life or Health Concentrations (IDLH): Introduction. NTIS Pub. No. PB-94-
195047 (1994). Available online at; http://www.cdc.gov/niosh/idih/idihintr.html.

o See also: Wittaker C; Rice F; McKernan L; et al.: Current intelligence bulletin 68: NIOSH chemical carcinogen policy. Department of Health and Human Services, Centers for
Disease Control and Prevention, National Institute for Occupational Safety and Health (NIOSH), DHHS, Publication No. 2017-100 (2017). Available online at:
https:/iwww.cdc.gov/niosh/docs/2017-100/pdf/2017-100.pdf.

DFG Maximum Concentrations at the Workplace (MAKs)

o List of MAK and BAT Values 2018: Maximum Concentrations and Biological Tolerance Values at the Workplace. Report No. 54. Commission for the Investigation of Health
Hazards of Chemical Compounds in the Work Area. Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, FRG (2018).

AIHA Workplace Environmental Exposure Levels (WEELs™)

o 2011 current WEEL® values. AIHA Guideline Foundation, Fairfax, VA. Available online at http://www.aiha.org/get-involved/AIHAGuidelineFoundation/WEELS/Documents/
2011WEELValues.pdf.
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+ OARS Workplace Environmental Exposure Levels (WEELs™)

o QOccupational Alliance for Risk Science (OARS) Workplace Environmental Exposure Levels (WEELs™) managed by University of Cincinnati College of Medicine, Department of
Environmental Health, Risk Science Center (RSC), Cincinnati, OH. Available online at med.uc.edu/eh/centers/rscirisk-resources/oars (Reviewed 2018).

The Guide also includes those carcinogens found in the occupational environment that are identified by the above organizations and by the U.S. Environmental Protection Agency
(EPA), the International Agency for Research on Cancer (IARC), and the U.S. National Toxicology Program (NTP). In addition to those sources cited above, the following were also used in
preparing this Guide and were reviewed in November 2018.

+ U.S. EPA Integrated Risk Information System (IRIS) database. A-Z List of Substances. Online at: https://cfpub.epa.gov/ncealiris2/atoz.cfm.

+ Agents Classified by the IARC Monographs, Volumes 1-119. IARC, Lyon, France (1987-2017). Available online at; http://monographs.iarc.fr/agents-classified-by-the-iarc/ (Reviewed
2018).

+ Report on Carcinogens, 14th Ed., U.S. Department of Health and Human Services, Public Health Service, National Toxicology Program, Research Triangle Park, NC (2016).
Available online at: http://ntp.niehs.nih.gov/pubhealth/roc/index-1.html (Reviewed December 2016).

The Guide to Occupational Exposure Values is intended as a companion document to the ACGIH® annual Threshold Limit Values for Chemical Substances and Physical Agents and
Biological Exposure Indices (TLVs® and BEIs®) book, specifically the section on TLVs® for Chemical Substances in the Work Environment.

The following pages provide “Definitions, Abbreviations, Terms, and Coding,” the MAK “Peak Exposure Limitation Categories,” the MAK “Pregnancy Risk Group Classifications,” and the
MAK “Germ Cell Mutagens Classifications.”

Editor’s note: The double entries that were previously included in this publication were eliminated effective with the 2006 edition. The entry in this publication will correspond to that car-
ried in the TLVs® and BEIs® book, e.g., 2-butoxyethanol rather than ethylene glycol monobutyl ether. When ACGIH® does not recommend a TLV® and two or more jurisdictions (e.g., MAK
and IARC) list a chemical substance with separate synonyms, ACGIH® will generally use the ChemIDplus database available on the ToxNet website (http://toxnet.nim.nih.gov/) maintained
by the U.S. National Library of Medicine. ChemIDplus is a database of over 370,000 chemicals, which contains names and synonyms as well as chemical formulae and structures.
Whichever synonym ChemIDplus uses as the primary name attached to a specific CAS number is the name generally listed in this publication. In all cases, the removed synonym is listed
with its primary entry and with its respective CAS number in the CAS Number Index section of this publication.



DEFINITIONS, ABBREVIATIONS, TERMS, AND CODING

Carcinogenicity Categories
U.S. Environmental Protection Agency (EPA)

NOTE: The rationale and methods used to develop the carcinogenicity classifications
EPA-A through EPA-E are found in the 1986 Risk Assessment Guidelines (EPA/600/8-
87/045). The categories, EPA-K, EPA-L, EPA-CBD, and EPA-UL, were developed under
the 1996 Proposed Guidelines for Carcinogen Risk Assessment (Federal Register
61[79]:17960-18011, April 23, 1996). Further to its updating of risk assessment guidelines,
EPA issued a revised draft Guidelines for Carcinogen Risk Assessment (NCEA-F-0644;
July 1999), which resulted in slightly different descriptors. In 2005, the agency published
the final version of Guidelines for Carcinogen Risk Assessment (EPA/630/P-03-001 B),
which contained refined descriptors for summarizing weight of evidence for human car-
cinogenic potential. All four risk assessment guidelines may be found online at:
http:/lwww.epa.gov/risk. In all instances, the user is referred to the online IRIS Guidance
Documents found on the EPA website: http:/lwww.epa.govliris and the online Toxicological
Reviews and Support Documents available at: http:/icfpub.epa.govincealiris for further
carcinogenicity discussion and for information on long-term toxic effects other than car-
cinogenicity. In all cases, the most current carcinogenicity assessment will be listed in this
publication.

EPA-A: Human Carcinogen — Sufficient evidence from epidemiologic studies to sup-
port a causal association between exposure and cancer.

-B: Probable Human Carcinogen — Weight of evidence of human carcinogenicity
based on epidemiologic studies is limited; agents for which weight of evidence
of carcinogenicity based on animal studies is sufficient.

Two subgroups:
-B1: Limited evidence of carcinogenicity from epidemiologic studies.

-B2: Sufficient evidence from animal studies; inadequate evidence or no data
from epidemiologic studies.

-C: Possible Human Carcinogen — Limited evidence of carcinogenicity in animals
in the absence of human data.

-D: Not Classifiable as to Human Carcinogenicity — Inadequate human and ani-
mal evidence of carcinogenicity or no data are available.

-E: Evidence of Noncarcinogenicity for Humans — No evidence for carcinogenici-
ty in at least two adequate animal tests in different species or in both ade-
quate epidemiologic and animal studies.

Under the 1996 Draft Guidelines, when the available tumor effects and other key data are
adequate to demonstrate carcinogenic potential convincingly for humans, EPA-K or EPA-L
are appropriate descriptors.

EPA-K: Known Human Carcinogens — Agents known to be carcinogenic in humans
based on either epidemiologic evidence or a combination of epidemiologic
and experimental evidence, demonstrating causality between human expo-
sure and cancer;

OR

Agents that should be treated as if they were known human carcinogens,
based on a combination of epidemiologic data showing a plausible causal
association (not demonstrating it definitively) and strong experimental evi-
dence.

OCCUPATIONAL EXPOSURE VALUES v
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-L: Likely to Produce Cancer in Humans — Agents that are likely to produce can- + Agents whose carcinogenic potential cannot be determined because no
cer in humans due to the production or anticipated production of tumors by data are available to perform an assessment.
modes of action that are relevant or assumed to be relevant to human car-
cinogenicity. Modifying descriptors for particularly high or low ranking in the
“known/likely” group can be applied based on scientific judgment and experi-
ence and are as follows:

-NL: Not Likely to be Carcinogenic in Humans — This descriptor is appropriate
when experimental evidence is satisfactory for deciding that there is no basis
for human hazard concern, as follows (in the absence of human data suggest-
ing a potential for cancer effects):

+ Agents that are likely to produce cancer in humans based on data that are

+ Agents not likely to be carcinogenic to humans because they have been
at the high end of the weights of evidence typical of this group. g 4 g y

evaluated in at least two well-conducted studies in two appropriate animal
+ Agents that are likely to produce cancer in humans based on data that are species without demonstrating carcinogenic effects.

atthe low end of the weights of evidence typical of this group. + Agents not likely to be carcinogenic to humans because they have been

-CBD: Cannot Be Determined — This descriptor is appropriate when available tumor appropriately evaluated in animals and show only carcinogenic effects that
effects or other key data are suggestive or conflicting or limited in quantity have been shown not to be relevant to humans (e.g., showing only effects
and, thus, are not adequate to convincingly demonstrate carcinogenic poten- in the male rat kidney due to accumulation of a.,u-globulin).

tial for humans. In general, further agent specific and generic research and
testing are needed to be able to describe human carcinogenic potential. The
descriptor cannot be determined is used with a subdescriptor that captures
the rationale:

*+ Agents not likely to be carcinogenic to humans when carcinogenicity is
dose or route dependent. For instance, not likely below a certain dose
range (categorized as likely above that range) or not likely by a certain
route of exposure (may be categorized as likely by another route of expo-

+ Agents whose carcinogenic potential cannot be determined, but for which sure). To qualify, agents will have been appropriately evaluated in animal
there is suggestive evidence that raises concern for carcinogenic effects. studies and the only effects show a dose range or route limitation or a route

+ Agents whose carcinogenic potential cannot be determined because the limitation is otherwise shown by empirical data.

existing evidence is composed of conflicting data (e.g., some evidence is Under the 1999 revised draft Guidelines, the following descriptors were issued; however,
suggestive of carcinogenic effects, but other equally pertinent evidence the descriptors are only presented in the context of a weight-of-evidence-narrative.
does not confirm any concern). [Editor’s note: The “short hand” used within this Guide (e.g., EPA-K) to indicate descriptors

used within the 1996 and 1999 draft Guidelines were developed to accommodate the
page format only.] The reader is referred to the current EPA evaluation for a complete dis-
cussion of substance in question.

+ Agents whose carcinogenic potential cannot be determined because there
are inadequate data to perform an assessment.



EPA-CaH:

Carcinogenic to Humans — This descriptor is appropriate when there is con-
vincing epidemiologic evidence demonstrating causality between human
exposure and cancer. This descriptor is also appropriate when there is an
absence of conclusive epidemiologic evidence to clearly establish a cause
and effect relationship between human exposure and cancer, but there is
compelling evidence of carcinogenicity in animals and mechanistic information
in animals and humans demonstrating similar mode(s) of carcinogenic action.
It is used when all of the following conditions are met:

+ There is evidence in a human population(s) of association of exposure to
the agent with cancer, but not enough to show a causal association;

+ There is extensive evidence of carcinogenicity;

+ The mode(s) of carcinogenic action and associated key events have
been identified in animals; and

+ The key events that precede the cancer response in animals have
been observed in the human population(s) that also show evidence
of an association of exposure to the agent with cancer.

. Likely to be Carcinogenic to Humans — This descriptor is appropriate when

the available tumor effects and other key data are adequate to demonstrate
carcinogenic potential to humans. Adequate data are within a spectrum. At
one end is evidence for an association between human exposure to the agent
and cancer and strong experimental evidence of carcinogenicity in animals; at
the other, with no human data, the weight of experimental evidence shows
animal carcinogenicity by a mode or modes of action that are relevant or
assumed to be relevant to humans.

: Suggestive Evidence of Carcinogenicity, but Not Sufficient to Assess Human

Carcinogenic Potential — This descriptor is appropriate when the evidence
from human or animal data is suggestive of carcinogenicity, which raises a

OCCUPATIONAL EXPOSURE VALUES

concern for carcinogenic effects but is judged not sufficient for a conclusion as
to human carcinogenic potential. Examples of such evidence may include: a
marginal increase in tumors that may be exposure-related, or evidence is
observed only in a single study, or the only evidence is limited to certain high
background tumors in one sex of one species. Dose-response assessment is
not indicated for these agents. Further studies would be needed to determine
human carcinogenic potential.

. Data are Inadequate for an Assessment of Human Carcinogenic Potential —

This descriptor is used when available data are judged inadequate to perform
an assessment. This includes a case when there is a lack of pertinent or use-
ful data or when existing evidence is conflicting, e.g., some evidence is sug-
gestive of carcinogenic effects, but other equally pertinent evidence does not
confirm a concern.

: Not Likely to be Carcinogenic to Humans — This descriptor is used when the

available data are considered robust for deciding that there is no basis for
human hazard concern. The judgment may be based on the following:

+ Extensive human experience that demonstrates lack of carcinogenic effect
(e.g., phenobarbital).

+ Animal evidence that demonstrates lack of carcinogenic effect in at least two
well-designed and well-conducted studies in two appropriate animal species
(in the absence of human data suggesting a potential for cancer effects).

+ Extensive experimental evidence showing that the only carcinogenic
effects observed in animals are not considered relevant to humans (e.g.,
showing only effects in the male rat kidney due to accumulation of a,u-
globulin).

+ Evidence that carcinogenic effects are not likely by a particular route of
exposure (Section 2.3.3.).

vii
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+ Evidence that carcinogenic effects are not anticipated below a defined
dose range.

Under the 2005 Guidelines for Carcinogen Risk Assessment (EPA/630/P-03/001 B), the
following descriptors were issued; however, the descriptors are only presented in the con-
text of a weight-of-evidence-narrative. [Editor’s note: The “short hand” (e.g., EPA-CaH)
used within this Guide to indicate the 2005 descriptors was developed to accommodate
the page format of this Guide only.] The reader is referred to the individual IRIS evaluation
for a complete discussion of the substance in question.

-L: Likely to Be Carcinogenic to Humans — This descriptor is appropriate when
the weight of the evidence is adequate to demonstrate carcinogenic potential
to humans but does not reach the weight of evidence for the “Carcinogenic to
Humans” descriptor. Adequate evidence consistent with this descriptor covers
a broad spectrum. As stated previously, the use of the term “likely” as a weight
of evidence descriptor does not correspond to a quantifiable probability. The
examples below are meant to represent the broad range of data combinations
that are covered by this descriptor; they are illustrative and provide neither a
checklist nor a limitation for the data that might support use of this descriptor.
Moreover, additional information, e.g., on mode of action, might change the
choice of descriptor for the illustrated examples. Supporting data for this
descriptor may include:

EPA-CaH: Carcinogenic to Humans — This descriptor indicates strong evidence of
human carcinogenicity. It covers different combinations of evidence.

+ This descriptor is appropriate when there is convincing epidemiologic

evidence of a causal association between human exposure and cancer. + an agent demonstrating a plausible (but not definitively causal) association
between human exposure and cancer, in most cases with some supporting
biological, experimental evidence, though not necessarily carcinogenicity
data from animal experiments;

+ Exceptionally, this descriptor may be equally appropriate with a lesser
weight of epidemiologic evidence that is strengthened by other lines of
evidence. It can be used when all of the following conditions are met; (a)

there is strong evidence of an association between human exposure and
either cancer or the key precursor events of the agent’s mode of action but
not enough for a causal association, and (b) there is extensive evidence of
carcinogenicity in animals, and (c) the mode(s)of carcinogenic action and
associated key precursor events have been identified in animals, and (d)
there is strong evidence that the key precursor events that precede the
cancer response in animals are anticipated to occur in humans and
progress to tumors, based on available biological information. In this case,
the narrative includes a summary of both the experimental and epidemio-
logic information on mode of action and also an indication of the relative

an agent that has tested positive in animal experiments in more than one
species, sex, strain, site, or exposure route, with or without evidence of
carcinogenicity in humans;

a positive tumor study that raises additional biological concerns beyond
that of a statistically significant result, for example, a high degree of
malignancy, or an early age at onset;

a rare animal tumor response in a single experiment that is assumed to be
relevant to humans; or

a positive tumor study that is strengthened by other lines of evidence, for

weight that each source of information carries, e.g., based on human

. . . . , , example, either plausible (but not definitively causal) association between
information, based on limited human and extensive animal experiments.

human exposure and cancer or evidence that the agent or an important



metabolite causes events generally known to be associated with tumor
formation (such as DNA reactivity or effects on cell growth control) likely to
be related to the tumor response in this case.

-S: Suggestive Evidence of Carcinogenic Potential — This descriptor of the data-

base is appropriate when the weight of evidence is suggestive of carcino-
genicity; a concern for potential carcinogenic effects in humans is raised, but
the data are judged not sufficient for a stronger conclusion. This descriptor
covers a spectrum of evidence associated with varying levels of concern for
carcinogenicity, ranging from a positive cancer result in the only study on an
agent to a single positive cancer result in an extensive database that includes
negative studies in other species. Depending on the extent of the database,
additional studies may or may not provide further insights. Some examples
include:

+ asmall, and possibly not statistically significant, increase in tumor
incidence observed in a single animal or human study that does not reach
the weight of evidence for the descriptor “Likely to Be Carcinogenic to
Humans.” The study generally would not be contradicted by other studies
of equal quality in the same population group or experimental system (see
discussions of conflicting evidence and differing results, below);

+ asmall increase in a tumor with a high background rate in that sex and
strain, when there is some but insufficient evidence that the observed
tumors may be due to intrinsic factors that cause background tumors and
not due to the agent being assessed. (When there is a high background
rate of a specific tumor in animals of a particular sex and strain, then there
may be biological factors operating independently of the agent being
assessed that could be responsible for the development of the observed
tumors.) In this case, the reasons for determining that the tumors are not
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due to the agent are explained;

+ evidence of a positive response in a study whose power, design, or
conduct limits the ability to draw a confident conclusion (but does not make
the study fatally flawed), but where the carcinogenic potential is
strengthened by other lines of evidence (such as structure-activity
relationships); or

+ a statistically significant increase at one dose only, but no significant
response at the other doses and no overall trend.

Inadequate Information to Assess Carcinogenic Potential — This descriptor of
the database is appropriate when available data are judged inadequate for
applying one of the other descriptors. Additional studies generally would be
expected to provide further insights. Some examples include:

« little or no pertinent information;

+ conflicting evidence, that is, some studies provide evidence of
carcinogenicity but other studies of equal quality in the same sex and strain
are negative. Differing results, that is, positive results in some studies and
negative results in one or more different experimental systems, do not
constitute conflicting evidence, as the term is used here. Depending on the
overall weight of evidence, differing results can be considered either
suggestive evidence or likely evidence; or

* negative results that are not sufficiently robust for the descriptor, “Not Likely
to Be Carcinogenic to Humans.”

: Not Likely to Be Carcinogenic to Humans — This descriptor is appropriate

when the available data are considered robust for deciding that there is no
basis for human hazard concern. In some instances, there can be positive
results in experimental animals when there is strong, consistent evidence that




each mode of action in experimental animals does not operate in humans. In
other cases, there can be convincing evidence in both humans and animals
that the agent is not carcinogenic. The judgment may be based on data such
as:

+ animal evidence that demonstrates lack of carcinogenic effect in both
sexes in well-designed and well-conducted studies in at least two
appropriate animal species (in the absence of other animal or human data
suggesting a potential for cancer effects);

+ convincing and extensive experimental evidence showing that the only
carcinogenic effects observed in animals are not relevant to humans;

+ convincing evidence that carcinogenic effects are not likely by a particular
exposure route; or

+ convincing evidence that carcinogenic effects are not likely below a defined
dose range.

The “Not Likely” descriptor applies only to the circumstances supported by the
data. For example, an agent may be “Not Likely to Be Carcinogenic” by one
route but not necessarily by another. In those cases that have positive animal
experiment(s) but the results are judged to be not relevant to humans, the
narrative discusses why the results are not relevant.

International Agency for Research on Cancer (IARC)

IARC-1: Carcinogenic to Humans — The exposure circumstance entails exposures

that are carcinogenic to humans. This category is used when there is suffi-
cient evidence of carcinogenicity in humans. Exceptionally, an agent (mix-
ture) may be placed in the category when evidence in humans is less than
sufficient but there is sufficient evidence of carcinogenicity in experimental
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animals and strong evidence in exposed humans that the agent (mixture)
acts through a relevant mechanism of carcinogenicity.

. Probably Carcinogenic to Humans — The exposure circumstance entails

exposures that are probably carcinogenic to humans. This category is used
when there is limited evidence of carcinogenicity in humans and sufficient evi-
dence of carcinogenicity in experimental animals. In some cases, an agent
(mixture) may be classified in this category when there is inadequate evidence
of carcinogenicity in humans and sufficient evidence of carcinogenicity in
experimental animals and strong evidence that the carcinogenesis is mediated
by a mechanism that also operates in humans. Exceptionally, an agent, mix-
ture, or exposure circumstance may be classified in this category solely on the
basis of limited evidence of carcinogenicity in humans.

. Possibly Carcinogenic to Humans — The exposure circumstance entails

exposures that are possibly carcinogenic to humans. This category is used for
agents, mixtures, and exposure circumstances for which there is limited evi-
dence of carcinogenicity in humans and less than sufficient evidence of car-
cinogenicity in experimental animals. It may also be used when there is inade-
quate evidence of carcinogenicity in humans but there is sufficient evidence of
carcinogenicity in experimental animals. In some instances, an agent, mixture,
or exposure circumstance for which there is inadequate evidence of carcino-
genicity in humans but limited evidence of carcinogenicity in experimental ani-
mals together with supporting evidence from other relevant data may be
placed in the group.

: Unclassifiable as to Carcinogenicity in Humans — This category is used most

commonly for agents, mixtures, and exposure circumstances for which the
evidence of carcinogenicity is inadequate in humans and inadequate or limit-
ed in experimental animals. Exceptionally, agents (mixtures) for which the evi-



dence of carcinogenicity is inadequate in humans but sufficient in experimen-
tal animals may be placed in this category when there is strong evidence that
the mechanism of carcinogenicity in experimental animals does not operate in
humans. Agents, mixtures, and exposure circumstances that do not fall into
any other group are also placed in this category.

. Probably Not Carcinogenic to Humans — This category is used for agents or

mixtures for which there is evidence suggesting lack of carcinogenicity in
humans and in experimental animals. In some instances, agents or mixtures
for which there is inadequate evidence of carcinogenicity in humans but evi-
dence suggesting lack of carcinogenicity in experimental animals, consistently
and strongly supported by a broad range of other relevant data, may be clas-
sified in this group.

German MAK Commission

MAK-1:

Substances that cause cancer in man and can be assumed to make a significant
contribution to cancer risk. Epidemiological studies provide adequate evidence of
a positive correlation between the exposure of humans and the occurrence of
cancer. Limited epidemiological data can be substantiated by evidence that
the substance causes cancer by a mode of action that is relevant to man.

. Substances that are considered to be carcinogenic for man because sufficient

data from long-term animal studies or limited evidence from animal studies
substantiated by evidence from epidemiological studies indicate that they can
make a significant contribution to cancer risk. Limited data from animal studies
can be supported by evidence that the substance causes cancer by a mode of
action that is relevant to man and by results of in vitro tests and short-term ani-
mal studies.

. Substances which cause concern that they could be carcinogenic for man

but cannot be assessed conclusively because of lack of data. The
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classification in Category 3 is provisional.

-3A: Substances for which the criteria for classification in Category 4 or 5 are
fulfiled but for which the database is insufficient for the establishment of
a MAK value.

-3B: Substances for which in vitro tests or animal studies have yielded evi-
dence of carcinogenic effects that is not sufficient for classification of the
substance in one of the other categories. Further studies are required
before a final classification can be made. A MAK or BAT value can be
established, provided no genotoxic effects have been detected.

. Substances with carcinogenic potential for which genotoxicity plays no or at

most a minor role. No significant contribution to human cancer risk is expect-
ed, provided the MAK value is observed. The classification is supported espe-
cially by evidence that increases in cellular proliferation or changes in cellular
differentiation are important in the mode of action. To characterize the cancer
risk, the manifold mechanisms contributing to carcinogenesis and their char-
acteristic dose-time-response relationships are taken into consideration.

. Substances with carcinogenic and genotoxic effects, the potency of which is

considered to be so low that, provided the MAK and BAT values are
observed, no significant contribution to human cancer risk is to be expected.
The classification is supported by information on the mode of action, dose-
dependence, and toxicokinetic data pertinent to species comparison.

U.S. National Institute for Occupational Safety and Health (NIOSH)
NIOSH-Ca: Potential occupational carcinogen, with no further categorization.
U.S. National Toxicology Program (NTP)

NTP-K: Known to Be a Human Carcinogen — There is sufficient evidence of carcino-

genicity from studies in humans which indicates a causal relationship between

Xi
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exposure to the agent, substance or mixture and human cancer.

: Reasonably Anticipated to Be a Human Carcinogen (RAHC) — There is limit-

ed evidence of carcinogenicity from studies in humans, which indicates that
causal interpretation is credible, but that alternative explanations, such as
chance, bias or confounding factors, could not adequately be excluded;

OR

There is sufficient evidence of carcinogenicity from studies in experimental
animals which indicates there is an increased incidence of malignant and/or a
combination of malignant and benign tumors: (1) in multiple species or at mul-
tiple tissue sites, or (2) by multiple routes of exposure, or (3) to an unusual
degree with regard to incidence, site or type of tumor, or age at onset;

OR

There is less than sufficient evidence of carcinogenicity in humans or labora-
tory animals, however; the agent, substance or mixture belongs to a well
defined, structurally-related class of substances whose members are listed in
a previous Report on Carcinogens as either a known to be human carcinogen
or reasonably anticipated to be human carcinogen, or there is convincing rele-
vant information that the agent acts through mechanisms indicating it would
likely cause cancer in humans.

U.S. Occupational Safety and Health Administration (OSHA)

OSHA-Ca: Carcinogen defined with no further categorization.

American Conference of Governmental Industrial Hygienists (ACGIH®)

Xii

. Suspected Human Carcinogen — Human data are accepted as adequate in

quality but are conflicting or insufficient to classify the agent as a confirmed
human carcinogen; OR, the agent is carcinogenic in experimental animals at
dose(s), by route(s) of exposure, at site(s), of histologic type(s), or by mecha-
nism(s) considered relevant to worker exposure. The A2 is used primarily
when there is limited evidence of carcinogenicity in humans and sufficient evi-
dence of carcinogenicity in experimental animals with relevance to humans.

: Confirmed Animal Carcinogen with Unknown Relevance to Humans — The

agent is carcinogenic in experimental animals at a relatively high dose, by
route(s) of administration, at site(s), of histologic type(s), or by mechanism(s)
that may not be relevant to worker exposure. Available epidemiologic studies
do not confirm an increased risk of cancer in exposed humans. Available evi-
dence does not suggest that the agent is likely to cause cancer in humans
except under uncommon or unlikely routes or levels of exposure.

. Not Classifiable as a Human Carcinogen — Agents which cause concern that

they could be carcinogenic for humans but which cannot be assessed conclu-
sively because of a lack of data. In vitro or animal studies do not provide indi-
cations of carcinogenicity which are sufficient to classify the agent into one of
the other categories.

: Not Suspected as a Human Carcinogen — The agent is not suspected to be a

human carcinogen on the basis of properly conducted epidemiologic studies
in humans. These studies have sufficiently long follow-up, reliable exposure
histories, sufficiently high dose, and adequate statistical power to conclude
that exposure to the agent does not convey a significant risk of cancer to
humans; OR, the evidence suggesting a lack of carcinogenicity in experimen-
tal animals is supported by mechanistic data.

Substances for which no human or experimental animal carcinogenic data have been
reported are assigned no carcinogen designation.

TLV-A1: Confirmed Human Carcinogen — The agent is carcinogenic to humans based
on the weight of evidence from epidemiologic studies.



Exposures to carcinogens must be kept to a minimum. Workers exposed to A1 carcino- carcinogens without a TLV® should be properly equipped to eliminate to the

gens without a TLV® should be properly equipped to eliminate to the fullest extent possible fullest extent possible all exposure to the carcinogen. For A2 and A3 carcino-
all exposure to the carcinogen. For A1 carcinogens with a TLV® and for A2 and A3 car- gens without a TLV®, \(/@vorker exposure by all routes should be carefully con-
cinogens, worker exposure by all routes should be carefully controlled to levels as low as trolled. See the ACGIH® carcinogen definitions starting on the previous page.
possible below the TLV®. (O) Sampled by method that does not collect vapor.

Notations OTO Ototoxicant. The designation “OTO” for hearing disorders in the “Notations”

, , . . column highlights the potential for a chemical to cause hearing impairment
A-D listed in DFG MAK column Only refers to Pregnancy Risk GrOUp Classifica- alone or in combination with noise, even below 85 dBA.

tions; see page xv for definitions. P Avoid prolonged and repeated skin contact to diesel fuels which can

(D) “Inert” gas or vapor that acts primarily as a simple asphyxiant without other sig- lead to dermal irritation and may be associated with an increased risk of
nificant physiologic effects when present in high concentrations in air. skin cancer.
DSEN May cause dermal sensitization. This notation is used to indicate the potential Q Absorbed rapidly through the skin in molten or heated liquid form in amounts
for dermal sensitization resulting from the interaction of an absorbed agent and that have caused rapid death in humans.

ultraviolet light (i.e., photosensitization).

DSEN TLV Potential for worker sensitization by dermal contact as confirmed by available
human or animal data.

E The value is for particulate matter containing no asbestos and < 1% Crystalline

R Measured as respirable fraction of the aerosol.
RSEN May cause respiratory sensitization.

RSEN TLV Potential for worker sensitization by inhalation exposure as confirmed by
available human or animal data.

silica. e .
(EX) Explosion hazard. The substance is a flammable asphyxiant or excursions Sa MAK.—danger of se.n3|t|zat|on bl alrvlvlays..
above the TLV® could approach 10% of the lower explosive limit. SEN TLV Confirmed potential for worker sensitization as a result of dermal contact

(F) Respirable fibers. Length > 5 u; aspect ratio > 3:1, as determined by the mem- and/or inhalation exposure, based on the weight of scientific evidence.

brane filter method at 400-450x magnification (4-mm objective), using phase- Sh MAK~-danger of sensitization of the skin.

contrast illumination. Sah MAK-danger of sensitization of the airways and the skin.
G As measured by the vertical elutriator, cotton-dust sampler. See Cotton Dust SP MAK-danger of photo-contact sensitization.

TLV® Documentation.

T Measured as thoracic fraction of the aerosol.
(V) Vapor fraction.
(W) Worker exposure by all routes should be minimized to the fullest extent possible.

(H) Aerosol only.
I Measured as Inhalable fraction of the aerosol.
IFV Measureq as Inhalable fraction apd vapor. Notations (continued)
(¢) Does notinclude stearates of tox!c metals.' 1-5 listed in the DFG MAK column only refers to Germ Cell Mutagen classifica-
(K) Should not exceed 2 mg/m3 respirable particulate. tions; see page xv for definitions.
L Exposure to carcinogens must be kept to a minimum. Workers exposed to A1
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OCCUPATIONAL EXPOSURE VALUES

Miscellaneous

ACGIH® - American Conference of Governmental Industrial Hygienists
ACGIH® TLVs® — ACGIH® Threshold Limit Values

AIHA — American Industrial Hygiene Association

AIHA WEELSs — AIHA Workplace Environmental Exposure Levels

BEI - ACGIH® has recommended a Biological Exposure Index or Indices (BEIs®) for this
substance:
BEl = Cholinesterase Inhibiting Pesticides;
BEI,; = Methemoglobin Inducers; and
BElp = Polycyclic Aromatic Hydrocarbons (PAHs)
all of which are contained in the BEI® section of the current TLVs® and BEIs® book.
For proper application, read the BE/® Documentation for the substance.

CAS - Chemical Abstracts Service Registry Number

Ceiling (C) — The concentration that shall not be exceeded during any part of the working
exposure

MAK - Federal Republic of Germany Maximum Concentration Values at the Workplace
NIC — Notice of Intended Changes

NIOSH Ceiling — The exposure that shall not be exceeded during any part of the workday.
If instantaneous monitoring is not feasible, the ceiling shall be assessed
as a 15-minute TWA exposure (unless otherwise specified) that shall not
be exceeded at any time during a workday.

NIOSH RELs — U.S. National Institute for Occupational Safety and Health Recommended
Exposure Limits. For NIOSH RELs, TWA indicates a time-weighted aver-
age concentration for up to a 10-hour workday during a 40-hour work-
week.

Xiv

NIOSH RMLs — NIOSH will no longer use the term REL for occupational carcinogens.
Instead, NIOSH will use the term risk management limit for carcinogens
or RML-CA. An RML-CA is the daily maximum 8-hour time-weighted
average concentration of a carcinogen above which a worker should not
be exposed. Chemicals determined to be occupational carcinogens will
be identified and updated within this guide as established by NIOSH.

OARS - Occupational Alliance for Risk Science

OARS WEELs — OARS Workplace Environmental Exposure Levels

OSHA PELs - U.S. Occupational Safety and Health Administration Permissible Exposure
Limits

Skin — Danger of cutaneous absorption

STEL - Short-Term Exposure Limit. Usually a 15-minute time-weighted average (TWA)
exposure that should not be exceeded at any time during a workday, even if the 8-
hour TWA is within the TLV-TWA, PEL-TWA, or REL-TWA

TLV-SL - Threshold Limit Value-Surface Limit. The concentration on workplace
equipment and facility surfaces that is not likely to result in adverse
effects following dermal exposure or incidental ingestion.

TWA - Time-weighted average exposure concentration for a conventional 8-hour (TLV®,
PEL) or up to a 10-hour (REL) workday and a 40-hour workweek

() - Values/notations contained in parentheses under the ACGIH® TLV® column indicate
that these are under review and that an NIC exists.




