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WORKING WITH CARCINOGENS
A Guide to Good Health Practices

INTRODUCTION

The Occupational Safety and Health Act of 1970 was passed "To
assure safe and healthful working conditions for working men
and women ..." This Act established the National Institute
for Occupational Safety and Health (N IOSH) in the Department
of Health, Education, and Welfare and the Occupational Safety
and Health Administration (OSHA) in the Departmentof Labor.
The Act provides for research, information, education,and
training in the' field of occupational safety and health and
authorizes enforcement of the standards. As part of these ac­
tivities, N IOSH has surveyed small businesses to determine the
most common' health and safety problems.

There is a great concern that cancer may be contracted from ex­
posure to carcinogens in the workplace. This booklet was
developed as an introduction to occupational carcinogenesis,
and consists of a non-technical discussion of cancer, car­
cinogens, and requirements of the OSHA standards for 14 car­
cinogens promulgated in 1974. It is designed to inform produc­
tion workers, first-line supervisory and other nontechnical
management personnel of the provisions of these standards.
NIOSH Publication No. 77·205, "A Management Guide to Car­
cinogens," is a more detailed discussion of the requirements of
these standards which includes some recommendations for
compliance to the technical management.

The state-of-art for determination of, and protection against, ex­
posure to occupational carcinogens is rapidly expanding as
government, industry, and academia dedicate more time and
effort to this activity. Many n.ew standards will be promulgated
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as the investigations reach completion. The standards dis­
cussed in this publication are general in nature. They also repre­
sent minimal conditions that should be observed from the time
a substance is identified as a human cancer-suspect agent until
specific standards are promulgated.

Although the aim of this booklet is to assist in 'providing a safe
and healthful workplace, the scope is restricted to preventing
employee exposure to carcinogens. Words such as "must,"
"shall," "required," and "necessary" indicate requirements
under the Federal Regulations. Procedures indicated by
"should," "may," "suggested," and "recommended" constitute
generally accepted good practices.
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CANCER

Cancer is a term used todescribe a certain type of disease. Like
influenza, it is not one specific disease, but many diseases, each
with its own history and characteristics. In general, however,
cancer is characterized by an uncontrolled growth of abnor-
mal cells. .

e;;;~~3~ !§~'=~@ NORMAL

CELL

CULTURE ,

% i J ABNORMAL

Normal vs abnormal cell division

. The body is composed of millions and millions of cells, each
having a specific function. When cells are damaged or become
old, they are replaced by new cells by an orderly process of cell
division. Only the kinds and amounts of cells needed are pro­
duced. A substance within each cell called DNA (deoxy­
ribonucleic acid) serves as the control center and directs the
activities of the cells. A change in the structure of the DNA will
cause the cell to function abnormally. This change may occur
spontaneously (with no apparent outside influence), or it may
be caused by the reaction of the DNA with an external factor. In
all cases of cancer, this change is characterized by uncontrolled
cell division or reproduction and frequently as a mass of tissue
called a tumor.
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Tumors can originate in many different organs and tissues
within the body. When the tumors are self-contained, they are
called benign tumors. They may endanger life, however, by
causing bleeding, crowding, interference in the functions of
vital organs, or unregulated hormone production. Benign
tumors can be removed surgically and usually do not grow
back. Certain types of benign tumors may represent an early
stage in the development of malignant tumors.

Cells from a malignant tumor separate and travel through the
blood stream or lymph channels to other parts of the body and
establish satellite tumors called metastases. Although they in­
trude into normal tissues made up of other types of cells, they
maintain their own characteristics, continue. abnormal growth,
and continue to send, out "seed" cells. This is how cancer
spreads rapidly throughout the body. Cancer cells seem to be
able to grow anywhere in the body. Different kinds of cancers
grow at different rates and respond to different treatments. All
produce abnormal tissue that displaces normal cells, prevents
them from getting proper nourishment, and eventually destroys
them.

There is no scientific evidence that cancer is contagious--that it
can be "caught" from a person who has it. However, the
hereditary make-up of an individual has some influence upon
the chances of getting ~ancer. More cancer is found in persons
who are related to others who have or have had cancer. Some
1% or 2% of all cancers occur in people who are essentially
destined to die of cancer as a result of inherited factors.
Another 20% to 25% of cancers result from spontaneous
changes or mutations. Other cancers result from environmental
agents such as sunlight, man-made or natural radiation, viruses,
or chemicals (again, both natural and man-made) in food,
water, air, or drugs. These agents are called carcinogens.

5



CARCINOGENS

This booklet is concerned with chemical carcinogens, and
more specifically, with chemical carcinogens which may be
found in the workplace. Chemical carcinogens may enter the
body through the skin, through the lungs while breathing, or
through the digestive system if they are accidentally or inten­
tionally eaten. They may be either direct acting or indirect act­
ing.

A direct acting carcinogen usually causes cancer at the site of
exposure. For example, bis(chloromethyl) ether (BCME) when
inhaled, causes cancer of the lungs; skin contact with certain
coke oven emissions causes skin cancer.

Indirect acting carcinogens are chemically changed by diges­
tion or utilization by the bodv.{metabolization) into other sub­
stances called metabolites_ Benzidine compounds, for instance,
may enter the body through the skin or through the lungs but
they do not cause lung or skin cancer. Instead, metabolites of
these compounds are eliminated from the body in the urine.
These metabolites may cause changes in the lining of the urin­
ary bladder which can result in bladder tumors and bladder
cancer.-

The mbst frequently found cancer in workers handling tex­
tile dyes and printing agents is cancer of the urinary blad­
der.
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Carcinogens differ in the length of time it takes for cancer to
develop after sufficient exposure has occurred. This is called a
"latent" effect, and the length of time is called the "latency
period." Although some cancers may develop within a year or
so after exposure, bladder cancer from benzidine may not be
evident until twenty to forty years after exposure. Workers who
may have started their careers but only worked a short time as
dyemakers may develop bladder cancer fifteen or more years
after their last contact with the dyemaking chemicals.

Cancer in dyestuff workers develops 20 to 40 years after
the first exposure. to benzidine, magenta, auramine, etc.

Combinations of certain agents sometimes have what is known
as a "synergistic" effect-the effect of the combination is
greater than that which would, be expected from the sum of the
individual components. In other words, if a cup of detergent
can clean 15 pounds of clothing and a cup of a different
detergent can clean 10 pounds, then it would be expected that
a cup of each detergent in the same washer would clean 25
pounds of clothing. If, however, the combination of detergents
actually cleans 30 pounds, they are called synergistic. This same
effect has been found with carcinogens; that is, certain com­
binations of agents are found to induce a greater than antici­
pated incidence of c~ncer or to reduce the latency period. In
addition, exposure to some carcinogens and certain normally
noncarcinogenic agents (either together or at different times)
may shorten the latency period or . increase the incidence of
cancer.
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Carcinogens may have other health effects. They may cause
dermatitis, chemical skin burns, eye and skin irritation, damage
to lungs and other organs, etc. These symptoms are usually the
result of exposure to high concentrations of the materials and
usually occur quite soon or immediateiy after exposure. Some
carcinogens may also affect the reproductive systems of ex­
posed workers. There is evidence that wives of w'orkers ex­
posed to vinyl chloride monomer have a higher than normal
number of miscarriages. This may be due to abnormal sperm
cells produced by their husbands. Experiments have also
shown that pregnant animals exposed to some carcinogens
develop cancer in both the mother and fetus.

'"''~~~- ...~:.--.,._....~ ~~.~~' -::~st~{~.
-.-

Wives of vinyl chloride workers have a higher than
average rate of miscarriage.
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RECOGNITION OF OCCUPATIONAL
CARCINOGENS.

There is no simple method to determine which chemicals are
carcir')ogens. Several occupational carcinogens that are known
to produce cancers in humans were discovered by
"epidemiologic studies" of workers who had contracted the
disease. If cancer is found more frequently in persons working
with certain materials than in persons having far less or no ex­
posure, these materials are assumed to be carcinogens. To make
this comparison, a group of workers are carefully matched with
others (usually from the general population) as to age, race, sex,
smoking habits, and the specific time period of the workers' ex-·
posure. This is called a "cohort" study. Many other factors and
studies must be considered before a substance is definitely
proved carcinogenic. Sometimes the occurrence of a rare form
of cancer will help p'inpoint workers at risk. This is true for vinyl
chloride which causes "angiosarcoma" in the liver and for
bis(chloromethyl) ether which causes ':oat cell" cancer in the
lungs.

Since the average time lapse for the development of chemically
induced ~ancer is about 20 years, measures must be taken to
prevent further human exposure as soon as a carcinogen
becomes known. Even so, such measures may not be effective
for those who already had previous contact with the substance
but not enough time has elapsed for symptoms of the disease to
develop. Furthermore, in our society workers move frequently,
especially in their early years, and employment records are
often lost or destroyed, making it very difficult to locate many
who have had previous exposure.

There are thousands ofchemicals in common use, and an esti­
mated 500 to 1000 new compounds are introduced into the en­
vironment every year. It is impossible to make thorough studies
of the carcinogenic potential of each one of them. The 1976
N IOSH Registry of Toxic Effects of Chemical Substances con­
tains over 22,000 substances which have been cited as produc­
ing some form of toxiceffect on animal life. These include over
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1900 for which at least .one positive test result for car­
cinogenicity has been obtained. These are mostly results of the
traditional screening methods which expose laboratory
animals, usually rats or mice, to whatever substance is being
tested.

Animal testing is used for earl" detection of cancer
hazards. c'

In. almost all cases (arsenic is one exception) chemicals shown
to be carcinogenic in man through epidemiologic studies have
also been found to be carcinogenic in animals· by appropriate
tests. This does not mean that all compounds which are car­
cinogenic for animals are also human carcinogens; however,
such materials should be considered as potenti~1 carcinogens
for man. All evidence must be carefully weighed on an in­
dividual basis before concluding that a given chemical is a car­
cinogenic hazard to man. Since the time lapse for induction of
cancer in small rodents is one to three years, animal testing may
be useful for early detection of a cancer hazard. Data on cancer
in experimental animals has been used to establish several oc­
cupational health regulations in the United States.

10
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New screening methods are being developed which require
only a few days or weeks to provide preliminary results. These
are called "in vitro" or "short term" tests. Various types of cells
growing in laboratory cultures are treated with a carcinogen­
suspect agent to determine if subsequent growth is normal or
abnormal. Early evidence shows that nearly 90% of chemicals
found to be carcinogens. by animal .. andfor. human data. give
positive results (abnormal growth) in one or more short term
tests, One of the most studied tests of this type is called the
Ames Salmonella mutagenesis systel!', or simply, the Ames test.
At present, none of these short term tests can be used to estab­
lish conclusively whether a compound will or will not be car­
cinogenic in humans or'animals. Positive results suggest·th·at ex­
tensive testing of the chemical be done in long-term animal
studies. Negative results suggest, but do not prove, the safety of
the compound.

Although there is much controversy as to the precise scientific
definition of a carcinogen, the term must be defined for
regulatory purposes. Therefore, based on general (but not·
unanimous) agreement among scientists, OSHA considers a
chemical to be a carcinogen if properly designed studies show
that exposure to the chemical causes cancer in:

.humans .
two different animal (mammal) species
one animal species if the results are duplicated in separate

studies
one animal species if the results are supported by multi-test

evidence of mutagenicity .

The expression "multi-test evidence of mutagenicity" refers to
the short term tests discussed in the preyious paragraph.
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EXPOSURE LIMITATIONS

The American Conference of Governmental Industrial Hy­
gienists has .established a "Threshold Limit Value" (TLV) for over
400 substances. These values refer to levels of airborne con­
centrations of substances which represent conditions under
which it is believed that nearly all workers may be repeatedly
exposed day after day without adverse effect. The threshold
limits are based on the best available informa'tion from in­
dustrial experience, from human and animal experimental
studies,and wh.en possible, from a combination of all three.. . (

The values are reviewed annually for additions and revision as'
new. information becomes available. The values assigned in
1968 were those prom ulgated by OSHA as a Federal standard in
1971 (presently 29CFR 1910.1000) to limit the maximum allowa­
ble exposure of employees to these compounds.

There is a great difference of opinion among scientists with
regard to how much exposure to a given carcinogen is required
to cause cancer: Some believe that a single asbestos fiber, much
smaller than the eye can perceive, can initiate a cancerous
growth in the lung. Others have observed that vinyl chloride'
reacts with a noncellular substance which is produced and
secreted in the body and that vinyl chloride will not attack the
cells until this substance is totally used up. Therefore, a worker
would not incur cancer as long as the exposure to vinyl
chloride was below a certain threshold: the level required to
deplete this substance from the body. It may well be that both
opinions are correct. Nonetheless, at present, there is no estab­
lished scientific method to determine threshold levels for
chemical carcinogens, even if such thresholds do exist.

To add further complications, we are exposed to many car­
cinogenic agents, not only in the workplace, but also away from
work in the air we breathe, the food we eat, and the water we
drink. Because the agents in the environment and those in the
workplace (and these can be ~ifferent chemicals) may attack
the same cells, it is possible that many persons have already
received doses greater than any presumed threshold for any
single carcinogen. This is espec;ially true for people who are
heavy smokers. Consequently, any small exposure to a chemi­
cal carcinogen in the workplace could result in an increased
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risk of cancer. In consideration of this, the National Institute for
Occupational Safety and Health strongly maintains the position
that it is not currently possible to demonstrate safe levels of ex­
posure to chemical carcinogens, Therefore, exposure to any
known or suspeCted carcinogen must be reduced to the lowest
level possible by whatever means available.
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PROTECTION FROM EXPOSURE TO
CARCINOGENS

There are four basic methods of limiting employee exposure,
and none of these is a simple management decision.

The use of an alternative noncarcinogenic material is the best
method. Changes in product performance, processing,
availability of materials, economics, by-products, etc. must be
considered. However, more critical, unless the toxic effects of
the alternative have been thoroughly evaluated, a seemingly
safe replacement, after many years of use, may be found to in­
duce other serious health effects.

Containment or isolation of the process is the second method
preferred. Here, noncarcinogenic chemicals are charged to pro­
cessing equipment, reacted to form a carcinogen, which is
further reacted with other materials to form noncarcinog~nic
end products, all within the closed system of the process
equipment. Local ventilation (hoods or suttif)n lines) should
be used to ensure that possible leaks, such as from packing
glands or seals of stirrers and pumps, do not allow the car­
cinogen to enter the environment. Another method is to main­
tain the process equipment at a slight vacuum so that any
leakage is that of external air into the equipment. Avariation of
this is to enclose (isolate) the process equipment in an
enclosure or room which is at a lower pressure than the outside
atmosphere.

.;,

-----------_..__ .

I
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A g'ov~ bOle is one woly 1o iso/ale .I process.
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A third alternative is the isolation of employees. It frequently
involves the use of automated equipment operated by person­
nel observing from a closed control booth or room, The control
room is maintained at a greater air pressure than that surround­
ing the process equipment so that air flow is out of, rather than
into, the room.

/;'~' .
,-!fk,\ ,
._~-~

------­Employees in the process control room are isolated from a
harmful environment and erposure to toric chemicals.

The least preferred method is the use of personal protective
equipment. This equipment-respirators, goggles, gloves, bar­
rier creams, air-supplied suits, etc."""":should not be used as the
only means to prevent exposure during routine operations. The
use of personal protective equipment is required:

where a leak develops
when a spill occurs
while control mechanisms are being tested, installed,
repaired, .or are not yet available .'
where local exhaust at a process equipment ope'ning is in­
sufficient to completely control the escaping substance
while charging carcinogens into otherwise closed systems
and where splashing or release of dusts or vapors is likely
to occur
when portions of a closed system are impossible to decon­
taminate prior to opening for maintenance operations
where a breakdown of local c0ntrols could result in a
serious health hazard
where engineering contr0 . are impossible or inadequate,
such as demolition work involving asbestos products

15
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Even though engineering controls are in use, personal protec­
tive equipment may be recommended or required as further
protection to prevent exposure which may occur from an
unknown leak or failure of the control devices. This is
especially true where the level of airborne contaminants is not
monitored.

Routine surveys should be made by competent industrial hy­
giene and engineering personnel to ensure that controls are
effective. Routine air sampling and swipe samples of work sur­
faces in and near regulated areas should be used to monitor the
effectiveness of controls and work practices in preventing dis­
persion of the carcinogens. For some substances, analysis of the
blood, sputum, urine, or specific body tissues may show when
workers have been exposed to conditions which allowed car­
cinogens to enter the body.

Routine environmenta' sampling determines whether
. harmful amounts of chemicals are "resent.

16
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REGULATED SUBSTANCES

Since the original standards promulgated by the Occupational
Safety and Health Administration in 1971, only 17 new health
standards have been completed. All are concerned with chemi­
cal carcinogens. the first new standard was for asbestos, and
while the issue of lung cancer was not stressed, it did focus on
the carcinogenic potential of asbestos exposure. In 1974, stan­
dards for 14 recognized carcinogens were adopted; in 1975, the
standard for vinyl chloride was adopted; and, in 1976, the stan­
dard for coke oven emissions was adopted. Standards for two
other compounds, beryllium and arsenic are now in the
rulemaking process, This shows OSHA's great concern for
health effects related to exposure to occupational carcinogens.

The table at the end of this section contains the names, syn­
onyms, descriptions, principal use, and health effects of the 14
compounds first regulated in 1974. Organic chemicals have
complicated, strange, and frequently long, almost u.npronoun­
ceable names. They also have many synonyms and' common
names based on how the chemical is used or how it was dis­
covered. The synonyms for .the regulated materials are those_
listed in the UN IOSH Registry of Toxic Effects .for Chemical
Substances." In addition, some of these materials may be
marketed under other trade names, or are given proprietary
code names in establishments where they are used.
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SUMMARY OF THE STANDARDS

The following discussion is based on OSHA standards issued in
1974 for 14 chemical carcinogens. These standards which are
very similar include minimum requirements to prevent the ex­
posure of employees to carcinogens. The complete standards
first appeared in the Federal Register, Part III, Vol. 39, No, 20,
January 29, 1974. A fairly comprehensive discussion of the stan­
dards (pp 3756-3760) precedes the formal presentation. The
following is general information only and should not be con­
sidered as a substitute for any provisions of the Occupational
Safety and Health Act or for, any rules or regulations is.sued by
the Occupational Safety and Health Administration.

At present, the ,standard (29CFR 1910.1005, Subpart Z) for
MaCA has been remanded by the courts due to an error which
occurred in the manner by which the standard was processed.
This means that employers cannot be cited for violation of the
standard itself. However, the health effects are known, and
employers are obligated by the general duty clause of the aSH
Act to maintain workplaces " ... free from recognized hazards
that are causing or are likely to cause death or serious physical
harm to his employees, . ," Furthermore, many states have
adopted this standard as part of their occupational safety and
health codes, and violations are cited by the state authorities. It
is the intent of OSHA to institute proper proceedings to make
this standard enforceable; therefore, it is advisable for indus­
tries to operate in compliance with it.

These standards apply to all areas in whi.ch the compounds are
manufactured, processed, repackaged, released, handled, or
stored. Except for labeling requirements,. they do not apply to
transshipment of these materials.

18
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The regulations do not apply to liquid or solid compositions
which contain less than 1.0% by weight or volume of:

alpha-N aphthylamine
4,4' -Methylenebis(2-ch loraan il ine)
3,3'-Dichlorobenzidine (and its salts)
beta-Propiolactone
Ethyleneimine
2-Acetylam inofl uorene
4-Dimethylaminoazobenzene
N -N itrosodimethylamine

l-NA
,MOCA
DCB
BPL
EI
2-AAF
DAB
DMN

The regulations also do not apply to compositions containing
less than 0.1% by weight or volume of:

Methyl chloromethyl ether
bis(chloromethyl) ether
Benzidine
beta-N aph thylam ine
4-Aminodiphenyl
4- N itrobi phenyl

CMME
BCME

2-NA
4-ADP
4-NBP

Note: Since it is impossible to completely remove these com­
pounds from many commercial compositions, these limits were
adopted as a matter of convenience and not from a considera­
tion of the health hazards. The risk to health from exposure to
dilute compositions is less than that of a more concentrated
composition, but they are not free from hazard. For example; an
employee splashed by a quart of one of the above nonregulated
mixtures would be exposed to more of the carcinogen than
from a few drops of the pure carcinogen.

The coke oven emissions standard contains regulations con­
cerning the release of alpha- and beta-naphthalene as a result of
coking operations,' '

19



REGULATED AREAS

A "Regulated Area" must be esta\?Jished by an employer
wherever carcinogens are manufactured, processed, used,
repackaged, released, handled, or stored. Regulated areas are
defined as areas where entry and exit is restricted and con­
trolled. Only authorized employees are allowed in such areas.
A daily roster of employees entering regulated areas must be
maintained. The rosters, or a summary of the rosters, must be
kept for 20 yea.rs. If the employer goes out of business without a
successor, these rosters must be sent by registered mail to the
Director of N IOSH.

Entrances to regulated areas must be posted with signs stating:

CANCER-SUSPECT AGENT
AUTHORIZED PERSONNEL ONLY

Signs and instructions informing employees of the procedures
that must be followed in entering and leaving a regulated area
must be posted at the entrance to, and exit from, regulated
areas.

The standards prohibit the following in regulated areas:

drinking beverages or storage of beverage containers
eating or storage of food
use. or storage of cosmetics
smoking or storage of smoking materials
chewing of tobacco or other products for chewing or
storage of such products,

These are all (orhidden in regulated areas.

20
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Where employees are required to wear protective clothing and
wash or shower, the employer must· provide clean change
roolT1s and washing and shower facilities. It is especially impor­
tant that employees use these facil.ities before leaving at the end
of the work shift. Toilets in regulated areas must be in a separate
room.

Except f~r outdoor systems, regulated areas must be maintained
at a lower atmospheric pressure than the surrounding non­
regulated areas. In other words, ventilation must be such that
air cannot move from the regulated area into nonregulated
areas. Equipment, materials, or other items taken ihto, or
removed from, a regulated area must be moved in such a man­
ner that the nonregulated areas do not become contaminated
by the carcinogens. Procedures for' decontamination of
materials, equipment, and the decontamination accessories
must be developed ao-d used. Except in areas where BCME,
CCME, BPL, and EI are used, dry mopping and sweeping are
prohibited.

Emergency deluge showers and eyewash fountains supplied
with potable water must be located near, within sight of, and
on the same level as locations where a direct exposure to car­
cinogens having corrosive or highly irritating properties (BPL
and EI) would most likely occur as a result of equipment failure
or from improper work practices.

Emergency shower and eye wash facilities must be present
where corrosive or highly toxic chemicals ue used.

21



AUTHORIZED PERSONNEL

Authorized personnel are those employees who have been
specifically assigned by the employer with duties which re~

quire them to work in regulated areas. Before being allowed to
enter a regulated area, an employee must have proper train­
ing. This training must inClude at least the following topics:

an explanation of the carcinogenic hazards and other toxic
effects the compound may cause
operations which' could result in expo,sure to the car­
cinogen
information to help recognize and estimate conditions
which might result in the release of the carcinogen
emergency practices and procedures, including the
specific role of the employee in these procedur'es
decontamination practices and procedures
the purpose for the medical surveillance program, the
scope of the examination, and the meaning of the results,
and any appropriate methods of self-examination
the purpose and use of specific first aid procedures

This information must be reviewed at least once a year after the
first indoctrination. Emergency procedures must be posted,
and employees must become familiar with the terms used and
must practice the actions to be taken.

Periodic training programs are required for employees
working in regulated areas.

22
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In addition to training, personnel assigned to a regulated area
must have a pre-assignment physical examination and must be
enrolled in a medical surveillance program (at no cost' to the
employee). This examination must include consideration of the
history of the employee and the employee's family, the
employee's occupational background, genetic factors, and
other significant information concerning the employee's en­
vironment and lifestyle. This information must be included in
the employee's medical record file. From this background and
other medical tests the examining physician must consider if
there are conditions which may increase the susceptibility to
cancer. The physician is required to furnish Ithe employer a
statement of the employee's suitability for employment where
there is possible exposure to carcinogens and other hazardous
substances. The medical examination must be repeated at least
once a year, Complete records of these medical examinations
must be maintained by the employer for the duration of the
employee's employment. Upon termination of such employ­
ment, or in the event that the employer goes out ,of business
without a successor, the records (or notarized copies) must be
,forwarded to the Director of N IOSH. Records must be provided
upon request of an employee or former employee, to a physi­
cian designated by the employee or to a new employer.

~

Physical euminalions are an important p"rt of medical
lurvcil/"nce programs.
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REGULATED SYSTEMS

Specific regulations apply to closed, isolated, and open vessel
system operations.

Closed system operations are those in which the walls of the
tanks, pipes, reactors, or other equipment prevent the release
of a carcinogen.

• •••••••••••• ,'0"

A closed "system-reactor vessel.

An isolated system is one which is fully enclosed iii a structure
such as a closed room, a glove box, or a laboratory hood which
would prevent the carcinogen from entering the environment if
the container in which it is held should leak or spill..

~
I I

I L/

U-'-
A laboratory hood is one isolated system.
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An open vessel system is one in which the carcinogen is in an
open container, and not in an isolated system nor in any other
system which will prevent the carcinogen from entering the at­
mosphere .. Operations in open vessel systems are prohibited.

Open vessel operations are forbidden.

Employees working with a carcinogen in an isolated system,
such as a glove box, must wash their hands and arms at the end
of the assigned task and before starting other duties not associ­
ated with the isolated system.

If authorized employees enter a regulated area where car­
cinogens are stored in sealed containers or are contained in a
closed system with all sample ports or openings closed, they are.
required to wash hands, forearms, face, and neck each time
they leave the regulated area and before engaging in other ac­
tivities. The wash station must be located near the point of exit.
BecausE BPL and EI evaporate very rapidly, washing on exit after
exposure, though recommended, is not required. '

Washing on ellit from regulated areas is required.
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In operations involving laboratory type hoods or in locations
where carcinogens are transferred, charged, or discharged from
one normally closed system to another, the following are re­
quired:

Each operation must be provided with continuous local
exhaust ventilation so that the air movement is always from
ordinary work areas and toward the operation.

Before entering the regulated area where transfer. opera­
tions occur, employees must be wearing full body protec­
tive equipment, such as smocks, coveralls, or long-sleeved
shirts and pants, shoe covers, and gloves. Hair coverings
and soft, bump, or hard hats, as appropriate, are also
recommendeq. Protective clothing should be worn in the
most effective manner to prevent exposure; i.e., sleeves
rolled down and shirts, smocks, or coveralls completely
buttoned, snapped, or zipped.

--

Protective clothinJi{ .and equipment mll~t be worn properly
if it i5 to be effective. .
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Respiratory protection is required for employees perform­
ing carcinogen transfer. Where the carcinogen is normally
solid at room temperature, has a negligible vapor pressure,
and has no acute health affects, half-face,.filter type respira­
tors for dusts, mists, and fumes are required for minimum
protection. Required protection for volatile carcinogens
which are corrosive or irritating to the skin" eyes, or
mucous membranes (BCME, CCME, BPl, and EI) ,is.a full
face, supplied-air respirator of the continuous flow or pres­
sure-demand type.

Whenever employees leave the regulated area, they must'
remove and leave their protective equipment and clothing
in the change rO'om at the point of exit. At the last exit of
the day, the used protective clothing and equipment must
be placed in impervious containers at the point of exit for
subsequent decontamination or disposal. The containers
must be properly labeled as discussed later under "Iden­
tification of Container Contents."

Employees must wash their hands,forearms, face, and neck
at a place close to the exit whenever they leave a regulated
area, and before starting other activities. At the last exit of
the day, employees must shower. Where employees are
working with volatile carcinogens (BCME, CMME, BPl, or
Ell, washing and showering are not required, but are
recom mended.

Drinking fountains are prohibited in regulated areas where
transfer operations are performed.

Vuuums with high-efficiency filters are recommended for
cleanup.
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EMERGENCIES

In case of an emergency, where due to unforeseen circum­
stances a release of and exposure to a carcinogen may occur, all
areas which may be affected must be evacuated and emergency
procedures started immediately. Hazardous conditions created
by the emergency must be eliminated and all possibly affected
areas must be decontaminated before normal operations are
resumed. .

Special medical surveillance by a physician must be started
within 24 hours for all employees present in the potentially
affected area at the time of the emergency. Any employee
known to have contact with the carcinogen must shower as
soon as possible unless this is inadvisable because of physical
injuries.

A report of the incident must be made to the nearest OSHA
Area Director with 24 hours, and a written, detailed report must
be filed within 15 days at the same office. .
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MAINTENANCE AND DECONTAMINAnON

In areas where direct contact with carcinogens may occur, such
as where leaks or spills are. cleaned up, or where contaminated
systems or equipment are repaired or maintained, employees
must wear clean, impervious garments, including gloves, boots,
and continuous air-supplied hoods.

Entrances. to areas where such work is performed must be
posted with signs stating:

CANCER-SUSPECT AGENT EXPOSEDIN THIS AREA

IMPERVIOUS SUIT INCLUDING GLOVES, BOOTS, AND AIR­
SUPPLIED HOOD REQUIRED AT A.LL nMES

AUTHORIZED PERSONNEL ONLY

The protective garments and hoods must be decontaminated
before they are removed, "and employees must 'shower after
removing them. ..
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IDENTIFICATION OF CONTAINER CONTENTS

The contents of containers holding carcinogens or materials or
equipment contaminated by carcinogens and which are only
accessible to, or handled by, authorized or properly trained
employees maybe identified by names or codes for the car­
cinogen familiar to the employee and the amount (percent)
contained. If the container is to be accessible to, or handled by,
nonauthorized or untrained personnel, the carcinoge'n must be
identified by the fullthemical name and the Chemical
Abstracts Service Registry number. Containers must have the
warning "CANCER-SUSPECT AGENT" directly under or next to
the contents identification. If the carcinogen has any other
health hazards, such as corrosive or irritating properties, these
must be indicated on the label. If appropriate, the label must
also state which parts of the body are particularly sensitive or
likely to be affected,
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OTHER STANDARDS

As stated earlier, the requirements of these standards are quite
general, but :are designed to control the carcinogens so that
employees will be protected as much as possible from exposure
to cancer-suspect agents. As ongoing research discloses other
cancer-suspect materials, it is recommended that precautions'
similar to these standards be utilized to prevent employee ex­
posure. The two subsequent standards promulgated by OSHA
forvinyl chloride and coke oven emissions are very specific and
too detailed for discussion in this booklet.

FURTHER INFORMATION

NIOSH "Current Intelligence Bulletins" will be issued
whenever human cancer-suspect agents are confirmed. These
Bulletins, as well as other information about the' health effects
of the materials, may be obtained from Regional Offices of
N IOSH and OSHA. Addresses of these offices are printed
below.

Other agencies from which information about cancer and car­
cinogens may be obtained are:

The American Cancer Association
777 Third Ave.
New York, N.Y. 10017
(or your local chapter)

The National Institutes for Health
The National Cancer Institute
Bethesda, Maryland 20014
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REGULATED CARCINOGENS

Listed in order of appearance in the Code of Federal Regula­
tions (CFR) with Chemical Abstracts Service (CAS) numbers.

Asbestos (CAS 1332214) (29 CFR 1910.1001)

Synonyms: Actinolite
Amianthus
Amosite
Amphibole
Anthrophyllite

Ascarite
Chrysotile'
Crocidolite
Tremolite

Description: Fibrous minerals having heat and chemical resis­
tance,

Route of Entry: Inhalation.

Use: Long fibers: Fireproof garments, curtains, shields, clutch
facings, and brake linings; filter media:

Short fibers: Insulating boards, shingles, pipe coverings,
molded products, reinforcement of plastics,
and cements.

Health Hazard: Causes asbestosis, lung and intestinal cancer,
and mesothelioma.

Exposure Limits: 2 fibers (longer than 5 micrometers) per cubic
centimeter of air.
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4-Nitrobiphenyl (CAS 92933) (29 CfR 1910.1003)

Synonyms: 4-N BP
p-nitrobiphenyl
p-nitrobiphenyl
4-n itrod iphenyl

4-n itrod iphenyl
4-phenyl-nitrobenzene
PNB

Description: White, needle-like crystals.

Route of Entry: Inhalation and skin absorption.

Use: Not in current production or use except in cancer
research laboratories.

Health Hazard: May" induce bladder tumors in humans.
Workers simultaneously exposed to 4-N BP
and 4-ADP have developed bladder tumors.
Tumors have also been induced in dogs.

Exposure Limits: Solid or liquid mixtures containing more than
0.1% by weight or volume.

)
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alpha-Naphthylamine (CAS 134327)'(29CFR 1910,1004)

Synonyms: 1-NA
naphthalidam
naphthalidine
naph thylam ine
1-naphthylamine

1-aminonaphthalene
Antioxidant - MB
CI. Azoic Diazo Component 114
Fast Garnet Base B

Description: White, needle-shaped crystals, having an unplea­
sant odor.

Route of Entry: Inhalation, skin absorption, ingestion,

Use: Preparation of dyes and antioxidant for rubber, paint,
plastics, and petroleum, Also used in manufacture of her­
bicides,

Health Hazard: Normally contaminated with 2-NA, Suspected
to induce bladder tumors in humans; several
metabolites have been shown to induce
tumors in rats and mice.

Exposure Limits: Solid or liquid mixtures containing more than
1.0% by weight or volume.

34



4,4'-Methylenebis(2-chloroaniline) (CAS 101144)
(Note: 29 CFR 1910.1005 revoked 20 August 1976)

Synonyms: MOCA
DACPM
d i-( 4-am ino-3-ch lorophenyl )methane
methylene-4,4'-bis(o-ch loroan iline)
p,p' -methylenebis(alpha-chloroan iii ne)
p,p' -methylenebis(o-chloroan il ine)
3)'-dich loro-4,4'-diam inodiphenylinethane
4,4' -diam ino-3,3'-dich lorodiphenyl methane
4,4' -methylene(bis)chloroaniline
4,4' -methylenebis(o-ch loroan iline)
Curalin M
Curene 442
Cyanaset

Descfiption.· Yellow or light tan solid usually in pellets or small
clumps or powder form.

Route of Entry: Inhalation and skin absorption.

Use: Used widely as curing agent for urethane liquid-castable
elastomers and foams; also as curing agent for epoxy and
epoxy-urethane resins.

Health Hazard: Induces cancer in mice and rats though not
conclusively proven carcinogenic for humans.

Exposure Limits' Solid or liquid mixtures con­
taining more. than 1.0% by
weight or volume.
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Methyl chloromethyl ether (CAS 107302)
(29 CFR 1910.1006)

Synonyms: CMME chloromethyl methyl ether
dimethyl chloroether

Description: Colorless corrosive liquid. Vapors smell of hy­
drogen chloride and formaldehyde.

Route of Entry: Inhalation and skin absorption.

Use,' Ion exchange resins, manufacture of polymers, sugar
purification, gelatin production, bactericides, drug to
lower cholesterol, as analytical standard.

Health Hazard,' Induces' lung cancer in humans. May cause
coughing and nausea, Skin contact can cause
burns, chapping, and dehydration. Normally
contaminated with aCME in commercial pro­
duct. Produced neoplasms and cancer in
mice.

Exposure Limits,' Solid or liquir mixtures containing more than
0.1% by weight or volume.
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3,3'-Dichlorobenzidine (and its salts) (CAS 91941)
(29 CFR 1910.1007)

Synonyms: DCB
4,4' -d iam ino-3)'-d iChlorod iphenyl
0,0' -dichlorobenzidine
dichlorobenzidine 'base

3,3' -dichloro-4,4' -biphenyldiamine
3,3' -dich lorobiphenyl-4,4'-diamine
3,3' -d ich loro-4,4'-diam inobipheny
c.1. 23060

Description: Crystalline solid varying in color from gray to pur­
ple.

Route of Entry: Skin absorption.

Use: Prl:iparation of yellow pigments for printing inks, textile
dyes, plastics, crayons (dyes are non-toxic); curing agent
for urethane plastics. .

Health Hazard: Causes cancer of liver, bladder, and breast in
rats, mice, hamsters, and· dogs. No docu­
mented human experience since workers
usually are exposed to other carcinogens as
well'. Is found in urine of workers with minimal
exposure.

Exposure Limits: Solid or liquid mixtures containing more than
1.0% by weight or volume.
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bis-Chloromethyl ether (CAS 542881) (29 CFR 1910.1008)

Synonyms.· BCME dimethyl-1,1-dichloroether
bis-CME sym-dichloro-dimethyl ether
chloro(cholromethoxy)methane

sym-diChloromethyl ether
chloromethyl ether

Description: Colorless liquid with a suffocating odor.

Route of Entry: Inhalation

Use: Alkylating agent. May form spontaneously from reaction
of hydrochloric acid and formaldehyde; therefore, traces
may be found in cotton finishing operations, and in
manufacture of flameproofing agents, insecticides,. bac­
tericides, antibiotics, dispersing agents, water repellants.,..
and rubber. NOTE: Normally present as a contaminant in
methyl chloromethyl ether. .

Health Hazard: Induces lung cancer in humans, rats, and mice.

Exposure Limits· Solid. or liquid mixtures containing more than
0.1% by weight or volume.
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beta-Naphthylamine (CAS 9159B) (29 CFR 1910.1009)

Synonyms: 2-NA
2-am inonaphthalene
2-naphthalamine'

2-naphthalenamine
c.1. 37270
Fast Scarlet Base B

Description: White, sometimes reddish solid.

Route of Entry: Inhalation, ingestion, and skin absorption.

'Jse,' Previously widely used as rubber antioxidant and dye in­
termediate. Not in current use.

Health Hazard: Produces bladder tumors in humans. Also in­
duces cancer in rats, mice, dogs, monkeys, and
hamsters, Is usually a contaminantin 1-NA.

Exposure Limits: Solid or liquid mixtures containing more than
. ",'t,

0.1% by weight or volume. "
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Benzidine (CAS 92875) (29 CFR 1910.1010)

Synonyms: 2-amino diphenyl 4,4' -diaminobiphenyl
4,4' -diaminodiphenyl
4,4'-diphenylenediamine
p-diaminodiphenyl
c.1. Azoic Diazo Component I

112
Fast Corinth Base B

4,4' -biphenyldiamine

Description: White or reddish-gray solid occuring as crystals,
flakes, or powder.

Route of Entry: Skin absorption.

Use: Intermediate in production of sulfur, azo, and aniline
dyes; clinical detection of blood; security printing; and
quantitative analysis.

Health Hazard: Induces bladder tumors in humans primarily by
absorption through the skin. Also carcinogenic
to rats and mice.

hposure Limits,' Solid or liquid mixtures containing more than
0.1% by weight or volume.
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4-Aminodiphenyl (CAS92671) (29CFR 1910.1011)

Synonyms: 4-ADP
biphenylamine
biphenyline
p-amiriobiphe~yl
p-aminodiphenyl
p-biphenylamine

p-phenylaniline
xenylamine
(1.1'obi phenyl )-4-am ine
4-aminobiphenyl,.
PAB

Description: Colorless crystals darken to yellowish-brown
when exposed to air.

Route of Entry: Ingestion, inhalation, and skin absorption.

Use: Not in production or use since 1955.

Health Hazard: Induces bladder tumors in hl,lmans. Also
causes cancer in rats, mice, and dogs. Traces
are found as contaminant in diphenylamine.

Exposure Limits: Solid or. liquid mixtures containing more than
0,1% by weight or volume.
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Ethyleneimine (CAS 151564) (29CFR 1910.1012)

Synonyms: EI
aminoethylene
azacyclopropane
azirane
aziridine

dihydro-1 H-azirine
dihydroazirine
d imethylenei mi ne
dimethylenimine
ethylenimine

Descriprion: Colorless liquid with very strong ammonia odor.

Route of Entry: Inhalation and skin absorption.

Use: Production of rocket and jet fuel; flameproofing,
shrinkproofing, stiffening, and 'waterproofing textiles;
production of paper; manufacture of pesticides, resins,
and drugs; stabilizer for chlorine-containing resins

Health Hazard: Causes cancer in rats and mice. It is extremely
toxic to humans and causes severe skin burns.
Inhalation may result in vomiting, inflamation
of mucous membranes, or death. Symptoms
may be delayed.

Exposure Limits,' Solid or liquid mixtures containing more than
1% by weight or volume.
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beta-Propiolactone (CAS 57578) (29 CFR 1910.1013)

Synonyms: BPL Propiolactone
beta-propionolactone 2-oxetanone
B-Lactone3-hydroxypropionic acid lactone
hydracylic acid, beta lactone
propanol ide Betaprone

Description: Colorless liquid with a pungent odor.

Route of Entry: Inhalation and skin absorption.

Use: Intermediate in production of acrylic acids, plastics, and
esters; used in sterilizing blood plasma, vaccines, tissue
grafts, and surgical instruments; used as vapor phase dis-
infectant. '

Health Hazard: Produces tumors in rats, mice, qiJinea pigs, and <

hamsters. Readily absorbed through skin.

Exposure Limits,' Solid or liquid mixtures containing more than
1% by weight or volume.
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2-Acetylaminofluorene (CAS 53963) (29 CFR 1910.1014)

Synonyms: AAF
FAA
2-AAF

2-FAA
2-acetamidofluorene
N -2-fl uorenylacetam ide

Description: Light tan crystal or powder.

Route of Entry: Inhalation and skin absorption.

Use: Currently used only in laboratories as known carcinogen.

Health Hazard: Metabolites induce cancer in rats, mice, dogs,
rabbits, and hamsters; the same metabolite is
found 'in humans exposed to 2-AAF..

Exposure Limits: Solid or liquid mixtures containing more than
1.0% by weight or volume.
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4-Dimenthylaminoazobenzene (CAS 60117) (29 CFR
1910.1015)

Synonyms: .DAB
benzeneazodimethylaniline
dimethyl yellow
methyl yellow
N ,N -d imethyl-4-aminoazobenzene
N ,N -di methyl-p-phenylazoan iline
p"d imethylam inobenzene

.4-dimethylaminoazobenzol
4-dimethylaminophenylazobenzene
4-( N ,N -di methylam ino )azobenzene

Description.' Flaky, yellow crystal.

Route of Entry: Ingestion, inhalation, and skin absorption.

Use: Has been used as dye and food colorant. Currently used
only in cancer research laboratories.

Health Hazard: Has been shown to cause cancer in dogs, rats,
mice, and fish.

Exposure Limits: Solid or liquid mixtures containing more than
1.0% by weight or volume.
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N-Nitrosodimethylamine (CAS62759) (29 CFR 1910,1016)

Synonyms,' DMN
DMNA
dimethyln itramine
d imethyln itrosam ine

Description.' Yellow Liquid,

nitrous dimethylamide
N ,N -dimethylnitrosamine
N ,N -dimethylnitrosoamine

Route of Entry: Inhalation and skin absorption,

Use: Was used as solvent and rocket fuel intermediate. Cur­
rently used only in cancer research laboratories.

Health Hazard' Produces cancer in rats, mice, rabbits, guinea
pigs, hamsters, and fish.

Exposure Limits: Solid or liquid, mixtures containing more than
1.0% by weight or volume.
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Vinyl chloride (CAS 75104) (29 CFR 1910.1017)

Synonyms: chloroethylene
chlorethene
chlorethylene
chloroethene

.monochloroethene

Description: Sweet smelling gas

Route of Entry:' Inhalation.

monochloroethylene .
Trovidur
VC
VCM
Vinyl C monomer.

Use: . Raw material for production of plastics.

Health Hazard: Causes cancer of the liver and, less frequently,
other organs. Exposure is essentially from in-
halation. .

Exposure Limits: 1 ppm as 8-hour time weighted average
(T\tVA).
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Coke oven emissions (No CAS number) (29 CFR
1910.1029)

Synonym: Coal tar, aerosol.
Description: Usually black heavy smoke emitted by coke

ovens.

Route of Entry: Inhalation and skin absorption.

Use: Byproduct of process to prqduce coke from coal. Used as
raw material for various chemicals and as a source of fuel.

Health Hazard: Causes skin, lung, kidney, and bladder cancer.

Exposure Limits: 150 micrograms per cubic meter (ugfM3)
benzene solubles averaged over any-8-hour
period.

(
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NIOSH AND OSHA REGIONAL OFFICES

The following pages list NIOSH and OSHA regional offices.
which can provide information on the OCCUPATIONAL SAFETY
AND HEALTH ACT including questions on standards interpretations,
voluntary, compliance information, copies of the OSHA Standards,
OSHA Act, Employee Rights Posting Notice, and publications.

REGIONS

NIOSH REGIONAL OFFICES

DHEW, Region I
Government Center (JFK Fed, Bldg,)
Boston, Massachusetls 02203

Tel.: 617/223-6668/9

DHEW, Region II - Federal Building
26 Federal Plaza
New York, New York 10007

Tel.: 212/264-2485/8

DHEW, Region III
3525 Market Street, P.O. Box 13716
Philadelphia, Pennsylvania 19101

Tel.: 215/596;6716

DHEW, Region IV
50 Seventh 5treel, N.E.
Atlanta, Georgia 30323

Tel.: 404/526-5474

DHEW, Region VI
1200 Main Tower Building, Room 1700-,0..
Dallas, Texas 75245

Tel.: 214/655-3081,

DHEW, Region VII
601 East 12th Street
Kansas City, Missouri 64106

Tel.: 816-374-5332

. DHEW, Region VIII
. 19th & StoUI Streets

9017 Federal Building
Denver, Colorado 80202

Tel.: 303/837-3979

DHEW, Region IX
50 Fulton Slreet (223 FOB)
San Francisco, California 94102

Tel.: 415/556-37Bl

DHEW, Region V
300 South Wacker Drive
Chicago, Illinois 60607

Tel.:' 312/886-3651
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DHEW, Region X
1321 Second Avenue (Arcade Bldg,)
Seattle, Washington 98101

Tel.: 206/442-0530



OSHA REGIONAL OFFICES

Region I
U.S. Department of Labor
Occupational Safety and Health Administration
JFK BUildin~, Room 1804
Boston, Massachusetts 02203 Telephone: 617/223-6712/3
Region II
U.S. Department of Labor
Occupational Safety and Health Administration,
1515 Broadway (1 Astor Plaza), Room 3445
New York, New York 10036 :.Telephone: 212/971-5941/2
Region III
U.S. Department of Labor
Occupational Safety and Health Administration
15220 Gateway Center, 3535 Market Street
Phi ladelphia, Pennsylvania 19104 Telephone: 215/596-1201
Region IV
U.S. Department of Labor
Occupational Safety and Health Administration
1375 Peachtree Street, N.E., Suite 587
Atlanta, Georgia 30309 Telephone: 404/526-3573/4 or 2281/2
Region V
U.S. Department of Labor
Occupational Safety and Health Administration
230 S. Dearborn, 32nd Floor
Chicago, Illinois 60604 Telephone: 312/353-4716/7
Region VI
U.S. Department of Labor
Occupational Safety and Health Administration
555 Griffin Square BUildin~, 'Room 602
Dallas, Texas 75202 , Telephone: 214/749-2477/8/9 or 2567
Region VII
U.S. Department of Labor
Occupational Safety and Health Administration
Federal Building, Room 3000, 911 Walnut Street .
Kansas City, Missouri 64106 Telephone: 816/374-5861
Region VIII
U.S. Department of Labor
Occupational Safety and Health Administration

6eedn~:~,B~~~~~gdoR~~~0~5~~.~:.~.~~~..~~.~.~~.~~.~~~~ Tele~e: 303/837-3863
Region IX ',-
U.S. Department of Labor
Occupational Safety and Health' Administration
9470 Federal Building, 450 Golden Gate Avenue
Post Office Box36017~,
San Francisco, California 94102 ~ Telephone: 415/556-0584
Region X
U.S. Department of Labor
Occupational Safety and Health Administration
6048 Federal Office Building, 909 First Avenue
Seattle, Washington 98174 _ Telephone: 206/442·5930

! us, GOVERIIlIEIlf PRINTING OffiCE, Iln- 757.052/1205

50


