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NOTE TO THE READER

The term 'carcinogenic risk' in
Monograph series is taken to mean the
that exposure to a chemical or complex
employm ent in a particular occupation
to cancer in hum ans.

the IARC
probability
mixture or
will lead

The fact that a monograph has been prepared
on a chemical, complex mixture or occupation does
not imply that a carcinogenic hazard is associ-
ated with the exposure, only that the published
data have been examined. Equally, the fact that
a chemical, complex mixture or occupation has not
yet been evaluated in a monograph does not mean
that it does not represent a carcinogenic hazard.

Anyone who is aware of published data that
may alter an evaluation of the carcinogenic risk
of a chemical, complex mixture or employment in
an occupation is encouraged to make this informa-
tion available to the Division of Environmental
Carcinogenesis, International Agency for Research
on Cancer, Lyon, France, in order that the chemi-
cal, complex mixture or occupation may be consi-
dered for re-evaluation by a future Working
Group.

Although every effort is made to prepare the
monographs as accurately as possible, mistakes
may occur. Readers are requested to communicate
any errors to the Division of Environmental
Carcinogenesis, so that corrections can be
reported in future vol um es.
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OF THE CARCINOGENIC RISK OF CHEMICALS TO HUMANS

PREAMBLE

BACKGROUND

ln 1971, the International Agency for Research on Cancer

(IARC) initiated a programme on the evaluation of the carcino-
genic risk of chemicals to humans with the object of producing
monographs on individual chemicals. Since 1972, the programme has
undergone considerable expansion, primarily with the scientific
collaboration and financial support of the US National Cancer
Institute.

The criteria used to evaluate the carcinogenic risk of
chemicals to humans were established in 1971 and were adopted in
essence by the various Working Groups whose deliberations
resulted in volumes 1-16 of the IARC Monographs. ln October 1977,
a joint IARC!WHO ad hoc Working Group met to re-evaluate these
criteria. The cardinal aim of this Working Group was to update
and rewrite the Preamble to the IARC Monographs, which sets forth
the criteria for their preparation. The Preamble which subse-
quently reflected the results of their deliberations(l), together
with those of a further ad hoc Working Group which met in April
1978(2), was first adopted by the Working Group which met to
evaluate sorne N-nitroso compounds and whose deliberations
resulted in volume 17 of the IARC Monographs. Since that time,
the criteria have been used by individual Working Groups whose
deliberations resulted in volumes 18-24 and 26-27 of the IARC
Monographs.

ln June 1980, an IARC Working Group met to evaluate for the
fi r s t t i m e th e car ci n 0 g e nie ris k 0 f e x p 0 sur es toc 0 m pl e x

mixtures. Occupational situations are a typical, although by no
means unique example of such exposures, and those occurring in
the w 0 0 d , le a the r and as soc i a t e d i n dus tri es w e r e the su b j e c t 0 f
the first volume in this expansion of the programme. The deli-
berations of that Working Group were published as Volume 25 of
the 1 A Re Monographs.
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OBJECTIVE AND SCOPE

The objective of the programme is to elaborate and publish
in the for m 0 f m onogr aphs cr itic al r ev ie ws of data on c arc i n 0-
genicity for groups of chemicals to which humans are known to be
exposed, to evaluate those data in terms of human risk with the
help of international working groups of experts in chemical
carcinogenesis and related fields, and to indicate where
additional research efforts are needed.

These monographs summarize the evidence for the carcino-
genicity of the chemicals and other relevant information. The
critical analyses of the data are intended to assist national and
international authorities in formulating decisions concerning
preventive measures. No recommendations are given concerning
legislation, since this depends on risk-benefit evaluations,
which seem best made by individual governments and/or other
international agencies. ln this connection, WHO recommendations
on food additives(4), drugs(5), pesticides and contaminants(6)
and occupational carcinogens(7) are particularly informative.

An ad hoc Working Group which met in Lyon in April 1979 to
prepare criteria to select chemicals for lARe Monographs(8)
recommended that the Monograph programme be expanded to include
consideration of human exposures in selected occupations. The
objective of the programme has therefore now been broadened to
include the consideration of mixtures of chemicals which result
in complex exposures, as they often occur in human populations.
These monographs attempt to describe the industries in such a way
as to indicate exposures to ail known exogenous and endogenous
chemicals involved in the processing or use of a material, and
r ev i e wall a v a il a b 1 e e p id e m i 0 log i c al d a t a i n s pee i fi c 0 c c u p a t ion s
within the selected industries. One addition al aim of the deli-
berations of such Working Groups is to identify chemicals that
should be evaluated individually for their carcinogenic risk to
humans at future IARC Working Group meetings.

Up to October 1981,28 volumes of the IARC Monographs on the
E val u a t ion 0 f the C a r c i n 0 g e nie Ris k 0 f Che mie a Is t 0 Hum ans h ad
been published or were in press(7). ln these volumes, a total of
572 chemicals, groups of chemicals, industrial processes or
occupational exposures were evaluated or re-evaluated. For 43
chemicals, groups of chemicals, industrial processes or indus-
trial exposures, a positive association or a strong suspicion of
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an association with human cancer has been found. For the rem ain-
ing 529 chemicals, industrial processes or occupational exposu-
res, epidemiological data were either inadequate or unavailable
to evaluate the carcinogenicity to humans - except in the case of
fluorides used in drinking-water and dental preparations, for
which no evidence of carcinogenic effect was found. However, 523
of the chemicals or groups of chemicals had been tested in expe-
rimental animais; there is sufficient evidence that 141 of these
are carcinogenic in animais. There is limited evidence of carci-
nogenicity in experimental animais for a further 153 of these
chemicals. The data were inadequate to evaluate the presence or
absence of a carcinogenic effect for the remaining 229 chemicals.

SELECTION OF COMPLEX MIXTURES AND OF OCCUPATIONAL
EXPOSURES FOR MONOGRAPHS

The complex exposures (mixtures of chemicals) are selected
for evaluation on the basis of two main criteria: (a) there is
evidence of human exposure, and (b) there are some data relating
the exposure to cancer in humans. The occupations to be consi-
dered by IARC Working Groups are chosen on the basis that some
epidemiological data have suggested that they result in increased
cancer risks at various sites. As new data on complex exposures
for which monographs have been prepared and new principles for
evaluating carcinogenic risk receive acceptance, re-evaluations
will be made at subsequent meetings, and revised monographs will
be published as necessary.

WORKING PROCEDURES

Approxim ately one year in advance of a meeting of a working
group on individual chemicals, complex mixtures, or occupational
exposures, a list is prepared by IARC staff in consultation with
other experts. Subsequently, as many chemical, biologie al and
epidemiological data as possible are collected by lARe; in
addition to searching the published literature, other recognized
information sources on chemical carcinogenesis and related fields
such as CANCERLINE, MEDLINE and TOXLINE have been used.
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Six to nine months before the meeting, reprints of articles
containing relevant data are sent to experts, or are used by the
1 ARC s t a f f , for the pre par a t ion 0 f fi r s t d r a f t s 0 f the mon 0-
graphs. These drafts are edited by IARC staff and are sent- prior
to the meeting to ail participants of the Working Group for their
comments. The Working Group then meets in Lyon for seven to eight
days to discuss and finalize the texts of the monographs and to
formulate the evaluations. After the meeting, the master copy of
each monograph is verified by consulting the original Iiterature,
then edited by a professional editor and prepared for reproduc-
tion. The monographs are usually published within six to ni ne
months after the Working Group meeting.

Each volume of monographs is printed in 4000 copies, 2500 in
soft covers and 1500 in hard covers, and distributed by the WHO
distribution and sales service.

DATA FOR EVALUATIONS

With regard to experimental and epidemiological data, only
reports that have been published or accepted for publication are
reviewed by the working groups, although a few exceptions have
been made. The monographs do not cite ail of the literature on a
particular chemical, complex mixture or occupational exposure;
only those data considered by the Working Group to be relevant to
the evaluation of the carcinogenic risk to humans are included.

Anyone who is aware of additional data that have been
published or are in press which are relevant to the evaluation of
the carcinogenic risk to humans of chemicals, complex mixtures or
occupational exposures for which monographs have appeared is
urged to make them available to the Division of Environmental
Carcinogenesis, International Agency for Research on Cancer,
Lyon, France.

THE WORKING GROUP

The tasks of the Working Group are five-fold: (a) to
ascertain that ail data have been collected; (b) to select the
data relevant for the evaluation; (c) to ensure that the
sum maries of the data enable the reader to follow the reasoning
of the committee; (d) to judge the significance of the results of
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experimental and epidemiological studies; and (e) to
evaluation of the carcinogenic risk of the chemical,
mixture or occupational exposure.

make an
complex

Working Group participants who contributed to a particular
volume are listed, with their addresses, at the beginning of each
publication. Each member serves as an individual scientist and
not as a representative of any organization or government. ln
addition, observers are often invited from national and inter-
national agencies, organizations and industrial associations.

GENERAL PRINCIPLES FOR EVALUATING THE CARelNOGENIC
RISK OF EXPOSURES lN OCCUPATIONS

Evidence of carcinogenicity in humans

Evidence of carcinogenicity in humans, whether it relates to
an individual chemical, to a complex exposure or to an occupa-
tional exposure, can be derived from three types of study, the
first two of which usually provide only suggestive evidence: (1)
reports on individual cancer patients (case reports), including a
history of exposure to the supposed carcinogenic agent or agents;

(2) descriptive epidemiological studies in which the incidence ofcancer in human populations is found to vary (spatially or
temporally) with exposure to the agent(s); and (3) analytical
epidemiological studies (e.g., case-control or cohort studies) in
which individual exposure to the agent(s) is found to be
associated with an increased risk of cancer. Since occupation is
typically recorded on death certificates, routine or specially
tabulated reviews of mortality by occupational category often
provide a means of generating or testing hypotheses about cancer
in occupational or industrial groups. Death certificate state-
ments, however, provide no information on duration, change or
details of employment, and may not include data on other factors
(e.g., cigarette smoking) that may be related to cancer risk.

An analytical study that shows a positive association
between exposure and a cancer may be interpreted as implying
causality to a greater or lesser extent if the following criteria
are met: (a) There is no identifiable positive bias. (Sy
'positive bias' is meant the operation of factors in study design
or execution which lead erroneously to a more strongly positive
association between an agent(s) and disease than in fact exists.
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Examples ,-of positive bias include, in case-control studies,
better docum entation of exposure to the agent( s) for cases than
for controls, and, in cohort studies, the use of better m eans of
detecting cancer in individuals exposed to the agent(s) than in
individuals not exposed.) (b) The possibility of positive con-
founding has been considered. (By 'positive confounding' is meant
a situation in which the relationship between an agent and a
disease is rendered more strongly positive than it truly is as a
result of an association between the agent and another agent
which either causes or prevents the disease. An example of
positive confounding is the association between coffee consump-
tion and lung cancer, which results from their joint association
with cigarette smoking.) (c) The association is unlikely to be
due to chance alone. (d) The association is strong. (e) There is
a dose-response relationship.

ln sorne instances, a single epidemiological study may be
strongly indicative of a cause-effect relationship; however, the
most convincing evidence of causality cornes when several inde-
pendent studies done under different circumstances result in
'positive' findings.

Analytical epidemiological studies that show no association
between exposure and cancer ('negative' studies) should be inter-
preted according to criteria analogous to those listed above: (a)
There is no identifiable negative bias. (b) The possibility of
negative confounding has been considered. (c) The possible
effects of misclassification of exposure or outcome have been
weighed.

ln addition, it must be recognized that in any study there
are confidence limits around the estimate of association or
relative risk. ln a study regarded as 'negative', the upper
confidence limit may indicate a relative risk substantially
greater than unit y; in that case, the study excludes only
relative risks that are above its upper limit. This usually means
that a 'negativel study must be large to be confincing. Confi-
dence in a 'negative' result is increased when several indepen-
dent studies of sufficient size carried out under different
circumstances are in agreement.



PREAMBLE 17

Finally, a 'negative' study may be considered to be relevant
only to dose levels within or below the range of those observed
in the study and is pertinent only if sufficient time has elapsed
since first human exposure to the agent(s). Experience with human
cancers of known etiology suggests that the period from first
exposure to a chemical carcinogen to development of clinically
observed cancer is usually measured in decades and may be in
excess of 30 years. This also implies that the analysis of data
from epidemiological studies must explicitly take into account
tim e from first exposure according to Iife-table principles.

Experimental Evidence

There are few experimental data from long-term and/or
short-term tests on complex mixtures (e.g., soot and tar, smoke
condensate) or on exposures to a variety of chemicals that mimic
those of humans in occupational environments. Such data are
limited in general to the effect of a single chemical and refer
in only a few instances to more than one identified chemical.

The evaluation made in the present
relies almost entirely on epidemiological
account the effects of the entire spectrum
a given situation. One of the aims of the
identify the possible contributing roles
in the carcinogenic effect of a known or
complex mixture.

m onograph therefore
data which take into
of human exposures in

present monograph is to
of individual chemicals
suspected exposure to a

If experimental data on chemicals so identified exist, they
will either already have been considered in an 1 A RC Monograph, in
which case suitable reference is made, or they will be included
for consideration in future monographs. If, however, no experi-
mental data exist, recommendation will be made that the chemical
suspected of playing a role in the causation of human cancer be
submitted to carcinogenicity testing.

The criteria used in analysing experimental data and in
assessing their relevance to the evaluation of carcinogenic risk
to hum ans(8) are described in detail in the preambles to volum es
17-24 and 26-27 o( the Monographs(7).
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1. Choice of industry and outline

This twenty-eighth volume of IARC Monographs is devoted to
an evaluation of the carcinogenic risks of exposures in the
rubber industry, and is the second in a series in which mixtures
of chemicals that result in complex exposures are considered.
Although it is not only in occupational settings that such
exposures occur, the first volumes in this expansion of the IARC
Monographs programme concerned wood, leather and associated
industries and the rubber industry, since there are epidemiolo-
gical studies, sorne supported by Industry and Labour, that point
to elevated cancer risks in those industries.

The present volume is concerned with the tyre manufacturing
and r e p air sec t 0 r , the cab 1 e- m a k i n g sec t 0 r and the man u fa c t u r e 0 f
other rubber goods. Natural rubber, synthetic rubber and chemical
additives are used in the industry; however, the Working Group
considered only those exposures incident to the mixing of elasto-
mers with chemicals and their subsequent conversion into finished
products. Exposures occurring during the manufacture of monomers,
synthetic elastomers and chemicals were not considered. (Mono-
graphs on many of the monomers used appeared in volume 19 of the
series (lARe, 1979)). It is nevertheless recognized that sorne
level of exposure to monomers, such as chloroprene, butadiene,
acrylonitrile, etc., does undoubtedly occur during certain
aspects of the rubber manufacturing process; and although such
levels are substantially lower than those encountered in polymer
production, they may nevertheless represent a significant exposu-
re factor.

Appendix 1 is a list of some chernicals that have been used
in the rubber industry and of sorne formed as by-products during
manufacturing processes. For the chemicals used in the industry,
synonyms and trade names, when available, production figures and
exposure levels are given. (Exposure levels are also discussed in
Section V.) Workplace levels and occupational standards are also
given when available. Sorne of the salient biological properties
of selected compounds are described in the body of the text; and
brief summaries of evaluations of carcinogenicity made by
previous IARC working groups for chernicals used or by-products
formed in the rubber industry are given in Appendix 2.
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FIG.l. CONSUMPTION OF NATURAL AND SYNTHETIC RUBBER

lN VARIOUS COUNTRIES, 1979

(From the International Rubber Study Group, 1981)
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2. Estimates of use and employment

ln 1980, total world consumption of natural rubber was 3.85
million tonnes, and that of synthetic rubber was 8.6 million
tonnes (The International Rubber Study Group, 1981). Figure 1
provides estimates of rubber use in various parts of the world;
and Table 1 shows the breakdown by product.
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Table 1. Rubber use in western Europe by end-user industrya

1978
(actual)

%

1985
(forecast)
%

Non-tyre use
only, 1978

%

Tyres 51 45

Non-tyre
Automoti ve

engineeringb
16 15 33

Mechanical 8 10 16
Building 7 6 14
Footwear 5 5 10
Furni ture , textile 3 5 6
Electr ical 3 3 6
Sports, leisure 2 4 4
Miscellaneous 5 7 10

a From Scabel1 (1978)

b Described as 'construction' in text, but believed to refer to

mechanical engineering

The United Nations Yearbook of Industrial Statistics (1977)
provides sorne data on the numbers of workers employed in various
sectors of the industry. ln various countries, data are available
in which the rubber products industry is broken down according to
the number of establishments, average number of persons employed,
average number of operatives and gross output. Such employment
figures can provide crude estimates of the total working popula-
tion; however, it must be borne in mind that not ail workers
experience hazardous exposure(s).
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3. Variations in technology within the rubber industry

Industries are not unique, well-defined entities, i.e.,
there m.ay be more than one way to manufacture a particular
product, and industries usually change over time as products
change or new.technology is introduced. The rubber industry
provides a striking example of this observation. With a complex
technology that has been evolving, developing and diversifying
for more than a century, it is virtually impossible either to
define or to describe la typical rubber manufacturing operation',
in terms either of the end product or of the process by which
that product is made.

Currently, the product range of the rubber industry includes
not only the more obvious items, such as car and truck tyres,
electric cables, industrial hose and belting of ail types, but
also inflatable boats and life rafts, harbour protection booms,
aircraft de-icing equipment, and nuclear reactor access plat-
forms. For the domestic market, such familiar items as footwear,
sports goods, toys, furniture and surgical rubber goods illus-
trate the extent of diversification.

The process and technology that are involved in the manu-
facture of this comprehensive range are almost as varied as the
products themselves. The nature of the final product determines
at the outset the selection of an appropriate compounding formu-
lation from the wide range of polym ers - natural or synthetic
and the nu mer 0 us ru b ber che mie ais no w a v ail ab 1 e ; and the i r su b-
sequent processing involves much potential for human exposure.
This includes exposure to chemical dusts during the mixing stage,
to fume arising from unvulcanized rubber compound in the milling,
extruding and calendering stages, to solvents and solvent adhe-
sives in component assembly and to curing fume given off during
vulcanization, finishing and inspection. It is also important to
recognize the combination of exposure hazards that may confront
service and plant maintenance engineers, who are frequently
required to work in normally inaccessible and poorly ventilated
areas of the plant and who m ay thereby be exposed to high concen-
trations of both dust and fume.
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Since the different processes (see Section III) may be

associated with different exposure hazards, it is important to
recognize the occupational health implications that may arise:

(~) variations in production and control technology,
(~) var i a t ion sin pro ces s r e qui r em en t s for d i f fer en t

products, and
(~) var i a t ion sin wo r k pra c tic e .

4. Difficulties in determining the relation between exposure
and disease

When, in 1949, 2-naphthylam ine was shown to be a significant
impurity in sorne of the rubber antioxidants then in general use,
it was possible to establish with reasonable certainty a direct
causal link between that usage and the excess of bladder cancer
cases observed by Case and Hosker (1954) in the British rubber
industry. Although it now appears that the removal of those
suspect chemical compounds from the industrial process has
effectively eliminated that particular occupational cancer
hazard, it has since become evident from epidemiological
studies carried out in several countries that other and hither-
to unsuspected cancer risks may be confronting the rubber process
worker. More specifically, excesses of mortality from lung and
stomach cancer among some groups of rubber workers have been
reported in both the American and British rubber industries.

Only in recent years has there been any general recognition
of the need for system atic monitoring of the industrial environ-
ment; and today there is a need to standardize monitoring tech-
niques, to define acceptable hygiene standards and codes of prac-
tice, and for a greater dissemination of information on indus-
trial hygiene. The search for carcinogenic agents that could
account for the observed excesses of lung and stomach cancer is a
much more difficult and complex task than. the search for the cau-
sative agent for bladder cancer. Since Jung and stomach tumours
are frequent in the general population and the excesses observed
are small, it would be difficult to determine the specifie
exposure(s) responsible unless detailed ad hoc epidemiological
studies were carried out. Although sorne occupations and processes
appear to be incriminated more than others, the contribution that
any one of the many chemicals used in the industry may make to
the cancer expeience of workers in those occupations is not
known.
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The main reasons that it is difficult to assess exposure are
that:

C~J An individual experiences a multiplicity of exposures,
arising both from the variety and change in chemicals used in a
given job, and cross-contamination between jobs in large plants.

(,£) S e ver al h und r e d che mie ais are use d i n the r u b ber i n dus t r y
(see Appendix 1); when, as frequently happens, they are referred
to only by trade names, it is difficult for occupation al health
workers to ascertain when changes occur in their composition, or
what significance such changes may have.

c.~J Few workers in the industry rem ain in the sam e job during
the whole period of their employment. A worker may be moved from
job to job within a single department, even during the course of
a single working shift, and may be transferred from one depart-
ment to another in an entirely different location. The industry
has not developed a system to record adequately ail individual
exposures through detailed documentation of work histories.

(~) Cane er exc esses c urren tl y ob sery ed in th e ind us try al m ost
certainly result from chemical exposures that occurred many years
ago. There is, however, inadequate information about the nature
and extent of those exposures, and there is little available
documentation of individual work histories.

c.~J An industrial process
materials, as by-products,

to produce other entities
sulphide).

may
or in

(e.g.,

result in the formation of new
interactions of known chemicals
N- ni trosa min es and carbon d i-

Another reason behind the poor understanding of exposure-
effect relationships in these industries is the missing link
between occupational titles and exposures. The epidemiologist
usually relies on occupational descriptions (job title or title
of industry), of varying degrees of specificity, for an indirect,
qualitative assessment of possible exposures. ln contrast, the
industrial hygienist focuses on the actual exposures that occur
i n the w 0 r k pla ce. W h a t i s mis sin gis a h i s t 0 rie a 1 and u p- t 0- d a t e
data source that cross-references job titles within specifie
industries and specifie exposures. For example, Ityre assembly'
might appear to be a simple, well-defined job title on the
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surface; but two individuals whose occupation can be described
in that way may work in two entirely different exposure milieux.

Finally, industrial hygienists find practical difficulties
in 'keeping up' with continually changing work environments. Data
gathered at one point in time may not be representative of the
industry over the twenty- or thirty-year time span covered by an
epidemiological study. It is essential, therefore, that a system
be established that would effectively provide for continuous
collection and coherent organization of such information.
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1. The origins of the rubber industry
(for a review, see Schidrowitz & Dawson, 1952)

1.1 The discovery of rubber

Rubber was among the first of many new discoveries to
impress the early European explorers of the New World. Columbus,
during his second voyage of discovery (1493-1496) noticed that
the natives of Hispaniola (now known as Haiti) played games with
solid balls. These baiis were astonishingly resilient and
elastic, and able to bounce much higher than the hollow, inflated
leather balls used in Europe at that tim e. They were made from a
dried m ilky liquid which could be obtained by cutting into the
bark of certain trees. The South Am erican Indians called the setrees 'haeve' or 'cauchuc' which meant 'weeping wood'; and it is
from these two Indian words that the genus name 'Hevea' for the
rubber tree, and the French and English term for rubber
'caoutchouc' originated.

Excavations have shown that rubber was used in religious
ceremonies by the Aztecs as early as the sixth century AD. Copies
of an ancient fresco found at Teotihuacán in Mexico depict a
squatting priest making offerings that include two balls of
rubber. Early writers also stress that rubber was a magical
substance of great ritual significance for both the Aztecs and
the Mayas, and it was thought sometim es to be associated with
human sacrifice. Rubber effigies, over 500 years old, have been
found in the Weil of Sacrifice in the ruined Maya city of Chichen
Itzá in Mexico. Such figures were used as offerings to the rain
gods with whose worship the Weil was associated.

ln a contemporary drawing dated about 1529, Aztec players
brought back to Spain by Cortes are shown tossing a solid rubber
bail to each other using only their buttocks in the game, while
their hands remain touching the ground. They wore leather trunks
and gloves in order to lessen the impact of the hard ballon
their skin. It is also interesting that the then King of Spain
sent a physician called Francisco Hernandez to explore the
natural resources of the New Spain. Hernandez, in his book Rerum
Medicarum Novae Hispaniae Thesaurus, published in Rome in 1649,
described the gum that flowed out of the trees when the bark was
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eut. This gum was shaped into balls by th e natives, but he also
made special reference to the numerous medical uses to which
1 ho Il il

(th e 1 ndian nam e for the gum) was put to cure ail
m anner of diseases by internai and external application.

The ancient Mexicans used these solid rubber balls for
games, and a popular variety described in 1535, called
ITlachtli', was a mixture of basketball, football and hockey. It
called for a considerable degree of skill since the bail, about
9-12 cm in diam eter, had to be propelled through a stone ring not
much greater in size. A play-bail of this description, thought to
be over 350 years old, has been found in the grave of a Peruvian
ch ild.

Man's first attempts to fashion something useful from rubber
probably originated among the Amazonian natives, who dipped their
feet into a container of rubber latex, thereby fashioning for
themselves a pair of rubber shoes. The next step for the
Amazonian shoemaker was to use a former, corresponding to the
shape of his foot, which he made from clay. ln order to improve
on his manufacturing technique, he soon learned to dry successive
latex dippings faster by using heat from a fire. This, in turn,
led to the observation that a smoky fire preserved the pair of
shoes longer and gave them strength and durability, not apparent
in the naturally coagulated product. Present-day methods still
rely on the antiseptic function of smoking to preserve natural
rubber from its usual tendency to ferment and become mouldy.

The natives of Haiti made shoes, bottles, waterproof cloth,
syringes and other useful objects from the elastic gum; but
although the early Spanish and Portuguese explorers took samples
of the gum home with them, their discovery had liUle impact on
the civilization of the time.

1.2 The birth of an industry

Several centuries were to elapse before the new material was
to be brought into commercial use in Europe. The eighteenth
century expeditions of the Frenchman, Charles de la Condamine, in
the equatorial regions of South America, and his subsequent
writings, did much to stimulate interest in rubber in the labora-
tories of Europe. It was La Condamine and his engineering
colleague, François Fresneau, who first described the Hevea
rubber tree, as weil as the methods used by the natives for
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extracting the latex (the Latin word for milk), and how they made
useful articles from it.

Another Frenchm an, Foucroy, discovered in 1791 that latex
could be preserved by small amounts of ammonia, but this impor-
tant discovery lay dormant for sorne 125 years, when it was re-
introduced for use in stabilizing natural latex during transport.

By the end of the eighteenth century, the general properties
of rubber were beginning to be recognized, although it was first
marketed, not for its elastic properties, but to rub out pencil
marks hence the English nam e 'rubber', suggested by Joseph
Priestley in 1770.

At the start of the nineteenth century, the use of coal-gas
for illumination led to the establishment of gas companies
throughout the British Isles, and in 1819 Charles Macintosh, a
manufacturer of dyes, contracted to purchase the by-products of
the Glasgow Gas Works. He discovered that one of those by-
products, coal-tar naphtha, was an excellent solvent for rubber,
for which hitherto no satisfactory solvent had been found.
Macintosh used the rubber and solvent to make a solution which he
spread onto one side of a fabric. Two plies of the fabric were
then pressed together (rubber sides adjacent) to form the first
'Macintosh' waterproof cloth. ln 1823 Macintosh patented his
discovery, thus adding a new word to the English language. So
successful was his business for this waterproof fabric that a new
works was built as the first rubber factory in Manchester. Un-
happily, the rubber that coated these 'Macintosh' garments was
subject to temperature changes, becoming sticky when hot, and
stiff and brittle to the point of cracking wh en cold and on
ageing.

Public demand for rubber footwear in the US is said to have
started in 1823 when a Boston merchant, T.C. Wales, began market-
ing rubber footwear imported from Brazil. The first rubber foot-
wear factory, the Roxbury India Rubber Company, was started in
Bos ton i n 1 833; but the pro duc t s w e r e su b j e c t t 0 the sam e p r 0-
blems encountered by Macintosh. It was those problems which
prompted Charles Goodyear into the work which finally led to his
discovery of vulcanization in 1839, heralding the start of an
important industry (Goodyear, 1855).



34 lARe MONOGRAPHS VOLUME 28

Charles Goodyear lived and worked in Naugatuck, Connecticut.
His plant, also located in Naugatuck, later became a part of the
US Rubber Company, now Uniroyal, Inc. Goodyear found that rubber
mixed with sulphur, and then heated, resulted in a dough-Iike
product that was unaffected by hot or cold weather. He did not
patent his discovery until 1844; however, Thomas Hancock, a
Lon don co a ch bu il der, 0 b t a i n e d a Br i t i s h pa te n t for the vu 1 c a n-

ization process in 1843, adm itting quite openly that he had seen
samples of sulphur-vulcanized rubber probably made by Goodyear
himself. 'Metallic Gum-Elastic' was the term given by Goodyear to
his 'cured' rubber, but the process was soon to be given the name
of 'vulcanization' which derives from mythology: Vulcan, the
mythical Roman god of fire, had his workshops in volcanic
mountains, an abundant source of both heat and sulphur (the
essential requirements for the vulcanization process). Thus,
between 1835 and 1845, the work of Goodyear, Hancock and others
led to the successful development on a commercial scale of the
vulcanization process, by which an unsatisfactory material was
converted into one with outstandingly valuable elastic properties
suitable for a wide variety of industrial uses. At about the same
time, it was discovered that the addition of inorganic basic
oxides or hydroxides such as litharge, zinc oxide and lime,
increased the vulcanization rate and improved the properties of
the product.

An alternative vulcanization technique (discovered by
Alexander Parkes in the UK) (British Patent No. 11147/1846) in
the sam e p e r i od w a s the s 0 - c a Il e d ' coi d - c ur e' pro ces san d w a s
used extensively for upwards of 100 years. It involved exposing
thin sheets or films of rubber to the action of sulphur chloride
i n a sol ven t a t r 0 0 m te m p e rat u r e. Som e t i m e la ter, m 0 di fie a t ion s
were introduced in which sulphur chloride in vapour form or in
car bon dis u 1 p h id e w a sus e d . W i th the fur th e r d e v e 1 0 pm e n t 0 f

organic accelerators the cold curing process became obsolete.

Raw rubber can be much more readily shaped hot than cold,
with less energy demande Thomas Hancock in 1820 developed a
machine, called the 'Pickle', which enabled him both to soften
and then loin together small pieces of rubber into a larger
piece. This was the forerunner of the modern internai mixer. As
he wrote, ... the discovery of this process was unquestionably
the origin and commencement of the india-rubber manufacture
properly so-called. Nothing that had been done before amounted to
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a manufacture of this substance, but
mental attempts to dissolve it.' Later
p ow e r fui mas tic a t i n g m a chi n e s w hic h
m 0 der n t w 0- roll m i Il s (H a n c 0 c k, 1 857) .

consisted mainly in experi-
on, Hancock developed more
were the precursors of the

After the discovery of vulcanization by Goodyear, the demand
for crude rubber increased considerably, and it soon became
apparent that the manufacturing industry could no longer rely on
the supply of rubber obtained from trees growing wild in
inaccessible tropical jungles. ln 1876, Henry Wickham, acting as
an agent for the British India Office, was commissioned to obtain
seeds of the rubber tree, Hevea brasiliensis. With the help of
local natives, Wickham gathered over 70 000 seeds of the Hevea
tree, in Brazil on the banks of the Tapajos River; and then,
after an exciting race against time and the authorities, brought
the highly perishable seeds back to Kew Gardens in London.
Approximately 2500 seeds of the original total eventually
germinated. From these comparatively few seedlings, distributed
to Ceylon, India and Malaya, and from there throughout the east,
the whole plantation industry has developed. The achievement
earned Sir Henry Wickham (1841-1928) the title of 'the father of
plantation rubber'. Plantation rubber was first marketed about
1900 and production has since increased steadily; wild rubber is
now of little commercial importance. The rubber tree flourished
in Malaysia, where large areas of jungle were eut down and
planted. Henry Nicholas Ridley, who was appointed Director of the
Singapore Botanic G ardens in 1888, did perhaps more than anybody
to encourage planting of this new crop. By the end of the nine-
teenth century there were 5000 acres of rubber in Asia. Today,
the major producing countries include Malaysia, Indonesia,
Thailand, India and Sri Lanka; Liberia and Nigeria; and The
People's Republic of China.

By 1910, stimulated by the development of Henry Ford's
famous motor car and the consequently burgeoning demand for
rubber, the rubber planters in Asia achieved one million acres of
plantation. With the spread of motoring in every part of the
world and the development of the general rubber goods section of
the industry, even today's vast acreage (about 15 million acres
in ail) and greatly increased yields brought about by plant
breeding and fertilization are insufficient to meet world demande
The industrial applications of rubber also multiplied. Many of
the early articles, manufactured by Thomas Hancock (1786-1865),
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are
th e

al so

described
equipm ent
depicted.

in his

(no t
book (Hancock, 1857; see Fig. 2).

very different from that still used
Som e

today)
of
is

1.3 The invention of the pneumatic tyre

The first rubber tyres were used on horse-drawn vehicles and
bicycles; they were solid and grew rapidly in popularity. ln
1845, R.W. Thomson was granted a patent for a tyre embodying an
air-inflated tube and a non-stretching outer cover. Although
these Jariel wheelsJ were successfully used on horse-drawn
carriages, the comparatively slow speed did not establish the
advantage of the pneumatic principle, and ThomsonJs work was
overlooked for many years.

ln 1888, J.B. Dunlop, who was unaware of the earlier patent
(and so, apparently, was the Patent Office), developed a sim ilar
type of tyre which was tried out on a bicycle. The superiority of
this tyre over its solid counterpart was quickly realized, and
the opportunity to develop a. substantial business in pneumatic
cycle tyres led to the establishment of the Dunlop Tyre Company
in Dublin in 1889. Almost at once the existence of Thomson's
patent was re-discovered. It had expired, but because of it,
Dunlop's patent was invalidated. The field was, therefore, left
wide open to competitors, and development of this new invention
was pursued with intense activity. The logic of driving on a
cushion of air instead of on a solid circular block of rubber is
simple, but the effects of the change were to' have a tremendous
impact on transportation. A major problem was how to fix the tyre
onto the rim of the wheel. The idea of applying a rigid bead
containing a wire was patented by Charles K. Welch in 1890
(British Patent No. 145631); and in the same year W.E. BartleU
invented the 'clincher' (clamp) method of attaching the tyre to
the wheel (British Patent No. 11900). ln 1891, the French firm of
Mie h e 1 i n d e v e 10 P e d the fi r s t d e tac h ab 1 e p n e u mat i c c y cie t y.r e . The

tyre was capable of being changed in minutes, and its use by the
victor in the cycle race Paris-Brest-Paris ensured its success.

A few years later, in 1895, the
developed for motor vehicles by the
first car to be fitted with Michelin

first pneum atic tyre was
same firme L'Eclair, the

pneumatic tyres, completed
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the 1200-km course of the Paris-Bordeaux-Paris race. Despite this
feat, car manufacturers were still doubtful of the absolute
acceptability of the pneumatic tyre; but the motor car was at a
stage of rapid development, and soon much lighter and faster
m odels, using the new tyres, broke the 100-km/h barrier. By 1899,
the tyrels life expectancy had increased from 100 miles to over
3000 miles.

Thus, at the beginning of the twentieth century, when the
coming of the motor car required a phenomenal increase in the
amount of crude rubber, the production of plantation rubber was
also stimulated. The same stimulus prompted the development of
the synthetic-rubber industry in the West after the outbreak of
the Second World War in 1939. Further expansion of the motor car
industry at that time would not have been possible without an
adequate supply of both natural and synthetic rubber, accompanied
by corresponding developments and growth in the production of
petroleum products. The latter, apart from being sources of fuel,
now also play an important part in ail rubber manufacturing
operations, and they are the most important raw materials
required for the manufacture of modern synthetic rubbers.

1 .4 0 ev e 1 0 pme n t 0 f che mie ale 0 m pou n d i n g

The vulcanization, or curing, process, which is based on the
reaction of unsaturated rubber hydrocarbon molecules with sulphur
in the presence of zinc oxide and other inorganic bases, conti-
nued to be used during the latter half of the nineteenth and the
early years of the twentieth century, with steady but limited
improvements. The process suffered from several disadvantages,
including the requirements of a high temperature and a long
reaction time of several hours, the difficulty of control, and
the applicability of the process only to solid raw natural rubber
and not to latex. However, in 1906, Oenslager in the US found
that incorporation of the organic base aniline markedly speeded
up and improved the process; and although aniline itself was
found to be too toxic for commercial application, it was replaced
by the non-toxic derivative thiocarbanilide, with even better
results. This discovery marked the beginning of intensive re-
search activity to identify synthetic organic chemicals that
would improve both the process and the product; this scientific
approach has formed the basis of the rubber chemical compounding
industry as it is now constituted.
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Following the First World War, research laboratories were
set up by several rubbercompanies to improve rubber. At first,
the emphasis was simply on improving performance and/or on low-
ering the cost of production. As time went on, more thought was
given to overcoming obvious odour and health problems (derma-
titis, etc.) as weil as to reducing fire hazards.

2. The developing rubber industry and its occupational health
hazards

2.1 The factory environment

Today, the rubber industries that have been established- in
many different parts of the world produce a very wide range of
manufactured goods; and, although they are founded on the use of
traditional materials and processes, they also use a technology
of ever-increasing complexity. The industry is heavily dependent
on the use of chemical engineering skills, and in its compounding
processes it now requires the use of some hundreds of different
chemical compounds. Those who work in it may, therefore, be
exposed to the potential hazards involved in the handling and use
of those chemicals, in addition to the mechanical hazards that
are common to ail engineering and production work. The identifi-
cation, control and elimination of those hazards is now recog-
nized to be a matter of urgent and substantial concerne

Among the earliest references to occupation al health hazards
in the rubber industry, it is interesting to note especially the
observations made by Dr J.T. Arlidge in his book The Hygiene
Diseases and Mortality of Occupations, published in 1892
(Arlidge, 1892). He wrote then that:

'India-rubber manufactories exemplify a fact heretofore
insisted on; viz., the great variety of operations carried
on within a factory. Here the operatives themselves are
popularly spoken of as india-rubber workers, although they
have little in common beyond working on the same premises.
Thus we have strong mechanical labour in connection with the
powerful engines which flatten out the crude rubber sub-
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mitted to them; in other departments, dust; in others, steam
and the vapours of sulphur and bi-sulphide of carbon, and in
the fin i shi n g r 00 m s, no th i n gel ses a v e a p e r v ad i n g va pou r 0 f

naphtha, along with sedentary employment.'

Thus, he accurately identified a number of hazards which
might then have been encountered and some which were later to be
brought under control by the India Rubber Regulations. ln a later
and more detailed report that Arlidge submitted to the Chief
Inspector of Factories in 1894 (Arlidge, 1894), he noted with
satisfaction evidence of a reduction in the use of carbon di-
sulphide (resulting from the abandonment of many 'cold' cure
processes), and he discussed at length the potential problems
arising out of the extensive use of naphtha in the industry. ln
that context, he reported on his own observation of workers
affected by headaches, giddiness, nausea and mental confusion and
he noted also that the affects of such exposure were greatly
augmented by 'the taking of intoxicating drink'. He considered
the use of lead compounds in sorne of the industrial processes,
but was evidently reassured by his finding that such use was
dim inishing and that reports of lead poisoning were infrequent.
Indeed, it is apparent that the greater part of his report on the
health of rubber workers was firmly reassuring. He found no evi-
dence of anaemia and few, if any, occurrences of Icutaneous
affections'; and he stated on the evidence of his own
examinations that:

the health of the people employed in rubber factories,
coupled with verbal questioning of many hands, male and
female, and likewise of foremen and others connected with
such works for months and years, in several instances 20
years and upwards, has led me to the conclusion that the
occupation is productive of no definite disease, nor of
lasting inconveniences. This is the concurrent testimony of
ail the employed, as weil as of the employers.'

ln 1914, Dr Alice Hamilton undertook an investigation of the
US rubber industry: she reported a few cases of carbon disulphide
poisoning, associated with the 'cold-curing' process, but pointed
out that use of this process in the US was limited and declining

(Hamilton, 1943). Exposure to litharge, however, was a problem
among rubber compounders, and sorne of the most serious cases of
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lead poisoning documented in the US had occurred among these
workers (Hamilton & Hardy, 1974). Hamilton (1943) also noted
exposure to benzene, especially among those using solvent-based
rubber adhesives and sealers.

When, in 1922, the Indiarubber Regulations (HM Government,
1922) eventually came into force in the UK, it became clear that
they were intended primarily to deal with the handling of lead
compounds and with fume processes involving the use of carbon
disulphide, sulphur chloride, benzene and chlorinated hydro-
carbons. It was the obvious intention of the regulations to deal
in the main with those problems that had been identified by
Arlidge so m any years before.

Although the UK Registrar General had noted an excess of
mortality from cancers at specifie sites among rubber workers in
data for 1920-1922 and again in data for 1929-1931 (see Mancuso
et al., 1968), it was not until the m iddle of the present century
that attention was once again focused upon the occupational
health hazards to which workers in the rubber industry might be
exposed. It was, of course, recognized that dermatitis was a
troublesome, recurrent, and prevalent problem; and it was
beginning also to be appreciated that environmental conditions in
the factories, where substantial exposure to solvents and to air-
b 0 r nec hem i cal dus t s w e r e a co m mon pla ce, cou 1 d no Ion g e r r e as 0 n-
ably be tolerated. ln sorne factories, mass radiographie chest
examinations had led to the identification of talc pneumoconiosis
as a disease affecting rubber workers and there was also sorne
concern about the possible long-term effects of exposure to
solvents on the skin and on the haemopoietic system. Unfortunate-
Iy, there is available today little in the way of contemporary
and documentary evidence to establish the full extent or severity
of worker exposure to potential hazardous dust and fum e associ-
ated with the manufacturing process during the first half of this
century. There are numerous anecdotal accounts of impenetrable
dust clouds arising from m ixing and m illing operations carried
out in the industry, and there is also some early photographie
evidence of unacceptably large amounts of fume being given off by
heated rubber compound in the milling and curing areas. It
appears to have been largely accepted that such conditions were
an inevitable accompaniment to rubber manufacturing operations,
and such im provem ents as were from tirn e to tim e made in the
environmental conditions were the result of little more than a
simple subjective assessment of those conditions. Only in recent
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years has a more systematic and scientific approach been adopted
by the performance of industrial hygiene surveys, capable of
providing accurate documentary evidence of exposure as the basis
for the installation and implementation of environmental control.

2.2 The identification of bladder
disease in the rubber industry
epidemiological studies

cancer as an occupational
and the development of

The association between occupation al exposures to chemicals
and malignant tumours of the lower urinary tract was first
suspected in the dyestuffs industry in 1895, when the German
surgeon Rehn described three cases of papillary bladder tumour
arising in workers engaged on the manufacture of fuchsine (Rehn,
1895). Although it was subsequently noted (International Labour
Office, 1921) that men engaged in the manufacture of sorne
aromatic amines - among which benzidine and 2-naphthylamine were
particularly mentioned developed bladder tumours, it was not
then suspected that the products would extend the area of hazard
beyond the manufacturing process in the dyestuffs industry; and
until the late 1940s no suspicion existed that bladder tumours
could result from exposure to rubber chemicals. It was not until
Case and Hosker (1954), in the course of detailed epidemiological
studies on the British dyestuffs industry, unexpectedly identi-
fied an excess of bladder tumours affecting rubber workers that
this came to light. They discovered that 41 cases of bladder
cancer reported between 1921 and 1950 within the county borough
of Birmingham had occurred in people who either were working or
had worked in the rubber industry and noted that this figure was
substantially in excess of the expectation for the whole of the
county borough during the observation periode On the evidence of
these preliminary studies, the compounding chemicals chiefly
indicted in the rubber industry were withdrawn from use in the UK
in 1949.

Although this action was taken, the full implications of
Case's work were not well-understood, and little further action
was taken, until, in 1957, the British rubber manufacturers,
recognizing the continued appearance of new cases of bladder
ca n ce rat tri but a b 1 e top r ev i 0 use x po sur e, est a b 1 i s h e d a c y t 0-
diagnostic screening unit. This unit was later to develop into
the British Rubber Manufacturers' Association occupational health
r e s e arc h unit. D uri n g th e 1 a tel 9 50s, f ea r s contin u e d t 0 b e
expressed that unidentified and hitherto unsuspected bladder
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carcinogens might still be in use in the industry. it was this
fear, coupled with the impact of several widely reported inquests
on rubber and cable industry workers (Anon., 1965a,b,c,d,e,
1966), correspondence in the medical journals (Anon., 1964;
Boyland & Haddow, 1964; Case, 1964; Parkes, 1964a,b; Wallace,
1964) and a report by Case and Davies (1965), which indicated the
need for further action; and in June 1966 a papilloma committee
for the rubber industry with representatives from management,
trade unions and government, was established to promote and
coordinate research and epidemiological studies. Although these
studies were initially designed to explore whether or not there
was evidence of a continuing bladder cancer hazard, they were
later extended and developed to examine the overall mortality
experience of British rubber workers.

ln 1970, an important common law action was started in the
British High Court in which the Trades Unions, acting on behalf
of two workers affected by bladder cancer, claimed damages from
Imperial Chemical Industries and from Dunlop (Anon, 1971; Cassidy
& Wright versus Dunlop & ICi, 1971). ludgement was given for the
plaintiffs, and the case, which went to and was upheld on appeal,
established the principle of an employer's liability for the
safety of his products, not only during the manufacturing process
but also in the circumstances in which he may reasonably expect
that product to be used.

It was not in Britain alone that epidemiological studies i'l
the rubber industry were undertaken. ln the US, Mancuso followed
the development of epidemiological studies in the industry; and,
reporting on his own observations, starting in 1949 (Mancuso,
1963; Mancuso et al., 1968; Mancuso & Brennan, 1970; Mancuso,
1975, 1976, 1982), he indicated the need for a systematic inquiry
into the health of the US rubber worker.

ln 1970, following negotiations between the United Rubber
Workers and six major rubber companies, agreement was reached to
establish joint occupational health programmes (Wolf, 1970,
1971). Under joint contract to management and labour, the Schools
of Public Health at the University of North Carolina and Harvard
University undertook to conduct a wide-ranging epidemiological
study, with major emphasis on cancer incidence, mortality and
distribution. These program m es continued until 1979 and 1980,
respectively.
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Reviews of various rubber manufacturing processes are
available in Stern (1967) and Blow (1978). Much of the
information in this section was obtained from publications of the
US Environmental Protection Agency (1980; Foster D. Snell, Inc.,
1976).

1. Introduction

The basic manufacturing operations to be found in any rubber
factory can be identified and distinguished as follows:

- raw materials handl ing, weighing and mixing;
- milling;
- extrud ing and cal ender ing;
- component assembly and building;
- 'curing' or vulcanizing;
- inspect ion and fin ish ing;
- storage and dispatch.

A typ ic al fi 0 w d iagra m for th e m anufac tur e of rubb er goods
is shown in Figure 3.

L~J Raw materials handl ing, weighing and mixing

Ail the materials required for the manufacture of the
finished product are assembled. The raw polymer, either natural
or synthetic is brought together at this stage with a variety of
compounding chemical additives before being introduced into a
mixer. The extensive range of chem icals required and the volum e
of ra w mater ial wh ic h has to be handl ed can g iv e r ise to sub-
stantial quantities of airborne dust.

(.!) Milling

From the mixer, the uncured rubber compound usually passes
to one or more milling machines, whereit is thoroughly blended
to ensure an even dispersion of its chemical constituents. At
this stage, considerable heat is generated, and, although many
improvements have been introduced in recent years, the job of
m ill operator still involves a considerable degree of physical
exertion and exposure to fume arising from the heated compound.
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(c) Extruding and calendering

These processes depend upon the use of machinery and
ancillary equipment that largely relieve the operator of heavy
physical effort. The extruders force rubber compound through a
die into various forms, which are then eut by a guillotine into
appropriate lengths suitable for making up. Calenders, multiple-
roll m illing machines, fed with strips of softened rubber
compound, are used to form rubber sheeting or to apply rubber
directly onto a woven textile fabric which can then be wound off
on to a roll. During such manufacturing operations fumes are
often generated.

(~) Component assembly and bui Iding

According to the requirem ents of the finished product, a
varying amount of skilled manual work is required in fabrication
prior to vulcanization. At this stage, rubber solvents are
frequently used, with the possibility of inhalation of solvent
vapours or of direct solvent action on the skin of the operator.

C~) 'Curing' or vulcanizing

After fabrication the process of curing or vulcanizing takes
place. Heat, usually in the form of steam, is applied to the
pro duc t i n a c uri n g mou 1 d , pre s s, ... a u toc 1 a v e , etc; 0 p e rat 0 r s
working in the area are exposed both to heat from the presses and
to fumes given off from the heated rubber products. Chemical
reactions which take place throughout the manufacturing process
may give rise to new, more volatile, and possibly more toxic
chemicals.

(f) Inspection and finishing

This involves the handling, frequently while still hot, of
cured rubber products. \t usually requires direct and extensive
skin contact with the surface of the finished article (during
inspection) and may also involve exposure to vulcanizing fume.
Grinding, trimming, repair, painting and cleaning may also
involve exposure to rubber dust, fum e and solvents.
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(~) Storage and dispatch

Large quantities of stored
substances, either as vapours or
on the surface of finished goods.
N-nitrosam ines have been m easured
V, 2.6).

rubber goods may
as constituents of
ln tyre and tube

in the llglm3 range

release toxic
the 'bloom'
warehouses,
(see Section

It will be appreciated that the precise nature of the
finished product necessitates some variation in the basic
manufacturing operations. Although the stages described above are
applicable to the majority of goods manufactured from solid poly-
mer, it should be recognized that a substantial area of produc-
tion involves the use of liquid latex. This applies to the m anu-
facture of dipped rubber goods (such as rubber gloves and sorne
footwear), foam latex products (such as mattresses, cushions,
etc), and extruded thread products (such as elasticated fabrics
and surgical hose). These processes are not considered further
here, but their relevant features are discussed later, in the
appropriate section of the Monograph.

2. Tyres, tubes, remoulds and retreads

2.1 Tyres

More rubber is used in the production of tyres than in any
other segment of the industry. Natural rubber and styrene-
butadiene synthetic rubber are much the rnost frequently used
polymers in tyre manufacture. Polybutadiene is, however, now
used in some quantity for treads and sidewalls; and halobutyl
polymers for inner liners. Since most industrial processes that
take place elsewhere in the rubber industry are found in sorne
variant in tyre manufacture, that process is described in sorne
detail, emphasizing those aspects which are of significance to
industrial hygiene. The description of a particular m anufacturing
process generally adequately describes the occupations involved.
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(~) Raw materials handl ing, weighing and mixing

(i) HandJing of raw materials: Rubber arrives
factory in wrapped baies on pallets. The baies may be dusted
an anti-tackifying powder. Although many factories do their
compounding, others may receive partially compounded rubber.

a t a
with
own

Solid additives may be in the form of powders, flakes or
pellets, mostly supplied in bags, drums or other small units.
Some are incorporated in rubber, either sheets (masterbatch),
which the worker cuts to obtain the desired quantity of additive,
or as pelletized predispersions. Carbon black and, occasionally,
zinc oxide, arrive in bulk, either loose in tankers or in rigid
metal, transportable containers (tote bins), for transfer to a
storage and mixer feeding system, or, increasingly, in returnable
containers consisting of collapsible rubber bags, which hold up
to 4500 kg of material and can be connected directly to the
feeding system.

Antioxidant oils are usually received in 55-gallon (208-1)
drums. Extender oils may be received in drums, but are more
commonly handled in bulk systems, whereby they are transferred
from tank cars to heated storage tanks in the mixing area and are
pumped directly into the mixers. Solvents may be used to make
doughs, solutions and adhesives, and in fabrication and assembly.
They are supplied in drums or in tank cars for transfer to
storage tanks.

Exposure to dust or fume during the handling of raw
materials may result from over-dusted rubber, damage to contain-
ers by handling equipment, leaks in conveyor or piping systems
used for transferring bulk materials, or spillage from rail cars,
tankers and trailers during bulk transport operations.

(ii) Weighing: Carbon black, extender oils and some
other bulk materials are commonly measured directly into the
mixer by an automatic feed. Dry materials in drums or bags may be
Joaded by a precompounder into a 'semi-bulkl system for direct
weighing into the mixer or for delivery to compounding stations,
and exposures may occur at this stage. Since the conveying and
control equipm ent requires frequent servicing, maintenance per-
sonnel m ay also be exposed.
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At the compounding stations, m aterials are hand-weighed into
paper or plastic bags on scales, which sometimes have provision
for dust control. New automatic weighing stations are being made
available, incorporating carousel-type dispensing equipment with
an integrated exhaustlextraction system. As materials are often
stored in the compounding area in open drums, and bagged mate-
rials transferred from bags to drums for weighing, this opera-
tion, and the disposai of empty bags, are often quite dusty.
Antioxidant oils may be transferred from drums to small plastic
bags for weighing, and spillage can occur.

The amount of rubber required for a batch is eut by
guillotine. Often, the guillotine, scales and mixer-Ioading
conveyor are combined to form a continuous mixer-feeding line.
Preweighed materials from the compounding department may be
dumped onto the conveyor or directly into the mixer; or materials
may be added in sealed plastic bags.

(iii) Mixing: The Banbury mixer, first introduced in
1916 and used throughout the rubber industry, is an internai,
batch-type mixer. Rubber and additives are fed by conveyor or by
hand into a hopper and fall into the mixing chamber, where two
lobed rotors mix them between the rotors and against the walls of
the chamber while pressure is applied from above by a plunger or
rame The chamber is usually water-cooled to reduce heat (although
in some operations, the chamber may be steam-heated to reduce the
viscosity of the mixture). Mixer capacity ranges from less than
0.5 kg (for laboratory use) to over 400 kg; the most popular pro-
duction size is 370 pounds (170 kg). With larger mixers, the
operation is usually arranged on three levels: bulk materials are
stored on the top level so that bulk loading of the mixer is
g r a vi t y - a s sis t e d . Th e m i x e r hop p e ris 1 0 c a t e d on the sec 0 n d
level. The mixing-chamber rotor-drive motor and discharge door
mechanism are located on a mezzanine between the first and second
levels. A typical mixing cycle takes less than half an hour, at
the end of which the discharge doors open to drop the batch onto
a two-roll m iii.

Two types of mixing operations are performed. ln first-stage
mixing, retarders, antidegradants, processing aids, reinforcing
agents and fillers are added to the raw rubber stock; vulcanizing
agents and accelerators are omitted, so that the resulting stock
can be stored. ln the second mixing operation, these materials
are added to the first-stage m ix along with additional sm ail
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quantities of other ma terials. This stock is for im media te use.
Mixing temperatures range from 90-180oC, the lower temperature
being used for final m ixing to prevent prem ature c uring.

Loading of the mixer is liable to be a dusty operation, and
alm ost ail Banbury mixers are prov ided w ith som e m eans of exhaust
ventilation at the hopper. Inadequate maintenance of the ventila-
tion system, leaks from faulty seals, from the bulk charging
system and materials spilled during transportation to and from
the compounding department contribute to airborne dust exposures,
Since no production work is done on the mezzanine, heavy
accumulations of dust can lead to exposure of maintenance person-
nel, unless routine cleaning is carried out.

(È.) Mi Ii ing

The mixer discharges its batch directly onto the rolls of a
two-roll mill. (ln some operations, an extruder known as a
'transfer mixer' may be used between the Banbury mixer and the
mill.) Further mixing takes place on the mill and the stock is
cooled to approximately 65-80oC. Since milled stock must be
rem 0 v e d , us u a Il y b Y con vey 0 r , t h i s ' 0 p' e ni m 1 x 1 n g 0 p e rat ion do e s
not lend itself to enclosure for ventilation. Overhead canopy
hoods are used instead, with the idea that the hot fum es will
rise. However, since mill operators often work directly at the
hot mill rolls, cooling fans sometimes are used, which may crea te
cross-drafts which defeat the ventilation system. The mill opera-
tor is thus exposed to vapours and aerosols from the hot rubber
and may be exposed to dust from the Banbury mixer overhead. ln
some plants, mill and Banbury mixer operators rotate jobs midway
through the shift, or on a daily or weekly basis.

Rubber stock normally cornes off the mill in a continuous
sheet which is fed by conveyor through an antitackifying dip.
Mineral dust slurries and soap solutions are common anti-
tackifying agents, and spillage of the liquid may result in
exposure to dust. The dipped rubber sheet is dried, folded and
placed on pallets. First-stage rubber is stored; second-stage
rubber is ready for fabrication into the components from which
the tyre is built: tread and sidewall beads and plies, belts and
inner liners.
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(c) Extruding and calendering

(i) Extrusion: The tread and sidewall are
an extrusion process. Co Id final-batch rubber is fed
roll mill, where it is warmed; it is then carried by
a feed mill and fed into the tread or side-wall extruder.

produc ed by
i nt 0 a t W 0-
conveyor to

The tread and sidewall may be manufactured separately or in
the same operation. The tread/sidewall extruder laminates the two
types of strip to form a tyre tread and two sidewalls. The strips
are bonded by heat and pressure generated by a rotating extruder
screw. The tread and sidewall may also be formed separately, in
similar types of production lines, and the components bonded only
when the 'green' (uncured) tyre is constructed.

Extrusion temperatures are generally in the range of 80°C
and may result in volatilization of stock constituents. The
extruder operator may also be exposed to volatile organic
compounds used in nearby operations.

Co m po ne n t par t s are as sem b 1 e d w i th the use 0 f soi ven t 0 r s-

olvent-based adhesives. After extrusion, a cushioning layer
(undertread or tread base) is added to the underside of the tread
or tread/sidewall combination, and this is tackified, usually by
the application of an adhesive, with a felt roller. Solvents
typically used include naphtha, heptane, hexane, some isopropanol
and toluene. The tread strip is then cooled by airdrying on a
eonveyor and/or by passing through a water bath.

Vapours of solvent evaporating from the container, the
application assembly and the tread component as it passes along
the conveyor contribute to workers' exposure to organic vapours.

The continuous rubber tread is then eut to the specified
length for each tyre series. The tread ends may be tackified by
one of two methods: the y can be sprayed automatically with an
adhesive prior to stacking in trays for transport to the tyre-
building area; alternatively, the adhesive can be applied manual-
Iy, prior to stacking or as the tread is wrapped around the
tyre-building drum. Naphtha, hexane and heptane are the solvents
typically used; isopropanol and toluene are used less frequently.
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Roller and spray adhesive operations may be equipped with
local exhaust ventilation; manual adhesive operations usually
rely on ambient airflow or general ventilation to reduce concen-
trations of solvent vapours. Exposure to organic vapours might
result from use of excess adhesive, from the container itself and
from the tread ends.

Tyre beads are rubber-covered wires which ensure a seal
between the tyre and the rim of the wheel on which it is mounted.
ln general, beads are formed by extruding rubber onto several
s t r and s 0 f b rai de d co P p e r 0 r b ras s- pla t e d ste el w ire w hic h are
then shaped into rings. They may be tackified to ensure proper
adhesion to the sidewall when the tyre is built, by dipping,
spraying, rolling or swabbing the bead assembly with a solvent-
based adhesive. Thus, bead packages or bundles may be immersed
into an adhesive vat, then raised and allowed to drip; the beads
are then racked by hand for drying. Individual beads may be
placed on conveyorized hooks, which dip the beads, allow excess
adhesive to run off and carry the beads to a drying area. Solvent
may also be applied manually to the assembled bead. ln an alter-
native method, the rubber-coated wire is passed through a trough
of adhesive, and a bead is formed from the bonded material.
Finally a layer of rubber-coated fabric is often wrapped around
the bead and either natural tackiness is relied on for adhesion
or the tackifying agent is incorporated into the rubberized
fabric wrap. The solvents used are the same as those for tackify-
ing treads, and the same potential exposure exists.

Adhesives for bead dipping, tread and sidewall bonding, and
those used in tyre building, spraying, repairing, etc, may be
pre par e d i n a. sep a rat e b u i 1 d i n g ( c e men t 0 r soi ut ion hou se) .
Sol ven t s are us u a Il y s t 0 r e d i n d 0 0 r s ,i n tanks or drums, and are
prepared in mixing tanks ranging in size from 200-500 litres.
Local exhaust ventilation may be provided at the mixing tanks,
the storage tanks, or both, but this is not invariable. Dilution
ventilation is employed primarily for fire control: air is
exhausted from the floor level, where heavier organic vapours
tend to collect, and c1ean air may be provided near mixing areas.
The highest exposures occur during m easuring or m ixing of
solvents at open tanks. Spills, the accumulation of solvent-
soaked rags and other poor housekeeping practices may contribute
to ambient exposure levels, which may exceed acceptable indus-
trial hygiene standards for mixtures of organic solvents.
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(ii) Calendering: Plies and belts are the body of the
tyre; they give it strength and stability, and are composed of
rubber reinforced with synthetic fabric, steel wire or glass
fibre. The inner liner is an unsupported rubber sheet which makes
the finished tyre airtight. Plies, belts and liners are made on a
calender, a multiple-roll mill which produces stock of carefully
controlled thickness.

First, a roll of fabric (normally, rayon or other synthetic
fi ber) i s spi i c e d , e i the r b y ad h e s ive . 0 r b y a hi g h- s pee d se win g

machine, onto the end of a previously processed roll. This conti-
nuous sheet of fabric is then dipped under controlled tension
into a tank containing latex. Solutions of formaldehyde, caustic
soda and resorcinol, or other synthetic adhesive combinations may
be added to the latex to improve bonding characteristics. After
dipping, the fabric travels past either rotating beater bars or
vacuum suction lines and then through a drying oven to remove
excess solvent. Many tyre manufacturers pure hase fabric that has
been latex-dipped.

The latex-dipped fabric is then passed through a calendering
machine, which impregnates it with rubber. With four-roll calen-
ders, both sides of the fabric can be coated simultaneously, and
these are the most commonly used type of calender. The plasticity
of the fabric is maintained by steam-heating the calender rolls,
typically to temperatures of 70-80oC. Emissions from calendering
are therefore similar in character and magnitude to those from
m illing or extrusion.

The
angle and
a reusable

sta tions.

rubberized fabric is now cooled
length. These strips are wound
cloth liner, and conveyed to

and
on a
the

eut to the proper
roll, separated by
tyre-building work

(~) Component as semb 1 y and bu il d i ng

Passenger car and lorry tyres are built as cylinders on a
collapsible, rotating drum. First, the inner liner is wrapped
around the drum, followed by a variable number of rubber-
impregnated fabric plies. Next, the edges of the fabric and inner
liner are wrapped around the bead assemblies. Then, pressure is
applied, manually or automatically, from the tread centre out to
the beads in order to expel air trapped between the assembled
components. Then belts, made of fabric, steel or glass fibre, are
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laid onto the cord. Finally, the tread and sidewall components
are wrapped around the assembled components and are bonded. ln
the construction of large, cross-country tyres for use in agri-
culture, mining and construction, the tread may be built up by
continuous wrapping of a narrow, extruded strip of rubber.
Application of an adhesive to the tread end at the extruder is
thereby eliminated, but extensive 'swabbing' of solvent onto the
components is common. These operations produce an uncured or
'green' tyre.

There are three variations to the method of assembling
tyres. ln one-stage tyre building, ail of the components are
assembled on one machine. ln the two-stage operation the carcass
is constr uc ted atone site, and a t a second site, the subasse m bl y

is rechecked and the belts, tread and sidewall are applied and
bonded. ln three-stage tyre building, carcass assembly, belt/-
tread construction and final tyre assembly are each carried out
at a different station. Cross-ply tyres are usually made in
singl e-stag e c onstr uc tion, and radial tyr es by t wo- and thre e-
stage building methods; however, exposures are reported to be
similar in the two types of operation.

Organic solvents, such as naphtha, heptane, hexane, iso-
propanol, m ethanol and toluene, are norm ally used during building
to tackify the rubberized tyre components, either because they
have lost natural tack or because a solvent is required for a
particular tyre type. The purpose is to keep the tyre components
together prior to curing.

Local exhaust ventilation is rarely found at tyre building
operations. Potential sources of exposure at such stations are
the solvent container and applicator and tackified tyre compo-
nents. Exposure may vary, however, since the quantity of solvent
used for component assembly can be altered by the machine opera-
tor, and solvent use varies with the type of tyre produced by a
particular process, with the type of operation (one-, two- or
th r e e- s t a g e) and w i t h the m a chi n eus e d for e a c h ste p 0 f t w 0- 0 r
th r e e- s ta g e t y r e as sem b 1 y pro ces ses.
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(~) Curing or vulcanizing

Prior to curing, the assembled, unvulcanized tyre is
inspected and repaired if necessary. It is th en placed in a
ventilated booth where it is sprayed on the inside with band-ply
1 u b rie an t san don the 0 ut s ide w i t h mou 1 d- r e 1 e a s e a g e n t s . Ban d- ply
lubricants allow air to be removed from the inside of the tyre as
the moulding/curing bladder expands. Mould-release agents prevent
the outside of the tyre from sticking to the mould after curing.
Either organic solvent-based lubricants or water-based suspen-
sions of silicone solids may be used for outside sprays.
Solvent-based lubricants are much more common than water-based
lubricants for the inside sprays. The solvents used include
naphtha, hexane, heptane, isopropanol and toluene. The ventila-
tion system in the spray booth may be defeated by po or spraying
technique or by improper location of cooling fans. Evaporation of
soi ven t s f rom c 0 a t e d t Y r e san d poo r hou s e k e e pin g m a y c'o n tri but e

to exposure.

The tyre is th en moulded and vulcanized in a curing press
(Fig. 4). ln this process, the tyre is shaped, the tread design
created and the chemical cross-linking of the rubber is trigger-
ed, allowing the tyre to hold its shape. ln a manual press, the
tyre is loaded and unloaded from the mould by hand; however,
mechanically assisted loading and unloading with automatic
presses is far more common in tyre factories today.

The tyre is positioned in the mould, and a rubber bladder is
inflated inside it so that it takes the characteristic doughnut
shape. As the bladder inflates, the mould is closed. Steam is
applied to the outside of the tyre, through the mould and to the
inside. Excess rubber and trapped air are forced out through
'weepholes' in the mould. The time, pressure and temperatures of
the cure are controlled; then, the press is cooled, the bladder
is deflated, and the tyre, complete with grooved tread and raised
lettering, is removed from the mould. Curing usually takes 20-60
min at a temperature of lOO-200°C. After removal from the mould,
some cured tyres (mostly those of cross-ply construction) are
sometimes placed on a former, inflated and allowed to cool under
controlled conditions (post-cure inflation, PCI).
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( From Mo r ton & Qui n ton, 1 978 )

(a) diaphragm bladder assembly at tyre-Ioading stage;
(b) final tyre-shaping during mould closure;

(c) diaphragm bladder stripped from tyre prior to removal of tyre
from press
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The major problem in most curing areas is that ail freshly
moulded tyres, as they are ejected from the presses discharge
substantial volumes of fume into the atmosphere and continue to
do so as they are transported to the finishing area. Another
source of exposure is the heated, contaminated air emitted
through the curing mould weepholes. Curing presses are rarely
provided with local exhaust ventilation. ln some curing rooms,
contaminated air is exhausted above the presses and conveyors,
and fresh air is supplied where the curing operators work.
Short-circuiting of the supply and exhaust air is prevented by
dropping a curtain from the ceiling to the top of the press line,
enclosing the area above the presses and the conveyor. When
combined with automatic presses, this system can be quite effect-
ive in reducing exposures of curing operators. It is still
common, however, to find curing rooms in which no attempt has
been made to reduce exposures through proper design of dilution
ventilation. The positioning and density of the curing presses
and the building in which the y are installed are factors of major
importance in controlling environmental exposureo

(l) Inspection and finishing

are
from
near

After curing, the tyres are inspected for faults. Inspectors
frequently exposed to substantial quantities of curing fume
freshly moulded tyres, which may be delivered and stacked up

them while still giving off fume.

Rubber whiskers or 'flash', formed from excess rubber that
was cured in the weepholes of the mould, are removed by a grind-
ing machine or manually with a knife. Blemishes are ground out,
cie an e d w i th sol ven tan d r e fi Il e d w i t h a col d- c uri n g co m pou n d .

Most tyre treads are then buffed and ground to ensure proper
balance. Some tyres may receive decals or other manufacturer
markings, with the use of organic solvent-based inks, paints or
sprays. Finishing operations th us result in exposure to rubber
dust and solvents. Buffing and grinding, in particular, involve
risks due to exposure to fume, dust and rubber particles.
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(~) Storage and dispatch

For storing of tyres, powered tractors, forklifts and mecha-
nical conveying systems aid the warehouse workers, but there is
some manual handling of the tyres. A recent, surprising observa-
tion was the discovery of levels of several \1 g/m3 N-nitrosamines
in the air of tyre warehouses (see Section V, 2.6).

2.2 Tubes

Tube manufacture is similar to tyre manufacture,
health aspects of the process are essentially the same.
tinction of inner tube compounding is the use of large
of but yi rubber; also different accelerators are used.

and the
One dis-
quantities

Mixing and milling are carried out as described above. The
compounded rubber is then fed into an extruder via a warm-up m ill
and strip-feed mill and formed into a continuous cylinder. To
keep the inner walls from sticking together, a minerai powder

(traditionally, talc) is sprayed inside the tube as it is formed.
Very heavy exposure to talcs of unknown fibre content undoubtedly
occurred in the past; today, talc has been partially replaced
with calcium carbonate, and exposures have been much reduced by
the use of liquid slurries. The tube is then passed through a
water cooling tank, the water is blown off, and a lubricating
agent is sprayed onto the outside.

Once extruded, the tube is eut to length. The ends are then
spliced together, and a valve is attached.

The curing cycle is very much shorter than that required for
a tyre, and a line of curing presses making tubes opens and
closes much more frequently than with tyres. Substantial amounts
of fume may thus be released into the atmosphere as the tubes are
extracted from the moulds and carried away on a conveyor system.

2.3 Remoulds and retreads

Remoulding and retreading are processes for replacing the
worn tread on sound tyre carcasses. Whether independent or owned
by rubber manufacturers, most remould and retread shops are fair-
Iy sm ail, employing 10-30 workers. Some shops operate in conjunc-
tion with new-tyre warehouses.
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Used tyres are inspected, and damaged
the sound tyres are then buffed to remove the
produces substantial quantities of both fume
tion more easily controls dust than fume.
ground out by hand, cleaned with solvent
compound rich in natural rubber.

carcasses rejected¡
old tread. Buffing

and dust; ventila-
Minor defects are

and patched with a

ln the remoulding process, unvulcanized tread rubber is
applied to a prepared carcass, and the tyre is heated to cure and
mould the tread design and to adhere it to the carcass. ln the
retreading process, a prevulcanized tread is applied to a pre-
pared carcass over an uncured cushion of gum. The tread is bonded
to the carcass by heating the tyre and curing the gum. Rubber for
either process is normally produced at tyre factories, and the
exposures are as described above. Application of an adhesive to
the undertread and application of the uncured gum may be done
either by a supplier or by a retread shop.

When an adhesive is applied to the tyre carcass and allowed
to dry, application is generally done in a ventilated spray
booth. ln some operations, the process is automated and complete-
Iy enclosed during the actual spraying. ln poorly designed or
maintained bonding operations, solvent exposure may occur during
the spraying itself or during handling of freshly sprayed tyres.
ln retreading, the prevulcanized tread is then eut to length, an
adhesive is applied to the tread ends, and the tread is applied
to the carcass.

ln the remoulding process, the tyre is moulded and vulcan-
ized in a curing press similar to those used in new-tyre curing.
ln retreading, the tyre is heated to cure the gum cushion;
because only the gum cushion and the splice are cured, less
curing fume is released than in remoulding. ln one, older method,
the tread was pressed onto the tyre with a metal band, and curing
was done in an ambient-pressure, hot-air chamber. ln another
method, the tyre was encased in a flexible rubber envelope and
immersed in hot water under pressure. With both methods, several
tyres were cured at a time. ln current methods, a curing tube is
generally used to apply pressure from the inside of the tyre, and
steam is circulated through an unpatterned mould, flexible rubber
bladders, or against an envelope applied to the tyre itself. Each
tyre is cured in an individual cham ber, although several chambers
may be mounted on a single machine.
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3. General rubber goods

3.1 Introduction

The basic principles of the manufacture of miscellaneous
rubber goods are sim ilar to those involved in tyre manufacture,
although factories producing miscellaneous rubber goods are more
likely to use non-autornated methods for handling raw materials.
Variations that occur at the beginning of the process handling
of raw materials, mixing and milling - are generally due to the
fact that smaller and much more varied batches are prepared than
in the tyre industry. Thus, the use of open m ills for m ixing
(rather th an internai mixers) is still retained for smaller batch
sizes and is considered necessary for closer quality control of
certain special materials. When open mills are used, operators
are exposed to large amounts of dust containing the various
rubber compounding substances. Many manufacturers purchase rubber
which has already been masterbatched (partially mixed), and sorne
b uy the fin al- m ix rubber, d ispensi n g wi th rn ix ing al to g ether.

Fabrication processes vary widely, but they can be broadly
divided into building and moulding methods. As in tyre manufac-
ture, building involves the assembly of previously extruded and
calendered components. The level of machine assistance varies,
but many building operations require extensive manual labour
involving direct contact with rubber components and adhesives.
Building is followed by a separate curing operation. Moulding
methods, by contrast, combine forming and curing into a single
operation. There are three variations of this technique: compres-
sion, transfer and injection moulding. Compression and transfer
mou Iding involve use of hydraul ic pre sses with stea m- or el e c-
trically-heated platens. ln compression moulding, the rubber is
compressed between the two faces of the mould. ln transfer
moulding, it is forced out of a main cavity, the 'pot', to flow
into the cavities of the moulding section. ln injection moulding,
the stock is extruded directly into the mould. Transfer moulding
is used when the rubber is to be bonded to a metal support or is
to enclose a m etallic insert. ln this type of m oulding, there m ay

be a greater amount of waste rubber than in other types of form-
ing operations because it is not possible to empty the 'pot'
completely. This gives rise to a cured slab of waste rubber,
which may increase the operator's exposure to curing fume. Injec-
tion moulding, a more recent technique, obviates the problem of
excess cured rubber, because only the material in the mould
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cavity becomes cured. ln this type of operation, extreme care has
to be used in the formulation, mixing and compounding of the
stock; and, generally, it requires the use of more expensive
ingredients. Exposure to curing fume commonly occurs during the
stripping of hot components from the mould.

Variations in building
finishing generally reflect
product.

and
the

moulding techniques,
form and use of

c uring and
the final

3.2 Wire and cable (Iargely derived from Rowley, 1978)

Elastomers are used both to insulate electrical wire and to
jacket (or sheathe) and protect the insulation. Those used
include natural rubber, styrene-butadiene rubber, but yI and
ethylene propylene rubbers of both copolymer and terpolymer
types. Polyethylene and ethylene-vinyl acetate, originally used
o n 1 yin c 0 m m uni c a t ion s w ire and cab 1 e , are n 0 w ais 0 c r 0 s s- 1 i n k e d
and used in other wire and cable applications. ehlorosulphonated
polyethylene, neoprene, fluoroelastomers and silicone elastomers
are also used in specialized applications. Neoprene, because of
its good weathering properties, oil resistance, flame resistance,
and mechanical strength, is currently the most widely used
jacketing material. Lead compounds have been commonly used as
compounding ingredients for ail of these materials, especially
the vinyls, and significant exposures may occur during weighing
and m ixing.

Rubber coverings are applied to wire or cable by one of two
basic methods conventional extrusion and continuous vulcaniza-
tion. Conventional extrusion is that in which extrusion and
vulcanization are separate operations. Usually, dual extruders
are used, permitting the simultaneous application of insulation
compound and sheath compound (see Fig. 5). To prevent distortion
prior to vulcanization, the uncured wire or cable may be extruded
into a pen containing a supporting bed of soapstone or sim ilar
material or cooled in a water bath or trough containing a slurry
or emulsion of antistick agent. Larger size cables may be taped
before cure to prevent flattening, and lead covers are frequently
applied to serve as the mould during vulcanization. (See also
'hose manufacture', below.) Curing is done in an open steam
vulcanizer, with direct contact between the steam and the cable.
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FIG. 5. PRINCIPLE OF SYNCHRONIZED DUAL EXTRUSION
MACHINE (From Pollard, 1971)
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ln continuous vulcanization operations (Fig. 6), the wire or
cable goes through an extruder, where it is covered with insula-
tion, as above, and then directly into a curing tube in which
h i g h- pre s sur est e ami seo n fin e d. The vu 1 c an i z e d pro duc t m a y b e
discharged into the atmosphere through mechanical seals or
through a water seal in which pressure is maintained just below
the steam pressure in the adjacent curing tube.

After curing, the cable is labelled,
for the conducting properties of the
properties of the rubber. The cable is
prepared for shipm ente

and samples are tested
wire and the insulating

then coiled, packaged and

3.3 B elting

Natural and styrene-butadiene rubber are among
common elastomers used in the manufacture of belts;
(polychloroprene) may be used where oil resistance is
and other elastomers are used to provide wear-resistant

the most
neoprene
required;
surfaces
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CABLES (From Pollard, 1971)

(a) horizontal continuous vulcanization;
(b) catenary continuous vulcanization;
(c) vertical continuous vulcanization, showing tower
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for conveyor belts. Use of ethylene-propylene terpolymer and epi-
chlorohydrin in belt covers increases the temperature range and
extends the service Iife of conveyor belts used with high temper-
atures. Natural rubber, isoprene, nitrile and but yi rubbers
continue to be used generally in conveyor belting for a wide
range of services, while silicone and f1uoroelastomers are used
in special cases where extreme heat or solvent conditions warrant
the use of these premium materials (Wade, 1978).

Milling and calendering operations are essentially
to those used to produce calendered stock in the tyre
Cotton and synthetic textiles dominate, but for special
such as heat resistance, asbestos, glass and aromatic
fibres have been used. Sophisticated, heavily loaded
long haulage often include steel cable.

sim il ar
industry.

purposes,
polyamide
belts for

The flat belt components - calendered gum and coated fabric
- are assembled in the proper sequence and bonded together with a
pressurized roller. As in tyre building, significant exposure to
solvent can occur. 'Cut-edge' transmission belting, the main type
m anufactured, is then slit by machine to the required widths and
lengths; 'folded-edge' belts are made in narrow widths, with the
outer plies folded around a central core to form a jacket. End-
less belts are built on a two-pulley building machine, similar to
an ex te n de d t Y r e- bu il di n g m a chi ne. S p Ii ce ab 1 e bel t i n gis as sem-
bled on a building table; its length is limited only by the prac-
tic ais i z e 0 f the win d- u p s pool (N elle r, 1 978 ) .

Vulcanization of flat belting is carried out either in a
press or in a continuous-drum curing machine (Fig. 7). Flat-
platen presses, up to 18 m in length, are used; several lengths
may run side by side on the same platen, and the use of stacked
platens can further increase the capacity of the press. These
presses are rarely ventilated by a local exhaust system, and
substantial exposure to fume can occur. Two continuous drum
curing machines in common use are the Beistoff and the Rotocure,
in which the belt is fed between a large, heated curing drum and
a tension belt which holds the belt around the circumference of
the drum. This system lends itself more easily than the flat
press to the control of fume. Curing may also be used to splice
belting stock to increase its length or to produce an endless
belt (Wade, 1978).
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FIG. 7. DRUM MACHINE FOR CONTINUOUS VULCANIZATION
(From Crowther & Edmondson, 1971)
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The V-belt building operation is quite sim ilar to tyre
building but much less complicated. Layers of calendered rubber
stock are wrapped around a metal bar; a reinforcing cord is
spiralled around the wrapped calendered stock, and additional
rubber sheeting is applied to cover the reinforcing cord. This
assembly may then be cured in an autoclave and the completed tube
lathe eut and skived to form the completed belts. Alternatively,
when a cover is required over the total belt surface, the uncured
tube may be eut and skived to uncured belts, which are wrapped in
special machinery with a thin layer of rubberized, friction-
calendered textile. Such uncured belts are then consolidated and
cured by autoclave or press moulding on specially designed moulds
or in unique, small Rotocure-type machines.
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3.4 H 0 s e

The elastomers and compounding ingredients used in the
manufacture of rubber hose are sim ilar to those used in belt-
making. The compounding, mixing and calendering steps are
identical, and it is common for these processes to be carried out
o n th e sam e pie c es 0 f e qui pme n t i n fa cil i t i e s d es i g n e d for the
manuacture of both belt and hose.

Hose generally consists of an extruded liner tube, a re-
inforcing carcass, generally of calendered fabric or individually
wound cords, and a coyer to protect and identify the hose.
Several different processes may be used to assemble these compo-
nents: machine wrapping, hand wrapping, the lead-sheath process
and minor variants of each of these processes.

(~) Mach i ne-wr apped ply hos e

ln this type of construction, bias eut rubber-coated fabric
is produced exactly as in the manufacture of cross-ply tyres.

The hose is built by wrapping the required number of plies
generated by calendering and bias cutting around an extruded
rubber tube, which is mounted on a mandrel for internai support.
Finally, the plies are covered with a calendered rubber sheet.
The as sem b 1 e d ho sei s the n w r a p p e d i n are usa b 1 e c 0 tt 0 n 0 r n yi 0 n
wrap, which provides pressure during curing.

(~ ) Han d- b u i 1 t h 0 s e

For this type of hose, a chuck-driven steel mandrel is used
for support. For sizes up to 100 m m, the inner tube is produced
by extrusion and slipped over the mandrel. Larger diameters of
tube are constructed by wrapping layers of unsupported calendered
rubber sheets by hand around the hose by rotating the mandrel.
Hoses made by this process may also be reinforced with wire. The
position of the wire in relation to the plies is dictated by the
service to which it is to be put. Afterwards, a rubber cover is
applied. Before the ho se is cured, several criss-crossed reusable
nylon or cotton wraps are applied under tension to provide
pressure during curing.
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(~ ) L e a d- s h e a the d 0 r mo u 1 de d ho s e

ln the manufacture of moulded hose, strands of reinforcing
wire or fibre are braided or spiralled around a firm, unsupported
inner tube. The hose is th en passed through an extruder which
applies a seamless outer cover. It is then encased in lead, which
is extruded in semi-molten condition around the hose.

Hoses are cured in direct-steam autoclaves. The cotton or
nylon wrap is then removed from machine-wrapped or hand-built
ho se and roll. e d u p for fur the r use; w i th le a d- s h e a the d ho se, th e
lead is stripped and remelted for subsequent reuse. Significant
exposures to lead dust can occur as the lead is scored and
stripped from the ho se. Workers who clean the oxide from the
surface of molten lead in pots may be exposed to high levels of
lead oxides. Workers who handle lead in any of these operations
may have slightly elevated blood lead levels.

As bat c h vu 1 c an i z a t ion 0 f ru b ber ho sei sen erg y - and t i m e-
consuming, several methods of continuous vulcanization have been
developed. The oldest method is continuous steam tube vulcaniza-
tion, a technique borrowed from the wire and cable industry.
Hose, built on a flexible mandrel is passed through a long small-
diam eter tube into which high-pressure steam is introduced.

A second technique for continuous vulcanization is the
fluid-bed continuous vulcanization system (FBCV), wherein hose is
passed through a long, narrow bed of small glass spheres, which
are t r ans for m e d i n t 0 a p s e u d 0-1 i q u id b Y the pas s a g e of hot air or
steam up through the bed. The hose thus receives the heat energy
necessary to effect vulcanization. The FBCV method has evolved so
that consolidation is effected by variations in compounding,
including the use of different cure activators, different process
aids and the addition of dessicants to absorb moisture present in
the compounds. A natural outgrowth of this technique is the
pressurized unit, which is essentially a compromise between steam
vulcanization and basic FBCV methods (Williams, 1978).

Some supplies
labels warning of
by abrasion during
exposed.

of glass beads used in the
the presence of free silica.
the fluidization process, and

FBCV process bear
Dust is generated
workers m ay be
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Several methods have been developed for the continuous
vulcanization of lead-sheathed moulded hose: air, low-pressure
steam, hot liquid and molten heat-transfer salts (usually
mixtures of sodium or potassium nitrate and nitrite) have been
used as the heating medium. Currently, microwave heating and
irradiation vulcanization techniques are being developed, both of
which will require adjustment to the formulations of the
compounds used (Williams, 1978).

3.5 Ebonite

Ebonite (vulcanite, or hard rubber, as it is known in the
US) is a rubber containing large amounts of sulphur and generally
heavily reinforced with anthracite coal dust, limestone (calcium
carbonate) and/or reclaimed hard-rubber dust. Styrene-butadiene
rubber is the most commonly used elastomer, although natural,
nitrile or neoprene rubber may be used.

Batches are typically prepared in an internai mixer and
conveyed to a warm-feed extruder, where the screw-action of the
extruder mixes the batch further. A thick ribbon of rubber is
extruded and eut into slugs for moulding. When compounded from
latices, hard rubber can be sprayed or dipped to provide a
protective coating or lining for chemical tanks, etc; for most
applications however, hard rubber is moulded. It is used in the
manufacture of battery cases, bowling balls, caster wheels,
steering wheels, electrical equipment (Cooper, 1978) and as an
interlayer in bonding rubber to m etal (Heinisch, 1974).

Curing times and temperatures vary widely (from 5 min to 15
hi from 100 to 200°C) depending on the compound and the form of
the final product. Certain precautions are necessary wh en vulcan-
izing thick articles because of the evolution of hydrogen
sulphide gas.

After moulding and curing, parts are trim med ta remove flash
and inspected.

3.6 Rubber footwear

Rubber footwear includes rubber-soled canvas shoes and
w a ter proof bo ots and sho es.
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The primary elastomer is natural rubber, but lower-cost
synthetics such as isoprenes, styrene-butadienes and poly-
butadienes may also be used. Conventional compounding and mixing
methods are used, but in the production of white canvas goods,
oxides of zinc, titanium and m agnesium replace carbon black, and
much greater care is taken to prevent contamination and dis-
colouration of the stock. Extruded strip, calendered gum and
rubber-coated fabrics are produced for construction of the upper
part of the shoe and are often shipped to a separate facility for
cutting and assembly.

The components of the uppers are assembled on a foot-shaped
'1astl. Rubber stock, specially compounded with sodium bicarbo-
nate or azodicarbon amide blowing agents, is extruded to produce
the foamed inner sole, and scrap from reprocessed rubberized
fabric is used to make the insole 'rag'. These are adhered to the
uppers with hot-melt glues, latex adhesives or solvent-based
bonding agents. Where rubber is joined to rubber or to rubberized
fabric, a curing-type adhesive is used, which is usually manufac-
tured at the plant from compounded rubber dissolved in naphtha,
hexane, toluene, etc, mixed with sulphur or sulphur compounds.

The soles for hand-built footwear are formed by calendering
or moulding. They are deflashed and buffed, treated with a
bonding agent, and adhered to the upper by a bottom press. ln the
case of machine-built footwear, the sole is moulded directly to
the upper.

Shoes are cured on racks in a hot-air tunnel vulcanizer or
autoclave. The process takes 1 to 1 1/2 h at about 130°C under a
pressure of 1.4-2.1 kg/cm2. Large amounts of fume are released
into the atmosphere during removal of racks of shoes from the
autoclave. Anhydrous ammonia may be injected into the oven or
autoclave to complete the cure: this produces surface gloss and
eliminates the residual tackiness associated with rubber that is
cured conventionally. About 5-10 kg of ammonia are used for every
thousand pairs of shoes cured. At the end of the curing cycle,
the ammonia/air mixture is vented to the atmosphere. Sorne shoes
are cured without am monia, wh en the tackiness of the product is
not im portant or when the com pounding recipe can be m odified to
eliminate the tackiness. Steam is not used for curing because, in
many cases, the steam would stain the canvas parts of the shoe.
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3.7 Food-processing equipment

The manufacturing techniqu,es used in the production of
rubber items intended for contact with food are not unique.
Tubing is extruded, proofed fabric containers are calendered or
dipped into latex and assembled, gaskets are die-eut and moulded,
etc. 'Common polymers are used for these products. The compounding
of these materials, however, must be carefully controlled for
health reasons, and the selection of both elastomers and additi-
ves is often regulated by law. US Food and Drug Administration
regulations governing 'Rubber articles intended for repeated
use', 'Closures with sealing gaskets for food containers', and
'Antioxidants and/or stabilizers for polymersl aregiven in the
US Code of Federal Regulations (US Food & Drug Administration,
1980). ln the Federal Republic of Germany, recommendation XXi of
the Federal Health Authority (B.G.A.) controls the composition of
rubber articles intended for contact with foodstuffs.

3.8 Aircraft deicing equipment

Deicers remove or prevent the buildup of ice on critical
surfaces of airplanes, helicopters, etc. Pneumatic deicers have
been produced for some 50 years. They form part of the leading
edge of wingsJ stabilizers, etc., and consist of parallel tubes
of rubber-coated fabric (generally nylon) covered with sheet
rubber. The tubes are inflated with air; when they are deflated,
they flex and break free any ice that has formed. Electric
deicers are used on propellers, helicopter rotors and around air
intakes, and consist of electrical heating elements sandwiched
between double layers of sheet rubber. Heating the deicer pre-
vents the formation of ice or melts any ice that has formed.

The deicer assembly plant receives sheet rubber, coated
fabric and bonding agents which have been prepared at other
locations. Natural and neoprene rubber are the major elastomers
used in producing these components, although small amounts of
chlorobutyl rubber may occasionally be used; and standard
internai mill mixing methods are used. Coated fabrics are
prepared either by dipping into resorcinol-formaldehyde latex or
by calender frictioning. Sheet gum is calendered to the required
thickness. The bonding agent is prepared by dissolving rubber in
a solvent (naphtha); it may be further diluted at the deicer
asse m bly pl ant.
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The deicer is assembled on a flat metal form, which is
coated with a bonding agent, generally applied by roller. Sheeted
gum, eut to the required size, is applied to the metal to form
the outer surface of the deicer. Sewn or folded tubes are
assembled and bonded on top of the sheeted gum. Considerably more
manual work is required to assemble the individual folded tubes
than the multiple sewn tubes; the change to sewn tubes has there-
fore r e duc e d w 0 r k ers 1 ex p os u r e t 0 soi ven t s . Th e par a il el tub es

are connected by a manifold tube, held in place by a bonding
agent or by Velcro. More bonding agent may be applied to the top
surface of the tubes, and a final sheet of gum is placed on top
of the assembly. The top surface of the sheet becomes the inside
surface of the deicer, which is attached to the wing, stabilzer,
etc. An impression fabric is placed on this surface, and during
curing the pattern of the fabric is transferred to the gum,
creating a rough surface to improve adherence to the metal of the
aircraft. Several deicers of simple design can be assembled per
shift, while more complex designs may require two or more shifts
for assembly.

The assembled deicer is placed in a curing blanket which is
evacuated to compress the components during the cure. The units
are then placed on racks, which are rolled into a steam vulcan-
izer where heat and pressure are applied for 1-2 h. After curing,
the blanket and impression fabric are removed, and the deicer is
stripped from the metal; valves are installed and cured in place
with small plate heaters.

The steps in assembling electric deicers are generally
similar. The heating element consists of copper resistance wire
arranged in a zig-zag pattern on sheeted gum stock; this unit is
assembled on a wire-winding jig. ln the early 1970s, an etched
metal resistance element was introduced. The element is
sandwiched between the bottom gum stock and a second sheet of
rubber. The unit, approximately 30-cm square, is then ready for
assembly.

As wi th the p n eu mat i c dei c e r, s h e et e d g u m s toc k i s cern en te d
to a flat metal forme As many as thirty deicers are then laid out
on the gum stock, and these are covered with another sheet of
rubber. Very little bonding agent is used in the building of
electrical deicers. The assembled deicers are placed in a curing
blanket and cured in a steam vulcanizer. After curing, the
blanket is removed, the deicers are stripped from the metal, and
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the individual deicers are separated in a die-cutter. Each unit
i s e x ami n e d b Y fi u 0 r 0 seo p y for b r 0 ken w ire s ; as sem b 1 Y 0 f the 1 e ad
wires is completed; and electrical resistance is checked.
Complete assembly of a unit (not including curing tim e) takes 1-2
h.

3.9 Automobile parts (seals, mountings, bushingst
derived from Walter, 1976) (Iargely

Other rubber components of automobiles are hoses, body
seals, bearings and mountings, bellows joints, sleeves, and
engine and transmission seals. These parts may be exposed to high
temperature, continuai vibration, petrol, lubricating or
transmission oils, antifreeze and brake fluids. The elastomers
are chosen accordingly: styrene-butadiene and natural rubbers are
used for body seals; chloroprene rubber and ethylene-propylene
terpolym er are replacing the form er types for manufacture of
seals exposed to the atmosphere. Natural rubber is used in the
manufacture of bearings and mountings, but where oil resistance
is required, significant amounts of nitrile, styrene-butadiene
and polyurethane materials are preferred. Natural, styrene-
butadiene and chloroprene rubbers are used in making sleeves over
the drive shaft tunnel or on the steering column, in dust seal
sleeves on electrical components, on brake and clutch cylinders
and on other hydraulic components, where there is little, if any,
contact with oil-based lubricants, or where contact is with
hydraulic fluid based on polyglycol. Chloroprene and soft poly..
vinylchloride can be used for grease-filled sleeves on steering
rods and gear levers and on axle joints. Nitrile rubber is the
most common material used for engine and transmission seals,
although polyacrylate, silicone and fluoroelastomers are chosen
for some sealing applications.

The shape of the final product determines the forming and
curing method used: flat gaskets are die-eut from flat calendered
stock; long strip seals may be either press-moulded or extruded.
O-rings may be produced by cutting a tube of rubber, which is
made by extrusion or building on a m andrel and curing in an
a u t 0 ci a v e . W i th som e c 0 m po und s the c u tt i n g pro cess i s 1 u b rie a t e d
with water; when dry cutting is done, a considerable amount of
fine rubber dust and smoke may be generated. O-rings may also be
press-moulded.
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Bearings and mountings are generally moulded parts and often
include metal components. To ensure a good rubber-to-rnetal bond,
the metal parts must be thoroughly cleaned, usually with tri-
chloroethane or a similar degreasing solvent, and rnay subsequent-
Iy be sandblasted. The metal parts are then sprayed or brush-
painted with a bonding agent and allowed to dry. The prepared
metal part and a rubber blank are placed into the rnould cavity
and mated, shaped and cured in the moulding operation.

Deflashing may be done by cutting or grinding; die-cutting
can be used to rernove flash from sorne parts. Alternatively, most
rubber compounds can be frozen to a brittle state with liquid
carbon dioxide, dry ice or liquid nitrogen in a tumbling barrel;
the tumbling action then breaks thin, frozen flash frorn the piece
before thicker sections are frozen. ln a variation of this
process, a grit blast is used to break off the flash while the
parts are being tumbled (Anderson, 1978).

4. Proofed rubber fabrics, adhesives and sealants

4.1 Proofed rubber fabrics (Iargely derived from West, 1978)

A number of elastomers and polyrners are used in the manu-
facture of proofed rubber fabrics, e.g., natural rubber,
s t y r en e - but a die n e r u b ber , nit r il e , n e 0 pre ne, chio r 0 sul p h 0 n a t e d

polyethylene, polysulphide, but yi, silicone and polyacrylic
types. Other polyrners such as polytetrafluoroethene (Teflon),
vinyls, urethanes and phenolics are also used.

ln the past, substrates were generally lirnited to various
types of cotton; however now, nylon, polyester, fibre-glass,
asbestos and blends of those fabrics are also used. Non-woven
substrates have been introduced in the last 10-15 years. Woven
fabrics used in the coating industry are generally treated before
use to remove finishes that rnay have been applied to the fibres
during spinning and weaving, and to stabilize the fibres and
minimize shrinking at the processing temperatures used by coated
fabric rn anufacturers.

Special fabrics
weavers for various
treated with. special

rnay be supplied by textile finishers and
product applications. Sorne such fabrics are
finishes to give better adhesion, weather
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resistance
their own
resins.

or mildew resistance. Many coating manufacturers have
adhesive systems, consisting of isocyanates or special

Two methods are used to apply rubber compound to a textile
fabric: a dry method, which involves calendering; and spreading,
in which the rubber compound is dissolved in a solvent, such as
toluene or methyl ethyl ketone, and th en spread on a textile
substrate. Generally, the thickness of the coat of rubber
required dictates the method of manufacture: thin coatings are
applied by the solution method, and heavier coatings by the dry
m ethod.

The rubber used in the dry method is compounded in the
conventional manner. A three- or four-roll calender is then used
to form the rubber into the correct thickness and to combine it
to the textile fabric. This m ethod is also used extensively for
making rubber sheet material (calendered gum) that is not
a ttac h ed to fabr ic.

For preparation of spreading solution, the compounded rubber
is m ixed in a m ill or Banbury mixer, eut into sm ail pieces and
dissolved in a churn at a concentration of 10-35% solids. The
rubber can be applied to the textile material by impregnation,
reverse-roll coating or conventional spreading. ln a 'spread', or
direct-coating machine, fabric is pulled through the gap between
a knife and a rubber roller. The solvents from the coatings are
expelled from the solution by passage through hot ovens and may
then be recovered for recycling. The temperatures of the ovens on
the spreaders vary depending on the type of solvent and the
rubber compounds that are being applied. Ovens have three, two or
one zone(s) at increasing temperatures, from 65-120oC.

Within the last 20 years, a new method for solution coating
has been introduced, called 'cast' or 'transfer' coating, which
involves application of the solution onto a base such as coated
paper or a steel belt. An adhesive base is then applied to the
first cast coating, laminating the fabric substrate to the total
composite. The material is then stripped from the paper carrier
or m etal belt. This m ethod was originally used for vinyl casting,
but more recently it has been used widely for polyurethane coat-
ings to simulate leather goods, and for very thin, Iightweight,
air-holding products.
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Vulcanizing is generally done by festooning in a dry-heat
chamber under specifie conditions of time and temperature, which
vary with the rubber compound and with the specific requirements
of the finished goods. Coated fabrics are also vulcanized in roll
form: the m aterial is dusted with mica or talc and wrapped around
metal drums; water-resistant covers are put over the metal drums;
and the t 0 t a 1 as sem b 1 y i s roll e d i n t 0 a cio s e d- cha m ber ste a m
v ul c an i z er. Th e m ateri al is th en c ured for long period s, 3-4 h,
at 150-165°e, because of the time required for heat to penetrate
the entire roll. Sometimes, special paper is used to interline
the roll and give better surface appearance or to prevent
sticking. Coated material may also be vulcanized by processing
over heated drums, with pressure applied by a metal sheet.

4.2 Adhesives and sealants

(~) Adhesives (Iargely derived from Goken, 1979)

Elastomeric adhesives consist of compounded polymer dissol-
ved or suspended in an appropriate liquid vehicle. ln solvent
adhesives, an organic solvent is used; in latex adhesives, the
vehicle is water. The rubber is compounded and mixed by conven-
tional methods, pelletized or otherwise divided, and weighed into
appropriate batches. The solvent is metered into a churn of a
capacity of up 1000 litres, and the rubber and other dry co m-
pounding ingredients are added. After an appropriate mixing time,
the churn is tapped, and shipping containers are filled, sealed
and labelled. Adhesives used as backings for sheet or ribbon
materials may be applied by the methods described above.

80th natural and synthetic rubbers are
sealants. New or reclaimed materials may
used widely in the manufacture of sealants
to have strength and elasticity.

used in
be used;
tha tare

adhesives and
reclaims are
not required

Solvent-based rubbery adhesives can be applied in solution
or dispersion or as preformed films. Natural rubber is widely
used, due mainly to its unique surface adhesion. Chemically
modified natural rubber and reclaims are used primarily for
bonding to flexible substrates, and other elastomers may be
chosen depending upon the surfaces to be joined and on other
conditions.
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Most 'contact adhesives' are based on polychloroprene. Such
adhesives do not depend on curing to develop bond strength but
rely instead on crystallization. Oxides added to combat the
hydrogen chloride formed during decomposition can crosslink the
polymer in time. Many elastomeric adhesive formulations are
vulcanizable and can be co-cured with rubber parts in a bonding
process to other rubbers or m etal.

Pressure-sensitive adhesives are a special class of elasto-
meric adhesive, and are generally less defined than other types.
The bulk of such adhesives are based on natural rubber, although
some synthetics are used. Most adhesives are preapplied to film,
foil or fibrous backings, slit into narrow widths and used as
ta p es. The t a p e s are use d for m as k i n g , i n sui a t i ng , b und 1 i n g ,
sealing, protecting, identifying, holding, etc.

(b) Sealants

Production of sealants is similar
because sealants are generally of
mixing and packaging equipment may be

to that of adhesives, but
higher viscosity, special

necessary.

Unvulcanized sealants are usually referred to as 'mastics'
and are formulated from bituminous materials or caulks. They
require 'skinning' agents to form a dry protective surface.
Asphalt dispersions and various fillers (including asbestos
fibre) may be added to sealants, depending on the intended use.

Masticated rubbers of various types, polybutenes and butyls
are the most com mon elastom ers used in caulks. They are form ed
into tapes with sorne degree of pressure-sensitive adhesion and
curing possibilities and are used extensively in automotive
applications where the sealant is also the primary adhesive
h old ing gl ass in pl ac e.

The principal exposure hazards associated with the produc-
tion of adhesives and sealants arise from the inhalation of
solvent vapours and from skin contact with solvents and rubber
chemicals in solution, especially resins. Many rubber chemicals
have dermatitic properties, which are enhanced by the action of
industrial solvents and can give rise to skin irritation and
sensitization.
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5. Dipped latex products and foams (Iargely derived from
Hoogheem et al., 1977)

5.1 L atex-based, dipped goods

The most widely produced latex-based, dipped goods are
household gloves, surgical gloves, contraceptives, baby-bottle
teats and balloons. The very thin-walled goods are produced by
straight-dipping; thicker walled items are made by coagulation
dipping. Latices are also used in the carpet industry, as back-
ings, foam backings and underlays, in binders for non-woven
fabrics, papers and woven textiles, in a multitude of water-based
ad h e s ive s , i n s 0- c a IL e d e m u 1 s ion p a i n t s , i n d i P pin g pro ces ses, i n
moulded latex foam rubber, and in latex thread and rubberized
haire Medical applications usually involve natural rubber latex,
and one of the dipping processes is used. For example, straight
dipping is employed for the manufacture of condoms; coagulant
dipping is used to make surgical gloves; and heat-sensitized
dipping is used for teats, catheters, etc. ln ail cases, the
d i P P e d pro duc t i s t h 0 r 0 u g h 1 y 1 e a c h e¡d t 0 rem 0 v e w a ter - soi u b 1 eimpurities. (

( a ) C omp 0 und i n g

The rubber latex and compounding ingredients must first be
brought into solution or dispersion forme Solution is used when
ail of the ingredients are water-soluble; dispersion is used when
it is necessary to emulsify the liquid ingredients and to
disp.erse the solid materials in water.

Dispersions are prepared from coarse slurries of powder and
water containing sm ail quantities of dispersing agents and
stabilizers. Typical dispersing agents are sodium 2-naphthalene
sulphonate reacted with form aldehyde and an alkyl m etal salt of
sui phona ted Iignin; suc h m aterial sare usually e m ploye d in c on-
centrations of less than 1 % by weight. Physically, the disper-
sions are prepared with grinding equipment such as colloid mills,
bail and pebble m ills, ultrasonic m ills and attrition m ills.
Colloid mills, which break aggregates but do not change particle
size, are used for clay, precipitated whiting, zinc oxide and
o the r suc h mat e ria 1 s . The 0 the r types of m i IL s are use d t 0
prepare dispersions of sulphur, antioxidants and accelerators
that require both aggregate and particle-size reduction.
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Emulsions are prepared by exposing a
pension of ingredients to intense shearing
ultrasonic mill or a homogenizer.

coarse, aqueous sus-
in a colloid m ii, an

ln itself, the preparation of the latex compound is a very
simple operation, consisting of weighing and mixing the proper
amounts of various solutions, emulsions and dispersions,
including stabilizers, sulphur, vulcanization accelerators, anti-
oxidants and sensitizers. This is done in a large tank with a
mechanical agitator. A flow diagram for the production of dipped
latex-based goods is shown in Figure 8.

F 1 G. 8. FLOW DIAGRAM FOR THE PRODUCTION OF TYPICAL
LATEX-BASED DI PPED ITEMS

( From Ho 0 g h e em e t al., 1 977 )
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Prevulcanized latex can also be obtained.

(~) Coagulation dipping

The coagulation solution is usually a mixture of coagulants
and organic solyents, such as ethanol and acetone. Typical
co a gui an t s are c al c i u m nit rat e, c al c i u m chio r ide and z i ne
nitrate. A surfactant is som etim es added to the mixture to ensure
good 'wetting' of the forms; and release agents are added when
the form has a complicated shape and removal of the dipped goods
would be difficult. Talc, clay and diatomaceous earth are common-
Iy used release agents.

The dipping operation is carried out by transporting glazed
porcelain or polished metal forms through the various processing
units on a closed-Ioop conyeyor. After being coated with coagu-
lants, the forms are dipped into the rubber latex compound. The
coagulant film on the surface of the form causes the rubber
emulsion to 'break', and the latex solids coalesce to produce a
film of rubber that covers and adheres to the forme These coated
for m s ar e pas s e d t h r 0 u g h a pre 1 i min a r y dry i n g 0 ven ( w i t h s u b s e-
quent emission of volatiles) so that the film does not dis-
integrate and wash away during the next washing step.

ln the washing operation, the soluble constituents of the
rubber film are leached out and rinsed away in a water-bath
m aintained at 60-71°C. Em ulsifiers used in the original produc-
tion of the latex and metal ions from the coagulant mixture
appear in the leachate. The washed forms are sent through a
drying oven and heated to lOO-120°C (with subsequent emission of
volatiles) in a conditioning oyen prior to reuse.

ln some applications, such as rubber-glove manufacture, the
goods are not only dried but they are heated sufficiently to roll
the rubber coating downward on itself to form a reinforced cuff
bead. Usually, the rubber goods are stamped with proprietary
brands and other information, such as size, in a stamping unit
a fter dryi n g.

The rubber products are cured in an oven at temperatures
ranging from 65-95°C. After curing, the items are cooled in water
and mechanically stripped from the forms, usually with the aid of
a lubricating detergent. The detergent is subsequently washed
from the goods in a rinse tank. The final manufacturing operation
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consists of drying the goods, dusting them inside and outside
with talc to prevent sticking, and packaging.

For the manufacture of sterilized products, such as surgical
gloves, the goods are im m ersed in a chlorine dip-tank, typically
containing 1000 mgl1 free chlorine. After disinfection, the goods
are dipped into a water-bath at 75-80oC to remove residual
chlorine. These two operations generally occur between the post-
cure cooling and the final drying and packaging.

About once a week, it is necessary to wash the forms in a
bath containing a cleaning agent. If porcelain forms are used,
the cleaning agent is usually chromic acid (a mixture of
potassium dichromate, sulphuric acid and water). Once cleaned,
the forms are passed through a rinse tank fed with fresh water,
from which the accumulation of cleaning agent overflows.

(E) Straight dipping

The straight-dip method is the simplest of the latex dipping
operations. Warm forms are dipped directly in the latex and
removed slowly. After dipping, the forms are slowly rotated while
the film is drying to ensure uniform thickness. The films are
dried at room temperature or in warm air at 50-60°C. Thicker
articles can be made by multiple dipping with intermittent dry-
ing. Latex deposits vary from 0.13-2.5 mm per dip, depending on
the viscosity of the latex compound used.

(~ ) Ru b ber go 0 d s f r om po r 0 u s mo u 1 d s

DolIs, squeeze toys and other rubber sundries may be
produced by the porous mould technique. The moulds used in this
process are made from plaster of Paris or unglazed porcelain with
pore sizes smaller than the smallest rubber particles. Latex,
compounded in the manner described above, is poured through a
funnel-shaped opening into the mould where it is allowed to rest
until a deposit of the desired thickness has developed on the
mould wall. The mould is then emptied of excess compound and
placed in an oven to dry at 60°C. The interior surfaces of the
rubber article are dusted with talc to prevent sticking wh en it
is removed from the mould. Once it is removed, the article may be
returned to the oven for 30 min.
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(~) Latex thread

Latex thread is produced by extruding
through fine orifices into a coagulant bath,
The thread is then toughened, washed, dried
acetic acid is commonly used as the coagulant.

the latex compound
where it is gelled.

and cured. Dilute

Ail the dip
involve exposure
am monia, hydrogen

and extrusion processes described above may
to volatile material, such as formaldehyde,
chloride, chlorine, in addition to curing fume.

5.2 Latex foam

The latex used in foam manufacture may consist of natural
rubber, styrene-butadiene rubber or a combination of the two, and
is compounded with a variety of ingredients. The foams are
generally produced in slab or moulded form at a density range of
64-128 kglm3. They are used to manufacture automotive seating,
mattresses, pillows, carpeting, mats, upholstery and many other
products.

(~) Dunlop process

ln the Dunlop process, foam is produced by mechanically
whipping latex to a froth. This can be done on a batch basis, but
the Cakes continuous mixer is the standard piece of equipm ent
used. Once frothed, the latex must be coagulated, or gelled, to
give a stable foam, by adding sodium silicofluoride and zinc
oxide to the m ix, which rem ains dorm ant long enough to allow the
froth to be poured into moulds. When stable latices are used,
secondary gelling agents, such as cationic soaps, other salts and
amines may be required to induce coagulation.

As soon as the gelling agents are added, the foam is poured
into steam-heated moulds and cured, with subsequent emission of
volatiles. The product is removed when the curing cycle is
completed, and washed with water to remove those ingredients in
the compounded latex that are not permanently held in the foam
matrix. The foam is then dried in a hot-air dryer and inspected,
prior to storage and shipm ente
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(b) Talalay process

ln this process, the froth is produced by chemical rather
than mechanical means. Hydrogen peroxide and enzymatic catalysts
are mixed with the latex, and the mixture is placed into a mould.
The enzyme decomposes the peroxide, thus liberating oxygen, which
causes the latex mix to foam up and fill the mould. This foam is
rapidly chilled, and carbon dioxide is introduced to effect gela-
tion. The gelled foam is handled in a m anner si mil ar to that used
in the Dunlop process. A flow diagram is shown in Figure 9.

FIG.9. FLOW DIAGRAM FOR THE PRODUCTION OF TYPICAL
LATEX FOAM 1 TEMS

( From Ho 0 g h e em e t al., 1 977 )
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The major emission given off during the curing of latex foam
articles is ammonia.
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(c) Foam back i ng

For supported, flat foam, either ammonium acetate or
ammonium sulphate is employed in combination with zinc oxide as
the gelation agent. The froth is prepared in a Cakes mixer; the
gelling agent is added, and the foam is applied to the fabric by
direct spreading. ln some cases, the foam is spread on a belt
which transfers it to the fabric. The gelling is carried out at
elevated temperatures, usually with the aid of infra-red lamps.
To prevent uneven shrinkage, the fabric is carried through a
hi g h- te m p e rat u r e z 0 n e and dry i n g 0 ven son te n ter s.
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This subject has been reviewed by Stern (1967) and by Blow

(1978).

1. Components required and historical changes in the substances
used

The basic materials used in rubber compounding consist of:

- elastomers (natural or synthetic rubber)
- fillers (e.g., China clay)

- antidegradants (antiozonants, antioxidants)
- vulcanizing agents (e.g., sulphur or sulphur donors,

organic peroxides, phenol resins, metal oxides)

- accelerators (e.g., benzothiazoles, guanidines,

dithiocarbam ates)
- retarders (e.g., organic acids, N-nitrosodiphenylamine)

- pigments (inorganic pigments and organic dyes and
lacquers)

- reinforcing agents (e.g., carbon black)

- processing aids (e.g., minerai oils, solvents, talc)
- activators (e.g., zinc oxide)

The use of these raw materials and the changes in compound-
ing that have taken place in recent years can be illustrated by a
comparison of a pre-war tyre formulation with its modern counter-
part. A typical formulation described by Russell in 1937 consist-
ed of:

- smoked sheet (natural rubber)
- pine tar

- stearic acid

- antioxidant
- zinc oxide

- carbon black (channel process)
- sulphur

- m ercaptobenzothiazole

100 parts
3 parts

4 parts

1 part

5 parts

50 parts
3 parts

1 part
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Today, the equivalent product might be made up as follows:

oil-extended styrene-butadiene
arom atic oit)

- aromatic process oil
- stearic acid
- N-isopropyl-N '-phenyl-~-

phenylenediam ine (antiozonant)

- zinc oxide
- i m pro v e d ( h i g h- ab ras ion fur n a ce)

carbon black
- sulphur
- paraffin wax
- N-cyclohexyl-2-benzothiazole-

sulphenamide (accelerator)

rubber (SBR)
137.5 parts
10.0 parts
1.0 part

(37.5% hi g hl Y

2.5 parts

5.0 parts

75.0 parts
1.8 parts

2.0 parts

1.5 parts

Although it is true that increased complexity and substan-
tial advances in rubber technoLogy were already in evidence
before the start of the Second World War, the outbreak of war,
bringing with it the urgent problem of a shortage of raw mate-;

rials, was a stimulus for intensive research activity into the
development of new materials and alternative formulations. Among
such can be identified three fundam entai and highly im portant
changes in the pattern of raw material supply and usage which
have been ta king place over the past 35 years, involving changes
in the rubber polymer, carbon blacks and process oils. The
changes involved not only the physical and chemical composition
but also the volum e of usage. Table 2 indicates the general
nature and direction of these changes.

(a) Changes in the production, composition and use of
elastomers

During the first quarter of this century, the bulk of ail
rubber polymer used in manufacturing processes consisted of
natural rubber, produced for the most part in Malayan planta-
tions. Although patents for synthetic polymers were first taken
out in 1912, it was not until 1930 that in Germ any and in Russia
work on the development of synthetic rubber polymer was intensi-
fied. By 1939, a number of synthetic rubbers, some of which had
additional - and eminently desirable - oil-resisting properties,
were in commercial production in Europe. ln the US, production
was negligible prior to the Second World War; but, when supplies



eHEMISTRY OF RUBBER eOMPOUNDING
91

Table 2. Changes in raw materials used in rubber compounding over time

Dates aRubber Blacks ails Approx. % of
ail in tyres

Before 1943 NR Channel Pine-tar 2 - 3

1944-1946 NR/SBR
(25/75)

Channel &
furnace

Mineral ail 5 - 7

1946-1950 NR Channel Mastly pine-tar 2 - 3

1951-1955 NR Channel/
furnace

Mostl y pine-tar 2 - 3

1956-1960 NR/SBR
(75/25)

Furnace/
channe 1

Pine-tar/
mineraI ail

4 - 7

1961-1965 NR/ (SBR+BR)

(50/50)
Mostl y
f urnace

Most1y mineraI
ail

20 - 23

a NR: Natural rubber; SBR: styrene-butadiene rubber; BR: polybutadiene

rubber

of natural rubber were eut off, existing plans to start a syn-
thetic rubber industry were expedited and.expanded, so that by
1944 87 factories had been completed (Stern, 1978). Thus, in the
US, in 1939, a total of 1750 long tons of synthetic rubber were
produced; between 1940 and 1944, a total of 1 028 989 long tons
w e rem ad e, 0 f wh i ch 856 475 w e r e SB R; and b e t w e e n 1 945 and 1 949,
a total of 2 951 113 long tons were produced, of which 2 429 627
were SBR (Dunbrook, 1954). ln the UK, commercial use of synthetic
rubber was limited until the mid-1950s, due to a restriction on
imports and a limited capacity for production.

ln th e m id-1950s, there were o ni y fo ur main types ofsynthetic rubber - SB R, but yi, nitr il e and polychloroprene; a tthat time, o il-ex tend ed SB R also began to be used. 1 t had beenfound that by polym erizing SB R to a higher viscosity, a 1 arg e
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amount of cheap ex tender oil could be added, resulting in an
excellent rubber for tyres. Initially, the types and amounts of
oil used in these rubbers varied from naphthenic to highly
aromatic, and up to 37 1/2 parts of oil added to 100 parts of SBR
during the coagulation process; by 1956, SBR 1712, containing
this amount of highly aromatic oil, became the standard oil-
extended polym er for use in tyre manufacture. ln the US, produc-
tion of lat,ex-masterbatched, oil-extended, high-Mooney, cold SBR
was started in April 1951. During the 1960s, advances in the
synthesis of elastomers produced polyisoprene (a synthetic rubber
more like natural rubber), polybutadiene and the ethylene
pr 0 pyl en e rub ber s.

The market share of synthetic rubbers has grown rapidly. ln
1955, the US and Canada manufactured most of the synthetic rubber
in the western world; small amounts were manufactured in the
Federal Republic of Germany, the USSR and the German Democratie
Republic. Worldwide production at that time was only 1 542 000
tonnes. By 1978, worldwide production had risen to 8 720 000
tonnes, a growth rate of 7.8% per year. Use of natural rubber
during the same period grew from 1 928 000 to 3 725 000 tonnes, a
growth rate of 2.9% per year (Davis, 1980).

However, synthetic rubber production is firmly linked to the
petrochemical industry. Present concern about the future avail-
ability and cost of petrochemicals, and the increasing use of
natural rubber in radial tyres has again stimulated interest in
natural rubber. ln 1980, world consumption of synthetic rubber
declined by 5%; however, that was not a typical year: the average
rate of growth over 1975-1980 was 4.1 % per annum, and the rate of
growth of natural rubber use was 2.7% (The International Rubber
Study Group, 1946-1981).

The developm ent and usage of synthetic polym ers
the most important of ail the process changes that
place in recent years, and its possible relevance
epidemiological findings must be considered carefully.

is perhaps

have taken
to recent

(!!) Changes in the product ion and use of carbon b 1 ack

The major compounding ingredient
from the polymer, is carbon black; and
the c a rb 0 n b 1 a c k su p pli e d t 0 the r u b ber
by the 'channel' process (see p. 105

in tyre corn pounds, apart
until 1951 the majority of
industry was m anufactured
of this section). Today,
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furnace blacks (see p. 105) have virtually displaced the channel
variety (see Table 2). The relevance and the possible signifi-
canee of this change in practice have been considered by indus-
trial physicians and by hygienists in the light of the fact that
w h e r e as cha n n el b 1 a c k s h a v e a n e g Ii g ib 1 e con t e n t 0 f pol Y c Y c 1 i c
aromatic hydrocarbons, they are undoubtedly present at a higher
level in furnace blacks (see Section V).

(£ ) Cha n g e sin the c omp 0 s i t ion and use 0 f pro ces soi 1 s

The traditional process oil used in rubber compounds - and
especially in tyre formulations - until 1943 was pine-tar oil.
Today, the majority of tyres produced by the industry probably
have 20% or more of aromatic oil in their composition. The
potential hazard of the continued and increasing use of extender
oils by the rubber manufacturing industries must be considered in
the light of the presence of carcinogenic polycyclic hydrocarbons
in these oils. Occupational exposure to extender oils may occur
at any stage of the manufacturing process: and, although mecha-
nical handling and automatic feed of oil to the Banbury mixers
significantly reduces the risk of skin contact at the 'frontl end
of the process, exposure to curing fume during and immediately
following vulcanization may involve an element of risk for those
conc ern ed.

Although the principal changes ln compounding of identifi-
able significance are referred to above, many other changes have
also taken place. Some, at least, have served to reduce the
prob"ability of exposure to risk: the use of carbon disulphide
has been virtually abandoned and exposure to benzene greatly
reduced.

2. Chemical compounds used in rubber compounding (see also
Appendix 1, Tables 1, 3, 4)

Elastomers are the basic polymers used in rubber manufac-
ture. Natural and various types of synthetic rubbers are
employed, which usually contain sorne unsaturation on which to
build a cross-linking system (Fig. 10).
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FIG. 10. NATURAL AND SOME SYNTHETIC RUBBERS,
SHOWING THE UNSATURATION WHICH PERMITS
CROSS-LINKING ON VULCANIZATION

CH3
1

-fCH2 -C = CH-CH2-ln
cis-1,4-polyisoprene
(natural rubber)

C6 Hs
1

ttCH2 - CH = CH-CH2-)5 (-CH2-CH ~ n

polybutadiene-co-styrene (styrene-butadiene rubber)

Ci
1

-fCH2-C=CH-CH2+n

C=N
1

-fCH2-CH=CH-CH2-)3 (-CH2-CH-Bn

polybutadiene-co-acrylonitrile (nitrile rubber)-polychloroprene (Neoprene)

Latex is the sap of rubber-yielding plants or a colloidal
dispersion of rubber particles in an aqueous medium. The rubber
particles are approximately one-thousandth of a millimetre in
di am eter and constitute 40-70% of the m ass of the latex.

There are many types of rubber latex, which contain one of
the following rubbers:

Natural rubber (cis-polyisoprene)
5 t Y r e n e- but ad i en e r u b ber
Acrylonitrile-butadiene rubber
Chloroprene rubber

Natural rubber latex was originally preserved with ammonia alone,
but in recent years sm ail amounts (( 0.1 %) of the combination of
tetramethylthiuram disulphide and zinc oxide have been used in
addition to improve the quality. Synthetic rubber latices contain
small amounts (usually (0.1%) of residual monomers (styrene,
acrylonitrile, etc), and these may be released during processing

(Rappaport & Fraser, 1977). ln addition, the raw elastomers
supplied to an industry may contain aromatic extender oils (oil-
extended polymer) or may be masterbatches containing carbon
black.
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Ela s t om ers c an b e d i v ide d i n t 0 the folio win gel a s ses :

(i) General purpose American Society for Testing
Materials (ASTM) designation

natural
polyisoprene
styre n e-b utad i e n e
but yi
ethyl e n e- propyl ene
polybutadiene

NR
IR
SB R

IIR
EPM, EPDM
BR

(ii) Solvent-resistant

polysulphides
nitr il e
polychloroprene
polyurethanes
epic hl orohydrin

T
NB R

CR
AU, EU

CO

(iii) Heat-resistant

silicone
chlorosulphonated polyethylene
polyacrylates
fi uoro el asto mers

MQ
CSM

ACM
CFM

SBR is now the major synthetic rubber produced,
comprising about 40% of world production (Davis, 1980). (See
Appendix 1, Table 4). ln comparison with natural rubber, SBR is
weaker and less resistant to fatigue, but it has the m erit of
ageing more slowly.

- But yi rubbers have a low permeability for air and gases
and have thus been used for inner tubes. Polybutadiene is
difficult to process, and so it is usually unsuited for use on
its own; its value lies in its capacity to blend with SBR or
natural rubber. ln tyre treads, however, it lowers the build-up
of heat and improves wearing quality (abrasion resistance). It
has the disadvantage of reducing skid resistance.
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Nitrile rubbers generally have excellent abrasion
resistance, but their oil-, water- and chemical-resistance are
the major factors dictating their use.

Synthetic polyisoprene contains
isoprene but differs from its natural
function is as a blending component with

a high percentage of
counterpart, and its
other types of rubber.

cis-
main

Polychloroprene rubber, originally known as Neoprene, has
most of the advantages of SBR and of natural rubber, but in
addition it is flame-resistant and wears longer. It also
possesses oil-, heat- and solvent-resistance, but despite these
un do u b te d a tt ri but es i t shi g h p rie e 1 i mit s i t s pro duc t ion. The
polychloroprene rubbers are used mainly in the transport indus-
try, and for rubber boats, cables, sealants, coatings and
adhesives.

The ethylene-propylene rubbers possess improved resis-
tance to sunlight, ozone, aging and weathering. ln particular,
they can accept large loadings of extender oils and fillers
without serious loss of their physical properties.

The following specialized synthetic rubbers
particular properties; but they are expensive
their market is limited. They comprise about
rubber production (Davis, 1980):

are made, with
to produce and
2% of syn thetic

- Silicone rubbers are effective in extremes of temperature

and are used in the aerospace industry. They also seem to be weil
tolerated by human tissues, which makes them of value in surgery.

Solid polyurethane rubbers are used in the soles and
heels of-shoes, in solid tyres and in automotive applications.

- Polysulphide
are used mainly as
building industries.

rubbers,
sealant

being very
putties in

resistant to solvents,
the construction and

Chlorosulphonated polyethylene rubber is used for cable
c ov erings.

_ Polyacrylic rubbers are plastic rubbers that resist oil
and aging. They are used in seals and gaskets for vehicles.
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- Fluoroelastomers, the most
purpose synthetic rubbers, have been
gramme, because of their high thermal

costly
used in

stabHity.

of ail the special
the aerospace pro-

- The thermoplastic elastomers melt at higher temperatures

(unlike conventional rubbers, which would tend to crosslink under
the same conditions) and then resolidify on cooling, without
significant loss of their elastic properties. They are usually
extruded without further curing.

The aim of the rubber compounder is to formulate a compo-
sition which will be: easy to put through such processes as
calendering and extrusion with the minimum of energy input;
stable at the temperatures encountered in those processes, but
which will cure rapidly and controllably at vulcanization temper-
atures; and capable of giving a product with the desired physical
characteristics and which is resistant to oxidation, heat, aging
and attack by light, ozone and other chemicals. Hundreds of
different rubber additives m ay be used in different ble"nds; in a
particular rubber product, however, around a dozen different com-
ponents may be used (Holmberg & Sjöstrôm, 1977; Hybart et al.,
1968). Rubber additives are classified according to their
function during or after rubber processing. The main groups of
chemicals used for these purposes are as follows:

(a) Vulcanizing agents

These materials are necessary
takes place during vulcanization, which
soft thermoplastic mixture to a final
properties.

for the
changes
product

cross-linking that
the rubber from a
with the desired

The most common vulcanizing agent, used in most general-
purpose natural and SBR systems, is sulphur; both cross-links and
cyclic structures are formed (Fig. 11 a). Sulphur donors, such as
tetraalkylthiuram disulphides, morpholine disulphide, dithio-
carbamates and, more recently, dithiophosphates, are sometimes
used instead of or in addition to elemental sulphur. The closely
related elements, selenium and tellurium, and their compounds,
have also been used as vulcanizing agents.
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FIG.11. STRUCTURAL FEATURES OF A VULCANISATE NETWORK

(a) Chemical groups present in a sulphur-vulcanized natural
rubber network: (1) polysulphide cross-links, n = 1-6; (2)
intrachain cyclic sulphides, m = 1-2 (From Brydson, 1978).
(b) Peroxide vulcanization, in which free radicals are formed on
the polymer chains, which then combine to form carbon-to-carbon
cross-links (From Stephens, 1973)

JI

1

~ L
(S)n

ï(S)m I_I JI

(1 )
(a)

(2)
(b)

Fully-saturated elastomers, such as the silicones, cannot
be vulcanized with sulphur and require the use of peroxides. ln
consequence of the decomposition of peroxides, free radicals are
formed on the polymer chains, which can then combine to form
cross-links (Stephens, 1973) (Fig. 11 b).

(£)Accelerators
The reaction between sulphur and rubber is slow, and in

order to obtain shorter cure times and better final properties
accelerators are used. They function at normal curing tempera-
tures (140-200oC) and (except in latex) not at lower temperatu-
res. Often a primary accelerator is used together with a smaller
amount of a secondary accelerator, to produce a synergistic
effect giving better final properties than can either accelerator
separately. Accelerators can be classified in various ways:

(i) Classification-E sulphur demand:
can be classified by the amount of sulphur they
active accelerators require a relatively large amount
active ones require a sm aller quantity.

Accelerators
requ ire; 1 ess

while more
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(ii) Classification by rate of vulcanization: A more
commonly used classification is based on the rate of vulcaniza-
tion achievable. There are slow accelerators (amines, thiourea
der i vat ive s ) ; sem i- u 1 t r a a cee 1 e rat 0 r s ( m 0 der a tel y fa s t) ( sui ph e n-
amides, 1,3-diphenylguanidine, mercaptobenzothiazole); and ultra
accelerators (very fast) (thiurams, dithiocarbamates, xanthates,
thiophosphates). This type of classification is inevitably a
simplification, however, since accelerators ohen behave differ-
ently in different polymer systems.

(iii) Classification by chemical composition: The
main structural groups are shown in Figure 12.

FIG. 12. ACCELERATOR TYPES CLASSIFIED BY CHEMICAL
STRUCTURE

Aldehyde-amine
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The chemistry of rubber acceleration is complex, although
some simple trends can be discerned. For instance, the activity
of simple amines increases with their basicity in the following
order: triarylamines -c diarylamines -c monoarylamines and alkyl-
arylamines -c mono-, di- and trialkylamines. Compounds that con-
tain nitrogen but no sulphur, such as the amines, fall into the
class of slow accelerators; those containing sulphur but no
nitrogen are in the class of semi-ultra accelerators; while the
more active compounds contain both nitrogen and sulphur.

Accelerated sulphur vulcanization is thought to proceed by
the following steps (Coran, 1978):

(1) The accelerator reacts with sulphur to give
mon 0 mer i c pol ys u 1 phi des 0 f the t y P e A c- (S) - Ac,

where Ac is an organic group derived fromn the
accelerator. Certain initiating species may be
necessary to start the reaction.

(2) The polysulphides can interact with rubber to
give polymerie polysulphides of the type rubber-

(S) -Ac. When mercaptobenzothiazole is used astht accelerator, the quantity present first
decreases to low levels, then increases as the
rubber polysulphides forme

(3) The rubber polysulphides then react, either
directly or through a reactive intermediate, to
give cross-links or rubber polysulphides of the
type rubber-(S) -rubber.

n

For sulphenamide accelerators, these steps can be written as
shown in Figure 13.

Vulcanization may also take place via free-radical mecha-
nisms in the presence of accelerators. There are often strong
synergistic effects among different groups: thus, guanidines have
strong synergistic secondary accelerating effects with dithio-
carbamates and benzothiazoles, so that 1,3~diphenylguanidine is
in fact most often used in combination with mercaptobenzothiazole
or mercaptobenzothiazole disulphide.

For a more detailed account of the various classifications
and interactions of accelerators, see Kempermann (1978, 1979).
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FIG.13. ACCELERATED SULPHUR VULCANIZATION
(From Coran, 1978)
(See text for explanation)
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~c-
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T- /N)QCH-(S)n-S-C: 0¿ 5

1 f
fV C = C - CH2rv

..

¿ ¿C- c-Il Ilc- c-I 1
CH-(S)n-CH~ ~..

(c) Activators

ive,
zinc
form
( Fig.

These materials are used to make accelerators more effect-
probably by forming intermediate complexes; for instance,
ions may react with an accelerator to produce a chelated
that is more active th an the free accelerator (Coran, 1978)

14) .

The main types of activator in use are inorganic compounds,
which are mainly metal oxides, such as zinc oxide, litharge
(PbO), red lead (Pb30lt), magnesium oxide and sodium carbonate.
Organic acids such as stearic acid or lauric acid, are used to
increase the solubility of the metal in the rubber formulation.
The most common activation system is thus zinc oxide in



102 lARe MONOGRAPHS VOLUME 28

FIG.14. AN ACTIVATED SYSTEM, lN WHICH ZINC ION REACTS
WITH THE ACCELERATOR, GIVING A CHELATED FORM
THAT IS MORE ACTIVE THAN THE FREE ACCELERATOR
(From Coran, 1978)

.. (QN--zn++ NJQ
\\ " //

() c-s-~-~ ()5/ 5(gN N:lO ¥-s-s-l 0 +Zn++,/ / \5 '5 4

combination with a fatty acid, which produce a rubber-soluble
soap (zinc stearate) in the rubber m atrix.

(~) Retarders

Highly accelerated rubber compounds may tend to cure prema-
turely during intermediate processing operations or during
storage: such compounds are said to be 'scorchy'. To delay the
action of an accelerator, retarders are sometimes used. The ideal
retarder has no effect on the final rate of cure or on the pro-
perties of the vulcanisate. Organic acids (e.g., salicylic acid),
N-nitrosodiphenylamine, cyclohexylthiophthalimide, and a sulphon-
amide derivative (Vulcalent E) are the retarders commonly used.

Cyclohexylthiophthalimide is converted to phthalimide during
vulcanization (Fig. 15) (Leib et al., 1970).

FIG. 15. DECOMPOSITION OF THE RETARDER N-CYCLOHEXYL-
THIOPHTHALIMIDE DURING VULCANIZATION

o

(gN--Q + (§iJ-SH- (grs-s-Q
o

N-cyclohexylthio-
phthalimide

mercaptobenzo-
thiazole

2-cyclohexylthio-
benzothiazole

+~H
o

phthalimide
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(~) Ant idegradants

Rubbers deteriorate
temperatures. To arrest or
usually a greater problem in
antidegradants are added to the

with aging, particularly at elevated
retard this deterioration, which is
unsaturated th an saturated rubbers,
rubber formulation.

Deterioration of rubber may be due to chain breakdown,
cross-I ink breakdown, cross-l ink form a tion, dev elopm ent of pol ar
groups, or development of chromophoric (colour-forming) groups in
the polymer (Brydson, 1978). Not only the polymer chain but also
the sulphide links may undergo oxidative attack, usually result-
i n gin d e cre as e der 0 s s-I i n k den s i t Y .

Many of these processes are caused by oxidation. The un-
saturated polymer itself may be oxidized via free-radical
mechanisms in a chain reaction mediated by a hydroperoxide
produced during the process; this reaction is autocatalytic,
i.e., the products of the process catalyse its continuation,
which thus proceeds with increasing speed. Antioxidants effective
against these processes act either by interrupting chain
reactions or by preventing free-radical formation. Am ines and
ph enol s are th e m ost w idel y us ed antiox id ants that ac t by the

form er m echanism; those that interfere by the latter m echanism
include peroxide-decomposing agents, chelating agents, ultra-
violet screens, absorbers and quenchers. Of recent interest, for
their association with cancer, are the aldehyde-naphthylamine-
condensate antioxidants, such as Nonox S, which have now been
withdrawn from use (see p. 160).

Ozone, normally present in traces in the atmosphere, is
also important in rubber deterioration. ln unprotected rubbers
under tension, ozone causes deep cracks perpendicular to the
direction of stress. This reaction is initiated by addition of
ozone to the double bond of the unsaturated rubber, followed by

rearrangement and hydrolysis (Fig. 16).

ln general, the antioxidants mentioned above do not give
protection against ozone cracking. The original agents used were
waxes, insoluble in rubber, which act by diffusing slowly to the
surface and form ing a protective film (bloom) that protects the
rubber surface physically from ozone attack. Waxes are still
use d, es p e c i a Il yin s t a tic a p pli ca t ion s ; i n d y n ami cap pli ca t io n s,

however, the film tends to be broken, expnsing the surface to
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FIG. 16. PROPOSED MEeHANISM FOR OZONE ATTACK

ON RUBBER

1 _ 1 03 1 L " /0, / H ° 1 1
-c--c----c-c- ---c c----c-o +o-c- +H 01 \ \ 1 - - 220.. ° 0-0

'0"'

further attack. para-Phenylenediamine derivatives, particularly
the branched alkylaryl
against ozone, but the
completely clear.

diamines, are
mechanism

widely used for protection
by which they act is not

(f) Processing aids

The largest group of processing aids are used to make
uncured rubber softer and more easily m ixed, extruded or calen-
dered. Historically, pine tars were used, but these have now been
almost completely replaced by mineraI oils. Paraffinic,
naphthenic and aromatic minerai oils are in use - and of these
types, the aromatic grades have become particularly widespread.
They give good properties to the finished rubber, and are cheap;
many rubber formulations contain 20% or more of minerai oit. The
aromatic oils are obtained from the residues remaining from
solvent-refining, lubricating and cutting oits, and contain rela-
tively large quantities of polycyclic aromatic hydrocarbons.
Typical figures reported by oil companies show that 4-6-ring
polycyclic hydrocarbons are present at a concentration of about
20% i n the seo il s , and a t y pic a 1 a ro mat i c pro ces sin g 0 il m a y
contain 50 ppm of benz0r.!)pyrene (Nutt, 1979). Other materials
used include vegetable oils, coal-tar pitch, phthalates, organic

phosphates and various types of factice (polym erisates of
unsaturated vegetable or animal oils with sulphur or sulphur
chi or id e).

Peptizing agents are sometimes used to soften the rubber by
chemical interaction. Most such materials contain -SH groups
which function as chain terminating agents for the radicals
formed by rupture of the polymer chains during mastication.
Examples are mercaptan derivatives, benzim idazoles, thiophenols
and mer c ap t 0 ben z 0 t h i a z ole.
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Tackifying agents are used to increase

cured rubber parts, useful when building up
The most widely used materials are the resins
hydrocarbons and the phenolic resins.

adhesion among un-
rub b er co m po nents.

based on petroleum

(~) Reinforcing agents

Cer ta in filJ ers ar e crue i ail y i m po rtan t in rub ber tec hno-
logy in that they have dramatic effects on the tensile strength
and abrasion resistance of the vulcanized rubber. This effect is
known as Ireinforcement'. The most important reinforcing agents
are carbon black and amorphous silicas.

The original form of carbon black was lamp black, but this
was largely superseded in the period 1910-1942 by 'channel'
black. Channel black was made from natural gas by burning in
small sooty flames impinging on a cool surface, such as channel
iron. Since the 1940s, the channel blacks have been almost
completely replaced by furnace blacks. Although originally made
from natural gas by the furnace process, furnace blacks are now
manufactured from oil: a fuel, either gas or oil, is burned with
an excess of air to generate high temperatures. The heavy aroma-
tic tar oil is injected into this hot air and decomposes to fine-
Iy divided carbon within milliseconds. The hot smoke stream is
then quenched with water. Furnace blacks contain a higher level
of polycyclic aromatic hydrocarbons than channel blacks (see
Sec t ion V) . A sac 0 n s e que n ce, the U S Food & Dru g Ad min i s t rat ion
(1980) restricts the carbon black content of packing materials
used in contact with foodstuffs.

Physical and chemical properties of the two types of carbon
black are given in Table 3.

The silicas used as rubber reinforcement agents are
synthetically produced. Two types are in use: precipitated
silica, made by direct precipitation from sodium silicate solu-
tion, and pyrogenic silica, made by reacting silicon tetra-
chloride with water vapour in a hydrogen-oxygen flame.

(.!) Fillers and diluents

fill er
fro m

For
can
the

non-critical applications a significant proportion of
be added to the rubber formulation without detracting
properties of the vulcanisate. Calcium carbonate
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Table 3. Physical and chemical properties of of carbon blacks a

Property Furnace black Channel
b1ack

Oil Gas

ComPQsi tion

Carbon (% ) 98 99.2 88.4-95.2
( avg, 91. 2 )

Oxygen (% ) 0.8 0.4 3.6- Il.2

( avg, 7. 8 )

Hydrogen (% ) 0.3 0.3 o . 4-0. 8
(avg. O. 6)

Ash-Ca, M:, Na (% ) 0.1-1.0 0.1-1.0 0.01

Volatile matter (% ) 1-2 1-2 5-18

Average particle 0.018-0.06 0.04-0.08 0.01-0.03
diareter ( llm)

Specific sur face 25-200 25-50 100-1000
(m 2/g)

pH 8-9 8-9 3-5

Benzene extractables O. 05-0. 1 0.05-0.15
(% )

a From National Insti tute for Occupational Safety & Hea1 th (1978)
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(whiting), clays, barytes, magnesium carbonate and other
inorganic solids are in com mon use. The clays used m ay contain
crystalline silica; 'China' clays may contain up to 1 % and 'bail'
clays up to 20% silica. Some fillers have weakly reinforcing
effects.

LU Miscellaneous additives

(i) Blowing agents are used to produce foam rubbers by
decomposing at cure temperature to produce gases. The maIn blow-
ing agents and routes of decomposition are shown in Figure 17.

(ii) Promoters are materials
to uncompounded rubber (usually but yi
compounding ingredients, to increase
strength of the cured rubber, and to
in products such as tyres.

added in sm ail quantities
rubber) before the other

the resilience and tensile
10 wer the buil d-up of he a t

(iii) Mould-release agents are usually sprayed onto
moulds to aid removal of the cured rubber items. Soaps, synthetic
detergents, silicones, fluorinated hydrocarbons and polyethylene
glycols are ail in use.

(iv) Both inorganic pigments (e.g., titanium
cadmium sulphide, chromium oxide) and organic dyestuffs
to produce coloured rubbers.

dioxide,
are used

(v) Bonding agents are used to bond rubber to the
textile or steel used in the construction of tyres or rubber/-
metal articles. Many of the systems in use are proprietary
mixtures, often of undisclosed composition,which may contain
isocyanates and/or para-dinitrosobenzene. Resorcinol-hexa-
methylenetetramine bonding systems are also used.

(vi) Antitack agents include stearates of
(e.g., zinc stearate), mica and talc.

metals

(vii) A variety of organic solvents are used incompounding and processing, including aliphatic hydrocarbons,
acetone, 1,1,1-trichloroethane, methyl ethyl ketone, methylene
chloride, perchloroethylene, trichloroethylene, toluene, xylene,
tetrahydrofuran and dimethylformamide.
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FIG.17. SOME BLOWING AGENTS AND THEIR ROUTES OF
DECOMPOSITION

CH2-N-CH2
1 1 1

ON-N CH2 N-NO
1 1 1
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. N2, N20, H20, amines

(eompO'sition uneertain)

d initrosopentamethylene-
tetramine

(CH3)2 C -N = N -c (CH3)21 1CN CN
. (CH)2 c- C (CH3)2 N21 L '
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dinitrile

H N-C-N=N-C-NH22 Il Il° °
azobisformamide

. NH3, CO, N2, HNCO

and other possible produets,

including biuret and urazole

°

\Q~ -NH-NH2°

benzenesulphonyl
hydrazide

°
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thiosulphonate° °II~_~IIH2N -NH-~ --O--N-NH-NH2° °
para, para'-oxybis(benzenesulphonyl

hydrazide)

.. N2, H20

and polymerie residues

(viii) Other rubber additives are flame-proofing
agents, such as antimony trioxide, aluminium hydrates and halo-
genated aliphatic hydrocarbonsj odorants, blends of perfum es and

o il s j and cou pli n gag e n ts, m 0 s t 1 y s il an es.
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persing
en ers,
agents.

(ix) Materials unique to latex processing are dis-
agents, stabilizers, emulsifiers, wetting agents, thick-

preservatives, coagulants, foaming agents and antifoaming

Stabilizers, such as casein and a sodium alkylsulphate, are
used. Dispersing agents are usually polyalkylarylsulphonates. As
wetting agents, alkyl sulphonates, organic phosphates or a nonyl-
phenol-ethylene oxide adduct may be used. Thickeners used are,
for example, polyacrylates, cellulose derivatives or other high
molecular-weight carbohydrate derivatives. Preservatives include
formaldehyde and pentachlorophenates. Coagulants include sodium
s il i c 0 fi u 0 r ide.

3. Che mi cal by-products (see al so Appendix 1, Tabl e 2)

Very few data are available on chemical species generated
during rubber processing (with the exception of N-nitrosamines).
Because the maximum temperature of vulcanization is approximately
240°C, pyrolysis reactions do not normally occur.

Dur i n g vu 1 ca ni z a t ion, the mou 1 d con t a i n s are duc i n g atm 0-
sphere because air is excluded. Products that could be formed
dur i n g v u 1 c a ni z a t ion and ber e 1 e a s e d f rom the sur f ac e i n c 1 u d e
amines and organic sulphides derived from the accelerators. For
example, cure systems containing tetramethylthiuram disulphide
may produce carbon disulphide and dimethylamine during cure
(Willoughby & Lawson, 1981). The accelerator N-tert-butyl-2-
benzothiazole sulphenam ide has been reported to break down to
ter t- but Y 1 i sot h i 0 c yan a t e a t cu r i n g te m p e rat u r e s (R a p p a po r t &
Fraser, 1976).

Sulphenamide accelerators yield mercaptobenzothiazole and
characteristic amines (Brock & Louth, 1955; Kleeman & Erben,
1964; Manik & Banerjee, 1970; Potts et al., 1972). Thiourea
accelerators may decompose to give isothiocyanates (e.g.,
diethylthiourea produces ethyl isothiocyanate) (Groves & Smail,
1969). The retarder cyclohexylthiophthalimide is converted to
phthalimide (Leib et al., 1970). (See Fig. 18.)

Upon removal from the
in which peroxy-substituted
(Tsurugi et al., 1971).

m 0 uld, ox idi z ing re ac tions

amines and acids may
can occ ur,
be form ed
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ln a simulated

(1976) identified the
e ffl u e n t ( T a b 1 e 4).

vulcanization process, Rappaport
following volatile compounds in

Fraser
stock

and
the

Table 4. Volatiles re1eased from a rubber stock dMring simu1ated
vulcanizationi as identified in the stock effluent

Compound

Methy 1benzene
4-Viny1cyclohexene
Ethylbenzene
Dimethylbenzene (1,3- and ii 4-)
Styrene
tert-Butyl i sothiocyanate

li5-Cyclooctadiene
Benzothiazole

N-sec-Butylanil ine

1,5, 9-Cyc1ododecatr iene
Methylnaphthalene
li3-Butadiene trimer
Ethylnaphthalene
Dimethy1naphtha1ene

Probable source

cis-Po1ybutadiene rubber
cis-po1ybutadiene rubber
Aromatic oil
Aroratic oil
Styrene-butadiene rubber
N-tert-Butyl -2-benzo-
- thiazo1e-su1phenaride
cis-Po1ybutadiene rubber
N-tert-Butyl -2-benzo-
th ia zole-sul phenar ide
N-Phenyl -N-sec-butyl -para-
pheny1enediarine
cis-po1ybutadiene rubber
Aromatic oil
cis-po1ybutadiene rubber
Aromatic oil
Aromatic oil

a
From RappaPOrt & Fraser (1976)

Nit r 0 soc omp 0 und s

The occurrence of volatile N-nitrosamines in the rubber and
t y r e i n dus t r y h a s b e end e s cri b e d b Y F a j e n ~~ (1 9 79 )
Preussmann et al. (1980), Yeager et al. (1980), McGlothlin et al.

(1981) and Spiegelhalder & Preussm an (1982). The following N-
nitrosamines have been detected: N-nitrosodimethylamine, N-
nitrosodiethylam ine, N-nitrosodibutylam ine, N-nitrosopiperidine,
N-nitrosopyrrolidine and N-nitrosomorpholine. (The Working Group
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noted that the corresponding
these compounds, with the
used in rubber compounding.J

nitrosa tabl e

exception of
precursor of each
N-n i tro sop yrrol id ine,

of
i s

The analytical methods used to determine these nitrosamines
are based on wet-sampling techniques, such as impinger traps; on
adsorption of organic material on solid samplers, for air
sampling; or on extraction and distillation methods, for
chemicals and rubber products. For qualitative and quantitative
determination of N-nitrosamines in extracts, nitrosamine-specific
chemoluminescence detection was used after separation by gas
chromatography. Usually, identity was confirmed by combined gas
chromatographylhigh-resolution mass spectrometry. The possibility
of artefact formation during clean-up was excluded by the
addition of nitrosation inhibitors such as alkali or sulphamic
ac id.

The formation of N-nitrosamines from precursors has been
described in a previous lARe Monograph (IARC, 1978). The general
reaction can be described as follows:

amine or amine derivative + nitrosating agent--N-nitrosamine

ln addition to the familiar nitrosation of secondary amines,
reactions involving tertiary amines or amine derivatives such as
dialkyl dithiocarbamates, dialkyl thiuram sulphides and sulphen-
am ides are possible in the rubber industry, where these types of
chemicals are used as vulcanization accelerators and stabilizers
(Fig. 18). Sorne nitrosatable accelerators which yield nonvolatile
nitrosamines after nitrosation are shown in Figure 19.

Nitrosation can
as weil as in the
reactions are possible:

occur in aqueous
gas phase. The

systems,
following

in solid systems
two nitrosation

(1) Nitrosatable compounds dissolved or dispersed insolution may be nitrosated during the production of
articles. Nitrogen oxides from air have been proposed
nitrosating agents.

latex
1 a tex

as the

(2) Chemicals that contain nitro or nitroso groups are
potential nitrosating agents. As sorne of these chemicals may
decompose thermally during processing to form nitrogen oxides,
direct nitrosation of nitrosatable compounds contained in solid
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FIG.18. GROUPS OF CHEMICALS THAT CAN BE CONVERTED
TO N-NITROSAMINES

Amines Quarternary ammonium
salts

Dithiocarbamates

Ri,
./N-H

R2

Ri,
./N-R3

R2 (Rl'N./R3J+R./ 'R2 .
Ri - +
..N-C -5 MetalR./ Il2

5
secondary tertiary

Sulphenamides Thiuram sulphides Other N-disulphide
derivatives

(gN, R~C -5-N-: 15 R2
R" ./Ri

..N-C-(5)-C-N..
R2 Il n Il R25 5

l- I~o N-5-5-N 0\- "-

rubber is
poten ti al
industry.

possible
nitrogen

(Rappe & Rydstrõm, 1980). Figure 20 shows
oxide-releasing chemicals used in the rubber

Replacement of N-nitrosodiphenylamine by other retarders
results in a decreased level of detectable nitrosamines in rubber
factories (Preussmann .!al., 1980; McGlothlin et_.!, 1981;
Spiegelhalder & Preussmann, 1982).

ln western Europe, and to a lesser extent in the US, sorne
rubber products are cured in a bath consisting of a mixture of
molten nitrate and nitrite salts (salt-bath curing). ln conti-
nuous vulcanization, the extruded rubber material is transferred
continuously through the molten heat-transfer salt. Nitrosatable
chemicals present at the surface of solid rubber can react
directly with nitrite to form nitrosamines.

Nitrosam ines
rubber but m ay

(Table 5). The
ation by am bient

are not only form ed during the manufacture of
be present in rubber chemicals as contaminants
origin of these nitrosamines is probably nitros-
nitrogen oxides during production or storage.
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ACCELERATOR NITROSAMINE

irCH2 S\' r \ IlN-C-S-

(Qc(
Zn++

(QC\2 ~oN-N

(Q~22

zinc dibenzyldithiocarbamate nitrosodi benzylamine

&\_S_ND~S/ '0 CÀ ~oN-N:?a
N,N-dicycl ohexyl-2-benzo.

thiazolesulphenamide
nitrosodicycl ohexylami ne

(/C 0" L ++
~N_C-S-J z"
CH3-CH2 2

~N_N~O/
CH3-CH2

zinc ethylphenyldithiocarbamate ni trosoethyl phenyl amine

\Q IT IT /QN-C-S-S-C-N/ \H3C CH3
/C. Go~N-N

/
H3C

dimethyldiphenylthiuram disulphide ni trosomethyl phenyl am i ne

FIG. 19. ACCELERATORS AND CORRESPONDING NON-VOLATILE
NITROSAMINES
(From Spiegelhalder & Preussmann, 1982)
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RETARDERS

(Ç ~o

(gN-N'"

o
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N

rn~r:CH3~CH,
CH3 n

N -ni trosodi phenyl am i ne poly-N ,n i troso-2,2,4- tri methyl-
1,2-dihydroquinoline

ACCELERATORS

N02

(g~'c-S~NO, (CH3)2 N.nNO

2-( 2,4-di ni trophenyl th io)-

benzothiazole
N,N -di methyl-para-n i trosoan i 1 i ne

PROMOTOR BLOWING AGENT

N02 H1 l~
(CH3)2CCH2N-&NO

CH2-N-CH2
1 l 1

ON-N CH2 N-NO
l l 1
CH2-N-CH2

N-( 2-methyl- 2-n itropropyl)-

4-nitrosoaniline
dinitrosopenta-

methy lenetetrami ne

FIG. 20. NITRO AND NITROSO COMPOUNDS USED lN THE RUBBER
INDUSTRY THAT CAN ACT AS PRECURSORS OF
NITROGEN OXIDES
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Natural atmospheric levels of 30-70 ppb nitrogen oxides may
be complemented by combustion processes such as open flames, in-
dustrial pollution and exhausts from gas- and diesel-powered
fork-lift trucks and other transport vehicles. Propane-powered
v e hic 1 es for i n d 0 0 r use, w hic hem i t 1 0 w 1 e v e 1 s 0 f car bon
monoxide, have been shown to increase the level of nitrogen
oxides up to 1000 ppb. Nitrosamine levels in such areas are
elevated (Spiegelhalder & Preussmann, 1982).

Table 5. Examples of ni trosarine contamination in corrercial samplesof
rubber chemicalsa

Accelerator Ni trosamine present Concentration
( llg/kg)

N-Pen tarethylene di thiocarbarate, N-ni trosopi pe r id ine 200
piperidine salt

Tetramethyl thiuram disulphide N-ni trosodimethylarine 4- 800

Tetraethyl thiuram disulphide N-ni trosodiethylamine 25 - 80

Z inc-pentamethylene
di thiocarbamate

N-ni trosopi per id ine 60 - 450

Zinc-dibutyldi thiocarbamate N-ni trosodibutylamine 65 - 2500

Zinc-diethyldi thiocarbænate N-ni trosodiethylamine ia - 100

Morpholine derivatives N-ni trosomorphol ine 60 - 3500

a From Spiegelhalder & Preussmann (1982)
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4. Summary

ln the industry as a whole, several hundred different
chemicals are or have been involved in the manufacture of various
rubber products. The choice of chemicals employed at different
stages of processing varies from company to company and in
different factories within the same company. During the
developm ent of the industry, there has been increasing use of
synthetic elastomers (after the Second World War); changes in the
materials used for compounding, such as the types of carbon black
used in the late 1940s and the withdrawal of certain aromatic
am ines around 1950; and the introduction of the use of highly
aromatic extender oils during the late 1950s. Other compounds are
formed during rubber processing, including amines, sulphides and
volatile compounds produced during vulcanization. The occurrence
of nitrosation, resulting in the formation of volatile N-nitros-
amines during rubber processing, has been studied in particular.
Some nitrosamine precursors, such as morpholine derivatives and
thiocarbam ates, were introduced for use in the 1930s.
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(A summary of environmental monitoring techniques is given
as an annex to this section)

1. Engineering controls, personal protective equipment and work
practices

Engineering controls, including changes in process equipment
and ventilation, can provide protection for workers in the rubber
industry. Exhaust equipment should not only remove materials,
thus preventing worker exposure, but should also be designed to
prevent community exposure in the general environment outside the
factory. Machinery design should minimize worker contact with
materials, e.g., by isolating operators from the process stream
or by enclosing highly toxic processes. Machinery should also be
designed so that its various parts can be isolated during main-
tenance or repaire

The use of respirators is not recommended for protection
during routine production operations. When respirators are used,
a programme of proper selection, c1eaning and fitting should be
initiated. A medical evaluation of a worker's cardiopulmonary
condition and ability to use a respirator should be evaluated.
Regular monitoring of the workers' health and evaluations of the
effectiveness of the programme are recommended.

Variations in work practices can substantially affect a
worker's exposure. Management is responsible for supervision of
these practices and for providing continuing education programm es
to inform workers about hazards that exist within their workplace
and about the toxic properties and guidelines for the safe hand-
Jing of ail materials found in their working environment.

Washroom facilities, appropriate respirators, eyewash
fountains, emergency showers and other personal protective equip-
ment should be available at locations readily accessible from ail
areas where hazardous materials are found. Eating areas, smoking
areas and toilet facilities should be isolated from the work
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areas. Workers in certain areas, such as com pounding and process-
ing, run a greater risk of prolonged skin contact with toxic
materials; the y should be encouraged to take a shower after work
and to change clothes prior to returning home so as to avoid
transporting exposure to fam ily members and prolonging their own
exposure.

2. General reviews of exposure in the rubber industry

Three general reviews of environmental contarn ination wer~
a v a il ab 1 e t 0 the W 0 r k i n g G r 0 u p . Will i a m s et al. (1 980 ) an d Van
Ert et al. (1980) carried out comprehensive reviews of levels of
exposure to particulates and solvents in the US tyre manufac-
turing industry. The British Rubber Manufacturers' Association
(Parkes et al., 1975) reported an environm entai monitoring study
in 10 UK tyre factories in 1974, in which high-volume area
samples were taken and in which total particulate, cyclohexane-
soluble and benzo(~)pyrene concentrations at various sites were
reported. General studies of nitrosarnine exposure have been made
in the US and the Federal Republic of Germany. The surveys by the
US National Institute for Occupational Safety and Health (Fajen
et al., 1979; Ringenberg & Fajen, 1980; McGlothlin et al., 1981)
represent results obtained in five factories; Spiegelhalder and
Pre us s man n (1 982 ) and Spi e gel h al der (u n pub 1 i s h e d d a ta) i n v est i-
gated more than 17 rubber factories in the Federal Republic of
Germany.

Ab b r e v i a t ion sus e d ar e: N D B A - N - nit r 0 s 0 d ib ut y 1 a rn i ne; N DEA -
N-nitrosodiethylam ine; N DMA N-nitrosodirn ethylam ine; NDPhA
N-nitrosodiphenylamine; NMOR N-nitrosomorpholine; NPIP
N-n itroso p ip er id ine; NP Y R - N-n itro sopyrrol id in e.

2.1 Raw materials handling, weighing, mixing (Table 6)

Historically and to the present day, these operations have
been among the dirtiest in the industry. ln sorne plants, the
majority of the particulate is carbon black; when carbon black is
handled automatically, weighers may be exposed only to other
compounding materials. The separation and analysis of carbon
black and other specifie compounding materials rernain difficult
prob 1 e m s.
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Table 6. Exposures during raw materials handling, weighing and mixing

Reference CommentsMaterial Level

Williams
et al. (1980)

Parkes
et aL. (1975)

Williams
et al. (1980)

McGlothlin
et aL. (1981)

Fajen
et aL. (1979)

Spiegelhalder
& Preussmann

(1982)

Van Ert
et al. (1980)

Total
particulate

Total
particulate

Total
particulate

Total
particulate

3.10 mg/m3 (3 plants; median)
1.27-13.0 mg/m3 (Il samples)

1.90 mg/m3 (14 plants; median)
0.1-21 mg/m3 (19 samp1es)

0.25- 10 mg/m3

(50 samp1es in 10 plants)

0.4 - )10 mg/m3

(50 samples in 10 plants)

Benzo (~) pyrene 0-32. 3 ~g/m 3

(7 plants)

No ni trosamine
detected

Nav

ND
NMOR

Benzene

Hexane

0.1 ~g/m3

0.2-0.9 ~g/m3

a
(0.1-2 ~g/m3

1.5 mg/m3 (8 plants; median)
0.6-24 mg/m3 (23 samp1es)

56 mg/m3 (8 plants; median)
2.5-808 mg/m3 (23 samples)

Personal samples;
compounding

Personal samples;
mixing

High-volume area
samples; internaI
mixer loading

High-volume area
samples; raw
materia1s weighing

High-volume area
samples; mixing

Personal sample;
tyre

Area sample;
industrial rubber
products

Area samp1es;
tyre
Area samples;
tyre

Personal samples;
solvent mixing

Personal samples;
solvent mixing

a
Process not separated from other areas
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While median exposure levels as reported by Williams et al.
(1980) m ay give som e ide a of exposure throughout the industry, it
s hou 1 d ben 0 t e d th a t the r a n g e 0 f ex po sur es i s ver y w ide. 1 n d i v i-
duals may be exposed to high levels even in plants where median
exposure levels are low. There may be cross exposures to milling
fum e from drop m ilis.

Exposure to solvents may occur during the
sives, used either as such or in building rubber
hexane is not suspected of being a carcinogen,
significant effects on health.

m ix ing of adhe-
goods. AI tho ugh
it m ay have

2.2 Milling, extruding and calendering (Table 7)

Mill operators may be exposed to cross contaminarits from
Banbury mixers and to residual compounding material from the mill
itself. ln milling, extruding and calendering, there is also
exposure to condensed volatiles, vapours and gases. Because of
the high temperatures used in these processes and the large
surface area of rubber that they generate, traces of new com-
pounds, including nitrosamines, may be formed.

2.3 Component assembly and building (Table 8)

The solvents currently used in the building of rubber goods
are generally petroleum naphthas, although coal-tar naphthas were
used in the pasto 80th naphthas contained benzene, at levels of
u p t 0 se ver al p e r c e n t s ; c ,u r r e n t 1 ev el s are g e n e r a IL y m u chio we r
(a fraction of a percent). There may be exposure via the skin to
minerai oils, to solvents and to fractions of rubber dissolved in
solvent during building operations; such exposures are not listed
in Table 8.

2.4 Curing or vulcanization (Table 9)

When goods are prepared for curing, the y may be sprayed with
a solvent-based lubricant. The curing itself generates condensed
volatiles, vapours and gases, and the job area is subject to and
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Table 7. Exposures during milling, extruding and calendering

Reference Corren tsMater ial Level

Parkes et aL.
(1975)

Williams et
aL. (1980)

Total
particulate

Total
particulate

Cyclohexane-
soluble parti-
culate

Total
particulate

Cyclohexane-
soluble parti-
culate

Total
particulate

Total
particulate

Total
particulate

0.02-10.0 mg/m3
(50 samples in 10
plants)

0.08-4.0 mg/m3

(50 samples in 10
plants)

0.02-4.0 mg/m3

(50 samples in 10
plants)

0.02-1.5 mg/m3

(50 samples in 10
plants)

0.007-1.0 mg/m3

(50 samples in 10
plants)

0.76 mg/m3

(2 plants; median)

0.16-2.18 mg/m3

(8 samples)

0.62 mg/m3

(1 plant; median)

0.28-0.89 mg/m3

(5 sarpl es)

18.0 mg/m3

(2 plants; median)

4.67-32.0 mg/m3

(4 sarples)

Benzo (~J pyrene 0-15.3 iig/m 3
(2 plants)

High-volume are a
samples; milling

High-volume area
samples; extruding

High-volume area
samples; extruding

High-volume area
samples; calendering

High-volume area
samples; calendering

Personal samples;
mi1ling

Personal samples;
calendering

Personal samples;
tube extrusion

High-volune area
samples; rnilling

125
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Table 7 (contd)

Reference Level CorrentsMaterial

Van Ert et
aL. (198õ)

Benzene 2.4 mg/m3

(9 plants; median)

0.3-40 mg/m 3

(70 samples)

Ringenburg & NCM
Fajen (1980) NMOR

McGlothl in NCM
et al. (1981) NMOR

NPYR
NDPhA

Faj en et aL. NMOR

(1979)

Spiegelhalder & NCM
Preussmann NMOR

(1982)

McGlothl in NC
et al. (1981) NPYR

NMOR

0-0.09 llg/m 3
0.9- 1. 4 llg/m3

(0.1-0.4 llg/m3

(0.1-25 llg/m3a
(0.1-0.8 llg/m3
(0.1-13 llg/m3

1. 7-27 llg/m 3

0.1-2 llg/m3
0.1-9 llg/m3

(0.1 -5.5 llg/m3

(0.1-3.9 llg/m3

(0.3-250 llg/m3

Personal samples;
extniding

Personal samples
Personal samples

Personal samples
Personal samp1es
Personal samples
Personal samples

Area samples;
extruding

Area samples;
tyre and industry
products

Process sample; tyre
Process sample; tyre
Process sample; tyre

a Process sample at same feed mill contained up to 250 llg/m3 NMOR

contributes to cross contam ination of the work environm ente The
data in Table 9 demonstrate the occasional presence of benzene,
benzoL~lpyrene, particulates (both total and respirable) and
nitrosam ines.

2.5 Inspection and finishing (Table 10)

1 n s pee t ion i n vol v es' the han d 1 i n g 0 f hot c ur e dru b ber p r 0-
ducts, and workers are exposed to condensed volatiles, vapours
and gases. The final finishing operation results in extensive
skin contact with the finished product and exposure to rubber
dust and solvents. These processes also contribute to cross
contamination of the workplace air.
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Table 8. Exposures during component assembly and building

Reference Material Commen tsLevel

Williams
et al.
(1980)

Total
particulate

Respirable
particulates

Van Ert
et aL.

(1980 )

Benzene

Hexane

McGlothl in ND
et al.
(1981) NMOR

Spi egelhalder & NIlA
Preussmann
(1982) NMOR

0.11 mg/m3

0.24 mg/m3

(2 samples; median)

4.2 mg/m 3 (10 plants;
median)
0.3-27 mg/m3

(81 samples)

6 mg/m3 (2 plants;
med i an)
1. 2-9 mg/m3

(26 S61Ttp1es)

40 mg/m3 (10 plants;
median)
0.4--207 mg/m3

(84 samples!

70 mg/m3 (3 plants;
median)
30-850 mg/m 3

(27 samples)

0.1 \lg/m3

1. 6- 1. 9 \lg/m 3

0.1-1 \lg/m3

O. 5-3 \lg/m 3

Single high-volume,
area sample; tyre
bui Id ing

Personal samples;
bead building

Personal samples;
tyre build ing

Area samples; tyre
building

Personal samples; tyre
building

Area samples; tyre
building

Personal sample; tyre
building
Personal samples; tyre
building

Personal samples; tyre
and industry products
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Table 9. Exposures during tyre curing or vulcanizing

Reference Commen tsMaterial Level

Parkes et al.

(1975)

Williams et al.
(1980)

Van Ert et aL.

(1980)

Ringenburg &
Fajen (1980)

McGlothl in
et aL. (1981)

Faj en et aL.
(1979)

Total
particulate

Cyclohexane-
soluble parti-
culate

Total
particulate

Respirable
particulate

Benzo (~) pyrene

Benzene

ND
NMOR

ND
NMOR

ND
NMOR

NMOR

Spiegelhalder & NDM
Preussmann (1982) ND

Nr
ND

NDPA

0.03-2.0 mg/m3

(50 samples in
10 plants)

0.05-2.0 mg/m3
(50 samples in
10 plants

High-volume area samples;
curing area

High-volume area samples;
curing area

1.33 mg/m 3 Personal samples
(2 plants; median)
0.28-10.27 mg/m3
(23 samples)

0.43 mg/m 3 Personal samples
(3 plants; median)
0- 1. 5 mg/m 3

(11 samples)

0-8.8 ~g/m3 High-volume area samples

2.4 mg/m3 Personal samples
(9 plants; median)
(0.3-33 mg/m3

(22 samples)

0.08 ~g/m3
1. 5 ~g/m3

0.1-0.3 ~g/m3
0.4-1.8 ~g/m3
(0.1-0.2 ~g/m3
(0.1-6.4 ~g/m3

2.2-7.1 ~g/m3

0.1-2 ~g/m3
15-130 iig/m 3

1-4.5 ~g/m3

17-28 iig/m3

1-2.5 iig/m3

Area samples;
Area samples;

tyre curing
tyre curing

Personal samples; tyre curing
Personal samples; tyre curing
Tyre-process sample
Tyre-process sample

Area samples; tyre curing

Personal samples; tyre curing
Personal samples; tub curing
(NDPhA used)
Personal samples; tub curing
(NDPhA not used)
Personal and area samples;
tube cur ing
Personal and area samples;
tube cur ing
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Reference Material Leve 1 Corren ts

Spiegelhalder &
Preussmann (1982)

NDBA

NMORNI
NDEA

NDBA

NMOR

NPIP

ND
NMOR

ND
N"ORNr
NDEA

NDBA

NPIP

NMOR

Nr
NMOR

Nrn

ND

NDEA

1 iig/m 3

0.1-17 iig/m3
1-40 jJg/m3

0.1-5 iig/m 3

(0.1-1 iig/m3

0.1-3 iig/m3

(0.1-1.5 iig/m3

40-90 iig/m 3
120-380 iig/m3

500-1060 iig/m 3
200-4700 iig/m 3
0.5-1 iig/m3

0.1-5 iig/m3

0.1-1 iig/m3

(0.1-0.3 iig/m3

0.1-2 iig/m3

1-3.5 iig/m3

3-9 iig/m 3

O. 2- 3. 5 ii/m 3

1 ii/m 3

3 ii/m 3

Personal and area sample
tube cur ing
Personal samples; tyre curing
Personal samples; salt-bath
curing
Personal samples; saI t-bath
curing
Personal samples; salt-bath
curing
Personal samples; saI t-bath
curing
Personal samples; saI t-bath
curing
Personal samples; inj ection
moulding (TMTD,di thiomorpholine
and NDPh in use)
Process samples;
Process samples;
Personal and area
wa te r hose
Personal and area samples;
wa te r hose
Personal and area samples;
water hose
Personal and area samples;
water hose
Personal and area samples;
water hose
Personal and area samples;
window seals
Personal and area samples;
window seals
Personal and area samples;
injection moulding
Area samples; latex goods
production
Area samples; latex goods
production

as above
as above
samples;
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Table 10. Exposures dur ing inspection and finishing

Reference Mater ial Level Conuents

Parkes
et al.
(1975)

Total
particulate

0.08-2.0 mg/m3

(50 samples in
10 plants

High-volume area sample;
inspection

O¡clohexane-
soluble parti-
culates

0.02-2.0 mg/m3
(50 samples in
10 plants)

High-volume area sample;
inspection

Williams
et al.
(1980 )

Particulate
(respirable)

0.22 (11 plants) Personal samples
0-2.83 mg/m3

(55 samples; median)

Benzo (~) pyrene (1-15.3 iig/m3

(7 plants)
High-volume area samples

Van Er t
et al.
(1980 )

Benzene 3.3 mg/m3 (3 plants) Personal samples
0.3-81 mg/m 3

(11 samples; median)

Fajen et al.

(1979 )
NMOR 0.6 iig/m 3 Personal samples; tyres

Spiegelhalder
& Preussmann

(1982)

NI
NMORNI

0.1 -1.5 iig/m3

0.1-20 iig/m3
up to 10 iig/m3

Personal samples;
Personal samples;
Personal samples;

tyres
tyres
tubes

2.6 5 t 0 r a g e and dis p a te h ( T a b 1 e 11)

Storage and dispatch are carried out in the plant warehouse.
The products that m ay be em itted are off-gases of solvents (e.g.,
benzene) and nitrosamines. Nitrogen oxides may occur due to the
use of gasoline- and propane-driven fork-lift trucks.

3. Studies of specifie exposures in the rubber industry

A number
picture of the
in Table 12.

of sm aller studies of the industry help
diversity of worker exposures. They are

to create a
summarized
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Table Il. Exposures during storage and dispatch

Reference Mater ial Level Comments

Van Ert Benzene 0.03-1.4 rr/m3 Area samples; tyreet al. (32 samples in 2 warehouse
(1980 ) plants)

McGlothl in Na O. 04-0. 1 llg/m 3 Personal samples; tyreset al. (1980 ) tMOR (0.01-1.7 llg/m3 Personal samples; tyres
Spiegelhalder a Personal samples; tyresNa 0.2- 10 llg/m3
& Preussmann NIl 1-19 llg/m3 Personal samples; tubs
(1982) ND 30-40 llg/m 3 Personal and area samples;

tubes
NDPA 1. 5-2. 5 llg/m3 Personal and area samples;

tubes
Nv0R 0.3- 1 7 llg/m 3 Personal samples; tyresND 0.2-1 llg/m3 Industr ial rubber

production

a
Higher values due to presence of tubes stored nearby

Between luly 1972 and lanuary 1977, the US Occupational
Safety and Health Administration (1977) conducted 85 surveys with
regard to carbon black to determine compliance with the occupa-
tional exposure limit of 3.5 mglm3. Approximately 20% of the
workplaces inspected were in violation of the standard, and
levels in about 60% of these were 1-2 times above the standard.

Sands and Benitez (National Institute for Occupational
Safety & Health, 1978) reported in 1961 concentrations of carbon
black (measured as total dust) at three rubber factories ranging
from 0.14-38.9 mglm3: 1.77-38.9 mglm3 were found in areas where
Banbury mixers were loaded; 1.41-21.2 mglm3 during milling; and
0.14-4.24 mglm3 in the general air of milling rooms.

Pagnatto et al. (1961, 1979) reported a reduction in expo-
sure to benzene during the proofing of fabric after substitution
of benzene by other solvents. Exposure can occur both during the
preparation of proofing compounds and during their application.
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ln 1960-1964, levels of 6-44 ppm were found in the churn room,
10-140 ppm at the saturator, and 3-39 ppm at the spreader. The
solvent in use at that time contained 3-7.5% benzene. Substitu-
tion of a benzene-free solvent in 1964 reduced exposure to 'none
detectable'. Exposure to other solvents may continue.

1 n a se rie s 0 f ' h e aIt h h a z a r d e val u at ion s ' b Y the U S
National Institute for Occupational Safety and Health (1977a,
1979, 1980), employee exposures at a rubber factory were
surveyed. Biological data on 51 employees exposed to ethylene-
thiourea were evaluated, and exposures in compounding, milling
and fabric-proofing operations were monitored. Air contam ination
ranged from non-detectable to a level of 77 ll glm3, except for one
man who loaded churns in a fabric-proofing operation who was
exposed to 1100 llglm3 during a 15-min sampling periode

ln a Finnish rubber factory, levels of 0.001-0.072 mglm3
ethylenethiourea were measured in the breathing zone of workers
in m illing and mixing operations, 0.004-0.006 mglm3 during
c al end er in g, 0.012-0.206 m gl m 3 dur in g ex tr ud in g and 0.051 -0.081
during cleaning. Levels of 0.0001-0.011 mglm3 methylenebis-ortho-
chloroaniline were measured in areas outside those in which its
use was permitted (Enwald, 1982).

During an inspection of a tyre company by the US Occupa-
tional Safety and Health Adm inistration (1980), personal sam pIes
w e r e ta k en on a w 0 r k e r i n the co m po und i n g are a t 0 de ter min e h i s
exposure to a number of organic materials: 0.01 mg/m3 2-morpho-
linothiobenzothiazole, 0.26 mg/m3 diphenylguanidine; 17.0 mglm3
polymerized 1,2-dihydro-2,2,4-trimethylquinoline and 3.4 mglm3
N-cyclohexyl-2-benzothiazole sulphoxide were measured.

At a factory where surgical, household and industrial gloves
were manufactured from natural latex, gloves were dipped in a
suspension of talc in a liquid containing ethanol, isopropanol
and met h yI i s 0 but Y 1 k e ton e . Th e a ver a gel ev el s 0 f the sol ven t s
found in breathing area sam pIes, using a combustible gas indica-
tor, was 40 ppm; maxima of 130 ppm ethanol and 110 ppm methyl
isobutyl ketone were measured. Kitagawa indicator tubes were also
use d to sa m pl e for ethanol and ke to n es (m easur ed as m ethyl ethyl
ketone): at the talc slurry, 800, 500 and 400 ppm ethanol were
found; and in the breathing zone, 80 ppm ketone were m easured

(The Industrial Commission of Ohio, 1971).
~
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ln an Egyptian study (Noweir et al., 1972) on three large

t y r e pla n t s , t 0 ta 1 dus t con c en t rat ion sin are a sam pie s w e r e 1 8 -4 0
million particles per cubic foot (mppcf) in the storage area and
20-36 mppcf in the compounding area. ln open-mixing, 20-50 mppcf
particulates were found, while in the inner-tube building section
of one plant, a total dust level of 11 mppcf was measured. The
curing area was less dusty in terms of airborne particulate
levels: 5 mppcf were found in two plants investigated.

Total dust concenfrations in the air around core-winding
machines for making golf-balls were 12.7-50.7 mglm3 in personal
sam pie s. A ft e rai 0 cal ex ha u s t s y ste m wa sin s t a Ii e d, 2.4 _ 8.6
mglm3 were measured. During loading of storage hoppers, 88 mglm3
total dust were measured; after an enclosure was fitted, (1 mglm3
was found (Nutt, 1979).

Average concentrations of respirable dust measured in US
studies in connection with medical investigations ranged from
0.47 to 1.63 mglm3 (near a cureman) (Fine & Peters, 1976; Fine et
~ 1976). ln another plant, the average concentration of respi-
rable dust ranged between 0.51 (in extruding) to 3.55 mglm3 (in a
rubber band area); 1.29 mglm3 were found in a curing area.

The content of the atmosphere in the curing area may vary
according to whether the process is manual or automatic (Burgess
et al., 1977). Manual operators may experience concentrations of
respirable dust six tim es higher than those of men working in
automatic curing: mean concentrations dropped from 1.59 to 0.28
mglm3 in a changeover from manual to automatic press operation.
Carbon black particulates comprised la significant portion' of
the respirable dust in processing areas.

Dust measurements by personal sampler in a Swedish tyre
factory in 1976 (Gunnarsson, personal communication) showed total
dust levels in the weighing and mixing department to be above the
Swedish occupational standard for inert organic dust of 5 mglm3.

The benzoL!Jpyrene content in the weighing area of a non-
specified rubber industry was 0.01-0.05 ll glm3 (0.03-0.20 ll glm3
total polycyclic aromatic hydrocarbons); that at a mixing station
was 0.01-0.05 ll glm3 (0.06-1.2 ll glm3 total). The ratio in the air
varied with the type of soot used in the process (Otto & Schmidt,
1978) .
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ln the air at a mixing station of a tyre factory, 16.7 and
19.0 nglm3 benzoL~lpyrene were found; the levels in air close to
extruders were generally half or less tban haIt (3.2-12.1 nglm3)
of those values. The air above conveyors contained 15.7-43.0
nglm3; and the air in an inner tube department had 21.3-32.1
nglm3. Air around curing presses contained levels of 3.7-12.8
nglm3, and tyre trimming areas had trom 'notdetectable' to 56.8
nglm3 (Nutt, 1976).

Oil mists were measured at various work areas in a Finnish
rubber factory, and the maximum quantity of benzoL~lpyrene was
calculated. At extruders, (0.016-0.096 llglm3 were estimated; at
calenders, (0.016-(0.248 llg/m3; and during milling, (0.016-(0.040

llglm3 (Enwald, 1982).

The levels of benzo(.!lpyrene
general, similar to those taken in
Williams et al., 1980).

taken
the

inside
outside

factories
air (Nutt,

are, in
1 976;

Gases and vapours have been investigated mostly in tyre and
tube manufacturing industries, or in laboratory model systems
that imitate field conditions. ln one field study (Noweir et al.,
1972), no nitrogen dioxide was detectable in most areas investi-
g a te d; ait hou g h air sam pIe s f rom c ur i n g are a i n t w 0 fa c t 0 rie s
contained mean levels of 0.57 and 0.81 ppm. ln mixing areas,
hydrogen sulphide was found at concentrations of 0.22 ppm (closed
mixing), 0.12 and 0.34 ppm (open mixing) in three different fac-
tories. Sulphur dioxide levels were 1.20 ppm (closed mixing) and
1.30 ppm (open mixing) in one factory and 0.61 ppm (open mixing)
in a second factory. ln the curing areas of two factories, m ean
concentrations of hydrogen sulphide were 0.46 and 0.34 ppm, and
th 0 seo f sui p h ur d i 0 x ide w e r e 2.40 and 1. 1 0 p pm, r es pe c t i v el y.

ln a laboratory model of tyre curing, Fraser and Rappaport

(1976) demonstrated the presence of about 20 different chemicals
in effluent air, including toluene, 4-vinylcyclohexene, ethyl-
benzene, 1,3-dimethylbenzene (xylene), 1,4-dimethylbenzene
( x y 1 e ne) , s t y r e ne, ter t- but Y 1 i sot h i 0 c yan a te, 1 ,5 - c y cIo 0 c ta die ne,
ben z 0 t hi a z ole, N - s e c- but Y 1 an il i ne, 1 ,5,9 - c y cio do de ca tri en e,
methylnaphthalene, 1,3-butadiene trimer, ethylnaphthalene and
dimethylnaphthalene. Most of these compounds were probably
derived from the raw elastomer used, or from an aromatic oil
added to the mixture.



EXPOSURES lN THE WORKPLAeE 135

Some of the compounds were later identified in the air at
the c'entre and at the periphery of tyre curing areas, where a
sim ilar rubber mixture was being used (Fraser & Rappaport, 1976;
Rappaport & Fraser, 1977). Thus, mean concentrations of toluene
were 1120 ppb in the centre and 1160 at the periphery of the
curing area; those of 4-vinylcyclohexene were 71 ppb and 92 ppb;
of ethylbenzene, 78 and 112 ppb; of styrene, 85 and 111 ppb; of
1,5-cyclooctadiene, 6 and 6 ppb; and of 1,5,9-cyclododecatriene,
7 and 16 ppb, respectively. Many unidentified chem icals were
present in the air samples.

ln a factory where rubber footwear was manufactured,
employees in the compounding and doubling rooms were found to
have been exposed to excessive concentrations of airborne parti-
culates. Levels of zinc stearate, as measured near the lining
calender and near the vulcanizers, were judged to be capable of
pro duc i n gin ter mit t e nt, s h 0 r t- ter m sen sor y i r rit a t ion. The 1 ev el s

of methylene chloride and of methylene-di(4-phenylisocyanate)
produced under normal operating conditions at the polyurethane
injection-moulding operation were judged to be non-toxic,
although potentially toxic conditions could exist during main-
tenance procedures (Levy, 1976).

Workers in a tyre-manufacturing factory where a hexa-
methylene-tetramine-resorcinol resin system was used were exposed
to resorcinol, form aldehyde and am monia at concentrations of ':0.3
mg/m3, 0.05 mg/m3 and 0.1 mg/m3, respectively (Gambie et al.,
1 976).

Residual chloroprene levels in a typical press roll-building
operation using polychloroprene were measured by taking air
samples during the entire roll-building operation. No residual
chloroprene and .:3 ppm toluene were detected (National Institute
for Occupational Safety & Health, 1977b).

The concentration of chloroprene monomer in solid poly-
chloroprene rubber is less th an 1 ppm by weight, but it may be
much higher, up to 5000 ppm, in polychloroprene latices (Nutt,
1976). Atmospheric concentrations in area samples were 2-12 ppm
during the compounding of latex, 3-6 ppm during the use of
compounded latex, and 2-20 ppm during the production of dipped
goods from polychloroprene latex. The concentrations in personal
sam pie s dur i n g use 0 f c 0 m pou n d e dia tex w e r e 2 -4 P pm.
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Table 12. Sumary of studies of specifie exposures in the rubber industry

REFERENE MATERIAL LEVEL Ca-
Nowe i r
et al.
(1972)

Nutt (1979)

Gunnarsson

Fine et aL.

(1976i-

Nutt (1976)

Otto &
Schmidt
(1978)

\..iUiams
et aL.

(1981)

Enwald
(1982)

Noweir
et al.
(1972)

Fraser &
Rappaport
(1976)

Sands &
Beni tez

(1961)

Industrial
Conission
of OÜo
(1971)

Total dust

Total dust

Total dust

Respi r able dust

Benzo (~i pyrene

Benzo (~) pyrene

Benzo (~) pyrene

Benzo (~) pyrene

Nitrogen dioxide
Hydrogen sulphide

Sulphur dioxide

ToI uene
4-Vinylcyclohezene
Ethylbenzene
Styrene
l, 5-Cyclooctad i ene
1,5,9-Cyclododecatriene

Carbon black (total dust)

Ethanol
Methyl isoQutyl ketone

18-32 mppcf
20- 36 impc f
20-50 mipcf
11 impcf
5 impc f

12.7-50.7 mg/m'
2.4-8.6 mg/m'
88 mg/m'
(l io/m'

)5 io/m'

0.47-1.41 mg/m'
0.51-3.55 mg/m'
0.26-1. 54 mg/m'
0.24-0.78 mg/m'

- 0.02 ii/m'
up to 0.01 ii/m'
0.02-0.04 ~g/m'
0.02-0.03 ~g/m'
up to 0.01 ~g/m'
up to 0.06 ~g/m'

0.01-0.05 ii/m'

0-32.3 ~g/m'
0-15 ~g/m'
0-8.8 ~g/m'
0-15.3 ~g/m'

(0.016-0.096 ~g/m'
(0.016-(0.248 ~g/m'
(0.016-0.040 ~g/m'

570-810 ppb
220 ppb
120-340 ppb
340-460 ppb
1200 ppb
610-1300 ppb
1100-2400 ppb

1120-1160 ppb
71-92 ppb
78-112 ppb
85-1U ppb
6ppb
7-16 ppb

1. 77-38.9 ~g/m'
1. 41-21. 2 ~g/m'
0.41-4.24 ¡./m'

40 p¡:
40 p¡:

storage
compound ing

open mixing
inner tub building
cur ing

Personal samp"le; core-winding
" " (wi th exhaust)

loading
(wi th exhaust)

Personal samples; weighing, mixing

tube curing
extruder rubber-band
curing, manual
curing, automatic

mixing, tyre
extruder
above conveyors
inner tube building
curing
finishing

weighing, mixing

Banbury, tyre area
mill ing
curi ng

inspection

extruding
calender ing

milling

curing
mixing
open mixing
curing
closed mixing
open mixing
curing

curing
curing
curing
curing
curing
curing

mixing
milling
area sample; milling

dipping
dipping



EXPOSURES lN THE WORKPLAeE 137

Table 12 (condt)

REFERENCE MATERIAL LEVEL CCMEN

Pagnatto Benzene
et aL.

(1961, 1979)

Nutt (1976) Ch1oroprene

6-44 ppm
10-140 ppm
3-39 ppm

2-12 ppm
3-6 ppm
2-20 ppm

mixing
saturating
spreading

1960-1964

compounding
building
dipping

Occupationa1 2-Morpho1inothiobenzothiazo1e 0.01 mg/m'
Safety & Dipheny1guanidine 0.26 mg/m'
Hea1th Adi- Po1ymerized 1,2-dihydro-2,2,4- 17.0 mg/m'
nistration trimethy1guino1 ine
(1980) N-Cyc1ohexyl-2-benzothiazo1e 3.4 mg/m'

- su1phoxide

compounding
compounding
compounding

compounding

Enwa1d
(1982)

Ethy1enethiourea 0.001-0.072 mg/m'
0.004-0.006 mg/m'
0.012-0.206 mg/m'
0.051-0.081 mg/m'

0.001-0.011 mg/m'

mill ing, mixing
ca1endering
extruding
maintenance

Methy1enebis-ortho-
ch1oroan i 1 i~ genera1 air

4. BiologicaJ monitoring

Biological monitoring of carcinogens and mutagens is in a
phase of rapid development. Many of the findings presented here
are based upon a small number of measurements, and more experi-
ence is needed before any definite conclusion about their impor-
tance can be made. However, because of the long latency periods
preceding the diagnosis of cancer, methods of biological monitor-
ing can be used to identify worker exposure. An overview of the
present possibilities and future perspectives of biologicaJ
monitoring in the identification of cancer risk in individuals
exposed to carcinogens has been published elsewhere (Vainio et
~ 1981).

4.1 Chemicals and their metabolites in biological fluids

Only a few substances that
humans have been analysed in
arsenic, benzene, chromium and

are known to cause cancer in
biological samples, including
n i c k e J ( V ai n i 0 ~~, 1981) .
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Within the
monitored via
1961, 1979) (see

rubber industry, exposure
excretion of phenol in the

above).

to benzene has
urine (Pagnatto

b e e n

et al.,

ln a study on human volunteers (Kummer & Tordoir, 1975), 19
volunteers were given 10 mg N-phenyl-2-naphthylamine containing 8
ng 2-naphthylamine (0.8 mg/kg bw). From 0.4-3 ll g 2-naphthylamine
were found in 24-hour urine samples from 7 subjects, 6 of whom
were non-smokers. ln 4 workers exposed to N-phenyl-2-naphthyl-
amine dusts (approximate intake, 40 mg), which were estimated to
contain 32 ng 2-naphthylamine, 3-8 ll g 2-naphthylamine were found
in 24-hour urine samples.

2-Naphthylamine was
samples of urine from
N-phenyl-2-naphthylam ine
from workers (unspecified
N-ph enyl-2-n aphthyl am in e

found at a level of 3-4 ll g in 24-hour
two volunteers who ingested 50 mg
containing 0.7 ll g 2-naphthylamine, and
number) estimated to have inhaled 30 mg

(Moore et al., 1977).

4.2 Thioethers in urine

Alkylated amino acid residues have been measured in urine in
a number of studies (Jones, 1973; Ehrenberg et al., 1974; van
Doorn et al., 1981). Alkyl derivatives of cysteine or N-acetyl-
cysteine have been demonstrated in the urine of rubber workers

(Vainio et al., 1978) and of workers exposed to methyl chloride
(van Doorn et al., 1980). The levels at which these thioethers
and alkylcysteines are found in urine provide indirect informa-
tion about exposure to alkylating and arylating compounds; how-
ever, this method does not permit the identification of specifie
com pounds.

The thioether content of the morning urine of rubber workers
and 0 f rad i a 1- t Y r e b u il der s w a shi g h e r th a n t h a t 0 f the uri n e 0 f

clerks. Women excreted higher levels than men. The highest level
of thioethers was found in the urine of fem ale workers in the
belt department; high levels were also found in workers in the
calendering department, in raw material stores and in chemical
m ixing sections; and lower levels were seen in workers in the
dispatching station and offices (Vainio ~~., 1978; Kilpikari,
1 981 ).
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4.3 Mutagenicity in urine

Mutagenicity
(Siebert & Simons,
1978; Falck et al.,
~., 1980; Tanaka et

has been detected in the urine of humans
1973; Yam asaki & Am es, 1977; McCoy et al.,
1980) and of rats (Bos et al., 1980; Reddy et
al., 1980) exposed to m utagens.

The mutagenic activity of the urine of workers in the tyre-
m anufacturing departm ent of a rubber factory was investigated
using the bacterial fluctuation test, with Escherichia coli WP2
and Salmonella typhimurium TA98 as the indicator organisms. The
urine of both smokers and non-smokers exhibited significantly
higher mutagenic activity than that of non-occupationally exposed
controls (Falck et al., 1980). The extent of mutagenic activity
in the urine of workers varied according to job category, in the
following descending order: cleaners at the mixing and weighing
department ) vulcanizers of tyres ) mixers of chem icals )
vulcanizers of boots (Vainio et al., 1982).

4.4 Sis ter c hro mat id ex changes in p er iph er al Iy m p hocytes

The frequency of sister chromatid exchange (SCE) in cultured
b 1 0 0 d 1 Y m P hoc y tes i s sig n i fie a n t 1 Y h i g h e r i n t h 0 s e f rom p e.o pie

exposed to mutagenic and carcinogenic materials (Funes-Cravioto
et al., 1977; Husgafvel-Pursiainen et al., 1980; Lambert et al.,
1982).

The frequency of SCE in cultured peripheral Iym phocytes of
rubber workers who smoked was higher than that in unexposed
smokers. Workers in chemical weighing and mixing departments had
higher frequencies of SeEs in their lymphocytes than did their
unexposed, matched (age, sex, smoking habits) controls (Vainio et
~., 1 9 82 ) .

5. Summary

Analytical techniques have seldom been employed in the past
to survey atmospheric contamination in the rubber industry, so
that there are few reported data on individual materials. The
most data are available on levels of total particulates and
solvents.
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The handling, weighing and mixing of raw materials in the
rubber industry hav~~jllways been visibly dusty processes, and the
areas in which they-'àre carried out have been the main focus of
sampling for particulate exposure. Current monitoring data
indicate that exposures to greater than the recommended limits
are not uncommon; and anecdotal information suggests that in the
pas tex po sur es w e r e toc 0 n s ide rab 1 Y hi g h e rie v el s . Mo s t i n du s-
triai hygiene measurements are still compared with established
limits for carbon black or with general dust standards, and the
implications of exposure to potentially more toxic materials are
rarely evaluated.

Heating and curing of rubber compounds generates a visible
f ume, the i n h al a t ion 0 f w hic h m a y con s t i tut e a sig n i fi c an the al t h
hazard. This fume has a complex chemical composition, which makes
detailed analysis very difficult. For the U K industry, it has
been suggested that the solvent-soluble fraction of total parti-
culates should be used as an indicator of fume contamination in
the areas in which the samples were taken. Such monitoring has
been put into practice.

Recent findings of nitrosamines in the rubber industry
indicate widespread contamination by several nitrosamines at the
jlg/m3 level. The levels of N-nitrosomorpholine and, in sorne
studies, N-nitrosodimethylamine, were associated with the use of
N-nitrosodiphenylamine, secondary amines and the presence of
nitrogen oxides in the work environment. Under some conditions,
the levels of N-nitrosodimethylamine and N-nitrosomorpholine
exceeded 100 jlg/m3.

The mixing of solvents may be considered to fall into the
category of handling of raw materials, although it is often done
in facilities separate from the main factory. While the toxic
effects of over-exposure to solvents have been recognized for
many decades, and individual companies have probably monitored
workers' exposure, little published data were available prior to
the early 1960s. Other jobs for which data are now available
include building, preparation for curing and pròduct finishing in
the tyre industry, and the spreading of proofing compounds in the
co a t e d- fa b rie sin dus tr y .

The data in this section are presented separately for speci-
fie processing areas, so that the y can be used as indicators of
the exposures in individual job categories or areas.
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It is evident from this review of the industrial hygiene
data that studies should be carried out to evaluate the indivi-
dual components of particulates. The analytical techniques are
available to increase the data base, and research must be made
into a clearer understanding of the work place environment in the
ru b ber i n dus tr y .

Very few data obtained by biological monitoring were avail-
able to the Working Group. The findings are limited to reports of
excess levels of thioethers in the urine of tyre-manufacturing
workers, an increased level of mutagenic activity in the urine of
workers in mixing and weighing and vulcanization departments, and
an increased prevalence of sister chromatid exchange in peri-
pheral lymphocytes of rubber workers involved in mixing and
weighing of compounds.
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ENVIRONMENTAL MONITORING TECHNIQUES

Various techniques have been developed to optimize engineer-
ing controls and to estimate worker exposure through the measure-
ment of concentrations. Results of such methods can be confounded
by factors such as poor work practices and personal hygiene,
periodic fluctuation in emission of contaminants, changes in
process, and the limitations of the sampling equipment available.
Additionally, environmental monitoring cannot adequately evaluate
skin absorption.

1. Sampling methods

Personal: A sampling device (i.e., filter, cyclone or
adsorption tube) is attached to the 1 apels in the area of the
breathing zone of the workers. The concentration m eas.ured by
personal samplers may be hi g h er than tha t m easured by fixed
sampling devices, and personal sampling permits a more ex ac t
evaluation of the actual inhalation of substances.

Area: The work place
train. This method gives an
particular work area.

air is sa m pl ed

indication of
using a static sampling
the concentration in a

Process: This is a static sampling
point closest to the process generating
do es not indicate actual personal exposure
contam inant.

method located at
the contamination.
but does indicate

the
1 t

the

2. Components of sampling systems

Pumps: These
of air through a
however, most of
operated.

devices are designed to pull a defined volume
sample collector. Pumps are ail electrical;
those used for personal sam pling are battery
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Direct reading: Such
immediate indication of the
minant or contam inants. They
cated electronic monitoring
specifie contaminant, portable
tapes (for isocyanates), portable
direct reading dust rnonitors.

devices are designed to give an
concentration of a specifie conta-

may be indicator tubes, sophisti-
devices designed to measure a

gas chromatographs, sensitized
infra-red spectrophotometers or

Particulate samplers: These are used to capture dusts and
aerosols. A size-selective sarnpler may be used to separate
respirable particles (which can penetrate deep into the lung)
from coarser, non-respirable particles. Sampling for respirable
particulate is generally done when dusts that cause lung disease
are present. Sampling for 'total particulatel (both respirable
and non-respirable) is generally done wh en the dusts are of
unknown or systemic toxicity, when both ingestion and inhalation
may occur.

Solid adsorbent tubes: These
contam inants and are corn prised
gel, etc.

are
of

used to
ch arco al,

sample gas
MgAI silica,

phase
silic a

3. Analytical methods

These include specifie chemical methods and instrumental
methods, e.g., atornic absorption, infra-red spectroscopy and gas
chromatography, in combination with various detectors such as
chem ilum inescence.
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This section includes information on chemicals for which
sorne data on carcinogenic, mutagenic or teratogenic effects were
available to the Working Group. The selection of chemicals
included in this section is not the result of an exhaustive
screening of the literature on ait chemicals used or formed in
the rubber industry. Some of the chemicals have already been
considered in previous lARe Monographs, and, for these, reference
to the pertinent Monograph is given (see also Appendices 2 and
3). For a number of chemicals, information on carcinogenicity,
mutagenicity or teratogenicity was derived from the literature
and was not critically analysed or evaluated in the same way as
that for chemicals previously considered in IARC Monographs. This
section should therefore be read more as an introduction than as
an exhaustive and complete review.

1. Carcinogenic, mutagenic and teratogenic effects

1.1 Accelerators, antioxidant~ and curing agents

Of the organic peroxides used as curing agents, dicumyl
peroxide, bis(2,4-dichlorobenzoyl)peroxide and a,a'-bis(tert-
butylperoxyisopropyl)benzene were reported to be skin irritants,
while tert-butylperoxide was note Their acute toxicity in anim ais
has been summarized by Holmberg and Sjöstrom (1977), but virtu-
ally no evaluable data are available on their carcinogenic, muta-
genic or teratogenic effects. Hydrogen peroxide was reported to
be carcinogenic to mouse duodenum wh en administered at a concen-
t rat ion 0 f 0.4 % i n d r i n k i n g w a ter for 1 08 w e e k s ( 1 t 0 ~~
1981). It was also shown to induce DNA repair in Escherichia coli
(Rosenkranz, 1973) and mutations in Saccharomyces cerevisiae
(Thacker, 1975).

The accelerators and curing agents commonly used are thiuram
compounds, including tetramethylthiuram disulphide (thiram,
TMTD), tetraethylthiuram disulphide (disulfiram, TETD) and tetra-
m ethylthiuram monosulphide (TMTM). (See also Appendix 1).
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TMTD and TETD were evaluated for carcinogenicity in an IARC
Monograph (IARC, 1976b). The two carcinogenicity studies in
experimental animais and the one case report of human thyroid
cancer were considered an insufficient basis for evaluating the
carcinogenicity of TMTD; the data for TETD were also too lim ited
to evaluate carcinogenicity. ln one study of oral administration
to mice, the incidence of liver-cell tumours was increased in
m ales of two strains, and the number of lung tumours was in-
creased in males of one strain. Both TMTD and TETD react with
nitrite to form carcinogenic nitrosodialkylamines. TETD is meta-
bolized in rats and man to diethyldithiocarbamate, glucuronide
and sulphate conjugates, diethylam ine and carbon disulphide.

These compounds were investigated in a series of reactivity
studies in vitro (Hemminki et al., 1980). TM TM, TMTD, TETD, zinc
and copper dimethyldithiocarbamates, zinc, cadmium and tellurium
diethyldithiocarbamates, and zinc dibutyldithiocarbamate were
incubated with synthetic nucleophiles, 4-(para-nitrobenzyl)-
pyridine and deoxyguanosine. The thiuram compounds were not
reactive; copper dimethyldithiocarbamate, cadmium and tellurium
diethyldithiocarbamate and zinc dibutyldithiocarbamate reacted
slowly with both deoxyguanosine and 4-(~-nitrobenzyl)pyridine.
There seemed to be no correlation between mutagenicity in
Escherichia coli WP2 and chem ical reactivity.

ln a series of mutagenicity tests on rubber accelerators

(Hedenstedt et al., 1979), TMTD and TMTM were mutagenic but TETD
was non-mutagenic to Salmonella typhimurium. TMTD was the most
active of the thiurams. Five out of nine tested dithiocarbam ates
were also mutagenic, ziram being themost active.

4,4'-Dithiomorpholine, zinc ethylphenyldithiocarbam ate,
N, N '- die y cio h e x y 1- par a- p h e n yi e n e dia m in e, N, N '-d i ph e n y 1- par a-
phenylenediam ine, 4,4'-diam inodiphenylm ethane, 6-ethoxy-1,2-di-
hydr 0-2, 2,4- tr im ethyl q u inol in e and N-m e th y 1- N,4-d in itro soan il in e
were ail direct or indirect mutagens for S. typhimurium in
another study (Hedenstedt, 1982). TMTD was also found to be muta-
genic in another study on S. typhimurium TA100 (Shirasu et al.,
1977) .

TMTD, TMTM and TETD (in order of decreasing toxicity) pro-
duced deaths and malformations in chicken embryos (Korhonen ~
~ 1982a). The dithiocarbamates investigated were cadmium and
zinc diethyldithiocarbamate, zinc ethylphenyldithiocarbamate,
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zinc dibutyldithiocarbamate, copper dimethyldithiocarbamate,
tellurium diethyldithiocarbam ate and piperidine pentam ethylenedi-
thiocarbamate. The cadmium and zinc salts were particularly
embryotoxic (Korhonen et al., 1982b).

Ethylenethiourea has been judged to be carcinogenic in rats
(IARC, 1974). It was also teratogenic in two studies in rats
(Khera, 1973; Ruddick & Khera, 1975). When tested on chicken
embryos, together with 1,3-dibutylthiourea, 1,3-diphenylthiourea,
tetramethylthiourea, trimethylthiourea, 1,3-diethylthiourea and
carbon disulphide, ethylenethiourea was the least embryotoxic
compound in the series. Carbon disulphide was inactive at the
c onc e n tr a t ions tes ted. Te tra me th yi thio ure a and 1 ,3-d iph e n yi th i 0-
urea were the most active teratogens in this test system;
ethylenethiourea was a weak teratogen (Korhonen et al., 1982c).

1.2 Sol vents

Solvents that have been used or are used in the rubber
industry include benzene, trichloroethylene, 1,1,1-trichloro-
ethane and methylene chloride; 1,4-dioxane is used as a stabi-
lizer in solvents. Generally, these compounds are not chemically
reactive and do not appear to react with macromolecules, but
their m etabolites m ay do so.

Benzene is a known clastogen
carcinogenic in humans and rodents
genic in rats (K una & K app, 1981).
rats and guinea-pigs (IARC, 1976b).

and has been considered to be
(IARC, 1982). It was terato-
1,4-Dioxane is carcinogenic in

The evidence for the carcinogenicity of trichloroethylene
and 1,1,1-trichloroethane is limited; and the data on methylene
chloride were inadequate for evaluation (lARe, 1979c). 1,1,1-Tri-
chloroethane induced mutations in E. coli in the presence of a
liver microsomal activation system; the increase was small but
s t a t i s tic a " y sig n i fie a n t ( Nor pot h ~~ 1 9 80 ) . The d a t a
reported in the literature regarding the mutagenicity of tri-
chloroethylene are conflicting. However, in the presence of a
rodent liver activation system, a technical-grade product
slightly increased mutagenicity in E. coli (Greim et al., 1975);
and a product 99.5% pure increased mutagenicity in S. typhimurium
T A 1 00 (B art s c h ~~ 1 9 79 ) . 1 r r e ver s i b 1 e b i n d i n g 0 f 1 it C - tri _
chloroethylene to mouse liver constituents, in vitro and in vivo,
has been described (Uehleke & Poplawski-Tabarelli, 1977).



154 lARe MONOGRAPHS VOLUME 28

Dichloromethane is weakly mutagenic in s. typhimurium T A98
and TA100, both in the presence and absence of a liver activation
system (Jongen et al., 1978). Covalent binding and metabolism to
carbon monoxide, both in vivo and in vitro, have been described

(Ahmed et al., 1980).

S t u die son the ter a t 0 g e n ici t Y 0 f tri chi or 0 et h yi en e,
trichloroethane, methylene chloride and 1,4-dioxane were
inconclusive or failed to demonstrate skeletal or visceral
formations (IARC, 1976b, 1979c).

1,1,1-
either

mal-

Dimethylformamide, also used in the rubber industry, is
m etabolized in rats to N-m ethylform am ide (Barnes & Ranta, 1972),
which is teratogenic and embryotoxic to rats (Stula & Krauss,
1977). Ethylene dichloride, which has been used as a solvent in
the rubber industry, is carcinogenic to mice and rats and is
mutagenic to S. typhimurium with or without metabolic activation
(IARC, 1979c).

ln human whole blood cultures, low concentrations (0.0125-
0.05%) of a rubber solvent refined from a straight-run petroleum
distillate of paraffin-based crude oil (consisting of a mixture
of paraffins, monocycloparaffins, monoolefins, benzene and alkyl
benzenes) caused an increased frequency of chromatid gaps and
breaks; high concentrations p-0.05%) caused increases in the
frequency of chromosome breaks. Concentrations up to a toxic
level failed to produce sis ter chromatid exchanges (Altenburg ~
~., 1979).

1.3 Monomers

Small amounts of monomers, e.g., acrylonitrile, butadiene,
chloroprene, ethylene, propylene, styrene, vinyl acetate, vinyl
chloride and vinylidene chloride, may remain in solid rubber and
could be released into the work environment. Most of these mono-
mers do not bind directly with cellular macromolecules, but their
metabolites may do so. Metabolic activation of acrylonitrile,
chloroprene, styrene and vinyl chloride leads to reaction pro-
ducts which are mutagenic in S. typhimurium and in other bacte-
ria 1 tes t s Y ste m s. 1 n the cas e 0 f a cry Ion i tri 1 e, chio r 0 pre ne and
vinyl chloride, a low mutagenic response was obtained in ~
typhimurium and ~coli without metabolic activation (IARC,
1979b). Chloroprene, styrene and vinyl chloride also produce
clastogenic effects.



BlOLOGieAL EFFEeTS 155

There is sufficient evidence for the carcinogenicity of
acrylonitrile and vinyl chloride in experimental animais, and
limited evidence for the carcinogenicity of styrene. The data
were inadequate for an evaluation of chloroprene. Vinyl chloride
is carcinogenic to humans, and there is limited evidence that
acrylonitrile is too (IARC, 1979b,c). (See also Appendix 3.)

Acrylonitrile, chloroprene, styrene and vinyl
teratogenic to experim entai anim ais, and there is
that styrene and vinyl chloride have teratogenic
humans (IARC, 1979a,b)

chloride are
a suspicion
effects in

Epichlorohydrin is used in the manufacture of elastomers. It
reacts directly with macromolecules and it is mutagenic, clasto-
genic and carcinogenic in mice and rats (IARC, 1976a; Laskin et
ß 1980). No adequate epidemiological observations on the car-
cinogenicity of epichlorohydrin to humans have been published

(IARC, 1976a, 1979b).

1.4 Talc

French chalk (talc) is widely used as an antitacking agent.
It has been used in many processes and is still used in substan-
tial quantities. It is a major component of environmental dusts
encountered in the rubber industry. Its composition is variable,
being dependent upon the source of supply; for the most part,
talc particles are 'platey' in character. Some talcs, however,
may contain asbestos fibres, which are carcinogenic in both
humans and animais (IARC, 1977). Prolonged and excessive exposure
to talc has been shown to give rise to a number of documented
cases of respiratory disease. (See section Vi, .2.2).

1.5 Carbon blacks

Assessment of possible hazards from carbon black is diffi-
cult, because different preparations contain variable amounts of
many compounds, sorne of which have still not been identified. The
chemical composition and physical properties differ with methods
of preparation and the nature of the starting m aterial and, pro-
bably, from day to day.
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The most probable carcinogenic hazard is associated with the
'benzene extractables'. The material, extracted from furnace
black, consists mainly of aromatic hydrocarbons and sulphur com-
pounds. Some compounds have been identified by computerized gas-
chromatographie mass spectrometry and high-resolution mass
spectrometry (Lee & Hites, 1976). Among them, benz(~Janthracene,
benzo(~Jpyrene and indeno(1,2,3-cd)pyrene are known carcinogens

(IARC, 1973); chrysene has been described as an initiating agent,
and pyrene and fluoranthene as cocarcinogens for mouse skin (Van
Duuren, 1976). Oxygen derivatives (Gold, 1975) and nitro deriva-
tives (Fitch & Smith, 1979) of polycyclic compounds have also
been found in extracts of commercial carbon blacks. Benzo(~J-
pyrene was found in benzene extracts of ail types of carbon black
exam ined (Troitskaya et al., 1975). The amounts of sorne poly-
cyclic hydrocarbons found in the benzene extracts of furnace
carbon blacks are shown in Table 13 (from Locati et al., 1979).

Existing data indicate that the known carcinogens present in
carbon blacks are strongly adsorbed but can be eluted by bio-
logical fluids. Although Neal et al. (1962) reported that poly-
cyclic hydrocarbons, including benzo(aJpyrene, in furnace and
channel blacks are not eluted by human blood plasma or gastric
luice, Kutscher et al. (1967) found that bovine serum elutes 10-
20% of benzo(~Jpyrene from various types of carbon blacks within
periods ranging from 4-60 ho urs depending upon the particle size.
When a commercial carbon black (500-nm particle size) was incu-
bated with sterile human plasma, several polycyclic aromatic
hydrocarbons, including benzo(~JpyreneJ were extracted within
16-192 ho urs. Elution of benzo(~lpyrene from fine-particle carbon
black (80 nm) was more difficult, but 65% was extracted within
eight days (Falk et al., 1958).

The rates of elution by benzene and the amounts of material
extractable from carbon black vary with the type of carbon. Thus
extraction of two carbon blacks which contained over 0.1 % of
extractable material, was almost complete in 150 hours (Locati ~
~ 1979). ln a study using three organic solvents for extrac-
tion of adsorbates from five rubber-grade oil-furnace blacks,
toluene was found to be a better ex tractant than benzene and both
to be superior to cyclohexane (Taylor et al., 1980).
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Table 13. Polycyclic aromatic hydrocarbons (PAH) identified in five typs of carbon black.
Values expressed as percent of benzene extract; mean value and range of 5 samples for each
black typa

PAH Sample

A B C D E

Phenanthrene and/or 0.07 absent (0.05 absent 0.2
anthracene ((0.05-0.1) (0.1-0.5)

Fluoranthene 4.1 3.7 3.5 4.1 4.3
(3.8-4.3) (3.4-3.9) (2.9-4.3) (3.4-6.4) (3.9-5.2)

Benzo (d,e, f) d ibenzo- (0.05 (0.3 (0.3 absent (0.05
thioPhene + benzo (~J-
acenaphthylene

Pyrene 22.2 23.2 16.5 17.2 17.2
(21.3-24.9) (21. 6-24.0) (13.4-18.7) (14.3-18.1) (14.3-20.1)

Benzo (.9'~,2J- 7.2 6.3 6.9 4.6 7.8
fluoranthene (5.9-7.6) (5.6-7.2) ( 6. 5- 7 . 3 ) (4.2-5) ( 7 . 5-8 . 1 )

Cyclopenta (cd)- 10.2 (0.3 7.0 4.4 6.5
pyrene (5.6-14.7) (6.8-7.3) (4.2-5) (5.2-7.8)

Benzofluoranthenes 0.7 absent (0.3 1. 2 0.6
(total) (O. 4- 1. 1) ( 0 . 9- 1. 4 ) (0.4-0.9)

Benzopyrenes (total) 1.4 0.5 1.1 2.6 2.7
(1.1-1.9) ((0.3-0.7) (0.4-2.1) (1.5-3.2) ( 2 . 0- 3 . 9 )

Dimethy 1 cyclopentapyr ene 2.5 0.5 0.9 1. 9 1.4
and/or dimethyl- ( 2 . 0- 3 . 5 ) ((0.3-0.7) (0.3- 1.3) (1.7-2.3) (1.1-1.7)
benzofluoranthene

Indenopyrene 1. 7 0.5 0.1 2.3 2.9
(1. 5-2. 2) ((0.3-0.7) (abs .-0. 3) (2.1-2.5) (2.7-3.1)

Benzo (.9,~,lJ perylene 11. 7 6.2 8.7 13.5 13.6
(10.9-13.8) (5.5-8.5) (8.2-9.5) (12-16.5) (12.8-17)

Anthanthrene 3.2 0.8 2.3 3.5
(2.8-3.5) ((0.3-1.2) ( 1. 9- 3. 3 ) (2.8-5.5)

Benzoacr id ine (0.05 absent absent absent 0.2
derivative (abs .-0. 5)
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Table 13 (contd)

PAR Sample

Isomer of coronene 6.3 1.1 0.1 0.5
(5.1-7.2) (abs.-2.2) (abs.-0.3) ( abs . -1 )

Coronene 7.2 1.2 3.8 8.9
(4.1-10) ((0.3-3.2) ( 3 . 5-4 . 4) (8.5-9.8)

5.1
(4.6-5.7)

11.7
(9.5-13.8)

TOTAL 78.5 43.8 50.05 63.5 77.5

a From Locati et al. (1979)

Methylene chloride extracts of soots prepared by burning
either kerosene or equal parts of pyridine, decaline and ortho-
xylene or thiophene, were assayed in S. typhimurium_in the pre-
sence of liver supernatant from Aroclor-induced rats for the
induction of 8-azaguanine-resistant mutants. Mutation frequencies
decreased in the following order: kerosene soot )0 furnace blacks
)0 nitrogen-containing soot )0 sulphur-containing soot (Kaden et
~, 1979). Severa! nitrated polycyclic aromatic hydrocarbons
were mutagenic in S. typhimurium and induced unscheduled DNA
repair in cultured human (HeLa) cells (Campbell et al., 1981).
Samples of furnace blacks used as photocopy toners were found to
be mutagenic in S. typhimurium, partly because of the presence in
them of nitroaromatics (Rosenkranz et al., 1980; Löfroth et al.,
1 980) .

Studies on the carcinogenicity of carbon blacks, by oral,
i n h a 1 a t ion ex p 0 sur e ( N a u ~~ 1 9 5 8 a , b , 1 9 6 0 ,

provided no evidence of carcinogenic effects; but
were inadequate in terms of number of animais and

skin, s.e. or
1962, 1976),
the studies

duration.

Furnace black (but not channel black) when suspended in tri-
caprylin induced sarcomas upon injection into mice. As it was not
carcinogenic wh en implanted alone, it is probable that it became
so when polycyclic aromatic hydrocarbon carcinogens were eluted
by the tricaprylin. Injection of benzene extracts of furnace
black also induced sarcomas (Steiner, 1954).
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When benzene-extractable materials from channel and furnace
blacks were administered to mice by s.e. injection, skin appli-
cation or feeding, malignant tumours were produced (Nau et al.,
1958a,b, 1960). Malignant tumours were also produced following
s.e. injections of cotton-seed oil in which the carbon blacks had
been suspended for 1-6 months (Nau et al., 1960).

When 3-methylcholanthrene was adsorbed onto carbon black,
its carcinogenic effect following s.e. administration to rats was
reduced in comparison to that produced when the same dose was
given alone (von Haam et al., 1958).

ln a retrospective cohort study of
manufacture of carbon black, no excess
neoplasms was noted; but the number
sm ail (Robertson & Ingalls, 1980)

workers
mortality
of deaths

involved in the
from m alignant
considered was

1.6 Aromatic amines

The metabolism and the nature of reactive intermediates
formed from aromatic amines and their interaction with cellular
macromolecules have been reviewed by Boyland (1958), Miller and
Miller (1969), Clayson and Garner (1976), Miller (1978), Irving
(1979) and Kriek and Westra (1979).

The carcinogenic or genotoxic activity of ail aromatic
amines that have been studied in detail is dependent on metabolic
activation in vivo. Differences in these metabolic pathways
largely account for the differences seen in tissue- and species-
susceptibilities to cancer induction. The carcinogenicity of
arom atic am ines or am ides is de 

pende nt on their oxidation to N-
hydroxy derivatives, while the carcinogenicity of aromatic nitro
compounds is linked to their reduction to hydroxylamines. Further
conversion of the N-hydroxylamine or N-hydroxyamide to reactive
interm ediates can occur in several ways, including (1) esterifi-
cation of the N-hydroxy group, (2) non-enzymic protonation of the
nit r 0 g e n 0 f the h y d r 0 x y 1 ami ne, and (3 ) 0 x id a t ion t 0 a f r e e r a d-

ical of arylhydroxamic acids. Following generation of such react-
ive electrophilic intermediates in tissues or cells, macromole-
cular binding to nucleic aids and proteins has been observed. As
a consequence, mutations (and other genotoxic effects, including
malignant transformation) have been induced in a variety of cells
and organisms when the reactive intermediates or the parent



150 lARe MONOGRAPHS VOLUME 28

amines were assayed in the presence of a mammalian
lizing system. ln many cases, arylamidated and
products were formed with nucleic acid bases.

drug m etabo-
arylaminated

A great number of arom atic am ines have now been studied for
carcinogenicity, and considerable data have been reported in the
first 27 volumes of the IARC Monographs. However, many of the
aromatic amines considered in that series could not be evaluated
for carcinogenicity, due to the inadequacy of experim ents in
animais and/or the lack of data concerning man. (See also
Appendix 2.)

Naphthylamine-acetaldehyde condensates, of which the most
important was known by the trade name 'Nonox SI, were introduced
around 1928 as antioxidants in the rubber product m anufacturing
industry. They were used in the UK and other countries (but
apparently not in the US) for the production of tyres, tubes, air
bags, electric cables and miscellaneous rubber goods, and were
present in rubber compounds in concentrations of up to 1 %. (It
was the opinion of the members of the Working Group that concen-
trations of up to 4% may have been present in some products,
particularly in air bags.) Their use was discontinued in the UK
in 1949. Although the manufacturing process has changed several
times, early products contained up to 2.5% 1-naphthylamine and up
to 0.25% 2-naphthylamine. Exposure to Nonox S in rubber factories
has been associated with an increase in the incidence of bladder
cancer in workers (Veys, 1969).

4-Aminobiphenyl, benzidine and 2-naphthylamine are known to
bec arc i n 0 g e nie for hum ans ( 1 ARC, 1 979 b ). The r e i s suffi ci en t
evidence of the carcinogenicity of 2,4-diaminotoluene and 4,41-
methylenebis(2-chloroaniline) in experimental animais. For
1 -naphthyl am ine, 2, 5-diam inoto 1 ue ne, 4,41-di a m inodiph enyl m eth ane

and N-phenyl-2-naphthylamine, the available data were inadequate
to assess carcinogenicity in experimental animais or in hum ans.
(See Appendix 3.)

The experimental animal species most frequently used to
investigate the carcinogenicity of arom atic am ines are the dog
and the hamster, in which the urinary bladder is the main target
organ, as in humans. Aromatic amines have been shown to be carci-
nogenic in other rodent species, but the urinary bladder was not
necessarily the target organ.
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Methods of analysis for aromatic amines of major industrial

importance have been summarized (Egan et al., 1981).

1.7 Mineral oils, tar products and polycyclic aromatic
hydrocarbons

Min e rai 0 ils ( e. g., co a 1- t a roi 1 s, pet roi a t u m ) and ta r p r 0-
ducts (e.g., bitumen, pitch) are widely used in the rubber indus-
try as extenders. The amount of minerai oils (rich in aromatics),
in tyres, for example, increased over past years up to about 20%
or even more, since they are cheap and provide desirable proper-
t i est 0 the fin i s h e dru b ber. Ex te n der s suc h as the hi g h- b 0 il i n g
minerai oil distillates (so-called aromatic oils), obtained from
residues of solvent-refining and the manufacture of IUbricating
and cutting oils, contain relatively large quantities of poly-
cyclic aromatic hydrocarbons (PAH), and 30% and more of the oil
may consist of 4-6-ring PAHs. (See also section Vi, 1.5.) PAHs
may also be formed when tars and minerai oils are heated.

Although minerai oils and tar products vary in
depending on their origin, the methods of production,
ail induce carcinogenic effects in mammals, including
carcinogenicity may be dependent on the presence of
PAHs (IARC, 1979b).

composition
etc., they

man. Their
carcinogenic

Benzo(a)pyrene is the carcinogenic PAH most widely investi-
gatedj benï( a) anthracene, benzo( b) fluoranthene, benzo(l) fluor-
a n th e ne, ch rys e ne, di ben z (~) an th r a ce ne, di ben z 0 (~) p yr e ne,
d i ben z 0 (~) p y r e n e and i n den 0 ( 1 , 2,3 - c d L p y r e ne) h a v e ais 0 b e e n
considered by an IARC Working Group (IARC, 1973).

Mineral oils containing
found to be mutagenic in
test (Hermann et al., 1982).

different amounts of PAHs have been
the Salmonella typhimurium/microsome

1.8 Nitroso compounds,

N-Nitrosodi-..-butylam ine, N-nitrosodiethylam ine, N-nitroso-
dim ethylam ine, N-nitrosom orpholine, N-nitrosopiperidine and N-
nitrosopyrrolidine have been shown to be carcinogenic in various
animal species, after administration by various routes. These
compounds are metabolized to reactive metabolites, which are
mutagenic in various experimental systems (IARC, 1978). There is
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limited evidence for the carcinogenicity of N-nitrosodiphenyl-
amine in rats; but it was not mutagenic in prokaryote or euka-
ryote cells (IARC, 1982), although it is a transnitrosating agent
i n v i v 0 ( 0 h shi m a .!.! 1 9 8 2 ) . Noe arc i n 0 g e nie e f f e c t s w e r e
observed when dinitrosopentamethylenetetramine was tested in rats
by oral administration and i.p. injection (IARC, 1976a); and in a
cell-transformation assay, negative results were also obtained

(Styles, 1978). The data on the carcinogenicity of N-methyl,N-4-
dinitrosoaniline were considered to be inadequate for evaluation

( 1 ARC, 1 9 7 2 ). par a - Nit r 0 s 0- N , N - d i met h y 1 a n i 1 i n e h a s pro duc e d
oesophageal tumours in rats (Goodall et al., 1968).

1.9 Phthalate and adipate esters

Among the phthalic acid esters used in the rubber industry,
di(2-ethylhexyl) phthalate has been most extensively investigated
for its toxicological properties and is the most widely used. It
inhibits mitochondrial function and causes peroxisome prolifera-
tion, hepatomegaly and testicular atrophy in rodents. Various
mutagenicity tests in bacteria and mammalian cells showed nega-
tive or contradictory results. Long-term administration of di-

(2-ethylhexyl) phthalate to rats and mice resulted in hepato-
cellular tumours. Di(2-ethylhexyl) adipate produced hepato-
cellular tumours in mice; but di(E.-butyl) phthalate was apparent-
Iy negative when tested for carcinogenicity in mice and rats
(IARC, 1982).

1.10 Curing fumes and other emissions

The compounds present in the air during vulcanization
(curing fumes) are mainly produced by the volatilization of
rubber chemicals and their impurities and of the products of
chemical reactions occurring during curing. (See also Sections iV
and V.)

Air samples from industrial curing of acrylonitrile-
butadiene styrene copolymer, ethylene-propylene rubber and chlo-
roprene rubber were mutagenic in S. typhimurium (Hedenstedt,
1982). ln laboratory model systems, the curing of ethylene pro-
pylene rubber and chloroprene rubber produced mutagenic gases and
vapours. On the basis of these and other series of tests of con-
densates from cured rubber material, it was concluded that its
mutagenicity was dependent to a large extent on the composition
of the polymer (Hedenstedt, 1982).
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ln other model systems, in which mixing and curing condi-
tions were simulated (Hedenstedt et al., 1981L air samples from
the curing of styrene-butadiene rubber and from the mixing and
curing of chloroprene rubber and ethylene-propylene rubber were
mutagenic to S. typhimurium.

No experimental data are available concerning the long-term
toxicity of curing fumes.

2. Effects in humans (other than cancer)

ln this part, some effects in humans are described which are
indicative of exposures that occurred within the working or
general environment. Some of the data may be useful in assessing
that exposure levels were sufficiently high to produce the ad-
verse effect. However, such effects may have no relation per se
to the existence of a carcinogenic risk.

2.1 Dermatological effects

Dermatological effects resulting from exposure to rubber and
rubber chemicals have been known for years in rubber goods manu-
facture (Cronin, 1980) and have been described in consumers.
No n- s pee if i c der mat 0 log i cal r e a et ion s t 0 ru b ber g 1 0 v e san d t 0
footwear were reported many years ago (Downing, 1933; Marcussen,
1943). 'Accelerator agents', especially mercaptobenzothiazole,
were described as the specifie cause (Bonnevie & Marcussen,
1945). Shortly thereafter, seven cases of dermatitis of the eye-
Iids were reported, due to the use of eyelash curlers and to the
presence in them of the antioxidant, N-phenyl-2-naphthylamine

(Curtis, 1945). ln a case report of 42 individuals with dermati-
tis due to rubber gloves, mercaptobenzothiazole, TMTD and dipen-
tamethylenethiuram disulphide were identified as the causative
agents (Wilson, 1960). Of 100 cases of 'shoe dermatitis', 94%
were attributed to exposure to mercaptobenzothiazole or TMTD or
both (Cronin, 1966). Another report indicated that TMTD was res-
ponsible for a number of cases of rubber-glove dermatitis (van
Ketel, 1968). Another series of 104 cases were attributed to
exposure to thiuram accelerators or mercaptobenzothiazole
(Wilson, 1969). N-lsopropyl-N'-phenyl-~-phenYlenediamine has
been reported to be responsible for 23 cases of dermatitis
fOllowing exposure to rubberized fabrics (Batschvarov & Minkov,
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1968) and for dermatitis due to contact with automobile tyres
(l 0 rd an, 1 971 ). 1 t ha sai s 0 b e e n r e port e d top r 0 duc e cr 0 s s-
sensitivity to the hair dye, ~-aminodiphenylamine (Schpnning &
Hjorth, 1969).

Alkyl phenols and hydroquinone have been reported to cause
leucodermas in rubber workers (Calnan, 1973). Phenylenediamines
in rubber products are common causes of dermatitis (te Lintum &
Nat e r , 1 974; Nat e r , 1 975 ), and a cr 0 s s- r e a c t i vit Y 0 cc urs b e t w e e n
different phenylenediam ines (Rudzki et al., 1976). 4,4'-Dithiodi-
morpholine, another rubber chemical, has been reported to be a
skin sensitizer (Heydenreich & Ølholm-Larsen, 1976). Sensitivity
to N-isopropyl-N '-phenyl-~-phenylenediam ine, N:-phenyl-N-cyclo-
hexyl-~-phenylenediam ine and N-dim ethyl-l ,3-butyl-N '-phenyl-
para-phenylenediamine has been reported in workers handling
tyres. Ail subjects sensitive to the first were also sensitive to
the second, and 37% of them to ~-phenylenediamine. The last-
men t ion e d w a s th e m 0 s t po w e rf u IL y a IL erg e n i c c 0 m po und ( H e r v e-
Bazin et al., 1977).

Disulfiram (TETD) and thiram (TMTD), like most dithio-
carbam ates, alter ethanol m etabolism (van Logten, 1972); there
ha s b e e n are po r t th a t i n th r e e pa t i e n t s w it h e c z e m a f rom r u b ber

gloves the condition was aggravated after consumption of ethanol

(van Ketel, 1968).

Superficial keratitis has been observed in rubber workers
exposed to ethyl isothiocyanate (Groves & Sm ail, 1969).

The International Contact Dermititis Research Group has
proposed the following patch-test allergens in relation to
exposure to rubber chemicals:
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N-c yclohexylb en zothiazylsul ph 
en am ide

hydroquinone monobenzylether
1,3-diphenylguanidine
phenyl- ß-naphthyl am ine

N-ph en yl- N I-i so pro py I-.E- ph en yi en ed i am in e

4,41- dihyd rox yd iph e nyl
2-m ercaptobenzim idazole
hexam ethyl enetetram ine
tetramethylthiuram monosulphide
bis( diethyldithiocarbam ato) zine
m ercaptobenzothiazole

tetramethylthiuram disulphide
p h en yI e y cio h e x y 1- .E - p h en yi e n e dia min e
d iph e nYI-.E-ph e nyl enedia min e
d ib en zothia zyld isul ph id e
m orphol i n yi m erc apto b en zo thi a zo 1 e
tetraethylthiuram disulphide

dipentam ethylenethiuram disulphide
d i- ß-naph thy I-.E-ph en yi en ed ia min e

bis(dibutyldithioearbamato)zine (Malten et al., 1976).

2.2 R espiratory effeets

ln a study of 239 Egyptian rubber workers in three
faetories, chronie bronchitis and chronie bronchial asthma were
found among mixing and compounding workers exposed to dust and
rubber additives, while workers exposed only to by-product gases
had bronchial asthma (Noweir et al., 1972; Osman et al., 1972).

ln
talcosis
exposure
foot) was
that time,

a Swedish report (Fristedt et al., 1968), five cases of
were deseribed in one rubber faetory. The mean average
to respirable dust (37-66 million particles per cubie
t w i c e to th r e e t i mes ab 0 v e the 0 c c u p a t ion ais tan d a rd a t
which was 20 million partieles per eubic foot.

The substitution for talc of powder with a fine particle
size and eontaining a high content of erystalline siliea in a
rubber processing plant resulted in the development of silicosis
in a number of exposed workers. The average time of exposure was
6.8 years (Gaubatz & Gaubatz-Trott, 1973).
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Workers exposed to curing fumes had a higher prevalence of
chronic bronchitis th an controls. Respiratory morbidity was
related to both intensity and length of exposure to fumes. ln
addition, forced vital capacity was significantly decreased in
curing workers; and those workers re-examined one year later
suffered an excessive loss in pulmonary function compared with
those not exposed (Fine & Peters, 1976a,b).

Sixty-five men exposed to dust in the processing area of
th r e e r u b ber fa c t 0 rie s h a d a h i g h e r pre val e n c e 0 f c h r 0 nie p r 0-
ductive coughs and a decrease in the ratio of forced expiratory
volume:forced vital capacity when compared with controls. The
effects on pulmonary function were related to length of exposure.
The authors concluded that exposures to processing dusts at the
level measured produced chronic respiratory disease (Fine &
Peters, 1976c).

Eighty talc workers were also studied in the three rubber
manufacturing plants. Although exposure to talc was below the
current threshold limit value (20 million partiel es per cubic
foot), workers exposed for 10 years had statistically signific-
antly decreased forced expiratory volume and an increase in
respiratory morbidity, despite the absence of changes in chest
X-rays (Fine et al., 1976).

Rubber workers exposed to the hexamethylenetetramine-
resorcinol adhesive system had an excess of acute respiratory
symptoms and statistically insignificant reductions in forced
expiratory volume and forced vital capacity. However, statis-
tically significant decreases in pulmonary function were seen
over a six-hour period of a work shift (Gambie et al., 1976).

A questionnaire on respiratory symptoms was answered by 1820
of 2856 white male production workers. The data were analysed
according to where the individuals worked in rubber production.
The prevalence of respiratory symptoms was high in those workers
currently involved in milling, tube building, tube curing and
tub e i n s pee t ion ( M c Mie h a e 1 ~~ 1 976 ) . A n 0 the r s t u d y 0 f

chronic respiratory disease in the rubber industry was based on a
cohort on 4302 male rubber workers, of who m 73 term inated their
employment with pulmonary disability. These 73 workers had spent
significantly longer in curing preparation, curing and finishing
and inspection work areas, each of which implied exposure to
particulate material and/or to solvents. The authors concluded
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that a significant risk of developing a
associated with smoking and exposure to
particular to talc and carbon black (Lednar

pulmonary disability was
dust and fum es, and in
et al., 1977).

Two further studies (Weeks et al., 1981 a,b) revealed that e-
mployment in curing departments was associated with shortness of
breath, chest tightness, wheeze, reduced forced expiratory volume
and forced vital capacity and a decline in the ratio of forced
expiratory volume:forced vital capacity. ln addition, tingling
and numbness occurred in the extremities. Ail of these associa-
tions became stronger with increase in duration of employment in
the curing department. Exposure to respirable particulates causes
not only increased symptoms of respiratory disease but also
nausea and abdominal pain. Workers exposed to emissions from
heated uncured rubber reported chest tightness on return to work.

At a US tyre factory, 210 workers (172 men and 38 women)
developed a syndrome related to exposure to the volatile products
released from a synthetic rubber formulation, first used in 1960.
The factory employed approximately 2200 workers at the time of
the outbreak, about 600 of whom were repeatedly exposed to the
new formulation in their daily work. Symptoms occurred most fre-
quently in workers in the Banbury-calender and tyre-building
areas, where 32% and 22%, respectively, of the workers were
afflicted. The symptoms included severe respiratory irritation,
weakness, weight loss and general malaise. Fever and radiographie
and pulmonary function abnormalities were also noted in many of
those affected. More than 17% of the affected employees were
permanently disabled. A similar syndrome was reported in at least
four other factories in which the adhesive system had been intro-
duced. After the system was modified, in late 1962, the preva-
lence of symptoms remained low, and no new cases appeared (doPico
et al., 1975).

Chronic lung diseases (pneumoconiosis, pulmonary fibrosis,
bronchitis and em physem a) occur in workers exposed to carbon
black (National Institute for Occupational Safety & Health,
1978); and a higher incidence of pneumoconiosis has been reported
in those exposed to channel black than in those exposed to
thermal or furnace black (Troitskaya et al., 1975).
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2.3 Effects on reproduction

Data on hospitalized patients who had had miscarriages
(spontaneous abortions) were analysed in conjunction with member-
ship files of the Union of Rubber and Leather Workers (about
10 000 women) and records of the personnel of a rubber factory
( ab 0 ut 1 600 w 0 men) i n Fin 1 and. S p 0 n tan e 0 usa b 0 r t ion s w e r e cal c u-
lated in two ways for each population analysed: rate (no. of
spontaneous abortions x lOO/no. of pregnancies) and ratio (no. of
spontaneous abortions x lOO/no. of births). The two frequencies
were slightly increased for aIl Union members, as compared with
ail Finnish women. Moreover, age-standardized frequency was
higher when the pregnancy occurred during Union membership than
when it occurred before or after joining the Union. The frequency
of spontaneous miscarriages among Union members employed only in
the rubber industry was higher among those employed for 3 to 35
months than for those employed for longer periods of time. The
employees of the rubber factory had slightly fewer spontaneous
abortions on average than did the com munit y population. However,
women employed for 3 to 23 months had markedly higher frequencies
of spontaneous abortion than those employed for longer times
(Hemminki et al., 1982). (Because the data in these two studies
present a conflicting picture with respect to the relation
between rubber work and spontaneous abortions, no conclusions can
be drawn.)

3. Summary

The number and diversity of chemicals used or formed and the
multiplicity of exposures experienced within
make it difficult to attribute a particular
given exposure.

the rubber industry
toxic effect to a

Carbon blacks and mineraI oils are major constituents in
such products as rubber tyres. Data on the carcinogenicity of
carbon blacks in experimental animaIs are inconclusive. Carbon
blacks contain varying amounts of polycyclic aromatic compounds,
some of which are carcinogenic and which may become bioavailable
through elution. Solvent extracts of carbon blacks have been
found to be mutagenic and carcinogenic in experim entaI systems.
The mutagenicity and carcinogenicity of minerai oils are also
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dependent
possibly
compounds

upon the chemical composition
related to the high levels of
they contain.

of the oils,
polycyclic

and are
aromatic

The toxicity of curing fumes from vulcanization processes
pro b ab 1 Y de pen d son a n u m ber 0 f fa c t 0 r s , a mon g w hic h the co m p 0-

sition of the rubber, temperature and presence or absence of
oxygen may be important. Sorne curing fumes have been found to be
mutagenic in bacteria. Certain thiuram compounds and dithio-
carbamates are mutagenic to Salmonella typhimurium. Ethylene-
thiourea is carcinogenic and teratogenic to rats; and other
thioureas were teratogenic to chicken embryos.

Many of the
are m utagenic and
the use of which
industry, causes
system and is
rodents.

solvents that
car cJ n 0 g e nie

as a solvent
a variety of

considered to

are used in the rubber industry
in experimental systems. Benzene,
has been reduced in the rubber
disorders of the haematopoietic
be carcinogenic in man and in

Among the monomers to which workers may be exposed in the
ru b ber i n dus tr y, vin yi chio ri de ha s b e e n s h 0 w n con el us ive 1 y t 0 b e

carcinogenic to humans; and there is limited evidence in humans
and animais that acrylonitrile, epichlorohydrin and styrene are
carcinogenic. These monomers and chloroprene are also mutagenic
and teratogenic in experimental systems.

Some N-nitroso compounds, N-nitrosodimethylamine, N-nitroso-
diethylamine, N-nitrosodi-..-butylamine, N-nitrosomorpholine, N-
nitrosopiperidine and N-nitrosopyrrolidine, are formed during
rubber processing and occur in work atmospheres; they are also
mutagenic and carcinogenic in experimental systems. N-Nitrosodi-
phenylamine, which is used as a retardant, is not mutagenic but
is a nitrosating agent in vivo and is carcinogenic in rats when
administered at high dose levels.

The aromatic amines, 4-aminobiphenyl, benzidine and 2-
naphthylamine, are known to be carcinogenic in humans, and their
use has been withdrawn in some countries. Other aromatic amines
are widely used in the rubber industry. There is some evidence
that N-phenyl-2-naphthylamine can be partly biotransformed to
2-naphthylamine in humans. A number of antioxidants that are
naphthylamine-acetaldehyde condensates containing 1- and 2-
naphthylamine as impurities are carcinogenic in humans and have
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been withdrawn from use in the rubber industry in sorne countries.
There is sufficient evidence for the carcinogenicity in exper-
imental animais of 2,4-diaminotoluene and 4,4'-methylenebis(2-
chloroaniline), but they are still used.

Di(2-ethylhexy) phthalate
which are used as plasticizers,
in rodents.

and di(2-ethylhexyl) adipate,
are reported to be carcinogenic

Peroxides in use in the rubber industry have
been weil studied with regard to possible rnutagenic
genic effects. However, hydrogen peroxide has been
mutagenic and was reported to produce intestinal
study in mice.

not generally
and carcino-
found to be

cancer in one

A number of health effects other than cancer, including
allergie dermatitis and impaired respiratory function, have been
observed in rubber workers.
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VII. EPIDEMIOLOGICAL STUDIES OF CARCINOGENICITY 183
lN HUMANS

1. Introduction

1.1 Types of epidemiological studies

Most of the epidemiological reports available for review
were retrospective follow-up studies of cohorts of rubber workers
or were case-control studies of people with cancer. ln follow-up
studies, the rate of occurrence of, or death from, cancer is
compared with the rate in a control population typically, the
general population. ln case-control studies, people with specifie
cancers are compared with people without that cancer as to their
occupational history in the rubber industry.

The Working Group noted that the
studies are of two distinct types
characteristics:

cohorts in the follow-up
with regard to intake

(a) Census cohort: This type of cohort, typified by the
studies of the UK Employment Medical Advisory Service (Baxter &
Werner, 1980) and of the University of North Carolina (McMichael
et al., 1974), consists of workers actively employed at one point
in time or of a combination of active and retired workers. The
cohort is closed, in that no new workers are entered after the
initial cohort has been defined.

(Ë,) Act ive i n t a k e co h 0 r t : Th i s t Y P e 0 f c 0 h 0 r t , t Y pif i e d b Y
the studies of the British Rubber Manufacturers' Association
(Parkes et al., 1982), consists of ail workers newly employed
over a certain period of time. The studies from Harvard
University (Monson & Nakano, 1976a) are a combination of the two
types.

A limitation of the census type of cohort is that people who
have had short-term exposure are particularly likely not to be
included. The susceptibility of such people to occupational
carcinogens may differ from that of people who were included in
the census.

A characteristic of the active intake type of cohort is
a relatively high proportion of person-years during early
of follow-up are included. Because occupational cancer

that
years

is no t
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likely to occur during those early years, their inclusion tends
to dilute any real excess that may subsequently occur. This does
not constitute a necessary limitation, for analyses can take into
account the occurrence of cancer according to years after initial
exposure.

Frequently, in follow-up studies, the rate of death in the
study population is less than that in the general population.
This difference has been termed the 'healthy worker effect'. The
lower death rate, which is most pronounced early in the follow-up
period, occurs because only relatively healthy persons enter into
the employment force. The effect is likely to be more pronounced
in active intake cohort studies, in which people are followed
from initial em ploym ente

The Working Group considered
characteristics of the various cohorts
represented no important difficulties
data.

these differences in the
and concluded that they

in evaluating the available

).2 Information on work history

ln the follow-up studies, varying detail was available on
the work experience of members of the cohort. Sorne studies
disposed of complete work histories from company records; some
had access to summary work histories from union records; sorne had
inform ation only on the job at enrol ment into the study; so m e
could take into account only the most representative or usual
job.

ln studies in which information on more than one job or
exposure was available for each individual, non-mutually-
exclusive analyses may have been done: Each worker may have been
entered into more than one analysis of cancer occurrence am ong
people ever employed in different work are as. ln studies in which
information on only one job was available for each individual,
that job may not have been the appropriate characterization of
the individual.
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The Working Group considered these differences in the detail
of work history available in the follow-up studies and concluded
that they represented no important difficulties in evaluating the
available data. However, they recommended that future analyses
take a person's complete work history into account, whenever
possible.

ln case-control studies conducted within the general popu-
lation, a person's work history may have been characterized only
as 'rubber workerl. When such studies show no association between
work in the rubber industry and a specifie cancer, a causal asso-
ciation may have been masked by inadequate information on expo-
sure. When case-control studies show a positive association,
judged to be causal, it is likely to be an underestimate of the
true m easure am ong som e subgroups.

Case-control studies may have been conducted in geographic
areas where the prevalence of work in the rubber industry was
low. Very few of the cases (and of the controls) may have been
found to be rubber workers. ln the event that no positive
association is found between rubber work and a specifie cancer,
studies of this type should be judged to provide only weak
ev ide n c e th a t n 0 as soc i a t ion ex is t s .

1.3 Measures of disease frequency

ln occupational cohort studies, standardized mortality (or
morbidity) ratios (SMRs) are typically computed. fA SMR is the
number of deaths observed in a group divided by the number
expected in the same group, the resultant quotient being
multiplied by 100. The expected numbers, which are customarily
based on the mortality experience of a general population, are
usually standardized for age and calender time.) An alternative
way of presenting the inform ation incorporated within the SM R is
to report the observed and expected numbers of deaths (or cases).
ln analyses in which rates of cancer are computed internally for
two subgroups of a study population, the ratio of the two rates
is referred to as the risk ratio (RR). The RR is also usually
standardized for age and calender time (SRR).

ln case-control studies, disease rates are not usually
computed, because the size of the population that gave rise to
the cases is unknown. ln such situations, the RR is based on the
frequency of exposure among the cases and among the controls.
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ln this monograph, the data are reported as presented by the
author. For practical purposes, in the evaluation of these data,
SMRs, RRs, observedlexpected ratios, and SRRs may be considered
to be equivalent.

1.4 Information used

ln the preparation of this monograph, a number of case
reports, population surveys and descriptive epidemiological
studies on workers in the rubber industry were considered. The
sum m ary of th e ev id ence und erl ying th e final ev al ua tion does not
include those studies in which no quantitative estimate of
possible excess cancer in rubber workers could be made.
Population surveys were also discounted, because more specifie
inform ation was available from cohort and case-control studies.
Data from early epidemiological studies that are included in or
superseded by later studies have not been included. Certain early
studies of historie al interest are cited in Section Ii.

ln selecting data for inclusion in the
absolute criteria were used. While, in
based on fewer than five exposed persons
included, there were occasional exceptions.

body of this text, no
general, associations
with cancer were not

The characteristics of the epidemiological studies
dered are sum marized in Table 14; and the essential data
each study are shown in Table 15, at the end of this section.

consi-
from

2. Studies of British rubber workers

2.1 Early studies

As part of his investigation of bladder cancer in the dye-
stuffs industry (Case et al.) 1954a), Case reviewed the bladder
cancer mortality experience of the county borough which includes
Birmingham. He was impressed with the frequency with which death
certificates relating to bladder cancer also related to employ-
ment in the rubber industry. He therefore undertook a form al
evaluation of bladder cancer among rubber workers and, in a
single publication (Case &. Hosker, 1954), reported the results of
two independent investigations. The first of these wasa national
survey of mortality from bladder cancer. Among rubber workers
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during the period 1936-1951, 26 deaths from bladder cancer
occurred, whereas, on the basis of the estimated number and age
of the men employed in the rubber industry (which information was
available from various governmental publications) and national
bladder cancer mortality rates, it was estim ated that 15.9
bladder cancer deaths would have been expected. The second inves-
tigation was based on hospital reports. These perm itted estim a-
tion of the number of new cases of bladder cancer that would be
expected among men engaged in 'rubber occupations' in Greater
Birmingham, a centre of the rubber industry. During the period
1936-1950, 22 cases were observed, and 4.0 were expected.

Although Casels studies could not incriminate any specifie
etiologic agent, it was inferred that the excess of bladder
cancer was attributable to an antioxidant that contained about
2.5% of free naphthylamine, including 2-naphthylamine, a known
bladder carcinogen. This antioxidant was removed from the
manufacturing process in the UK in 1949 (Case, 1966).

The investigation of Case and Hosker rests in part on
relatively crude information; however, it contains no identified
source of bias. Alternative causes of bladder cancer, apart from
the occupational exposure, were not considered but are unlikely
to explain the observed excesses.

Following that study, another was carried out in the British
electric-cable industry, since rubber had long been used to
insulate power cables, and during 1935-1949 antioxidants
containing 1- and 2-naphthylam ines as residual contam inants had
been used in compounding the rubber (Davies, 1965). Investiga-
tions of the work force in one large cable factory showed that of
30 male workers with more than 10 yearsl exposure to rubber
compounding and milling in general, and to the naphthylamine-
containing antioxidants in particular, six had developed bladder
tumours. Four of these cases were fatal, whereas 0.2 deaths were
expected on the basis of national age-specifie rates. Ail four
deaths occurred in people under the age of 60.
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2.2 Studies by the Employment Medical Advisory Service (renamed
Health and Safety Executive)

A detailed census of active workers in the British rubber
and cablemaking industries was taken on 1 February 1967. Some 40
867 men, aged 35 years and over, who had worked for at least one
year were enumerated. The census covered 381 factories (including
both the major rubber factories investigated by the British
Rubber Manufacturers' Association and m any sm aller ones) and 13
sections of the industry, including tyres, remoulds, cables,
adhesives, clothing, belting, hose, flooring and footwear.

The study population was subdivided into one of three
groups, as follows:

(A) started work before 1 lanuary .1950 in a factory where
the suspect antioxidant had been used (12 779 men)

(B) started work on or after 1 lanuary
where the suspect antioxidants had
men)

1950
been

in a
used

factory
(1 8 11 8

(C) worked in factories where purportedly the suspect
antioxidants had never been used (9970 men).

The results have been reported (Fox et al., 1974; Fox &
Collier, 1976) and consolidated in a report with 10 years of
follow-up (Baxter & Werner, 1980). The data presented are from
the latest report. The numbers of deaths observed are compared
with those expected on the basis of age-sex-specific mortality
rates for England and Wales. ln some analyses, social class and
regional variation in mortality patterns were controlled. Each
man was classified by his occupation at the date of the census;
no previous or ulterior information about job category was
available. Essentially, the population defined was a survivor
group, not necessarily representative of the three situations
defined in A, B, C above. The study was initially set up to
exam ine the bladder cancer situation in the U K rubber industry;
but the total mortality pattern, and especially that due to
cancer, was examined.
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(~) Bladder cancer

Overall in group A, 36 deaths were observed and 25.0 were
expected. For the tyre sector within group A, there were 13 cases
observed and 13.4 expected; for the non-tyre sectors there were
23 observed and 11.6 expected. Within groups Band C no differ-
ences were observed between the tyre and non-tyre sectors. Over-
ail for group B, there were 24 deaths observed and 22.3 expected.
For group C, there were 13 deaths observed and 13.4 expected.

For men in group A in the non-tyre sectors, there were
excesses in those working in cable and electrical goods (6
observed; 1.9 expected) and in mouldings, motor accessories and
mechanicals (13 observed; 5.5 expected). When certain
o the roc c u p a t ion ale a t ego rie s for n 0 n- t y r e sec t 0 r s w e r e corn b i n e d
(i.e., extruding, component building, inspection with painting,
and operating staff), there were 15 deaths observed and 6.0
expected. Wh en these sam e occupational categories were added
together for groups A, Band C, there were 29 deaths observed
and 17.3 expected.

When the whole study population
there were 73 observed deaths due to
expected between 1967 and 1976.

was taken into
bladder cancer

account,
and 57.6

(~) Other cancers

When groups A, Band C are taken together, there were 1748
deaths from malignant neoplasms observed and 1603.9 expected (SMR
= 109) during the observation periode Excesses of cancer at
specifie sites were as follows (observed/expected numbers):
stomach, 216/176.4; colon, 107/93.2; and trachea, bronchus and
lung, 822/716.5. There was no excess of leukaemia (33/33.8).

ln the tyre sector of the industry, the observed/expected
numbers of deaths from selected types of cancer were: stomach

(91/73.9) and lung (326/299.4). There was considerable variation
a mon g th el 2 fa c t 0 rie s s t u die d , but the r e w e r e e x ces ses 0 f 1 u n g
cancer in 10 of the factories and of stomach cancer in eight.

ln the non-tyre sector, the numbers were 125/117.1 for
stomach cancer and 496/465.0 for lung cancer. Within the entire
cohort, stomach cancer did not occur in excess in workers in the
early part of the production line (23/24.5). The largest excess
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occurred among site workers (23/16.7). Lung
excess among men mixing latex (18/10.8) and
finished goods (77/63.8).

cancer occurred in
in those handling

(This study is continuing.J

2.3 Studies by the British Rubber Manufacturers' Association

Veys (1969) reported on bladder tumour incidence at a rubber
factory. The study, subsequently extended (Veys, 1980, 1981),
showed that there were more than twice as many bladder tumour
registrations as expected among 2081 menworking at the factory
between 1946-1949 and followed up to 1970 (23 observed, 10.3
expected). The men had been exposed to an antioxidant containing
residual 1- and 2-naphthylamine (0.25% of the latter) until it
was removed from processing in October 1949. At a second rubber
tyre factory, there were twice as many bladder tumour registra-
tions among 3867 men employed between 1945-1949 and followed up
for the next 20 years (26 observed, 13.2 expected).

Among 2846 men newly engaged at one of the factories after 1
lanuary 1950 and followed for varying periods up to 1970, six
cases were observed whereas 4.5 were expected. Most of the cases
of bladder cancer occurred in men working in chemical stores,
mixing and milling, calendering and maintenance.

Another study by the British Rubber Manufacturers' Associa-
tion (Parkes et al., 1982) was undertaken to discover whether the
withdrawal of the 2-naphthylamine contaminant in 1949 had effect-
ively removed the bladder cancer hazard, and at the same time to
reveal any other specifie hazards. An active intake cohort of 36
696 m en who had entered any one of 13 factories between 1946 and
1960 inclusive and had worked there for at least one year were
divided into three entry groups and followed up to the end of
1975. (Eighteen percent of the population of the Employment
Medical Advisory Service study were included in this study.) By
31 December 1975, ail but 5.3% had been traced. Five of the
factories were in Scotland, for which Scottish mortality data
were used to calculate expected deaths; and the remainder were in
England, for which the data on England and Wales were used. Ali
of the following data are derived from workers who entered the
s tud y on th e te nth an ni v ersary of their e m pl oym en t.
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The all-neoplasms SMR was 107 (1335/1251.0) for the whole
industry (England and Scotland), but there was considerable
variation among factories. The SMR was 122 for both lung cancer
(633/517.4) and stomach cancer (173/141.8). There was an excess
of thyroid cancer (5/2.2), mostly confined to the first quin-
quennial group (1946-1950) and to workers in the Scottish
factories. An excess of leukaemia (31/28.1) was confined to the
third quinquennial group (1956-1960) in England and Wales
(7/2.9). The SMR for cancer of the oesophagus was 120 (38/31.8)
in the whole industry: the excess was found in the first entry
group in England and Wales (22/15.8).

There was essentially no overall excess of bladder cancer
(23/22.6) in the rubber industry in England and Wales for the
first quinquennial group, who might have been exposed to the
suspect aromatic-amine bladder carcinogens. However, when that
group was examined by individual occupational categories, there
were excesses in those in extruding (5/1.8) and in curing
(5/2.8). For the two groups who entered employment after lanuary
1950, when the suspect antioxidants had been removed, there were
no excesses (8/14.1).

The lung cancer excess in workers in the tyre sector was
mostly confined to those in the first quinquennial group
(349/282.4). When workers were examined by job category, excesses
were seen in those em ployed in com ponent building (136/1 04.4),
curing (45/36.7), inspection (17/8.3), handling of finished goods

(32/19.5) and maintenance (69/61.2). ln workers in the non-tyre
sector, there were excesses in ail three quinquennial intakes

(117/73.7); when the men were exam ined by job category, the
excesses reflected the same pattern as for those in tyres, but
appeared in addition among those working in rubber compounding

(15/6.7) and in extruding (15/6.9).

ln workers in the tyre sector, stomach cancer mortality was
raised in the first group (92/78.6) and in the third group
(19/11.4). When the data were examined by job category, the
excesses related, in contrast to lung cancer, to the earliest
stages of processing - rubber compounding (13/7.2), extruding
(12/7.7), and in site workers (14/6.0). For the non-tyre sector,
32 were observed whereas 20.6 were expected. The numbers are
small, but the excesses were again in workers in rubber compound-
ing (4/1.8), extruding (4/1.9), component building (6/3.2) and
maintenance (4/2.1).
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3. Studies of rubber workers in the US

3.1 Studies from the Harvard School of Public Health

The data available to investigators at the Harvard School of
Public Health derive mainly from a mortality study of workers at
a rubber plant in Akron, Ohio (Monson & Nakano, 1976a,b; Monson &
Fine, 1978; Delzell & Monson, 1981,1982). ln the initial phase
of this study, 13 571 white male production workers who were
working at the plant on or after 1 lanuary 1940, and who had
worked for at least five years at the plant through June 1971,
were followed from lanuary 1940 through June 1974. During that
period, 980 deaths from cancer were observed, whereas 1046.4 were
expected on the basis of US age-tim e-specific rates (SMR = 94).
Excesses of specifie cancers were (observed/expected numbers):
stomach - 98/93.9; bladder - 48/39.5; and leukaemia - 55/43.0.

Among this group of workers, bladder cancer occurred to
excess only am ong those who had started working before 1935
(43/30.7), m ainly among those who had worked at least 35 years
(17/10.0), and only among those who had died after 1954
(40/29.6). Leukaemia occurred in excess only among men who had
started work before 1935 (46/30.7) and who had worked at least 25
years (37/23.1).

ln the second phase of the study, cancer morbidity between
1964 and 1974 was ascertained by a review of Akron-area hospital
tumour registries (Monson & Fine, 1978). The rates of cancer were
measured among workers in specifie areas of the rubber plant.
Account was taken of the years an individual had worked in a
specifie area. The following excesses of specifie cancers in
specifie jobs were seen (observed/expected), based on a minimum
of eight cases; the m inim um lengths of exposure on which the
figures are based are noted:

s t om a che an c e r: c om pou n d i n g, m i x i n g, mil 1 i n g , tes t i n g

(5 yrs) - 13/5.9;
1 a r g e- i n tes t i n al ca n ce r : co m po un di n g, m i xi n g, m i Ii i n g,
testing (5 yrs) - 17/8.5;
1 un g cancer: t y r e cu r i n g (5 Y r s) - 31/1 4. 1; t Y r e mou 1 d i n g

(5 yrs) 10/5.0; fuel cell/deicer manufacture (ever
employed) - 46/29.1;
pancreatic cancer: tyre curing (5 yrs) - 8/3.2;
bladder cancer: tyre building (5 yrs) - 16/10.7;
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prostatic cancer: machine maintenance (ever employed) _
22/12.7;
ski n ca n ce r: t y r e as s emb 1 y (5 Y r s) - 1 2/1 .9;

b rai n c a n c e r: t y r e a s s emb 1 y (5 Y r s) - 8 /2 . 0 ;

Iymphoma: tyre bui Iding (5 yrs) - 8/3.2;

leukaemia: calendering (5 yrs) 8/2.2; tyre curing (15 yrs)
- 8/2.6; tyre building (5 yrs) - 12/7.5

ln the third phase of
extended through 30 June 1978
people who had worked from two
1940 were included. Between luly
259 deaths from cancer observed
m al es.

this study, m ortality follow-up

(Delzell & Monson, 1981), and
to five years in the plant since
1974 and June 1978, there were
and 253.9 expected among white

ln the total mortality data for white male union members of
one factory (between 1 lanuary 1940 and 30 June 1978, 1352 deaths
from cancer were observed and 1408.3 were expected (SMR = 96).
For bladder cancer, there were 60 deaths observed and 51.3
expected; for leukaem ia, there were 68 deaths observed and 56.2
expected.

Data were also presented for black male union members, for
salaried men, salaried wom en and for fem ale production workers

(Monson & Nakano, 1976b; Delzell & Monson, 1981). The following
observed and expected numbers for cancer mortality represent
follow-up from 1 lanuary 1940 through 30 June 1978: non-white
union members: 63/78.8; salaried men: 203/278.1; female produc-
tion workers: 241/313.0; and salaried women: 78/98.7.

Delzell and Monson (1982) also compared mortality among
processing workers and non-processing workers and the US white
male population; similar results were obtained in relation to
each comparison population. Processing workers were divided into
'front processing' (compounding, mixing and milling operations)
and 'back processing' (extrusion, calendering, cement mixing and
rubberized fabric operations). Among front processing workers,
there was excess mortality from the following cancers (observed/-
expected numbers): ail digestive cancer - 51/34.0; stom ach cancer

15/7.1; and large-intestinal cancer 19/11.2. Among back
processing workers, there was excess mortality from biliary and
Iiver cancer 9/3.8 and leukaemia 14/8.2. Among front
proc essin g w or k ers, th e exc esses of sto m ac h an d 1 arg e- intes tin al
cancer were seen mainly in men who had started work in front
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processing before 1950 (33/16.6). Most of the excess did not
occur until at least 20 years after first employment
(29/13.6). Am ong back processing workers, the excess of leukaem ia
was seen mainly in men who had started work in back processing
before 1950 (13/6.2), and who had worked at least five years
(10/4.5). Most of the excess did not occur until at least 25
years after first employment (10/3.6).

(The data available to the Harvard investigators
assessm ent of follow-up from 1940. Thus, the excesses
to reflect associations with working in the 1920s and
must be kept in mind in comparing these data with
other studies.l

perm itted
seen tend

1930s. This

those from

A recent study (Delzell et al., 1982) on a plant in south-
western Connecticut covers 1792 white male workers employed after
1947, who were alive on 1 January 1954 and had had more than two
years' employment in the industry. This population was followed
u p fr 0 m 1 Jan ua r y 1 954 t 0 3 1 D e c e m ber 1 976 ( for m 0 r t al i t y) and t 0
31 December 1977 (for cancer registration). The population is a
young one (81 % of the person-years below 55). Overall, there were
90 cases of cancer observed and 97.6 expected, on the basis of
incident rates from the Connecticut Tumor Registry. An overall
excess of mortality from cancer of the pancreas (6/2.8) was
observed in that section of the population who had started work
before 1950 (5/2) and who had worked between 10 and 24 years in
the plant (5/1.7).

3.2 Studies from the University of North Carolina

This research derived predominantly from two retrospective
mortality follow-up studies at the Akron, Ohio, plants of two
large tyre and rubber companies. Each study population, defined
on a ce n sus bas i s, corn pr i s e d a c t ive and r e tir e d mal e e m plo ye es
who were at least 40 years old and were alive on 1 January 1964.

ln the first study population, of 6678 production workers,
351 cane er de a ths occ urred over a ni n e-ye ar folio w-up peri od,
whereas 336.9 were expected on the basis of US male age-race-
specifie rates (McMichael~.. 1974). Types of cancers for
which observed numbers exceeded expected ones were: stomach (39
observed/20.9 expected), large-intestinal (39/31.8), prostatic
(49/34.4), Jymphosarcoma (14/6.2) and leukaemia (16/12.5). With
regard to bladder cancers, 9 cases were observed versus 12.3
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expected. For this and ail five other, smaller
same company, the proportional mortality ratio
was elevated for cancers of the stomach,
Iymphatic and haematopoietic systems.

pl ants
during

prostate

within the
1 964-1 972
and the

ln subsequent case-control analyses within this population
(McMichael et al., 1976a,b), the detailed job histories of seven
specifie cancer case groups were compared with those of an age-
stratified random sample of workers without cancer. Positive
associations entailing at least five cases exposed in a specifie
job category for at least five years, were found for:

stom ach cancer: com pounding and m ixing - R R 2.0 (5 exposed
cases); tubing (extrusion) - 2.3 (5);
colorectal cancer: tubing (extrusion)
- 1.8 (9);
respiratory cancer: receiving and shipping
compounding and mixing - 1.4 (12); mill-mixing
tubing (extrusion) - 1.4 (8); reclaim - 2.3 (10);

prostatic cancer: compounding and mixing 1.6 (5);
calendering and plystock 2.4 (9); janitoring, trucking,
etc. - 3.5 (16);
Iymphatic and haematopoietic cancers: compounding and mixing

1.4 (5); inspection and finishing - 2.0 (6); synthetic
plant - 6.2 (6).

2.2 (7 ); maintenance

1.9
2.1

(11);
(5) ;

ln a case-control study based upon ail seven US plants
within the same company, the relation between Iymphatic and
haematopoietic cancers and exposure to solvents was evaluated

(McMichael~.. 1975): 88 cases were compared with 264
controls, matched individually for sex, race, plant and age at
death. Seventy. job groupings were categorized independently by
industrial hygienists as to estimated solvent exposure (high,
medium,light or none). Only Iymphatic leukaemia was judged to be
associated with exposure to solvents, with an overall relative
risk of 3.3, based on 12 exposed cases. A dose-response
relationship was observed.

Wolf et al. (1981) conducted a case-control study of 72
deaths from leukaemia that had occurred among the employees of
four rubber companies between 1964 and 1973. These cases overlap
largely with those studied by McMichael et al. (1975), but the
method of assessing work experience differed. The results
obtained are sim ilar to those of the earlier report.
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A case-control study, in which 88 cases of prostatic cancer
from within the sam e study population (followed to 1975) were
compared with 258 individually matched controls (Goldsmith et
~, 1980), further examined the relationship between prostatic
cancer and 20 specifie job categori~s. For job exposures longer
than five years, two job categories in ~ the compounding and mixing
area showedrelative odds of 2.0 and 3.0; these were 'service to
batch preparation' and 'batch preparation', respectively. The
odds ratios were based on 6 and 11 exposed cases, respectively.

ln a case-control study of stomach cancer, for which
subjects were drawn from the two companies studied by the group
at the University of North Carolina, 100 cases and 400 indivi-
dually matched controls were compared with respect to their
d e t ail e d w 0 r k ex p e rie n c e ( B lu m et a 1. , 1 979 ) . l 0 b c a t ego rie s th a t

were positively associated with stomach cancer (RR )1.2, at least
15 exposed cases) were batch preparation, calendering, tyre
building, curing preparation, maintenance and other preparation.
Further, individual jobs were independently categorized as to
estimated exposure to polycyclic hydrocarbons, N-nitrosamines,
carbon black and talc: Non-statistically significant positive
associations with stomach cancer were observed with two or more
years' exposure to the first three substances. For two or more
years of talc exposure, the RR was 2.5 (16 exposed cases) in one
company, and 1.3 (26 exposed cases) in the other. The possibility
that asbestiform materials are present in talc was noted. (See
lARe, 1977.)

ln the second follow-up study, 8418 white male active and
retired production workers were followed from 1 l anuary 1964
through 31 December 1973 (Andjelkovich et al., 1976). The authors
observed 457 cancer deaths, whereas 470.2 were expected on the
basis of age-specifie rates for US white males. Types of cancer
for which observed numbers of deaths exceeded expected were:
stomach 34/27.6; large-intestinal 53/45.7; pancreatic
34/27.9; prostatic - 50/45.9; bladder - 21/18.1; Iymphatic and
haem atopoietic - 52/41.9.

ln a more detailed analysis of the
(Andjelkovich et al., 1977) mortality was
worker's most representative departm ent,
in which the employee was judged to
Positive associations, based on at least
for:

same study population
assessed according to a

which was the work area
have worked the longest.
five deaths, were found



EPlDEMlOLOGieAL STUDlES OF eAReINOGENieITY lN HUMAS 197

stomach cancer: mi IL ing - 6 observed/l.6 expected;
prostatic cancer: general service - 10/4.7; and
leukaemia: general service - 6/2.4.

ln a third report (Andjelkovich et al., 1978), the equiva-
lent mortality experience of 1649 white female production
employees was determined from 1 lanuary 1964 to 31 December 1973.
During that period, 62 cancer deaths were observed, whereas 61.7
were expected; the following excesses of specifie cancers
(observed/expected numbers) were seen: stomach 4/2.6; large-
intestinal 11/8.0; rectal 4/2.0; and lung - 9/4.7. No details
of relationships to detailed work experience were provided.

Investigators from the University of North Carolina and
Harvard University conducted a collaborative case-control study
of b 1 ad der ca n c e r i n fi v eUS t y r e and ru b ber corn pan i e s (C h e c k 0 w a y

et al., 1981). Cases were 220 men with bladder cancer, identi-
fied from death certificates and Akron area hospital records;
controls were 440 men individually matched to cases for race,
year of birth and company. Detailed work histories within the
rubber industry were compared. Three work areas were associated
with bladder cancer (RR, number of exposed cases): milling - 1.9,
26; calender operation (but not extruding) 2.2, 18; and final
inspection of tyres 1.5, 50. The associations with milling and
calendering were stronger for men with longer durations of expo-
sure. The association with milling occurred mainly in one
company, while the association with calender operation was seen
mainly in a second. (This study makes it possible to evaluate the
association between specifie job categories and bladder cancer in
the US rubber industry. No clear-cut localization of excess
bladder cancer risk was identified. The associations seen tended
t 0 b e pr e sen t w i t h i non e corn pan yon 1 y.l

ln view of earlier suggestions (Mancuso et al., 1968; Monson
& Nakano, 1976a) of an excess of brain cancer in tyre assembly
and curing workers, Symons et al. (1982) examined ail available
data from the mortality studies by the University of North
Carolina. ln the published studies, 32 cases were observed where
38.2 were expected; in four previously unpublished 'technical
reports', 8 cases were observed where 9.1 were expected. Despite
this overall deficit of cases, a case-control study was then
conducted within one of the original study populations. Twenty-
t wo peopl e wi th cane er of the brai n or oth er parts of th e c entr al
nervous system, who had died between 1952 and 1971, were compared
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with a large, individually matched control group for any differ-
ences in exposure at work in tyre assembly or related jobs. No
positive association was evident (odds ratios, 0.5 and 1.1).

4. Other studies of rubber workers

Bovet and Lob (1980) studied the mortality experience of a
population of rubber workers in Switzerland, following them from
1 january 1955 to 31 December 1975; workers in a munitions
factory served as a comparison population. Using expected numbers
based on death rates in the general population, excesses of the
following types of cancer were found in the rubber workers:
urinary bladder (4/1.1), stomach (8/4.6) and glioblastomas
(2/0.9). An excess of urinary bladder cancer (5/2.6) was also
fo un d in th e m un iti ons workers.

Kilpikari (1982) investigated cancer mortality among 784
male workers in a Finnish rubber plant (tyre, tube and footwear
manufacture), by following them from 1 january 1953 (or from date
of first employment) to death or to 31 December 1976. Seven fatal
cancers were observed and 6.8 expected.

5. 0 the r cas e- con t roi s t u die s

5.1 B ladder cancer

Between 1 january 1967 and 30 June 1968, 722 new cases of
cancer of the lower urinary tract were identified in the Boston
and Brockton Standard Metropolitan Statistical Areas (Cole et
~ 1971). Interviews were conducted with 470 patients with
transitional or squamous-cell carcinoma of the lower urinary
tract and with 500 controls from the general population. Lifetime
occupational histories were obtained for 461 cases and for 485
controls (Cole et al., 1972). Of the men (controlled for age and
cigarette smoking), 51 had had an occupation in the rubber
industry, representing a R R of 1.6. If only the m en's usual
occupations were considered, 19 of the cases were in rubber
workers, giving a RR of 1.7.
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ln Canada, occupational histories were obtained from
with bladder cancer and from 480 controls matched for
neighbourhood (Howe et al., 1980). Five of the patients
of the controls reported having been rubber workers.

480 men
age and
and one

ln Finland, ,occupational histories were obtained from 180
patients with bladder cancer and from 180 age- and sex-matched
controls (Tola et al., 1980). Two of the patients and none of the
controls had had as their predominant occupation work in the
rubber industry; 12 of the patients and five of the controls had
been employed at some time in leather or rubber industries.

(The Canadian and
rubber factories were
between work in the
cancer.)

Finnish studies were
uncommon. The data
rubber industry in

done in areas where
show an association
general and bladder

5.2 Tumours of the central nervous system

Data on brain tumours from the Swedish Cancer Registry for
the years 1961-1973 were analysed in a case-control fashion
(Englund et al., 1981). A further analysis, incorporating 1960
census data on the sex and age structure of the population,
enabled calculation of the expected numbers of brain tumours for
people in various occupations and industries. The analysis
showed, for the rubber industry, a relative risk of 1.2, based on
30 observed brain tumours. Additionally, there was an elevated
age-adjusted annual incidence rate of 17 per 100,000 (33 cases)
for ail brain tumours in workers in the rubber industry, in
comparison with 12 per 100 000 in the general population; for
glioblastomas only, the rates were 10 per 100 000 in the rubber
industry and 5 per 100 000 in the general population.
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TABLE 14.

CHACTERISTICS OF THE EPIDEMIOLOGlCAL STUDIES REVIEWED

a
Intake period for case-control studies or surveys;
fo11ow-up period for cohort studies

NA - not avai1ab1e



Table 14. Characteristics of the epidemiological studies reviewed Na
N

Reference Ty 0 f No. of Perioda Total no. of deaths Corrents
study subjects (all causes)

Obs. Exp.

Andjelkovich ~ (1976) Cohort 8418 1964- 1973 2373 2524.5

Andjelkovich et aL. (1977) Cohort 8418 1964-1973 - - Analysis by occupational ti tle group
of the same population as in above
reference

Andjelkovich et eil. (1978) Cohort 1649 1964-1973 279 270.9 \-men onl y.., -
Baxter & Werner (1980) Cohort 40 867 1967- 1976 5773 5912.5 ~;;n
Blum et aL. (1979) Case- 101 cases 1964-1973 Stomach cancer 3:0control 393 controls Zwi thin

8cohort
;;p

Bovet & Lob (1980) Cohort 931 1959-1975 115 143.9 vI
IJ

Case & Hosker (1954) Survey 1936-1951 Morta1 i ty survey of bladder cancer or0r
Survey 1936-1950 Incidence survey of b1adder cancer ~

ni
Case (1966) Survey 1936-1965 Mortality survey of bladder cancer N

CO

Checkoway et al. (1981) Case- 220 cases 1940-1974 B1adder cancer
control 440 con troIs 

Cole et al. (1972) Case- 461 cases 1967- 1968 Bladder cancer
control 485 controls

Davies (1965) Cohort 139 1946-1964 NA NA Information on bladder cancer only

Delzell & Monson (1981) Cohort 29 087 1940- 1978 9388 11 355.7



Reference Ty of N:. of Perioda Total no. of deaths Comments
study subj ects (all causes)

Obs. Exp. m
-0
Jo

Delzell 0
& Monson (1982) Cohort 2666 1940-1978 1131 1281. 7 ~

Jo0Delzell et al. (1982) Cohort 1792 1954-1976 249 280.3 Mortality and cancer incidence (tyre r
manufacture 8

JonEnglund et aL. (1982) Survey Brain cancer ):r
Fox et al. (1974) Cohort 40 867 1967-1971 2029 2085.0 Same cohort as Baxter & Werner IJ-l

(1980) C0
Jo

Fox & Collier (1976) Cohort 40 8fi7 1972-1974 2018 1970.8 Same cohort as Baxter & Werner m
(1980) IJ

0-r
Goldsmi th et al. (1980) Case- 88 cases 1964-1974 Prostatic cancer ncontrol 258 contraIs

;gwi thin

cohort n
Jo
Z

Ibwe et al. (1980) Case- 480 cases 1974-1976 Bladder cancer 8control 480 controls mZ
Jo

Kilpikari et aL. (1981). Cohort 1331 1953-1976 NA NA n
Jo
-l-:Kilpikari (1981) Cohort 784 1953-1976 29 42.6
Jo
Z

McMichael et al. (1974) Cohort 6678 1964-1972 1783 1798.5 l
McMichael et al. (1975) Case- 88 cases 1964-1973 Leukaemi a ~

control 264 controls Z
wi thin IJ
cohort

Na\.



Reference

McMichael ~ (1976a)

McMichael et al. (1976b)

Monson & Nakano (1976a)

Monson & Nakano (1976b)

Monson & Fine (1978)

Parkes et aL. (1982)

Symons et aL. (1982)

Tola ~ (1980)

Veys (1980)

Wolf et aL. (1981)

'I of
study

No. of
subj ects

Perioda Total no. of deaths

(all causes)
Obs. Exp.

Case- 6678
control
wi thin

cohort

Cohort

Cohort

Cohort

Cohort

Cohort

(see
1 comnents 1 )

1964-1973 1983

18 903 1964-1973 5106

13 571 1940-1974 5069

2023.5

5431. 9

6186.9

2642.2

NA

4841. 5

NA

NA

Comments

Many different cancers
Relative risks of various job cate-
gories compared with those of a11
other workers

Results of case-control studies are
a1so reported (lung, b1adder,
stomach, prostate)

Incident study of 1359 cases of
cancer

Fo11ow-up began on tenth anni-
versary of ernp10yment

Review of data, sorne previously
unpublished, on brain and nervous
systein cancer rnorta1 i ty

Bladder cancer

Incident study of bladder cancer

Incident study of b1adder cancer

Leukaemias

10 529 1940-1974 1846

13 570 1940-1976 NA

33 815 1946-1975 4882

Case- 180 cases 1975- 1976
control 180 contro1s

Cohort

Cohort

Case-
control
wi thin

cohort

3867 1945-1970 NA

2081 1946-1970 NA

72 cases 1964-1973
286 controls

Na..

..
~n
3:oz
8;;pu:r
Cf

c:o
E
3:
m
N
00
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TABLE 15

SUMMY OF DATA FROM EPIDEMIOLOGlCAL STUDIES CONSIDERED

a
Exposure: U

T
NT
S
Pl
P2
P3
P4
P5
P6
P7
P8

Unspecified (total group)

Tyre
l'n-tyre
Solvent
Raw materials handling, weighing and mixing
Mil1ing
Extruding and ca1endering
Component assern1y and building
'Curing' or vu1canization
Inspection and finishing
Storage and dispatch
General service

b SM - Standardized mortality (or morbidity) ratio. When the

expected nurer is not 9 i ven, the SM is a standardi zed rate
ratio.

RH - Relative risk

Observed = numr of exposed cases in case-control studies

NA - not availab1e
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i..a
Resu1 tsb

00

Ty of aReference study Exposure SM RR Observed Expected Comments

(~) B1adder (contd)

McMichae1 et al. (1974) Cohort U 73 9 12.3

McMichae1 et al. (1976a) Case-control PL, P2 1.8 3 (RR and observed number estimated
by Working Group)

,.
Monson & Fine (1978) Cohort P4 150 16 Incidence );;;

P6 150 5 (ì
P7 110 4 ~0Z

Monson &. Nakano (1976a) Cohort U 122 48 39.5 8
~

Parkes et aL. (1982) Cohort U 84 36 42.9 -0
P1,P2 87 4 4.6 :ilJ
P3 190 8 4.2
P4 96 14 14.6 .:
P5 132 7 5.3 0r
P6 63 1 1.6 C
P7 30 1 3.3 ~
P8 93 4 4.3 m

N
00

Tola et aL. (1980) Case-control U NA - 2 2 cases and 0 controls worked in
rubber industry

Veys (1980) Cohort T 197 26 13.2 'Io factors. Exposure to
Cohort T 223 23 10.3 2-naphthylamine

(!:) Stomach

Andjelkovich et al. (1976) Cohort U -123 34 27.7
-

Andjelkovich et al. (1977) Cohort Pl 479 3 0.6
P2 369 6 1.6



Resul tsb

Ty of aReference study Exp:sure SMR RR Observed Expected Comments ni
-0i-

(~) Stomach (contd) 0
~Andjelkovich et al. (1978) Cohort U 155 4 2.6 Women onl y i-0r

Baxter & Werner (1980) Cohort U 122 216 176.4 8
Pl,P2 94 23 24.5 i-nP3 112 24 21. 5 P
P4 86 20 23.3 r
P5 59 16 27.0

UìP6 129 16 12.4 -iP7 102 17 16.7 C0i-
Blum et aL. (1979) Case-control (see m

Uì
'coments' ) 1.1 45 'Two or more years' eXpOsure to 0p:lycyclic hydrocarbons'

1.5 57 'Two or more years' exp:sure to
-T

ni trosamines' n
1.4 37 'Two or more years' exposure to ~carbon black' n
1.9 42 'Two or more years' exposure to i-

talc' Z
(RR estimated by Working Group) 8

niZ
Bovet & Lob (1980) Cohort 175 8 4.6 i-

U ni-
-i

Delzell & Monson (1981) Cohort U 95 139 146.8 AlI study groups combined '"
i-
Z

Delzel1 & Manson (1982) Cohort P1,P2 186 15 8.1 (SMRs estimated by Working Group) :rP3,P5 110 10 9.1 C
$

Delze11 et aL. (1982) Cohort T 100 3 3.0 Mortality Z
Uì

T 59 3 5.1 Incidence

Fox & Collier (1976) Cohort T 113 25 22.2 Na\.



l'..
Resul tsb ci

Ty of . aReference study Exposure SMR RR Observed Expected Comments

(~) Stoma~h (contd)

McMichael et al. (1974) Cohort U 187 39 20.9

McMichael et aL. (1976a) Case-control Pl, P2, P3 2.1 12 (RR and observed number estimated
by Working Group)

..
Manson & Fine (1978) Cohort Pl,P2,P3 220 13 Incidence ):

7JP4 140 4 (ì
3:

Monson & Nakano (1976a) Cohort 93.9 0U 104 98 Z
8

Parkes et al. (1982) 7JCohort U 129 183 141.8 ):PI,P2 169 26 15.4 \J
P3 145 20 13.8 I
P4 124 61 49.3 c.
P5 110 20 18.2 c:
P6 176 9 5.1 0
P7 59 6 10.2

~P8 213 26 12.2
rr
l'

(~) Lung 00

Andje1kovich et al. (1976) Cohort U 83 116 139.8

Andje1kovich et al. (1977) Cohort (see 434 3 0.7 Workers wi th synthetic latex
, coiien ts' )

Andjelkovich et al. (1978) Cohort U 190 9 4.7 Women on1 y



Resul tsb

Ty of aReference study Exposure SMR RR Cbserved Expected Coirents
m
-0I-

(£) Lung (contd) 0
Baxter & Werner (1980) Cohort U 115 822 716.5 ~I-

Pl,P2 87 82 94.3 0
P3 89 75 84.5 r
P4 103 94 91. 7 8P5 95 lOi 106.2 I-
P6 87 42 48.3 (ì
P7 121 77 63.8 Pr

IJ
Bovet & Lob (1980) Cohort U 47 5 10.6 -j

C0I-
Delzell & Monson (1981) Cohort U 84 438 523.2 AlI study groups combined m

IJ
0

Del zell et al. (1982) Cohort T 99 15 15.2 Mortali ty Il
T 126 24 19.0 Incidence (ìp

¡:
Fox et al. (1974) Cohort T 134 131 97.8 (ìI-

Fox & Collier (1976) Cohort T 127 117 91.8 8
mzI-

Kilpikari et aL. (1981) Cohort U 150 3 2 Cancer of respi ratory organs (ìI-
-j-.

McMichael et al. (1974) Cohort U 83 91 109.3 I-
Z

McMichae1 et al. (1976a) Case-control Pl,P2,P3 1. 7 35 (RR and observed numr estimated l
by Wbrking Group)

~Z
Monson & Fine (1978) Cohort P5 210 41 (SMR estimated by Wbrking Group)

IJ
P8 160 46 Incidence

Monson & Nakano (1976a) Cohort U 92 234 253.1 N--
--



N
Resu1 tsb

..
N

Ty of aReference study Exposure SMR RR Cbserved Expected Comments

(ç:) Lung(contd)

Monson & Nakano (1976b) Cohort NT 333 3 0.9 Women on1 y

Parkes et aL. (1982) Cohort U 123 638 517.4
P1,P2 123 7i 57.7
P3 119 62 52.2 ..P4 126 230 182.8

:PP5 127 88 69.3 ;:
P6 186 36 19.4 n
P7 149 54 36.2 3:P8 131 51 38.9 0Z

(£) Lymphatic and haematopoietic 8
~

Andje1kovich et al. (1976) Cohort U 124 52 41.9 ïJl
IJ

Andje1kovich et al. (1977) Cohort P8 246 6 2.4 Leukaemia on1y c:0rcAndje1kovich et al. (1978) Cohort U 92 5 5.4 Women on1 y 3:
rn
NBaxter & Werner (1980) Cohort T 95 33 34.7 00

NT 80 44 55.1

De1ze11 & Monson (1981) Cohort U 107 202 189.1 AlI study groups combined

Delzell & Monson (1982) Cohort Pl,P2 161 7 4.4 Leukaemia only
P3, P4 180 9 5.0 (SMRs estimated by Working Group)

Delze11 et aL. (1982) Cohort T 45 1 2.2 Mortality (leukaemia on1y)
100 3 3.0 Incidence

Fox & Collier (1976) Cohort T 143 6 4.2



Resul tsb

Ty of aReference study Exposure SMR RR Cbserved Expected Comments ri
-0,.

(£) Lymphatic and haematopoietic (contd) 0
~Kilpikari ~al. (1981) Cohort U 130 2 1.6 ,.0r

McMichael et al. (1974) Cohort U 160 30 18.7 8,.
()pMcMichael et al. (1975) Case-control S 3.3 12 Lymphatic leukaemia r
(f-lMcMichael et al. (1976a) Case-control Pl,P2,P6,P8 2.9 21 (RR and observed number estimated C

by Working Group) 0,.
ri

1
(fMonson & Fine (1978) Cohort P3 360 8 (SMR estimated by Working Group) 0P4 233 20

1

Incidence -iP5 310 8

()
Monson & Nakano (1976a) Cohort U 113 106 93.4 ?ô(),.
Parkes et aL. (1982) Cohort U 110 31 28.1 Leukaemia only 8

riz
(RR estimated by Working Group)

,.Wolf et al. (1981) Case-control S 0.8 69 ()pl 1.1 10 ,.
P2 0.7 5 -l
P3 0.6 2 -(
P5 0.9 13 ,.
P8 1.4 36 Z

:c
(~) Prostate ~
Andjelkovich et al. (1976) Cohort U 109 50 45.9 Z(f

Andjelkovich et al. (1977) Cohort P8 212 10 4.7

N..\.



N..
Resul tsb ..

Ty of aReference study Exj:sure SMR RR Cbserved Expected Coiients

(~) Prostate (contd)

Baxter & Werner (1980) Cohort T ios 21 20.0
NT 95 34 35.7

Delzell & Monson (1981) Cohort U 102 121 118.6 White male union members only

-
Delzell et al. (1982) Cohort T 57 2 3.5 Mortali ty :r

Al88 9 10.2 Inc idence n
3:0Goldsmi th et al. (1980) Case-control Pl 2.8 14 Z
8
AlMcMichael et al. (1974) Cohort U 142 49 34.4 :ru:i
(JMcMichael et al. (1976a) Case-control Pl,P3,P8 2.5 30 (RR and observed mmiber estimated

by Working Group) .00r
Monson & Fine (1978) Cohort P6 760 4 ~P7 240 4 (SMR estimated by Wbrking Group) m

P8 180 22 Incidence N
00

Monson & Nakano (1976a) Cohort U 92 82 89.0 White male union members only

Parkes et al. (1982) Cohort U 66 30 45.4

(D Colon

Andjelkovich et al. (1976) Cohort U 116 53 45.7

Andjelkovich et al. (1977) Cohort (see 629 4 0.6 Wbrkers wi th special products1 conments 1 )



Resul tsb

mTy of \JReference study Exposurea
SMR RR Observed Expected Comments -0

~(l) ~ (contd) -0rAndjelkovich et al. (1978) Cohort U 137 11 8.0 Women onl y 8-nBaxter & Werner (1980) Cohort T 113 40 35.4 P
NT 116 67 57.9 r

(j
--Delzell & Monson (1981) Cohort U 96 197 205.1 AlI study groups combined C0-
mDelzel1 & Monson (1982) Cohort Pl,P2 180 29 10.6 (SM estimated by Working Group) (j

P3,P5 100 12 12.0 0-i
Delzell et aL. (1982) Cohort T 196 9 4.6 Mortali ty n

121 12 9.9 Incidence ~n-
McMichael et al. (1974) Cohort U 123 39 31.8 Z

8
m

McMichael et al. (1976a) Case-control P3,P8 2.0 16 Colorectal cancer (RR and observed Z-
number estimated by Working GroupJ n~

--
Manson & Fine (1978) Cohort Pl,P2,P3 200 17 Incidence -:NA

P4 230 9 NA ~
Z
IMonson & Nakano (1976a) Cohort U 101 104 103.1

~ZParkes et aL. (1982) Cohort U 91 67 73.7 (j

N--
VI



N--
Resultsb 0"

Ty of
ExposureaReference study SMR RH Cbserved Ex pec ted Comments

(9) Brain

Andjelkovich et al. (1976) Cohort U 92 8 8.7

Baxter & Werner (1980) Cohort T 73 10 13.7
NT 52 11 21.1

""
Bovet & Lob (1980) Cohort U 220 2 0.9 ~n

3:Delzell & Monson (1981) Cohort U 97 50 51.8 AlI study groups combined 0
Ö

Delzell et al. (1982) CiCohort T 0 1. 7 Mortali ty

~100 2 2.0 Incidence
\J:i
(JEnglund et al. (1982) Survey U 1.4 33 (RR estimated by Wbrking Group) -:0rFox & Collier (1976) Cohort T 95 4 4.2 C
3:
m

McMichael et al. (1974) Cohort U 68 4 5.9 N
00

Monson & Fine (1978) Cohort P4 410 8 Incidence

Monson & Nakano (1976a) Cohort U 80 20 25.1

Parkes et al. (1982) Cohort U 85 35 41.1

Symons ~t- al. (1982) (see U 87 8 9.2 Review of data, sore previous1y
'comnents' ) unpub1ished, from four different

cohort studies
Case-control P4 1.1 5 (RH estimated by Working Group)
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6. Summary

Evidence of increased cancer rates in rubber workers arose
when Case reported a substantial excess of bladder cancer among
rubber workers in the UK, particularly in Birmingham. Among
British rubber workers, the death rate from bladder cancer during
1936-1951 was almost double that of the general population. A
subsequent study of workers in the British cable-making industry
also indicated an increase in bladder cancer risk. A study of
bladder cancer incidence in two British tyre manufacturing plants
showed a doubling of the rates: excesses were related particular-
Iy to exposures in m illing, m ixing, calendering and maintenance
jobs. ln two further mortality follow-up studies in the UK it was
reported that excesses of bladder cancer mortality were virtually
confined to workers first employed before 1950.

Subsequent to preliminary observations of cancer in the
rubber industry by Mancuso in the US, follow-up studies of
mortality were carried out among rubber workers in the Akron,
Ohio, factories of three large rubber companies; these showed
either an overall deficit of bladder cancer (one factory) or a
small excess (two factories). ln the largest of the three
f ac t 0 r i es , th e e x ces s w as gr e a tes t a mon g w or k ers fi r ste m plo ye d
before 1935 and among those who had worked for more th an 35
years. A case-control study of bladder cancer in rubber workers
in Akron, Ohio, showed an approximate doubling in risk for
milling and calendering workers in one factory.

ln the follow-up studies of rubber workers in both the US
and the UK, excess mortality from a number of other cancers has
been reported. Some excesses were found in an entire factory
population,' and others in rubber workers in specifie job cate-
gories. Within the US, these follow-up studies prompted a number
of site-specifie case-control studies of cancer within the sam e
po pul a tion of rub b er worke rs.

Each of three US follow-up studies of male rubber workers
within specifie factories revealed more deaths than expected from
cancers of the stomach and of the large intestine. ln one of the
studies, the excesses were noted primarily in workers in jobs
e a r 1 yin th e pro duc t ion 1 i ne, w h e r e e x p os u r es are chi e fi Y t 0
particulates but also to sorne fume from uncured rubber. A case-
control analysis of stomach cancer in the second of these studies
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showed a positive association with work early in the production
line and with that in curing preparation and in maintenance.
Further analysis, according to estimated exposure to specifie
agents, showed a positive association with exposure to talc. ln
one study in the UK, mortality from stomach cancer was increased
among ail workers, but particularly among men in jobs early in
the production process. ln a second study in the UK, excess
mortality from stomach cancer was also observed among ail
workers, but not among particular occupations.

Excess mortality from lung cancer was found in one UK study
in workers primarily in the non-tyre sector. ln a second UK
study, an excess of lung cancer was found among workers in many
occupations in the tyre and non-tyre sec tors. Excess cases of
lung cane er in the US follow-up stud i es were associ ated w ith wor k
in compounding and mixing, extrusion, tyre curing, rubber
reclaim, and fuel-cell and de-icer manufacture.

Cancer of the prostate was associated with compounding
mixing and with calender operation in one US study and
general service and maintenance jobs in two. A case-control
on one factory revealed an excess of prostatic cancer in
preparation' jobs within the compounding and mixing area.

and
w ith

study
'batch

Mortality from
workers in one of
study within another
ciation.

brain cancer was increased
three US study populations;
of these populations showed

in tyre-building
a case-control
no such asso-

Excesses of cancers of the Iymphatic and haematopoietic
systems were noted in the US, and an excess of leukaemia was
noted in one of the U K studies. ln one of the three US study
populations, an excess of leukaemia was highest in workers in
compounding and mixing, tyre inspection and synthetic rubber
manufacture; in a second US population, the excess was highest in
workers in calendering, tyre building and tyre curing. Similar,
though weaker, associations were found for Iymphomas. A case-
control study of malignancies of the Iymphatic and haematopoietic
systems, drawing upon ail seven US plants of one company, showed
an increased risk of Iymphatic leukaemia in workers in jobs
entailing exposure to solvents.
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An association was found between tyre
incidence of cancer of the skin in the one
incidence data were obtained.

building
study

and the
in which

Excesses of cancer at the following sites have been reported
among rubber workers: thyroid, oesophagus, liver, pancreas and
cervix. These excesses were isolated findings, were inconsistent
or were based on observation of small numbers of exposed workers.

Most of the epidemiological evidence comes from studies in
the UK and the US. Studies carried out in Canada, Finland, Sweden
and Switzerland were either not specifically related to the
rubber industry or were based on sm ail numbers of subjects. Their
results are in general in accordance with those of the British
and US studies.
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1. Summary

Because of the diversity and changeability of exposures
within the rubber industry, the multiple exposures experienced by
many workers within the industry, and the lack of historical
industrial hygiene data, most epidem iological studies of cancer
in rubber workers have not been exposure-specific or have used
job categories as a substitute for exposure categories. ln sorne
studies no attempt was made to subdivide factory populations.

The difficulty of identifying etiological factors in cancer
causation is compounded bv the need to estimate exposures that
occurred several decades ago in relation to cancer occurring
currently, and by frequent incongruities between the boundaries
of process-defined jobs and the actual exposure to agents of
interest. A further difficulty arises from the frequent lack of
information about non-occupational risk factors for cancer, such
as smoking and diet, which may vary among occupational subgroups
of rubber workers. Such internai differences are less likely to
exist, however,. than are differences between populations of
rubber workers and comparison populations.

When cancer excesses have been related with sorne consistency
to specific jobs within the rubber industry, the available indus-
trial hygiene data on the agent to which cases were probably
exposed, together with evidence of any toxicological effects of
those agents, assist in evaluating the etiological plausibility
of the epidem iological finding.

Cancer of the urinary bladder, clearly excessive in British
rubber workers employed before 1950, particularly those in jobs
likely to entail exposure to aromatic amines, seems not be
increased in employees who entered since that date. No clear
evidence exists for a comparable bladder cancer excess in US
rubber workers. Although based on sm ail numbers, there is som e
evidence that an excess of bladder cancer was present in rubber
workers in other countries where such studies were carried out.
While the withdrawal in 1949 of certain antioxidants containing
2-naphthylam ine from the U K rubber industry seems likely to have
accounted substantially for the subsequent decline in bladder
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cancer there, a more general awareness of the carcinogenic
potential of some aromatic am ines, and general improvements in
industrial hygiene practices, may also have contributed.

Among US rubber workers, excess malignancies of the
Iymphatic and haematopoietic systems, particularly Iymphatic
leukaem ia, have been associated with jobs entail ing exposure to
sol ven ts. Ben zen e , con si der e d t 0 b e a hum an car c i no g en, w as 0 n c e
used as a solvent within the rubber industry and may still be
present as a contam inant of other organic solvents.

Stomach cancer,
British rubber workers,
in the production line,
and ex tr u sion.

consistently elevated in studies of US and
appears to be associated with jobs early
including compounding and mixing, milling

Lung cancer is positively related
within the rubber industry. Attribution
the workers' environment cannot be made.

to a variety of jobs
to specifie factors in

Mortality from prostatic cancer was found to be moderately
elevated in several studies, and sorne association was found with
compounding and m ixing jobs. ln general, the etiology of pro-
static cancer is not understood. The only occupational risk
factor suggested to date is cadm ium; compounds of cadm ium are
occasionally included in a rubber batch.

The lack of consistent associations
and cancer of the large intestine does
relationship to be inferred.

between specifie jobs
not permit a causal

Isolated or small excesses of some other cancers (e.g.,
thyroid, oesophagus, brain, skin and pancreas) do not yet justify
the drawing of etiological inferences. However, some toxico-
logical and epidemiological information suggests possible
mechanisms for the causation of cancers at certain sites. The
strong association of skin cancer with tyre building, in the one
incident study done to date, raises the possibility that skin
carcinogenesis occurs via contact with minerai extender oils in
the uncured rubber. Experimental evidence in animais that ethyle-
nethiourea is carcinogenic for the thyroid should be noted. So
also should suggestions, from epidemiological studies, of
excesses of cancers of the brain and pancreas in workers in the
petrochem ical industry.
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Many materials that occur in the work atmosphere in rubber
factories are experimental mutagens or carcinogens; these include
minerai oils, carbon black (extracts), curing fumes, some mono-
mers, solvents, nitroso compounds and aromatic amines, thiurams
and dithiocarbamate compounds, ethylenethiourea, di(2-ethylhexyl)
phthalate, di(2-ethylhexyl) adipate and hydrogen peroxide. How-
ever, experimental toxicological information on chemicals that
are used or form ed is restricted to a sm ail fraction of ail
chem icals used: m ost compounds have not been investigated for
their possible mutagenic or carcinogenic effects. Studies with
exposure indicators, such as mutagenic activity in urine, thio-
ether excretion and sister chromatid exchange, point to the
possibility that rubber workers are exposed to mutagens.

The combination of chem ical exposures that
rubber industry is probably more relevant to the
observed than are single compounds or groups of
variety of exposures increases the likelihood
interactive effects between two or more such
turn, that there is interaction with non-occupational

occ urs in th e

cancer pattern
compounds. The
that there are
agents, and, in

factors.

2. Evaluation

The Working Group examined the combined evidence from epi-
demiological data about the extent and distribution of cancer
within the rubber industry and from relevant industrial hygiene
and toxicological information to evaluate the carcinogenic risks
within the rubber industry. The evaluation has been made in terms
of the three degrees of evidence prescribed for this Monograph
series - sufficient, lim ited, inadequate.

Primary consideration was given to the quality of the epide-
miological research, and to the strength and consistency of the
reported cancer associations within the industry. ln further eva-
luating the likelihood of an occupational causation for these
cancer excesses, judgem ents were made about the types of expo-
sures experienced by groups of workers, and the evidence that
such exposures have carcinogenic effects.

The Working Group thus made the
(Listing does not imply that that cancer
ail rubber factories in ail countries, nor
evidence applies to ail situations.)

following
ha z ard is

that the

assessment:
universal in
degree of
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STRENTH OF CURENTLY AVAlLALE EVIDENCE
FOR PAST OR PRESEN CANER EXCESSES lN THE RUBBER INDUSTRY

Strength of evidence Ty of cancer Presumed agent or
job category

Sufficient for excess
occurrence in rubber
workers and for causal
association wi th
occupational exposures

Bladder
Leukaemia

Aromatic amines
Solvents

Sufficient for excess
occurrence in rubber
workers¡ and limi ted
for causal association
wi th occupational
exposures

Stomach Compound ing, mix ing

and milling
VariousLung

Limi ted for excess
occurrence in rubber
workers and for causal
association wi th
occupational exposures

Skin Tyre building

Limi ted for excess
occurrence in rubber
workers¡ and inadequate
for causal association
wi th occupational
exposures

Colon
Prostate
Lymphoma

Inadequate for excess
occurrence in rubber
workers and for causal
association with
occupational exposures

Brain
'Iyro id

Pancreas
Oesophagus
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Accelerator - m aterial added to a rubber compound to increase the
rate of vulcanization and to perm it vulcanization to proceed
at lower temperatures and with greater efficiency. Chem icals
which increase the speed of reaction between sulphur and
rubber, and can decrease the quantity of sulphur necessary
for vulcanization. They can considerably improve the physic-
al and technical properties of the vulcanisate

Activator material added to a rubber mixture to activate and
increase the efficacy of the accelerator

Antidegradant a substance, which when added to rubber in a
small quantity retards ageing and protects from internai and
external influences. Of 3 types: (1) antioxidants (vide
infra); (2) antiozonants (vide infra); and (3) specialized
additives which protect against, e.g., light, harmful metals

(copper and manganese inhibitors), flexing fatigue, heat and
weather

Antioxidant a
effects of
oxidation

substance which protects
oxygen, by retarding or

against the
preventing

destructive
atmospheric

Antiozonant a substance which protects against the destructive
effect of ozone

Banbury a machine widely used in the rubber industry to mix
rubber with various compounding ingredients. It is enclosed
and has massive rotors driven by powerful motors capable of
kneading the highly viscous rubber mixe It is usually loaded
at the top with local exhaust ventilation and discharged
onto a m ill located on a lower floor

Bead ring-shaped, rubber-coated wire which ensures a seal
between the tyre and the rim of the wheel

Blowing agent - product which decomposes into gaseous substances
at high temperatures or which evolves gases, and thus causes
rubber compounds to expand during vulcanization. Used for
the production of cellular and hollow rubber articles
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Bonding agent a substance used to improve
rubber to textiles or metals, especially
incorporated into the rubber m ix or appl ied
Of major importance in steel-reinforced tyres.
improve adhesion between silicone rubber articles

the adhesion of
steel. May be
in a dip bath.

Aiso used to

Cal en der - machine used to produce smooth, uniform rubber sheet-
ing and to coat and friction textiles. Consists of 2-5
chilled cast-iron or steel rolls, 500-2000 mm in length. The
nip between the rolls may be adjusted; the rolls are hollow
and may be heated or cooled

Cement - a term used
of rubber dissolved

mainly in the US for an adhesive consisting
in a suitable solvent

Channel black
(usually
impinging

a carbon black made from gaseous hydrocarbons
natural gas), by partial burning in sooty flames
on a cool surface such as channel iron

Clastogen - a substance that causes chromosom al dam age

Coagulant material that causes the precipitation or coagulation
of latex

Component building - (see Tyre building)

Compounding the incorporation of ingredients and ancillary
substances necessary for mixing, processing and vulcan-
ization and for achieving the required physical properties
such as hardness and modulus of the vulcanized product

Conditioning agent - (see Lubricant)

Cord textile- or steel-reinforcement used to give rubber
articles, such as tyres, strength in a specifie direction

Curing - (see Vulcanization)

Deflashing part of the finishing process, in
(roughness or extrusions of cured rubber
removed, by hand, by machine (roller trim), by
low-temperature tumbling (whereby the flash is
and removed in a tumbler)

which 'flash'
articles) is
buffing or by
made brittle
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Die-eut - eut out of a sheet of m aterial using a m etal block on

which the pattern or contour is engrained

D ipping - process

depos ited on

evaporated, a

in which a rubber solution or latex compound is
a mould by dipping. After the solvent has been
film remains, which is vulcanized

Ebonite rubber heated for long periods of
amounts of sulphur to produce a hard
variously 'ebonite', 'vulcanite' or 'hard rubber'

time with
product,

large
termed

Elastomer - natural and synthetic, vulcanizable product, which
reveals elastic properties after cross-linking, can be
stretched to at least double its length at room temperature
and, on removal of the tension, quickly return to its
original length

Extender oil an oil added primarily to high-Mooney cold
styrene-butadiene rubber to reduce cost and aid processing.
The aromatic extender oils contain relatively large amounts
of polynuclear aromatic hydrocarbons.

Extruder - machine for forming continuous, long lengths of rubber
or plastic compounds by forcing them through an opening
(die) which is the shape of the profile required

Filers mostly particulate constituents of
large quantities to rubber to improve
to lower volume cost

a compound; added in
physical properties or

Fume - in this monograph, used to refer to vapours, smokes and
aerosols rising from heated processes

Furnace black - carbon
1 iq u id 0 r g as e 0 us
furnaces

black produced by incomplete combustion of
hydrocarbons at 1200-16000e in special

Green rubber uncured, compounded rubber

Hopper a box, tank or other container for loose material or
liquid which is passed or fed into some other container

Jacket - the insulation around a cable
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Latex a colloidal suspension of natural or synthetic polymers;
the sap of rubber-yielding plants; or a polydispersed
colloidal system of rubber particles in an aqueous phase

Lubricant compound for reducing friction between two sliding
surfaces. Solids include graphite, molybdenite, talc;
pla s tic sin c 1 u de fa tt y a cid san d s 0 a p s, sui phu r - t r e a t e d
bitumen and residues from petroleum distillation. Liquids
include oils from animal, vegetable or minerai sources.

Masterbatch - an intermediate compounded rubber mixture, usually
lacking one or more compounding ingredients

Mastication plasticization of
m eans on open rolls or
reaction with oxygen causes

rubber by m echanical and therm al
in an internai mixer, in which
scission of the molecular chains

Mezzanine - a low storey between two main storeys of a building

Mill (mixing rolls) a machine consisting of two hollow steel
rolls which contain cooling or heating systems and are
placed in a frame in a horizontal or diagonal position. The
rolls move in opposite directions at different speeds, the
rear roll moving faster. Raw rubber is processed between the
rolls by mechanical friction and plasticized. A band of
rubber is form ed around the front roll, its thickness
depending on the gap between the rolls.

Mooney - a measurement of rubber viscosity derived from use of
the Mooney viscometer, developed by Dr Melvin Mooney

Odorant odorous substance used to disguise the characteristic
odour of vulcanisates or to give a specific odour

Peptizer mastication aid, reclaiming agent, chemically
effective plasticizing agent with a powerful softening
effect on rubber, enabling reduction of the m ixing time,
increased plasticity, and reduced viscosity of solutions.
Acts as an oxygen carrier and thus increases the oxidative
decomposition of the gel structure of rubber

Plasticizer - a material added to improve flexibility, particu-
larly at low temperatures
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ll a single layer of rubber-coated textile or steel cord
forming one element of a tyre casing

Plystock a sheet of rubber-coated textile or steel cord from
which a ply is eut

Polymerization regulator - material that controls the molecular
weight of a polymer

Preservative - agent that prevents degradation

Reclaim - reclaimed rubber. Obtained from ground, vulcanized
scrap from the production of natural and synthetic rubber
articles, old rubber tyres, tubes and other such articles.
Reclamation is achieved by replasticization (depolymer-
ization), using heat and/or pressure and/or chem ical agents.
Used in compounding

Respirable dust

retained in
diameter

dust of a
the lungs;

particle
generally

size small
taken to

enough
b e (8

to
l1m

be
in

Retarder a
reactions,
speeds and

substance used to retard the
i.e., to retard vulcanization
to prevent scorching during the

speed of chemical
and polymerization

mixing process

Scorch prem ature start of vulcanization during m ixing or
shaping

Semi-bulk a handling system in which
transferred from the original shipping
container from which they are dispensed

raw materials are
container, to another

Skiving - splitting or paring rubber to reduce it in thickness

Softener material
processing

that softens rubber to facilitate it s

Stabilizer a compound added to
latex; an antioxidant used in
maintain the polymer in good
drying and storage of raw rubber

prevent coagulation of rubber
emulsion polymerization to
condition during isolation,

Tackifier - material used to increase the stickiness of compounds
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Thermal black - carbon black produced by thermal decomposition of
hydrocarbons in the absence of air

Tyre building - the process of building a tyre from its component
parts before vulcanization

Vulcanite - (see Ebonite)

Vulcanization the chemical reaction which brings about the
formation of cross-links between polymer chains, giving a
three-dimensional molecular structure. ln this process,
rubber is converted from a predominantly plastic to an
elastic condition

Vulcanizing agents ail substances used to stabilize natural
rubber or elastomers, usually with heating; some give
vulcanisates particular properties, e.g., heat resistance
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eHEMleALS USED OR PRODUCED lN THE RUBBER INDUSTRY

This appendix was prepared for lARe by SRI International
under contract to the US National Cancer Institute. The reader
should note, therefore, that in Tables 1 and 2, contrary to the
usual practice of the IARC Monographs, neither the trade names
nor the permissible levels have been verified by IARC from the
original literature and that the presentation of the Chemical
Abstracts Nam es differs in that (1) they have not been reversed;

(2) 'sulfur' is spelled with a 'ph'; and (3) 'carbamic acid
ester' is listed as 'carbamate'.

1 ntroduction

Appendix 1 comprises four tables, in which chem icals either
used or found as by-products in the rubber industry are identi-
fied. ln Table 1 are listed those chemicals believed to have been
use d i n the ru b ber i n dus tr yin the U S sin cel 975 and th 0 se use d
currently in western Europe. The chem icals are grouped according
to structure and are listed alphabetically within each groupe For
each chem ical, the Chem ical Abstracts Service Registry Number

(CAS No.), the structural formula, synonyms and trade names are
given. Information is also provided on amounts of US production
or imports, the class of use in rubber processing, the particular
part of the rubber industry and the processes in which the
chem ical is used, reported levels of the chem ical in the work
place, and occupational standards that have been established in
various countries. Monom ers and elastom ers are not included in
Table 1, but are listed in Table 3. Aiso excluded are organic
dyes and most plasticizers, which are believed to be associated
primarily with the plastics and resins industry. Table 1 includes
some compounds that were used in the rubber industry but have
been withdrawn from use in certain countries.

Synonyms and trade nam es: The latest Chem ical Abstracts Service
Registry and 1 UPAC System atic nam es are given, followed by
the most common synonyms. Trade names for major products are
1 isted separ atel y.
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US production: When no data on US production were available,
amounts of US imports (indicated by the letter 'l') are
given. When no data on US imports were available, estimates
of production in western Europe (indicated by the letters
'WEI) are given.

Use class: The way in which the chemical is used is indicated by
m eans of the following code:

A Accelerators, activators and vulcanizing agents

AN Antioxidants, antiozonants and stabilizers

B Bonding agents

BA Blowing agents

C Colourants

CLA Conditioning and lubricating agents

F Fillers
LM Latex materials (including coagulants, stabilizers and

preservat ives)

M Miscellaneous.

P Peptizers

PL Plasticizers

PR Polym erization regul ators and materials

R Retard ers

S Solvents

50 Softeners

T Tackifiers
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Industries and processes:
numerals and processes
the following outline:

Industries
by Arabie

are indicated by Roman
numbers, in accordance with

1. Tyres, tubes, remoulds, retreads
1. Raw materials handling
2. Weighing and mixing
3. Milling, extruding, calendering

4. Component building, assembling, rebuilding
5. Press moulding, autoclaving, curing
6. Inspecting, finishing, trim m ing, painting

7. Storing and dispatching

Il. Other solid rubber goods, including rubber cables,
belting and hoses, ebonite and vulcanite, rubber foot-
wear, food processing equipment, aircraft de-icing
equipment, automobile parts (seals, mounting, bushes),
sports goods and toys, surgical and medical equipment

(catheters, prostheses, etc)

1. Raw materials handling
2. Weighing and m ixing
3. Milling, extruding, calendering

4. Component building, assembHng
5. Injection moulding, press moulding, autoclaving,

curing, continuous vulcanization
6. Inspecting, finishing, painting

7. Storing and dispatching

ILL. Proofed rubber fabrics (including printers' blankets),
adhesives and sealants

1. Raw materials handling
2. Weighing and m ixing
3. Spreading (impregnating, stretching and ironing)

4. Curing
5. Cutting
6. Inspecting and finishing

7. Storing and dispatching
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iv. Dipped latex products and foams

1. Raw materials handling
2. Weighing and m ixing
3. Frothing or dipping
4. Curing
5. Inspecting and finishing
6. Storing and dispatching

Reported workplace levels (L): Examples are given of the highest
airborne concentrations reported in the occupational envi-
ronment in rubber processing when they exceeded the lowest
occupational standard given in the next column. Each entry
represents a separate study; sources for the data are indi-
cated by footnotes. More detail is contained in Section V of
this monograph.

Occupational standards (S): Recommended guidelines or govern-
mental regulations which set occupational exposure limits
for airborne substances in various countries are reported.
They are given in a various ways: as ceiling (maximum
allowable concentration) limits, time-weighted averages
(TWA), or short-term exposure lim its (STEL), which are
ceiling values for a specified duration of time (30 min in
the German Democratie Republic, 15 min in for the US),
unless otherwise specified. Concentrations above ceiling
limits but less than STEL are allowed for sorne chemicals;
in such cases, the specified period of tim e during which
this excursion is allowed is given following the peak value.
For the US, Occupational Safety and Health Administration
(OSHA) regulations are given, along with two types of
recommended guidelines (National Institute for Occupational
Safety and Health recommendations - USA-N - and American
Conference of Governmental Industrial Hygienists recommen-
dations - USA-A), because these recommendations frequently
provide the basis for future OSHA regulations.

The following is a
names of countries, the
issued and an indication
or guidelines:

list of the
year during
of whether

abbreviations used for the
which the standards were

the standards are regulations
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Abbreviation Country Year Status

A Austr al ia 1978 Guideline

BEL Belgiur 1978 Guidel ine

BUL Bulgaria 1971 Regulation

CZ Czechoslovakia 1976 Regulation

F Finland 1975 Regulation

DDR Ge rman Democ rat i c 1979 Regulation
Republic

BRD Feder al Republ ic 1979 Guidel ine
of Gerrany

H Hungary 1974 Regulation

l i tal y 1978 Guidel ine

J Japan 1978 Guidel ine

N The Netherlands 1978 Guideline

p Pol and 1976 Regulation

R Roman i a 1975 Regulation

SWED Sweden 1978 Guidel ine

S Swi tzerland 1978 Regulation

USSR USSR 1977 Regulation

USA USA 1980 Regulation - Occupational
Safety and Heal th
Adinistration (OSHA)
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Abbreviation Country Year Status

USA-N USA 1980 Guidel ine - National
Insti tute for Occupational
Safety & Hea1 th (NIOSH)

USA-A USA 1980 Guideline - American
Conference of Governrental
Industrial Hygienists

(ACGIH)

y Yugoslavia 1971 Regulation

Table 2 Iists chem icals found as by-products in the rubber
industry. As in Table 1, synonyms and trade names, Chemical
Abstracts Service Registry Numbers, structural formulae, work-
place levels and occupational standards are provided. The sam e
codes as used in Table 1 identify the industry and process in
which the by-product was identified and in which level were
m easur ed.

Table 3 comprises a list of monomers and
the rubber industry; and Table 4 provides
current production of elastomers.

elastomers used in
an indication of
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Footnotes to Tables 1 and 2

a. US International Trade Commission (1977a,b); SRI
International (1980a ,b); SRI International estimates

b. International Labour Office (1980)

c. SRI International estimates

d. US Environrenta1 Protection Agency (1980)

e. US Departrent of Commerce (1980b); e* (1980a)

f. US International Trade Corrission (1980a); f* (1977b); f**
(1978a); f*** (1979a)

g. SRI International estimates; includes t-octyl mercaptan and
n-octyl mercaptan

h. SRI International estimates; includes aIl dodecyl mercaptans

i. Economic Research Service (1977)

J. Includes chrome orange

k. Exc1udes natural aluminium oxide

1. For countries other than the US, i t is unc1ear whether this
standard or guide1ine is a TWA or ceiling value

m. US International Trade Commission (1980b); m* (1977c); m**
(1978b); m*** (1979b)

n. Natural and synthetic

o. US Departrent of the Interior (1980)

p. Recovered elemental

q. .Aerican Conference of Governrental Industrial Hygienists
(1980)
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r. US Occupational Safety & Health Administration (1980)

s. National Insti tute for Occupationa1 Safety & Heal th (1980)

t. National Insti tute for Occupationa1 Safety & Heal th (1974)

u. Van Ert et al. (1980)

v. Butler & Taylor (1973)

w. Borcherding et al. (1977)

x Hol1et & Sch10emer (1978)

y. Daniels (1980)

z. Maier et al. (1974)

aa. Gunter & Lucas (1975)

bb. Levy (1975)

cc. National Insti tute for Occupational Safety & Heal th (1976)

dd. Pagnotto et al. (1979)

ee. Burgess et al. ( 1977 )

ff. McGlothlin & Wi1cox (1980)

gg. Williams et al. (1980)

00. lbweir et al. (1972)

i i. Rappaport & Fraser (1977)

JJ. Fajen et al. (1979)

kk. Yeager et al. (1980)

Il. Fajen (1980)

mm. National Board of Occupationa1 Safety & Hea1 th (1981)
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nn. Preussmann et al. (1981)

00. Preussmann et al. (1980)

245



245 lARe MONOGRAPHS VOLUME 28

TABLE i

IDENTIFICATION, PRODUCTION, USE, WORKPLACE

OCCURRENCE AND STANAR FOR CHEMICALS

USED lN THE RUBBER INDUSTRY
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Hall and

CAS Reg. No. Synonyms and Trade Names

1. Organic Compounds

A. Ni trogen Compounds

1. Pheny1enediamines

A1ky1 ary1-p-pheny1enediamines

N, N' -Bis (l, 4-dimethylpentyl) -p-
pheny1enediamine

3081-14-9

N,N'-Bis(1-ethyl- 3-methy1penty1)-
p-pheny1enediami ne

139-60-6

N, N' -Bi s (isopropy 1) -p-phe ny 1ened iamine
4251-01-8

N, N' -Bis (1-methy1heptyl) -p-
pheny1enediamine

103-96-8

Chem. Abstr.:

IUPAC: --

Santoflex 134

Chem. Abstr.: N,N'-bis(l,4-dimethyl-

penty 1) -l, 4-benze nediamine
IUPAC: N,N'-bis(l,4-dimethyl-

penty1) -p-phenylenediamine
N, N' -di (1, 4-dimethylpenty1) _p_
phenylenediamine

Ant ioxidant 4030: Elastozone 33;

Flexzone 4L; Santoflex 77:

Tenamene 4; Tenemene: UOP 788

Chem. Abstr.: N,N'-bis(1-ethyl-3-

methylpenty 1) -1 ,4 -benzenediamine
IUPAC: N, N' -bis (1-ethyl-3-methyl-

pen ty 1) -p-pheny lenediami ne

E1astozone 31: F1exzone 8L:

Santoflex 17: Tenamene 31: UOP 88

Chem. Abstr.: N,N'-bis(1-methylethy1)-
1,4-benzenediamine

IUPAC: N, N' -di1sopropyl-p-pheny1ene-
diamine

Chem. Abstr.: N,N'-bis(l-methyl-

hepty 1) -l, 4-benzenediamine
IUPAC: N, N' -bis (l-methylheptyl)-

p-phenylenediamine
N. N' -di (2-octy1 )-p-phenylenediamine

Antozite 1; Elastozone; Santoflex 217;

Tenemene 30; rrop 288

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workp1ace
Indus- Pro- Levels (L)/Occupationa1

tries cesses Standards(S)b,a,r,s

H-QH C 3ArN NR 450 (1976) AN l 1-3 L: --/8: 5 mg/m

II 1-3 cei1ing (USSR)
iv 1-2

c 34,000(1976) AN l 1-3 L:--/S: 5 mg/m
II 1-3 cei1ing (U88R)H-QH II l 1-2CH3CHCH2CH2CHN NCHCH2CH2CHCH3
iv 1-21 1 1 1CH3 CH3 CH3 CH3

c
2,300(1976) AN l

II
CH 3CH 2CHCH2CH~-Q~CHC H2 CH CH2 CH 31 1 1 1CH3 CH2 CH2 CH31 1CH3 CH3

1-2
1-2

L: --/S:--

)0 4. 5 (1980) c AN L:--/S:--
?H3H 0 H ?H3

CH3CHN ~ NCHCH3

2,300(1976) c AN L

II
II l
iv

H-oH
CH3ICH2)sCHN NCHICH21sCH31 1CH3 CH3

1-3
1-3
1-2
1-2

L:--/S:--

P
-0
-0
mZo..
X

-ip
OJr
m

N..\.
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CAS Reg. No. Synonyms and Trade Names

N, N' -Bi s (1-methy 1propy 1 )-0-
pheny 1enediamine

13482-10-5

N, N' -Bi s (1-met hy 1propy1) -p-pheny 1ene-
diamine

101-96-2

N- se c-Bu ty 1-N' - pheny 1-p-
pheny' enedi dmine

788-17-0

N-Cyc10hexy1-N' -pheny1-p-

pheny 1ened i ami ne
101-87-1

Diary1 and a1ky1ary1 p-pheny1ene-

diamine, b1ended

Diary1enediamines, mixed

Chem. Abstr.: N,N'-bis(1-methy1propy1)-

1,2-benzenediamine
L UP AC: N, N' -di -se c-buty 1-0-pheny 1ene-

diamine

Chem. Abstr.: N,N'-bis(1-methy1propyl)-
1,4-benzenediamine

IUPAC: N, N' -di-sec-buty1-p-pheny 1ene-
di ami ne

Antioxidant 22; Tenamene 2; Topan01 ,i

Chem. Abstr.: N-(1-methylpropyl)-

N' -phe ny 1 -1, 4-benzenediamine
L UPAC: N-sec-buty 1 -N' -phe ny 1-p-

phe ny le ned iami ne

Flexzone 5L

Chem. Abstr.: N-cyclohexy1-N'-
phenyl-l,4-benzenediamine

IUPAC: N-cyc10hexy1-N' -pheny1-p-
pheny le ned iami ne

4- (cyc lohexy lami no) di pheny lami ne

Antioxidant 4010; F1exzone 6H; UOP 36

Chem. Abst r. :
LUP AC:

F1exzone 12L

Chem. Abstr.:

L UPAC:

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aC1ass

Reported Workp1ace
Indus- Pro- Leve1s(L)/Occupationa1
tries cesses Standards(S)b,q,r,s

CH3
HI

nr NCHCH2CH3
~ ~ CHCH2CH3

1
CH3

c;, 2.2(1980)

c,2.2(1980) AN

CH3 -0 CH31 H HICH3CH2CHN 0 NCHCH,CH3

c
, 2.2(1980) AN

0- ~ -0 ~ d:~H,CH3

o~-o~-o c
900 (1976)

c;, 2.2(1960)

A'~O~A' +R~O~A'

Comp1ex mixture 450(1976) c

AN

AN

AN

AN

L

II
II L

iv

L: --/8:--

L: --/8:--

L: --/8:--

1-3
1 -3
1-2
1-2

L:--/S:--

L:--/S:--

L: --/S:--

1''
\.ia

..
P
AJ()
3:oz
8
~Ul
U1

~orc
3:
m
N
00



Na_e and

CAS Reg. No. Synonyms and Trade Names

Di ary 1-p-phcny1 ened i ami ne 1 mi xed Chem. Abstr.:

1 VPAC:

~,N' -Dicyc1ohexy1-p-phenylene-
diamine

4175-38-6

N- (1 1.1-Dimethy1amyl) -N t_
pheny 1 -p-pheny lened i amine

3081-01-4

l'- (1, 3-Diniet'ly Ibuty 1) -N'-pheny I-p-
pheny lenedianiine

793-24-8

NiN' -Di-2-napht hy I-p-

pheny lened i ami ne
93-46-9

Wingstay 100; Wingstay 100 AZ;

Wingstay 200

Chem Abstr.: N, N' -di cyclohexyl-
1,4-benzenediamirie

IVPAC: NIN'-dicyclohexyl-p-
pheny lenediami ne

N, N ' -bi s (cy clohexy 1) - p-pheny le nediami ne

VOP 26

Chem. Abstr.: N-(l,4-dimethylpentyl)-
N' -phenyl-l, 4-benzenediamine

IVPAC: N-(l,4-dimethylpentyl)-N'-
pheny 1- p-pheny lened iami ne

Chem. Abstr.: N-O,3-dirr,ethylbutyl)-
N' -phenyl-1, 4-benzenediamine

IUPAC: N-(l,3-dimethylbutyl)-N'-
pheny 1 -p-pheny lenediamine

Antioxidant 4020; Diafen 13;

Flexzone 7L, 7F; Permanax 120;

Santoflex 13; UOP 588; Vulkanox 4020;

Wingstay 300

Chem. Abstr.: N,N'-di-~
naphthalenyl-l,4-benzene-
diamine

IUPAC: Ni N' -di-2-naphthyl-p-
phenylenediamine

N. N' - bis (2-napht hy 1) -p-pheny lenediami ne ;
DNPD

Aceto DIPP; AgeRite White; Antigene F;
Antioxidant DNPI 123; ASM-DNT; Diafen

NN; Nonox CI; Santowhi te CI; Tisperse

MB-2X

VS Production Reported Workplace
-Thous:nd Kg Vse l ndus- Pro- Leve la (L) /Occupa t iona 1

(Year)
a

cesses Standards(S)b,a, r, sStructural Formula C1ass tries-_.-
Ar~O ~A'

C:. 2.2(980) AN 1 1-2 L: --/S:--

II 1-3
III 1-2

2,300(976) c AN 1 1-3 L: --/S:--

O~-o~O II 1 -3
III 1-2
iv 1-2

",2.2(980)C AN L: --/S:--

0- CH3 CH3o ~ -0 ~ dHCH2CH2dHCH3

d
)0 450(977)

o-H-o~?HCH2THCH3
CH3 CH3

1-3
1-3
1-2
1-2

3
L:--/S: 5 mg/m

ceiling (USSR)

AN l
II
1 II
iV

f
:'0.45(1979) AN

1

II
II 1

IV00:-0:'0
1-3
1-3
1-2
1-2

L:--/S:--

P
"l
"l
mZo..
X

-lP
COr
m

~..
VI--



Naiie and
CAS Reg. No. Synonyms and Trade Names

N, N' -Di phe ny 1 -p-pheny 1ene-
diami ne

í 4-31-7

N- l sopropy 1-N' - pheny 1-p-
pheny 1enediami ne

1Òl-72-4

N- (l-Methy 1 he pt yI ) -N' -pheny 1-p-
pheny le nedi ami ne

15233-47-3

N- (1-Methylpenty1) -N' -pheny1-p-
phenylenediamine

61792-45-8

Chem. Abstr.: N,N'-dipheny1-1,4-

benzenediamine
IUPAC: N, N' -dipheny1-p-pheny1ene-

diamine
di pheny 1-p-pheny 1ened iami ne

AgeRite DPPD; A1kofane DIP;
Diafen FFi DPPD; Flexamine G:

JZF; Nonf1ex H; Nonox DPPD:

Permanax 18; Stabi1izer DPPD

Chem. Abstr.: N-(1-methy1ethy1)-N'-

phenY1-1,4-benzenediamine
IUPAC: N-isopropy1-N'-pheny1-p-

pheny1enediamine
p-i sopropy1ami nodi pheny 1ami ne

Ant igen 36; Ant ioxidant 4010;

Cyzone IP; Diafen FP;

F1exone 3-C: Ipogrox; Nocrac 810 NA;

Nonox ZA; Orf1ex PP; Ozonon 3C;

Permanax IPPD; Santof1ex IP;
Santof1ex 36

Chem. Abstr.: N-(1-methy1hepty1)-

N' -phe ny 1- l, 4-benzened iami ne
IUPAC: N-(1-methy1hepty1)-N'-

pheny 1 -p-pheny 1enediami ne

UOP 688

Chem. Abstr.: N-(l-methylpentyl)-N'-

phenyl-1,4-benzenediamine
IUPAC: N-(l -methy1penty1) -N t -phenyl-p-

phenyl enedi amine

N
Reported Workplace vi
Leve 1s (L) /Occupationa1 N
Standards(S)b,a, r, sStructural Formula

US Production

-Thousand Kg

(Year)
Use

a
C1ass

L ndus- Pro-
tries cesses

d
" 45(1977)

o-~-o~-o
AN l

II
II l

iv

1-3
1-3
1-2
1-2

L:--/S: ..-

o-~'-o~r:3
4,100(1976) c AN l 1-3 L:--/S: 3

2 rng/m

1I 1-3 ceilinß (USSR)
CH3 III 1-2

iv 1-2

1,400(1976)c AN
CH3

CH3ICH2)JH~-o~-o

;.0.45(1979/

CH3(CH213~H~ -0 ~-o

CH3

AN

l

II
II l

iv

1-3
1-3
1 -2

1-2

L:--/S:--

L:--/S;--

..
56
(ì

~ozo
Cj:;
:PullJ
-:orc~rr
N
00



NaMe and
CAS Reg. No. Synonyms and Trade Nemes

~-Pheny 1 -p-pheny lened i ami ne
101-54-2

Chem. Abstr.: N-phenyl-l, 4-benzene-

diamine
1 UPAC: N-pheny 1 -p-pheny lenediami ne
p-aminodipnenylamine; N-phenyl-p-
aminoaniline; semidin; semidine;

p-semi d i ne

Oiphenyl Black; Luxan Black R;

Peltol BR, BRII; Variamine Blue RT

Tolueneciiamines
95-80-7 and

823-40-5

Chem. Abstr.: 4-methyl-l,3-benzene-

diami ne and 2-methyl-l, 3-benzene-

diamine

IUPAC: toluene-2,4-diamine and
toluene-2,6-diamine

Eucanine GB; Fouramine J; Fourrine

M, 94; Nako TMT; Pelagol J, Grey J;

Pontamine Oeveloper TN; Renal MD;

Zoba GKE

Structural Formula

US Production

-Thous;nd Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational

tries cesses Standards(S)b, q, r, s

o-~-oNH2

~'"'
CH3

ÀCH3
VNH2

~ O.4S:1977)d

58,500(1977)d AN

AN L: --/8:--

L: --/S: 2-10 mg 1m3
ceiling (R, USSR)

2-5 mg/m3 TIVA (OOIL

USSR)

4 mg/m3 STEL (DOR)

:Pvv
mzol-
X

-l
:P
CDr
m

t'
viI.



N
vi
+-Naae and

CAS Reg. No. Synonyms and Trade Names

US Production

-Thousind Kg

(Year)
Use

aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupational

tries cesses Standards(S)b,q,r,sStructural Formula

2. Diphenylamines

4,4' -Bi s (CI ,CI -dimet hylbenzy 1)-
diphenylamine

100SL-67 -1

4,4' -Dinonyldiphenylamine
24925-59-5

p, p-Dioctyldiphenylamine
101-67-7

Diphenylamine, styrenated

Diphenylamine, substituted

p-Hydroxydi pheny lamine
122-37-2

m***
Chem. Abstr.: 4- (l-methyl-l-phenyl- 106 (19781) A L 1- 3 L: --/S:--

ethyl) -N- (4- (l-methy 1- 1 -phe ny 1-

iol~""
II 1-3

ethyl)phenyiJ benzenamine II 1 1-2
IUPAC: 4,4' -bis (CI, CI -dimethylbenzyl)- 1 V 1-2

diphenylamine

Permanax 49HV

)0.5 (19S0WE) c
..

Chem. Abstr.: 4-nonyl-N- (4-nonylphenyl)- AN II 1-2 L:--/S:-- p
benzenamine

CgHig-o~-o CgH,g
/0

IUPAC: 4,4' -dinonyldiphenylamine (ì

~0Z
Chem. Abstr.: 4-octyl-N- (4-octyl- ;'6.8(19S0)c AN II 81-2 L:--/S:--phenyl )benzenamine

~IUPAC: 4,4 '-dioctyldiphenylamine
H17Ca -0 ~ -0 CaH17bis (p-octylphenyl) amine V::

IJVanlube SI
c:

styrenated N-phenyl- 0
Chem. Abstr.:

¡Oi::0,""
r

benzenamine f C
IUPAC: s tyrena ted di pheny lamine ;. O. 45(1979) AN -- -- L:--/S:-- ~

ni
N
00

Chem. Abstr.: substituted N-phenyl-
benzenamine

IUPAC: substituted diphenylamine

Naugard 445'

f
1-3 L:--/S:--"0.45(1979) AN 1

Q-~-Q
II 1-3
III 1-2
1 V 1-2A A

o-~-o0H
c

AN 345(1976) -- --
L:--/S:O.5 mg/m

ce i li ng (USSR)

Chem. Abstr.: 4-(phenylamino)phenol
IUPAC: p-anilinophenol
p-oxydiphenylamine; N-phenyl-p-

aminophenol

VTI 1



NaM and
CAS Reg. No. Synonyms and Trade Names

4-Isopropoxy diphenylamine

101-73-5

N-Ni trosodiphenylamine
86-30-6

Nonylated diethyldiphenylamine

3. Uther Aroinatic Amines

N, N' -Di pheny let hy1e ned i ami ne

150-61-8

N, N' -Di phenyl- l, 3-propanediamine
104-69-8

Chem. Abstr.: 4-(1-methylethoxy)-
N-pheny 1 benzenarnine

IUPAC: 4- isopropoxydiphenylamine
p-hydroxyd i pheny lami ne isopropy 1
ether

Age Ri te 150

Chem. Abstr.: N-ni troso-N-pheny1-
benzenarnine

lUPAC: N-ni trosodipheny1amine
dipheny1ni trosamine

Curetard A; De1ac J; Naugard TJB;

Redax; Retarder J; Vu1catard A;
Vulkalent A; Vu1trol

Chem. Abstr.: nonylated diethyl deriva-
tive of N-phenylbenzenamine

IUPAC: nonylated diethyl derivative nf
d ipheny lamine

Chem. Abstr.: N,N'-diphenyl-1,2-
ethanediamine

IUPAC: N, N' -diphenylethylenediamine
1,2-dianilinoethane; N, N' -ethylene-

dianiline

NODX; Stabilite

Chem. Abstr.: N,N'-diphenyl-l,3-

propanediamine
IUPAC: N,N'-dipheny1-1,3-

propanediamine
N, N'-dipheny1-1,'3-propylene-
diamine

Warcoat GPe

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass
L ndus- Pro-
tries cesses

Reported Workplace

Levels (L) /Occupational
Standards (S) b, q, r, s

ICH312CHO -o~-o

0-1-0
0= N

CH2CH3 1 CH2CH3

~:~
CgH,g CgH,g

o-~CH2CH2~-o

**
f:-0.45 (1977)

284(1979/

:-2.2(1980)c

.. 450(1976) c

450(1976)c
~~CH2CH2CH2~~

AN

R

AN

AN

AN

II

L

II
III
IV

1-2 L:--/S:--

1-3
1-3
1-2
1-2

f f
L: 13. 1 ~g/m3 :

12 . 4 ~g/m3 Il
S:

L: --/S:--

L: --/S:--

L:--/S:--

:Pvv
mzo..
X

--
:P
DJr
m

N
vi
Ln



Na.e and

CAS Reg. No. Synonyms and Trade Names

N, N' -Di-o-tolylethylenediamine
94-92-8

4,4' -Methylenebis (2-chloro-
aniline)

101-14-4

Nonyldiphenylamine mixture
(mono-,di-, & tri-)

Octylated diphenylamine

70528-82-4

Chem. Abstr.: N,N'-bis(2-methyl-

phenyl) -l, 2-ethanediamine
IUPAC: N, N' -di-o-tolylethylene-

diamine

8tabili te ALBA

Chem. Abstr.: 4,4' -methylenebis-

(2-chlorobenzenami ne)
IUPAC: 4,4' -methylenebis (2-chloro-

aniline)
MOCA

Diamet KH; Quodorole

Chem. Abstr.:

IUPAC:

Polylite

Chem. Abstr.: Octylated N-phenylbenzen-
amine

IUPAC: octylated dipheny1amine

octyldi phenylami ne

Age Ri te Stali te S; Akrochem

Antioxidant S: Antioxidant OCD;

Cyanox 8: Pennox A, ODP;

Permanax CD; Wylox ADPF

l'V
Reported Workplace vi
Levels (L) /Occupational ~
8tandards (8) b, q, r, sStructural Formula

US Production

-Thousand Kg

(Year)
Use

aClass
l ndus- Pro-
tries cesses

C

CH .450(1976)

d~,",,",~-ö

NHibCHióNH2

Q-~-Q
R = CgH'9

x + y = 1, 2, or 3

Rx Ry

Q-~-QRx Ry

R = CSH17

x + y :: 1, 2, 3, or 4

)900 (1977)d

c
450 (1976)

f
3,825(1979)

AN

AN

AN

AN

1

II
Il l

iv

l
Il
1 Il

1 V

L:--/8:--

L: 82 iig (wipe
s amples) aa

8: 0.22 mg/m3 Cei ling

(BEL, N, 8. l , ,
0.02-0.22 mg/m3 TWA

(A,U8A-A)

1-3
1-3
1-2
1-2

L: n/8:--

1-3
1-3
1-2
1-2

L: --/8:--

..p
¡:
(ì

3:o
6o
~u::
Ul

-:..rC
3:
rr
t'
CO



N.ae and

CAS Reg. No. Synonyms and Trade Names

Octyldiphenylamine, alkylated

Octyldiphenylamine mixtures
(mono-, nonyl-, S di-)

p- (p-To luenesulphonamido) di phenyl-
amine

100-93-6

4,4' -Met hy1enediani 1 i ne
101-77-9

Chem. Abstr.: alkylated octyl deriva-
tive of N-phenylbenzenamine

IUPAC: alkylated octy1 derivative of
dipheny lamine

AgeRite NEPA

Chem. Abstr.:

IUP AC :

Chem. Abstr.: 4-methyl-N- C4-

(phenylamino)phenyi) benzene-
sulphonamide

l UPAC: 4' -ani lino-p-to1uenesu1phon-
anilide

p- (p-to ly 1 sul phony1amida )di pheny lamine

Aranox

Chem. Abstr.: 4.4' -methylenebis -
( benzenamine )

IUPAC: 4,4' -methy1enediani1ine
4.4' -diaminodi phenylmethane;
methy1enebisani1ine; P. p l -methy1ene-
dianiline

Epicure DDM; Epikure DDM;
lI972; Tonox

Structural Formula

Unknown

Unknown

o-~-o~0=8=0

o

H2N~CH2~NH2

US Production Reported Workp1ace
-Thou sand Kg Use Indus- Pro- Levels (L) /Occupationa1

(Year) a
cesses Standards(S)b.a.r.sC1ass tries

f
~ O. 45 (1979) AN i 1-3 L:--/S:--

II 1-3
II L 1-2
iv 1-2

3,600(1976) c AN

450(1976) c AN

CH3

d
;.4,504(1977) AN

L:--/S:--

L

II
III
iv

1-3
1-3
1-2
1-2

L:--/S:--

L

II
III
iv

1-3
1-3
1-2
1-2

L:--/S:--

P
'"
'"
rnZo..
X

-ip
COr
rn
--

N
vi..



Na.. and

CAS Reg. No. Synonyms and Trade Names

4. Aromatic Amine - Aldehyde

(Ketone) Condensates

Aceta Idehyde-ani 11 ne condensa te

Aldol- (mixed ex - and ß -)naphthyl-

amine condensate

Aldol. a-naphthylam1ne condensate

Butyra1dehyde-aniline condensate

68411-20-1

n-Butyraldehyde-ani line condensate

Chem. Abstr.: acetaldehyde reaction
product with aniline

IUPAC: acetaldehyde reaction
product with aniline

Chem. Abstr.: 3-hydroxybutanal reac-
tion product with 1- and 2-naphthyl-
amines

IUPAC: 3-hydroxybu tyraldehyde reac-
tion product with 1- and 2-
naphthylamines

Nonox S

Chem. Abstr.: 3-hydroxybutanal reac-
tion product with l-naphthylamine

IUPAC: 3 -hydroxybu tyra ldehyde reac-
tion prod~ct with l-naphthylamine

Chem. Abstr.: butanal reaction
produc t wi th ani line

IUPAC: butyraldehyde reaction
produc t wi th ani line

Accelerate 832; 808 Accelerator;
Antox Special ; Rubber Antioxidant;

Beutene; Vanax 808; Vanox AT

Chem. Abstr.: n-butanal reaction
product with aniline

IUPAC: n-butyraldehyde reaction
product with aniline

L ndus- Pro-
tries cesses

~Reported Workplace ~
Leve Is (L) /Occupat iona L 00
Standards (S) b, q, r, s

AN

l
II
II l

iv

l
II
III
iv

US Production

-Thousand Kg

(Year)

f*
:.0.45(1976) A

Use
aClassStructural Formula

Indef1nite

Indefinite

tòi
R . CaH 7

tò9

L:--/8:--

(Used 1n the past but has been discontinued by
some countries)

:. L (1980WE) c

f)0.9(1979)

:.0.9(1979/

AN

A

L: --/8: --

1-3
1-3
1-2
1-2

L:--/8:--

tòi

1-3
1-3
1-2
1-2

L: --/8:--

..
):;;
(ì

3:oz
8;;
):
-0I
Cf

~rc
3:
m

~
00



Na_ and
CAS Reg. Ho.

Diary lami ne-ketone-a Idehyde
condensa te

Diarylamine-ketone condensate

Diphenylamine-acetone connen-

sate
9003-79-6

Heptaldehyde-aniline condensa te

N-Phenyl-2-napht hy lamine-
acetone condefisa te

Synonyms and Trade Hames

Chem. Abstr.: Aldehydes reaction
products with ketones and diaryl-
amines

IUPAC: aldehydes reaction products
with ketones and diarylamines

BAA

Chem. Abstr.: ketones reaction
products with diarylamines

IUPAC: ketones reac tion produc ts
with diarvlamines

Chem. Abstr.: 2-propanone

polymer wi th N-phenylbenzen~

amine
IUPAC: acetone polymer wi th

diphenylamine

Ageri te Superflex: Ageri te Superflex

So1idrodform; Aminox; B1£-25;

Cyanoflex 50, 100: Permanax B,

BL, BLN

Chem. Abstr.: heptanal reaction
product with aniline

IUPAC: heptanal reaction product
with aniline

Hepteen Base

Chem. Abstr.: 2-propanone reaction
product with N-phenyl-2-
naph thy lamine

IUPAC: acetone reac tion product
with N-phenyl-2-naphthy1amine

Structural Formula

Indefinite

L ndef i ni te

Indefinite

tòi
Indefini te

US Production

-ThouSlnd Kg

(Year)

;'0.5 (1980WE) c

;'2.2(1980)C

~o. 9(1979/

~0.45(1979/ A

c
;;0.2.2(1980) AN

Use
aClass

Reported Workplace
L ndus- Pro- Leve Is (L) /Occupational

tries cesses Standards(S)b,a,r, s

AN

AN

AN

l
II
II l

iv

l
II
III
iv

II

l
II
III
iv

1-3
1-3
1-2
1-2

1-3
1-3
1-2
1-2

1-3
1-3
1-2
1-2

L:--/S:--

1-2 L:--/S:--

L:--/S:--

P'\
-0
rnZo..
X

-ip
COr
rn
..

L:--/S:--

L:--/S:--

N
vil.



Nt- and
C S Reg. No.

Quinolines

Synonyma and Trade Names

i, 2 _Oihydro-6-dodecyl-2,2, 4-tri-
methylquinoline

89-28-1

1, 2-0ihydro-6-ethoxy-2, 2, 4-tri-

methylquinoline
91-53-2

1, 2-Dihydro-2, 2, 4-trimethyl-
quinoline

147-47-7

Chem. Abstr.: 6-dodecyl-1,2-

dihydro-2, 2, 4-trimethy1quinoline
ÏUPAC: 6-dodecyl-l,2-dihydro-

2,2,4-trimethylquinoline

Santoflex OD

Chem. Abstr.: 6-ethoxy-l, 2-

dihydro-2, 2, 4-trimethylquinoline
IUPAC: 6-ethoxy-1,2-

dihvdro-2. 2, 4-trimethylquinoline
ethoxyquin

Amea 100; Davels Nitrigard; EMQ;

EQ; Niflex; Nocrac AW; Permanax 103;

Santoflex A, AW; Santoquin; Quinol ED

Chem. Abstr.: l,2-dihydro-2,2,4-
trimethylquinol ine

IUPAC: l,2-dihydro-2,2,4-
trimethy1qui no 1 i ne

acetone ani 1

Age Rite MA; Resin D; Akrochem

Antioxidant DQ; Antioxidant HS;

Cyanox 12 Antioxidant; F1ecto1 Hi

Flakes; Naugard Q; Pennox HR;

(po1ymerized products)

Structura L Formula

US Production

-Thousand Kg

(Year)
Use

aClass
1 ndus- Pro-
tries cesses

~Reported Workplace en
Levels (L)/Occupational C)
Standards (S) b. q, r, s

CH3CH3(CH2J,ro

o CH3
~ CH3

l , 8 00 ( 1976) c AN

CH d'""",O~ ' 00("'"
Vl w-l CH3

H CH3

05,",
H CH3

d
~ 4.5(1977)

L

II
III
iv

1-3
1-3
1-2
1-2

3
L:--/S: 5 mg/m

cei 1 i ng (USSR)

3
AN L 1-3 L:--/S: 5 mg/m

II 1-3 ceiling (USSR)
III 1-2
iv 1-2

AN L

II
II L

iv

1-3
1-3
1-2
1-2

L:--/S:--

1-
);:i
(ì

3:o
Ö(j
~Ul
CJ

c(orc
3:
rn

~
00



Naiie and

CAS Reg. No. Synonyms and Trade Names

Po1y (2,2, 4-tri methy1-1, 2-di-

hydroquinoline)
26780-96-1

Chem. Abstr.: l, 2-dihydro-2, 2,4-
trimethy1quino1ine, homopo1ymer

1UPAC: l, 2-dihydro-2, 2, 4-trimethy1-
quino1ine, homopo1ymer

acetoani 1; trimethy1dihydroquino1ine
po1ymer

AgeRite Resin D, MA; Antigene ROF;

Antioxidant HSL; F1ecto1 H; Nocrac

224; Nonflex RD; Permanax 45;

Po1noks R

Structural Formula

US Product ion
-Thousand Kg

(Year)
Use

aciass
1 ndus- Pro-
ti'ies ceSS0S

Reported Workplace

Leve1 s (L) IOce upa tl alla 1
Standards (S) li, a, 1',5

¡ oq,:"1

m**340(19771) AN l
II
II L

iv

1-3
1-3
1-2
1-2

3
L: --/S: 1 mg/m

ceiling (USSR)

pvv
mzo..
X

:i
COr
m

N
""..



Na..e and

CAS Reg. No. Syiionyms and Trade Names

6. Aryl VllAnirlì ne~

Dicatechol borate, di-o-

tolylguanidine salt
16971-82-7

l,3-Diphenylguanidine
102-06-7

l, 3-Di -o-tolylguanidine
97-39-2

o-Tolyl biguanidine

27550-75-0

Structural Formula

US Production

-Thousand Kg

(Year)

Chem. Abstr.: hydrogen bis(l,2-

f
~ O. 45(1979) A 1 1-3 L:--/S:--

benzenediolato(2-)-0,0~ borate

('"' l (6+,-
II 1 -3

(1-) compound with N,N'-bis-

Ò-~ ,'~:"'

II l 1-2

(2 -methylphenyl) guanidine
iv 1-2

(l: 1)

IUPAC: hydrogen bis (pyrocate-
cholato(2-)) borate (1-) compound
wi th l, 3-di -o-toiri-guanidine
(1: 11

, , ,,
Perma1ax; Perma1ux

..
:t;:n

Chem. Abstr.: N,N '.'diphenyl-

( o-~tC=NH

2,300(1976)c A i 1-3 L:--/S:--
Ôguanidine II 1-3

IUPAC: 1,3-diphenylguanidine
ILL 1-2 Z

DPG
iv 1-2 0ø

Accelerator D; Denax; DFG; ~
Melaniline; Vulcacit D;

-0

Vulkozi t
I(j

Chem. Abstr.: N,N '-bis(2-

¡6t~,"
2,300(1972)° -c

methylphenyl) guanidine
A l 1-3 L:--/S:--

IUPAC: l, 3-di -o-tolylguanidine
II 1-3 0rII l 1-2 C
iv 1-2 3:

DO; Evei te DO;
rr

Vulkaci t DO t'
00

Chem. Abstr.: N- (2-methylphenyl) -1,2- NH NH
=' 2. 5(1980WE) c A -- -- L:--/S:--

hy draz i ned i carboximidamide
HII Il

IUPAC: 1 -o-tolylbiguanidine

ò:::'"'l-o-tolylbiguanide; l-o-tolylbiguani-
dine; o-tolyl biguanidide

Reported Workplace

Use Indus- Pro- Levels(L)/Occupational
Classa tries cesses; Standards(S)b,q,r,s

t'
cr~



Na. and
CAS Rei. No. Synonyms and Trade Mames

1,2,3-Triphenylguanidine
101-01-9

Chem. Abstr.: N,N' ,N' '-triphenyl-
guanidine

IUPAC: 1, 2, 3-triphenyl~uanidine
7. l.lkyl _ amines

Di-n-butylamine
111-92-2

Chem. Abstr.: N-butyl-l-butanamine

IUPAC: dibutylamine

N, N-Diethylhydroxylamine
3710-84-7

Chem. Abstr.: N-ethyl-N-hydroxy-

ethanamine
IUPAC: N,N-diethylhydroxylamine

N-Et hyl cyclohexy lami ne
5459-93-8

Chem. Abstr.: N-ethylcyclohexanamine

IUPAC: N-ethylcyclohexylamine

Accelerator HX; Vulkacit HX

Hexamet hy lenetetramine

100-97-0
Chem. Abstr.: 1,3,5,7-tetraazatri_

cycl0 (3.3.1. 1 (3, 7U decane

IUPAC: hexamethylenetetramine
aminoform; -HMTA

Aceto HM; Antihydral; Duirexol;
Ekagam H; Formin; Herax UTS;

Poly Slab; Poly Gel; Uramin;

Uratune; Uritone; Urodeine;
Urotropin: Xametrin

Hexamethylenimine
111-49.,9

Chem. Abstr.: hexahydro-1H-azepine
IUPAC: hexahydro-1H-azepine
azacycloheptane; 2- (l-hexamethylenimine);
homopi peridine; perhydroazepine

G 0

Structural F

US Production

ormula
-Thousand K

r 0-1"'-0

( g UseYear) C a Indus- P Reported Wlass tries ro- Levels orkplace

". 5(1980WE) 0 ~.... " (L)/Ooo.,."A __ __ andardS(s)b,q,r,~nal

2

L: --/S:--

CH3(CH2)3 .. 2,345

CH3ICH2)3/ NH
(1979) f

A II
II 1

1-2 L: --/S:--

1-2

CH3CH2..
CH3CH2 / NOH

f~O.45(1979) AN L:--/Si--

O~CH2CH3
~0.45(1979/ A 1 1-3 L:--/S:--

II 1-3
1 II 1-2
iv 1-2

1 1-3 L: --/S:--

JI 1-2rNìNlN
~NJ

53, 550 f

(1979)
A

CHrCH:tNH1 1
C,H2 _CH2

CH2"CH2

). l400(1977)d A L:--/S: 0.5 mg/m3
Cei ling (USSR)

P
\J\J
rrZo..
X

-lP
COr
rr

N
en\.



Naiae and
CAS Reg. No. Synonyms and Trade Names

N- (1~Methy1hepty1)ethano1amine

26535-68-2

triethy1trimethy1ene triamine
7779-27-3

8. Carbamates

Bis (4-aminocyc1ohexy1 )methane
carbama te

15484-34-1

Dimethy1ethano1amine, to1uene-
2,4-diisocyanate adduct

57718-03-3

Ethy1enediamine canbamate

109-58-0

Hexamethy 1enediamine

carbamate
1o,'.,. 7 -89-5

Chem. Abstr.: 2- r:.1-',et.,y1',.ertyl)a"lin§j -
e;thanol

i'JPAC: 2- Ll-methylhepty1)a;:ünc'-
ei:",'iano::

Chem. Abstr.: 1,3,5-triethy1hexa-

hydi'o-l, 3, 5-triazine
L UPAC: 1,3, 5-triethy1hexahydro -s-
triazine
t riet hy 1-trimethy 1enetr i ami ne

Vancide TH

Chem. Abstr.: 4-amino-a-

(4-ami nocy c10hexy 1) cyclo hexane-
methano1, carbamate (ester)

IUPAC: bi s (4-aminocyc1ohexy 1) met hy 1
carbama te

Diak No. 4

Chem. Abstr.: bis (2-(dimethy1-

amino)ethy1J (4-methy1-1, 3-
pheny1ene) bis rcarbamate J

IUPAC: bis(2- (dimethy1amino)ethY1 J
to1uene-2,4-dicarbamate

Chem. Abstr.: (2-aminoethyl)carbamic

acid
IUPAC: (2-aminoethy1)carbamic acid

Chem. Abstr.: carbamic acid, compound
with 1,6-hexanediamine

IUPAC: carbamic acid, compounct wi th

1,6-hexanediamine

Structural Formula

7H3
C H3CH2 C H2 CH2CH2CH2 C HN HCH2CH20 H

7H2CH3

(Nì/N'-N"CH3CH2 CH2CH3

lH2NQCHJNH2

°
HII

aNCOCH2CH2NICH3)2CH:y
~~OCH2CH2NICH )o 32

o
H Il

H2NCH2CH2NCOH

o
H Il

H2N ICH2)S NCOH

US Production

-Thousand Kg

(Year)

:02. 2 (1980Yc

Use
a

C1ass

f
:0 O. 45 (1979)

f***:00.45(1979) A

c
450(1976) A

:00.45(1979/ A

c
). 4. 5(1980)

Reported Workp1ace

Indus- Pro- Leve1s(L)/Occupationa1

tries cesses Standards(S)b, q, r, s

AN

A

A

II
III
IV

L:--/S:--

1-2
1-2
1-2

L:--/S:--

L:--/S:--

L:--/S:--

L:--/S:--

L:--/S:--

r-
C1.l

..
~
(ì

3:oz
8;;P
-0l
ui
..orc
3:
m
r-
CO



Naae and

CAS Reg. No. Synonyms and Trade Names

9. ~laneous

4-Aminobiphenyl
92-67-1

Chem. Abstr.: (1,1 '-biphenyl)-4-
ami ne

IUPAC: 4-biphenylamine
p-aminobiphenyl; 4-phenylaniline;
xenylamine; p-xenylamine

Aromatic pOlyamine, hindered Chem. Abstr.: hindered aromatie
polyamine

IUPAC: hindered aromat ie polyamine

2,2' -'A'zobisisobutyroni tri le

78-67-1
Chem. Abstr.: 2,2' -azobis(2-methyl_

propaneni tri le)
IUPAC: 2,2' -azodiisobutyroni tri le

Aceto AZIB; Genitron; Pianofor AN;
Porofor N; POly-Zole AZDN; Vazo

1,1 '-Azobisformamide
123-77-3

Chem. Abstr.: diazenedicarboxamide
IUPAC: 1,1'-azobis(formamide)'

Azobiscarbonamide; Azocel 504, 506,
508, 525; Azobiscarboxamide; Celogen
AZ; Delta (l,l')-biurea ; Genitron;
Kempore; Lucel ADA; Pinhole; Porofor
505; Unifoam

AzoSulphamide
133-60-8

Chem. Abstr.: 6-(acetylamino)-3-((4-

(aminosulphonyl) phenyl) azo) -4 -hy-
droxy-2,7-naphthalene disulphonic
acid, dísodium salt

IUPAC: 6-acetamido-4-hydroxy-3- C(p-
SUlPhamoYlPhenyl)azoJ -2, 7-naphtha-

lenedisulphonic acid, disodium
salt

Drometil; Leuconeoprontosi 1; Neopron-
tosil disodium salt; Prontosil S;
Streptocid Rubrim; Streptozon S, II

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational
tries cesses Standards(S)b,q,r,s

Q-NH2

Indefini te

CH3 CH3
1 1

NæCCN=NCC""N
1 1
CH3 CH3

o 0Il Il
H2NCN=NCNH2

o
IIH

CH3CN S03 -Na +

N ~Ii-oSNH2N Il
o

(Used in the past but has been diseontinued by
sorne countries)

c
,.2.2(1980) AN

;, 450(1977)d BA

;: 495 (1977) d BA

m*
0.05(19761) AN

L

II
1I L

iv

L:--/S:--

L:--/S:--

1-3
1-3
1-2
1-2

L:--/S:--

L: --/8:--

P
-0
-0riZo..
X

-ip
Clr
ri
--

N
""
v:



Naae and

CAS Reg. No.

Benzidine
92-87-5

Synonyms and Trade Names

4,4' -Bi s (see-butylamino)-
di phenyl- methane

5285-60-9

ßis( cinnain ylidene )hexaincth ylene-
diamine

140-73-8

n-Butyraldehyde-butylamine eondensate
68411-19-8

Dibenzylamine
103-49-1

N, N' -Dimethyl-N, N' -dini trosotere-

phthalamide
133-55-1

Chem. Abstr.: (1,1'-biphenyl)-4,4'-

diamine
IUPAC: benzidine
p,p'-bianiline; 4,4'-bianiline;

4,4'-biphenyldiamine; CI Azoie Diazo

Compone nt 112; p,p'-diaminobiphenyl;

4,4' -diaminobiphenyl
Fast Corinth Base B

Chem. Abstr.: 4:4' -methylenebis-

(N- (l-methylpropyl) benzenamine)
IUPAC: 4,4'-methylenebis(N-see-

but Y lani line)

Chem. Abstr.: N,N'-bis(3-phenyl-2-
propenylidene) -1, 6-hexanediamine

IUPAC: N, N' -dieinnamylidene-l, 6-
hexanediamine

Diak No. 3

Cham. Abstr.:--
IUPAC:--

Chem. Abstr.: N-(phenylmethyl)-

benzenemethanami ne

IUPAC: dibenzylamine
N-benzy Ibenzylamine

Chem. Abstr.: N,N'-dimethyl-N.N'-
dini troso-1, 4- benzenediearb-
oxamide

IUPAC: N, N' -dimethyl-N, N' -dini troso-
terephthalamide

BL 353; Ni trosan

Structural Formula

US Product ion
-Thousand Kg

(Year)
Use

aClass
Indus- Pro-

tries cesses

~Reported Workplace ~
Levels(L)/Occupational on
Standards (S) b, q, r, s

H2N-QNH2

~",,~:t':-o '",

(Used in the past but has been diseontinued by
sorne eountries)

;, 2.2(l980)e

f)0 O. 45(1979) A

o CH=CHCH=NICH216N=CHCH=CH-Q

(CH3CH2CH2~=NCH2CH2CH2CH3J ) 0.45 (1979) fX

OCH2~CH~

o 0CH, 11011 CH3
lNC CN(O=N N=O

A

;'0.45(l979)f A

270 (1976) c BA

AN

III

II
III

L: --/S:--

1-2 L: --/8:--

..
=t
/0
('
3:oz
8
~i(j
-:orc
3:
m

L:--/8:--

N
00

1-2
1-2

L:--/8:--

L:--IS:--



Naiie and
CAS Reg. No.

Dimethy1formamide
68-12-2

N, M-Dimethy1 -p-ni trosoani1ine '

138-89-6

Dini trosopentamethy1enetetramine
101,-25-7

3,7 -Diocty1phenothiazine
6044-61-7

Synonyms and Trade Names

Chem. Abstr.: N. N-dimethy1formamide

IUPAC: N,N-dimethy1formamide
N,N-dimethy1methanamide; DMF; N-

formy1dimethy1amine

Chem. Abstr.: N,N-dimethyl-4-nitroso-
benzenamine

IUPAC: N, N-dimethy1-p-ni trosoani line
p-(dimethylamino)ni trosobenzene;

dimethy1 (p-ni trosophenyl)amine;
4-ni trosodimethy1aniline

Acce1erine

Chem. Abstr.: 3, 7-dinitroso-l,3,5, 7-
tetraazabicyc10 (3,3, 1)nonane

IUPAC: 3, 7-dinitroso-1,3,5, 7-
tetraazabicyc1o(3,3.1)nonane

3,7 -di-N.'TI Ó. trosopentamet hy 1ene-tetramine
DNPT; Ope x 93, 141; Porofor DNO;

Vu1cace1 BN, B-40, BN-94; Unice1 ND,

NDX, 100

Chem. Abstr.: 3,7-diocty1-10H-pheno-
thiazine

IUPAC: 3,7-diocty1phenothiazine

Structural Formula

CH3 0
'- "

/NCH
CH3

ICH3)2N-QNO

~Ni
0= NN ( NN = 0

~N~

US Production

-Thousand Kg

(Year)

4.5 f
(1979 )

;. 45(1977)d A

;. 0.45 (1979) f BA

c ') 0.45(1976) Ii

~"lX~:o~""

Use
aC1ass

S

I ndus- Pro-
tries cesses

I
II
III
iv

I

II
III
iv

Reported Workp1ace

Levels (L) /Occupa tiona1
Standards (S) b, q, r ,H

1-3
1-3
1-2
1-2

L: --~S: -- 10-60
mg/m Cei1ing (BUL,

CZ,P, R, USS~, Y)

30-60 mg/m TWA

(A, BEL, CZ, F, DDR,

BRD,I,J,N,R,
SWE, ~, USA, USA-A)

60 mg/m STEL (USA-A,

OOR)

L:--/S:--

1-3
1-3
1-2
1-2

L: --/S:--

L:--/S:--

P
""
""
m
Zo..
X
--
-iP
COr
m

N
0"-.



Na_e and

CAS Reg. No. Synonyms and Trade Names

N-Ethylbenzylamine
14321-27-8

N-Ethy Idibenzy lamine

10479-25-1

N-Methyi-N, 4-dini trosoani line

99-80-9

4,4"-Methylenedicarbanilic acid,
diphenyl ester

101-65-5

N- (2-Methyl-2-ni tropropyl) -4-

ni trosoaniline
24,\58-48-8

Chem. Abstr.: N-ethylbe.nzene-

methanamine
IUPAC: N-ethylbenzylamine
benzylethylamine

Chem. Abstr.: N-ethy1-N-(phenylmethy1)_
benzenemet hanamine

IUPAC: N-ethyldibenzylamine

Chem. Abstr.: N-methyl-N,4-di-
ni trosobenzenamine

IUPAC: N-methyl-N, p-dini trosoanillne

Elastopar; Heat Pre; Nitrosan K

Chem. Abstr.: diphenyl (methylene-

di-4-phenylene)bis L?arbamateJ

IUPAC: diphenyl 4,4' -methylene-
dicarbanilate

diphenyl diphenylmethane-p, p' -di-
carbamate; diphenyl N, N' - (methylene-
bis (4-phenylene) )dicarbamate;
diphenyl (methylenedi-p- phenylene) di-

carbama te

Hylene MP

Chem. Abstr.: N-(2-methyl-2-

ni tropropyl) -4-ni trosobenzenamine
IUPAC: N- (2-methyl-2-ni tropropyl)-p-

ni trosoani line

Ni trol

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupational

tries cesses Standards(S)b,a,r,s

o-CH2~CH2CH3

o-CH2ïCH2-Q
CH2CH3

O=N-QN(N=O
CH3

:. 0.5(l980WE)c M

;) 0.5C198OWE)c M

L: --/8:--

L: --/S:--

(Used in the past but not believed to be
current1y used)

d
:. 90(1977) B

o-J~-oCH2-o~gO-Q

7°2 H-QNO
ICH31,CCH,N

450(1976) c UN

L

II
II L

1-3
1-3
1-2

L:--/8:--

L: --/8:--

N
Oì
00

'"
56
(ì

3:o
Ôø
~
ìJI(j
c:orc
3:
m

N
00



Naiie and

~.g. No. Synonyms and Tr3de Names

m-Pheny lenebi sma leimide

3006-93-7

Phenylhydrazine
100-63-0

N-Pheny I-l-naphthy lamine

90-30-2

N_Phenyl-2-naphthy lami ne
135-88-6

Chem. !bstr.: 1,1'-(1,3-phenylene)-

bis LI H-pyrrole-2, 5-dione J
IUPAC: N, N' -m-phenylenedimaleimide
1, 3-bismaleimidobenzene: l, 3-di-
ma leimidobenzene: m-pheny 1enedi-

ma1eimide

HVA 2

Chem. Abstr.: pheny1hydrazine
IUPAC: pheny1hydrazine
hydrazinobenzene

Chem. Abstr.: N-pheny1-1-naphthalen-

amine
IUPAC: N-phenyl-l-naphthylamine
pheny 1-a 1pha-naphthy lamine

Additin 30: Antioxidant PAN:

Naugard PAN: Neozone; Nonox A, AN

Chem. Abstr.: N-phenyl-2-naphtha1en-
amine

IUPAC: N_phenyl_2_naphthy1amine
2-ani1inonaphtha1ene¡ 2_naphthy1-

pheny1ami ne ¡ 2-pheny1aminonaphtha1ene j
N-phenyl-ß -naphthylamine

Aceto PBN: AgeRite Powder:

Antioxidant PBN, 116: Neozone o¡

Nilox PENA; Nonox D, DN¡ Vulkanox PBN

Structural Formula

US Product ion
-Thous;nd Kg

(Year)
Use

aClass
Indus- Pro-

trtes CL's.~es

Repurted Wurkplace

Levels (L) /O..c ,¡pa t i onu L
Standards(S)b,q,r,s

o
Il

__ CCH
N..C~H

611 0
o Il

o _CCHN~ Il
..CCH

Il
o

ONHNH2

o-~ö

0-8

d
;. 45(1977)

289(l979I)m

d
;. 45(1977)

f*
709(1975) AN

A

BA

AN

II

l
II
II i

iv

l
II
III

1-2 L: --/S:--

3
L: --/S: 22-25 mg/m

Ceil1ng (R, y)
15-22 mg/m3 TWA (A

BEL, F, BRD,N, R, S,
USA, USA-A)

45 r.\g/m3 STEL (USA-A)

1-3
1-3
1-2
1-2

L: --/S:--

1-2
1-2
1-2

L: --/8:--

):
-0
-0
mZo..
X

--
):
COr
m
--

N
0"
lD



Nase and

CAS Reg. No. Synonyms and Trade Names

Po1y-p-dini trosobenzene Chem. Abstr.: 1,4-dinitrosobenzene
homopo1ymer

IUPAC: p-dini trosobenzene po1ymer

Pyridine
110-86-1

Chem. Abstr.: pyridine
IUPAC: pyridine
azabenzene j azine

p-To 1 uenes u1 phony 1hydr az ide
1576-35-8

Chem. Abstr.: 4-methy1benzene-
su1phonic acid¡ hydrazide

IUPAC: p-toluenesu1phonic acid,
zide

hydra-

Ce10gen TSH j Tosy1hydrazine

Urea
57-13-6

Chem. Abstr.: urea

IUPAC: urea
carbamide

BIKj Po1yme1 Purca-, RIA, CS, NC;

Ureaphi1 j Urevert; Varioform II

Structural Formula

l'US Production Reported Workp1ace ..
-Thous:nd Kg Use l ndus- Pro- Levels(L)/Occupational C)

(Year)
a Standards (S) b,a, r, sClass tri es cesses

:'0.45(1979/ A Il 1-2 L:--/S:--

iQl

ó

o

CH~~NHNH2
o

~ 45(1977)d S
3

L: --/S: 5-15 mg/m

Ceiling (BUL,CZ,

R, USSR, Y)
5-16 mg/m3 TWA (A,

BEL, CZ, F, DDR, BRD,

H,I,N,R,SWED,S,
USA-A)

30-36 mg/m3 STEL

(DDR, USA-A)

1-3
1-3
1-2
1-2

L: --/8:--
c

)2.2(1980) BA l
II
1 II

iv

0 6,324,358 BA 1 1-3 L:--/S: --

IL (1979) e II 1-3
H2NCNH2 III 1-2

iv 1-2

1-~:i
(ì

3:o
Ôø
~ui(/
-:orc
3:
m

l'
CO



Ha_ and
CAS Reg. Ho.

B. Sulphur Compounds

1. Mercaptans

Synonyms and Trade Hames

Alkyl mercaptans, mixed

Amyl mercaptoacetate

6380-70-7

Aryl mercaptans

Cet y l-stearyl mercaptan

2917 -26-2 and

2885-00-9

2, 5-Di mercapto-1 , 3,4- t hiadiazo le
1072-71-5

Disodium 2,5-dimercapto-1,3,4-

thiadiazole
55906-42-8

n-Dodecyl mercaptan

112-55-0

tert-Dodecyl mercaptan

25103-58-6

Chem. Abstr.:

IUPAC:

Chem. Abstr.: penty1 mercaptoacetate
IUPAC: pentyl mercaptoacetate

Chem. Abstr.:

IUPAC: --

Chem. Abstr.: l-hexadecanethiol and
1-octadecanethio1

IUPAC: 1-hexadecanethio1 and
l-octadecanethiol

hexadecyl and octadecy 1 mercapta ns

Chem. Abstr.: 1,3, 4-thiadiazolidine-
2,5-dithione

L UPAC: 1,3, 4-t.hiadia zo le-2, 5-di t hiol

Bismuthiol 1; PY 61R

Chem. Abstr.: 1,3,4-thiadiazo1idine-

2,5-dithione, di sodium salt
IUPAC: disodium 1,3, 4-thiadiazo1e-

2,5-dithiolate

Chem. Abstr.: l-dodecanethiol
IUPAC: 1-dodecanethio1
lauryI mereaptan; 1-mercaptododecane

DDM 100

Chem. Abstr.: tert-dodecanethio1
IUPAC: tert-dodecanethio1
tert-dodecyl thiol

4-P Mercaptan; Sulfole 120

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use L ndus- Pro-

a
Class tries cesses

Reported Workplace

Levels (L) /Occupational
Standards(S)b, q, r, s

RSH

o
IL

HSCH2COCsH i i

ArSR

RSH

R = n C16H33 and

nC'SH37

HSySrSH

N--N

Na + -SySì( S-

N-N

CHa(CH2I"SH

f'
R2TSH

Ra

R, + R: + Ra = c"

:.0.45(1979/ PR L:--/8:--

;. 0 .5 (1980WE) c A -- -- L: --/S:--

c
45(1976) P -- -- L:--/S:--

c
M) 0 .5 (1980WE) -- -- L:--/S:--

f
:.0.45(1979) A

Na+ :'2.2(1980)c A

h
7700(1976) L

II
iv

1-3
1-3
1-2

PR

7700(1976) h PR L

II
iV

1-3
1-3
1-2

L:--/S:--

L:--/8:--

L:--/S:--

L:--/8: 5 mg/m3cei1ing

(U8SR)

P
"'
"'
ni
Zo-
X

-lP
COr
ni

""....



Naia and

CAS Reg. No. Synonyms and Trade l'ames

Ethylene glycol bis(thioglycolate)

123-81-9

2-Ethylhexyl mercaptoacetate

7659-86- 1

tert-Hexadecyl mercaptan
25360-09-2

n-Hexyl mercaptan

111-31-9

2-Mercaptot hiazoline

96-53-7

n-Octyl mercaptan

111-88-6

tert-Octy1 mercaptan

141-59-3

Chem. Abstr.: mercaptoacetic acid,

1,2-ethanediyl ester
IUPAC: ethy1ene bis (mercapto-

acet ate)
ethylene glycol dimercaptoacetate;

glycol dimercaptoacetate

Chem. Abstr.: mercaptoacetic acid,

2-ethylhexyl ester

IUPAC: 2-ethylhexylmercaptoacetate

2-ethylhexyl thioglycolate

Chem. Abstr.: tert-hexadecanethio1
IUPAC: tert -hexadecanethiol

Chem. Abstr.: I-hexanethiol
IUPAC: I-hexanethiol
hexyl mercaptan

Chem. Abstr.: 2-thiazolidinethione

IUPAC: 2-thiazoline-2-thiol

Metabasal; Thyroidan

Chem. Abstr.: l-octanethiol

IUPAC: l-octanethiol
I-mercaptooctane; octyl thiol

NOM

Chem. Abstr.: 2,4, 4-trimethyl-2-
pentanethiol

IUPAC: 2,4, 4-trimethyl-2-
pentanethiol

tert-octyl thiol; 1,1,3, 3-tetramethyl-

I-butanethiol

TOM

Structural Formula

US Production

-Thousand Kg

(Year )
Use

aClass

L:--/S:--o 0Il Il
HSC H 2 C OC H2CH 20 C C H 2S H

f;. O. 45 (1979)

c
" 2.2(1980)

o
Il

HSCH 2C 0 CH 2C H C H2 CH 2C H2 C H 3

1
CH2CH3

R,
i

R2 - C SH
1
R3

f
;.0.45(1979) PR

R,+R2+R3=C'5

CH31CH215SH f **;.0.45(1979) PR

(tSH

c
;.i.5(1980WE) A

CH31CH217SH 900(1976)g PR

CH3 CH3i i
CH3yCH2ySH

CH3 CH3

900(976)g PR

1 ndus- Pro-
tries cesses

A

AN

L

II
iv

1-3
1-3
1-2

Reported Workplace

Levels (L) IOccupational
Standards (S) b, q, r, s

L:--/S:--

L: --/S:--

L: --/S:--

L:--/S:--

L: --/8:--

L:--/S:--

N
""
N

..p;;('
3:o
Öo;;pUl(j
cCorc
3:
m

N
00



Na_e and

CAS Reg. No. Synonyms and Trade Names

US Production Reported Workplace
-Thousand Kg Use L ndus- Pro- Levels (L) /Occupational

a
cesses Standards(S)b.q.r.s(Year) Class tries

d
L, --/S,--:-45(1977) P L 1-2

II 1-2

Structural Formula

Pentach1orobenzenethio 1

133-49-3

Pentachlorothiophenol, zinc salt

117-97-5

n-Tetradecyl mercaptan

2079-95-0

p-Thiocresol
106-45-6

Tridecyl mercaptan

19484-26-5

Xylenethio1
25550-52-1

Chem. Abstr.: pentachlorobenzenethiol

IUPAC: pentachlorobenzenethiol
pen tach1orothiophenol

Cicin::
Ci¥

SH

Chem. Abstr.' p~ntachlorobenzenethiol.

zinc salt
IUPAC: zinc bis(pentach1orobenzene-

thio1ate)
zinc pentach1orothiophenate

c
230 (1976) P L

Il
III
I\

1-3
1-3
1-2
1-2

L,--/S:--

Endor; Renaci t iv, VI II; Reptazin Zn;

Sagino1

"H (:,*:1

Chem. Abstr.: 1-tetradecanethio1

IUPAC: 1-tetradecanethio1
myristy1 mercaptan

:- 4.5(1980) c PR L: --/S:--CH3ICH2) 13SH

Chem. Abstr. : 4-methy Ibenzenethiol CH3-oSH c
IUPAC, p-toluenethiol :- 0.5 (i980\VE) PR

I-mercapto-4-methylbenzene;
4-toluenethiol; p-to1yl
mercaptan

c
Chem. Abstr. : 1 -tridecanethio 1 c,2H25 -CH2SH ~ 2.2(1980) PR

IUPAC: 1-tridecanethio1
mixed primary tridecyl mercaptan

PTM

SH

Chem. Abstr.: dimethy1benzenethio1 CHÓCH3 ~ O. 45 (1977) d P

IUPAC: xY1enethio1
Xyly1 mercaptan

L,--/S:--

L: --/S,--

L:--/S:--

P
ìJ
ìJ
rrZo..
X

-lP
COr
rr

N-.\.



Naae and

CAS Reg. No. Synonyms and Trade Names

2. Thiocarbamates

Activated dithiocarbamates

Carbon disulphide and 1,1'-
methylened ipiperidine

(reaction product)
75-15-0 and 880-09-1

Diamyldithiocarbamic acid,
diamylammonium salt

Diamyldithiocarbamic acid, zinc salt

l5337~18-5

Dibenzyldi thiocarbamic acid,
sodium salt

55310-46-8

Structural Formula

US Production

-Thousand Kg

(Year )
Use

aClass
lndus- Pro-

tries cesses

Reported Workplace

Levels (L) /Occupational
8tandards(S) b, q, r, S

Chem. Abstr.:

IUPAC:

8etsit 5,9,51,104

Chem. Abstr.: 1,1'-methylenebis-

(piperidine) reaction product wi th
carbon disulphide

IUPAC: 1,1' -methylenedipiperidine
reaction product wi th carbon
disulphide

R-2 Crystals

Chem. Abstr.: diperttylcatbAmodithioie
acid, eompound with N-pentyl-l-penta-

mine
IUPAC: dipentyldithiocarbamic acid,
compound with dipentylamine

Chem. Abstr.: bis(dipentylcarbamodithioato-

8,8 · ) zinc
IUPAC: bis (dipentyldi thiocarbamato) zinc

dipentyldi thiocarbamic acid, zinc
sa 1 t; zinc dipentyldi thiocarbamate

Amyl Zimate; Vanlube AZ

Chem. Abstr.: bis(phenylmethyl)car-

bamodithioic aeid, sodium salt

IÜPAC: sodium' dibenzyldi thio-
carbama te

Indefini te

Indefini te

S
CSHl1..N~_S_

/'CsH 11
iCSH"J2NH;

LCSH"", ~ -J ZnH

/NC-SCsH 11

2

OCH2 S'\ "

O /NCS-Na+
CH2

*

~0.45 (1976) f

c
;, 2. 2(1980)

c
:. 0.5(1980WE)

;- 04.5(1980)c

d
~ 4.5(1977) A

A

A

A

A l
II
III
iv

l
II
ill
iv

1-3
1-3
1-2
1-2

1-3
1-3
1-2
1-2

L:--/8:--

L:--/8:--

L: --/8:--

L: --/8:--

L:--/S:--

~'-,.

..
56
(ì

~o
Ö
4ì;;
):
ìJI
Uì

c:orc~
m
~
CO



Na.. and

CAS Reg. No. Synonyms and Trade Names

Dibenzyldi thiocarbamic acid,
zinc salt

14726-36-4

Dibutyldi thiocarbamic acid,
cadmium salt

14566-86-0

Dibutyldithiocarbam'c acid,
N, N-dimethylcyclohexylamine salt

149-82-6

Di-n-butyldithiocarbamic acid,
molybdenum salt

68412-26-0

Dibutyldi thiocarbamic aCid,
nick.,i.-salt

13927-77-p

Chem. Abstr.: biSlbiS(PhenyimethYl)-

carbamodi thioato-S, S ~ zinc

IUPAC: bi s (dibenzyldit hiocarbamato)_
zinc

zi nc dibenzyldi thiocarbamate

Arazate

Chem. Abstr.: bis (dibutylcarbamodi-
thioato-S,S' ) cadmium

IUPAC: bis (dibutyldi thiocarbamato)-

cadmium
cadmium dibuty1dithiocarbamate

Chem. Abst~: dibutylcarbamodi thioic
acid compound with N, N- dimethyl-
cyclohexanamine (1: 1)

lUPAC: dibutyldithiocarbamic acid
compound wi th N, N-dimethylcyclo-

hexylamine (1:1)
N, N-dimethylcyclohexylammonium
dibutyldi thiocarbama te

RZ50B, -100

Chem. Abstr.: bis (dibutylcarbamodi-
thioato) di-~ -oxodioxodimo 1ybdenum,

su1phurized
IUPAC: bis (dibutyldithiocarbamato) di-~-

oxod ioxod îmo 1 ybdenum, su 1 phu ri zed

Molyvan A

Chem. Abstr.: bis(dibutylcarbamodi-

thioato-S ,S t) nickel
1 UPAC: bis (dibutyldi thiocarbama to)-

nickel
nickel dibutyldithiocarbamate

Rylex NBC

US Production Reported Workplace

-Thousand Kg Use 1 ndus- Pro- Levels (L) /Occupational
Structural Formula (Year)

a
cesses Standards(S)b,a,r,sClass tries

d

(0,"" J

;,4_5(1977) A 1 1-3 L:u/S:--
II 1-3
1 II 1-2

° ),1, "H iv 1-2

o CH2
2

l'"'""''' "J

;, O.5(1980WE)c A -- -- L:--/S:--
"'NCS- CdH

CH31CH213/

2 P
ïJ
ïJ

** ri
)oO.45(1977)f

Z
A 1 1-3 L: u/8: u 0

II 1-3 ..
X

't" r

1 II 1-2
CH3lCH213 Il 1-0 iv 1-2

-. NCS- HN/' 1 -lCH3lCH213 CH3 P
CJrri
--

)0 2. 2(1980) c A -- -- L:--/8:--

l'"'''"'''' j J. 0'
./ N CS °2 x v

CH31CH213
2

¡ '", "",', "j

;, 45(1977) d A ,AN II 1-2 L:--/8:--
'" NCS- N-H./ 'CH31CH213 2

1''"
vi



N..e and

CAS Reg. No. Synonyms and Trade Names

Dibutyldithiocarbamic acid,
potassium sal t

136-29-8

Dibutyldithiocarbamic acid,
sodium salt

136-30-1

Dibutýldithiocarbamic acid,
zinc salt

136-23-2

Diethyldi thiocarbamic acid,
ammonium salt

21124-33-4

Diethyldithiocarbamic acid,
cadmium salt

14239-68-0

Diethyldi thiocarbamic acid,
cadmium salt and bis(diethvl-
thiocarbamoyl) disulphide
mixture

14239~68-0 and

97-77-8

Chem. Abstr.: dibutyl carbamodi-

thioic acid, potassium salt

IUPAC: potassium dibutyldi thio-
carbama te

Chem. Abstr.: dibutylcarbamo-

dithioic acid, so1ium salt
IUPAC: Sodium dibutyldi thio-

carbama te

Butidone; But yI Namate; Pennac 8DB;

Tepidone; Vulcacure NB-25

Chem. Abstr.: bis(dibutylcarbamo-

dithioato-S. 8' )zinc
IUPAC: bi s (dibuty Idi t hiocarbama to)-

zinc
1

Aceto ZDB;); Butazate 50-D; Butazin;

But yI Zimate; Butyl Ziram; 8 Oxinol

BZ; Vulcacure ZB; Vulkacit LDB

Chem. Abstr.: diethylcarbamodi thioic
acid, ammonium salt

IUPAC: ammonium diethyldithio-
car.bamate

Chem. Abstr.: bis(diethylcarbamodithio-

ato-8, 8' )cadmium

IUPAC: bis (diethyldi thiocarbamato)-
cadmium

cadmi um diet hy ldi t hiocarbama te

Cadma te

Chem. Abstr.: bis(diethylcarbamo-
di thioato-8. 8') cadmium and tetra-
ethyl thioperoxydicarbonic diamide-
((ICH2NICISIl2S2)

IUPAC: bis (diethyldi thiocarbamato)-

cadmium and bis (diethyl thiocarbamoyl)
disulphide

Structural Formula

US Production

-Thousand Kg

(Year )
Use

aClass
L ndus- Pro-
tries cesses

Reported Workplace

Levels (L) /Occupational
Standards (S) b. q, r, S

CH31CH213 IT

.. NCS- K+./
CH31CH213

CH31CH213 S.. Il
CH31CH i./NCS- Na+2 3

(CH3ICH213)N~s_J ZnH
CH31CH213 2

CH3CH S2 Il
CH CH ~NCS- NH +3 2 4

r CH3CH2 ..NgS-J CdH

l CH3CH2/ 2

:. 2,2(1980)c A

d
:.50.4(1977) A

:d04(1977)d

~ 0 . 5 (1980WE) c

:. 0.5(1980WE)c A

(CH3CH2 IT J :'0.45(1979/ A
"NCS- CdH..CH3CH2 2

+

s S
Il Il

ICH3CH2)2NCSSCN ICH2CH312

A

A

iv

l
II
III
iv

l
II
II L

iv

L: --/8: u

1-2 L:--/8:--

l''-
0"

..
:P:i()
3:o
Zoo:i
:PuIIJ
c:orc
3:
m
N
00

1-'3
1-3
1-2
1-2

L:--j8:--

L:--j8:--

1-3
1 -3

1-2
1-2

L:--/8:--

L:--/S:--



Ni.ae and
C~S Reg. No. Synonyms and Trade Names

DLethvldithiocarbamic acid,
nickel salt

14267-17-5

Diethyldi thiocarbamic acid,
selenium salt

21559-14 -8

Diethyldi thioearbamic acid,
sodium salt

148-18-5

Diethyldi thiocarbamic aeid,
tellurium salt

2094 i .6.'.;;

Diethyldi thioearbamie aeid,
zinc salt

14324-55-1

Diisobuty1 di thioearbamic acid,
nickel salt

15317-78-9

Chem. Abstr.: bis(diethylcarbamodi-

t hioa to-S, S' ) nickel
IUPAC: bis (diethyldi thiocarbamato)-

nickel
nickel diethyldithiocarbamate

Chem. Abstr.: tetrakis(diethylcar-

bamodi thioato-8, S') selenium

IUPAC: tetrakis (diethyldi thioear-
bamato)selenium

selenium diethyldithioearbamate

Ethyl Se lenac

Chem. Abstr.: diethylcarbamo-
dithioie aCid, sodium salt

IUPAC: sodium diethyldi thio-
earbama te

Thiocarb

Chem. Abstr.: tetrakis(diethyl-
carbamodi thioato- S, S' )tellurium

IUPAC: tetrakis (diethyldi thiocar~
bamato) telluri um

Ethyl Tellurac

Chem. Abstr.: bis (diethy lcarbamo-
di thioato-S, S' )zinc

IUPAC: bis (diethyldi thiocarbamato)-
zinc

zinc diethyldi thiocarbamate

Etazin; Ethazate¡ Ethazate 50-D;

Ethyl Cymate; Ethyl Zimate;

Ethyl Ziram; Hermat ZDK;

Vulcacure ZE; Vulkacit ZDK, LDA

Chem. Abstr.: bis(bis(2-methylpropyl)-
carbamodithioato.S,S'j nickel

IUPAC: bis (diisobutyldithio-
carbamato)Qickel

Isobutyl Niclate

US Production Reported Workplace

-Thous:nd Kg Use L ndus- Pro- Leve ls (L) /Oceupat iona 1
a cesses Standards(S)b,q, r, sStructural Formula (Year) Class tries

c
;. 0.5(1980WE) A -- -- L: --/S:--

l'"""'" L J
/NCS Ni++CH3CH2

2

;,0.45(1979/ A L 1-3 L: --/8:--

L '",'", ~ J

II 1 -3
;NCS~ Se++++ III 1 -2

CH3CH2 iv 1 -2
4

SCH3CH2 IL

.. NCS- Na+./
CH3CH2

d
;, 5.8 (1977) L:--/8:--A IV 1-2

LCH3CH2 ~ J

;NCS- Te++++'
CH3CH2

4

;'0.45(1979)f A L: --/8:--i

II
1-3
1 -3

¡CH3CH2 ~ J

;NCS- ZnH
CH3CH2

2

f775(1979) L:--/8:--A L

II
II 1

i V

1 -3

1-3
1-2
1-2

¡ CH3 j
)CHCH2 0_CH3 '- NCS

CH3 ./
"-CHCH2./CH3 2

c
;, 2.2(1980) A, AN L: --/8: u

Ni++

P
\J
\J
rn
Zo-
X

-lP
COr
rn

N-.-.



__u_ N
US Production Reported Workplace --
-Thousand Kg Use l ndus- Pro- Levels (L) IOccupational 00Naae and

a
cesses Standards(S)b,q,r,s

CAS Reg. No. Synonyms and Trade Names Structural Formula (Year ) Class tries

Dimethyldi thiocarbamic acid Chem. Abstr.: tris (dimethylcarbamo- f
A l 1-3 L:--IS:--;. 0.45 (1979)bismuth salt dithioato-S~ 8' )bismuth

i'"d J

II 1-321260-46-8 IUPAC: tris (dimethyldi thiocarbamato)- :: NCS- Bi+++ III 1-2bismuth CH3 iv 1-23bismuth dimethyldi thiocarbama te

Bismate

Dimethyldi thiocarbamic acid, cadmium bis (dimethyl- cChem. Abstr.: ? 1 (l980WE) A -- -- L: --/8:--

L ' J
cadmium salt carbamodi thioate) CH Il ..14949-60-1 IUPAC: cadmium bis (dimethyldi-

3"NCS- CdH
Pthiocarbamate) CH3/' ;:

2 ncadmium dimethyl~i thiocarbamate

3:
f 0Dimethy1di thiocarbamic acid, Chem. Abstr. : bis (dimethy1carbamo- )0.45(1979) A l 1-3 L: --/8:-- Z

copper salt di thioato-8, 8' )copper

i'"' ü J

II 1-3 0
') NCS' cuH (j137-29-1 IUPAC: bis (dimethyldi thio-

CH3 iv 1-2
~carbama to) copper 2

-0copper dimethyldi thiocarbamate I
Vi

Cumate; Herma t Cu; Wolfen
-:0r

)0.45 (1979)
f ~Dimethyldi thiocarbamic acid, Chem. Abstr.: bis(dimethylcarbamo-

A l 1-3 L:--/8:-- mlead saI t di thioato. 8,8' ) 1ead

('"d J

II 1-319010-66-3 IUPAC: bis (dimethy1di thio- '" NCS' Pb H II l 1-2 N
CH;' 00carbama to) 1ead iv 1-221ead dimethy1di thiocarbamate

Ledate; Methy1 Ledate

Dimet hy1di t hiocarbami c acid,
dimethylammonium salt

2614-98-4

Chem. Abstr.: dimethj'lcarbamodi_

thioic acid compound wi th N-

methy1methanamine (1: 1)
IUPAC: dimethy1di thiocarbamic acid
compound with dimethy1amine (1:1)

dimet hylamine dimethyldithiocarhamate

f***:- 0.45(1978) A L:--/8:--
CH3 ~ +
;NCS' iCH3J2NH2

CH3



Ma_ and
CAS Reg. No.

Dimethyldi thiocarbamic acid,

potassium salt

128-03-0

Dimethy1dithiocarbamic acid,
selenium salt

144-34-3

Dimethy1di thiocarbamic acid,

sodium salt

128-04-1

Dimethyldi thiocarbamic acid,

sodium salt and sodium

polysulphide
128-04-1 and
1344-08-7

Dimethyldi thiocarbamic acid,

zinc salt
137-30-4

Synonyms and Trade Mames

Chem. Abstr.: dimethylcarbamodi-
thioic acid, potassium salt

IUPAC: potassi um dimethy Idi t hio-
carbama te

Vulnopol KM

Chem. Abstr.: tetrakis (dimethyl-
carbamodi thioato- S, S' )selenium

l UPAC: tetraki s (dimet hyldi t hio-
carbama to) se leni um

se leni um di methyldi thiocarbama te

Methyl Se1enac

Chem. Abstr.:

thioic acid,

IUPAC: sodium
carbama te

dimethy lcarbamodi-
sodium salt

dimethy1di thio-

Aceto SDD 40; Alcobam NM; Diram;

NSL; Sharstop 204; Sodam; Thiostop

N; Volnopol NM; Wing Stop B

Chem. Abstr.: sodium dimethyl-

carbamodithioate and sodium poly-
sul phi de (Na S )

2 X
IUPAC: SOClium dimethyldi thio-

carbamate and sodium po1ysulphide

Chem. Abstr.: bis(dimethylcarbamo-

di thioato-S. S') zinc'
IUPAC: bis (dimethyldi thiocarbamato)-

zinc
zinc bis (dimethyldi thiocarbamate)

Methasanj Methazate; Methy1 Zìmate¡

Methy1 Zìram; Vu1cacure ZM-45;

Vulkaci t L; Ziram

Structural Formula

SC~ Il K+
" NCS'"

CH3

¡CH3 ~ J
;NCS- Se++++

CH3
4

SCH3 Il +

)N~' ~
CH3

CH3 ~

"NCS' Na +"
CH3 +

Na2Sx

¡ S JCH3 Il
;NCS- Zn++

CH3
2

US Production

-Thousand Kg

(Year)
Use

aClass

;'45(l977)d PR

;.0.45(1979)f A

;. 1,530(l977)d PR

)0.45(1979/ A

1,694(1979/

Reported Workplace

l ndus- Pro- Leve Is (L) /Occupational

tries cesses Standards (S) b, q, r, s

A

l
II
III
iv

l
II
II l
iV

l
II
III
iv

L

II
III
iv

1-3
1-3
1-2
1-2

L:--/S:--

1-3
1-3
1-2
1-2

L:--/S:--

1-3
1-3
1-2
1-2

L:--/8:--

L: --/8:--

1-3
1-3
1-2
1-2

L:--/S:--

P
""
""
rrZo.-
X
--
-jp
CDrrr

N..\.



Naae and

CAS Reg. No. Synonyms and Trade Names

2, 4-Dini trophenyl dimethyldi-
thiocarbamate

89-37-2

Dipentyldi thiocarbamic acid,
lea.d salt

36501-&4-5

Ethylenebis(dithiocarbamic acid),
disodium salt

142-59-6

Et hy lpheny ldi thiocarbami c acid,
zinc salt

14634-93-6

Monoethyl àithiocarbamic aCid,
sodium salt

13036-87-8

Ni tro-pentamethylenedi thio_
carëamic aCid, zinc salt

Chem. Abstr.: dimethylcarbamo-

dithioic acid, 2,4-dinitrophenyl

ester
IUPAC: 2, 4-di ni trophenyl dimethyl-

di thiocarbamate

Chem. Abstr.: bis(dipentylcarbamodi-

thioato-S,S' )lead

IUPAC: bi s (di penty ldi t hiocarbamato )Lèàd
diamyldithiocarbamic acid, lead salt;

lead dipentyldithiocarbamate

Chem. Abstr.: 1,2-ethanediylbis-
carbamodithioic acid, disoctium salt

IUPAC: disodium ethylenebis(ctithio-
carliamate)

Chem Barn; Dithane .A40, D14; Nabam;

Nafun IPO; Parzate

Chèm. Abstr.: bis (ethylphenylcarbamodi-

thioato-S,S' )zinc

IUPAC: bis(N-ethyldithiocarbanilato) zinc
zinc ethylphenyldi thiocarbamate

Accelerator EFK; Hermat FEDK; Vulkaci t P

extra N

Chem. Abstr.: ethylcarbamodi thioic
acid, monosodium salt

IUPAC: sodium ethyldithiocarbamate

sodium ethyldithiocarbamate

Chem. Abstr.: bis (ni tro-I-piperidine-

carbodi thioato-S,S ') zinc

IUPAC: bis (ni tro-l-piperidinecarbo-

dithioato) zinc

Structural Formula

US Product ion
-Thousand Kg

(Year)
Use

aClass
Indus- Pro-

tries cesses

Reported Workplace

Levels (L) /Occupational
Standards (S) b, q, r. 8

CH3 IT -òNo02

)NCS N02
CH3

L HL
C511)NCS
CsH 11

J:"H

S S
_ Il H H Il

Na+ SCNCH2CH2NCS-Na'

1 ~J,l Zn"

L CH3CH2 2

S
H Il

CH3CH2NCS- Na'

r N02 j
d)Jç , ,oH

***
)00.45(19;8/ A

c)02.2(1980)

f)00.9(1979)

15 (19791) m

c
O.5(1980WE)

m*0.6(19761) A

A

A

A

A

L

II
II L

IV

L: --/S--

L: --/S:--

L: --/8:--

1-3
1-3
1-2
1-2

L:--/8:--

L: --/8:--

L:--/8:--

N
00a

..
:P;;n
~o
Öo
~uI
Uì

c:orc~
m
N
00



Na.e and

CAS Reg. No. Synonyms and Trade Names

Pent amet hy lened i t hiocarbami c
acid, copper salt

15225~85-1

Pentamethylenedi thiocarbamic

aCid, lead salt
41556-46-1

Pentamethylenedi thiocarbamic

acid, zinc salt
13878-54-1

Piperidinecarbodi thioic acid,

piperidinium potassium saI ts
98-77-1 and

Chem. Abstr.: bis(l-piperidinecarbodi-

thioato-S, S' ) copper

IUPAC: bis (l-piperidinecarbodi thioato)-
copper

copper pentamethylenedi thiocarbamate;

piperidinecarbodithioic acid, copper salt

Chem. Abstr.: bis (l-piperidinecarbodi-

thioato-S, S') lead

IUPAC: bis (l-piperidinecarbodi thioato)-
lead

lead pentamethylenedi thiocarbamate;

piperidinecarbodithioic acid, lead salt

Chem. Abstr.: bis(l-piperidinecarbo-

di thioa to -S, S') zinc
L UPAC: bis ( l-;ii perid i necarbod i t hioa to)-

zinc
zi nc pentamethylenedithiocarbamate

Vulkaci t ZP

Chem. Abstr.: I-piperidinecarbodi-

thioic acid compound wi th piperidine

(1: 1) and potassium I-piperidine-
carbodi thioate

IUPAC: I-pi peridi necarbodi thioic
acid compound with piperidine

(1: 1) and potassium I-piperidine-
carbodi thioa te

PMP (accelerator)

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupational
tries cesses Standards (S) b, q, r, s

L CJ'l.H

L C,J,l,H

( c,tl" H

iCJ,l ¡ ",or "

c
~O.5(1980WE) A

~ 0.5 (1980WE) c A

c
~ 1. 5 (l980WE) A

f
~O.45(1979) A

L:--/S:--

L:--/S:--

IV 1-;; L:--/S:--

L:--/S:--

P\J
lJ
niZo..x

-1P
cor
ni
--

N
00--



3. Benzothiazoles

a. Sulphenamides

Structural Formula

US Production

-Thousand Kg

(Year)

Reported Workplace
Use Indus- Pro- Levels(L)/Occupational
Class a tries cesses Standards (S) b. q, r, s

N
CO
NNaae and

CAS Reg. No. Synonyms and Trade Names

S H
)0 45(1977)dN- t -But Y 1 -2-benzothiazo le- Chem. Abstr.: N-(l,l-dimethylethyl)_ ~~..SNCICH313

A i 1-3 L:--/S:--
sulphenamide 2-be nzot hi azo le su 1 phenami de II 1-3
95-31-8 IUPAC: N-tert -but y 1 -2-be nzo- II i 1-2

thiazo lesul phenamide iv 1-2
TBBS

Delae NS; Noreeler NS; Pennae;
Santocure NS; Vulkaeit NZ

..
P;:
(ì

N-Cyclohexyl-2- benzothiazo lyl-

o::r'~O
2,403(1979)f

3:
Chem. Abstr.: N-cyclohexyl-2- A i 1-3 L: --/8:-- 0sulphenamide be nzot hi azo le sulphenamide ZII 1-3 095-33-0 i UPAC: N -cy clohexy l-2-be nzo- III 1-2 øthiazo lesulphenamide iv 1-2 ;:P
Accelerator CZ: Conac A, S: \JICurax; Cydac; Delac S; Ekagam; lJ
Nocceler CZ; Pennac CB8: c:Rhodifax 16: Royal CBTS; 08antocure: 8u1fenax CB, CB '30, T8B: r
Vulkaci te CZ; Vulcafor CBS C

3:
ni
N

. Ou
m CO

N, N-Dicyclohexyl-2-benzothiazolyl- Chem. Abstr.: N, N-dicyclohexyl-2- 85(19790 A l 1-3 L: --/8:--
su1phe'namide benzot hi azo lesu 1phenamide II 1-3

4979-32-2 IUPAC: N, N-dicyclohexyl-2-benzo- III 1-2
thi a zo lesu 1 phenamide

OLr~SN
iv 1-2

Vulkacit DZ, D2



Na. and
CAS Reii. No. Synonyms and Trade Names

N, N-Di isopropyl-2-benzothiazole-
sulphenamide

95-29-4

N- (2, 6-Dimet hylmorpholino )-2-benzo-
thiazole su1phenamide

102-78-3

N-Oxyd iet hy lene-2-be nzot hi az~ le-

sulphenamide

102-77-2

Chem. Abstr.: N,N-bis(l-methylethyl)-
2-benzot hi azo lesul phenamide

IUPAC: N,N-diisopropyl-2-benzo-
t hi azo le sul phe na mi de

11IBS

.DJ.pac; Dipak

Chem. Abstr.: N-(2,6-dimethyl-4-morpho-

1 i nyl) -2-benzot hiazo le sulphenamide
IUPAC: N- (2, 6-dimethylmorpholino )-2-

benzot hiazo lesul phenamide
2-\(2, 6-dimethyl-4-morpholinothio)-
benzothiazole

Santocure 26

Chem. Abstr.: 4-(2-benzothiazolyl-
thio)morpholine

IUPAC: 2- (morpholinothio )benzo-
thiazole

2- (4-morpho1 i nylmercapto) benzo-
thiazole

Amax; NOBS Special; Nocceler MSA;

Santocure MOR; Sulfenamide M;

Sulfenax MODR; Vu1kaci t MOZ;

Vulcafor BSM

Structural Formula

US Production

-Thousand Kg

(Year)
Use

a
C1ass

Reported Workp1ace

1 ndus- Pro- Leve ls (L) /Occupational
tries cesses Standards(S)b,a,r,s

QCS.. ",SN",CHICH3)2

~ 'CHICH312

ri CH3

rr~S,,,c/SN 0VL11 L-N CH3

oc 1\O. 'c",SN 0
Il ~
N

f
;.0.45(1979) A

f***
;-0.45(1978) A

f
;, ').9(1979) A

L

II
II L

iv

1-3
1-3
1-2
1-2

L

II
III
iv

1-3
1-3
1-2
1-2

L:--/S:--

L: --/S:--

L:--/S:--

P
""
""
mZo¡.
X
--
-lP
COr
m
--

l'
COI.



Naae and

CAS Reg. No. Synonyms and Trade Names

b. Miscellaneous

2-Benzothiazyl-N, N-diethyl thio-

carbamoyl sulphide
95-30-7

3-Bi s (2-benzothiazol yl mercapto-
methyl)urea

95-35-2

2,2 '-Di thiobis (benzothiazole)
120-78-5

Chem. Abstr.: diethylcarbamo-

di thioic aCid, 2-benzothiazolyl
ester

IUPAC: 2-benzothiazolyl diethy 1-
di t hiocarbama te

Ethylac

Cham. Abstr.: N,N'-bis t2-benzo-

t hiazolyl t hio) methyl J urea

L UPAC: l, 3-bi s (( 2-benzothiazo ly 1 thio)-
methY~. urea

Chem. Abstr.: 2,2'-dithiobis-

benzothiazole
IYPAC: 2,2' -di thiobis (benzothiazolcl
mercaptobenzothiazole disulphide

Accel TM; Altax; Ekagam GS; MBTS;

Royal MBTS; Thiofide (MBTS);

Vulkacit DM

Structural Formula

US Production

-Thousand Kg

(Year )
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupationa1

tries cesses Standards(S)b, q, r, s

S

QCS,- Il ..CH2CH3

CSCN
Il "'
N CH2CH3

lOCr''',:t

iOCr'l

0.4(1979I)m A

f;. 0.45(1979) A

f7,454(1979) A

II 1-2

L

II
III
iv

L:--/S: --

L: --/S:--

1-3
1-3
1-2
1-2

L:--/S:--

N
00
+-

i-p
iO
(ì

3:oZo
Gì

~
'1I
IJ
oeorc
3:
m
N
00



Na.a. and
CAS Reg. No. Synonyms and Trade Names Structural Formula

US Production

-Thousand Kg

(Year )
Use

aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupationa1
tries cesses Standards(S)b,q,r,s

2-Mercaptobe nzot hiazo le Chem. Abstr. : 2 (3H) -benzothiazo1e- ~e/SH :'90(i977)d A L 1-3 L: --/8:--
149-30-4 thione Il II 1-3

IUPAC: 2-benzothiazolet hiol N III 1-2
MBT iv 1-2

Accelerator M; Captax; Ekagam C;
Pennac MBT; Preumax MBT; Thiotax;
Vulkaci t M

P
ìJ

f L:--/8:-- ìJAbstr. : 2 (3H) -benzothiazo1e- ;, 0.45(1979) A -- -- rr2-Mercaptobenzothiazole, Chem.
Zcopper salt thione, copper(2+) salt

(Oè /'J
04162-43-0 IUPAC: copper (2+) bis (2-benzothiazole-

o ~ 2 euH
..

thiolate) X
copper mercaptobenzothiazolate;

copper 2-mercaptobenzothiazole

-jp
CO
r-
rr
..

2-Mercaptobenzothiazole, sod i um Chem. Abstr. : 2 (3H) -benzot hiazole- f
- + 6,639(1979) A -- -- L: --/8:--salt thione, sodium salt

OèrS Na
2492-26-4 L UPAC: sodium 2- benzothiazolethiolate

sodium 2-mercaptobenzothiazole

Duodex; Nacap

2~Mercaptobenzothiazo1e, zinc
chloride

149-30-4 and
7646-85-7

Chem. Abstr.: 2 (3H)-benzothiazo1e-
thione and zinc chloride

IUPAC: 2-benzothiazolethiol and
zinc ch10ride

OCS..e/SH
. Il

N

f;.0.45(1979) A II
II 1

1-3
1-2

L:--/8:--
+ ZnCl2

Caytur 4

1'
00
vi



Nase and

CAS Reg. No. Synonyms and Trade Names

2-Mercaptobenzothiazole, zinc
salt

155-04-4

Chem. Abstr.: 2(3H)-benzothiazole-

thione, zinc salt
IUPAC: zinc bis(2-benzothiazole-

thiolate)
zinc mercaptobenzothiazolate

Pennac ZT; O-X-A-F; Vulkaat ZM;

Zetax; 2MBT

4-Morpho 1 i ny 1 -2-benzot hiaz,'l

disu1phide
95-32-9

Chem. Abstr.: 2-(4-:morpholinyl-
di thio)benzothiazole

IUPAC: 2-(morpholinodithio)._
benzothiazole

2-benzothiazolylmorpholino disulphide

Morfax; Vulcuren 2

~
Reported Workplace 00
Levels(L)/Occupational en
Standards (S) b, q, r, sStructural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass
Indus- Pro-

tries cesses

i~r'l"H

0:. S.. /SSN~
~ L. 0
N

927(1979/

~450(1977)d

A

A 1

II
III
iv

1

II
II 1

iv

1-3
1-3
1-2
1-2

L: --/S:--

1-3
1-3
1-2
1-2

..
~
(ì

3:oZo
4ì;:P
-0I
(J
-:orc
3:
m

L: --/S:--

~
00



US Production Reported Workplace
la_ and -Thousand Kg Use 1 ndus- Pro- Levels (L) IOccupational

Synonyms and Trade Names Structural Formula (Year)
a

cesses Standards(S)b,q,r,s:AS Reg. No. Class tries

4. Xanthates

Di-n-butylxantho disulphide Chem. Abstr.: dibutyl thioperoxydi-

lCH31CH2130tl
:;4.5(1977)d105.,77-1 carbonate (( (HO)C(S) )2S2) A l 1-3 L:--/S:--

IUPAC: O,O-dibutyl dithiobis(thiO- 2 II 1-3
format€! III 1-2

dibuty1 dixanthogen; dibutylxanthogen iv 1-2

CPB

P
""

LICH312CHJS l

""
Diisopropylxantho disulphide Chem. Abstr.: bis(1-methylethy1) thioperoxy- :.0.45 (1979/ A L:--/S:-- ri-- -- Z105T65-7 dicarbononate L((HO)C(S))2SiJ 0IUPAC: 0, O-di isopropy1 di thiobis L thioformateJ ..

bis (2-propy i) dixanthogen; diisopropy1- X
xanthogen disu1phide --

Diproxid -ip
COr
ri
--

lICH312CHogs-J 2 Zn++

f L:--/S:--zinc bisLO-(l-methyl- :. 0.45(1979) A -- --
Zinc diisopropyl xanthate Chem. Abstr.:

42590-53-4 ethyl)carbonodi thioat~

IUPAC: zinc bis.(O-isopropyl di thio-
carbamate)

N
(X..



Naia and

CAS Reg. No.

5. 8ulphides and Disulphides

a. Thioethers

Synonyms and Trade Hames

Al ky 1 pheno lsul phi des

p-t-Amylphenol sulphide
98-26-0

4,4 '.Thiobis (6-t-butyl-m-cresol)
96-69-5

Chem. Abstr.:

IUPAC:

Chem. Abstr.: 2,2'-thiobis (4-0,1-
dimethylpropyl)phenol J

IUPAC: 2,2'-thiobis (4-tert-
pentYIPhenoil

Chem. Abstr.: 44'-thiobiSr2-(1,1-

dimethyiethyi)1-5-methYlPhenOl
IUPAC: 4.4' -thiO~iS(6-tert-butYl-m-

cresol)
4,4' -thiobis (2-tert-butyl-5-methyl
Phenol)

Disperol ME-61; Santonox; Santowhi te
Crystals; Thioalkofen; Thioalkophene;
Yoshi.nox S, SR

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace
L ndus- Pro- Leveis (L) /Occupational

tries cesses Standards(S)b,q,r,s

N
00
00

Unknown

CH3CH2yCH3

CH3

s

m2.7(9791) A

c
900 (1976)

)dCH3 CH"' 0 ,~ '" '"00(1972)'
ICH313C .q-CICH3J3

AN

T

II
II L

IV

L: --/8:--

L: --/8:--

1 -2
1-2
1-2

3
L: --/8: 10 mg/m

TWA (A, BEL, N, USA-A)

20 mg/m3 8TEL

(U8A-A)

..p;;n
3:ozoo;;P
lJI
Uì

c:orC
3:
m
N
00



Naae and

CAS Reg. No. Synonyms and Trade Names

Thiobispheno1
2664-63-3

Chem. Abstr.: 4,4 '-thiobis(phenol J
IUPAC: 4,4' -thiodipheno1
p,p'-dihydroxydipheny1 3u1phide;
bis (4-hydroxypheny1) su1phide

Thiobispheno1, a1kylated Chem. Abstr.:

L UPAC:

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workp1ace
L ndus- Pro- Levels (L) /Occupational

tries cesses Standards(S)b,a, r, s

H0-oS-00H

Indefini te

c:.:d.2(l980)

:.0.45(1979/

AN L: --/8: --

AN L: --/S:--

P
-0
\J
mZoi-
X

-ip
CDr
m
--

N
00\.



Naae and

CAS Reg. No. Synonyms and Trade Names

b. Thiurams

Bis (diethyldi thiocarbamoyl)
disulphide

97-77-8

Bis (diethyldithiocarbamoyl)
disulphide and

Bi s (d'imethy 1 t hiocarbamoyl)
disulphide

97 -77-8 and
137-26-8

Chem. Abstr.: tetraethyl thioperoxy-
dicarbonic diamide (( (H2N)C(S)) 2S2 J

i UPAC: bi s (diethyl thiocarbamoyl)
disulphide

tetraethyl thiuram disulphide

Accelerator Thiuram Cyuram DS;

Ethyl Tuads; Etiurac; Tuex

Chem. Abstr.: tetraethylthioperoxy-

dicarbonic diamide L5(H2N)C(S))2S~
and tetramethyl thioperoxydi-
carbonic diamide f( (H N)C (S)) S L__ 2 ~~IUPAC: bis (diethyl thiocarbamoyl)
disulphide and bis (dimethyl thio-
carbamoyl) disulphide

bis(mixed alkylthiocarbamoyl)
disulphides; tetraalkylthiuram di~

sulphides, mixed; methyl and ethyl

t hi urams, mi xed

Pennac TM

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass
i ndus- Pro-
tries cesses

NReported Workplace 1.
Levels (L)/Occupational CJ
Standards (S) b, q, r, s

(CH3CH2 IT t

"' NCS/'
CH3CH2

2

LCH3CH2'- ii t

./ N CSCH3CH2

2

'; 45(1977)d

:. 0.45(1979/

LCH3, ~ t

+ NCS
CH3-

2

A

A

i
1 i

III
iv

1-3
1-3
1-2
1-2

L:--/S:--

L: --/S:--

..
):;;
()
3:ozo
Gì

- ;;

):
1I(j

oeorc
3:
m

N
CO



Naae and

CAS Reir. No. Synonyms and Trade Names

Bis (di me t hy 1 t hiocarbamoy 1) di su 1 phide
137-26-8

Bi s (d imethy 1 t hiocarbamoy 1) sul phide
97-74-5

Bis (dimethy 1 thiocarbamoyl) tetra-

sulphide
97-91-6

Chem. Abstr.: tetramethylthioperoxy-

dicarbonic diamide f(CH N)C(S)) S-i
L. 2 2 2.J

IUPAC: bis (dimet hylthiocarbamoyl)
disulphide

tetramethyl thiuram disulphide

Accelerator Thiuram; Methyl Thiram;

Methyl Tuads; Metiurac; Royal TMTD;

Thiram B, 75, 80; Thiurad; Thiuram

D, M; TMTD; TMTDS; Vulcafor TMTD;

Vulkacit Thiuram

Chem. Abstr.: tetramethylthiodicar-
bonic diamide r((H2N)C(S))2SJ

IUPAC: bis (dimethyl thiocarbamoyl)
sulphide

tetramethyl thi ur am monosulphide
tetramethyl thi uram sulphide

Akrochem TMTM; Cyuram MS; Methyl

Tuads; Monex; Mono-Thiurad; Pennac MS;

Thiuram MM; Urads; Vulkaci t Thiuram MS

Chem. Abstr.: bis((dimethylamino)-
t hioxomethy l) tetrasulphide

IUPAC: bis (dimethyl thiocarbamoyl)
tetrasulphide

tetramethylthiuram tetrasulphide

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational

tries cesses Standards(S)b,a,r,s

r CH3 ~ I
~NCS

CH /3
2

S S
CH3" IL IL /CH3

/NCSCN..CH3 CH3

( CH3 0 I
) N~SSCH3

2

f:; 0.9(1979) A

)0.9(1979)f A

:'0.45 (1979) f A

L

II
II L

IV

1

II
II L

iv

1-3
1-3
1-2
1-2

3L:--/S: O.05-5mg/m

cei1ing ~P, USSR, Y)

1-5 mg/m TWA (A,

BEL, F, DDR, BRO,

1, N, R, S, USA,

USA-A) 3
5-10 mg/m STEL

(DDR, USA-A)

1-3
1-3
1-2
1-2

3
L:--/S: Smg/m (USA)

L:--/S: Smg/m3 (USA)

:P
\J
\J
rrZo..
X
--
-l
:P
COrrr

N\.--



Nsiie and

CAS Reg. No. Synonyms and Trade Names Structural Formula

US Production

-Thous;and Kg

(Year)
Use L ndus- Pro-

tries cesses

N
Reported Workp1ace U)
Leve la (L) /Occupational N
Standards (S) b~~r..8a

Class

Bis( i sopropy loctadecyl t hio-
carbamoyl )disulphide

35318-10-6

Chem, Abstr, ~ N,N'-bis(l-methylethyl)-
N, N' -dioctadecy1 thioperoxydi-
carbonic diamide (( (H2N)C(S) )2S2 J

lUPAC: bis (isopropyloctadecyl thio-
carbamoyl) disu1phide

N, N' - Dioctadecyl-N, N' diisopropyl-
thiuram disulphide

r CH3,- LCH S

L CH3 /' ~ N~S

C'SH37/
2

;.0,45(1979/ A L:--/S:--

m
i-

Bi s (methy Ipheny 1 t hiocarbamoy 1) di- Chem. Abstr,: N, N' -dimethyl-N, N'-

r~J+
5,6(19791) A II 1-2 L: --/S:-- P

sulphide diphenyl thioperoxydicarbonic :;
10591-84-1 diamide CS (H N)C(S)) S.)j

n2 2 - 3:
lUP AC : bis (methylphenyl thio-

CH3 0
carbamoyl) disulphide

2 Z
dimethyldi pheny 1 thiuram di sulphide 8
Vulkaci t J ~

\JIif

(CJj
.:

Bi s (morphol i not hiocarbamoy 1) Chem, Abstr. ; 4,4' - (di thiodicarbono- ;.0,45(1979/ A -- L: --ISo u 0-- r
disulphide thioy1) bi s(morpho1ine) C

51480-09-2 IUPAC: bis (morpholi not hiocarbony 1) 3:
disulphide 2 rr

N
CX

Di cyclopentamethy1enethi uram Cham. Abstr. : l, 1 1 - (di thiodi carbonot hioy i)- c
disulphide bis (pi peridine)

L c,tl

) 0.5 (1980WE) A -- -- L: --/S:--

94-37-1 IUPAC: bis (piperidinoth1ocarbony 1) disu1phide
dipentamethy1ene thiuram disu1phide



Na_e and

CAS Reg. No. Synonyms and Trade Names

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational

tries cesses 8tandards(8)b,a,r,sStructural Formula

Di-N, N' -pentamethylenethiuram
hexasulphide

971-15-3

Dipentamethylenethiuram mono-

sul phi de
725-32-6

Di-N, N' -pentamethylenethiuram
tetrasulphide

120-54-7

Tetrabuty1 thiuram disu1phide
1634-02-2

e
Chem. Abstr: 1,1' -(hexathiodiearbono- ;'2.2(1980) A i 1-3 L:--/8:--

thioyl)bis (piperidine)

L c"Ll
II 1-3

IUPAC: bis (piperidinothioearbonyl) III 1-2
hexasulphide iv 1-2

Akroehem DPTT; 8ulfads; Tetrone A

Chem. Abstr. : 1-piper idi ne earbodi t hio ie
acid, anhydrosulphide

L cJt,

;, 'O. 5 (1980WE) c A iv 1-2 L: --/8:--
IUPAC: bis (piperidinothioearbony1)

sulphide
di pentamet hy lenet hi uram su Iphide

Chem. Abstr.: l,l' -Itetrathiodi-

carbonot hioyl) bi s(piperidine)
IUPAC: bi s (pi peridi nothioearbonyl)

tetrasulphide
di pentamet hy lenethi uram tetrasulphide

f)0.9(1979) L:--/8:--A i
II
III
iV

1-3
1-3
1-2
1-2l CJ~t

Noksera TRA; Tetrone A; Thiuram MT;

Worceler TRA

Chem. Abstr.: tetrabutylthioperoxy-

diearbonic diamide (1IH2N)CIS))2S2)

IUPAC: bis (dibutyl thiocarbamoyl)
disulphide

i, i l -di thiobis (N, N-dibuty1methane-
thioamide)

c
:. 2. 2(1980) L:--/8:--

(CH3ICH2J3 ~ I
)NCSCH3lCH2J3

2

A

pu
U
rDZo'"
X

-;p
COr
rD

N\.\.



Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational

tries cesses Standards(S)b, q, r, s

N\.+Naiae and
CAS Reg. No. Synonyms and Trade Names

c. Miscellaneous

Aryl disulp' ides, mixed Chem. Abstr.:

l uPAC: Ar-55-Ar
c

? 2.2(1980) P L: --/S: --

Carbon bisulphide Chem. carbon disulphide ..Abstr. :
3 ):,. 11 7, 000 S,A l 1-3 L: --/S: 10-150 mg/m

75-15-0 IUPAC: carbon disu1phide

;:s=c=s (197Î)d 1 l 1-3 Ceiling (BUL,P, R, nIII 1-2 USSR,Y,USA)
3:3-60 mg/m3 TWA (A, 0

BEL, CZ,F,DDR, BRD, Z0H, I, J, N, R, SWED, S, 0USA, USA-N, USA-A) ;:
30-100 mg/m3 STEL ):

(DDR, USA-N) -0I300 mg/m3 30 min. IJ
peak (USA)

c:0rc
3:4,4' -di thiobismor-

0.50980WE)c m
Morpholine disulphide Chem. Abstr.:

A l 1-3 L:--/S:--103-34-4 pholine

i()t II 1-3 NIDPAC: 4,4' -di thiodimorpho1ine
III 001-2

Accel R; ::ulfasan R; Vulnoc iv 1-2



Na.e and

CAS Reg. No. Synonyms and Trade Names

2' ,2" '-Dithiobis(benzanilide)
135-57-9

Dixy1y1 disu1phides, mixed

27080-90-6

Chem. Abstr.: N,N'-(dithiodi-2,1-

pheny le ne ) bi s-benzamide
L UPAC: 2'. 2" I.dithiobis(benzanilide)
0- (benzoy1amino) pheny1 disu1phide;
bi s (2-benzamidopheny 1) di sul phide ;
0,0' -dibenzamidopheny1 disu1phide

Peptazin BAFD; Peptisa'nt 10; Pepton 22

Chem. Abstr,: bis(dimethylphenyl)

disulphide
IUPAC: Dixy1y1 disu1phide
tetramethyldiphenyl disulphide

Structural Formula

US Production Reported Workplace
-Thousand Kg Use L ndus- Pro- Leve Is (L) /Occupa t io na 1

(Year)
a

cesses Standards(S)b,a,r,sClass tries

450(1976) c p L 1-2 L:--/S:--
II 1-2

ro-Òrt

i'e9'l
'745(1977)d p L:--/S:-- P

-0
-0
m
Zo..
X
--
-lP
COr
m
--

N
1.
vi



Naae and

CAS Reg. No. Synonyms and Trade Names Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace

1 ndus- Pro- Leve ls (L) /Occupat iona 1
tries cesses Standards(S)b, q, r, S

N
1.
Q'

6. Thioureas

Dialkyl thiourea Chem. Abstr.: dialkyl thiourea s ? 2.2(1980)c ANiA 1 1-3 L:--!S:--
IUPAC: dialkylthiourea

H IlH II 1-3RNCNR
III 1 -2

Pennzone L iv 1-2

..
P
Al

s (ì
1,3-Di-n-butyl-2-thiourea Chem. Abstr.: N, N' -dibuty1- H~H 900(1976)c A l 1-3 L: --/5:-- ~109-46-6 thiourea CH31CH213N NICH213CH3

II 1-3 0
IUPAC: 1, 3-di buty1-2-thiourea III 1-2 Z

iv 1-2 0
Penn zone B 4ì

~
-0IlJ
oe0

S f r
1,3-Diethyl-2-thiourea Chem. Abstr.: N, N' -diethy1- ;. 0.9(1979) A 1 1-3 L:--!S:-- C

HIlH ~105-55-5 thiourea CH3CH2NCNCH2CH3 II 1-3
IUPAC: 1, 3-diethy1 -2-thiourea III 1-2 m

iv 1-2 N
Pennzone E 00

l, 3-Diphenyl -2-thiourea
102-08-9

Chem. Abstr.: N,N'-diphenyl-
thiourea

IUPAC: thiocarbani lide
diphenyl thiourea

o~g~o )45(1977)d A II 1-2 L:--/5:--

Rhenocure CA; Stabilisator C;
Vulkaci t CA



Na.e and

CAS Reg. No. Synonyms and Trade Names

Di-o-toly1 thiourea
137-97-3

3-Ethy1-1, 1-d imethyl-2-thiourea
15361-86-1

l,3-Ethylene-2-thiourea
96-45-7

Tetramethyl thiourea

2782-91-4

Chem. Abstr.: N,N'-bis(2-methyl-

pheny 1) t hiourea
L UPAC: 2,2' -d imet hy 1 t hiocarbani 1 ide
l, 3-di -l-ta ly 1-2-t hiourea

Chem. Abstr.: N'-ethv1-N,N-
dimethyl thiourea

IUPAC: 3-ethy1-1,l-dimethyl-2-
thiourea

1-ethyl-3, 3-dimethy1 thiourea

Chem. Abstr.: 2-imidazo1idine-
thione

IUPAC: 2-imidazolidinethione
4 :'_dihydro-2-mercaptoimidazolc;

imidazolinc -2(3)-thione; ETU

Akrochem ETU; ETU-2; NA-22, 220,
227; Pennac CRA; 8odium-22 neoprene

accelerator; Vulkacit NPVIC; Warecure C

Chem. Abstr.: tetramethylthiourea
IUPAC: l,l,3,3-tetramethyl-2-thiourea

Basthioryl

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aC1ass

Reported Workplace
L ndus- Pro- Leve ls (L) /Occupationa1

tries cesses Standards(S)b,a,r,s

i&+c"

CH3 IT

"'NCNCH2CH3./
CH3

(~rS
LNH

SCH3 "- Il / CH,

/NCNCH3 "- CH,

f
~ 0.45 (1980)

)450(1976)c

)45(1977)d

f** A). 0.45(1977)

A

A

A

L:--/S:--

L:--/S:--

II
III

1-3
1-2

L:--/S:--

L: --/8:--

:P
-0
-0
niZo..
X

-1
:P
COr
m

Nl.'-



Nase and

CAS Reg. No. Synonyms and Trade Names

N,N,N'-Tributyl thiourea
2422-88-0

Chem. Abstr.: tributylthiourea

IUPAC: l, l, 3-tributyl-2-thiourea
1, l, 3-tributyl thiourea

TBTU

l, l, 3-Trimethyl-2-thiourea2489-77-2 .
Chem. Abstr.: trimethylthiourea
IUPAC: l, l, 3-trimethyl-2-thiourea

Thiate EF-2

~. ~,~ ~:~._ ~0:E~~~:~L.A.:" _~___~_:2:'~.~¿~__,¥~_,

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass
L ndus- Pro-
tries cesses

Reported Workplace

Leve Is (L) /Occupat iona L
Standards (S) b, q, r, s

5
CH31CH213"- N-g-~ iCH 2)3CH 3

./CH3iCH213

5CH3 IIH
"" NCNCH3,-

CH3

c
;, 0.5 (1980WE)

f:- 0.45(1979) A

A

II
III

1-3
1-2

L: --/S:--

L: --/8:--

N\.
CO

..p
;A
(ì

3:o
~
~
-0IlJ
c:or
C
3:
m
N
CO



Nai-e and
CAS Reg. No.

7. Miscellaneous

Alkyl sulphonates

Benzenesulphony 1 hydrazide

80-17-1

2-Benzimidazolethiol, zinc salt
3030-80-6

N- (Cyclohexyl thio )phthalimide
17796-82-6

Synonyms and Trade Names

Chem. Abstr.:

IUPAC:

Chem. Abstr.: benzenesu1phonic acid,

hydrazide
l UPAC: benzenesulphonic aCid,

hydrazide
pheny lsu 1 phohydrazide

Ce10gen BSH; Genitron BSH; Nitropore

OBSH: Porofor BSH

Chem. Abstr.: l, 3-dihydro- 2H-ben-
zimidazole-2-thione, zinc salt

IUPAC: zinc bis (2-benzimid azol e-
thiolate)

2-mercaptobenzimidazole, zinc salt:
zinc mercaptobenzimidazolate

Antioxidant 2MB

Chem. Abstr.: 2-(cyclohexylthio)-1H-
isoindole-l, 3 (2H) -dione

IUPAC: N-(cyclohexylthio) phthalimide

Santogard PVI

Structural Formula

US Production

-Thousand Kg

(Year)

Reported Workp1ace

Use Indus- Pro- Levels (L)/Occupationa1
Classa tries cesses Standards(S)b,q,r,s

Indefini te

o

o ~NHNH2
o

i~(J,'"H

o

OC:~"O
Il
o

m
56 (19790

~ 0.45(1977)d AN

;'0.450979/ R

LM

BA

IV

l
II
III
iv

II
iV

l
II

1-3 L:--/5:--

1-3
1-3
1-2
1-2

L: --/5:--

P
-0
-0
mZo,.
X
--

1-2
1-2

L:--/5:-- -jp
COr
m
--

1-2
1-2

L:--/5:--

N
~O\.



Na_e and

CAS Rer. No. Synonyms and Trade Names

2-Mercaptobenzi midazo le
583-39- 1

2-Mercaptoto luimidazo le
53988-10-6

2-Mercaptotoluimidazole, zinc salt

61617-00-3

p, p' -Oxybis (benzene Sulphony1-
hydrazide)

80-51-3

~-Oxyd iet hy lenet hiocarbamoy l-
N' -oxydiethylenesuiphenamide

, 13752-51-7

Ch~m. Abstr.: l,3-dihydro-2H-

benzimidazo 1e-2-thione

IUPAC: 2-benzimidazolethiol
o-pheny1enethiourea; 2-thio-
benzimidazole

Antigene MB; Antioxidant MB; ASM-MB;

Permanax 21; Vulkanox ME

Chem. Abstr.: l,3-dihydro-4(or 5)-

methyl -2H-benzimidazole-2-thione
IUPAC: 4 (or 5)-methyl-2-benzimidazolethiol
methy 1-2-benzi midazolethiol

Vanox MTI

Chern. Abstr.: l,3-dihydro-4(or 5)-methyl-

2H-benzimidazole-2-thione, zinc salt (2:1)
IUPAC: zinc bis (4(or 5)-methyl-2-

benzi midazo let hiola te J"

Vanox ZMTI

Chem. Abstr.: 4,4'-oxybis(benzene-

su1phonic acidJ, dihydrazide

L UPAC: 4,4' -oxydibenzenesulphonic acid,
dihydrazide

p, p' -oxybis (benzenesu1phonyl hydrazide)

Celogen OT: Celnike S; Genitron OB;
Serogen

Chem. Abstr. :4-(c4-morpholinylthio).

t hioxomethy 1) morphol ine
IUPAC: 4,4'-(thio(thiocarbonyl))di-

morphol ine

N, N' -bi s (oxydiet hy lene) t hiocarbamoy 1-
su1phenamide

Care Ri te 18

Structural Formula

I.
US Production Reported Workplace a
-Thousand Kg Use Indus- Pro- Levels (L) /Occupational a

(Year)
a

cesses Standards (S) b, q. r, SC1ass tries

:-4.5(977)d AN l 1-3 L:--/S:--
II 1-3
iv 1-2

".,

Oçi:
H

CH3-OXS :.2.2(980)c A,AN l f L:--/S:--n-3
II 1-3 ~

H ~II l 1-2
iv 1-2 (ì

3:0
:.2.2(1980)c A,AN l 1-3 L:--/S:-- b

L "J
Gì

N" /' s- II 1-3
~

'",-1~ ,'OH
III 1-2
iV 1-2 UI(f

f ~

i"'+ot'
:.0.45(979) BA l 1-3 L: --/S:-- rC

II 1-3 3:
III 1-2 ri
iV 1-2

2
N
00

Sl- il 1\O~NCSN"-O
:'2.2(980)c L: --/S:--AN



Na_ and
CAS Reg. No. Synonyms and Trade Names

Sodium alky1 su1phates

p-Toluenesu1phonic .acid, zinc salt
13438-45-4

p-Tol uene su L phony 1 semi carbáz ide

10396-10-8

Chem. Abstr.:--
IUPAC: --

Chem. Abstr.: 4-methy1benzenesu1phonic
acid, zinc salt

IUPAC: zinc p-toluenesulphonate

Chem. Abstr.: 4-methylbenzenesuiphoniè

acid 1 2- (aminocarbonyl) hydrazide
IUPAC: 1- (p-tolylsulphonyl)-

semicarbazide

Celogen RA

Structural Formula

US Produètion

-Thous:nd Kg

(Year)
Use

Reported Workplace

L ndus- Pro- Levels (L) /Occupational

tries cesses Standards (S) b. q. r. saClass

o
Il

ROSO-Na+
Il
o

lCHOS03-J ZnH2

-000CH3 0 IIHHIISN NCNH
IL 2
o

;'0.45(1979)f CLA

f**
;,0.45(1977) A

i-O. 45 (1979/ BA

L

II
II L

iv

1,5
1,5
1,5
1,4

L

II
II L

L:--/S:--

L:--/S:--

1-3
1-3
1-2

L: --/S:--

;¡
ìJ
ìJriZo..
X
--
-l
;¡
CDr
ri

\.o..



Na.e and

CAS Reg. No. ,Synonyms and Trade Names

C. OxY~en Compounds

1. Phenols

a. Carbon-bridged phenols

Bisphenol, hindercd

4,4' -Butylidenebis (6-t-butyl)-m_
cresol

85-60-9

4-Chloro-2, 6-bis (2, 4-dihydroxy-
benzyl)phenol

31265-39-1

2,2' -Methylenebis(6-t-butyl)-p-

cresol
ii 9-"47 - 1

Chem. Abstr.: hindered bisphenol
IUPAC: hindered bisphenol

Naugawhi te

Chem. Abstr.: 4,4' -butylidenebis L 2-

(l, I-dimethy let hyl) -5-methylphenol J
IUPAC: 4,4' -butylidenebis(6-tert_

butyl-m-creso1 )

Aru11ex PBA 15; Santowhi te Powder;
SWP; Sumi1it BBM; Sumi1izer BBM

Chem. Abstr.: 4,4'-((S-ch10ro-2-
hydroxv-1. 3-phenylene) bis (methyl-
lene)) bis (1, 3-benzenedio 1 )

IUPAC: 4,41 -l(5-chloro-2-hydroxy-m-
phenylene)dimethylene Idiresorcinol

Chem. Abstr~ 2,2'-methylenebis (6-

(l, I-dimet hylethyl) -4-methyl-
PhenoiJ

IUPAC: 2,2' -methylenebis (6-tert-
butyi-p-creso1J

Antioxidant l, 2246, BKF; Advastab 405;

Antage W 400; Bisalkofen BP; Calso

2246; CAO 5, 14; Catolin 14;

Chemanox 21; Lederle 2246; NG 2246;

Nocrac NS6; Plastanox 2246

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workplace
l ndus- Pro- Leve Is (L) /Occupat iona 1

tries cesses Standards (S) b, q. r. s

Indefinite
f

)1.4(1979) AN

:.0.45(1979/ AN

¡ICH3)3CO:~ CHCH2CH,CH3

HO CH3
2

"0-6 ,",'Ó,"l)::SC "'" f ,

Ci

LICH313CçtH

~ CH,

CH3 2

:. 45(i977)d

L

II
III
iv

AN

1-3
1-3
1-2
1-2

L

II
III
iv

L:--/S:--

L:--/S:--

L: -- /S:--

1-3
1-3
1-2
1-2

L:--/S:--

\.o
N

..p;:
(ì

3.oz
8;:puI
Uì

c:orc
3.
m
N
(X



Na_ and
CAS Reg. No. Synonyms and Trade Names

2,2' -Methy 1enebi s (6-t -but Y 1) -4-
ethy1phenol

88-24-4

4,4' -Met hy1eneb is (2, 6-di -tert-buty 1-

phenol)
118-82-1

4,4' -Methy1enebis (2, 6-dimethy 1-
pheno 1)

5384-21-4

2,2' -Methy1enebis-6-(1-methy1-
cyclohexy1) -p-creso1

77-62-3

2,2' -Methy1enebis (4-methyl-6-
nony1phenol)

7786-17-6

Chem. Abstr.: 2,2'-methyleneliisC6-
. (l, 1-dimethylethyl)-4-ethylphenol)

IUPAC: 2,2' -methYlenebis( 6-tert-
butyl-4-et hy Ipheno 1)

Antioxidant 425; Anti-Oxidant MBP~5P;

Chemanox 22; Plastanox 425; Yoshinox

425

Chem. Abstr.: 4,4'-methylenebisr2,6-

bis (l, I-dimethylethyi)phenoiJ
IUPAC: 4,4' -methylenebis (2, 6-di-tert-

butylphenol)
Antioxidant E702: Bimox M; Ethyl 702:

Ionöx 220

Chem. Abstr.: 4,4' -methylenebis(2,6-
dimethylphenol)

IUPAC: 4,4' -methylenedi-2, 6-xylenol

bis (4-hydroxy-3, 5-dimethylphenyl)
methane

Chem. Abstr.: 2,2'-methylenebis-

( 4-met hyl-6- (l-methy lcyclohexyl)-
phenol)

IUPAC: 2,2'-methylenebis(6-(l-
met hylcyclohexyl) -p-cresol)

Bisalkofen MTSP: Ionox WSP; Nonox
W8P; Permanax W8P

Chem. Abstr.: 2,2'-methylenebis(4-

methyl-6-nonyl phenol)

IUPAC: 2,2' -methylenebis (6-nonyl-p-
cresol)

2,2' -methylenebis (6-nonyl-4-methyl-
phenol)

Naugawhi te

Structural Formula

CH2

L ICH31::X?CH2C IC H 313
2

L C:~~ CH2CH3
2

CH3

CH2

CH3

¡,," '" t) '",

l ~ L

US Production Reported Workplace

-Thousand Kg Use L ndus- Pro- Leve ls (L) /Occupat iona 1
a

cesses Standards (S) b, q, r, s(Year) Class tries

f
~ O. 45 (1979) AN l 1-3 L:--/S:--

II 1-3
III 1-2
iv 1-2

~0.45(1979/ AN L: --/S:--

c
/0.5(1980WE) AN L:--/S:--

~0.9(1979/ AN L:--/S: --

~ 2.2 (1980) c AN l
Il
1 Il

1 V

1-3
1-3
1-2
1-2

LS: --/8:--

P
-0
-0riZo..
X
--
-ip
CJr
ri

\.o\.



Na.e and

CAS Reg. No. Synonyms and Trade Hames

Phenol, polymerie, hindered

Polyphenol, alkylated

J, 1,3.Trìs(2.ricthyl.4.liydroxy-
5-t-butylpheny1) butane

1843-03-4

1,3, 5-Trimethyl-2, 4, 6-tris-

(3, 5-di-tert -but Y 1-4-hydroxy-
benzyl)benzene

1709-70-2

Tris (3, 5-di-t-butyl-4-hydroxy-
benzyl) isocyanurate

27676-62-6

Chem. Abstr.:

LUP AC :

Chem. Abstr.: a1ky1ated po1yphenol
IUPAC: alky1ated polyphenol

Chem. Abstr.: 4,4',4"-(1-methy1-1-

propanyl-3-y1 idene) tri s (2- (1,1-
dimet hy1ethy 1) -5-methy1 phenol J

IUPAC: 4,4' ,4 "- O-metr.y1-1-propanyl-
3-y 1 idene) tris (6-tert-buty1-m-
cresol))

Topano1 CA, KA; Trisa1kofen BMB

Chem. Abstr.: 4,4',4"- ((2,4,6-trimethy1-
1,3, 5-benzenetriyl)tris (methy1ene ))-

tris (2, 6-bis 0,1 -dimethy1ethyl)phenol)
IUPAC: a, a',a"-(2,4,6-tr1methyl-s-pheneny1)_

tris (2, 6-di-tert-butyl-p-creso1 f

Agidol 40; Antioxidant 40, 330; Ethyl 330;
Ethyl Antioxidant 330; Ionox 330;

Irganox 330

Chem. Abstr.: 1,3,5-trisLc3,5-biS-
(1, l-dimethy1ethyl) -4-hydroxyphenyl)-
methyl) -1,3, 5-triazine-2, 4, 6 (lH, 3H,

5H) -trione

IUPAC: 1,3, 5-tris (3, 5-di -tert-butyl-
4-hydroxybenzy1) -s-triazine-2, 4,6-

(lH, 3H, 5H) -trione-

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass
Indus- Pro-

tries cesses

~Reported Workplace C)
Levels (L) IOccupational ~
Standards (S) b, q, r, s

Indefinite

Indefini te

c
) 2.2(980) AN

2,500(1976) c

f AN:i O. 45 (979)OH

*CICH313

o t?ICH313jCH3 OH
CH3CHCH2CH ~

CH3 2

')CC
CH3

33 (9791) m

-qCICH )
where A 0 3 3-CH2 OH

CICH3) 3

a.
A'N..C..N..A

1 1
O~C.. N ..C..o

1
R

" ~ -'"'-d:~'
CICH3)3

f**:i 0.45(977) AN

AN

AN

L:--/S:--

L:--/S:--

L:--/S:--

L:--/S:--

L:--/S:--

,.
):;;n
3:ozo
c¡;;
):
""I
Uì

-:orc
3:
rr
N
00



Naae and

CAS Reg. No. Synonyms and Tracte Names Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational
tries cesses Standards (S) b. q. r. s

b. Alkylated phenols

o-Cresol. alkylated Chem. Abstr.: alkylated 2-
methylphenol

IUPAC: alkylated o-cresol

p-Cresol, alkylated Chem. Abstr.: alkylated 4-
methylphenol

IUPAC: alkylated p-cresol

2,6-Di-tert-butyl-p-cresol
128-37-0

Chem. Abstr.: 2, 6-bis(l, I-dimethyl-
ethy l) -4-met hy 1 phenol

IUPAC: 2, 6-di-tert-butyl-P -cresol
BHT; butylated hydroxytoluene

AO 4K; CAD 1,3; Dalpac; DBPC; Deenax;

1mpruvol; 1onol; Naugard BHT; Nonox

TBC; Parabar 441; Sustane BHT; Stavox;

Tenamene 3; Tenox BHT; Topanol OC, 0;
Vanulic PC, PCX; Vianol

2,4-Di (a-methylbenzyl) phenol Chem. Abstr.: 2,4-bis (l-phenylethyl)phenol

1UPAC: 2, 4-bis (a -methylbenzyl) phenol
2. 4-bis (phenylethylidene) phénol2769-94-0

OH

RÓCH3

OH

"-0
CH3

OH

ACICH313

"",',' 9
CH3

Çr):'O
6CH3

,.0.45(1979/ AN

,. 2.2(1980)C

10,350
(l978)c

)0.5(1980WE)C AN

AN

AN L

II
III
1 V

L:--/S:--

L:--/S:--

1-3
1-3
1-2
1-2

L:--/S: 10 mß/m3

TWA (A, BEL, N,

S, USA-A)
20 mg/m3 STEL

(USA-A)

L:--/S:--

P
'1
'1
mZo..
X

-lP
COr
m
..

I.a
vi



Na.e and

CAS Reg. No. Synonyms and Trade Names Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workplace

Indus- Pro- Levels (L) /Occupational

tries cesses Standards(S)b,a,r,s

v.o
CJ

Phenol, alkylated Chem. Abstr.: alkylated phenol
IUPAC: alkylated phenol

OH

,-0
f3210(1977) AN i

II
II i
iv

1-3
1-3
1-2
1-2

L:--/S:--

Antioxidant KSM; Cyanox 251

antioxidant; Nevastain 21, A, B:

Stabilite 454, 455; Wingstay T

Phenol, hindered Chem. Abstr.: hindered phenol f ..
Indefinite ~ 0.9(1979) AN l 1-3 L:--/S:-- p

LUP AC : hindered phenol II 1-3 ;;
(ì

II L 1-2
Antioxidant 431; L rganox 1035; iv 1-2 3:
Mastermix Stabilizer B 1017 MB; 0
Stabilite 49-466. 467, 470; Ö
Antioxidant 431 Gì;;P

lJ:r
OH f IJPhenol, styrenated Chem. Abstr.: s tyrena ted pheno 1

òtrul
383 (1979) AN L 1-3 L:--/S:--

61788-44-1 IUPAC: styrenated phenol II l-~ 0:
III 1-2 0

Stabilite 49-456, 464-SP; iV 1-2 rC
Wingstay S, V 3:

rn

N
CO



Naiae and
CAS Reg. No. Synonyms and Trade Names

c. Aminopheno1s

N-Bu tyroy 1 -p-ami no phe no 1

101-91-7
Chem. Abstr.: N-(4-hydroxyphenyl)-

butanamide
IUPAC: 4'-hydroxybutyranilide

p-butyramidophenol; N-butyryl-p-
ami no phenol; p- (butyroylamino) phenol;

4-butyramidophenol

Suconox-4

N-Lauroy I-p-aminophenol

103-98-0
Chem. Abstr.: N-(4-hydroxyphenyl)-

dodecanamide
IUPAC: 4'-hydroxydodecananilide
N-lauroy 1-4-aminophenol

Suconox-12; Suconox-112

N-Stearoyl-p-aminophenol
103-99-1

Chem. Abstr.: N- (4-hydroxyphenyl)-

octadecanamide
IUPAC; 4 '-hydroxyoctadecananilide

Suconox 18

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational
tries cesses Standards(S)b,q,r,s

~ H-QC3H7C - N ~OH

~H~DCl1H23CN~ OH

~H-QC17H3SCN ~OH

).2.2(1980) c

c).2.2(1980)

c
45(1976) AN

AN

AN L:--/S:-_

L: --/S:--

L:--/S:--

P
-0
-0riZo'"
X
--
-lP
COrri

\.o-.



Na_e and

CAS Reg. No. Synonyms and Trade Names

d. Hydroqu i no ne s

p-Benzy1oxypheno1
103-16-2

2, 5-Di-sec-buty 1 decy1hydroquinone
61791-96-6

2, 5-Di (1, 1-dimet hy 1propy1) hydro-
quinone

79-74-3

Hydroqui none
123-31-9

Chem. Abstr.: 4- (pheny1methoxy) phenol

IUPAC: p-(benzyloxy)phenol
hydroquinone benzy1 ether; mono-

benzyl ether hydroq uinone

AgeRite Alba; Benzoquin; Carmifal;
Depigman; Dermochinona; Leucodinine;
Monobenzon; Pigmex; Superli te

Chem. Abstr.: 3-decyl-2,5-bis(1-

methylpropy1 )-1, 4-benzenediol
IUPAC: 2, 5-di-sec-butyl-3-decy1hydro-

quinone

Chem. Abstr.: 2,5-bis(1,1-dimethyl-

propyl) -l, 4-benzenediol
IUPAC: 2, 5-di-tert-pentyl-

hydroqui none

Santovan A

Chem. Abstr.: l, 4-benzenediol
IUPAC: hydroquinone
benzohydroquinone; i,4-dihydroxy-
benzene

Arctuvin; Diak 5; Eldopaque; Eldoquin;

HE 5; Phiaquin; Tecquinol; Tenox HQ

\.Reported Workplace 0
Levels (L) /Occupational 00
Standards (S) b, q, r, sStructural Formula

US Production

-Thousand Kg

(Year)
Use

aClass
Indus- Pro-

tries cesses

c)2.2(1980) AN

OCH20VOH

:- O. 45 (1979) f AN

OH CH 3

TH*O ~HCH2CH3
CH3CH2CH ICH2)gCH3

OH

::2.2(i980)c AN

CH;p0HCH3
CH3CH2? 0 ?CH2CH3

CH3 CH3
HO

OH

9
d

~4, 995(1977) AN

OH

l
II
III
iv

L: --/S:--

'L:--/S:--

1-3
1-3
1-2
1-2

L:--/S:--

L: --/S: 2 mg/m3

cei1ing (P, R, Y, USA-N)

0.5-2 mg/m3 TWA (A,BEL,
F ,BRD, N,R, S,SWED, USA)

4 mg/m3 STEL (USA-A)

..
~
(ì

3:oz
8
~
-0I
(f
-corc
3:
m

N
00



Na_e and

CAS Reg. No. Synonyms and Trade Names

Resorcinol
108-46-3

Chem. Abstr.: l,3-benzenediol
IUPAC: resorcinol
m-hydroquinone; m-hydroxyphenol

Developer C, R, RS; Fouramine RS;

Fourrine 79, EW; Nako TGG; Pelagol

Grey RS, RS

e. Miscellaneous

PhenYI-ß-naphthol
Chem. Abstr.: phenyl-2-naphthalenol
IUPAC: phenyl-2-naphthoi

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupational

tries cesses Standards(S)b, q, r, S

OH

Qo"

oo

::0.9(1979/ BA

c
)0. 5 (1980WE) AN

l
II
III
iv

4
1-4
1-3
1-2

L: --
S: 45 mg/m3 TWA

(BEL,N,S,USA-A)
90 mg/m3 STEL

(USA-A)

L: --/S:--

P\J
\J
rrZo..
X
--
-lP
COrrr

I.oi.



Naia and

CAS Reg. No. Synonyms and Trade Names

2. Quinones

p-Benzoqui noned i oxime
105-11-3

Chem. Abstr.: 2, 5-cyclohexadiene-l, 4-
dione, dioxime

IUPAC: p-benzoquinone dioxime

Actor Q; PQD

Dibenzoyl-p-quinone dioxime

120-52-5
Chem. Abst~.: 2, 5-cvclohexadiene-l, 4-

dione, bis (O-benzoyloxime)
IUPAC: p-benzoquinone, bis(O-benzoyl-

oxime)
dibenzoyl-p-benzoquinone dioxime;
q uinone dioxime di benzoa te; p-

quinone dioxime dibenzoatej 1,4-

bis (benzoyloxyimino )cyclohexa-
2,5-diene

Dibenzo GMF; Dilbenzo PQD;
Vulnoc OOM

~Reported Workplace ~
L ndus- Pro- Levels (L) /Occupational C)

tries cesses Standards(S)b,q,r,sStructural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

HONONOH ~O.45(1980)c A

;. 4.5(1980)c

0- gON =0= NO~-o

A

L

II
III
iv

L:--/S:--1-3
1-3
1-2
1-2

L

II
II L

iv

l-
P;:
(ì

::ozo
Ci;:P
""I
(J
c:orc::
m

1-3
1-3
1-2
1-2

L: --/8:--

N
00



Naae and

CAS Reg. No.

3. Carboxylic Acids and Salts

Acetic acid

64-19-7

Ammonium acetate

631-61-8

Benzoic acid
65-85-0

Calcium ste ara te
1592-23-0

Di-n-butylammonium oleate

7620-75-9

Synonyms and Trade Names

Chem. Abstr.: acetic acid
IUPAC: acetic acid
ethanoic acid; ethylic acid;

glacial acetic acid; methanecarböxylic

acid; vinegar acid

Chem. Abstr.: acetic acid, ammonium

salt
IUPAC: ammonium acetate

Chem. Abstr.: benzoic acid
IUPAC: benzoic acid

Retarder BAX, BA

Chem. Abstr.: octadecanoic acid,

calcium salt
IUPAC: calcium stearate

Aquacal; Calstan; Flexi chem .CS;

Nopcote CI04; Stavinor 30; Witco G

339S

Chem. Abstr.: C~ -9-octadecenoic
acid compound with N-butyl-1-
butanamine (1:1)

IUPAC: oleic acid compound wi th
dibutylamine (1:1)

Structural Formula

o.-CH3C'-
OH

,?O
CH3C"O_ NH4 +

O~OH

L CH3ICH2I,6COO- J2c'"

US Production Reported Workplace

-Thousand Kg Use Indus- Pro- Levels (L) /Occupational
a

cesses Standards(S)b, q, r, s(Year) Class tries

1,482,359 LM iv 1-2 L: --/S: 3
5-50 mg/m

(1979) f Cei ling (BUL, CZ,

15-25 mg/m3 TWA

(A,BEL,CZ, F,
DDR,BRD,I,J,N,
R, SWED , S , USA,

USA-A)

20-37 mg/m3 STEL

(DDR, USA-A)

"76.8 LM iv 1-2 L: --/S:--

(1979/

34,669
(1979) f

SO L:--/S:--l
II
III
iv

1-3
1-3
1-2
1-2

23,904f
(1979 )

F l
II
II l

iv

1-3
1-3
1-2
1-2

L: --/S:--

f**"0.45 (1979) A L:--/S:--

+
CH3ICH2)7CH=CH iCH217COO- H~ iCH2 CH2CH2 CH3 12

):
-0
-0
niZo..
X

-i):
COr
ni
--

\...



Naiie and

CAS Reg.. No. Synonyms and Trade Namcs

Dimethylammonium hydrogen
isophthalate

71172-17-3

Lauric acid
143 -07-7

Methacry1ic aCid, zinc salt

131S9-00-9

Oxalic acid
144-62-7

Ricinoleic acid
141-22-0

Chem. Abstr.: l, 3-benzenedicarboxylic
acid, compound wi th N-methylmethan-

amine (1:1)
IUPAC: isophthalic acid, compound with

dimethylamine (1:1)

Vanax CPA

Chem. Abstr.: dodecanoic acid
IUPAC: lauric acid
dodecylic acid; laurostearic acid

ABL; Aliphat No. 4; Neo-Fat 12,
12-43; Nino L AA62 extra; Uni vo 1

U-314

Chem. Abstr.: 2-methyl-2-propenoiC
aCid, zinc salt

IUPAC: zinc methacrylate

Chem. Abstr.: ethanedioic acid
IUPAC: oxalic acid

Aktisal; Aquisa1

Chem. Abstr.: (R-(Z)J -12-hydroxy-
9-octadecenoic acid

IUPAC: ricinoleic acid
ricinic acid

Structural Formula

US Production

-Thous;and Kg

(Year)
Use

aClass

Keported Workplace

l,evels (L) /Occupa t ional
Standards (S) b, q 1 ris

1 ndus- Pro-
t ries Cesses

L:--/S:--COOH

~ooo- +~ICH3)2
H

CH31CH2)10COOH

rCH2=I~O-J ZnH- CH3 2

00
1111

HOCCOH

;, 2. 2(19S0) c

;, lIOS0(1977)d 50

d
;, 4,550(1977) BA

:-455(l977)d

OH
1

CH3(CH2)5CHCH2CH= CH ICH2)7COOH.

AN,A

A

50

1

II
1 II

iv

1-3
1-3
1-2
1-2

L:--/S:..-

L:--/S:--

3
L: --/5: 1 mg/m TWA

(A, BELi F, Ni S,
USA, USA-A)

2 mg/m3 STEL (USA -A)

L:--/S:--

V.--
N

i-
P;:n
J:o
Ö(j;:P
'"I(j
oeorc
J:
m
N
CO



Naae and

CAS Reg. No. Synonyms and Trade Names Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupational
tries cesses Standards(S)b,q,r,s

Salicylic ac1d

69-72-7
Chem. Abstr.: 2-hydroxybenzoic acid
IUPAC: salicylic acid

o
Il

Q(COHOH

18.111f
(1979)

R II 1-2 T.: --/S: --

Psoriacid-S-Stift; Retarder W:

Rutranex: Salonil

8tearic acid Chem. Abstr.: 13,504 (1977)d
P

octadecanoic acid CH3ICH21'SCOOH A, sa l 1-3 L:--/S:-- "l
57-11-4 IUPAC: stearic acid "l

I-heptadecanecarboxylic acid II 1-3 mIII 1-2 Z
Emery 400: Hydrofol Acid 150:

iv 1-2 0..
Hystrene 8-97, T-70, 80, 5016 : X
Kam 1000, 2000, 3000; Neo-Fat 18;
Stearex Beads: Vanicol --

-lp
Wood rosin Chem. Abstr.: wood rosin

CO

Sö5Ö-Ö9-7 IUPAC: wood rosin
Complex mixture 26,000 (1976) c sa l 1-3 L:--/S:-- r

II 1-3 m
FF Wood Rosin: N Wood Rosin; Penbro; II l 1-2 --
Rosin; W G Wood Rosin; W W Wood Rosin iv 1-2

f 3
Zinc laurate Chem. Abstr.: dodecanoic acid, zinc

(CH3ICH2110COO- J 2 ZnH

~ 0.45(1979) A -- -- L: 3.44 mg/m (as
2452-01 -9 salt zinc) bb

IUPAC: zinc laurate S: --
zinc di laurate

Zinc stearate Chem. Abstr.: octadecanoic acid,

(CH3ICH2116COO-J 2,znH

10,688(1979) f A,CLA l 1-3 L:--/8:--
557-05-1 zinc salt II 1-3

IUPAC: zinc stearate III 1-2
iv 1-2

Dermarone; Metasap Zinc Stearate H;
8travinor ZN-E: Synpro stearate:
Talculin Z; Wet ~Zinc; Wi tco Zinc
Stearate IL, 42; Zincote; Zinc v.
Stearate Z8-50/50; 187, PM --
Wettable v.



Naae and

CAS Reg. No. Synonyms and Trade Names

4. Anhydrides and Esters

Castor oi1
8001-79-4

Chem. Abstr.: castor oil
IUPAC: castor oil
phorbyo1

Cottonseed oi1
8001-29-4

Chem. Abstr.: cottonseed oil
IUPAC: cottonseed oil

Dibuty1 phtha1ate
84-74-2

Chem. Abstr.: l, 2-benzenedicarboxy1 i c
acid, dibuty1 ester

IUPAC: dibuty1 phtha1ate
buty1 phtha1ate; DBP

Cel1uflex DBP; Elao1; Ergop1ast FDB;

Genop1ast B; Hexap1as M/B; Pa1atino1 C;

Po1ycizer DBP; PX 104; Staf1ex DBP;

Unimo11 DB; Witcizer 300

Di-2-ethy1hexy1 adipate
103-23-1

Chem. Abstr.: bis(2-ethy1hexyl)

hexanedioate
IUPAC: bis(2-ethy1hexy1) adipate
DEHA; diocty1 adipate; DOA

Adipo1 2EH; Bisof1ex DOA; Effomo11

DOA; Ergop1ast AdDO; F1exo1 A26;

Kodaflex DOA; Monop1ex DOA; Plastomo11

DOA; Sico1 250; Truf1ex DOA; Vestino1

OA; Wickeno1 158; Witamo1 320

Dì-2- ethy1hexyl phthalate

117-81-7
Chem. Abstr.: bis (2-ethy1hexy1) -1,2-

benzenedicarboxy 1ate
IUPAC: bis (2-ethylhexy1) phtha1ate
DEHP; dioctyl phthalate; DOP

Bisoflex 81, DOP; Compound 889; DAF 68;

Ergoplast FDO; Evip1ast 80, 81; F1exime1;

F1exol DOP; Good-Rite GP 264; Kodaflex

DOP; Octoil; Palatinol AH; Pittsburgh

PX-138; Reomol D 79P; Sicol 150;

Staflex DOP; Truflex DOP; Vestinol AH;

Vinicizer 80; W1 ticizer 312

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

\.
Reported Workp1ace

Indus- Pro- Leve1s(L)/Occupational ~
tries cesses Standards(S)b,a,r,s

Complex mixture
i

454 (1975) sa L:--/S:--

Complex mixture :. 450(1977)d SO I 1-3 L: --/S:--
II 1-3
III 1-2
iv 1-2

i-
0 7,789 f PL II 1-2 L:--/S: 0.5-10 mg/m3 ?6Il ( 1979) Cei1ing (BUL, CZ, n

OCC-O-ICH2)3CH3
(inc1udes di- USSR, Y) :sisobuty1 5 mg/m3 TWA (A, 0C-O-ICH213CH3 phtha1ate) BEL, F, l ,N, USA, ÖIl

0 USA-A~
Gì

10 mg/m STEL (USA-A)

j;'lI
21,186f PL II 1-2 L:--/S:-- IJ

0 CH2CH3

c:IL 1 ( 1979)
CH2COCH2CHICH2)3CH3 01 rICH2) 2

C1
CH2COCH2CHlCH2)3CH3 :sIl 1 rr0 CH2CH3

N
00

0 yH2CH3 136,45i PL II 1-2 L:--/S:--1

OCCOCH2CHICH2)3CH3

(1979 )

o COCH2CHlCH213CH3

Il 1
0 CH2CH3



Naia and

CAS Reg. No. Synonyms and Trade Names

Epoxidized soybean oi1
8013-07-8

Chem. Abstr.: epoxidized soybean oi1
IUPAC: epoxidized soybean oi1

Drapex 104; Epoxizer P206; Epoxo1
7-4; G-61; G-62; Parap1ex G-60;
P1asto1 10

Ethyl acetate
141-78-6

Chem. Abstr.: ethy1 acetate
IUPAC: ethyl acetate

Lanolin
8006 -54-0

Chem. Ahstr.: 1ano1in
IUPAC: 1anolin

Agnolin; Alopurin; Cosmelan;
Lanain; Lanalin; Lanesin;
Lanichol; Lanio1; Lanum

Phthalic anhydride

85-44-9
Chem. Abstr.: l, 3-isobenzofurandione
IUPAC: phthalic anhydride
l,2-benzenedicarboxylic anhydride

ESEN; Phtha1andione; Retarder AK,

ESEN, PD; TGL 6525; Vulca1ent B/C

Vulcanized vegetable oils Chem. Abstr.: vulcanized vegetable
oils

IUPAC: vulcanized vegetable oi ls

Fac tice

Structura 1 Formula

Complex mixture

o
Il

CH3COCHiCH3

Comp1ex mixture

o

Q(~"o /
C

Il
o

Indefini te

US Production

-Thous:nd Kg

(Year)

32,346 f
(1979)

118,070
(1979) f

)1179(1977)d

455,78¥
(1979)

Use
aClass

Reported Workplace
I ndus- Pro- Levels (L) /Occupational

tries cesses Standards(8)b,a,r,s

SO

S

SO

R

SO

II
iv

L

Il
III

L

Il
III
iv

1-3
1-3
1-2
1-2

I
Il
III
iv

1-3
1-3
1-2
1-2

1-3
1-2

L: --/S:--

1-3
1-4
1-3

L: --/8: 200-2000

mg/m3 Ceilin~(BUL,H,

CZ, P, USSR, R3 Y)

200-1400 mg/m TWA

(A,CZ,DDR,R,i,
SWED, A, BEL, F, BRD,

J,N, S,USA, USA-A)

1500 mg/m3 STEL

(DDR)

L:--/S:--

L: --/S: 1-15 mg/m3

Cei ling (P, US8R, R,

Y,CZ)
5-12 mg/m3 TWA (A,F,

SWED, S, CZ, DDR, BRD,

I,R,BEL,N,USA,
USA-A)

24-30 mg/m3 8TEL

(U8A-A, DDR)

L:--/8:--

):
-0
-0
mZo..
X
--
-l):
CDr
m

\.--
\'11



Naiie and
CAS Reg. No. Synonyms and Trade Names

5. Peroxides

Benzoy1 peroxide
94-36 -0

Chem Abstr.: dibenzoy1 peroxide
IUPAC: benzoy1 peroxide

Benoxy1; Cadox BS; Lucido1 , B50,

G20, 50P; Luperco AST; Nayper BO;

Oxy1ite; Panoxy1; Persadox

a, a 1 - Bis (tert- butylperoxyisopropy 1)-
benzene

Chem. Abstr.: (phenylenebis(l-inethyl-
ethylene) J bise 1, I-dimethylethyl)

pero xi de
IUPAC: (phenylenediisopropylidene)-

bis(tert-butyl peroxide)

25155-25-3

Vu1-Cup 40 KE

Bis (2, 4-dich1orobenzoy 1) peroxide Chem. Abstr.: bis(2,4-dich1orobenzoy1) peroxide

IUPAC: bis(2,4-dich1orobenzoy1) peroxide
133-14-2

Cadox TS, TS 40, TS 50; Luperco CST;

Si10prenvernetzea CL40

tert-Buty1 peroxide

110-05-4
Chem. Abstr.: bis(1,1-dimethy1ethy1)

peroxide
IUPAC: tert-butyl peroxide

di-tert-buty1 peroxide; DTBP

Cadox TBP; Trigonox B

tert-Butyl peroxybenzoate Chem. Abstr.: i,l~dimethyiethyl benzene-

carboperoxoate
IUPAC: tert-buty1 peroxybenzoate

tert-butyl perbenzoate
614-45-9

Chaloxyd TBPB; Esperox lOi Kayabutyl Bi
Luperox Pi Perbutyl Z

Structural Formula

US Production

-Thousand Kg

(Year)

(0 

go l
3,992 f
(1979)

;. 0.5 (1980WE) c

CH3 CH3
ICH313cooiH 0 iHOOClCH313

CH3 CH3

i,,-uï+ ""m,,'

( ICH313COt

f~ii(1979)

°

ICH313coogQ
1,610 f
(1979)

Use
aClass

A

A

Reported Workplace ~
L ndus- Pro- Leve ls (L) IOccupational
tries cesses Standards (S) b, q, r, s

A II 1-2 L:--/S: 0,05

mg/m3 Cei1ing (BUL)

5 mg/m3 TWA (A, BEL

F, B RD, N , L , S, USA.

USA-N, USA-A)

A L: --/S:--

A L:--/S:--
II
III

1-3
1-3

L:--IS:--

L:--/S:--

\.

..
~
Ci

3:oz
8:i:l
Ui
Uì

c:orc
3:
m
N
CO



Naiae and
CAS Reg. No. Synonyms and Trade Names

l, I-Di~tert-butylperoxy-3, 3,5-
tri met hy lcyclohexane

6731-36-8

Dicumyl peroxide

80-43-3

2, 5-Dimethyl-2, 5-di (tert-bu tyl-

peroxy) hexane
78-63-7

Chem. Abstr.: (3.3, 5-trimethylcyclo-
hexylidene)bis ((l, I-dimethylethyl)-
peroxideJ

itPAC: (3,3, 5-trimethylcyclo-
hexylidene) bis (tert-butyl

peroxide)

Luperco 231XI;
Trigonox 29B50,

Lupersol 231;

29B75, 29/40

Chem. Abstr.: bis (l-methyl-l-phenyl-
ethyl) peroxide

IUPAC: bis(a,a-dimethylbenzyl) peroxide
cumyl peroxide; a ,a -dimethylbenzyl
peroxide

Di-Cup; Kayacumyl D: LUDerco 500-40C,

500-40KE; Luperox 500; Percumyl D, D40;

Perkadox B

Chem. Abstr.: (1,1,4,4-tetramethyl-

l, 4-butanediy 1) bi s (l, I-dimethy 1-
ethyl)peroxide

IUPAC: (1,1,4,4-tetramethyltetra-
methylene)bis (tert-butyl peroxide)

Kayahexa AD; Luperco 101; Lupersol

101; Perhexa 2.58, 3M 40; Triganox

XQ8; Varox 50

Structural Formula

CH3~CH3

OOCICH3)3

OOCICH3)3

CH3

LO-F3tCH3
- 2

CH3 CH3 CH3 CH3
1 1 1 1

CH3COOCICH2)2COOCCH3
1 1 1 1
CH3 CH3 CH3 CH3

US Production Reported Workplace

-Thous:nd Kg Use L ndus- Pro- Leve ls (L) /Occupat ional
a

cesses Standards (S) b. q, r, s(Year) Class tries

m
17(19791) PR L 1-3 L: --/S:--

II 1-3
II L 1-2
iv 1-2

~ O. 45(1979/ A

).2.3 f
(1979)

A

L

II
II L

iv

1-3
1-3
1-2
1-2

L:--/S:--

L

II
III
iV

1-3
1-3
1-2
1-2

L:--/S:--

);
-Ð
\JriZo..
X

-i
);
CDrri

I...
--



Naiae and
CAS Reg. No. Synonyms and Trade Names

6. Aldehydes and Ketones

Acetone
67 -64-1

Cyc1ohexanone
108-94-1

Formaldehyde
50-00-0

Chem. Abstr.: 2-propanone
IUPAC: acetone
dimethyl ketone

Chem. Abstr.: cyclohexanone

IUPAC: cyclohexanone

Anone; Hexanon; Hytrol D; Nadone;

Pime1 ic ketone; Pimelin ketone;

Sextone

Chem. Abstr.: forma1dehyde

IUPAC: forma1dehyde
forma1in

BFV; Fannoform; Formol; Fyde; Ivalon;
Lysoform; Morbicid; Superlysofam

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational
tries cesses Standards(s)b,q,r, s

o
Il

CH3CCH3

0°

HCHO

1,184'î52
(1979)

395, 098
0979f)

2,687,000
(1979)f

S

S

BA,LM

II
II I

I
II
II I

iv

I
II
III
iv

1-3
1-4
1-3
1-3

L: --/S: --200-4000
mg/m3 Ceiling (P,

USSR,Y,R,CZ)
200-2400 mg/m3 TWA

(H, A, J, CZ, DDR, l,
R, S, BEL, F,BRD,N,
SWED, USA, USA-A)

2000-3000 mg/m3 STEL

(USA-A,DDR)

1,2,4
1-3

L:--/S~ 10-400

mg/m Ceiling
(BUL, CZ, P, R, Y,
USSR)

100-200 mg/m3 TWA (A,
BEL, CZ, F, l, BRD. J,

R. N.S iSWED. USA.
USA -A)

4
1-4
1-11
1-3

3L: --/S: 0.5-7.5 mg/m

Cei 1 ing (A. BEL, BUL,

CZ.F,J .H,N,P.R. Y,

SWED, USSR. USA,

USA-A)
31-4.5 mg/m TWA

(DDR,BRD,H)
1.2 mg/m3 30 min. STEL

(USA-N)
2 mg/m3 STEL (DDR)

15 mg/m3 Peak 30 min.
(USA)

\.--
00

..p;;
(ì

3:o
Ö
Ci

~
-0IIJ
c:orc
3:
m
N
00



NaJae and
CAS Reg. No. Synonyms and Trade Names

Methyl ethyl ketone

78-93-3
Chem. Abstr.: 2-butanone

IUPAC: 2~butanone
MEK

Methyl isobutyl ketone

108-10-1
Chem. Abstr.: 4-methyl-2-pentanone
IUPAC: 4-methyl-2-pentanone
hexone; MIBK

Structural Formula

US Production

-Thous:nd Kg

(Ye a r )

Use
aClass

Reported Workplace

L ndus- Pro- Levels (L) /Occupational

tries cesses Standards (S) b, q, r, s

o
Il

CH3CCH2CH3

o CH3
Il 1

CH3CCH2CH-CH3

292,521
(1979)

85,512f
(1979)

S L

II
II L

S

1-3
1-4
1-3

II L

L:--/S: 200

mg/m3 Ceiling

(BUL, P, USSR, Ri y)
200-590 mg/m3 TWA

(AIBEL,F,BRD,J,H,
DÐ R 1 N, L , S, SWED ,

USA, USA-A)
600-885 mg/m3 STEL

(DDR, USA-A)

1-2 L: --
S: 200-410 mg/m

ceiling (P, Ri Y)

200-410 mg/m3 TWA

(A, BEL, F, BRD, l, J,

NIR,S,SWED,USA,
USA-A)

510 mg/m3 r;TEL
(USA-A)

3

P
ìJ
ìJ
rr
Zo..
X

-ip
COr
rr
--

I.--
U)



Naae and

CAS Reg. No. Synonyms and Trade Names

7. Alcohols

Alkyl alcohols, mixed Chem. Abstr.:
IUPAC:

But yI a1coho1

71-36-3
Chem. Abstr.: 1-butanol

IUPAC: but yI a1coho1
n-butano1

CCS 203; Hemostyp

Ethyl alcohol

64-17-5
Chem. Abstr.: ethanol

IUPAC: ethyl alcohol
anhydrous alcohol; alcohol; methyl-

carbinol

Jaysol; SD Alcohol 23-Hydrogen;

Tecsol

Glycerine
56-81-5

Chem. Abstr.: 1,2, 3-propanetriol
IUPAC: glycerol
glycerin; glycyl alcohol

Glyrol; Glysanin; Osmoglyn

Structural Formula
Use

aClass

Reported Workplace
l ndus- Pro- Levels (L) /Occupational

tries cesses Standards (S) b, q, r, s

\.
Na

ROH

CHaCH2CH2CH20H

CHaCH 20H

CH20H
1
CH OH
1
CH20H

US Production

-Thousand Kg

(Year)

f**
)00.45(1978) CLA

344,924
(1979)f

633,809
(1979)f

67,448f
(1979)

l
II
III
iv

L:--/S:--1-3
1-3
1-2
1-2

..
P
Al

S II 1,2,4 L:--/S: 10-200 ('
III 1-3 mg/m3 Celling 3:

(CZ, P, R, USSR, Y, 0
A,BEL, USA-A) Z

10-300 mg/m3 TWA 8
(F,BRD,N,S,H, Al
l, J, CZ, USA, R, SWED) P"lI

Uì

S l 1-3 LS:--/S: 200-1900 oe0II 1-4 mg/m3 Cei ling (BUL, r
II l 1-3 P,R,CZ, USSR, y) C
iv 1-3 1000-1900 mg/m3 TWA 3:

ni
(A, BEL, CZ, DDR, H,
l, F, BRD, N, R, SWED, N

CO
S, USA, USA-A)

3000 mg/m3 STEL

(DDR)

sa 3
L:--/S: 10 mg/m

TWA (USA-A)
l
II
III
iV

1-3
1-3
1-2
1-2



Naae and

CAS Reg. No. Synonyms and Trade Names

L sopropy1 a1coho1
67-63-0

Chem. Abstr.: 2-propano1

IUPAC: isopropy1 alcohol
isopropanol

Alcojel; Alcosolve 2; Avantin;
Combi-Schutz; Hartosol; Imsol A;

Isohol; Lutosol; Petrohol; PRO;

Propol; Takinaocol

Methyl a1coho1
67-56-1

Chem. Abstr.: methanol

IUPAC: methanol

Carbinol; Wood alcohol

Polyethylene glycol
25322-68-3

Chem. Abstr.: a -hydro-w-hydroxy-

poly (oxy-l, 2-ethanediyl)
IUPAC: polyethylene glycols
1,2 ethanediol homopolymer;

ethylene glycol homopolymer;

oxi~ane polymer; PEG

Alcox E30, E160; Aquaffin; Bradsyn

PEG; Carbowax; Chemiox E20; ElOOO;

Emkapol iSO, 200, 4200; ENT 1000;

Gafanol E200, E300; Laprol 402;

Lineartop P; Lutrol 9; Macrogol 400,

6000; Merpol OJ; MOdopeg 4000; Nosilen;

Nyco1ine; Oxide Wax A, An; PEO 10, 16,
18, 100; Plastigen PR 8086; Pluriol;
Polikol¡ Polyglycol; Polyox; Polywax

600; Postanol ¡ Solbase; Superox;

Swasconol D-60, D-80; Terisan Z 75;
Ucar 4C; Viterra 2 Hydroge~; WSR 35, 205

301, N-lO, N-750, N-3000, N-Coag

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass
l ndus- Pro-
tries cesses

Reported Workplace

Leve ls (L) /Occupat ional
Standards (S) b. q, r, s

CH3

"CHOH
CH;

CH30H

HIOCH2CH2)nOH

855,169
(1979/

3,315,332
(1979) f

40,692f
(1979 )

S

S

M

l
II
III

1-3
1-4
1-3

II
II l

l
II

L: --/S: 980-2450

mg/m3 Ceiling (Y,CZ)
200-980 mg/m3 TWA

4A , BEL, F, DDR, BRD, CZ ,
J, N,R, S,USA,SWED,
USA-N, USA-A~

600-1986 mg/m STEL

(USA-A, USA-N ,DDR)

1,2,4
1-3

L:--/S: 5-500
mg/m3 Ceiling

(BUL, R,CZ,P,
USSR, Y)

50-260 mg/m3 TWA

(A, BEL, CZ, DDR, F,
BRD,H,J,N,SWED,
S, I, USA, USA-N,
USA-A) 3

300-1048 mg/m

STEL (USA-A,
USA-N, DDR)

1-5
1-5

L: --/S:--

puu
rnZo
0-
X
--
-ip
OJr
rn

\.
N--



l- ."d
~-lr. il. Synony.. and Trade Ha..

8. Miscellaneous

Benzofurane derivative

1,4-Dioxane
123-91-1

1,6-Hexanedio1 bis G3-(3,S-di-tert-

but y 1-4-hydroxypheny1) propionat~
35074-77 -2

Chem. Abstr.:
IUPAC:

Antiozonant AFD

Chem. Abstr.: 1,4-dioxane
IUPAC: p-dioxane
d1ethy1ene dioxide; diethylene ether;

dioxan; p-dioxan; dioxane

Chem. Abstr.: 1,6-hexanediy1 bis.

r3,S-bis(1,1-dimethyiethYl)-4_
hyd roxybe nzeneprop 8n08 tC)

IUPAC: hexamethylene bis(3,5-d1
tert-buty 1-4-hydroxy hydro-

cinnarnte)

Irganox 259

1 nduii- Pro-
trieii ce ii Ile ii

~
Reported Workp1ace ~
Level. (L)/Occupational ~
Standards (S) b, q, r. s

A

1

II
III
iv

Uiie
a

Claiiii

AN

S

1-3
1-3
1-2
1-2

L:--/S:--

Structural Formula

US Production

-Thousand Kg

(Year )

Indefini te 1. 2(i979)m

?CH2CH20CH2yH2
6.8
(1979/

6.S(l979I)m

f 0 -l1CH3)2J
CH2CH2CH20gCH2CH2 Q ~ OH

ClCH312
2

3
L:--/S: 1-360 mg/m

Ceiling (BUL,P,R,USSR,Y) 3
90-360 mg/m TWA (A,

BEL,F,DDR, BRD,i ,N,
R, SWED, S, USA, USA-A)

3.6-600 mg/m3 30 min.

STEL (USA-N, DDR)

L: --/S:--

-
lOn
~
8
~i
U'

~
~
m
~
00



.. and
CM Rei. if. S)'non)'.. and Trade Ka..

Tetrahydrofuran
109-99-9

Chem. Abstr.: tetrahydrofuran
IUPAC: tetrahydrofuran
diethylene oxide ¡ THF

Oxolane

Sodium pentachlorophenate

131-52-2
Chem. Abstr.: sodium pentachloro-

phena te

IUPAC: sodium pentachlorophenate
sodium PCP¡ sodium pentachloro-

phenol

Dowicide Gi Mystox Di PCP-Sodiumi

PKhFK

Structural Formula

US Production

-Thousand Kg

(Year )
Use

aChiis

Reported Workplace
Induii- Pro- Leve 111 (L)/Occupational
trieii cesseii Standards(s)b,q,r,s

CH;ŽCH2
1 1
CH2 CH2
" /

o

,,*,- ,,'
Ci Ci

54,133C
(1979)

f:02.3(1979)

S

LM

II L

lV

1-3 L: --/S: 100-590 mg/m3

Ceiling (BUL, USSR,

R, Y)
100-600 mg/m3 TWA

(A.BEL.F.R.DDR, l,
SWED.BRO, N. S, USA.
USA-A) 3

600-735 mg/m STEL

(USA-A,DDR)

1-2 L: --/S:--

):
'"
'"
m
e..
X
..
-l):
COr
m
..

\,
l'\.



Vl
US Production Reported Workplace N

Naae and -Thousand Kg Use Indus- Pro- Levels (L)/Occupational +
CAS Reg. No.

a
cesses Standards(S)b,a,r,sSynonyms and Trade Names Structural Formula (Year) Class tries

D. Phosphorus Compounds

1. Phosphi tes

Alky1ary1 phosphi tes, mixed Chem. Abstr.: -- Indefinite ),0.9(1979/ AN l 1-3 L: --/S:--

IUPAC: -- II 1-3
III 1-2

AgeRi te: Geltro1; Wytox 320 iv 1-2

Di (nony1pheny1) phosphi te Indefinite ) 0.5 (l9aOWE) c AN -- -- L:--/S:-- l-
Chem. Abstr.: -- p
IUPAC: -- ;;n
Chem. Abstr.: decy1 dipheny1 phosphite

O-0~0-O
).0.5(1980WE)c AN -- -- LS: --/S:-- 3:

Dipheny1 decyl phosphite 0
3287-06-7 IUPAC: decyl diphenyl phosphi te Ö

OC10H21 4ì;;Pui(f
Nony1pheny1 phosphi tes, mixed Chem. Abstr.: -- Indefinite ;. 1. 8(1979/ AN l 1-3 L:--/S:-- ..0

IUPAC: -- II 1-3 r
III 1-2 C
iv 1-2 3:ri

N
CO

Po1ymeri c phosphi tes
f

Chem. Abstr.: polymerie phosphites Indefinite ;'0.9(1979) AN L 1-3 L: --/8:--

IUPAC: polymerie phosphi tes II 1-3
iv 1-2

Wytox 345

f
L 1-3 L: --/8:--Polyphenolic phòsphi te, Chem. Abstr.: -- Indefini te ;. 0.9(1979) AN

po1ya1ky1ated IUPAC: -- II 1-3
III 1-2

Vanox 13 iv 1-2
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\.l'~
.. aad
CA Ill. 1(. Synonyii. .nd fr.d. N.ii.

2. Phosphateß_~nd Phosphonates

3,5-Dl-tert-butyl-4-hydroxy_
.benzyl phosphonic aCid, mono-

ethyl ester, nickel salt
30947-30-9

Diethyldi thiophosphoric acid
298-06-6

Mono- and dialkyl phosphates,

mixed

Mono- and dialkyl phosphate,

ammonium salts, mixed

Chem. Abstr.: ((3,5-bis(l,l-dimethyl_

ethyl )-4-hydroxyphenyl) met hvl)_

phosphonic' acid. monoethyl ester,

nickel(2+) salt (2:1)

tUPAC: nickel(2+) bis (ethYl(3,5.
di-tert-butyl-4-hydroxybenzyl )_

phosphonate)

Irgastab 2002

Chem. Abstr.: phosphorodithioic aCid,

O,O-diethyl ester
IUPAC: diethyl hydrogen phosphorodithioate

0.0' -diethyldi thiophosphate; 0.0'_
diethyl hydrogen dithiophosphate;

0,0' -diethyl phosphorodi thioate

Chem. Abstr.:

IUPAC:

Chem. Abstr.:

L UP AC:

Structur.l Formula

US Production

-Thou_nd Kg

(V.sr)

m50(19791)

rCCH313Cl) W - J

CH -~-OHO 2 1
OCH2CH3iCH3J3C 2 N j't+

~ 0.5(1980)c
CH3CH 0 S2 .. Il
CH3CH20/ P-SH

OH
1

ROPOH and
Il
o

O.

ROtO. (NH¡JIl 2
o

OR
1

AOPOH
"
o

f*
~0.45(1976) CLA

t
)0.45 (1979) CLA

OR
,

and AOPO. NH¡
1/
o

Report.d Workpl.ce

U.. Indu.- Pro- Lev.l.(L)/Occup.tional
Cl.... tri.. ce.... Standards (s) b, q, r, s

M
L: --/8:--

A L: --/8:--

L: --/8:--

L: --/8:--

-
~n
~
8
~
'"I(f
§r
~
m
l'

8' (X



.. aDd
CA .... !f. SYDOD-"U aDd Trade Ma._

Tris (2, 3-di bromopropy 1) phosphate
126-72-7

Chem. Abstr.: 2, 3-dibromo-l-propanol
phosphate' (3: 1)

IUPAC: tris (2, 3-dibromopropyl) phosphate
TOP?: tris

Anfram 3PB: Apex 462-5; Bromkal P67-

6HP: ES 685: Firemaster LV -T 23P.

T 23P; Flacavon R; Flammex AP, LV-T

23P, T23P; Forol HB32; Phoscon PE60:

3 PBR; T 238: Zetoflex ZM

Structural Formula

US Product ion
-Thousand Kg

(Year)
Use

aClau

Reported Workplace
1 ndus- Pro- Level_ (L) /Occupational

trie. cesses Standards(s)b,a,r,s

8rCH2CH8rCH20"
BrCH2CH8rCH20 7P =0

BrCH2CHBrCH20

2.3
f**

(1977)
M iV 1-5 L:--/S:--

~
"U
"U
mZo-
X
..
-l~
o:r
m
..

VI
N"-



Na.. and

CAS Reg. No. Syno~yms and Trade Names

E. Halogen Compounds

Carton tetrachloride

56-23-5
Chem. Abstr.: tetrachloromethane

IUPAC: carbon tetrachloride
carbona; carbon chloride; carbon tet;
perchloromethane

Benzinoform; Fasciolin; Flukoids; Neca-

torina; RIO; Tetrafinol; Tetraform;

Tetrasol; Uni verm; Vermoestricid

Chloroform
67-66-3

Chem. Abstr.: trichloromethane

IUPAC: chloroform

R-20

~
Reported Workplace 85
Levels (L) /Occupational
Standards (S) b. q, r, sStructural Formula

US Production

-Thousand Kg

(Year)

CCI4 321,50¡
(1979 )

CHCI3 160,218
(1979) f

Use
aClass

S

S

1 ndus- Pro-
tries cesses

L

II
II L

1-3
1-4
1-3

L: --/S: 1-163 mg/m3

Ceiling (BUL,CZ,P,

R, USA, USSR, y)

5.6-65 mg/m3 TWA

(A,BEL,CZ, F,DDR, 1.
BRD, H, J, N, R, SWED.
S, USA)

100-130 mg/m3 STEL

(DDR, USA-A)
12.6 mg/m3 STEL

1 hour (USA-N)

1300 mg/m3 5 min./

4 hour peak (USA)

L:--/S: 50-250 mg/m3

Ceiling (BUL,CZ,

P, DDR, R, USA, Y)

10-240 mg/m3 TWA (A,
BEL, CZ , F, H, BRD, L .
DDR,J. N,R, SWED, S,

USA, USA-A)

225 mg/m3 STEL

(USA-A)
9.8 mg/m3 STEL

1 hour (USA-N)

..
?6
(ì

3:o
6
Gì;;
);
ïJl
(J
.:orc
3:
m

N
00



Na_e and

CAS Reg. No. Synonyms and Trade Names

Chlorotoluenes
95-49-8, 108-41-8
and 106-43-4

Chem. Abstr.: l-chloro-2-methylbenzene,
l-chloro-3-methylbenzene and l-chloro-
4-methylbenzene

IUPAC: o-chlorotoluene, m-chlorotol uene
and p-chlorotoluene

o-Dichlorobenzene
95-50-1

Chem. Abstr.: l,2-dichlorobenzene
IUPAC: o-dichlorobenzene

Chloroben; Dilatin DB; Dowtherm E

Ethylene dichloride

107-06-2
Chem. Abstr.: l,2-dichloroethane

IUPAC: l, 2-dichloroethane
EDC

Brocide; Dichlor-Mulsion; Dutch

Liquid

Fluorinated hydrocarbons Chem. Abstr.:

IUPAC: --

Structural Formula

6'
6"
Q

Ci

Ci

OrCI

CICH2CH2CI

Indefini te

US Production

-Thous:nd Kg

(Year)

:'0.9(1979)f S
\o-isomer)

~ 0.45 (1979/
(p-isomer)

25,701 S
(1979)f

5, 307, 358
(1979) f

396,56P
(1979)

Use
aClass

Reported Workplace
l ndus- Pro- Levels (L) /Occupational

tries cesses Standards(S)b,q,r,s

S

M

l
II
II l

L

II

3
L: --/S: 0.5-395 mg/m

Ceiling ~R, USSR, Y)

5-250 mg/m TWA (BEL,
N, R, A, USA, USA-A)

375 mg/m3 STEL (USA-A)

L: --/S: 20-300 mgfm3

Ceiling (BEL,BUL,F,

N,P,R,USSR,USA,
USA-A,Y) 3

20-300 mg/m TWA (A,

DDR,BRD.H,I,J,R1S,
SWED)

300 mg/m3 STEL (DDR)

1-3
1-3
1-2

L: ~ 1366 mg/m~~b

140 mg/m3CC '
10-400 mg/m3 Ceiling

(CZ, P, R, USSR, Y, USA)
4-200 mg/m3 TWA (A,

BEL, CZ, F, DDR, BRD, l ,J,

N, R, SWED, S, USA, USA-A,

USA-N)
8-150 mg/m3 STEL (USA,

USA-A, USA-N, DDR)

800 mg/m3 5 min. /3
hour peak (USA)

1-5
1-5

L:--/S:-_

;i
ìJ
ìJ
mZo..
X
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m
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Structural Formula

US Production

-Thousand Kg

(Year )
Uae Indua- Pro-
Claaa a triea ceeaea

\N
Reported Workplaoe \N

C)Leve la (L) /Occupational
Standards (S) b, q, r, e

.. aad
CA "C. if. Synonyiie and Trade Na..e

dichloromethane 284,962 S 1 1-3 L: --/S: 50~700
Methylene chloride Chem. Abstr.:

(1979)f 1-4 mg/m3 Ce111ng (CZ,Y,75-09-2 IUPAC: di chloromet hane CH2Cl2 II
III 1-3 P, R, USSR, USA, USA- N)

methylene dichlor1de
200-1740 mg/m3 TWA

Aerothene MM; Narkotel; R30; (A, BEL,CZ, F, DDR, l,

Solaesthin¡ Solmethine
BRD, J, N, R, SWED, S,

USA, USA-N, USA-A)
870-1500 mg/m3 STEL

(DDR, USA-A)
7200 mg/m3 5 min. / -

2 hours peak (USA) :i:;
Cì

~
Monochlorobenzeiie L: --/S: 50- 300 mg/m3

0
Chem. Abstr.: chlorobenzene Ci 145,531 S 1 1-3

8108-90-7 IUP AC : chlorobenzene Ó (979)f II 1-3 Ce11ing (BUL, CZ,
MCB; phenyl chloride III 1-2 P. R, USSR, Y)

~50-850 mg/m3 TWA (A,
BEL, CZ, F, DDR, BRD,

-0I
N, L ,J, N, R, S, USA, (f
USA-A)

(§150 mg/m3 STEL (DDR) r
~
m

Perchloroethylene Chem. Abstr.: L:--/S: 10-670
3 l'tetrachloroethene 347,863 S 1 1-3 mg/m

127"'18-4 IUPAC: tetrachloroethylene CI2C-CCI2 (979)f II 1-4 Ceiling (BUL,CZ,P,
CO

perc; perchlor; 1,I,2,2-tetrachloro- III 1-3 R, USSR, Y, USA)

ethylene 50-670 mg/m3 TWA

(A, BEL,CZ, F ,DDR,

Ankilost1n¡-Antisal¡ Dee-Solv¡ BRO, H;I, J,N, R, SWED,

Di~akene; Dow-per; ENT 1860; Fedal-Un; S, USA-N, USA-A_, USA)

Nema; Perclene; PerSec; Tetlen; 670-1000 mg/m3 STEL

Tetracap; Tetralino; Tetravec; (DDR, U~-A, USA-Hl

Tetroguer; Tetraleno; Tetropil 2010 mg/m3 5 min. /2
hours peak (USA)



.. aad
CA .... Jl. Synony.. and Trade Ha_. Structural Formula

US Production

-Thousand Kg

(Yeu)
Uiie

a
Clallll

Reported Workplace
Indu.- Pro- Leve 1. (L)/Occupational
trie. ceii.eii Standards(S)b,a,r,s

Propylene diehloride

78-87-5
Chem. Abstr.: l,2-diehloropropane

IUPAC: l,2-diehloroi'ropane
propylene chloride

Ci

1
CICH2CHCH3

l,l,l-Trichloroethane
i1-55-6

Chem. Abstr.: l,l,l-triehloroethane
IUPAC: l,l,l-trichloroethane
methyl ehloroform

CH3CCI3

Aerothene TT; Chlorothene NU, VG;

Chlorten; lnhibisol

Trichloroethylene
79-01-6

Chem. Abstr.: triehloroethene CI2C-CHCI
IUPAC: triehloroethylene
TCE; Tri

Algylen; Anamenth; Chlorilen; Chlory1en;

Densinfluat; Fluate; Germalgene;

Nareogen; Narkosoid; Threthylene;
Trethylene; Triehloran¡ Trieh1oren;

Trielene; Trilene; Trimar¡ Westrosol

3i,420f
(1979)

322,351
(1979)f

143,744
(1979) f

S

S

S

II
1 II

1

II
III
1 V

1-3
1-3
1-2
1-2

1,2,4
1-3

1

II
III

L: --/S: 10-350 mg/m3

Cei1ing (BUL,P,R,

USSR, y)

50-350 mg/m3 TWA (A,
BEL, F, DOR, BRO, N, R,

S,USA,USA-A)
150-510 mg/m3 STEL

(ODR, USA-A)

3uL: 716.6 mg/m 3
S: 20-2000 mg/m
Ceil1ng (CZ,R,

USSR, Y) 3
380 -1900 mg/m TWA

(A, BEL,CZ, F ,DOR,
BRO, l, J,N, R, SWED,

USA, USA-A) 3
1900-2450 mg/m

STEL (DDR, USA-A,
USA-N)

1-3
1-3
1-3

L: --IS: 10"'1050

mg/m3 Ceil1ng

(BUL, CZ, P, R, USSR,
Y,USA) 3

50-535 mg/m TWA

(A, BEL,CZ, F ,DOR,
BRD, H, l,J,N, R,

SWED, S, USA, USA;A,

USA-N) 3
800-1000 mg/m STEL

(OOR, USA-A)
1605 mg/m3 5 min.1

2 hours peak (USA)

:P
ìJ
ìJ
mZo-
X
--

~
COr
m
--

\.\.--



Naae and

CAS Reg. No. Synonyms and Trade Names Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace

1 ndus- Pro- Leve ls (L) /Occupational
tries cesses Standards(S)b,a,r,s

L: 5. 5 m~/m3 (C5-CS;

a1kanes (C3-CS) x

\N
VI
N

F. HYdrocarbons

uBenzene Chem. Abstr.: benzene 0 5,309, 007 S 1 1-3 L: 38.4 mg/m3 ; 4.5

(979)f 3'V w71-43-2 IUPAC: benzene II 1-3 mg/m ; 6 mfm3
benzol; coa1 naphtha III 1-2 0935-1937)

780 mg/m3 (1935-1937) ~
375 mg/m3 (1961)t; ,

420 mg/m3z(977)t; 3dd
137 mg/m3; 129 mg/m ; ~
8.4 mg/m3ee ):
S: 5-S0 mg/m3 Cei1ing ;;

(CZ,I,J,P,8, (ì
USSR, Y, USA) 3:

15 -50 mg/m3 TWA 0
(A,BEL,CZ ,F ,H, Z

N, SWED, USA, USA-A) 8
75-100 mg/m3 8TEL ~(DDR, U~A-A) ïJ
3.2 mg/m STEL 1 hour I

(USA-N) lJ
150 mg/m3 10 min. peak .:

(USA) 0rcCoal tar ai ls Chem. Abstr.:-- 3:
Comp1ex mixture )0 1,140,000 sa -- -- L:--/8:-- ri65996-S2-9 IUPAC: --

(1977)dchemical oil (coal) j tar acid N
ail (coa1) CO

Cyclohexane
ll0-S2-7

Chem. Abstr.: cyclohexane

IUPAC: cyc10hexane
hexahydrobenzene o 1,091,376

(1979) f
S l

II
III

1-3
1-3
1-2

3
L: --/8: so- 1050 mg/m

Cei1ing (BUL, P, R,

US8R, Y) 3
514-1050 mg/m TWA

(A, BEL, F, BRO, l, J.

N, R, S, USA, USA-A)
1300 mg/m3 8TEL (USA-A)



Na_e and

CAS Reg. No. Synonyms and Trade Names

Dipentene
138-86-3

Chem. Abstr.: I-methyl-4-(1-methyl-

ethenyl) cyclohexene
IUPAC: p-mentha-l,8-diene

limonene

Cajeputen: Cinene: Dipenten; Eulimen:

Kautschin: Nesol

!eptane
42-82-5

Chem. Abstr.: heptane
IUPAC: heptane
dipropylmethane¡ n-heptane

Skel1ysolve C

¡cane

0-54-3
Chem. Abstr.: hexane
IUPAC: hexane
n-hexane

Skel1ysolve B

Isooctane
540-84-1

Chem. Abstr.: 2,2,4-trimethylpentane

IUPAC: isooctane
isobutyl trimethylmethane

Mineral Oil
8012-95-1

Chem. Abstr.:--
IUPAC: --

paraffin oil

Flexon 845; Irgawax 361; Paraffin oi 1:
Petrolatum, liquid i Primol D; Shellflex
371N i Sunpar 150; UL trol 7: Uvasol

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupational
tries cesses Standards (S) b, q, r, s

CHD-1 CH3
CH2 " C l'

CH3 (CH2) 5CH3

CH3 (CH2) 4 CH3

(CH3) 3 CCH2 CH (CH3) 2

Complex mixture
(may contain
polycyclic
aroma tic

hydrocarbons--
see Section VI)

) IL. 3 (1980) c

;:4.5(1979/

174,41I
(1979 )

45(1977) d

S

S

S

S

SO

L

II
III

L

II
II i

L

II
III
iv

L: --/S:--

1-4
1-4
1 -2

3 uL: 552 mg/m 3
S: 200-2000 mg/m

cei 1 ing (P, R, YS

1200'-2000 mg/m TWA

(A,BEL,F,BRD, l,
N, R, S, USA, USA-A)

450 mg/m3 STEL (USA-A)

2-5
1-4
1-2

u
3L: 1382 mg/m 3

S: 400-1800 mg/m

cei1ing (P,R,Y)

350-1800 mg/m3 TWA

(A,BEL,F,BRD, l,J,

N, R, S, USA, USA-A)
450 mg/m3 STEL (USA-A)

L: --/S: 700 mg/m3

Ceiling (R)

500 mg/m3 TWA (R)

1-3
1-3
1-2
1-2

L:--/S: 5 mg/m3
Ceil1ng (USSR)

3-5 mg/m3 TWA

(DDR, l, J)

P
ìJ
ìJ
i-Zo..
X

-1P
COri-
--

\.\.I.



.. aaCA ..1. Ho. __!1Iloii.. aiid Trade Ha..

Mineral Rubber

64742-93-4
Chem. Abstr. :--
IUPAC:--
blown asphalt: condensed asphal t; hard
hydrocarbon; oxidized asphalt

M.R. No. 38 Mineral Rubber

Naphtha
8030-30-6

Chem. Abstr.: naphtha

IUPAC: naphtha
benzin: petroleum benzin: petroleum

ether: petroleum naphtha

Hi-Sol 10, 15: Rubber Solvent:

Shell SOL B, B-8, BT67 EC

Octane
111-65-9

Chem. Abstr.: octane
IUPAC: octane
n-octane

J'ntane
109-66-0

Chem. Abstr.: pentane
IUPAC: pentane
n-pentane

Ske11ysolve A

Petrolatum
80-03-8 Chem. Abstr.: petrolatum

IUPAC: petrolatum

Chream White; Extra Amber: Pennsoline
Soft Yellow; Penreco white; Pertecta;

Petroleum jelly, Protopet: Snow Whi te;
UL tima White: White Protopet;

U.e Illdu.- Pro-
Cla.. a trie. CI....

~
Reported Workplace ~
Level.(L)/Occupational ~
Standardø(S)b, q, r,.Structural Formula

US Production

-Thousand Kg

(Year )

Complex mixture

Complex mixture

CH3 (CH2) 6CH3

CH (CH ) CH3
3 2 3

Complex mixture

3 ,855 f
(1979)

~ 2.2(1979)f

32,285 f
(1979 )

:'947,955d
(1977)

SO,F

S

s

S

SO,CL 1
II
III
iv

1

II
1 II

iv

2,4

1-3
1-3
1-2
1-2

L:--/S:--

1-4
1-4
1-2
1-2

L: --IS: 300-500

mg/m3 Cei1ing (P,Y)

200-400 mg/m3 TWA

(F, L , USA)
Benzene so~uble PAH,

0.2 mg/m (A, BEL,
USA-A)

2,4 L: --1
S: 200-2350 mg/m

Ceiling (P, R, Y~

1450-2350 mg/m TWA

(A,BEL, F, BRD, l, N,
R, SWED,~, USA, USA-A)

1800 mg/m STEL(USA-A)

u
3

L: 576 mg/m

S: 10032400 Ceiling

mg/m (P,R,Y)
3

1500-2950 mg/m
TWA (A,BEL.F.BRD.I.
N,R.S. SWD. USA. USA-A)

2250 mg/m3STEL

(USA-A)

L:--/S:--

3

-
l6n
~o
8
~
ï:I(f
c:orc~
rr
t-
00



.. .ad
CA Ilr. No . Synonyms and Trade Names

Pi tch
61789-60-4

Chem. Abstr.: pi tch
IUPAC: pi tch
pUch of tar

Emery 786; Tolpi t 35

To1uene
108-88-3

Chem. Abstr.: methy1benzene

IUPAC: to1uene
toluol

Antisal la

Xy 1ane

1330-20-7
Chem. Abstr.: dimethylbenzene
IUPÁC: xylene
xy101

DUan

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass
L ndus- Pro-
tries cesses

Reported Workplace

Levels (L)/Occupa tional
Standards (S) b. q. r. s

Coiilex mixture

ó

CHioCH3

54,140 d
(1977)

3,246, 658

(1979) f

3,320,098
(1979) f

5O,A

S

S L

II
III

1

II
II 1

IV

1

II
1 II

1-4
1-4
1-3

1-3
1-3
1-2
1-2

3L:--/S: 0.2 mg/m
Cei 1 j nii (Y~

0.1-0.2 mg/ii TWA (A,
BE, l, N, S,
USA, tlSA-A,
USA-N)

1-4
1-4
1-3

u
3

L: 188 mg/m ; 214

mg/m3V; 988 mg/m3Z
S: 50-1~OO mg/m3

Ceiling (BUL,eZ,

R. P. USA, USSR, Y)

50-750 mg/m3 TWA

(A, BEL, ez, F, DDR,

BRD,H,I,J,N,R,
SWED, S, USA, USA-N,

USA-A)
560-800 mg/m3 STEL

(USA-A, DDR)

750 mg/m3 STEL 10

min. (USA-N)

1875 mg/m3 10. min.
peak (USA)

u
L: 57 mg/m3

S: 50-1000 mg/m3

Ceiling (8UL.CZ.R. y)

50-87Q mg/m3 ~
(A, BEL, CZ, F, DDR,
BRO, H, L, J, N, SWE,
S, USA, USA-A, USA-N)

600-655 mg/m3 STEL

(DDR. USA-.A)
868 mg/m3 STEL 10

min. (USA-N)

):
ì)
ì)
~o-
X
--
-i):
CDi
m
--

\.\.
vi



Naiae and
'CAS Reg. No. Synonyms and Trade Nahies

p-Xylene
106-42-3

Chem. Abstr.: 1. 4-dimethylbenzene

IUPAC: p-xylene
p-xylol

Reported Workplace

Leve1s (L)/Occupationa1
Standards (S) b,a, r, s

\.\.
Qi

Structural Formula

US Production

-Thous;and Kg

(Year)
Use

aClass
L ndus- Pro-
tries cesses

Q
CH3

2,092,404
(1979) f

S
L

II
III

1-4
1-4
1-3

L: 57 mg/m3u 3
S: 50-1000 mg/m

Cei1ing (BUL,CZ,R,Y)
50-870 mg/m3 TWA

(A,BEL,CZ,F ,DDR,
BRD,H, I,J ,N,SWED,

S, USA, USA-A, USA-N)
600-655 mg/m3 STEL

(DDR, USA -A)

868 mg/m3 STEL 10
min. (USA-N) ..

~
(ì

3:o
Ö(j
~
-0I
(J

C§rc
3:
m
N
00



Nai-e and
CAS Reg. No.

G. Miscellaneous arganic Compounds

Synonyms and Trade Names

Bi tumen
8052-42-4

ß-tert-Butyl-m-cresol --
sulphur dichloride condensate

Casein
9000-71-9

Cotton Fiber

Courarone-indene resins
63393-89-5

Chem. Abstr.: bi turen
IUPAC: bi turen
asphalt¡ asphaltum¡ Judean pitch¡

mineraI pitch

Cham. Abstr. 2-(1,1-dimethylethyl)-5-methyl-

phenol, reaction product wi th sulphur
chloride (SC12)

IUPAC: 6-tert-butyl-m-cresol, reaction
product wi th sulphur chloride (SC12)

Santowhi te MK

Chem. Abstr.: casein
IUPAC: casein

Protaflex¡ Protoflex

Chem. Abstr.: cotton fiber
IUPAC: cotton fiber

Chem. A bstr . :--

IUPAC: --

Curar ¡ Cumone ¡ Na tro- Rez 50-D;
Nevi llac; Nevindene; Piccoumaron ¡

Piccovar

Structural Formula

US Production

-Thous:nd Kg

(Year)
Use

aClass
Indus- Pro-

tries cesses

Reported Workplace

Levels (L) /Occupational
Standards (S) b, q, r, s

Comp 1 ex mi xt ur e

Unknown

Indefinite

Indefini te

Complex mixture

~6,116,625
(1977)d

C
? 2. 2 (1980)

55,434
e*

(19791 )

d
~ 900(1977) T, SO

SO

AN

LM

F

L

II
III
iv

l
II
III
iv

L

II
III
iv

3
L:--/S: 2.5-5 mg/m

TWA (B~L, 1, N, R,
S, USA', USA-A)

10 mg/m3 STEL

(USA-A, USA-N)

1-3
1-3
1-2
1-2

L: --/S:--

L:--/S:--

1-3
1-3
1-2
1-2

3
L:--/S: 2-6 mg/m

Ceiling (CZ,DDR,

USSR~
5 mg/m (Y) 1

1-3
1-3
1-2
1-2

L:--/S:--

P'l'lriZo¡.
X

~
COrri

\"
VJ-.



.. Md
CA ... LI. Synony.. .nd Tr.d. N.... Structur.l Formula

US Production

-Thousand Kg

(Y.u)
U.. Indu.- Pro-

aCla.. tri.. ce....

~
Report.d Workplace ~
Lev.la (L) IOccup.tional 00
Standards (S)b, q, r, a

Phenol-formaldehyde resins Chem. Abstr.: phenol, po1ymer wi th Indefinite 800,'37~ SO 1 1-3 L: --/S:--9003-35-4 forma1dehyde (1979) II 1-3
IUPAC: phenol, polymer with III 1-2

forma1dehyde iv 1-2
forma1dehyde-pheno1 resi n

Akrochem P-37, 49; PA-52; SP.5601-
6001, 6700, 6710

-
~

Pine Tar Chem. Abstr.: pi ne tar Comp1ex mixture -- SC 1 1-3 (ì
8011 -48-1 IUPAC: pine tar II 1-3 ~III 1-2 0Aktar¡ Tarene; Tartac IV 1-2

8
~
'"I(f
~0r

Silicones Chem. Abstr.: silicones Indefinite 98,835f M -- -- L:--/S:-- C~IUPAC: silicones (1979) rnsilicone fluids
f'
00



_ .nd
CA "C. No.

Vinylt ris(2-methoxyethoxy) silane
1067-53-4

Wax base, Ozone Protector 80

Waxes and paraffinic products

Wood flour

Synony.. .nd Tr.d. M.... Structural For.ula

US Production

-Thousand Kg

(Year)
U..

aClau

Reported Workplace
Indu.- Pro- Levels(L)/Occupational
tri.. ce.se. Standards(S)b,q,r,s

Chem. Abstr.: 6-ethenyl-6-(2-methoxy-

ethoxy) -2,5,7, 10-tetraoxa-6-si laun-

decane
IUPAC: tris (2-methoxyethoxy )vinylsi lane

A 172; GF 58; NUCA 172

Chem. Abstr.: Ozone protective wax
base 80

IUPAC: Ozone protective wax base 80

Chem. Abstr.:

1 UP AC:

Chem. Abst r.: wood flour
IUPAC: wood flour

CH2 = CHSi(QCH CH OCH ) ~ 0.5 (1980WE) c2 2 3 3

Indefini te ) 0.45(1976) c AN

ff**~O. 9(1978) SO
Complex -mixture

Complex mixture

M L:--/S:--

L:--/S:--

L: --IS:--

F 1 1-3 L:--IS: 10 mg/m3
II 1-3 (DDR)
III 1-2
IV 1-2

:i
-0
-0
mZo-
X
--
-l:i
COr
m
--

v.
v.
1.



Na_e and

CAS Reg. No. Synonyms and Trade Names

II. 1 norganie Compounds

Aluminium hydrate
21645-51-2

Chem. Abstr.: aluminium hydroxide (AI(OH) J
IUPAC: aluminium hydroxide 3
a1umina hydrate: aluminie aeid

Aleoa C30BFj C330, 333: Alugel;
Alumigel: Alusal; Amberol ST 140F:
Baeo AF260: Ca1mogastrin: Hyehol 705;
Hydrafi 1; Hydral 710: Higi Ii te H 31 S,
H 42; Martinal A, AIS, F-a: Reheis

F 1000: Solem SB-632

Alil-ninium oxide
1344-28-1

Chem. Abstr.: aluminium oxide (AI203J
IUPAC: aluminium oxide
àlunlina; alminium trioxide : alumi te

Al; Aleoa F-l: Almi te; A Ion C: Alox-

ite: Aluminite 37: Alumogel Al;
Alundum 600; Cab-O-Grip; Catapal S;
Compalox; Conopal; Dispal M, Alumina;
Dotment 324, 358; Exolon XW60:
Faserton; Fasertonerde; Hypalox II:
KA161: KHP 2; Ketjen B; LA 6; Luealox:
Ludox CL: Martoxin: Mierogri t WCA;
Neobead C; Poraminar

Aluminium silicate
14504-95-1

Chem. Abstr.: silicic acid (H2Si03J, aluminium
salt (3:2)

IUPAC: aluminium silicate (AI2(Si03)3J

Afton; A lIen R; Apex: Barden R:
Kaolloid: Optiwhi te: Snobri te:

Ammonia
7664-41-7

Chem. Abstr.: ammonia
IUPAC: ammonia

ammonia gas: spirit of hartshorn

Nitro-Sil: R 717

Structural Formula

AI(OH)3

Al203

AI2(Si03)3

NH3

US Production

-Thousand Kg

(Year)

)5,012(1977)d

5,739,47~ k

(1979) ,

c
~4.4(1980) F

J 6, 859, 673
(1979)e

Use
aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupational

tries cesses Standards(S)b,a,r,s

AN

F

A,LM

L

II
II i
iv

i
II
II i
iv

rI
iv

1-3
1-3
1-2
1-2

L:--/S:--

3
L:--/S: 2 mg/m

Ceili~g (USSR)

20 mg/m (S) 1

1-3
1-3
1-2
1-2

L:--/S:--

4

1-3
L:--/S: 3
20-80 mg/m
Ceiling (CZ,P,R,

USSR, Y) 3

18-40 mg/m TWA

(A, BEL, CZ, F, DDR,

BRD,H,I,J,N,R,
SWED, S, USA, USA-A)

25-27 mg/m3 STEL

(USA-A, DDR)

35 mg/m3 STEL

5 mi n. (USA-N)

\.
+'a

,.p:;
(ì

3:oz
8
~
LJI(f
oeorc
3:
ni

N
00



Nai-e and

CAS Reg. No. Synonyms and Trade Names Strùctura 1 Formula

US Product ion
-Thous:nd Kg

(Year)
Use

aClass
l ndus- Pro-
tries cesses

Reported Workp1ace.

Levels (L)/Occupational
Standards (S) b, a, r, s

Ammoni um bicarbonate

1066-33-7
Chem. Abstr.: ammoni um hydrogen

carbonate
IUPAC: ammoni um hydrogen carbonate
monoammoni um carbonate

NH4HC03 ) 229, 635
(1977)d

F L:--jS:--

Ammonium nitrate Chem. Abstr.: ammonium nitrate NH4N03 6,788,553 M
-- -- L:--jS:-- p

'"
6484-52-2 IUPAC: ammonium nitrate (1979) e '"

AN riZ
CJ

Varioform l 1-
X
--

Ammonium sulphate
Chem. Abstr.: diammonium sulphate

-i
(NH4)2S04 p7783-20-2 2,556,722 .LM iv 1-2 L: --/S:-- CO

IUP AC: diammonium sulphate
(l979)e rri

Dolamin --

Antimony trioxide
1309-64-4

Sb203 " 2700(1977)d AN 1-3
1-3
1-2
1-2

Chem. Abstr.: antimony oxide (Sb2031

IUPAC: diantimony trioxide or anti-
mony oxide (Sb203)

antimony white j flowers of antimony

l
II
III
iv

L:--/S:--

Antox j Chemetron Fire Shield j Exi te-
Iitej Thermoguard B, S; Timonox

\...--



ICa.. and

CAS Reg. No. Synonyms and Trade Names

Asbestos
1332-21-4

Chem. Abstr.: asbestos
IUPAC: asbestos

Calidria Asbestos

Bari ui sulphate
7727-43-7

Chem. Abstr.: barium sulphate
IUPAC: bariui sulphate
Baryte; Blanc fixe; C. I. Pigment

Whi te 21; permanent white

Actybaryte; Bakontal; Barco B;

Baridol; BariMite; Baritop;

Barosperse; Barotrast; Ci tobaryui¡
£namel White; Eweiss; £-Z-Paque;

Finemeal; Lactobaryt; Liquibarine;
Micropaque; Neobar; Solbar;
Supramikre; Unibaryt

Bentoni te

13~2-7B-9
Chem. Abstr.: bentoni te
IUPAC: bentoni te

A lbagel premi ui USP 4444; Tixoton;
Volcaly Bentoni te Be

Structural Formula

US Production

-Thou_nd Kg

(Year )
U.e

aCla..

Reported Workplace
Indua- Pro- Leve 1. (L) /Occupational

trie. ce.... Standard.(S)b,q,r,.

Complex mixture

BaS04

A1203 .4Si02 'H20

(Major component)

87 (1980) 0

~ 54,593 d

(1977 )

:; 450(1977)d

F

F

F

l
II
III
iv

L: ~LOO, 000 fibers:;

5 ~m long/cm3 y

S: 2-B mg/m3 Ceiling

(CZ,USSR,Yì
1-4 mg/m3 (p)l
200 particles/cm3

(H)
1-5 ~i bers.;. 5 \J long/

cm (F,SWD)l
0.1-2 fibers )5 ~m

long/cm3 TWA

(USA-A, USA-I)
10 fibers )5 ~m longl

cm3 Cei L i ng (USA)
0.5 fibers)5 ~m

long/cm3 STEL

(USA-N)

1-3
1-3
1-2
1-2

L:--/S:--

L:--/S:--

Vo+
N

-
~('
~o
8
~
'"I
Cf

-cor
1:
m
N
00



1I_ .DC
CA ..,. li. _ ~_~ S,non,... .nd Tr.de N....

Cadilluii Yellow
1306-23-6

Chem. Abstr.: cadmium sulphide
IUPAC: cadmium sulphide

Cadmi um Golden 366; Cadmi um Lemon
Yellow 527; Cadmium Primrose 819;
Cadmium Ye110w 000, 892, lOG, Deep,
Golden, Lemon, Primrose, OZ dark,
Primrose 47-4100; Cadmopur Golden
Ye1low N; Cadmopur Yellow; Capsebon:
C.P. Golden Yellow 55: Ferro Lemon
Yellow, Orange Yellow, Ye110w

Calcium carbonate
471-34-1

Chem. Abstr.: calcium carbonate

IUPAC: calcium carbonate
chalk whiting; marble flour; Paris

whi te; Pigment Whi te 18

40-200: Allied Whiting; Amical;

Atomite; Calcene; Calofort; Calopake;

Calwhi te; Camel-CARB, -TEX, -WITE;

CC 100, lOI, 109: CCC G, H, Q-White;

Dirkali te: Dryca-Flo; Durmi te; Gama-

Sperse; Hakuenka CC; Hydrocarb;

Kotamite; Laminar; OMYA; Omyalene;

Omyalite; Polcarb; Purecal;
Smithko Kalkarb; Socal; Solemite;

Stan-white; Sturcal; Vicron; Witcarb

Calcium chloride

10043-52-4
Chem. Abstr.: calcium chloride ¡CaCI2)

IUPAC: calcium chloride
calcium dichloride

Calcosan; Liquidow; Uramine MC

Calcium nitrate

10124-37 -5
Chem. Abstr.: ni tric acid, calcium

salt
IUPAC: calcium dinitrate
Norway saltpeter

Synfat 1006

Structur.l Foraul.

CdS

Caco3

CaC12

Ca(N03)2

US Production

-Thou_nd Kg

(Yeer )

;:149 (1977)d

193,199
(100;t CaC03)

(1979) e

1,080
(1975)e

111,63ge*
(19791)

Reported Workpl.ce

U.e Indu.- Pro- Level.(L)/Occup.tional
Cl.... trie. ce.... Standards(S)b,q,r,.

C

F

LM

LM

1

II
III
iv

1

II
III
iv

1-3
1-3
1-2
1-2

iv

iV

1-3
1-3
1-2
1-2

L:--/S:--

L:--/S: 10-20 mg/m3
(F, l, S, USA-A)1

1-2 L:--/S:--

1-2 L: --/S:--

):
'"
'"
mZo-
X
..
-i):
COr
m
..

\N..
\N



Naiie and
CAS Reg. No. Synonyms and Trade Names

Calcium oxide
1305-78-8

Chem. Abstr.: calcium oxide
IUPAC: calcium oxide
burnt lime; calcia; calcium monoxide; caIx

Caloxol W3 ¡ Calxyl; Desical ¡ Rhenosorb

C, F

Calcium silicate
10034-77-2

Chem. Abstr.: silicic acid Li1 SiO Jo

calcium salt (1:2) 4 4
IUPAC: calcium silicate (Ca2Si04)

bicalcium silicate; dicalcium silicate

C2S

Calcium sulphate
7778-18-9

Chem. Abstr.: calcium sulphate
IUPAC: calcium sulphate

Crysalba¡ Drierite; Gibs; Thiolite

Carbon black
1333-86-4

Chem. Abstr.: carbon black
IUPAC: carbon black
C. I. Pigment Black 7

Channel Black; Columbia carbon;
Corax P; Delussa Black FW; Furnex N
765; Philblack N550, 765; Printex 60;
Regol 99; Spheron 6; Statex N550;
Sterling N765. SO 1; TM-30;
Witcoblak No. 100

Chrome Yellow
1344-37-2

Chem. Abstr.: C.I. Pigment Yellow 34
IUPAC: C. I. Pigment Yellow 34

Chromastral Green; Chrome Orange;
Chrome Ye 1 low Lemon; Chrome Ye 1 low
Middle; Chrome Yellow Primrose; Krolor
Yellow; Lemon Chrome; Pure Lemon
Chrome; Pure Middle Chrome; Pure Prim-

rose Chrome; Supra Lemon Chrome;
Vynamon Yellow

Structural Formula

US Production

-Thous:and Kg

(Year)
i ndus- Pro-
tries cesses

Reported l'ol'kplace
Lev0ls (L) /Occupa tionai

Standards (S) b. q, r, s
Use

aClass

CaO 7,891,695
(1977) d

A 1-2 L:--/S: 2-5 mg/m3
Ceilin§ (P,R,Y)

2-5 mg/m TWA (A,
BEL, F, BRD, l,
N, R, SWED, S,
USA)

II

Ca2SiO 4 0.9(1977)d F L:--/S: 10 mg/m3 TWA

(USA-A)

CaSO 4 ~ 3,060, 1~0

(1977)
M L:--/S: 20 mg/m3(S) L

C ~ 657,078 d F l 1-3 L:--/S: 3-20 mg/m3
(1977) II 1-3 TWA (A, BEL, F,

III 1-2 l, N. S, USA, SWED,

(ma y con tain po lycyc 1 ic iv 1-2 USA-A, USA-N)
aromatic hydrocarbons-- 7 mg/m3 STEL IUSA-A)
see Section VI) 0.1 mg/m3 TWA in

presence of poly-

cyclic aromatic

ami nes (USA-N)

Indefini te 31,026 (1979)e, Jc II 1-3 L:--/S:--
III 1-2

\.,.,.

~p;;n
J:o
Öo
~
-0l(j
c:orc
J:
rr
N
CO



Naiae and
CAS Reg. No. Synonyms and Trade Names

Chromium oxide (Cr ° )
1308-38-9 2 3

Chem. Abstr.: chromium oxide (?r203J

IUPAC: dichromium trioxide or chromium
oxide (Cr 03)
chromia; Cf I. Pigment Green 17

Casalis Green; Chrome Green; Chrome

Oxide Green; GN-M; Green Chrome Ozide;
Green Cinnabar; Levanox Green GA

Clay
1302-87 -C

Chem. Abstr.: clay
IUPAC: clay

Graphi te
7782-42-5

Chem. Abstr.: graphite
IUPAC: graphi te
black lead; C. I. Pigment Black 10;
mi nera 1 cärbon

AG 1500; Aquadag; Asbury 505; ATJ-8
graphi te; DC2; E1ectrographite;
Fortafil 5Y; Grafoil; Hitco HM 50;
Korobon; Plumbago; Pyro-Carb 406;
Seast SO; Stove B1ack; Thorne1 40;
Ucar 38

Ground glass Chem. Abstr.:

IUP AC :

Imsi 1; Processed mi neral fiber

Hydrazine
302-01~2

Chem. Abstr.: hydrazine
IUPAC: hydrazine

Levoxine; Oxytreat 35

US Production Reported Workplace
-Thousand Kg Use 1 ndus- Pro- Levels (L) /Occupational

(Year) a
cesses Standards(S)b,a,r,sStructural Formula Class tries

Cr 203 ,. 590(1977)d C l 1-3 L:--/S: 0.01 mg/m3
II 1-3 Ceil ing 1USSR)
III 1-2 0.1 mg/m TWA
iv 1-2 (BEL, BUL, BRD)

Comp1ex mixture -- F l 1-3 L:--/S: 2-4 mg/m3
II 1-3 (USSR) 1 J:l II 1-2
iv 1-2 ìJ

ìJ
m

3 Z
C ,. 51,760 d F l 1-3 L:--/S: 530 ppcm 0

(1977 ) II 1-3 Ceiling (Y) ..
X

II l 1-2 530 ppcm3 (BEL, USA,
iv 1-2 F) 1

6 mg/m3 Ceiling (CZ) -j
5 mg/m3 TWA (SWED) J:

COr
m
--

Comp1ex mixture -- F -- -- L: --/S: --

H2NN2 ~ 905(1977)d L: --/S~--O. 1-1. 3
mg/m Cei ling
(BUL, N, S, USSR, Y)

0.1- 1.3 mg/m3 TWA

(A,BEL,F,DDR,BRD, l,
N, R, SWED, S, USA,

USA-A)
0.,2 mg/m3 STEL (DDR)
O. 04mg/m3 120 min.

STEL (USA-N)
\.+\J

BA



__ alM
CA .... Jo. Synonyma and Trade Naiii

Hydrogen peroxide
7722-84-1

Chem. Abstr.: !iyd:iogen peroxide
IUPAC: hydrogen peroxide

A1bone OS; Inhibine; Perhydrol;
Peroxaan; Superoxol; T-Stuff

Iron oxide Chem. Abstr.: iron oxide (Fe203J
IUPAC: diiron trioxide or

iron oxide (Fe203)

bauxite residue; colloidal ferric oxide;

Pigment Red 101; red iron QXide: rouge;

turkey red

1309-37-1

Bayer SLL; Caput Mortuum; Cerven H;

Colocother: Colliron; Crocus; Deanox:

Felac; Ferrugo; Krokus; Mapico Red

R220-3; Pigdex 100; Prussian Red;

Redoxaid; Rubigo

Lead chromate

7758-97-6
Chem, Abstr.: chromic acid (H2CrO 1)'

1ead(2+) salt (1: 1)
IUPAC: lead chromate
C.I. 7600; crocite; Pigment Green 15;

plumbous chromate

Canary Chrome Yellow 40-2250; Chrome

Green; Chrome Green UC6l; Chrome Green

UC74; Chrome Green UC76; Chrome Lemon;

Chrome Yellow 50; Chrome Yellow GF;

Chrome Yellow LF; Chrome Yellow Light

1066; Chrome' Ye110w 'Light 1075; Chrome

Yellow Medium 1074; Chrome Yellow

Medium 1085; Chrome Yellow Medium

1295; Chrome Yellow Medium 1298:

Chrome Yellow Primrose 1010; Chrome

Ye110w Prlmrose 1015; Cologne Yellew;

Dainichi Chrome Ye110w G: Leipzig Ye11ow;

Paris Yello.; Pure Lemon Chrome L30S

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace

1 ndus- Pro- Levela (L) /Occupationa1

tries cesses Standards(S)b,q,r,s

HOOH i -2
3

L:--/S: 1-1.4 mg/m

Ceiling (BUL,

l, N, S, USA, USA-A, y)

i .4- i. 5 mg/mJ TWA
(A, BEL, F, BRD, l, N,
S, USA, USA-A)

3 mg/m3 STEL (USA-A)

Fe203

PbCr04

101,598
(1979)e

;. 289, 278 d
(1977 )

c) 11 (1980)

LM,M

C

C

iv

1

II
III
iv

1-3
1-3
1-2
1-2

L:--/S: 4-6 mg/m3
(USSR)

3.5 mg/m3
TWA (SWED)

L: --/S: 0.1 mg/m3

Ceiling (USA)

0.05-0.75 mg/m3 TWA

(l, N)

0.05-0.5 mg/m3 TWA as
chromium (SWD, USA-A)

0.45 mg/m3 STEL as

chromium (USA-A)

\.
+-
0'

-
~('
3:o
8
~
-0I(.
c:orc
3:
m
'"
00



.. all
CA lei. li. S)"11011)".. al1d Trade Haii.

Lead oxide (litharge)

1335-25-7
Chem. Abstr.: lead oxide rPbO)

IUPAC: lead oxide (PbO)

Chem l $orb - BLT-06-90; CSD-S095:

CSP-SOSO

Li thopone (barium sulphate and
zinc sulphide)

7727-43-7 and

1314-9S-3

Chem. Abstr.: barium su1phate

(1:1) and zinc su1phide (ZnS)
IUPAC: barium su1phate

(1: 1) and zinc sulphide

Lithopone
Magnesium carbonate

546-93-0
Chem. Abstr.: Magnesium carbonate
IUPAC: magnesium carbonate
C. i. 77713

OCI Light Magnesium Carbonate:

Magcarb L; Stan-Mag Magnesium

Carbona te

Magnesium oxide

1309-4S-4
Chem. Abstr.: magnesium oxide (MgO)
IUPAC: Magnesium oxide
calcined magnesia; C.i. 77711; magnesia

Anscor P; Elastomag; Kyowamag 100: KM 40;

Magcal; Mag1ite: Marmag: Seasorb; SLO 36S,

469; Stanmag bars

Magnesium si licate

149S7 -04-3
Chem. Abstr.: silicic acid (H4Si308), magnesium

salt (1:2)

IUPAC: Magnesium si 1ieate (Mg2Si30S)
magnesium trisi licate

Dicarbocalm; Embal Talc; Glacier 325;
Loomi te; Magnosi 1; Mistron Frost,

Vapor; Trisi1iealm

US Production Reported Workplace
-Tbousand Kg Use 1 ndus- Pro- Levels (L) IOccupat ional

Structural Formula (Yeer ) Classa
ce.ses Standards(S)b,q,r,strie.

PbO ~ 4. 5(977)d A Il 1-2 L: --IS:--

BaSa 4 +ZnS 1 ,800 c
(197S)

MgC03 c
13.2(1980) F

MgO ~752,450 A
(1977) d

Mg2Si30S S. 8(1980) e F

F i
Il
III
iv

1-3
1-3
1-2
1-2

L: --IS:--

l
II
III
iv

1-3 L:--/S: 20 mg/m3(s)1
1-3
1-2
1-2

;i
"0
"0
m
¿;-
X
..

i
II
III
iv

:;
CO

1-3 L:--/5: Fumes 15 mg/m3 ~
1-3 Ceiling3(p, Y)
1-2 8-10 mg/m TWA (A ..
1-2 BEL, DDR, BRD, N.

S, USA. USA-A)

20 mg/m3 STEL (DDR)

i
II
III
iv

1-3 L:--IS:--
1-3
1-2
1-2

\..t-.



Na.e and

CAS Reg. No. Synonyms and Tracte Names

Mica
12001 -26-2

Chem. Abstr.: mica
IUPAC: mica
C.1. 77019

Abhrak; Davenite; C 1000; HX 610;

Micatex; Micromica; P 80 P; Suzori te

Pumice
1332-09-8

Chem. Abstr.: pumice
IUPAC: pumice

Red 1ead
1314-41-6

Chem. Abstr.: lead oxide (Pb304J

IUPAC: lead oxide (Rb 0 ). ,3 4'CI 77578; CI Pigment Red 105; gold

satinobre; 1ead orthopiumbate: lead

tetroxide; mennige; mineraI orange;

mineraI red; minium; orange Iead; Paris

red; red lead oxide; trilead tetroxide

Silica
7631-86-9

Chem. Abstr.: si lica
IUPAC: si lica
silicon dioxide; diatomite

Aerosi 1; Armospheres; Carbosi ls;
Cataloid; Cabosil; HDK-N, V, Si
Himasil; Imsil; Ludox; Minusil;
Neosyl; Posi ti ve Sol; Quso; Santocel,;

Snowtex; Ultras il; Vu1casi I; Zeofree;

Zeosy1; Zeotex; Zorbax

Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace
Indus- Pro- Levels(L)/Occupational

tries cesses Standards(S)b,q,r,s

Complex mixture F L

II
III
IV

1-3
1-3
1-2
1-2

L: --/S: ,2-8 mg/m3
Cei 1ing (CZ, USSR)

2.5-20 mg/m3(A,I)

20 mg/m3 TWA (F, USA,

USA-A)

60-75% Si02 -- Ì", LA i 1-3
10-20% A 12°3 II 1-3

III 1-2
iv 1-2

Pb304 14,000 A,C i 1-3c
1-3(1979) II

II L 1-2
iV 1-2

Si02 ;) 428, 253d
(1977 )

F,M

L:--/S:--

L: --/S: --

i
II
II i
IV

3
L: --/S: 0.1-10 mg/m

(CZ, F, i, P, S) 1

1-3
1-3
1-2
1-2

50-100 l.g/m3 TWA (respir-

able) (SWED, USA-N)

3
1-2 mg/m Cei1ing (USSR)

1/2-1 ( 30 mg/m 3 ) TWA (USA)
% Si02 + 2

lIZ-1( 30, mg 
1m3 

) (BEL USA_A)l% SiO + 3 '
2

( 325 mg/m

% respirab1e

silica + 5
) 1

(A)free

100-800 ppcm3 TWA (BEL, DDR)
300-1500 ppcm3 STEL (DDR)

\...
CO

i-
?6n
3:o
Zo
Gì:;P
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NaJae and
CAS Reg. No. Synonyms and Trade Names Structural Formula

US Production

-Thousand Kg

(Year)
Use

aClass

Reported Workplace

Indus- Pro- Levels(L)/Occupational
tries cesses Standards(S)b,q,r,s

Sodium bicarbonate Chem. Abstr.: sodium hydrogen car- NaHC03 ;. 414,054 BA l 1-3 L:--/S:--
144-55-8 bon a te (1977)d II 1-3

IUPAC: sodium hydrogen carbonate III 1-2
monosodium carbonate; baking soda iv 1-2

Cel tone; Meylon; Soludal

Na2C03 7,427,515 A -- -- L:--/S: 2 mgim3
Sodium carbonate Chem. Abstr.: disodium carbonate

(1979)e, n Cei ling (USSR)
497-19-8 IUPAC: disodium carbonate

soda; soda ash

Na-X p
-0

54,149 3 -0
Sodium silicofluoride Chem. Abstr. : disodium hexafluoro-

Na2SiF 6 LM 1 V 1-2 L:--/S: 3 mg/m m
(1979)

e Z16893-85-9 silicate (2-) Ce i 1 i ng ( G~ )
IUPAC: di sodium hexafluorosilicate 1.5 mg/m TWA (CZ) 0..
sodium fluorosilicate; sodium fluo- X
silicate --

sulphur S 3,663,000 A l 1-3 L:--/S:-- --Sulphur Chem. Abstr.:
(1979)e, p II 1 -3 P7704-34-9 IUPAC: "Sulphur III 1-2 CO

iv 1-2 r
Asulfasupra; Bensul foid; Cosan; m
Elosal; Hexasul; Kolo 100; Kolloid-
schwefel; Polsulkol Extra; Microthiol;
Micowetsulf; Netzschwefel; Svovl;
Sulkol; Sul taf; Sulfex; Sulfidal;
Thiovi t; Sufran; Shreesu1, Wettasu 1

Talc
14807-96-6

Chem. Abstr.: talc (MgsH2 (Si03) 4J
IUPAC: talc

Mg3H2(Si03) 4 ~4500(1977)d F l
II
III
iV

1-3
1-3
1-2
1-2

L:--/S: 4-5 mg/m3

Cei ling (CZ,

USSR)

5 fibers less than

5 um long/cm3

(fibrous) (F) 1

2.5-5 mg/m3 (A, CZ, l,
F)l

5 mg/m3 TWA (USA,
USA-A)

I.+
\.0

Agali te; Asbestine; Desertalc 57;

Emtalj Fibrene C 400; Glacier 325;
ITX; Loomi te j Mistron Vapor; Supreme;
Steawhi te



.. and
CA ..1. Ho. Synonyll and Trade Haiis

Ti tànium dióxide
13463-67-7

Chem. Abstr.: 'li tanium oxide l!iO~
IUPAC: titanium dioxide or titanium
oxide (T102)

C.1. Pigment White 6; titania

A-Fil: Austiox; Bayertitan; Cab-O-Ti;

Flamenco; Hombitan: Kronos; Rayox,

Runa; Rutiox; Tioxide; Tipaque; Ti-Pure;
Titan: Titanox: Tronex; Unitane; Zopaque

Zinc carbonate
3486-35-9

Chem. Abstr.: zinc carbonate
IUPAC: zinc carbonate
C. 1. 77950

Zinc nitrate
7779-88-6

Chem. Abstr.: zinc nitrate

IUPAC: zinc nitrate
zinc dini trate

Aerotex Accelerator No. 5;
Celloxan; X4

Zinc oxide

1314-13-2
Chem. Abstr.: zir.c oxide ,
IUPAC: zinc oxide
C.I. Pigment White 4; zinc white

Actox; Amalox; Azo Il, 55; Azodox;
Cadox; Eagle:-Picher:" Emar; Greenseal 8;
Horse Head; Kadox; Permanent White;

Protox; Red Seal 9; St. Joe; Vandem;

Whi te Seal 7; Zinca 20; Zincoid;

\.
us Production Reported Workplace ui0-Thousand Kg Use l ndus- Pro- Leve1s (L) IOccupationa1

(Year )
a

cesses Standards(S)b,q,r,sClasa tries

667,319 C l 1-3 L:--/S: 10-20 mg/m3
(1979)e II 1-3 TWA (F, L , S, USA,III 1-2

USA-A) Liv 1-2

Structural Formula

Ti02

znc03

Zn (N03) 2

ZnO

:. 90(1977)d A II

u. iv

~ 213, 084 d
(1977)

A, LM l
II
III
iv

1-2 L:--/s:--

1-2 L:--IS:--

1-3
1-3
1-2
1-2

3
L: --IS: dust: 6 mg/m

Cei ling (USSR)

fumes: 5-6 mg/m)
Ceiling (BUL, CZ,
P, S, USSR, Y)

31-5 mg/m TWA (A, BEL,
CZ, F, DOR, BRD,
H, l, J, N, SWD,
S, USA)

10 mg/m3 STEL (DORt

USA-N, USA-A)

-
?bn
~
8
~
-0I
IJ

~r
~
fT

N
00
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TABLE 2

IDENlIFICATION, WOOKPLACE OCUREOCE AN STANDAR

FOR CH~ICAI. FOUND AS BY-PRODOTS

lN THE RUBBER INDUSTRY

(For footnotes, see ppo 243-245)



Naiie and
CAS Reg. No. Synonyms and Trade Names

Benzo Cïl pyrene
50-32-8

Chem. Abstr.: benzo (a) pyrene
IUPAC: benzo (a) pyrene
B(a)P; benzo(d,e,f)chrysene; 3,4-
benzopyrene; 6,7 -benzopyrene;
3,4-benzpyrene

Benzothiazole
95-16-9

Chem. Abstr.: benzothiazole

IUPAC: benzothiazole
l-thia-3-azaindene

Vangard BT

l,3-Butadiene, trimer
16422-75-6

Chem. Abstr.: 1,3 butadiene, trimer

IUPAC: 1,3-butadiene, trimer
linear butadiene trimer

N-sec-Buty lani 1 ine
6068-69-5

Chem. Abstr.: N-(l-methylpropyl)-

benzenamine
IUPAC: N-sec-butylaniline

tert- But yi isothioèyanate
590-42-1

Chem. Abstr.: 2-isothiocyanato-2-

methylpropane
IUPAC: tert-butyl isothiocyanate

Structural Formula Industries Processes

Reported Workplace
Levels(L) !Occupational
Standards(S) b,q,r,s

~ Jloo
~r

(CH2=CHCH=CH2b

O CH3-~-¿HCH2 CH3

ICH313CN=C=S

3

5

5

5

5

3gg
L: 32. 3 ~.g/m

8.8 \1 g/m3gg

15.3 11 g/m3gg

S: 0.00015 mg/m3 Ceiling

(USSR) 3
0.005 mg/m TWA (SWED)

iiL:--/S:--

i i
L: --/S:--

i iL::.-/S:--

ii
L: --/8:--

\.
vi
N

..
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Nl'iie and
CAS Reg. No. Synonyms and Trade Names

1,5,9-Cyclododecatriene
4904-61-4

Chem. Abstr.: 1,5,9-Cyclododecatriene

IUPAC: 1,5, 9-Cyclododecatriene

CDT

1,5-Cyc1ooctadiene
111-78-4

Chem. Abstr.: l, 5-Cyclooctadiene
IUPAC: l, 5-Cyc1ooctadiene

Jimethy Inaphthalene
28804-88-8

Chem. Abstr.: dimethylnaphthalene

IUPAC: d1methy 1naphthalene

~thylbenzene
LOO-41-4

Chem. Abstr.: ethylbenzene

IUPAC: ethylbenzene
ethy1benzo1: phenylethane

EB

Structural Formula

Reported Workplace
Levels(L) !Occupat ional

S t a nd a rd s (S ) b , q , r , sIndustries Processes

5 i i
L: 16.4 ppb

S:eH=e H leH 2 12e H =eH leH212eH=eH leH 2121 1
yH=eH leH 212eH =eH let212

5 L: 8.84 Ppbii

S:

OOieH312

ii
L:--/S: --5

Q-eH2eH3 5
ii 3

L: --/S: 100-435 mg/m

Ceiling (CZ,P, Y)

200-435 mg/m3 TWA (A, BEL,
CZ, F, BRD, L 1J, N, R, S, SWED,

USA, USA-A)

545 mg/m3 STEL (USA-A)

:i
ìJ
ìJri
Zo..
X

-ip
COrri
t'

VI
vi
VI



Na..e and
CAS Reg. No. Synonyms and Trade Names Structural Formula Industries Processes

Reported Workplace
Levels(L) !Occupational
Standards (S) b ,q, r, s

\.
V1..

Ethylnaphthalene
27138-19-8

Chem. Abstr.: ethylnaphthalene

IUPAC: ethylnaphthalene
1- (or 2- )ethylnaphthalene

~CH2CH3 5
ii

L: --/S:--

hh
10 mg/m3 Ceil-

~
Hydrogen sulphide Chem. Abstr.: hydrogen sulphide H2S 1 2 L:--/S: p
7783-06-4 CH;¡SJ

ing (BUL,CZ,P,R,Y,USSR, ;;
IUPAC: hydrogèn sulphide USA) (ì

dihydrogen monosulphide; hydrosulphuric 10-15 mg/m3 TWA (A, BEL, 3:
acid; sulphur dihydride; CZ,F,DDR,BRD,H, l,J, 0

N, R, SWED, S, USA-A) Z
Stink Damp

15-21 mg/m3 STEL (USA-A,
0ø

DDR) ;;
15 mg/m3 10 min. STEL p

(USA-N)
UI

70 mg/m3 Peak 10 min. lJ
(USA) c:0rc

3:
m
N

Methylnaphthalene Chem. Abstr.:

OOCH3
CO

methylnaphthalene
L

i i
1321-94-4 IUP AC : methy Inapht halene

5 L:--/S:--

Ni trogen jioxide
10102-44-0

Chem. Abstr.: nitrogen oxide (N02J

IUPAC: ni trogen dioxide
ni tri to; ni tro

5
hh

L: --/S: 5-10 mg/m3

Ceiling (A, BEL, BUL. CZ,

l, N, P, SWED, S, USSR. USA.
USA-A, Y)
5-10 mg/m3 TWA rCZ,F,

DDR,BRD, H,J) ,

1.8-10 mg/m3 STEL

(DDR, USA-N)

N02



Synonyms and Trade Names Processes

Na..e and

CAS Reg. No. IndustriesStructural Formula

Reported Workplace

Levels (L) /Occupational
Standards(S)b, q, r, s

Nitrogen oxides Chem. Abstr.:

L UP AC :
L

II
II L

iv

1-7
1-7
1-7
1-6

NO,

N-Ni trosodibutylamine
924-16-3

Chem. Abstr.: N-butyl-N-ni troso-l-
butanamine

IUPAC: N-ni trosodi but Y lamine
dibutyl ni trosamine

0=N_N/(CH213CH3
"'

ICH213CH3

N-Ni trosodiet hy lami ne

55-18-5
Chem. Abstr.: N-ethyl-N-nitroso-

et hanamine
IUPAC: N-nitrosodiethylamine
diethylni trosamine; DEN; NDEA

0= N _N/CH2CH3
"'

CH2CH3

5

N-Ni trosodimethylamine
62-75-9

Chem. Abstr.: N-methyl-N-ni troso-
methanamine

IUPAC: N-Uitrosodimethylamine
dimethylnitrosoamine; DMN; DMNA

0=N_N/CH3'-
CH3

l
l
l
l
l

L

L

N-Ni trosomorpholine
59-89-2

L: --/S: (n:easured as
N02 )
5-10 mg/m3 Ceiling

(A, BEL, BUL, CZ, l,

N, P, SWED, S, US SR,

USA, USA-A, Y)
5-10 mg/m3 TWA (CZ,

F, DDR, BRD , H, J)

1.8-10 mg/m3 STEL

(DDR, USA-N)

L: --/S:--

mm
3L: (0.05-5 mg/m

S:

1

2

3

4
5

L: 0.38 lg/m311; 2.2

¡ig/m j 3 i .64 ¡ig/m3ff
27 ¡ig/m J J; 2.2

¡ig/m3jj. 7.1

¡ig/m3jj; 0.03
¡ig/m3f f. 0.24 i-/m311;

0.6 ¡i~(~3jj; 2.5

¡ig/m JJ; 0.38
¡ig/m31i; 2.9 ¡ig/m3ii

S: --

:P
\J
\J
rrZo..
X
.;

j;
CDr
rr
N

Chem. Abstr.:. 4-ni trosomorpholine L
1 L: 250 ~g/~3ff; 3.7 ~g/m311

lUPAC: 4-ni trosomorpholine l- L 3 9 ~g/m3 f. r48 ~g/m3 1 1
ni trosomorpholine 0 N-N=O l 5 0.44 ~~~~3f ; 1.5~g/T311"- L

7 1 ~g/m J J . . ~ . 7 ~g/m3 1II 2 O. 14 ~g/m3JJII 3 0.09 ~g/m3jj

S:

Chem. Abstr.: 1-ni trosopi peridine

CN-N=O
00

IUPAC: 1 - ni trosopiperidine II 1-3,5 L: 2 ¡.g/m3 I.
s: -- vi

vi

N-Ni trosopïperidine
100-75-4

-)

6

7



Nai-e and
CAS Re,. No. Synonyms and Trade Names

N-Ni trosopyrrolidine

930-55-2
Chem. Abstr.: l-nitrosopyrrolidine

IUPAC: l-nitrosopYHolidine
N-ni troso-1-pyrrolidinamine

"articulates Chem. Abstr.:

IUPAC: --

inert dust; nuisance dust

phthalimide
85-41-6

Chem. Abstr.: IH-isoindole-l, 3-
(2H) -dione

IUPAC: phthalimide
l, 2_benzenedicarboximide; benzoimide;
phenylimide

Styrene
100-42-5

Chem. Abstr.: ethenylbenzene
IUPAC: styrene
cinnamene; pheny lethene; phenylethylene;

styrol; styrolene; vinylbenzene

Styropol SO

Sulphur di')xide
7446-09-5

Chem. Abstr.: sulphur dioxide
IUPAC: sulphur dioxide

su1phurous acid anhydride; sul-

phurous anhydride; sulphurous oxide;
sulphur oxide

Fermenticide liquid

Structural Formula 1 ndust ries

Reported Workplace

Levels (L) /Occupational
Processes Standards(S)b,q,r,s

O=N-NJ

Indefinite

o
Il

Q(e"/NH
C
Il
o

1

II

o-CH=eH2

502

5

5

3
3ff 311

L: 0.8 )Jg/m ; 2.6 )Jg/m

S:

2

3

5

2

3

gg
L:25.8 mg/m3

32 mg/m3gg

10.3 mg/m3gg

20-50 mr:/m3hh

Il mg/m3hh

S: 8-20 mg/m3 Ceiling

(CZ. BRD. DDR, S)

6-10 mg/m3 (A BEL F, H
H SWED,I,P Y)1

5-15 mg/m3 TWA (DDR. USA

USA-A)

L:--/S:--

5
i i 3

L:--/S: 5-920 mg/m Ceil-

ing (BUL,CZ,P,R,Y,USSR,

USA)

50-420 mg/m3 TWA (A, BEL,
CZ, F,DDR,BRD, H, l, J, N,
R, SWED, S, USA, USA-A)

4QO-525 mg/m3 STEL (USA-A,
DDR)

2520 mg/m3 Peak 5 min. /
3 hours (USA)

2
hh

L: 33 mg/m3

S: 10 mg/m3 Ceiling

(BUL,CZ, P, R, USSR, Y)
5-13 mg/m3 TWA (A,BEL,

CZ, F, DDR, BRD, H, l, J, N,

R, SWED, S, USA, USA-A,

USA-N)

10-30 mg/m3 STEL (DDR,

USA-A)

\.
vi
Oì

..
:P;;n
~
Ö
4ì

~
ìJl
IJ
c:orc~
m
N
00



Naiae and
CAS Reg. No. Synonyms and Trade Names

4- Vinylcyclohexene
100-40-3

Chem. Abstr.: 4-ethenylcyclohexene

IUPAC: 4-vinylcyclohexene
1 -viny l-3-cyclohexene

Structural Formula Industries
Reportea WorKpla~e
Levels(L) ¡Occupational
Standards(S) b ,q, r ,s

OCH=CH2

Processes

5 L: 11S PPbii

S:

):
ìJ
ìJ
mZo..
X

-i
):
COr
m
N

V.\...
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Table 3. Monomers and e1astomers used in the rubber industry

I. Monomers

Acryloni tr ile

1,3-Butadiene
Chloroprene (2-ch10ro- l, 3-butad iene)
Chlorotr i fI uoroethylene
Dicyc10pentad iene
Epichlorohydrin
Ethy1 acrylate
Ethylene
Ethylene oxide
Ethyl idene norbornen
1 , 4-Hex ad i ene
Hexafl uoropropy1ene
Hexaf1 uoropropylene/tetr af1 uo roethy lene
Isobutylene
Isoprene (2-methy1-1, 3-butadiene)
Methylene diphenyldiisocyanatea
Me thy Imethac ry 1 a te
Naphthalene- l, 5-d i isocyanate a
Po1ymethylene po1ypheny1 isocyanatea
Propylene
Propy1ene oxide
Styrene aTetraf1uoroethylene
2, 4-Tol uenedi isocyanate a
2,6-Toluenediisocyanatea
Viny1 acetate
Vinyl chloride
Vinyl idene ch10r ide

a Not technically monomers but used to make sorne e1astomers
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II. Natural and synthetic rubber elastomers

Natur al rubber

Synthetic rubbers:
Acry1ic rubbers (NBR)
Acry10ni tri1e-butadiene-styrene copo1ymer
Chlorinated polyethylene
Ch10robutyl rubber
Chloroprene rubber
Chlorosulphonated polyethylene (CSM)

Epichlorohydrin elastomer (CO)
Ethylene-propylene-diene terpo1ymer (EDPM)
Fluoroelastomers (CFM)

Isobutylene-isoprene elastomers (but yI rubber) (IIR)
Isoprene-acryloni tr ile elastomers
Neoprene
Ni trile elastomers (NBR)
Polybutadienes (BR)
Pol ybutenes
Polychloroprenes (CR)
Polyester
Polyethylene
Polyisobutylenes
Polyisoprenes (MR)
Polysu1phides (T)
Pol ytetrafl uoroethene
Polyvinyl chloride
Resorcinol-formaldehyde latex
Silicone elastomer (MQ)
Styrene-butadiene rubbers (SBR)
Oil-extended SBR
Styrene-isoprene e1astomers
Thermoplastic polyester elastomers
Thermop1astic polyolefin elastomers
Urethane rubbers
Viny1 acetate-ethylene copolymers

359
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Table 4. Production of elastomers in merner countries of the
Counci1 of Mutual Economic Assistance

E1astaner Production
(thousand kg)

Year

Natural rubber 3 855 OOOa 1979

Ethylene-propy1ene-diene terpo1ymer and
ethy1ene-propylene copolymers

453 000

319 OOOb

1979But yI rubber

1978

Ni tr i le elastomers 226 000 1979

Po1ybutadienes 1 018 000 1979

Po1ychloroprenes 353 000

222 OOOb

1979

Polyisoprenes 1978

Styrene-butadiene rubber, inc1uding
oi1-extended

4 208 000 1979

Thermoplastic polyester elastomers 6 600 1979

Therroplastic po1yo1efin elastomers 37 950 1979

a International Rubber Study Group (1981)

b Anon. (1979)
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CHflICALS USED OR PRODUCED lN THE RUBBER INDUSTRY
THAT WERE PREVIOUSLY EVLUATED lN THE

IARC MONOGRAHS SERIES

Chemical Evaluation of carcinogenicity

Acrylic rubber

(Polyacrylic acid)
No data on hurans or animaIs (Vol.
19, pp. 62-71)

Acryloni trile Probably carcinogenic in hurans;
sufficient evidence in animaIs

(Vol. 19, pp. 73-113; Supplement l,
p. 21)

4-Aminobipheny1 Carcinogenic in hurans (Vol. l,
pp. 74-79; Supplément l, p. 22)

Asbestos Carcinogenic in hurans; (Vol. 14;
Supplement l, p. 23)

Benzene Carcinogenic in hurans (Vol. 7,
pp. 203-221; Supplement l, p. 23)

Benzidine Carcinogenic in hurans (Vol. l,
pp. 80-86; Supplement l, p. 25)

Benzo (~) pyrene No data on humans; sufficient
evidence in animaIs (Vol. 3,
pp. 91-136)

para-Benzoquinone dioxime No data on hurans; 1imi ted evidence
in animaIs (Vol. 29, in press)
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Bis (diethy1di thiocarbaroyl)-
disulphide (Disu1firar)

Bis (dimethyl thiocarbaroyl)-

disulphide (Thirar)

Cadmium sulphide
Cadmium yel10w

Carbon tetrachloride

Ch10roforr

Ch10roprene

Chromi um ox ide

ortho-Dich10robenzene

Di chIo romethane
(Methylene ch10ride)

Diethy1di thiocarbaric acid,
sodium salt (Sodium
diethy1di thiocarbarate)

No data on humans; inadequate data
on animaIs (Vol. 12, pp. 85-95)

Inadequate data on humans and
animaIs (Vol. 12, pp. 225-236)

Cadmium and certain cadmium
compounds are probab1y carcino-
genic for humans; sufficient
evidence in animaIs for cadmium
sulphide (Vol. Il, pp. 39-74;
Supplement l, pp. 27-28)

Probab1y carcinogenic in humans;
sufficient evidence in animaIs
(Vol. 20, pp. 371-399; Supplement
l, P . 28 )

No data on humans; sufficient
evidence in animaIs (Vol. 20,
pp. 401-417)

Inadequate data on humans and
animaIs (Vol. 19, pp. 131-156;
Supplement l, p. 29)

Chromium and certain chromiur
compounds: carcinogenic in hurans;
Cr (III): inadequate data on animaIs

(Vol. 23, pp. 205-323; Supplement
l, pp. 29-30)

Inadequate data on humans and
animaIs (Vol. 7, pp. 231-241; ta be
reeva1uated in October 1981)

No data on humans; inadequate data
on animaIs (Vol. 20, pp. 449-465)

No data on humans; inadequate data
on animaIs (Vol. 12, pp. 217-223)



Diethyldi thiocarbaric acid,
telluric salt (Ethy1
tellurac)

Di (2-ethylhexy1) adipate

Di (2-ethy1hexy1) phtha1ate

Dimethyldi thiocarbaric acid,
lead salt (Ledate)

Dimethyldi thiocarbaric
selenium salt (Methy1
selenac)

Dimethyldi thiocarbaric
acid, zinc salt (Zirar)

Dini trosopentarethylene-
tetramine

1,4-Dioxane

Epichlorohydrin

Ethyl acrylate

Ethylene

Ethylene dichloride

(1,2-Dich10roethane)
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No data on humans; inadequate data
on animaIs (Vol. 12, pp. 115-129)

No data on humans; 1 imi ted evidence
in animaIs (Vol. 29, in press)

No data on humans; sufficient
evidence in animaIs (Vol. 29, in
press)

No data on humans; inadequate data
on animaIs (Vol. 12, pp. 131-135)

No data on humans; inadequate data
on acid, animaIs (Vol. 12, pp.
161-166)

No data on humans; inadequate data
on animaIs (Vol. 12, pp. 259-270)

No data on humans; inadequate data
on animaIs (Vol. Il, pp. 241-245)

No data on humans; sufficient
evidence in animaIs (Vol. Il, pp.
247-256 )

Inadequate data on humans; limi ted
evidence in animaIs (Vol. Il, pp.
131-139; Supplement 1, p. 33)

No data on humans; inadequate data
on animaIs (Vol. 19, pp. 57-71)

No data on humans or animaIs (Vol.
19, pp. 157-186)

No data on hurans; sufficient
evidence in animaIs (Vol. 20, pp.
429-448 )
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Ethylene oxide

1,3-Ethylene-2-thiourea

Forraldehyde gas

Hydrazine

Hyd roquinone

Iron oxide

Isopropyl alcohol

Lead chromate

Lead oxide (litharge)

N-Methyl-N, 4-dini troso-
anil ine -

4,4' -Methylenebis (2-ch10ro-
anil ine) (MOCA)

Probab1y carcinogenic in humans;
inadequate data on animaIs (Vol.
Il, pp. 157-167; Supplement 1,
p. 34)

No data on humans; sufficient
evidence in animaIs (Vol. 7, pp.
45- 5 2)

Inadequate data on humans;
sufficient evidence in animaIs

(Vol. 29, in press)

No data on humans; sufficient
evidence in animaIs (Vol. 4,
pp. 127-136)

No data on humans; inadequate data
on animaIs (Vol. 15, pp. 155-175)

Underground haemati te mining is
carcinogenic to hurans; not
carcinogenic in animaIs (Vol. i,
pp. 29-39; Supplement 1, p. 34)

Manufacture of isopropanol using
the strong-acid process is
carcinogenic in hurans; inadequate
data on animaIs (Vol. 15, pp.
223-243; Supplement l, p. 36)

Inadequate data on hurans;
sufficient evidence in animaIs
(Vol. 23, pp. 325-415)

Inadequate data on hurans and
animaIs (Vol. 23, pp. 325-415)

No data on humans; limi ted evidence
in animaIs (Vol. l, pp. 141-142)

Inadequate data on hurans;
sufficient evidence in animaIs

(Vol. 4, pp. 65-71)



4,4'-Methylenedianiline

4,4'-Methylenedipheny1-
di isocyanate

Methy1 methacrylate

Mineral oils

Naphthalene- l, 5-di isocyanate
(l, 5-Naphthalened i iso-
cyana te )

1 -Naphthy1arine

2-Naphthy1arine

N-Ni trosodimethylarine

N-Ni trosodiphenylarine

N-Ni trosomorpho1 ine

N-Ni trosopyrro1idine

Perch10roethy1ene
(Tetrachloroethylene)

rneta-Pheny 1 ened iarine
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No data on humans¡ inadequate data
in animaIs (Vol. 4, pp. 79-85)

No data on humans¡ inadequate data
on animaIs (Vol. 19, pp. 314-340)

No data on humans¡ inadequate data
on animaIs (Vol. 19, pp. 187-211)

Carcinogenic in humans (Vol. 3, pp.
30-33¡ Supplement l, p. 43)

No data on humans or animaIs (Vol.
19, pp. 311-340)

Inadequate data on humans¡ 1imi ted
evidence in animaIs (Vol. 4, pp.
87-96)

Carcinogenic in humans (Vol. 4,
pp. 97-111¡ Supplement l, p. 39)

No data on humans¡ sufficient
evidence in animaIs (Vol. 17,
pp. 125-175)

No data on humans ¡ 1 imi ted evidence
ln animaIs (Vol. 27, in press)

No data on humans¡ sufficient
evidence in animaIs (Vol. 17, pp.
263-286)

No data on humans¡ sufficient
evidence in animaIs (Vol. 17,
pp. 313-326)

No data on humans¡ limi ted evidence
in animaIs (Vol. 20, pp. 491-514)

No data on humans¡ inadequate data
on animaIs (Vol. 16, pp. 111-124)
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N-Phenyl -2-naphthylarine

Polych10roprene

Polyethylene

Polymethylene polyphenyl
isocyanate

Pol ypropylene

Propy1ene

Propylene oxide

Resorcinol

Se1eni ur

Soots and tars

Styrene

Styrene-butadiene copo1ymers

Tetraf1uoroethy1ene

Inadequate data on hurans and
animaIs (Vol. 16, pp. 325-341)

Inadequate data .on hurans and
animaIs (Vol. 19, pp. 141-156)

Inadequate data on hurans and
animaIs (Vol. 19, pp. 144-186)

No data on humans or animaIs (Vol.
19, pp. 314-340)

No data on humans; inadequate data
on animaIs (Vol. 19, pp. 218-230)

No data on humans or animaIs (Vol.
19, pp. 213-230)

No data on humans; limi ted evidence
in animaIs (Vol. Il, pp. 191-199)

No data on humans; inadequate data
on animaIs (Vol. 15, pp. 155-175)

Availab1e evidence indicates no
carcinogenic effect in hurans;
inadequate data on animaIs (Vol. 9,
pp. 245-260)

Carcinogenic in hurans (Vol. 3, pp.
22-42; Supplement l, p. 43)

Inadequate data on humans; 1 imi ted
evidence in animaIs (Vol. 19, pp.
231-274; Supplement l, p. 43)

Inadequate data on hurans; no data
on animaIs (Vol. 19, pp. 252-274)

No data on humans or animaIs (Vol.
19, pp. 285-301)



Toluene-2,4-diarine
(2, 4-Di arinotuo1uene)

Toluene-2,5-diarine)
(2, 5-Diarinotol uene)

2,4-Toluene di isocyanate

2,6-Toluene di isocyanate

1,1,1 -Tr ichloroethane

Tr ichloroethylene

Tris (2, 3-dibromopropyl)
phospha te

Urethane rubbers
(Polyurethane)

Viny1 acetate

Viny1 chloride

4-Vinylcyclohexene
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No data on humans; sufficient
evidence in animaIs (Vol. 16, pp.
83-95 )

No data on humans; inadequate data
on animal s (Vol. 16, pp. 97-109)

No data on humans or animaIs (Vol.
19, pp. 303-340)

No data on humans or animaIs (Vol.
19, pp. 303-340)

No da ta on humans; inadequate data
on an ima1 s (Vol. 20, pp. 515-531 )

No data on humans; limi ted evidence
in an imal s (Vol. Il, pp. 263-276 )

No data on humans; sufficient
evidence in animaIs (Vol. 20., pp.
575-588 )

Polyurethane foars (flexible and
rig id): no data on humans;
înadequate data on animaIs (Vol.
19, pp. 320-340)

No data on humans; inadequate data
on animaIs (Vol. 19, pp. 341-366)

Carcinogenic in humans (Vol. 19,
pp. 377-348; Supplement l, p. 45)

No data on humans; inadequate data
on animaIs (Vol. Il, pp. 277-280)





APPENDIX 3 375

CHEMlCALS USED lN THE PRODUCTION OF SYNTHETIC RUBBER THAT WERE
PREVIOUSLY EVALUATED lN THE IARC MONOGRAHS SERIES

Chemical Evaluation of
carcinogenici ty

Acrylic rubbers (Polyacrylic acid) No data on hurans or
animaIs (Vol. 19, pp.
62-71)

Acry10ni trile Probab1y carcinogenic in
hurans; sufficient
evidence in animaIs (Vol.
19, pp. 73-113; Supplement
1, p. 21)

Chloroprene Inadequate data on humans
and animaIs (Vol. 19, pp.
131-156; Supplement 1,
p. 29)

Epich10rohydr in No data on hurans; 1 imi ted
evidence in animaIs (Vol.
Il, pp. 131-139)

Ethyl acrylate No data on hunans;
inadequate data on animaIs

(Vol. 19, pp. 57-71)

Ethylene No data on hurans
or animaIs (Vol. 19, pp.
157- 186)

Methy1enedipheny1 diisocyanate

(4,41-Methy1enedipheny1 diisocyanate)
No data on humans or
animaIs (Vol. 19, pp.
314- 340)
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Chemical Evaluation of
carcinogenici ty

Naphthalene- l, 5-di isocyanate
(1,5-Naphthalene di isocyanate)

No data on hurans or
animaIs (Vol. 19, pp.
311-340)

Polychloroprene Inadequate data on humans
and animaIs (Vol. 19, pp.
141 - 156)

Pol yethylene Inadequate data on humans
and animaIs (Vol. 19,
pp. 144-186)

Polymethylene polyphenyl isocyanate No da ta on h urans 0 r
animaIs (Vol. 19,
pp. 314-340)

Pol ypropylene No data on hurans;
inadequate data on animaIs
(Vol. 19, pp. 218-230)

Propylene No data on hurans or
animaIs (Vol. 19,
pp. 213-230)

Styrene Inadequate data on hurans;
1imited evidence in
animaIs (Vol. 19, pp. 231
-274; Supplement l, p. 43)

Styrene-butad iene copo1 ymers Inadequate data on humans;
no data on animaIs (Vol.
19, pp. 252-274)

2,4-Toluene diisocyanate No data on hurans or
animaIs (Vol. 19, pp.
303-340)
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Chemical Evaluation of
carcinogenici ty

2,6-To1uene diisocyanate No data on hurans or
animaIs (Vol. 19,
pp. 303-340)

Urethane rubbers (Polyurethane) Polyurethane foars
(flexible and rigid):
No data on hurans;
inadequate data on animaIs

(Vol. 19, pp. 320-340)

Vinyl acetate No data on hurans;
inadequate data on
animaIs (Vol. 19, pp.
341-366)
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Acetaldehyde-aniline condensate, 258

Acetaldehyde reaction product wi th anil ine
See Acetaldehyde-aniline condensate, 258

6-Acetarido-4-hydroxy-3- ((para-sulpharoylphenyl) azo)-2, 7-naphtha1
ene disulphonic acid, disodium salt
See Azosulphamide, 265

Acetic acid, 84, 311

Acetic acid, ammonium
See Amoni um acetate, 311

Acetone, 82, 107, 318

Acetone polymer wi th diphenylarine
See Diphenylarine-acetone condensate, 259

Acetone reaction product wi th N-phenyl-2-naphthylarine
See N-Phenyl-2-naphthylarine-acetone condensate, 259

6- (Acetylarino) - 3-f (4- (arinosulphonyl) phenyl) azo ì-4-hydroxy-
2,7-naphthalene disu1phonic acid, disodium saI t
See Azosulpharide, 265

Acrylic rubbers, 359, 367, 375

Acryloni tr ile, 94, 154, 169, 367, 375

Acryloni trile-butadiene rubber, 94

Acry10nitrile-butadiene-styrene copolymer, 162, 359

Activated dithiocarbarates, 274

Adipate esters, 162
See, e.g., Di-2-ethy1hexyl adipate, 314

Alcoho1s, 320
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Aldehyde-amine condensation products, 99
See Aromatic amine-a1dehyde (ketone) condensates, 258

A1dehyde-naphthylamine condensates, 103
See Aldo 1- (mixed a- and ß-) naphthy1amine condensate, 258

Aldehydes and ketones, 318

Aldehyde reaction products wi th ketones and diarylamines
See Diary1amine-ketone-aldehyde condensate, 259

Aldol - (mixed a- and ß-) naphthy1arine condensate, 258

A1dol-a-naphthylarine condensate, 258

Al iphatic hydrocarbons, 108
See, e.g., Hydrocarbons, 332

A1kyl alcohols, mixed, 320

Alkyl amines, 263

Alkylarylamines, 100
See, e.g., p. 251

Alkyl ary1-para-phenylarinediarines, 249

Alkylaryl phosphi tes, mixed, 324

Alkylated ortho-cresol
See ortho-Creso1, a1ky1ated, 305

Alky1ated para-cresol
See para-Cresol, a1kylated, 305

Alky1ated 2-methy1phenol
See ortho-Cresol, a1kylated, 305

A1ky1ated 4-methylphenol
See para-Cresol, a1kylated, 305

Alkylated octy1 derivative of dipheny1arine
See Octy1diphenylarine, a1kylated, 257
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Alkylated octyl derivative of N-pheny1benzenamine
See Octyldiphenylarine, alkylated, 257

Alkylated phenol (s), 305

Alkylated polyphenol
See Polyphenol alkylated, 304

Alkyl benzenes, 154
See, e.g., Tbluene, 335

Alkyl mercaptans, mixed, 271

Alkyl phenols, 164
See Thioethers, 288

Alkylphenolsulphides, 288

Alkyl sul phonates, 109, 299

Al umini um hydrate, 108, 340

Aluminium oxide, 340

Aluminium silicate, 340

Aluminum hydroxide
See Aluminium hydrate, 340

Aluminum oxide
See Aluminium oxide, 340

Aluminum silicate (Al 2 (Si03) 3)
See Aluminium silicate, 340

Amines (unspecified), 84J 99, 100, 103, 109, ill, 116, 140

4-Amino-a- (4-arinocyclohexyl) cyclohexanemethano1, carbarate
(ester)
See Bis(4-arinocyclohexyl)methane carbarate, 264/

4-Aminobipheny1, 160, 169, 265, 367

383
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(2-Arinoethyl) carbamic acid
See Ethylenediarine carbarate, 264

Arinophenols, 307

Amonia (anhydrous), 72, 94, 135, 340

Amonium acetate, 86, 311

Amonium bicarbonate, 341

Amonium diethyldi thiocarbarate
See Diethy1di thiocarbamic acid, arnonium salt, 276

Aroni ur hydrogen carbonate
See ~onium bicarbonate, 341

Amonium ni trate, 341

Amonium sulphate, 86, 341

Amy1 mercaptoacetate, 271

para-tert-Ary1phenol sulphide, 288

Anydr ides and esters, 314

Anil ine, 38

para-Anil inophenol
See para-Hydroxydiphenylarine, 254

4'-Anilino-para-toluenesu1phonanilide
See para- (para-Toluenesu1phonamido) dipheny1arine, 257

Anthanthrene, 157

Anthracene, 157

Antimony oxide (Sbi03)
See Antimony trioxide, 341

Antimony trioxide, 108, 341
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Aromatic amine-aldehyde (ketone) condensates, 258

Aromatic amines, 116, 159-161, 191, 227, 228, 229, 230
See Ni trogen corn 

po und s , 249

Aromatic hydrocarbons, 156
See Hydrocarbons, 332

Aromatic oils, 90, 93, 94, 104, 110, 116, 161
See Mineral oils, 333

Aromatic polyamine, hindered, 265

Aryl disu1phides, mixed, 294

Arylguanidines, 262

Aryl mercaptans, 271

Asbestos, 67, 76, 79, 155, 196, 342, 367

Asphalt, 79
See Bi turen, 337

Azobisformamide, 108
See 1,1 '-Azobisformamide, 265

1,1 '-Azobisformamide, 265

i,t- Azobis(formamide)
See 1,1 '-Azobisformamide, 265

2, 2'-Azobisisobutyroni trile, 265

Azobis (isobutyroni tri1e), 108

See 2,2'-Azobisisobutyronitri1e, 265

2,2'-Azobis (2-rethylpropaneni tri1e)

See 2,2'-Azobisisobutyronitrile, 265

Azodicarbon amide, 72

2, 2'-Azodi isobutyroni tri1e

See 2,2'-Azobisisobutyroni trile, 265
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Azosulpharide, 265

Barium sulphate, 342

Bariur sulphate (1: 1) and zinc sulphide (ZnS)
See Lithopone (barium sulphate and zinc su1phide), 347

Barytes, 107
See Bariur sulphate, 342

Bentoni te, 342

Benz(a) anthracene, 156, 161

Benzene, 41, 93, 123, 124, 126, 127, 128, 130, 131-132, 137-138,
153, 154, 169, 228, 332, 367

l, 3-Benzened icarboxy1 ic acid, compound wi th N-methy1 -methanarine

(1:1)
See Dimethy1aroniur hydrogen isophthalate, 312

1,2-Benzenedicarboxy1ic acid, dibuty1 ester
See Di but yI phthalate, 314

1,3-Benzenediol
See Resorcinol, 309

1,4-Benzenediol
See Hydroquinone, 308

Benzenesu1phonic acid, hydrazide
See Benzenesulphony1 hydrazide, 299

Benzenesu1phonyl hydrazide, 108, 299

Benzid ine, 42, 160, 169, 266, 367

Benzimidazo1es, 104
See, e.g., 2-Mercaptobenzimidazo1e, 300

2 -Ben z im ida zo 1 eth i 0 1
See 2-Mercaptobenzimidazo1e, 300
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2-Benzimidazo1ethio1, zinc salt, 299

Benzo (~) acenaphthy1ene, 157

Benzoacridine derivative, 157

Benzo (d ,e ,i) dibenzothiopene, 157

Benzo (b) fluoranthene, 161

Benzo (~,h ,l) f1uoranthene, 157

Benzo (i) f1uoranthene, 161

Benzofluoranthenes, 157

Benzofurane derivative, 322

Benzoic acid, 311

Benzo (~,h, i) pery1ene, 157

Benzo (~) pyrene, 104, 122, 123, 125, 126, 128, 130, 133, 134, 136,

156, 157, 161, 352, 367

Benzopyrenes, 157
See Benzo (~) pyrene, 352

pa ra-Ben zoqui no ne , bis (O-benzoyloxime)
See Dibenzoy1-para-quinone dioxime, 310

para-Benzoquinonedioxime, 310, 367

Benzothiazole(s), 89, 99, 100, 110, 134, 282, 352

2-Benzoth i azoleth i 01
See 2-Mercaptobenzothiazole, 285

2-Benzothiazolethiol and zinc ch10ride
See 2~ercaptobenzothiazole, zinc ch10r ide, 285

2 (3H) -Benzothiazolethione
See 2-Mercaptobenzothiazole, 285
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2 (3H) -Benzothiazolethione and zinc ch10ride
See 2-Mercaptobenzothiazole, zinc ch10ride, 285

2 (3H) -Benzothiazolethione, copper (2+) salt
See 2-Mercaptobenzothiazole, copper salt, 285

2 (3H) -Benzothiazo1ethione, sodium saI t
See 2-Mercaptobenzothiazole, sodium salt, 285

2 (3H) -Benzothiazolethione, zinc salt
See 2-Mercaptobenzothiazole, zinc salt, 286

2-Ben zoth i a zol yI d iethy Id i th i ocarbarate
See 2-Benzothiazy1 -N ,N-diethyl thiocarbamoy1 sulphide, 284

4- (2-Benzothiazolylthio) morpho1ine
See N-Oxydiethylene-2-benzothiazo1esulphenaride, 283

2-Benzothiazyl-N , N-diethyl thiocarbaroy1 sulphide, 284

Benzoyl peroxide, 316

para-Benzyloxyphenol, 308

para- (Benzyloxy) phenol
See para-Benzyloxyphenol, 308

4-Biphenylamine
See 4-Arinobipheny1, 265

(1,1 '-Biphenyl)-4-amine
See 4-Arinobipheny1, 265

(l,l' -Bipheny1) -4,4' -diamine
See Benzid ine, 266

Bis (4-arinocyc10hexy1) methane carbarate, 264

Bi s (4-aminocyc10hexy1) methy1 carbamate
See Bis(4-arinocyc10hexyl)methane carbarate, 264

1,3-Bis (2-benzothiazolylmercaptomethy1) urea, 284
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l, 3-Bis( (2-benzothiazoly1 thio) methyl) urea
See 1,3-Bis (2-benzothiazolylmercaptomethyl) urea, 284

389

N ,N' -Bis ( (2-benzothiazo1yl thio) methy1) urea
- See 1,3-Bis (2-benzothiazoly1mercaptorethyl) urea, 284

Bis (bis (2-methylpropy1) carbarodi thioato-s, S' ) nickel
See Di isobutyl di thiocarbaric acid, nickel salt, 277

Bis (bis (phenylmethyl) carbarodi thioato-S ,S' ) zinc
See Dibenzyldi thiocarbaric acid, zinc salt, 275

4,4 '-Bis (sec-buty1arino) dipheny1-methane, 266

a, a-Bis (tert-butylperoxyisopropyl) benzene, 151, 316

Bis (cinnaryl idene) hexarethylened iarine, 266

Bis(dibenzyldi thiocarbarato) zinc
See Dibenzy1di thiocarbaric acid, zinc saI t, 275

Bis (dibutylcarbarodi thioato-S ,S' ) cadmium

See Dibutyldi thiocarbaric acid, cadmium saI t, 275

Bis (dibuty1carbarodi thioato) d i-~-oxodioxod imo1 ybdenur,

sulphurized
See Di-n-butyldithiocarbaric acid, mo1ybenur salt, 275

Bis (dibutylcarbarodi thioato-S,s' ) nickel
See Dibutyldi thiocarbaric acid, nickel saI t, 275

Bis (dibuty1carbarodi thioato-s,S' ) zinc
See Dibuty1dithiocarbaric acid, zinc salt, 276

Bis (dibutyldi thiocarbarato) cadri ur
See Dibutyldi thiocarbaric acid, cadmium salt, 275

Bi s ( di but y Id i th i ocarbara to) di - ~-oxod i oxod imol ybden ur, sul ph ur i zed
See Di-n-buty1dithiocarbaric acid, molybdenur salt, 275

Bis(dibutyldi thiocarbarato) nickel
See Dibuty1di thiocarbaric acid, nickel salt, 275
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Bis (dibutyldithiocarbarato) zinc, 165
See Dibutyldi thiocarbaric acid, zinc salt, 276

Bi s (d ibuty 1 th ioca rbaroy 1) di sul ph ide
See Tetrabutyl thiurar disu1phide, 293

Bis (2,4-dich10robenzoy1) peroxide, 151, 316

Bis (diethylcarbarodi thioato-S, S' ) cadmium
See Diethyldithiocarbaric acTd, cadmium salt, 276

Bis (diethylcarbarodiethioato-S ,S' ) cadmium and tetra-
ethy1thioperoxydicarbonic diaride-f ( (H2N) C (S)) 2S2l
See Diethyldi thiocarbaric acid, cadmium saI t and bis-

(diethylthiocarbaroyl) disu1phide mixture, 276

Bis (diethylcarbarodi thioato-S ,S' ) nickel
See Diethyldi thiocarbaric acid, nickel salt, 277

Bis (diethylcarbarodithioato-S ,S') zinc
See Diethyldi thiocarbaric acid, zinc salt, 277

Bis (d iethy Id i th iocarbarato) cadm i um

See Diethyldithiocarbaric acid, cadmium salt, 276

Bis (diethy1di thiocarbarato) cadmium and bis (diethyl-

di thiocarbaroyl) disulphide
See Diethyldi thiocarbamic acid, cadmium saI t and bis-

(diethyl thiocarbaroyl) disu1phide mixture, 276

Bis (diethyld i thiocarbamato) nickel
See Diethyldi thiocarbaric acid, nickel salt, 277

Bis (diethy1di thiocarbamato) zinc, 165
See Diethyldithiocarbaric acid, zinc salt, 277

Bis (diethy1di thiocarbaroy1) disu1phide, 290, 368

Bis (diethyldithiocarbaroyl) disulphide and bis(di-
methy1 thiocarbaroyl) disulphide, 290

Bis (di isobuty1di thiocarbarato) nickel
See Diisobuty1 dithiocarbaric acid, nickel salt, 277
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Bis (2- (dimethylarino) ethyl) (4-methy1-1,3-pheny1ene) bis-
(carbarate)
See Dimethy1ethanolarine, to1uene-2,4-diisocyanate adduct, 264

Bis (2- (dimethylarino) ethyl) toI 
uene-2, 4-dicarbarate

See Dimethy1ethanolarine, to1uene-2,4-diisocyanate adduct, 264

Bis( (dimethylarino) thioxomethy11 tetrasu1phide
See Bis (dimethyl thiocarbaroyl) tetrasu1phide, 291

4,4' -Bis (a, a-dimethylbenzyl) diphenylarine, 254

Bis (a, a-dimethylbenzy1) peroxide
See Dicumyl peroxide, 317

Bi s (dimethylcarbarod i thioato-s, S' ) copper
See Dimethy1dithiocarbaric acid, copper salt, 278

Bis (dimethylcarbarod i thioato-S, S' ) lead
See Dimethyldithiocarbaric acid, lead salt, 278

Bis (dimethylcarbarodi thioato-S, S' ) zinc
See Dimethyldithiocarbaric acid, zinc salt, 279

Bis (dimethyldi thiocarbarato) copper
See Dimethy1dithiocarbaric acid, copper salt, 278

Bis (dimethyldi thiocarbarato) lead
See Dimethyldithiocarbaric acid, lead salt, 278

Bis (dirnethy1di thiocarbarato) zinc
See Dimethyldi thiocarbaric acid, zinc salt, 279

f (3, 5-Bis (1,1 -dimethy1ethyl) -4-hydroxypheny1) methy1 I-phosphonic
acid, monoethy1 ester, nickel (2+) salt (2:1)
See 3, 5-Di -tert-buty1 -4-hydroxybenzy1 phosphonic acid,
monoethy1 ester, nickel salt, 326

2, 6-Bis (l, I-dimethy1ethy1) -4-methylpheno1
See 2,6-Di-tert-buty1-para-creso1, 305

Bis (l, 1-dimethylethyl) peroxide
See tert-Buty1 peroxide, 316
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N,N' -Bis (l, 4-dimethy1penty1Tl, 4-benzenediamine
- See N,N'-Bis(1,4-dimethylpentyl)-para-pheny1ene diamine, 249

N ,N' -Bis (l, 4-dimethy1pentyl) -para-phenylened iamine, 249

Bis (dimethy1pheny1) disu1phide
See Dixyly1 disulphides, mixed, 295

2, 5-Bis (1,1 -dimethy1propyl) - l, 4-benzenedio1
See 2, 5-Di (l, I-dimethylpropyl) hydroquinone, 308

Bis (dimethy1 thiocarbamoyl) disulphide, 291

Bis (dimethy1 thiocarbamoyl) su1phide, 291

Bis (dimethy1 thiocarbamoy1) tetrasulphide, 291

Bis (dipentylcarbamodi thioato-S ,S. ) lead
See Dipentyldithiocarbaric acid, lead salt, 280

Bis (dipenty1carbamodi thioato-S, S' ) zinc
See Diamyldithiocarbaric acid; zinc salt, 274

Bis (dipenty1di thiocarbamato) lead
See Dipenty1dithiocarbaric acid, 1ead salt, 280

Bis (dipenty1d i thiocarbamato) zinc
See Diamy1dithiocarbaric acid, zinc salt, 274 )

Bis (N-ethy1di thiocarbanilato) zinc
See Ethy1phenyldithiocarbaric acid, zinc salt, 280

Bis (2-ethy1hexyl) adipate
See Di-2-ethy1hexy1 adipate, 314

Bis (2-ethy1hexyl) - l, 2-benzenedicarboxy1ate
See Di-2-ethylhexy1 phtha1ate, 314

Bis (2-ethy1hexyl) hexanedioate
See Di-2-ethylhexy1 ad i pate , 314

Bis (2-ethy1hexyl) phthalate
See Di-2-ethylhexy1 phtha1ate, 314
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N,N'-Bis (l-ethyl-3-methylpenty1) -l, 4-benzenediarine
- See N,N'-Bis (l-ethyl-3-rethylpentyl)-para-phenylenediarine, 249

N,N'-Bis (l-ethyl-3-methy1pentyl) -para-phenylenediarine, 249

Bi s (ethylphenylcarbarodithioato-s,s , ) zinc
See Ethylphenyldi thiocarbaric acid, zinc saI t, 280

Bi s (isopropyloctadecyl thiocarbaroyl) disulphide, 292

N,N'-Bis (isopropy1) -para-phenylenediamine, 249

N,N'-Bis (l-methylethy1) - l, 
4-benzenedi arine

- See N,N'-Bis(isopropyl)-para-pheny1enediamine, 249

N,N-Bis (l-rethylethy1) -1-benzothiazolesu1phenaride
- See N ,N-Di isopropyl-2-benzothiazolesu1phenaride, 283

N,N' -Bi s (1 -methylethy1) -N,N '-dioctadecyl thioperoxydicarbonic
- diaridef ( (H 2N) C (S)) 2S 2T -

See Bis (isopropyloctadecyl thiocarbaroy1) disu1phide, 292

Bis (l-methylethyl) thioperoxydicarbonate f ( (HO) C (S)) 2S 21
See Di isopropylxantho disulphide, 287

N,N'-Bis (1-methylhepty1) -1,4-benzenediarine
See N,N'-Bis(1-methy1heptyl) -para-phenylenediarine, 249

N ,N' -Bi s (1 -methy1heptyl) -para-phenylenediarine, 249

N,N'-Bis (1-methylpheny1) -l, 2-ethanediarine
- See N,N'-Di-ortho-to1ylethy1enediarine, 256

Bis (1-methyl-1-phenylethy1) peroxide
See Dicuryl peroxide, 317

N,N'-Bis (2-methy1pheny1) guanidine

- See 1,3-Di-ortho-to1y1guanidine, 262

Bis (methylpheny1 thiocarbaroyl) disulphide, 292

N,N'-Bis (2-methylphenyl) thiourea
- See Di-ortho-to1yl thiourea, 297
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N,N' -Bis (1-methy1propy1) -1,2-benzenediarine
- See N ,N' -Bis (1 -methy1propy1) -ortho-pheny1enediarine, 250

N,N' -Bis (1-methy1propyl) -1,4-benzenediarine
- See N,N'-Bis(1-methylpropy1)-para-phenylenediarine, 250

N,N' -Bis (1-methy1propy1)-ortho-pheny1enediarine, 250

N ,~' -Bis (1 -methy1propy1) -para-pheny1enediarine, 250

Bis (morpholinothiocarbaroy1) disulphide, 292

Bis (morpho1inothiocarbony1) disulphide
See Bis (morpholinothiocarbaroyl) disulphide, 292

Bis (ni tro-l -piper id inecarbod i thioato) zinc
See Ni tro-pentarethylenedi thiocarbaric acid, zinc salt, 280

Bis (ni tro- 1 -piperidinecarbodi thioato-S ,S') zinc
See Ni tro-pentarethylened i thiocarbaric ac id, zinc salt, 280

Bispheno1, hindered, 302

2,4-Bis (l-phenylethyl) phenol
See 2,4-Di (a-methy1benzyl) phenol, 305

Bis (pheny1methyl) carbarodi thioic acid, sodium salt
See Dibenzy1di thiocarbaric acid, sodium salt, 274

N,N' -Bis (3-phenyl-2-propeny1idene) -1,6-hexanediarine
- See Bis (cinnaryl idene) hexarethylenediarine, 266

Bis (l-piperidinecarbodithioato) copper
See Pentarethy1enedithiocarbaric acid, copper salt, 281

Bis (l-piperidinecarbodi thioato-S,S') copper

See Pentarethy1enedithiocarbaric acid, copper salt, 281

Bis (l-piperidinecarbodithioato) lead
See Pentarethy1enedi thiocarbaric acid, lead salt, 281

Bis (l-piperidinecarbodi thioato) zinc
See Pentarethylenedi thiocarbaric acid, zinc salt, 281
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Bis (l-piperidinecarbodithiato-S,S') zinc
See Pentarethylenedi thiocarbaric acid, zinc saI t, 281

Bis (l-piperidinecarbodithioato-S,S' ) lead
See Pentamethy1enedi thiocarbaric acid, lead saI t, 281

Bi s (pi per id i noth iocarbony 1) di sul ph ide
See Dicyclopentarethylenethiurar disulphide, 292

Bis (piper idinothiocarbonyl) hexasulphide
See Di-N ,N' -pentamethylenethiurar hexasulphide, 293

Bis (piperidinothiocarbonyl) sulphide
See Dipentarethylenethiurar monosulphide, 293

Bis (piper idinothiocarbonyl) tetrasulphide
See Di-N ,N' -pentamethylenethiurar tetrasulphide, 293

Bitumen, 161, 337

Bi uret, 108

Butadiene, 154
See l, 3-Butad iene, 358

1,3-Butadiene, 358

l, 3-Butad iene, tr imer, 110, 134, 352

Butanal reaction product with aniline
See Butyraldehyde-aniline condensate, 258

n-Butanal reaction product wi th anil ine
- See n-Butyra1dehyde-anil ine condensate, 258

1 -Butanol
See But yI a1cohol, 320

2-Butanone
See Methy1 ethyl ketone, 319

But yI alcoho1, 320

N-sec-Buty1ani1ine, 110, 134, 352
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N-tert-Butyl-2-benzothiazolesu1phenaride, 109, 110, 282

N-Butyl - 1 -butanamine
- See Di-n-buty1arine, 263

6-tert-Buty1 -meta-cresol, reaction product wi th su1phur ch10r ide

(SCi i)
See 6-tert-Butyl-meta-cresol - su1phur dich10ride condensate,
337

6-tert-Butyl-meta-creso1 - su1phur dich10ride condensate, 337

4,4' -Buty1idenebis (6-tert-buty1)-meta-creso1, 302

4,4' -Butylidenebis (2- (1,1 -dimethylethy1) -5-methy1-pheno1)
See 4,41 -But yI idenebi s (6-tert-buty1) -meta-cresol, 302

tert-Butyl isothiocyanate, 109, 110, 134, 352

N-Buty1-N-ni troso-1-butanarine
See N-Ni trosodibuty1arine, 355

tert-Buty1 peroxide, 151, 316

tert-Butyl peroxybenzoate, 316

N-sec-Butyl-N' -pheny1-para-phenylenediarine, 250

But yI rubbers, 61, 64, 67, 76, 79, 91, 95, 360
See Isobuty1ene-isoprene e1astomers

Butyraldehyde-aniline condensate, 258

n-Butyraldehyde-aniline condensate, 258

n-Butyraldehyde-buty1arine condensate, 266

Butyraldehyde reaction product with aniline
See Butyra1dehyde-ani1ine condensate, 258

~-Butyr aldehyde reaction product wi th ani1 ine
See ~-Butyra1dehyde-ani1ine condensate, 258

N-Butyroy1-para-arinopheno1, 307
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Cadmium, 228

Cadmium bis (dimethy1carbarodi thioate)
See Dimethyldithiocarbaric acid, cadmium salt, 278

Cadmium bis (dimethy1di thiocarbarate)
See Dimethyldithiocarbaric acid, cadmium salt, 278

Cadmium diethy1dithiocarbarate, 152
See Diethy1dithiocarbaric acid, cadmium salt, 276

Cadmium sulphide, 107, 368
See Cadri um ye110w, 343

Cadmium yellow, 343, 368

Calcium carbonate, 61, 71, 105, 343

Calcium chloride, 82, 343

Calcium chloride (CaC12)
See Calcium ch10ride, 343

Calcium dini trate
See Calcium nitrate, 343

Ca1ci um ni trate, 82, 343

Calcium oxide, 344

Calcium oxide (CaO)
See Calcium oxide, 344

Calcium silicate, 344

Calcium silicate (Ca 2 SiO~)
See Calcium silicate, 344

Calcium stearate, 311

Calcium sulphate, 344

Carbarates, 264
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Carbaric acid, compound with 1,6-hexandediarine
See Hexarethy1enediarine carbarate, 264

Carbon bisu1phide, 40, 294

Carbon black(s), 51, 72, 89, 90, 91, 92-93, 94, ios, 106, 116,
122, 131, 133, 136, 140, 155-159, 167, 168, 196, 209, 229, 344

Carbon-br idged phenols, 302

Carbon dioxide, 76, 85

Carbon disu1phide, 28, 34, 40, 41, 93, 109, 152, 153
See Carbon bisulphide, 294

Carbon disu1phide and 1,1'-methylenedipiperidine (reaction
product), 274

Carbon tetrach10r ide, 328, 368

Carboxylic acids and salts, 311

Casein, 109, 337

Castor oil, 314

Caustic soda, 56

Cellulose derivatives, 109

Cetyl-stearyl mercaptan, 271

Channel blacks, 89, 91, 92, ios, 106, 156, 158, 167
See Carbon blacks, 344

Chlorinated hydrocarbons, 41
See Halogen compounds, 328

Chlorinated polyethylene, 359

Chlor ine, 83

Chlorobenzene
See Monoch10robenzene, 330
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4-Chloro-2,6-bis (2,4-dihydroxybenzyl) phenol, 302

2-Ch10ro- 1, 3-butadiene
See Ch10roprene, 358

Chlorobutyl rubber, 73, 359

Chloroform, 328, 368

4,41- ((5-Chloro-2-hydroxy-l, 3-phenylene) bis (methylene) )-

bis (1,3-benzenediol)
See 4-Chloro-2, 6-bis (2, 4-dihydroxybenzy1) phenol, 302

4,41- ( (5-Chloro-2-hydroxy-meta-pheny1ene) dimethylene) _
diresorcino1
See 4-Chloro-2, 6-bis (2, 4-dihydroxybenzyl) phenol, 302

1 -Choro-2-methylbenzene
See Ch10rotol uenes, 329

1 -Chloro- 3-methy1benzene
See Ch10roto1 uenes, 329

1 -Ch10ro-4-rethylbenzene
See Chlorotoluenes, 329

Chloroprene, 135, 137, 154, 169, 358, 368, 375

Chloroprene rubber, 75, 94, 162, 163, 359

Chlorosu1phonated polyethylene e1astomer, 64, 76, 95, 96, 359

o rtho-Ch10rotol uene
See Ch10rotoluenes, 329

meta-Ch10roto1 uene

See Ch10roto1uenes, 329

par a-Ch10roto1 uene
See Ch10rotoluenes, 329

Chloroto1uenes, 329

Ch10rotrif1uoroethy1ene, 358
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Chrome yellow, 344

Chromic acid, 83

Chromic acid (H2CrO~), lead (2+) salt (1:1)
See Lead chromate, 346

Chromiur oxide (Cr 203), 107, 345, 368

Chrysene, 156, 161

C. I. Pigment Yellow 34
See Chrome ye110w, 344

Clay(s), 89,107,345

Coal-tar oils, 161, 332

Coal-tar pitch, 104
See Coal-tar oils, 332

Copper (2+) bis (2-benzothiazo1ethiolate)
See 2-Mercaptobenzothiazole, copper salt, 285

Copper dimethyldi thiocarbarate, 152, 153
See Dimethy1di thiocarbaric acid, copper salt, 278

Coronene, 157

Coronene (isamer), 157

Cotton fiber, 337

Cottonseed oil, 314

Courarone-indene resins, 337

ortho-Creso1, a1kylated, 305

para-Creso1, a1kylated, 305

1,5,9-Cyclododecatriene, 110, 134, 135, 136, 353
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2, 5-Cyclohexadiene-1, 4-dione, bis (O-benzoyloxime)
See Dibenzoyl -par a-quinone d iox ime, 310

2, 5-Cyc10hexadiene-1, 4-dione, dioxime
See para-Benzoquinonedioxime, 310

Cyclohexane, 332

Cyclohexanone, 318

N-Cyclohexyl -2-benzothiazolesu1phenaride, 90
See N-Cyclohexyl-2-benzothiazo1ylsulphenaride, 282

N-Cyc10hexyl-2-benzothiazo1ylsulphenaride, 282

N-Cyclohexyl-2-benzothiazo1e sulphoxide, 132, 137

N-Cyc10hexylbenzothiazylsulphenaride, 165
- See N-Cyclohexyl-2-benzothiazo1ylsu1phenaride, 282

N-Cyc10hexyl-N' -phenyl-1, 4-benzenediarine
- See N-Cyclohexyl-N'-phenyl-para-pheny1enediarine, 250

N-Cyc10hexYI-N' -pheny1-para-pheny1enediarine, 250

2-Cyclohexyl thiobenzothiazole, 102

2- (Cyc10hexy1 thio) - IH-isoindo1e- 1,3 (2H) -dione

See N- (Cyc10hexy1thio) phtha1imide, 299

Cyc10hexyl thiophtha1imide, 102, 109
See N- (Cyclohexylthio) phthalimide, 299

N- (Cyclohexy1 thio) phthal imide, 102, 299

1,5-Cyc100ctadiene, 110, 134, 135, 136, 353

Cyclopenta(cd) pyrene, 157

3-Decyl-2,5-bis (1-methy1propyl) -1,4-benzenedio1
See 2,5-Di-sec-butyl decylhydroquinone, 308
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Decyl diphenyl phosphi te
See Dipheny1 decyl phosphi te, 324

Dia1kylamines, 100
See Alkyl amines, 263

Dia1kyl di thiocarbamates, III
See Thiocarbarates, 274

Dialkyl thioruea, 296

Dia1ky1 thiurar sulphides, III
See, e.g., Tetrabuty1 thiuram disu1phide, 293

4, 4'-Diaminodipheny1methane, 152, 160
See 4,4'-Methy1enediani1ine, 257

2, 4-Diaminoto1uene, 160, 170
See ToI uened iamines , 253

2, 5-Diarinoto1uene, 160
See To1uenediamines, 253

Diaronium su1phate
See Amonium sulphate, 341

Diary1dithiocarbaric acid, diarylamonium salt, 274

Diamy1dithiocarbaric acid, zinc salt, 274

Diantimony trioxide
See Antimony trioxide, 341

Diarylamines, 100
See, e.g., Diphenylamines, 254

Diary1arine-ketone-a1dehyde condensa te, 259

Diarylamine-ketone condensa te , 259

Diary1 and a1ky1ary1 para-pheny1enediarine, b1ended, 250

Di ary1enediarines , mixed, 250
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Diaryl-para-phenylenediarine, mixed, 251

Di azenedicarboxaride
See 1,1 '-Azobisforraride, 265

Dibenz(~,hl anthracene, 161

Dibenzo(a ,hl pyrene, 161

Dibenzo(a,llpyrene, 161

Dibenzoyl peroxide
See Benzoyl peroxide, 316

Dibenzoyl-para-quinone dioxime, 310

Dibenzylarine, 266

Dibenzyldithiocarbaric acid, sodium salt, 274

Dibenzyldithiocarbaric acid, zinc salt, 275

2,3-Dibromo-l-propanol phosphate (3: 1)
See Tris (2,3-dibromopropyl) phosphate, 327

Di but yI arine
See Di -n-butylarine, 263

Di-n-butylarine, 263

Di-n-butylaronium oleate, 311

Dibuty1carbarodi thioic acid compound wi th
N ,N-dimethy1cyc10hexanarine (1: 1)
See Dibuty1d i thiocarbaric ac id, N ,N-d imethy1cyclo-hexy1arinesalt, 275 --

Dibutyl carbarodithioic acid, potassium salt
See Dibuty1dithiocarbaric acid, potassium salt, 276

Dibuty1carbarodithioic acid, sodium salt
See Dibutyldithiocarbaric acid, sodium salt, 276

2, 6-Di-tert-buty1-para-creso1, 305
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2,5-Di-sec-butyl decy1hydroquinone, 308

2,5-Di-sec-butyl-3-decylhydroquinone
See 2,5-Di-sec-buty1 decylhydroquinone, 308

0, G-Dibutyl di thiobis (thioformate)
- See Di-n-butylxantho disu1phide, 287

Dibuty1di thiocarbaric acid, cadmium saI t, 275

Dibuty1di thiocarbaric acid compound wi th
N ,N-dimethy1cyclohexy1arine (1: 1)
See Dibuty1di thiocarbaric acid, N ,N-dimethy1cyclohexy1arinesalt, 275 - -

Dibuty1di thiocarbaric acid, N ,N-dimethy1cyc1ohexylarine salt, 275

Di-~-butyldithiocarbaric acid, molybdenum salt, 275

Dibuty1dithiocarbaric acid, nickel salt, 275

Dibuty1dithiocarbaric acid, potassium salt, 276

Dibuty1dithiocarbaric acid, sodium salt, 276

Dibutyldithiocarbaric acid, zinc salt, 276

3,5-Di-tert-butyl-4-hydroxybenzyl phosphonic acid, monoethyl
ester, nickel salt, 326

l, 1-Di-tert-butylperoxy-3, 3, 5-trimethy1cyclohexane, 317

N,N' -Di-sec-buty1 -ortho-pheny1enediarine
- See N,N' -Bis (1-methy1propy1) -ortho-phenylenediarine, 250

N,N' -Di-sec-butyl-para-pheny1enediarine
- See N,N' -Bis (1 -methy1propyl) -para-pheny1enediamine, 250

Dibuty1 phthalate, 314

Di (n-butyl) phthalate, 162
See Dibuty1 phtha1ate, 314
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Di but yI thioperoxydicarbonate f ( (HO) C (S) J 2S 2J
See Di-~-butylxantho disulphide, 287

l, 3-Dibutyl thiourea, 153
See 1,3-Di-~-butyl-2-thiourea, 296

405

1,3-Dibutyl-2-thiourea
See 1,3-Di-n-butyl-2-thiourea, 296

l, 3-Di -n-buty1 -2-thiourea, 296

N,N 1 -Dibutyl thiourea

- See l, 3-Di -~-butyl - 2-thiourea, 296

Di-n-buty1xantho disu1phide, 287

Dicatechol borate, di-ortho-to1y1guanidine salt, 262

ortho-Dichlorobenzene, 329, 368

1,2-Dichlorobenzene
See ortho-Dichlorobenzene, 329

1,2-Dichloroethane
See Ethylene d ich10r ide, 329

Dich10romethane, 154
See Methylene chlor ide, 330

1,2-Dichloropropane
See Propylene dich10ride, 331

Dichromiur trioxide
See Chromium oxide (Cr 203)' 345

N,N' -Dicinnary1idene-1, 6-hexanediarine
- See Bis (cinnary1 idene) hexarethylenediarine, 266

Dicumy1 peroxide, 151, 317

N ,N '-Dicyc10hexy 1 - l, 4-benzened i amine
See N,N' -Dicyclohexy1-para-pheny1enediarine, 251
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N ,N-Dicyclohexyl -2-benzothiazo1esu1 phenaride
- See N,N-Dicyclohexyl-2-benzothiazo1y1sulphenamide, 282

N ,N-Dicyclohexy1 -2-benzothiazo1ylsulphenaride, 282

N,NI -Dicyclohexy1 -para-pheny1enediarine, 152, 251

Dicyc10pentadiene, 358

Dicyc10pentarethylenethi urar disulphide, 292

2,5-Di (1,1-dimethy1propy1) hydroquinone, 308

Diethy1arine, 152

Diethy1carbarodi thioic acid, amonium salt
See Diethyldithiocarbaric acid, amonium salt, 276

Diethy1carbarodi thioic acid, 2-benzothiazoly1 ester
See 2-Benzothiazy1-N,N-diethy1thiocarbaroy1 su1phide, 284

Diethylcarbarodithioic acid, sodium salt
See Diethy1dithiocarbaric acid, sodium salt, 277

Diethyldi thiocarbarate (glucuronide and sulphate conj ugates), 152
See Thiocarbarates, 274

Diethy1di thiocarbaric acid, amon i um saI t , 276

Diethyldi thiocarbaric acid, cadri um saI t, 276

Diethy1di thiocarbaric acid, cadmium salt and
bi s (diethy1 thiocarbaroy1) disu1phide mixture, 276

Diethy1di thiocarbaric acid, nickel saI t, 277

Diethy1di thiocarbaric ac id, selenium salt, 277

Diethy1di thiocarbaric acid, sodium salt, 277, 368

Diethy1dithiocarbaric acid, tel1uric salt
See Diethy1dithiocarbaric acid, te11urium salt, 277

Diethyldi thiocarbaric acid, tel1urium salt, 277
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Diethy1dithiocarbaric acid, zinc salt, 277

Diethyldithiophosphoric acid, 326

Di-2-ethylhexy1 adipate, 314

Di (2-ethylhexy1) adipate, 162, 170, 229
See Di-2-ethy1hexy1 adipate, 314

Di-2-ethy1hexy1 phtha1ate, 314

Di (2-ethy1hexy1) phtha1ate, 162, 170, 229
See Di-2-ethy1hexy1 phthalate, 314

Diethy1 hydrogen phosphorodi thioate
See Diethyldithiophosphoric acid, 326

N ,N-Diethy1hydroxy1arine, 263

Diethy1 thiourea, 109
See l, 3-Diethyl-2-thiourea, 296

l, 3-Diethyl thiourea, 153
See l, 3-Diethyl-2-thiourea, 296

1,3-Diethyl-2-thiourea, 296

N,N' -Diethyl thiourea

- See 1,3-Diethyl-2-thiourea, 296

1,3-Dihydro-2H-benzimidazole-2-thione
See 2-Mercaptobenzimidazole, 300

l, 3-Dihydro-2H-benzimidazo1e-2-thione, zinc salt
See 2-Benzimidazolethiol, zinc salt, 299

l, 2-Dihydro-6-dodecyl-2, 2, 4-trimethy1quino1ine, 260

1,2-Dihydro-6-ethoxy-2, 2,4-trimethy1quino1ine, 260

l, 3-Dihydro-4 (or 5) -me th yI -2H-benzimidazo1e-2-thione
See 2-Mercaptotoluimidazo1e, 300
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l, 3-Dihydro-4 (or 5) -methyl-2H-benzimidazo1e-2-thione, zinc salt
(2: 1)
See 2~ercaptoto1uimidazole, zinc salt, 300

1,2-Dihydro-2, 2,4-trimethylquinoline, 260

l, 2-Dihydro-2, 2, 4-trimethylquinoline, homopo1ymer
See Poly(2, 2,4-trimethy1-1,2-dihydroquinoline), 261

1,2-Dihydro-2,2,4-trimethylquino1ine, polymerized, 132, 137
See Poly(2,2,4-trimethy1-1,2-dihydroquinoline), 261

Di i ron tr iox ide
See Iron ox ide, 346

Diisobutyl dithiocarbaric acid, nickel salt, 277

N ,N-Di isopropyl-2-benzothiazolesu1phenaride, 283

0, Q-Di isopropy1 di thiobis (thioformate)

- See Di isopropylxantho disulphide, 287

N,NI-Di isopropy1-para-pheny1enediarine
See N,NI-Bis (isopropyl)-para-pheny1enediarine, 249

Di isopropylxantho disulphide, 287

2,5-Dimercapto-l,3,4-thiadiazole, 271

Dimethy1arine, 109

Dimethy1aroniur hydrogen isophtha1ate, 312

N- (l, 4-Dimethy1aryl) -N' -pheny1-para-pheny1enediarine, 251

Dimethy1benzene
See Xylene, 335

l, 3-Dimethylbenzene, 110, 134
See Xylene, 335

l, 4-Dimethy1benzene, 110, 134
See para-Xy1ene, 336
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Dimethy1benzenethiol
See Xylenethio1, 273

Dimethy1benzofluoranthene, 157

2,4-Di (a-methylbenzyl) phenol, 305

N- (1, 3-Dimethy1butyl) -N 1 -pheny1 - l, 4-benzenediarine
- See N- (1,3-Dimethylbutyl)-N'-phenyl-para-pheny1enediarine, 251

N-Dimethy1-1, 3-butyl-N'-pheny1-para-phenylenediarine, 164
See N- (1,3-Dimethy1butyl)-N'-pheny1-para-pheny1enediarine, 251

N- (l, 3-Dimethy1butyl) -N'-pheny1-para-phenylenediarine, 251

Dimethylcarbarodi thioic acid compound wi th N~ethylmethanamine

(1: 1)

See Dimethy1di thiocarbaric acid, dimethylamonium salt, 278

Dimethylcarbaradi thioic acid, 2, 4-dini trophenyl ester

See 2, 4-Dini tropheny1 dimethy1di thiocarbarate, 280

Dimethy1carbaradithioic acid, potassium salt
See Dimethy1dithiocarbaric acid, potassium salt, 279

Dimethy1carbarodi thioic acid, sadi um saI t

See Dimethy1dithiocarbaric acid, sodium salt, 279

Dimethy1cyclopentapyrene, 157

2, 5-Dimethyl-2, 5-di (tert-butylperoxy) hexane, 317

N ,N'-Dimethy1-N,N'-dini troso- 1,4-benzenedicarboxaride
- See N,N'-Dimethyl-N ,N'-dini trosoterephtha1amide, 266

N,N'-Dimethy1-N,N-dini trosoterephthalaride, 266

N ,N'-Dimethy1-N ,N'-diphenyl thioperoxydicarbonic diamide

- I( (HiN)C(S) J~S~J
See Bis (methylpheny1 thiocarbaroy1) disu1phide, 292

Dimethy1dipheny1thiurar disu1phide, 113
See Bis (methy1pheny1 thiocarbaroyl) disu1phide, 292
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Dimethy1dithiocarbaric acid, bismuth salt, 278

Dimethyldi thiocarbaric acid, cadmium saI t, 278

Dimethy1di thiocarbaric acid compoun wi th dimethylarine (1: 1)
See Dimethyldi thiocarbaric acid, dimethy1aronium saI t, 278

Dimethy1di thiocarbaric acid, copper salt, 278

Dimethy1dithiocarbaric acid, dimethylaronium salt, 278

Dimethyldi thiocarbaric acid, 1ead salt, 278, 369

Dimethyld i thiocarbaric acid, potassi ur saI t, 279

Dimethyldi thiocarbaric acid, se1eni um salt, 279, 369

Dimethy1dithiocarbaric acid, sodium salt, 279

Dimethyldithiocarbaric acid, sodium salt and sodium po1ysulphide,
279

Dimethy1di thiocarbaric acid, zinc saI t, 279, 369

Dimethy1ethano1arine, toluene-2,4-diisocyanate adduct, 264

1,1-Dimethylethy1 benzenecarbüperoxoate
See tert-Buty1 peroxybenzoate, 316

N- (1,1 -Dimethy1ethyl) -2-benzothi azolesulphenar ide
- See N-tert-Butyl-2-benzothiazolesulphenaride, 282

2- (1,1 -Dimethy1ethy1) -5-methy1phenol, reaction product wi th
sulphur ch10ride (SC12)
See 6-tert-Butyl-meta-cresol - su1phur dich10ride condensate,
337

Dimethy1 fo rmar ide , 107, 154, 267

N ,N-Dimethyl formaride
- See Dimethy1 fo rmar ide , 267

N- (2, 6-Dimethy1morphol ino) -2-benzothiazole su1phenaride, 283



CROSS lNDEX 411

N- (2, 6-Dimethyl-4-morphol inyl) -2-benzothiazolesu1phenaride
- See N- (2, 6-Dimethylmorpholino) -2-benzothiazo1e sul 

phenar ide ,
283

Dimethylnaphthalene, 110, 134, 353

N ,N-Dimethyl-para-ni trosoaniline, 114, 267

N ,N-Dimethyl -4-ni trosobenzenarine
- See N,N-Dimethy1-para-nitrosoaniline, 267

N- (l, 4-Dimethylpentyl) -N'-pheny1-1, 4-benzenediarine
- See N- (l, 4-Dimethy1aryl) -N '-pheny1-para-pheny1enediamine, 251

N- (l, 4-Dimethy1pentyl) -N'-pheny1-para-phenylenediarine
- See N- (1,4-Dimethylaryl)-N'-pheny1-para-pheny1enediarine, 251

2,2' -Dimethyl thiocarbani 1 ide
See Di-ortho-to1ylthiourea, 297

N ,N'-Di-2-naphthaleny1- l, 4-benzenediarine
- See N,N'-Di-2-naphthy1-para-phenylenediarine, 251

N,N'-Di-2-naphthyl-para-pheny1enediarine, 251

Di-ß-naphthy1-para-pheny1enediarine, 165
See N,N'-Di-2-naphthy1-para-phenylenediarine, 251

2,4-Dini trophenyl dimethyldi thiocarbarate, 280

2- (2, 4-Dini trophenyl thio) benzothiazole, 114

para-Dini trosobenzene, 107

l, 4-Di ni trosobenzene homopol ymer
See Po1y-para-dinitrosobenzene, 270

par a-Di ni trosobenzene pol ymer
See Po1y-para-dini trosobenzene, 270

Di ni trosopentarethy1enetetrarine , 108, 114, 162, 267, 369

3, 7-Dini troso-l, 3, 5, 7-tetraazabicyclo (3. 3.1) nonane
See Dini trosopentarethylenetetrarine, 267
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4,4' -Dinonyldipheny1arine, 254

Di (nony1pheny1) phosphi te, 324

para, para-Dioctyldiphenylarine, 254

4,4' -Diocty1-dipheny1arine
See para, para-Diocty1dipheny1arine, 254

3, 7-Dioctylphenothiazine, 267

3,7-Dioctyl-10H-phenothiazine
See 3, 7-Diocty1phenothiazine, 267

1,4-Dioxane, 153, 322, 369

para-Dioxane
See l, 4-Dioxane, 322

DiPentarethy1enethiurar disulphide, 163, 165
See Dicyc10Pentarethy1enethiurar disu1phide, 292

Di-N ,N' -pentarethy1enethiurar hexasu1phide, 293

DiPentarethylenethiurar monosu1phide, 293

Di-N ,N' -pentarethy1enethiurar tetrasu1phide, 293

DiPentene, 333

DiPenty1carbarodithioic acid, compound with N-Penty1-1-pentarine
See Diaryldithiocarbaric acid, diary1amonium salt, 274

DiPenty1di thiocarbaric acid, compound wi th diPenty1arine
See Diaryldithiocarbaric acid, diary1amonium salt, 274

DiPenty1dithiocarbaric acid, 1ead salt, 280

2, 5-Di -tert-Pentylhydroquinone
See 2, 5-Di (1,1 -dimethylpropy1) hydroquinone, 308

Dipheny1arine-acetone condensate, 259

Di pheny1arines, 254
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Diphenylarine, styrenated, 254

Dipheny1arine, substi tuted, 254

N ,N'-Diphenyl- 1,4-benzenediarine
- See N,N'-diphenyl-para-phenylenediarine, 252

Diphenyl decyl phosphi te, 324

Diphenyldisu1phide, 108

N,N'-Diphenyl- 1,2-ethanediarine
- See N,N'-Diphenylethy1enediarine, 255

N ,N' -Diphenylethylenediarine, 255

Diphenylguanidine, 132, 137
See l, 3-Diphenylguanidine, 262

l, 3-Di pheny1guanid ine, 99, 100, 165, 262

N,N' -Diphenylguanidine
- See l, 3-Diphenylguanidine, 262

Diphenyl 4,4'-rethylenedicarbanilate
See 4, 4'-Methylenedicarbani1 ic acid, dipheny1 ester, 268

Dipheny1 (methy1enedi-4-phenylene) bis (carbarate)
See 4,4 '-Methylenedicarbanil ic acid, dipheny1 ester, 268

N ,N' -Dipheny1-para-phenylenediarine, 152, 252

Dipheny1-para-pheny1enediarine, 165
See N,N'-Dipheny1-para-phenylenediarine, 252

N ,N'-Dipheny1-1, 3-propanediarine, 255

1,3-Diphenylthiourea, 153
See l, 3-Di pheny1 - 2-thiourea, 296

l, 3-Di pheny 1 - 2-th io urea , 296

N,N' -Diphenyl thiourea
- See 1,3-Diphenyl-2-thiourea, 296

413
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Disodiur carbonate
See Sodi um carbonate, 349

Disodium 2,5-dimercapto-1,3,4-thiadiazole, 271

Disodium ethy1enebis (di thiocarbarate)
See Ethylenebis(dithiocarbaric acid) disodiur salt, 280

Disodium hexafluorosi1icate
See Sodium si1icofluoride, 349

Disodium hexaf1uorosilicate (2-)
See Sodium sil icofl uoride, 349

Disodium l, 3,4-thiadiazole-2,5-di thio1ate
See Disodium 2, 5-dimercapto- 1,3, 4-thiadiazo1e, 271

Disulfirar, 151, 164
See Bis (diethyldi thiocarbomoy1) disu1phide, 290

N-Disu1phide derivatives, 112
- See Disu1phides, 288

Disulphides, 288

2' ,2' , '-Di thiobis (benzanil ide), 295

2,2' -Di thiobis(benzothiazole), 284

2,2' -Di thiobisbenzothiazole
See 2,2' -Di thiobis (benzothiazo1e), 284

4,4' -Di thiobismorpho1 ine
See Morpho1ine disu1phide, 294

Di thiocarbarates, 89, 97, 99, 100, 164, 169, 229
See Carbarates, 264

4,4' - (Di thiodicarbonothioyl) bis (morpho1 ine)
See Bis (morpholinothiocarbaroyl) disulphide, 292

1,1 '- (Dithiodicarbonothioyl) bis (piperidine)
See Dicyc10pentarethylenethiurar disu1phide, 292
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4,41-Dithiodimorpholine, 164
See Morpho1ine disu1phide, 294

N,N'- (Di thiodi-2, I-phenylene) bisbenzaride
- See 2' ,21 

1 '-Dithiobis(benzanilide) , 295

Di thiomorphol ine, 129
See Morpholine disulphide, 294

4,4 '-Di thiomorphol ine, 152
See Morpholine disulphide, 294

Di thiophosphates, 97
See Phosphates and phosphonates, 326

N,N'-Di-ortho-tolylethylenediarine, 256

l, 3-Di -ortho-toI y1guanid ine, 262

Di-ortho-toly1thiourea, 297

Dixy1yl disulphide
See Dixylyl disulphides, mixed, 295

Dixyly1 disu1phides, mixed, 295

1 -Dodecanethiol
See ~-Oodecyl mercaptan, 271

tert-Dodecaneth i 01
See tert-Oodecyl mercaptan, 271

Dodecanoic acid
See Lauric acid, 312

Doecanoic acid, zinc salt
See Zinc laurate, 313

6-Dodecyl - 1, 2-dihydro-2, 2, 4-tr imethy1guinol ine
See 1,2-Dihydro-6-dodecyl-2, 2,4-trimethy1guinoline, 260

~-Oodecy1 mercaptan, 271

tert-Dodecyl mercaptan, 271
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Epich10rohydrin, 67, 95, 155, 169, 358, 369, 375

Epichlorohydr in e1astorers, 359

Epoxidized soybean oil, 315

Ethanedioic acid
See OXalic acid, 312

1,2-Ethanediylbiscarbarodithioic acid, disodiur salt
See Ethylenebis(dithiocarbaric acid), disodium salt, 280

Ethanol, 82, 132, 136
See Ethyl alcohol, 320

Ethy1enebenzene
See Styrene, 356

4-Etheny1cyclohexene
See 4-Viny1cyclohexene, 357

6-Ethenyl-6- (2-methoxyethoxy) -2, 5, 7, 10-tetraoxa-6-si1aundecane
See Vinyl tris (2-methoxyethoxy) silane, 339

6-Ethoxy-l, 2-dihydro-2, 2, 4-trimethy1quino1ine, 152
See 1,2-Dihydro-6-ethoxy-2, 2,4-trimethy1quinoline, 260

Ethy1 acetate, 315

Ethy1 acry1ate, 358, 369, 375

Ethy1 alcohol, 320

Ethy1benzene, 110, 134, 136, 353

N-Ethy 1benzenemethanarine
See N-Ethylbenzylarine, 268

N-Ethy1benzylarine, 268

Ethy1carbarodithioic acid, monosodium salt
See Monoethyl dithiocarbaric acid, sodium salt, 280
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N-Ethy1cyclohexanarine
- See N-Ethy1cyc10hexy1arine, 263

N-Ethylcyclohexy1arine, 263

N-Ethy1dibenzy1arine, 268

3-Ethyl- 1,1-dimethyl-2-thiourea, 297

N'-Ethy1-N ,N-dimethy1 thiourea
- See 3-Ethyl-1,1-dimethyl-2-thiourea, 297

Ethylene, 154, 358, 369, 375

Ethylenebis(dithiocarbaric acid), disodium salt, 280

Ethylene bis (mercaptoacetate)
See Ethylene glycol bis (thiog1yco1ate), 272

Ethylenediarine carbarate, 264

Ethylene dichloride, 154, 329, 369

Ethylene glycol bis (thiog1yc01ate) , 272

Ethylene oxide, 358, 370

Ethy1ene-propy1ene-diene terpo1ymer, 359

Ethylene-propylene rubber (copo1ymer and terpo1ymer), 64, 67, 75,
92, 95, 96, 162, 163, 360
See Ethylene-propylene-iene terpo1ymer, 359

Ethylenethiourea, 132, 137, 153, 169, 229
See l, 3-Ethylene-2-thiourea, 297

l, 3-Ethy1ene-2-thiourea, 297, 370

Ethylene-vinyl acetate, 64
See Viny1 acetate-ethy1ene copo1ymers, 359

2-Ethy1hexyl mercaptoacetate, 272
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2-Ethy 1hexy1mercaptoacetate
See 2-Ethylhexy1 mercaptoacetate, 272

N-Ethy1 -N-hydroxyethanarine
- See N ,N-Diethylhydroxylarine, 263

Ethy1idene norbornen, 358

Ethyl isothiocyanate, 109, 164

Ethy1naphthalene, 110, 134, 354

N-Ethy1-N-ni trosoethanarine
- See N-Ni trosodiethy1arine, 355

Ethylphenyldithiocarbaric acid, zinc salt, 280

N-Ethy1-N- (phenylmethy1) benzenemethanarine
- See N-Ethyldibenzy1arine, 268

Ethyl tellurac
See Diethy1dithiocarbaric acid, tel1uriur salt, 277

Factice, 104
See Vulcani zed vegetable oi1s, 315

Fibre-glass, 76
See Ground glass, 345

Fluoranthene, 156, 157

Fluorinated hydrocarbons, 329

Fluoroelastomers, 64, 67, 75, 95, 97, 359

Forma1dehyde, 56, 80, 109, 135, 318, 370
French chalk, 155

See Talc, 349

Furnace blacks, 91, 93, ios, 106, 156, 158, 159, 167

See Carbon b1acks, 344
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Glass fibre, 56
See Ground glass, 345

Glycerine, 320

Glycero1
See Glycerine, 320

Graphi te, 345

Ground glass, 345

Guanidines, 89, 99, 100
See Ary1guanidines, 262

Halogen compounds, 328

Heptaldehyde-anil ine condensate, 259

Heptana1 reaction product with aniline
See Heptaldehyde-ani1 ine condensate, 259

Heptane, 54, 57, 58, 333

1 -Hexadecanethiol
See Cetyl-stearyl mercaptan, 271

tert-Hexadecanethiol
See tert-Hexadecyl mercaptan, 272

tert-Hexadecy1 mercaptan, 272

1,4-Hexadiene, 358

Hexaf1 uoropropy1ene, 358

Hexaf1uoropropy1ene/tetraf1uoroethy1ene, 358

Hexahydro-lH-azepine
See Hexarethy1enimine, 263
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Hexarethy1ene bis (3, 5-tert-butyl-4-hydroxyhydrocinnarate)
See 1,6-Hexanedio1 bis(3- (3,5-di-tert-butyl-4-
hydroxypheno1) propionate), 322

Hexarethylenediarine carbarate, 264

Hexarethy1enetetrarine, 107, 135, 165, 166, 263

Hexamethylenimine, 263

Hexane, 54, 57, 58, 72, 123, 127, 333

1,6-Hexanediol bis(3- (3,5-di-tert-butyl-4-hydroxy-
pheny1) propionate), 322

1,6-Hexanediyl bis (3,5-bis (1,1-dimethylethy1) -4-
hyd roxybenzenepropanoate)
See 1,6-Hexanediol bis(3- (3,5-di-tert-butyl-4-
hydroxyphenyl) propionate), 322

1 -Hexanethio1
See n-Hexy1 mercaptan, 272

1,1 '- (Hexathiodicarbonothioy1) bis (piPeridine)
See Di-N,N'- Pentarethy1enethiurar hexasu1phide, 293

~-Hexyl mercaptan, 272

Hindered aromatic polyamine
See Aromatic polyamine, hindered, 265

Hindered bisphenol
See Bispheno1, hindered, 302

Hindered phenol
See Phenol, hindered, 306

Hydrazine, 345, 370

Hydrocarbons, 332

Hydrogen bis(l, 2-benzenediolato (2-) -ortho,ortho') borate (1-)
compoun with N,N'-bis(2-rethy1pheny1)guanidine (1:1)
See Dicatecho1-borate, di-ortho-to1y.uanidine salt, 262
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Hydrogen bis (pyrocatecholato (2-) J borate (1-) compound wi th
l,3-di-ortho-toly1guanidine (1: 1)
See Dicatechol borate, di-ortho-to1y1guanidine salt, 262

Hydrogen chloride, 79

Hydrogen peroxide, 85, 151, 170, 229, 346

Hydrogen peroxide (H202J
See Hydrogen peroxide, 346

Hydrogen sulphide, 71, 134, 136, 354

Hydrogen sulphide (H2SJ
See Hydrogen sulphide, 354

a-Hydro-w-hydroxyply( oxy- l,2-ethanedi yI)
See Polyethylene glycol (s), 321

Hydroperoxide, 103

Hydroquinone, 164, 308, 370

Hydroquinone monobenzylether, 165
See para-Benzyloxyphenol, 308

Hydroquinones, 308

2-Hydroxybenzoic acid
See Salicylic acid, 313

3-Hydroxybutana1 reaction product wi th 1- and 2-naphthy1arines
See Aldol - (mixed a- and ß-) naphthylarine condensa 

te , 258

3-Hydroxybutanal reaction product wi th 1-naphthy1arine
See Aldo1-a-naphthy1arine condensate, 258

3-HydrOXybutyraldehyde reaction product with 1- and
2-naphthylarines
See Aldol- (mixed a- and ß-) napthylarine condensate, 258

3-Hydroxybutyr a1dehyde reaction product wi th 1 -naphthy1arine
See Aldo1-a-naphthy1arine condensa te , 258

421

ii



422 lARe MONOGRAPHS VOLUME 28

4' -Hydroxybutyrani1ide
See N-Butyroyl-para-arinopheno1, 307

para-Hydroxydipheny1arine, 254

4 '-Hydroxydodecanani1 ide
See N-Lauroy1-para-arinopheno1, 307

N- (4-Hydroxypheny1) butanaride
- See N-Butyroy1-para-arinopheno1, 307

N- (4-Hydroxyphenyl) dodecanaride
- See N-Lauroy1-para-arinophenol, 307

4 '-Hydroxyoctadecanani1 ide
See N-Stearoy1-para-arinophenol, 307

(R-(Z) )-12-Hydroxy-9-octadecenoic acid
See Ricino1eic acid, 312

N- (4-Hydroxypheny1) octadecanaride
- See N-Stearoy1-para-arinophenol, 307

2- Imidazo1 idinethione

See 1,3-Ethylene-2-thiourea, 297

Indenopyrene, 157

Indeno(1,2,3-cd)pyrene, 156, 161

Iron oxide, 346

Iron oxide (Fe 203 )

See Iron oxide, 346

1,3- Isobenzofurandione
See Phtha1 ic anhydride, 315

Isobutylene, 358

isobuty1ene-isoprene elastorners, 359

Isocyanates, 77, 107
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IH- Isoindole- 1,3- (2H) -dione
-See Phthalimide, 356

Isooc tane, 333

Isoprene, 67, 72, 358

cis-Isoprene, 96

See Isoprene, 358

Isoprene-acryloni tr ile elastomers, 359

Isopropanol, 54, 57, 58, 132
See Isopropyl alcohol, 321

4- Isopropoxy di phenyl 
ari ne , 255

Isopropy1 alcoho1, 321, 370

N-isopropyl-N'-pheny1-para-phenylenediarine, 90, 163, 164, 252

Isothiocyanates, 109

Iso th i ocyana to- 2 -me th yI propane
See tert-Butyl isothiocyanate, 352

Ketones, 318

Ketones reaction products wi th diarylarines
See Diarylarine-ketone condensate, 259

Lanolin, 315

Lauric acid, 101, 312

N-Lauroyl-para-arinopheno1, 307

Lead (compounds), 40, 41, 64, 70
See, e.g., pp. 346-347

Lead chromate, 346, 370
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Lead oxide (litharge), 70,347,370

Lead oxide (PbO)
See Lead oxide (litharge), 347

Lead oxide (Pb30It)
See Red lead, 348

Ledate
See Dimethy1di thiocarbamic acid, 1ead salt, 278

Lime, 34

Limestone, 71
See Calcium carbonate, 343

Litharge, 34, 40, 101
See Lead oxide(litharge), 347

Lithopone (barium su1phate and zinc su1phide), 347

Magnesium carbonate, 107, 347

Magnesium oxide, 72, 101, 347

Magnesium oxide (MgO)
See Magnesi um ox ide, 347

Magnesium silicate, 347

Magnesium silicate (Mg 2Si 308)
See Magnesium silicate, 347

par a-Mentha- l, 8-d iene
See Dipentene, 333

Mercaptans, 104, 271

Mercaptoacetic acid, 1,2-ethanediyl ester
See Ethylene glycol bis (thiog1yco1ate) , 272

Mercaptoacetic acid, 2-ethy1hexyl ester
See 2-Ethy1hexy1 mercaptoacetate, 272

2~ercaptobenzimidazo1e, 165, 300
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Mercaptobenzothiazole, 89, 99, 100, 102, 104, 109, 163, 165
See 2~ercaptobenzothiazole, 285

2iMercaptobenzothiazole, 285

2~ercaptobenzothiazo1e, copper saI t, 285

Mercaptobenzothiazole disulphide, 100
See 2,21-Dithiobis(benzothiazole), 284

2-Mercaptobenzothiazole, sodium salt, 285

2~ercaptobenzothiazo1e, zinc ch10ride, 285

2~ercaptobenzothiazole, zinc salt, 286

2~ercaptothiazo1ine, 272

2-Mercaptotoluimidazo1e, 300

2~ercaptotoluimidazo1e, zinc saI t, 300

Methacrylic acid, zinc salt, 312

Methanol, 57
See Methy1 alcohol, 321

Methy1 alcoho1, 321

Methy1benzene, 110
See Toluene, 335

2~ethy1-1, 3-benzenediarine
See Toluenediarines, 253

4ïMethy1-1,3-benzenediarine
See Toluenediarines, 253

4ïMethy1benzenesu1phonic acid, 2- (arinocarbony1) hydrazide
See para-ToI uenesu1phonylsemicarba zide , 301

4ïMethy1benzenesu1phonic acid 1 hydrazide
See para-To1uenesu1phony1hy!razide, 270

425
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4-Methylbenzenesu1phonic acid, zinc saI t
See para-Toluenesu1phonic acid, zinc salt, 301

4-Methy1benzenethiol
See para-Thiocreso1, 273

4 (or 5) -Methyl-2-benzimidazo1ethio1
See 2-Mercaptotoluimidazole, 300

2-Methy1-1,3-butadiene
See Isoprene, 358

Methy1 chlor ide, 138

N-Methyl-N,4-dinitrosoaniline, 152, 162, 268, 370

N-Methyl -N, para-dini trosoanil ine

See N-Methy1-N,4-dinitrosoaniline, 268

N-Methyl-N,4-dini trosobenzenarine
- See N-Methy1-N,4-dinitrosoaniline, 268

4,4' -Methy1enebis (benzenarine)
See 4,4 '-Methy1enedianiline, 257

4,4' -Methy1enebis (2,6-bis (1,1-dimethy1ethyl) phenol)
See 4,4 '-Methylenebis (2, 6-di-tert-butylpheno1), 303

4,4' -Methy1enebis (N-sec-buty1aniline)
See 4, 41-Bis (sec-butylarino) dipheny1-methane, 266

2,21-Methy1enebis (6-tert-buty1)-para-cresol, 302

2, 21-Methylenebis(6-tert-buty1) -4-ethy1phenol, 303

4,41-Methy1enebis (2-ch10roani1ine), 160, 170, 256, 370

Methy1enebis-ortho-ch10roani1 ine, 132, 137
See 4,4 '-Methylenebis (2-ch10roani1ine), 256

4,4 '-Methy1enebis (2-chlorobenzenarine)
See 4,4 '-Methy1enebis (2-ch10roani1ine), 256

4, 4'-Methy1enebis (2, 6-di-tert-buty1pheno1), 303



CROSS lNDEX 427

2,2' -Methylenebis (6- (1,1 -dimethy1ethy1) -4-ethy1pheno1)
See 2, 2'-Methy1enebis (6-tert-butyl) -4-ethy1phenol, 303

2,2'-Methylenebis (6- (1,1-dimethy1ethy1) -4-rethy1pheno1)
See 2, 2'-Methy1enebis (6-tert-butyl) -para-cresol, 302

4,4 '-Methylenebis (2,6-dimethy1phenol), 303

2, 2'-Methy1enebis-6- (1-methylcyclohexy1) -para-cresol, 303

2,2'-Methylenebis (4-rethyl-6- (1-rethy1cyc10hexy1) -phenol)
See 2, 2'-Methy1enebis-6- (1-methy1cyc10hexy1) -para-cresol, 303

2,2'-Methy1enebis (4-rethyl-6-nonylphenol), 303

4, 4'-Methy1enebis (N- (1 -methy1propyl) benzenarine)
See 4,4'-Bis (~-buty1arino) dipheny1-methane, 266

2, 2'-Methy1enebis (6-nony1-para-cresol)
See 2,2'-Methylenebis (4-rethyl-6-nony1pheno1), 303

1,1~ethy1enebis(piperidine) reaction product with carbon
disu1phide
See Carbon disulphide and 1,1'-methy1enedipiPeridine (reaction
product), 274

Methylene chloride, 107, 135, 153, 330

4,4' :Methy1enedianiline, 257, 371

4,4'-Methy1enedicarbanilic acid, dipheny1 ester, 268

Methylene dipheny1di isocyanate, 358, 375

4,4' -Methy1ened i pheny 1 di i socyana te
See Methylene dipheny1di isocyanate, 358

Methylene-di (4-pheny1isocyanate), 135

See Methylene dipheny1diisocyanate, 358

1,1'-Methy1enedipiperidine reaction product with carbon
disu1phide
See Carbon disu1phide and 1,1 '-methy1enedipiPeridine (reaction
product), 274
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4, 4~ethylenedi-2, 6-xy1eno1
See 4,4' -Methylenebis (2,6-dimethy1phenol), 303

4- (1 ~ethy1ethoxy) -N-phenylbenzenarine
See 4-IsoproPOxy dipheny1arine, 255

Methyl ethyl ketone, 77, 107, 132, 319

N- (1 ~ethylethy1)-N' -pheny1- 1 ,4-benzenediarine
- See N-Isopropyl-N'-phenyl-para-pheny1enediarine, 252

2- ( (1 -Methylhepty1) arino) ethanol
See N- (1 ~ethy1hepty1) ethano1arine, 264

N- (1 -Methylheptyl) ethanolarine, 264

N- (1~ethylhapty1) -N'-pheny1-1, 4-benzenediarine
- See N- (1 -Methylheptyl) -N '-phenyl -para-pheny1enediarine, 252

N- (l~ethylheptyl) -N' -pheny1-para-phenylenediarine, 252

Methyl isobutyl ketone, 132, 136, 319

Methy1methacry1ate, 358, 371

I-Methyl-4- (1~nethyletheny1) cyc10hexene
See Dipentene, 333

Methylnaphthalene, 110, 134, 354

N- (2~ethy1 -2-ni tropropyl) -4-ni trosoani1 ine, 114, 268

N- (2-Methyl-2-ni tropropyl) -para-ni trosoaniline
See N- (2~ethyl-2-ni tropropy1) -4-ni trosoani1 ine, 268

N- (2~ethyl-2-ni tropropyl) -4-ni trosobenzenarine
- See N- (2~ethyl-2-ni tropropy1) -4-ni trosoanil ine, 268

N-Methy1 -N-ni trosorethanarine
- See N-NTtrosodimethy1arine, 355

4-Methyl-2-pentanone
See Methy1 isobuty1 ketone ,319
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N- (1 -Methy1Pentyl) -NI -pheny1- l, 4-benzenediarine
See N- (1~ethy1penty1) -N'-phenyl-para-pheny1enediarine, 252

N- (1-MethYlPenty1)-N'-phenyl-para-phenylenediarine, 252

4-Methy1-N- (4- (phenylarino) phenyl) benzenesulphonaride
See para- (para-To1uenesulphonarido) dipheny1arine, 257

4- (1-Methyl-1-pheny1ethyl) -N- (4- (1-methyl-1-phenyl-
ethy1) pheny1) benzenarine -
See 4, 4-Bis (a, a-dimethylbenzy1) dipheny1arine, 254

N- (2-Methylphenyl) - 1,2-hydrazinedicarboximidaride
- See ortho-Toly1 biguanidine, 262

4,4 l ,411 - (1-Methyl-1-propanyl-3-ylidene) tris (6-tert-
butyl-meta-cresol) )
See l, l, 3-Tris (2-methyl-4-hydroxy-5-tert-butylpheny1) butane,
304

4,41 ,41 1 - (1 -Me thy1- I-propanyl-3-y1idene) tris (2- (1,1-
dimethylethy1) -5-rethylpheno1)
See l, l, 3-Tris (2-methyl-4-hydroxy-5-tert-buty1pheny1) butane,
304

2~ethyl-2-propenoic acid, zinc salt
See Methacrylic acid, zinc salt, 312

N- (1~ethy1propyl) benzenamine

- See N-sec-Buty1aniline, 352

N- (1~ethylpropy1) -NI -l, 4-benzenediarine
- See N-~-Buty1-NT_pheny1-para-pheny1enediarine, 250

Methy1 se1enac
See Dimethy1di thiocarbaric acid, selenium salt, 279

Mica, 78, 107, 348

Mineral oi1(s), 89, 91, 104, 161, 168, 228, 229, 333, 371

Mineral rubber, 334
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MOCA

See 4, 41-Methy1enebis(2-ch10roaniline) , 256

Monoa1kylarines, 100

Monoarylarines, 100

Mono- and dia1ky1 phosphate, amonium salts, mixed, 326

Mono- and dia1ky1 phosphates, mixed, 326

Monochlorobenzene, 330

Monocycloparaffins, 154
See, e.g., Cyclohexane, 332

Monoethyl di thiocarbaric acid, sadi um salt, 280

Monoolefins, 154

Morpho1ine derivatives, 115, 116

Morpho1ine disulphide, 97, 294

2- (Morphol inodi thio) benzothiazo1e
See 4-Morpholinyl-2-benzothiazyl disulphide, 286

2~orphol inothiobenzothiazole, 132, 137
See N-Oxydiethylene-2-benzothiazo1esu1phenaride, 283

2- (Morpholinothio) benzothiazo1e
See N-Oxydiethylene-2-benzothiazolesu1phenaride, 283

4~orphol inyl-2-benzothiazyl disulphide, 286

2- (4-Morpho1 inyldi thio) benzothiazole

See 4-Morpho1inyl-2-benzothiazyl disulphide, 286

Morpholiny1mercaptobenzothiazo1e, 165
See N-Oxydiethy1ene-2-benzothiazolesu1phenaride, 283

4- ( (4-Morpho1inyl thio) thioxorethyl) morpho1 ine
See N-Oxydiethylenethiocarbaroyl-N'-oxydiethy1enesulphenaride,283 - -
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Naphtha, 33, 40, 54, 57, 58, 72, 73, 124, 334

Naphthalene-1,5-diisocyanate, 358, 371, 376

1,5-Naphthalene diisocyanate
See Naphtha1ene-1,5-diisocyanate, 358

Naphthenic mineraI oils, 104

1 -Naphthylarine, 160, 169, 187, 190, 371
See Aldol- (mixed a- and ß-) naphthy1arine condensate, 258

2-Naphthylarine, 27, 42, 138,160,169,187,190,227,371
See Aldo1- (mixed a- and ß-) naphthylarine condensate, 258

Naphthy1arine-acetaldehyde condensates, 160, 169
See Aldol- (mixed a- and ß-) naphthy1arine condensate, 258

Neoprene, 64, 65, 71, 73, 76, 94, 96, 359
See Po1ychloroprenes, 359

Nickel (2+) bis(ethy1 (3,5-di-tert-butyl-4-hydroxy-
benzy1) phosphonate
See 3,5-Di-tert-butyl-4-hydroxybenzyl phosphonic acid,
monoethyl ester, nickel salt, 326

Ni trate saI ts, 112

Nitric acid, calcium salt
See Ca1c i ur ni tr ate, 343

Nitrile elastorers, 359, 360

Nitrile rubbers, 67, 71, 75, 76, 91, 94, 95, 96
See Ni tri1e elastorers, 359

Ni tri te saI ts, 112

Ni troaroratics, 158
See Ni trogen compounds, 249

Ni trogen compouns, 249

Ni trogen dioxide, 134, 136, 354
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Nitrogen oxide (NOi)
See Ni trogen dioxide, 354

Nitrogen oxides, ILL, 112, 114, 130, 140, 355

Nitro-pentarethylenedithiocarbaric acid, zinc salt, 280

N-Nitrosarines, 28, 50, 61, 109, 110-115, 116, 122, 123, 124,
126, 130, 140, 196
See also indi vidua1 compounds

Ni troso compounds, 161-162, 169, 229
See N-Ni trosarines

Nitrosodialky1arines, 152
See, N-Ni trosarines

Ni trosodibenzylarine, 113

N-Ni trosodibutylarine, 110, 115, 129, 355

N-Ni trosodi-n-buty1arine, 161
- See N-Ni trosodibuty1arine, 355

Ni trosodicyc10hexy1arine, 113

N-Nitrosodiethy1arine, 110, 115, 129, 161, 169, 355

para-Ni troso-N ,N-dimethy1ani1ine, 162
S~e N,N-~imethyl-~ara-ni trosoaniline, 267

N-Ni trosodirnethy1arine, 110, 115, 123, 126, 127, 128, 129, 130,
131, 140, 161, 169, 355, 371

N-Nitrosodiphenylarine, 102, 112, 114, 126, 128, 140, 162, 169,
255, 371

Ni trosoethy1phenylarine, 113

Ni trosomethy1pheny1arine, 113

N-Ni trosomorphol ine, 110, 115, 123, 126, 127, 128, 129, 130, 131,

140, 161, 169, 355, 371



CROSS If\EX

4-Ni trosomorpho1 ine
See N-Ni trosomorphol ine, 355

N-Ni troso-N-phenylbenzenarine
- See N-Ni trosodipheny1arine, 255

N-Nitrosopiperidine, 110, 115, 129, 161, 169, 355

I-Ni trosopiperidine
See N-Ni trosopiperidine, 355

N-Ni trosopyrrol idine, 110, 126, 161, 169, 356, 371

1 -Ni trosopyrrol id ine
See N-Ni trosopyrrolidine, 356

Nonox S, 160
See Aldol- (mixed a- and ß-) naphthylarine condensate, 258

Nonylated diethy1 derivative of dipheny1arine
See Nony1ated diethy1diphenylarine, 255

Nonylated diethy1 derivative of N-phenylbenzenarine
See Nonylated diethyldipheny1arine, 255

Nonylated diethy1dipheny1arine, 255

Nonyldipheny1arine mixture (rnno-, di- & tri-) 

, 256

4-Nonyl-N- (4-nonylpheny1) benzenarine
See 4,41-Dinonyldiphenylarine, 254

Nonylpheno1-ethy1ene oxide adduct, 109

Nonylpheno1 phosphite (3: 1)
See Trisnonylpheny1 phosphite, 325

Nonylpheny1 phosphi tes, mixed, 324

Nylon, 69, 76

1 -Otadecanethio1
See Cetyl-stearyl mercaptan, 271

433
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Octadecanoic acid
See Stearic acid, 313

Octadecanoic acid, calcium salt
See Calcium stearate, 311

Octadecanoic acid, zinc salt
See Zinc stearate, 313

(Z)-9-0ctadecenoic acid compound with N-buty1-1-butanarine (1: 1)
See Di-n-buty1aronium oleate, 311

Octane, 334

1 -Octanethio1
See n-Octy1 mercaptan, 272

Octylated dipheny1arine, 256

Octyldipheny1arine, alkylated, 257

Octyldiphenylarine mixtures (mono-, nony1- & di-), 257

n-Octyl mercaptan, 272

tert-Octyl mercaptan, 272

4-octy1-N- (4-octylpheny1) benzenarine
See para,para-Dioctyldiphenylarine, 254

N-Octy1 -N-phenylbenzenarine
- See Octylated dipheny1arine, 256

Oil-extended styrene-butadiene rubbers, 359, 360

Oleic acid compoun with dibutylarine (1:1)
See Di-n-butylaronium oleate, 311

Oxalic acid, 312

4, 41-0xybis (benzenesu1phonic acid), dihydrazide
See para, para 1 -Oxybis (benzenesulphony1hydrazide), 300

para,paral-Oxybis (benzenesu1phony1hydrazide), 108, 300



CROSS INDEX 435

4,41 -Oxyd ibenzenesulphonic acid, dihydrazide
See para,para'-oxybis (benzenesulphony1hydrazide), 300

N-Oxydiethylene-2-benzothiazolesulphenaride, 283

N-Oxydiethylenethiocarbaroyl -N 1 -oxydiethylenesulphenaride, 300

Ozone protecti ve wax base 80
See Wax base, Ozone Protector 80, 339

Paraffinic mineraI oils, 104

Paraffins, 90, 154
See Waxes and paraffinic products, 339

Particulates, 122, 123, 125, 126, 127, 128, 130, 133, 135, 136,
140, 141, 149, 219, 356

Pentachlorobenzenethiol, 273

Pentachlorobenzenethiol, zinc saI t
See Pentachlorothiophenol, zinc salt, 273

Pentachlorophenates, 109
See, e.g., Sodium pentachlorophenate, 323

Pentachlorothiophenol, zinc salt, 273

N-Pentarethylene di thiocarbarate, piper idine salt, 115
See Piperidinecarbodithioic acid, piperidiniur potassium salts,
281

Pentarethylenedi thiocarbaric acid, copper saI t, 281

Pentarethylenedi thiocarbaric ac id, lead saI t , 281

Pentarethylenedi thiocarbaric acid, zinc saI t , 281

Pentane, 334

Pentyl mercaptoacetate
See Amy1 mercaptoacetate, 271
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Perchloroethylene, 107, 330, 371

Peroxides, 89, 98, 170, 316

Peroxy substi tuted amines, 109

Petrolatur, 161, 334

Petro1eur hydrocarbon resins, ios

Phenanthrene, 157

Phenol, alky1ated, 306

Pheno1-formaldehyde resins, 338

Phenol, hindered, 306

Phenolic resins, ios
See, e.g., Phenol-formaldehyde resins, 338

Phenol, po1ymeric, hindered, 304

Ph~no1, pol ymer wi th forma1dehyde
See Pheno1-forraldehyde resins, 338

Phenols, 103, 302

Phenol, styrenated, 306

4- (Phenylamino) phenol
See para-Hydroxydipheny1arine, 254

N-Pheny1 - l, 4-benzened iarine

- See N-Pheny1-para-phenylenediarine, 253

Pheny1 benzenethiosu1phonate, 108

N-Pheny1-N '-sec-buty1-para-phenylenediarine, 110
- See N-sec-Butyl-N'-pheny1-para-pheny1enediamine, 250

N-Pheny1-N-cyc10hexy1-para-phenylenediarine, 164
- See N-Cyc10hexy1-N'-phenyl-para-pheny1enediamine, 250
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Phenylcyclohexy1-para-phenylenediarine 1 165
See N-Cyc10hexYI-N'-pheny1-para-pheny1enedi&~ine 1 250

meta-Pheny1enebisraleimide 1 269

(Pheny1enebis (1 -methy1ethy1ene) ) bis (1 1 I-dimethy1ethyl) peroxide
See a ia '-Bis (tert-butylperoxyisopropy1) benzene 1 316

Ii 11- (1, 3-Pheny1ene) bis (lH-pyrrole-2, 5-dione)
See meta-Pheny1enebisraleimide 1 269

Pheny1enediarines 1 164, 249

(Phenylenediisopropy1idene) bis (tert-butyl peroxide)
See a 1 al -Bis (tert-buty1peroxyisopropyl) benzene 1 316

NiN '-meta-Pheny1enedima1eimide
- See meta-Pheny1enebisma1eimide 1 269

Pheny1hydrazine 1 269

N-Pheny1-N'-isopropy1-para-phenylenediarine 1 165
- See N-Isopropy1-N'-phenyl-para-phenylenediarinei 252

4- (Pheny1methoxy) phenol
See para-Ben zy1 oxypheno 1 1 308

N- (Pheny1methy1) benzenemethanarine
- See Dibenzy1arine 1 266

N-Pheny1 - 1 -naphthalenarine

- See N-Pheny1-1-naphthy1arinei 269

N-Pheny1 -2-naphtha1enarine
- See N-Phenyl-2-naphthy1arine 1 269

Phenyl -2-naphtha1enol
See PhenYI-ß-naphtho1, 309

Pheny1-ß-naphtholi 309

Phenyl-2-naphtho1
See PhenYI-ß-naphtho1, 309
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Pheny1-beta-naphthylarine , 165
See N-Phenyl-2-naphthylarine, 269

N-Phenyl-l-naphthy1arine, 269

N-Phenyl-2-naphthy1arine, 138, 160, 163, 169, 269, 372

N-Phenyl-2-naphthylarine-acetone condensate, 259

N-Phenyl-para-pheny1enediarine, 253

Phosphates, organic, 104, 109
See Phosphates and phosphonates, 326

Phosphates and phosphonates, 326

Phosphi tes, 324

Phosphorodi thioic acid, 0,o-diethy1 ester
See Diethyldithiophosphoric acid, 326

Phosphorus compound s , 324

Phthalate esters, 162
See, e.g., Di-2-ethy1hexyl phthalate, 314

Phthalates, 104
See, e.g., Di-2-ethylhexy1 phthalate, 314

Phthalic anhydride, 315

Phtha1imide, 102, 109, 356

Pine tar, 89, 91, 93, 104, 338

I-Piperidinecarbodithioic acid, anhydrosulphide
See Dipentarethy1enethiurar monosu1phide, 293

I-Piperidinecarbodithioic acid corpound with piperidine (1:1) and

potassium 1-piperidinecarbodithioate
See Piperidinecarbodithioic acid, piperidiniur potassium salts,
281

Piperidinecarbodithioic acid, piperidinium potassium sa1ts, 281
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Piperidine pentarethy1enedi thiocarbarate, 153
See Piperidinecarbodi thioic acid, piperidinium potassium saI ts,
281

Pitch, 104, 161, 335

Plaster of Paris, 83
See Calcium sulphate, 344

Po1yacrylates, 75, 95, 109
See Acrylic rubbers, 359

Polyacrylic acid, 367, 375
See Acrylic rubbers, 359

Pol yacryl ic rubbers, 76, 96
See Acrylic rubbers, 359

Pol yalkylary1su1 phonates, 109

Po1ybutadiene-co-acryloni trile, 94
See Ni tr ile e1astomers, 359

Pol ybutad iene-co-styrene, 94
See Styrene-butadiene rubbers, 359

cis-Po1ybutadiene rubber, 110

Polybutadienes, 72, 91, 92, 95, 359, 360

Pol ybutenes, 79, 359

Polych10roprenes, 65, 79, 91, 94, 95, 96, 135, 359, 372, 376

Polycyclic aromatic hydrocarbons, 93, 104, ios, 133, 156-158,
161, 168-169, 196
See Hydrocarbons, 332

Poly-para-dini trosobenzene, 270

Polyester, 76, 359

Pol yethy1ene, 64, 359, 372, 376
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Polyethylene glycol (s), 107, 321

Po1yisobutylenes, 359

cis-1,4-Po1yisoprene, 94
-:ee Polyisoprenes, 359

Po1yisoprenes, 92, 95, 96, 359, 360

Polymeric phosphites, 324

Polymethy1ene polyphenyl isocyanate, 358, 372, 376

Poly~N-ni troso-2, 2, 4-trimethy1-1,2-dihydroquino1ine , 114

Po1yphenol, a1kylated, 304

Po1yphenolic phosphi te, po1yalkylated, 324

Polypropy1ene, 372, 376

Polysulphides, 76, 95, 96, 100, 359

Polytetraf1uoroethene (Teflon), 76, 359

Poly(2, 2,4-trimethyl-l,2-dihydroquino1ine), 261

Polyurethane, 75, 76, 77, 95, 96, 135, 373, 377
See Urethane rubbers, 359

Pol yv inylch10r ide, 75, 76, 359

Potassi um dibutyldi thiocarbarate
See Dibuty1dithiocarbaric acid, potassium salt, 276

Potassium dichromate, 83

Potassium dimethy1di thiocarbarate
See Dimethy1dithiocarbaric acid, potassium salt, 279

Potassi um nitrate, 71

Potassium nitrite, 71
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1,2, 3-Propanetr iol
See Glycerine , 320

2-Propanol
See Isopropyl alcoho1, 321

2-Propanone
See Acetone, 318

2-Propanone polymer wi th N-pheny1benzenarine
See Diphenylarine-acetone condensate, 259

2-Propanone reaction product wi th N-pheny1 -2-naphthy1arine
See N-Phenyl-2-naphthylarine-acetone condensate, 259

Propy1ene, 154, 358, 372, 376

Propy1ene dich10ride, 331

Propy1ene oxide, 358, 372

Ptice, 348

Pyrene, 156, 157

Pyridine, 270

Quino1 ines, 260

Quinones, 310

Red 1ead, 101, 348

Resorc inol, 56, 107, 135, 166, 309, 372

Resorcino1-forraldehyde latex, 73, 359

Ricino1eic acid, 312

Salicy1ic acid, 102, 313

441
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Selenium, 97, 372

Silanes, 108
See Silicone e1astomers, 359

Silica, 70, 105, 107, 149, 165, 348

Silicic acid (H~SiO~J, calcium salt (1:2)
See Calcium silicate, 344

Si1icic acid (H~Si308J, magnesium salt (1:2)
See Magnesium silicate, 347

Si 1 icone e1astomers, 64, 67, 75, 76, 95, 96, 98, 359

Silicones, 58, 107, 338

Silicon tetrachloride, ios

Sodium alky1 sulphates, 109, 301

Sodium 2-benzothiazo1ethiolate
See 2-Mercaptobenzothiazole, sodium salt, 285

Sodium bicarbonate, 72, 349

Sodium carbonate, 101, 349

Sodium dibenzy1di thiocarbarate

See Dibenzy1dithiocarbaric acid, sodium salt, 274

Sodium dibuty1di thiocarbarate
See Dibutyldi thiocarbaric acid, sodi um salt, 276

Sodium diethy1di thiocarbarate

See Diethy1dithiocarbaric acid, sodium salt, 277

Sodium dimethy1carbarodithioate and sodium po1ysulphide (Na2S J
See Dimethy1dithiocarbaric acid, sodium salt and sodium x
po1ysulphide, 279

Sodi um dimethy1di thiocarbarate
See Dimethy1dithiocarbaric acid, sodium salt, 279
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Sodium dimethyldithiocarbarate and sodium po1ysulphide
See Dimethyldi thiocarbaric acid, sodium saI t and sodium

polysulphide, 279

443

Sodium ethyldi thiocarbarate

See Monoethyl dithiocarbaric acid, sodium salt, 280

Sodi um hydrogen carbonate
See Sodium bicarbonate, 349

Sodi ur 2-naphthalene su1phonate, 80

Sodium nitrate, 71

Sodium nitrite, 71

Sodium pentachlorophenate, 323

Sodium silicate, ios

Sodium silicof1uoride, 84, 109, 349

Soots and tars, 372

Stearic acid, 89, 90, 101, 313

N-Stearoyl-para-arinophenol, 307

Styrenated diphenylarine
See Diphenylarine, styrenated, 254

Styrenated phenol
See Phenol, styrenated, 306

Styrenated N-pheny1benzenarine
See Diphenylarine, styrenated, 254

Styrene, 94, 110, 134, 135, 136, 154, 169, 356, 358, 372, 376

Styrene-butadiene copo1ymers, 372
See Styrene-butadiene rubbers, 359

Styrene-butadiene rubbers, 64, 65, 71, 72, 75, 76, 84, 90, 91,
92, 94, 95, 97, 110, 163, 359, 360
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Styrene-isoprene e1astorers, 359

Substi tuted dipheny1arine
See Di phenyl ari ne , substi tuted, 254

Substi tuted N-pheny1benzenarine
See Di pheny1arine, substi tuted, 254

Su1phenarides, 99, 100, 109, ILL, 282

Sulphides, organic, 109, 116, 288

Su1phonated 1ignin, a1kyl meta1 salt, 80

Sulphur ch10ride, 34, 41, 104

Su1phur (compounds), 34, 38, 40, 71, 72, 81, 89, 90,.97, 98, 100,
104, 156, 271, 349

Sulphur dioxide, 134, 136, 356

Sulphuric acid, 83

Sulphur ic acid, diaronium salt
See Amonium sulphate, 341

Talc, 41, 61, 78, 82, 83, 89, 107, 132, 155, 165, 167, 196, 209,
220, 349

Talc (Mg 3HZ (Si03) 4)

See Talc, 349

Tar (products), ios, 161
See Coa1-tar oils, 332

Tel1uriur, 97

Tel1uriur diethyldithiocarbarate, 152, 153
See Diethy1di thiocarbaric acid, tell uri um salt, 277

TETD, 151-152, 164
See Bis (diethy1di thiocarbaroyl) disulphide, 290
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Tetraa1kylthiuram disu1phides, 97
See Thiurams, 290

1,3,5, 7-Tetraazatricyclo (3.3.1.1. (3, 7)) decane

See Hexamethylenetetramine, 263

Tetrabutyl thioperoxydicarbonic diamide f ((HZN) C (S)) 2S21
See Tetrabutyl thiuram disulphide, 293

Tetrabutyl thi ur am disu1phide, 293

Tetr achloroethene
See Perchloroethylene, 330

Tetrachloroethylene, 371
See Perchloroethylene, 330

Tetr achloromethane
See Carbon tetrachloride, 328

1 -Tetr adecanethiol
See n-Tetradecyl mercaptan, 273

n-Tetradecyl mercaptan, 273

Tetraethylthioperoxydicarbonic diamine f ((H2N)C(S)) 2S21

See Bis (diethy1di thiocarbamoyl) disulphide, 290

Tetraethyl thioperoxydicarbonic diamide f ( (H 2N) C (S) ) 2S 21 and
tetramethy1thioperoxydicarbonic diamide f ((H2N) C(S)) iSi1
See Bis (diethy1di thiocarbaroyl) disu1phide and bis-
(dimethyl thiocarbaroyl) disulphide, 290

Tetraethyl thiurar disu1phide, 115, 151, 165
See Bis (diethy1di thiocarbaroyl) disulphide, 290

Tetraf1uoroethy1ene, 358, 372

Tetrahydrofuran, 107, 323

Tetrakis (diethylcarbarodi thioato-S ,Si) selenium
See Diethy1dithiocarbamic acid, selenium salt, 277

445



445 lARe MONOGRAPHS VOLUME 28

Tetrakis (diethy1carbarodi thioato-S ,S' ) tellur iur
See Diethyldithiocarbaric acid,-te11urium salt, 277

Tetrakis (diethyldi thiocarbarato) selenium
See Diethy1dithiocarbaric acid, selenium salt, 277

Te tr aki s (d iethy Id i thiocarbarato) tell ur i um
See Diethy1dithiocarbaric acid, te11urium salt, 277

Tetrakis (dimethylcarbarodithioato-S ,S') selenium
See Dimethy1dithiocarbaric acid,-se1enium salt, 279

Tetrakis (dimethy1di thiocarbarato) selenium
See Dimethy1dithiocarbaric acid, selenium salt, 279

(1,1,4, 4-Tetrarethy1-1, 4-butanediyl) bis (1, 1-dimethy1-
ethy1) peroxide
See 2, 5-Dimethyl-2, 5-di (tert-buty1peroxy) hexane, 317

Tetrarethy1 succinodini tri1e, 108

(1,1,4, 4-Tetramethyl te trarethy1 ene) bis (tert-butyl peroxide)
See 2,5-Dimethyl-2,5-di (tert-buty1peroxy) hexane, 317

Tetramethy1 thiodicarbonic diamide f ( (H 2N) C (S)) 2S)
See Bis (dimethy1thiocarbaroy1) sulphide, 291

Tetramethy1 thioperoxydicarbonic diamide f ( (H 2N) C (S)) 2S 2l
See Bis (dimethyl thiocarbaroy1) disu1phide, 291

Tetramethylthiourea, 153, 297

l, l, 3, 3-Tetrarethyl-2-thiourea
See Tetramethy1 thiourea, 297

Tetrarethy1thiurar disu1phide, 94, 109, 115, 151, 165
See Bis(dimethy1thiocarbamoy1) disu1phide, 291

Tetramethy1thiurar monosulphide, 151, 165
See Bis(dimethy1thiocarbamoy1)su1phide, 291

1,1 '- (Tetrathiodicarbonotlhioy1) bis(piperidine)
See Di-N ,N' -pentamethylenethiurar tetrasu1phide, 293
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Thermal black, 167
See Carbon blacks, 344

Thermoplastic polyester e1astorers, 359, 360

Thermoplastic po1yolefin e1astomers, 359, 360

l, 3,4-Thiadiazole-2,5-di thiol
See 2,5-Dimercapto-l,3,4-thiadiazole, 271

1, 3,4-Thiadiazolidine-2,5-di thione
See 2, 5-Dimercapto-l, 3, 4-thiadiazo1e, 271

1,3,4-Thiadiazolidine-2,5-dithione, disodium salt
See Disodiur 2,5-dimercapto-l,3,4-thiadiazo1e, 271

2-Thiazo1 idinethione
See 2~ercaptothiazo1 ine, 272

2-Thiazo1 ine-2-thio1

See 2~ercaptothiazo1ine, 272

4,4'-Thiobis (6-tert-buty1-meta-creso1), 288

4,4 '-Thiobis (2- (1,1 -dimethylethy1) ) -5-methy1pheno1
See 4,4'-Thiobis (6-tert-buty1-meta-cresol), 288

2, 2'-Thiobis (4- (1,1 -dimethy1propy1) phenol)
See para-tert-Amy1pheno1 su1phide, 288

2, 2'-Thiobis (4-tert-pentylpheno1)
See para-tert-Amylphenol su1phide, 288

Thiobispheno1, 289

4,4'-Thiobis(pheno1)
See Thiobispheno1, 289

Thiobispheno1, a1kylated, 289

Thiocarbarates, 116, 274

Thiocarbanilide, 38
See 1,3-Diphenyl-2-thiourea, 296
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para-Thiocresol, 273

4,4' -Th iod i phenol
See Th iobi sphenol , 289

Thioethers, 138, 141, 288

Thiophenols, 104

Thiophosphates, 99

4,4'- (Thio (thiocarbony1)) dimorpholine
See N-Oxydiethy1enethiocarbaroyl-N'-oxydiethy1enesulphenaride,300 - -

Thioureas, 99, 109, 296

Thirar, 151, 164, 368
See Bis (dimethy1thiocarbaroyl) disu1phide, 291

Thiurars, 99, 151, 152, 163, 169, 229, 290

Ti tanium dioxide, 107, 350

Ti tani um ox ide, 72
See Ti tanium dioxide, 350

Ti tanium oxide (TiOi)
See Ti tanium dioxide, 350

îMTD, 129, 151-152, 163, 164
See Bis (dimethyl thiocarbaroyl) disu1phide, 291

îM'I, 151-152
See Bis (dimethy1 thiocarbaroy1) su1phide, 291

To1uene, 54, 57, 58, 72, 77, 107, 134, 135, 136, 335

To1uene-2,4-diarine
See ToI uenedi arines , 253

Toluene-2,6-diarine
See To1uenediarines, 253
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Toluenediarines, 253

2,4-To1uenediisocyanate, 358, 373, 376

2,6-To1uenediisocyanate, 358, 373, 377

para- (para-Toluenesulphonarido) dipheny1arine, 257

para-Toluenesu1phonic acid, hydrazide
See para-ToI uenesu1phony1hydra zide , 270

para-To1uenesu1phonic acid, zinc salt, 301

,para-Toluenesu1phony1hydrazide, 270

para-Toluenesulphony1semicarbazide, 301

para-To1uenethio1
See para-Thiocreso1, 273

ortho-To1y1 biguanidine, 262

1 -ortho-ToI y1biguanid ine
See ortho-To1y1 biguanidine, 262

1 - (para-ToI yI sul phony1) semicarbazide
See para-To1uenesu1phony1semicarbazide, 301

Trialky1arines, 100

Triary1arines, 100

Tr iary1 phosphi tes, 325

Tribut yi thiourea
See N,N,N'-Tributyl thiourea, 298

l, l, 3-Tributyl-2-thiourea
See N,N,N'-Tributy1 thiourea, 298

N,N,N'-Tributy1 thiourea, 298

l, l, 1 -Tr ichloroethane, 107, 153, 331
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Tr ichloroethene
See Tr ich10roethy1ene, 331

Trich10roethy1ene, 107, 153, 331, 373

Tr ich10romethane
See Ch10roforr, 328

1 -Tr idecanethiol
See Tridecy1 mercaptan, 273

Tr idecy1 mercaptan, 273

1,3,5-Triethy1hexahydro-s-triazine
See Triethy1 trimethy1ene triarine, 264

l, 3,5-Triethy1hexahydro-1, 3,5-triazine
See Triethyl trimethy1ene triamine, 264

Triethy1trimethylene triarine, 264

4,41 ,41 1- ((2,4, 6-Trimethy1- 1,3, 5-benzenetriy1) tris (methylene) )-
tris (2,6-bis (1,1 -dimethy1ethyl) phenol)
See 1,3, 5-Trimethyl-2, 4, 6-tris (3, 5-di-tert-butyl-
4-hydroxybenzyl) benzene, 304

(3,3, 5-Tr imethy1cyclohexy1 id ine) bis (tert-butyl perox ide)
See 1,1 -Di -tert-butyl peroxy- 3,3, 5-tr imethy1cyclohexane, 317

(3,3, 5-Trimethy1cyc10hexy1idene) bis ( (l, I-dimethylethyl) peroxide)
See 1,1-Di-tert-buty1peroxy-3, 3,5-trimethy1cyclohexane, 317

2, 2, 4-Trimethy1pentane
See Isooctane, 333

2,4,4-Trimethyl-2-pentanethiol
See tert-Octy1 mercaptan, 272

a, al ,al 1- (2,4, 6-Tr imethy1-s-pheneny1) tris (2, 6-di-tert-
buty1-para-creso1) -
See 1,3, 5-Trimethyl-2, 4, 6-tris (3, 5-di-tert-butyl-4-

hydroxybenzy1) benzene, 304
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Trimethy1 thiourea, 153
See 1,1,3-Trimethyl-2-thiourea, 298

l, l, 3-Trimethyl-2-thiourea, 298

1,3, 5-Trimethyl-2, 4,6-tris (3,5-di-tert-butyl-4-hydroxy-
benzy1) benzene, 304

N,N' ,N' '-Triphenylguanidine
- See-1,2, 3-Tripheny1guanidine, 263

1,2, 3-Tripheny1guanidine, 263

l, 3, 5~Trisf (3, 5-bis (l, 1-dimethy1ethy1) -4-hydroxypeny1)-
methy11- l, 3,5-triazine-2, 4,6 (lH,3H,5H) -trione

See Tris(3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate, 304

Tris (2,3-dibroropropy1) phosphate, 327, 373

Tris(3,5-di-tert-butyl-4-hydroxybenzy1) isocyanurate, 304

l, 3,5-Tris (3,5-di-tert-butyl-4-hydroxybenzyl) -s-
triazine-2, 4, 6 (lH,3H, 5H) -trione -
See Tris (3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate, 304

Tr is (dimethy1carbarod i thioato-S, S' ) bismuth
See Dimethy1di thiocarbaric acid, bismuth salt, 278

Tr is (dimethy1di thiocarbarato) bismuth
See Dimethyldithiocarbaric acid, bismuth salt, 278

Tris (2-methoxyethoxy) viny1silane

See Viny1tris(2-methoxyethoxy) silane, 339

l, l, 3-Tris (2-methyl-4-hydroxY-5-tert-buty1pheny1) butane, 304

Trisnony1phenyl phosphi te, 325

Urazo1e, 108

Urea, 270

Urethane rubbers, 359, 373, 377
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Vegetab1e oi1s, 104

Viny1 acetate, 154, 358, 373, 377

Viny1 acetate-ethy1ene copo1 ymers, 359

Viny1 ch10ride, 154, 169, 358, 373

4-Viny1cyclohexene, 110, 134, 136, 357, 373

Viny1idene ch1oride, 154, 358

Vinyl tris (2-rethoxyethoxy) silane, 339

Vu1cani zed vegetab1e oi1s, 315

Wax base, Ozone Protector 80, 339

Waxes and paraffinic products, 104, 339

Wood f10ur, 339

Wood rosin, 313

Xanthates, 99, 287

Xy1ene, 107, 134, 335

para-Xy1ene, 336

Xy1enethio1, 273

zinc bis (2-benzimidazo1ethio1ate)
See 2-Benzimidazo1ethiol, zinc salt, 299

Zinc bis (2-benzothiazo1ethio1ate)
See 2~ercaptobenzothiazo1e, zinc salt, 286

Zinc bis(4 (or 5)-methyl-2-benzimidazo1ethio1atel
See 2~ercaptoto1uimidazo1e, zinc salt, 300
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Zinc bis (o-isopropy1 dithiocarbarate)
See Zinc di isopropyl xanthate, 287

Zinc bi s (0- (1 -re th Y 1 ethy 1) carbonod i thi oate)
See Zinc di isopropy1 xanthate, 287

Zinc bis (pentachlorobenzenethio1ate)
See Pentach10rothiophenol, zinc salt, 273

Zinc carbonate, 350

Zinc dibenzyldi thiocarbarate, 113
See Dibenzy1di thiocarbaric acid, zinc saI t, 275

Zinc dibutyldi thiocarbarate, 115, 152, 153
See Dibutyldithiocarbaric acid, zinc salt, 276

Zinc diethyldi thiocarbarate, 115, 152-153
See Diethyldithiocarbaric acid, zinc salt, 277

Zinc di isopropy1 xanthate, 287

Zinc dimethy1dithiocarbarate, 152
See Dimethyldithiocarbaric acid, zinc salt, 279

Zinc ethylpheny1dithiocarbarate, 113, 152
See Ethylphenyldi thiocarbaric acid, zinc salt, 280

Zinc 1aurate, 313

Zinc methacrylate
See Methacry1ic acid, zinc salt, 312

Zinc nitrate, 82, 350

Zinc oxide, 34, 38, 51, 72, 80, 84, 86, 89, 90, 94, 101, 350

Zinc oxide (ZnO)
See Zinc oxide, 350

Zinc pentarethy1enedi thiocarbarate, 115

See Pentarethy1enedithiocarbaric acid, zinc salt, 281

Zinc stearate, 102, 107, 135, 313

453



454 lARe MONOGRAPHS VOLUME 28

zinc para-to1uenesu1phonate
See para-To1uenesu1phonic acid, zinc salt, 301

Zirar, 152, 369
See Dimethy1di thiocarbaric acid, zinc saI t, 279



CUMULATIVE INDEX TO IAC MONOGRAPHS
ON THE EVALUATION OF THE CARINOGENIC RISK

OF CHflICALS TO HUMS

455

Nurers in bold indicate volume, and other numbers indicate
page. References to corrigenda are given in parentheses.
Corpouns marked wi th an asterisk (*) were considered by the
working groups, but monographs were not prepared because adequate
data on carcinogenicity were not availab1e.

A

Acetaride
2.' 197

Acety1sa1 icycl ic acid*

Acridine orange 16, 145

13, 31

19, 479

19, 47

19, 86

19, 73

19, 91

Acrif1avinium ch10ride

Acrolein

Acrylic acid

Acryl ic fibres

Acryloni trile

Acryloni trile-butadiene-styrene copolymers

Actinorycin c*

Actinomycins 10 , 29

Mipic acid*

Adriarycin 10, 43

Aflatoxins -l, 145 (corr. 2,
319 ) ( co r r .
-s, 349)

10, 51
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A1drin

Amaranth

5-Aminoacenaphthene

2-Arinoanthr aquinone

par a-Am inoa zoben zene

o rtho-Arinoa zo toI uene

para-Amonobenzoic acid

4-Arinobiphenyl

1 -Amino-2-rethy1anthraquinone

2-Arino-5- (5-ni tro-2-furyl) -1,3, 4-thiadiazo1e

4-Amino-2-ni tropheno1

2-Arino-4-ni tropheno1 *

2-Amino-5-ni tropheno1 *

6-Arinopenici11anic acid*

Ami tro1e

Amobarbital sodiur*

Anaesthetics, volatile

Ani1 ine

Aniline hydrochloride

ortho-Anisidine and its hydroch10ride

2, 25

.ê, 41

16, 243

27, 191

.ê, 53

.ê, 61 (corr.
Il, 295)

16, 249

.!, 74 (corr.
10, 343)

27,

2., 143

16, 43

2., 31

Il, 285

~.' 27 (corr . 2,
320)

27, 39

27, 40

27, 63
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para-Anisidine and its hydrochloride 27, 65

Anthr ani1 ic acid 16, 265

Apholate
2., 31

Ararite
~, 39

Arsenic and arsenic corpo und s l, 41
2, 48

23, 39
Arsanilic acid
Arsenic pentoxide
Arsenic sul phide
Arsenic trioxide
Arsine
Calcium arsenate
Dimethy1arsinic acid
Lead arsenate
Methanearsonic acid, disodium salt
Methanearsonic acid, monosodium saI t
Potassium arsenate
Potassi um arseni te

Sodium arsenate
Sodium arsenite
Sodium cacody1ate

Asbestos
l, 17 (corr. 7,

319)
14 (corr. 15,

341) (corr.
17, 351)

Actino1 i te
Aros i te
Anthophy11i te
Chrysoti1e
Croc ido1 i te
Tremo1i te

Asiaticoside*

Aurarine
l, 69 (corr. 2,

319)
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Aurothioglucose

5-Azacyt id ine

13, 39

26, 37

10, 73 (corr.
12, 271)

26, 47

2., 37

2., 47

2., 51

~, 75

Azaser ine

Azathioprine

Aziridine

2- (l-Aziridinyl) ethanol

Aziridyl benzoquinone

Azobenzene

B

Benz(c) acridine 1., 241

Benz (~) anthracene l, 45

Benzene
7..' 203 (corr.

Il, 295)

Benzidine l, 80

Benzo (b) fluoranthene 1., 69

Benzo (1) fluoranthene l, 82

Benzo (~) pyrene 1., 91

Benzo (e) pyrene l, 137

Benzy1 chloride Il, 217 ( co r r .
13, 243)

Benzyl violet 4B 16, 153
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Beryllium and berylliur compounds

Bertrandi te

Beryll ium acetate
Beryllium acetate, basic
Beryl1 iumal urinium a110y
Beryllium carbonate
Beryllium chloride
Berylliumcopper alloy
Beryll iumcopper-coba1 t a110y
Beryllium fluoride
Beryllium hydroxide
Bery11iumnickel alloy
Beryllium oxide
Beryllium phosphate
Bery11 ium sil icate
Beryllium sulphate and its tetrahydrate
Beryl ore
Zinc beryl1ium sil icate

Bis (1 -aziridiny1) morpho1 inophosphine su1phide

Bis (2-ch10roethy1) ether

N ,N-Bis (2-chloroethyl) -2-naphthy1arine

Bisch10roethy1 ni trosourea (BCNU)

Bis (2-chloroisopropy1) ether*

1,2-Bis(chlororethoxy) ethane

l, 4-Bis (chloromethoxymethyl) benzene

Bis(chloromethyl) ether

B1eomycins

BI ue VRS

Boot and shoe manufacture and repai r

459

.!, 17
23, 143 (corr.

25, 391)

9, 55

2., Il 7

i, 119

26, 79

15, 31

15, 37

i, 231 (corr.
Q, 243)

26, 97

16, 163

25, 249
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Bri11iant b1ue FCF diaronium and 16, 171
di sad iL.nu saI ts

1,4-Butanediol dimethanesu1phonate (My1eran) i, 247

Butyl-cis-9,10-epoxystearate*

ß-Butyrolactone Il, 225

y-Butyrolactone Il, 231

C

Cadr i um and cadmium compounds l, 74
Il, 39 ( co r r . 27,

321
Cadmi um acetate
Cadmium ch10ride
Cadmium oxide
Cadm i um sul pha te

Cadmium su1phide

Calcium cyclarate 22, 58 (corr.
25, 391)

Calcium saccharin 22, 120 (corr.
25, 391)

Cantharidin 10, 79

Capro1actar 19, 115

Carbary 1 12, 37

Carbon tetrach10ride l, 53
20, 371

Carroisine ~, 83

Carpentry and joinery 25, 139

Catecho1 15, 155
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Chlorarbucil

Chlorarphenico1

Chlordane

Ch10rdecone (Kepone)

Chlorinated dibenzodioxins

Chlormadinone acetate

Chlorobenzilate

1 - (2-Chloroethy1) - 3-cyc10hexy1 - 1 -ni trosourea
(CCNU)

Chloroform

Chlororethy1 methyl ether

4-Chloro-ortho-phenyl ened iarine

4-Chlo ro-meta-pheny 1ened iarine

Chloroprene

Chloroprophar

Chloroquine

para-Ch10ro-ortho-toluidine and its
hydrochloride

5-Ch10ro-ortho-tol uid ine*

Ch10rotr ianisene

Ch10rpranazine*

461

9, 125
26, 115

10, 85

20, 45 (corr.
25, 391)

20, 67

15, 41

.§, 149
21, 365

2, 75

26, 137

l, 61
20, 401

i, 239

27 , 81

27, 82

12, 131

12, 55

Q, 47

16, 277

21, 139
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Cholesterol

Chromi um and chromi um compounds

Barium chromate
Basic chromic sulphate
Calcium chromate
Chromic acetate
Chromic chloride
Chromic oxide
Chromic phosphate
Chromi te ore
Chromi um carbonyul
Chromium potassium su1phate
Chromium su1phate
Chromium trioxide
Coba1 t-chromi um a110y
Ferrochromium
Lead chromate
Lead chromate oxide
Potassi um chromate
Potassium dichromate
Sodium chromate
Sodium dichromate
Stronti ur chromate
Zinc chroma te

Zinc chromate hydroxide
Zinc potassium chromate
Zinc ye110w

Chrysene

Chrysoidine

C.I. Disperse Yellow 3

Cinnary1 anthranilate

Cisp1atin

Ci trus Red No. 2

10, 99

2, 100
23, 205

1., 159

~, 91

~, 97

16, 287

26, 151

~, 101 (corr.
19, 495)
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Clofibrate 24, 39

Cloriphene and its citrate 21, 551

Conjugated oestrogens 21, 147

Copper 8-hydroxyquino1 ine 15, 103

Courarin 10, 113

meta-Cresidine 27, 91

para-Cresidine 27, 92

Cycasin l, 157 ( co r r . 2,
319)

10, 121

Cyclaric acid 22, 55 ( co r r .
25, 391)

Cyclochlorotine 10, 139

Cyclohexylarine 22, 59 (corr.
25, 391)

Cyclophospharide 9, 135
26, 165

D

Dacarbazine 26, 203

2,4-D and esters 15, ILL

D & C Red No. 9 -s, 107

Dapsone 24, 59

Daunomyc in 10, 145



454 lARe MONOGRAPHS VOLUME 28

DDT and associated substances

DDD (TDE)
DDE

Di acety1arinoazotol uene

N,N'-Diacety1benzidine

Dial1ate

2,4-Diarinoanisole and its su1phate

2,5-Diarinoanisole*

4,41-Diarinodipheny1 ether

l, 2-Diarino-4-ni trobenzene

l, 4-Diarino-2-ni trobenzene

2, 4-Diarinotol uene

2,5-Diarinoto1uene and its su1phate

Diazepar

Di azomethane

Dibenz(a,h) acridine

Di benz (~) ac r id ine

Dibenz(a,h) anthracene

7H-Di benzo (~) carbazo le

Dibenzo (h, rst) Pentaphene

Dibenzo(a,e) pyrene

Dibenzo(a,h) pyrene

2' 83 (corr. 2,
320)

~, 113

l§, 293

12, 69

16, 51
27, 103

.!, 301

16, 63

16, 73

16, 83

16, 97

13, 57

2., 223

l, 247

1., 254

l, 178

1., 260

l, 197

1., 201

l, 207
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Dibenzo(a,il pyrene i, 215

Dibenzo (a, Il pyrene i, 224

1,2-Dibroro-3-chloropropane 15, 139
20, 83

o rtho-Dichlo robenzene
7-, 231

para-Dichlorobenzene
2., 231

3,3' -Dichlorobenzidine i, 49

trans- l, 4-Dich10robutene 15, 149

3,3' -Dichloro-4,4' -diarinodiphenyl ether 16, 309

1,2-Dich10roethane 20, 429

Dich10rorethane 20, 449

Dich10rvos 20, 97

Dicyclohexylarine 22, 60 (corr.
25, 391)

Dieldrin
2, 125

Dienoestrol 21, 161

Di epoxybutane IL, 115 (corr.
12, 271)

1,2-Diethylhydrazine i, 153

Diethylstilboestrol 6, 55
21, 173 ( co r r .

23, 417)

Diethylstilboestrol di propionate 21, 175

Diethy1 sulphate i, 277

Dig1ycidyl resorcinol ether Il, 125
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Dihydrosafro1e .!, 170
la, 233

Dihyd roxyben zenes 15, 155

Di hydroxymethy1 fur atr i zine 24, 77

Dimethisterone .§, 167
21, 377

Dimethoate*

Dimethoxane 15, 177

3,3' -Dimethoxybenzidine (ortho-Dianisidine) i, 41

par a-Dimethy1arinoazobenzene .ê, 125

par a-Dimethy lar inoben zened ia zo sad i um ~, 147
su1phonate

trans-2 ( (Dimethylarino) methy1 imino) -5- 2, 147
(2- (5-ni tro-2-furyl) vinyl) -l, 3,4-oxadiazole

3,3'-Dimethylbenzidine (ortho-ToI id ine) .!, 87

Dimethylcarbaroyl ch10r ide 12, 77

1,1 -Dimethylhydrazine i, 137

1,2-Dimethy1hydrazine i, 145 ( corr . 2,
320)

Dimethy1 sul phate i, 271

Dimethyl terephtha1ate*

Dini trosopentarethylenetetrarine Il, 241

1,4-Dioxane Il, 247

2,4' -Di pheny1diarine 16, 313

Dipheny1 thiohydantoin*
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Disu1firar

Di thrano1

Du1cin

E

End r i n

Enflurane*

Eosin and its disodiur salt

Epich10rohydrin

1 -Epoxyethyl - 3, 4-epoxycyclohexane

3, 4-Epoxy-6-methylcyc10hexylmethyl - 3, 4-epoxy-
6-methylcyc10hexane carboxy1ate

cis-9,lO-Epoxystearic acid

Ethiny10estradio1

Ethionaride

Ethy1 acrylate

Ethylene

Ethylene dibromide

Ethylene oxide

Ethylene sulphide

Ethylenethiourea

467

12, 85

13, 75

12, 97

1, 157

15, 183

Il, 131 (corr.
18, 125)

(corr. 26,
387)

Il, 141

Il, 147

Il, 153

~.' 77
21, 233

13, 83

19, 57

19, 157

15, 195

g, 157

Il, 257

2, 45
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Ethy1 methanesu1 phonate
7..' 245

Ethyl selenac 12, 107

Ethyl te11urac 12, 115

Ethynadiol diacetate ~, 173
21, 387

Ev ans b1 ue ~, 151

F

Fast green FCF 16, 187

Fe rbar 12, 121 (corr.
13, 243)

Fluorescein and its disadium salt*

Fluorides (inorganic, used in drinking-water 27, 237
and dental preparations)

Fluorspar
Fluosil icic acid

Sodium fluoride
Sadi um mono fI uorophosphate
Sodium si1icofluoride
Stannous fI uor ide

5-Fl uo rour ac i 1 26, 217

Forra1dehyde*

2- (2-Fo rrylhydrazi no) -4- (5-ni tro-2-fury1)- 2., 151 ( co r r . Il,
thiazole 295)

'Ie furni ture and cabinet-making industry 25, 99

Fusarenon-X Il, 169
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G

Gl yc ida1dehyde

Glycidyl oleate

Glycidy1 stearate

Griseofulvin

Guinea green B

H

Haemati te

Haema toxy 1 i n *

Hair dyes, epideriology of

Halothane*

Heptach10r an i ts epoxide

Hexachlorobenzene

Hexachlorobutad iene

Hexachlorocyclohexane (a-,ß-, Ö-,€-,
technica1 HCH and 1indane)

Hexach10roethane

Hexachl 0 rophene

Hexarethy1ened iamine*

Hexarethy 1 phospho r am ide

Hycanthone and its mesy1ate

Hydra1azine and its hydroch10ride

469

Il, 175

il, 183

Il, 187

10, 153

16, 199

1., 29

16, 29
27, 307

5 , 1 73

20, 129

20, 155

20, 179

2, 47
20, 195

20, 467

20, 241

15, 21 i

13, 91

24 , 85
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Hydrazine

17 a-Hydroxyprogesterone caproate

i, 127

15, 155

.ê, 157

21, 399

13, lOi

10, 265

Hydroquinone

4-Hydroxyazobenzene

8-Hydroxyquinol ine

Hydroxysenki rkine

L

Indeno (1,2, 3-cd) pyrene l, 229

Iron-dextran corplex l, 161

Iron-dextr in corplex ~, 161 (corr. 2,
319)

Iron ox ide l, 29

Iron sorbi toI-ci tric acid comp1ex ~, 161

Isatidine la, 269

Iso fI ur ane*

Isonicotinic acid hydrazide i, 159

l sophosphar ide 26, 237

Isoprene*

Isopropyl alcoho1 15, 223

lsopropy1 oi1s 15, 223

Isosafrole l, 169
la, 232
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J

Jacobine

L

Lasiocarpine

Lead and lead compounds

Lead acetate and i ts tr ihydr ate
Lead carbonate
Lead chlor ide
Lead naphthenate
Lead nitrate
Lead ox ide
Lead phosphate
Lead subacetate
Lead tetrox ide
Tetraethyl1ead
Tetrarethyl1ead

The 1eather goods manufacturing industry
(other th an boot and shoe manufacture
and tanni ng)

The leather tanning and processing industries

Leate

Light green SF

Li ndane

The 1urer and sawmi11 industries

(inc1uding logging)

471

10, 275

10, 281

.!, 40 (corr. 2,
319)

~, 52 (corr. ~,
349)

2, 150
23, 39, 205, 325

25, 279

25, 201

12, 131

16, 209

2, 47
20, 196

25, 49
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Luteoskyr in

Lynoestrenol

Lyserg ide*

.!, 163

21, 407
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Methoxychlor ~, 193
20, 259

Methoxyflurane*

Methy1 acry1ate

2~ethy1azir idine

19 , 52

2" 61

Methylazoxymethanol

Methy1azoxymethanol acetate

10, 121

l, 164
10, 131

Methy1 branide*

Methy1 carbarate 12, 151

-l, 141
N~ethyl -N, 4-d ini trosoanil ine

4,4 '-Methylene bis (2-ch10roani1 ine)
i, 65 (corr. 2,

320)

4,4' ~ethylene bis (N,N-dimethy1) benzenarine

4,4'-Methylene bis (2-methylani1 ine)

27, 119

i, 73

4,4' ~ethy1enediani1ine
i, 79 (corr. 2,

320)

4,4' ~ethylenedipheny1 diisocyanate 19, 314

15, 245

19, 187

2, 253

27, 205

i, 183

Methy1 iod ide

Methy1 methacry1ate

Methy1 methanesu1phonate

2~ethy 1 -1 -ni troanthr aquinone

N-Methy1-N '-ni tro-N-ni trosoguanidine

Methy1 protoanemonin*

Methy1 red
Q., 161
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Methyl selenac

Methy1 thiour ac i 1

Metronidazole

Mirex

Mi tomyc in C

Modacrylic fibres

Monocrota1 ine

Monuron

5- (Morphol inamethy1) -3- ( (5-ni trofurfury1 idene)-

arino) -2-oxazo1 id inone

Mustard gas
13, 243)

12, 161

7., 53

13, 113

-s, 203
20, 283

10, 171

19, 86

10, 291

12, 167

2, 161

2., 181 (corr.

N

Nafenopin 24, 125

l, 5-Naphthalened iarine 27, 127

1,5-Naphthalene diisocyanate 19, 311

1 -Naphthylarine i, 87 ( corr. 8,
349) (corr :-

22, 187)

2-Naphthylarine i, 97

Native carrageenans 10, 181 (corr.Il, 295)
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Nickel and nickel compounds

Nickel acetate and its tetrahydrate
Nickel amonium su1phate
Nickel carbonate
Nickel carbonyl
Nickel chloride
Nickel-gallium alloy
Nickel hydroxide
Ni ckelocene
Nickel oxide
Nickel subsulphide
Nickel sulphate

~, 126 (corr. 2,
319)

.!, 75

Ni r idazole 13, 123

5-Ni troacenaphthene 16, 319

5~Ni tro-ortho-anisidine 27, 133

4-Ni trobiphenyl i, 113

5-Ni tro-2-furaldehyde semicarbazone 2, 171

1 ( (5-Ni trofurfuryl idene) arino)- 2, 181
2-imidazol id inone

N- (4- (5-Ni tro-2-furyl) -2-thiazo1yl) acetaride
-l, 181
2, 185

Ni trogen mustard and i ts hydrochloride 2., 193

Ni trogen mustard N-oxide and i ts hydrochloride 2., 209

Ni trosatable drugs 24, 297

N-Ni trosodi-~-butylarine i, 197
17, 51

N-Ni trosodiethanolarine 17, 77
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N-Ni trosodiethy1arine l, 107 (corr.
Il, 295)

17, 83 (corr.
23, 419)

N-Ni trosodimethylarine

N-Ni trosodipheny1arine

para-Ni trosodiphenylarine

N-Ni trosodi-n-propylarine

N-Ni troso-N-ethylurea

N-Ni trosofolic acid

N-Ni trosohydroxyproline

N-Ni trosomethylethylarine

N-Ni troso-N-methylurea

N-Ni troso-N~ethyl urethane

N-Ni trosomethyl vinylarine

N-Ni trosomorpholine

NI-Ni trosonornicotine

N-Ni trosopi Per id ine

N-Ni trosopro1 ine

N-Ni trosopyrro1 idine

N-Ni trososarcosine

N-Ni trosarcosine ethy1 ester*

l, 95
17, 125 (corr.

25, 391)

27, 213

27, 227

17, 177

l, 135
17, 191

17, 217

17, 304

17, 221

l, 125
17, 227

i, 211

17, 257

17, 263

17, 281

17, 287

17, 303

17, 313

17, 327
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Ni troxol ine*

Niva1eno1*

Norethisterone and i ts acetate .§, 179
21, 441

i, 191
21, 461 (corr.

25, 391)

6, 201
21, 479

19, 120

No rethynodre1

Norgestrel

Nylon 6

Nylon 6/6*

0

Ochratoxin A 10, 191

Oestradiol- 1 7 ß 6, 99
21, 279

Oestradiol 3-benzoate 21, 281

Oestr ad iol dipropionate 21, 283

Oestradiol mustard 2., 217

Oestradiol-17ß-va1erate 21, 284

Oestrio1 i, 117
21, 327

Oestrone i, 123
21, 343 (corr.

25, 391)

Oestrone benzoate 21, 345

Oi1 Orange SS .ê, 165
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Or ange l ~, 173

Or ang e G ~, 181

Oxazepar 13, 58

Oxymetholone 13, 131

Oxyphenbuta zone 13, 185

P

Panfuran S (Dihydroxymethy1furatrizine) 24 , 77

Parasorbic acid 10, 199 (corr.
12, 271)

Patu1 in 10, 205

10, 211

20, 303

Penicillic acid

Pentach10rophenol

Pentobarbi tal sod i um*

Phenacetin 13, 141
24, 135

Phenazopyridine (2, 6-Diarino- 3-(pheny1azo)-
pyridine) and its hydroch10ride

8, 117
24, 163

Phenel zine and i ts sul phate 24, 175

12, 177

ll, 157

Phenicarbazide

Phenobarbi tal and i ts sad i um saI t

Phenoxybenzamine and its hydrochloride 9, 223
24, 185

13, 183Pheny1butazone

o rtho-Pheny1 ened i arine*
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meta-Phenylenediarine and i ts hydroch10ride

para-Pheny1enediarine and i ts hydroch10r ide

N-Pheny1 - 2-naphthylarine

N-Pheny 1 -par a-pheny1ened iarine*

Phenytoin and its sodium salt

Piperazine oestrone sulphate

Po1yacry1ic acid

Po1ybrorinated bipheny1s

Po1ychlorinated bipheny1s

Po1ych10roprene

Pol yethy1ene ( low-densi ty and high-densi ty)

Polyethylene terephthalate*

Pol yi soprene*

Polymethylene po1ypheny1 isocyanate

Polymethyl methacrylate

Po1yoestradio1 phosphate

Pol ypropy1ene

Pol ys tyrene

Pol ytetrafl uoroethy1ene

Polyurethane foars (flexible and rigid)

Po1yviny1 acetate

479

16, III

16, 125

16, 325 (corr.
25, 391)

13, 201

21, 148

19, 62

18, 107

7, 261
18, 43

19, 141

19, 164

19, 314

19, 195

21, 286

19, 218

19, 245

19, 288

19, 320

19, 346
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Polyvinyl alcohol

Po1yvinyl ch10ride

Po1yviny1idene fluoride*

Po1yviny1 pyrro1idone

Ponceau MX

Ponceau 3R

Ponceau SX

Potassium bis (2-hydroxyethyl) di thiocarbarate

Prednisone

Procarbazine hydrochloride

Prof1avine and its salts

Progesterone

Proneta101 hydroch10ride

1,3-Propane sul tone

Propham

ß-Propio1actone

n-Propy1 carbarate

Propy1ene

Propy1ene oxide

19, 351

7, 306
19, 402

19, 463

~, 189

~, 199

~, 207

12, 183

26, 293

26, 311

24, 195

6, 135
21, 491

13, 227 (corr.
.!, 387)

i, 253 (corr.
Q, 243)
( co rr. 20,

591)

12, 189

i, 259 (corr.
15, 341)

12, 201

19, 213

g, 191
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Propyl thiouracil 7.. 67

The pulp and paPer industry 25, 157

Pyr azinaride*

Pyr imetharine 13, 233

Pyrro1i zidine alka10ids 10, 333

Q

Quinoestrado1*

Quinoestro1 *

para-Quinone 15, 255

Quintozene (Pentachloroni trobenzene) 2' 211

R

Reserpine 10, 217
24, 211 (corr.

26, 387)

Resorc ino1 15, 155

Retrorsine 10, 303

Rhodarine B 16, 221

Rhodarine 6G 16, 233

Riddelliine 10, 313

Ri farpicin 24, 243

The rubber industry 28
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S

Saccharated iron oxide l, 161

Saccharin 22, ILL (corr.
25, 391)

Safro1e

Scar1et red

l, 169
10, 231

~, 21 7

Selenium and selenium compounds ~, 245 (corr.
12, 271)

Semicarbazide hydroch10ride 12, 209 (corr.
16, 387)

Seneciphyl1 ine 10, 319

Senkirkine 10, 327

Sodium cyclarate 2 2 , 56 ( co r r .
25, 391)

12, 217

21, 148

21, 147

Sodium diethyldi thiocarbarate

Sodium equilin sulphate

Sodium oestrone su1phate

Sodium saccharin 22, 113 (corr.
25, 391)

Soot, tars and mineraI oils l, 22

Spi rono1actone 24, 259

Sterigratocystin l, 175
10, 245

Streptozotocin 4, 221
17, 337
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Styrene 19, 231

Styrene-acryloni trile copolymers 19, 97

Styrene-butad iene copol ymers 19, 252

Styrene oxide Il, 201
19, 275

15, 265Succinic anhydride

Sudan i 8, 225

Sudan II ~, 233

8, 241Sudan III

Sudan brown RR 8, 249

Sudan red 78 ~, 253

24, 275

24, 285

~, 257

Sul fafurazole (sulphisoxazole)

Sul farethoxazole

Sunset yellow FCF

T

2,4,5-T and esters 15, 273

Tannic acid 10, 253 ( co r r .
16, 387)

Tannins la, 254

Terephthal ic ac id *

Terpene polychlorinates (Strobane(8) 2' 219

Testosterone 6, 209
21, 519
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Testosterone oenanthate

Testosterone propionate

2,2' ,5,5' -Tetrachlorobenzidine

l, l, 2, 2-Tetrachloroethane

Tetr ach10roethylene

Tetrafluoroethy1ene

Thioacetaride

4,4' -Thiodianil ine

Thiouracil

Th iourea

Thirar

2,4-Toluene diisocyanate

2,6-To1uene diisocyanate

ortho-ToI uenesul phonar ide

ortho-ToI uidine and i ts hydrochlor ide

Toxaphene (polychlorinated carphenes)

Treosulphan

1,1,1-Trichloroethane

l, l, 2-Tr ich10roethane

Tr ichloroethylene

2,4,5- and 2,4,6-Trichlorophenols

21, 521

21, 522

27, 141

20, 477

20, 491

19, 285

2, 77

If), 343

27, 147

2, 85

2, 95

12, 225

19, 303

19, 303

22, 121

16, 349
27, 155

20, 327

26, 341

20, 515

20, 533

g, 263
20, 545

20, 349



CUMULATlVE INDEX

Trichlorotriethylarine hydrochloride

Trichlorphon*

Triethylene glycol diglycidyl ether

2,4, 5-Trimethylanil ine and i ts hydrochlor ide

2,4,6-Trimethylaniline and its hydrochloride

Tris (azir idinyl) -para-benzoquinone
(Tr iaziquone)

Tris (l-aziridinyl) phosphine oxide

Tris (l-aziridinyl) phosphine sulphide
(Th iotepa)

2,4, 6-Tr is (1 -azi ridinyl) -s-tr iazine

1,2, 3-Tris (chloromethoxy) propane

Tr is (2, 3-dibromopropy1) phosphate

Tris (2-methyl - 1 -azir idinyl) phosphine ox ide

Trypan blue

U

Uraci1 mustard

Urethane

v

Vinb1astine sulphate

Vincr istine sul phate

Viny1 acetate

485

~, 229

Il, 209

27, 177

27, 1 78

~, 67

~, 75

~, 85

~, 95

15, 301

20, 575

2., 107

~, 267

2., 235

7-, III

26, 349

26, 365

19, 341
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Viny1 broride

Vinyl chloride

Vinyl chloride-vinyl acetate copo1ymers

4- Viny lcyclohexene

Viny1idene chloride

Vinylidene ch10ride-vinyl chloride
copo1 ymers

Vinylidene fluoride*

N-Vinyl-2-pyrro1idone

x

2,4-Xy1idine and its hydrochloride

2,5-Xy1idine and its hydroch10ride

2,6-Xy1idine*

y

Yel10w AB

Ye110w OB

Z

Zectr an

Zineb

Zirar

19, 367

7, 291
19, 377

7, 311
19, 412

Il, 277

19, 439

19, 448

19, 461

16, 367

16, 377

~, 279

~, 287

12, 237

12, 245

12, 259
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