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OF ALL THE occupational health aspects 
of paiticular concern to professional 
workers in the disciplines involved with 
occupational medicine, industrial hy­
giene and safety, the role of carcinogenic 
agents is the most vexing and perhaps 
the most poorly understood. A vast 
body of scientific evidence has been ac­
cumulated demonstrating relationships 
between occupational exposures and the 
development of cancers. Hazards range 
from actinic or solar ulb·aviolet effects of 
exposure outdoors to those workers en­
gaged in deep underground mining. The 
"mixed dusts," consisting of iron oxide 
and silica in various ratios or quantities, 
also have been suspected and are dis­
cussed in Chapter 10. Other suspected or 
implicated agents are arsenic, asbestos, 
beryllium, cadmium, chromium, cobalt, 
iron, nickel, radioactive substances, cer­
tain aromatic amines and their deriva­
tives and, most recently, vinyl chloride, 
discussed in depth elsewhere in this 
book. 

Relationships between concomitant 
exposures from multiple exposures have 
yet to be systematically explored. De­
tailed discussions of some of the metals 
and their compounds and certain otl1er 
substances believed to be carcinogenic 
are found in corresponding chapters. 

A remarkably detailed contribution on 
environmental cancer hazards presenting 
the many variable factors regarding the 
elucidation of the problems of occupa­
tional carcinogenesis was published by 

Hueper46 in 1972 and is a notewortl1y in­
troduction to the most complex of all oc­
cupational health problems. The promi­
nent British investigator, Doll,30 repo1ted 
his concepts on established risks relating 
to occupational lung cancer. He began 
with those cancer risks that were with 
radiation exposure, mentioning mines 
that had been worked successfully for 
silver, nickel, cobalt, bismuth, arsenic, 
radium and uranium, and referred to the 
well-known suggestion that lung cancer 
might be due to the radioactivity. This 
suggestion appeared in the medical liter­
ature for the first time in 1921 (the 
Schneeberg mines). He continued with a 
discussion of chromates, asbestos, com­
bustion and distillation products of coal 
for gas production, suspected risks in the 
absence of radiation, such as arsenic, 
iron, "isopropyl oil" and beryllium. He 
also included views on site specificity, 
emphasizing in his conclusion tlrnt "in 
recent years the mortality from lung can­
cer due to non-industrial causes has in­
creased enormously; now in Britain lung 
cancer accounts for more than 10% of all 
deaths among men aged from 45 to 64 
years, the ages at which a risk of indus­
trial cancer may most readily be detect­
ed. In these circumstances, the discovery 
of a new risk by simple clinical observa­
tion is difficult and if any additional risks 
remain to be discovered, it is probable 
that tl1ey will be revealed by planned 
prospective sh1dies, undertaken with the 
special object of finding out whether any 
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risks exist. That all the existing risks have 
been discovered seems most unlikely. 
Moreover, new materials and new pro­
cesses are being introduced into industry 
almost daily and there is no reason to 
suppose that they will necessarily all be 
free from risk. It may be expected that 
indush·ial studies will continue, as in the 
past, to make important advances in our 
knowledge of all aspects of carcinogene­
sis. In this respect, detailed sh1dies of the 
relationship between exposure, inci­
dence, and duration of latent period may 
be of particular value." 

Animal sh1dies have demonstrated 
clues of great importance for estimating 
fuhire risk to exposed workers. Especial­
ly noteworthy in this regard is the toxi­
cologic study of animals exposed to vinyl 
chloride by Torkelson et al.00 In 195442 

and in 195643 Heath reported his studies 
. of the production of malignant hnnors by 

cobalt in the rat. "The results obtained 
show that cobalt metal is capable of pro­
ducing malignant h1mors in the muscles 
of a high proportion of the rats h·eated, 
owing to neoplastic changes both in 
connective tissue and striated muscle. 
When it became evident that cobalt was a 
strong carcinogen, a search of the litera­
ture revealed that as early as 1942, there 
was a German report of malignant h1mors 
in two out of a number of rabbits in­
jected intrafemorally with cobalt metal 
(although at the time this was unknown 
to Heath). One of these tumors was a 
spindle cell sarcoma at the injection site 
arising six years after injection, and the 
other at a site remote from the injection 
site was a multiple adenocarcinoma of 
the lung with peritoneal metastases. 

"The results described in this paper 
must inevitably raise the question of 
what is the causative agent of the high 
incidence of pulmonaiy cancer in the 
Schneeberg miners. The radioactive as 
well as the arsenic content of the Schnee­
berg ores have both been incriminated as 

carcinogenic factors. Because a typical 
analysis of the Schneeberg mine dust 
shows 0 .19 per cent of cobalt arsenide 
and 0.08 per cent of nickel cobalt, it 
seems likely that the cobalt might also be 
held suspect as believed long ago by Os­
ler and others. 20 It also seems desirable to 
reinvestigate the possible carcinogenic 
hazards of inhalation of cobalt-bearing 
dusts by workers in indushy. Some work 
on these lines with negative results in 
relation to the cemented tungsten car­
bide industry where cobalt is used as a 
cement has already been reported."73 

A study of cancer m01tality among 
uranium mill workers by Archer et al.6 

was concerned with mo1tality (from all 
causes) for a small group of uranium mill 
workers. The only specific cause of death 
that was significantly excessive was ma­
lignant disease of the lymphatic and 
hematopoietic tissue, referring to data 
from animal experiments that suggested 
that this excess may have resulted from 
irradiation of lymph nodes by thorium-
230. Earlier studies by Archer and asso­
ciates3 describing health hazards of urani­
um mining and milling documented an 
increased incidence of lung cancer in 
uranium miners in the United States. 
Subsequently, they reported the correla­
tion between radon exposure and the 
incidence of lung cancer.65 

In Sweden, measurements of radon 
were carried out by the Radiological Pro­
tection Service in all mines during 1969 
and 1970. These showed that 22 of 82 
mines had a radon daughter level of more 
than 30 picocuries (pCi)/liter. Following 
these major reports, Jorgensen52 reported 
his investigation of the mortality from 
lung cancer among miners of the LKAB 
Company (Luossavaara-Kirunavaara), in 
Kiruna, Sweden between 1950 and 1970. 
The iron ore mine in Kin.ma (about 150 
kilometers north of the Arctic Circle) 
began as an open pit mine (the ore being 
mainly hematite), but in the late 1950s, 
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underground mining was started. This 
mine, said to be the largest of its type in 
the world, employs about 4400 miners. 
These miners generally do not migrate 
from their birthplace, so available reports 
of deaths of miners represent nearly all 
deceased miners from the Kiruna mine. 

From the medical and hygienic points 
of view, impo1tant environmental factors 
are brought out by Jorgensen. Diesel­
powered vehicles were introduced in 
1958 for subterranean h·ansportation and 
were increased in numbers until today 
there are 75 trucks and 35 front loaders 
that are continually in use underground. 
Exhaust fumes are controlled by scrub­
bers and/or catalytic afterburners and by 
an extensive ventilation system forcing 
air throughout the mine. Dust measure­
ments in the mine revealed concenh·a­
tions of between 3 and 9 mg/m3, with 
about 40% of the particles being less than 
5 µ,m in diameter. Dust concentration 
around the loading operation at times has 
been between 10 and 15 mg/m3 but has 
decreased recently because water spray­
ing has. been introduced. "Wet drilling" 
has been used since the early 1930s and 
has practically eliminated the risk of 
pneumoconiosis. 

Jorgensen reported, "No one realized 
that there could be radioactivity in the 
mine in Kiruna until 1970 when radon 
concentrations were measured." In most 
places, there were found concentrations 
of radon daughters of between 10 and 30 
pCi/liter. However, in some unventilated 
galleries, very high concentrations were 
found. This was attributed to the fact that 
the radon had not had time to evaporate 
in the running water. The levels of radon 
measured in the mine today probably are 
representative of the earlier conditions. 
On some occasions, however, and at 
some places near water inlets in the 
LKAB mine, the radon concentration 
previously had be{;)n considerably higher 
for short periods of time. 

In this reh"ospective study, mortality 
among the workers revealed 13 cases of 
lung cancer, whereas only 4.5 were ex­
pected among the rest of the male pop­
ulation in this community. The lung 
cancer mortality rate among non-mine 
workers was equal to that of Sweden in 
general. Because the study was done at 
a time when concurrent exposure investi­
gations of workers to radon daughters and 
diesel exhaust fumes were not possible 
and because there is a possibility of 
noxious interaction, this study should be 
followed up in 5-10 years. 

S :t Clair Renard81 reported extremely 
high rates of mortality from carcinoma of 
the lung among underground miners at 
the Malmberget (also LKAB) iron ore 
mine in northern Sweden. Among the 
potentially causative factors were the rel­
atively high radon levels found at various 
plateaus of the mine until recently, when 
the ventilation system was improved. 
The repo1t by Boyd et al. 11 that radon-222 
in a hematite mine in England had 
caused carcinoma of the lung (1968-
1970) moved the Swedish Mine Associa­
tion to collaborate with the National In­
stitute of Radiation Protection in the 
examination of the content of radon-222 
in the air in all Swedish mines. 

The results of both these sh1dies 
showed a definite tendency toward a 
high mortality from lung cancer among 
Swedish miners (underground miners: 6 
expected, 26 observed). There also ap­
peared to be a correlation between res­
piratory cancer in the mines and a high 
radon concentration in the air. 

In 1968, S:t Clair Renard began a study 
of lung cancer in the Malmberget mine, 
reviewing all cases of respiratory cancer 
in all men 20- 7 4 years of age in his 
community dying between 1950 and 
1972. Of the 41 cases found, many once 
had worked in the mine. The Gallivare­
Malmberget communities are north of 
the Arctic Circle near the LKAB Kiruna 
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mine (the same company reported by 
Jorgensen), yielding essentially magne­
tite ore with some hematite. The mine 
was opened in 1809 and has conducted 
operations completely underground 
since 1930. The quartz content of the 
rock is 10-20%. 

Among the many potential causative 
factors of lung cancer listed by the author 
are smoking habits, quartz dust, exhaust 
from diesel motors, radon and its decay 
products and poor ventilation. The inter­
relationships were too complicated to 
have been analyzed as part of his timely 
reporting.82 

Another vital consequence from the 
ever-deeper mining activities was the 
increased need for greater volumes of ar­
tificial ventilation. To warm the air going 
into the mines, air was forced through 
great masses of crushed rocks. Thus, air 
exposed to rocks with low uranium con­
tent but large surface areas could be en­
riched with radon as it was pumped 
down to the depths of the mines. When 
the problems were identified and a possi­
ble explanation given, the ventilation 
system was changed and augmented. At 
present, the Malmberget mine is aerated 
with 50 million tons of air yearly (for 
comparison, 10 million tons of ore and 
rock are brought up every year). 

S :t Clair Renard indicated that the re­
sults from the ventilation have been en­
couraging, remodeling measurements 
during recent months having showed 
decreasing radon levels, lower than 0.1 
WL O (10 pCi/liter decay products of ra­
don) in all parts of the mine. He con­
cluded, "The results of this study should 
be of interest in mining areas all over the 
world where uranium occurs as a trace 
element, either occurring directly in the 
mines or as fission products exposed 
through cracks in the surrounding rock or 
brought into the mines with water from 
outside sources. "s3 

0 300 pCi/liter = 1 Working Level (see Chap. 22). 

Recently, Dinman28 proposed a classi­
fication of biologic evidence for occupa­
tional carcinogenesis, identifying three 
major groups: group 1, definitely carcino­
genic; group 2, probably carcinogenic; 
and group 3, presumably carcinogenic. 
Group 1 requires epidemiologic and 
experimental evidence of carcinogenesis. 
Representatives of this group are beta­
naphthylamine, chromium, nickel, 4-
aminodiphenyl and benzidine. Others 
were "uncharacterized or contaminated 
mixtures," such as mineral-derived tars, 
pitches, oil and asbestos. In addition, 
arsenic, mustard gas and hematite as 
an "uncharacterized mixture" were in­
cluded. 

The second group, probably carcino­
genic based on experimental findings, 
included 4-nitrophenyl and alpha-naph­
thylamine as epidemiologically associ­
ated witl1 experimental findings and the 
"uncharacterized or contaminated" sub­
stances auramine and magenta. Group 2 
"experimental cases" also included be­
ryllium. Group 3, presumably carcino­
genic based on animal experiments only, 
included the following compounds: 
nitrosoamines (N-nitrosodimethylamine, 
alkylating agents [ with the exception of 
mustard gas], dichlorobenzidine, o-tolui­
dine and dianisidine). 

According to Dinman, "there are some 
cautions to be applied to indicate relative 
levels of carcinogenic ordering even 
within grades of this classification. For 
example, where experimentation pre­
sents design problems for benzidine in­
duction of bladder tumors in animals, the 
strength of the epidemiological evidence 
for that compound's cancer potential in 
man leaves no more room for doubt of its 
potency than in the case, for example, of 
beta-naphthylamine (BNA). Conversely, 
as regards the chromates, epidemiologi­
cal plus a single report of experimental 
induction57 place chromates at the same 
level as benzidine in this evidentiary 
classification, even though it appears that 
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the various salts and oxides of this ele­
ment are less carcinogenic than benzi­
dine." 

At the Symposium on Chemical Car­
cinogens held in Pittsburgh in June of 
1973, Weisburger100 presented his view­
points on the environment and cancer on 
the mechanism of carcinogenesis. Among 
the several major carcinogenesis prob­
lems pointed out by him was the carcino­
genic hazard due to mixtures of agents. 
Often there are pronounced synergistic 
effects. He outlined the steps of carcino­
genesis in relation to man, stating that 
"there is an essential difference between 
carcinogens and other toxicants and, by 
and large, bona fide real carcinogens do 
combine with DNA. Once that combina­
tion is formed, it is not reversible except 
by so-called repair enzymes, which, in 
turn, may lead to miscoding. Carcinogens 
are toxic, of course, kill cells, and the 
dead cell does not cancerize. When car­
cinogens react with DNA to yield a via­
ble cell, it is an abnormal, latent tumor 
cell and the action is not reversible -
most toxic effects are reversible. Primary 
carcinogens do not require metabolic ac­
tivation. Others are the ethylene amines, 
sulfur, mustard, lactones, epoxides or 
bis(chloromethyl)ether. Those do not 
require metabolism. Thus, with such 
chemicals, I would predict, although ex­
tensive studies have not really been 
done, age may play a lesser role in the 
relative hazard to agents of this type. 

"The other major class of agents re­
quires biochemical activation. Thus, with 
these, one would predict that the major 
effects would hinge on the ratio of activa­
tion to detoxification. If a young person 
has a higher ratio of activation to detoxifi­
cation, he would be at a higher risk than 
an older person. Some of these chemicals 
are synthetic, some are natural products 
like cycasin, a plant carcinogen, or like 
mycotoxins. The environment contains 
naturally occurring as well as synthetic 
carcinogens. I am much more concerned 

about naturally occurring carcinogens 
that we are exposed to, eat or consume 
unknowingly than about synthetics. It 
was shown very clearly that something 
can be done about the synthetics. You 
know they are hazardous; you should and 
can conb·ol them. The people producing 
such chemicals know it is dangerous and 
control them, but their customers do not 
always appreciate the potential risk. I 
think this is an area where education and 
information are very important. 

"Also, we now understand that pri­
mary carcinogens, like certain alkylating 
agents as beta-propiolactone or bis(chlo­
romethyl)ether, or active intennediaries 
obtained by host-controlled reactions, 
are carcinogenic because they interact 
with DNA strncture or function. Changes 
in DNA may mean mutation. We know 
that direct alkylating agents are muta­
genic as was demonstrated beautifully 
back in the 40s. But other experts in the 
field of mutagenesis, who tested not 
alkylating agents but procarcinogens 25 
years ago, found them not mutagenic. 
The chemicals tested, such as polycy­
clic aromatic hydrocarbons or aromatic 
amines, were not mutagenic because 
they tested the procarcinogens, and they 
had no way of activating them in their 
system. Today, we know that if we acti­
vate such materials biochemically, they 
can be mutagenic. This gives us new 
tools which we are currently exploring to 
assess potential risks in the environment. 
Methods are available to resolve the 
question whether a product is mutagenic 
in two weeks, whereas it takes up to two 
years to find out whether a chemical is 
carcinogenic in an animal model. Thus, it 
is possible to get an inkling or a feeling 
for such risks in two weeks rather than 
two years. We need to be careful about 
the interpretation of the results obtained 
in such systems. I would not necessarily 
ban or recommend that a product be abol­
ished because it is mutagenic in one sys­
tem. One of you showed me a reprint 
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where a widely used chemical expressed 
mutagenic properties under some condi­
tions. If a chemical is mutagenic, I would 
like to recommend caution. It is a blink­
ing yellow light. Depending on addition­
al information, such a product might war­
rant testing for carcinogenicity in the 
conventional animal systems. At the same 
time, one would wish to minimize human 
exposure. Quick mutagenicity tests pro­
vide tools to select from the hundreds of 
thousands of chemicals, natural and syn­
thetic, we concern ourselves about, as to 
whether they require assays in animal 
systems. Also, under extensive explora­
tion is the problem of using transforma­
tion of cell cultures to develop a quick 
preview of possible hazards. An advan­
tage is the possibility of using human cell 
systems. Again, I wish to emphasize the 
problem of converting into vitro the 
chemicals to be tested which need bio­
chemical activat,ion in order to detect a 
possibly carcinogenic material without 
false negatives by such abbreviated pro­
cedures." 

Among occupational groups, those 
workers engaged in the preparation of 
coke and its by-products have long been 
recognized as being at risk for the devel­
opment of skin and lung cancers. These 
occupational and environmental observa­
tions have been comprehensively report­
ed in the NIOSH Criteria Document for a 
Recommended Standard . . . Occupa­
tional Exposure to Coke Oven Emis­
sions. 92 That there is much controversy is 
an understatement. Highlighted in an 
editorial by Nelson75 in May, 1973 in the 
New England journal of Medicine were 
several new and practical applications of 
chemical carcinogens . He stated that 
"evidence has been accumulating in 
occupational settings for many years that 
external factors, both chemical and physi­
cal, are identifiable causes of occupation­
al cancer. It has been estimated that pos­
sibly as much as 80% of all cancer is of 

environmental origin."39 A variety of 
clues provide the basis for such specula­
tion; perhaps the most persuasive stem 
from studies of migrant populations that 
clearly show that geographic differences 
in certain cancer rates tend to disappear 
in migrant populations in which the can­
cer rates move toward those of the native 
populations, clearly implying an impor­
tant role in external factors in determin­
ing cancer rates.40 

"Where occupational causes of cancer 
have been identified, it has been possible 
to intervene and prevent the disease. The 
implications of this simple and indeed 
obvious message concerning the wide 
role of external factors in cancer causa­
tion have been surprisingly neglected. 
Fortunately, however, the promise of 
cancer prevention is now receiving more 
attention. It is of interest that of the seven 
stated objectives of the new National 
Cancer Plan, the first four are aimed pri­
marily at prevention. Of these objectives, 
number one is to 'Develop the means to 
reduce the effectiveness of external 
agents in increasing the probabilities of 
development of cancers in existing indi­
viduals or in individuals of subsequent 
generations.' " 91 

AZO DYES 

The "azo" dyes form the largest class of 
synthetic dyes. Having been developed 
for coloring every fiber, both natural and 
synthetic, their use has been extended to 
the coloration of solvents and many other 
nontextile substances. These chemicals 
are derived from "aromatic hydrocar­
bons" typified by benzene, toluene and 
xylene and have a distinctive "aromatic" 
odor. Originally, most were made from 
coal tar as by-products from coke manu­
facturing, but now they are obtained 
primarily from petroleum sources. The 
hydrocarbons mentioned, including 
naphthalene and anthracene, are basic 
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compounds in the synthesis of most aro­
matic amines (see Otterson, Chapter 31). 
Amines contain nib·ogen as NH 0 ; of 
these, aniline is the best known. -

NO2 NH2 

0 + HNO -61 Becha1:1p - 61 
3 ~ reduct10n ~ 

Benzene Nitro benzene Aniline 

Unfortunately, "analine" and "aniline 
dyes" have become known as dangerous 
substances, thought capable of producing 
serious disturbances, such as aplastic 
anemia, first observed with benzene 
exposures (benzene was one of the first 
solvents isolated from the coal tar aniline 
compounds) and bladder tumors . 

Occupational exposure to aromatic 
amines has long been associated with the 
development of bladder cancer. His­
torically, the population at risk has been 
limited to individuals employed in the 
"aniline" dye industry. The term "ani­
line cancer" was used in earlier days to 
denote cancer of the urinary bladder in 
workers engaged in the production of 
"aniline" dyes. Hueper45 published a 
paper in 1934 in which he reviewed the 
history, significance and epidemiologic 
evidence of "aniline cancer" in the dye 
industry. Hueper credited Rehn with 
reporting the first cases of occupational 
bladder tumors in 1895 in 3 workers in a 
German dye factory. In his review article, 
Hueper mentioned the beginning of what 
was to become a growing conb·oversy 
concerning the etiology of occupational 
bladder cancer. He stated that aniline, 
benzidine and naphthylamine were the 
principal etiologic candidates, but 
emphasized major epidemiologic "pit­
falls," including: 

1. Worker exposure to more than one 
suspect compound, further complicated 
by shifting of workers between depart­
ments. 

2. Different degrees of exposure haz­
ard between processes. 

3. Unsuspected impurities in trace 
amounts possibly more harmful than the 
parent compound. 

4. Different composition of dyes and 
production methodology in different 
factories complicating statistical com­
parison. 

Colors used in textile dyeing processes 
are considered to be generally nontoxic 
or of a low order of toxicity and no 
evidence has been shown that chronic 
occupational health problems have re­
sulted from their use. The "intermediate 
process" or "indirect dyeing" of fibers 
applied by successive stages in order to 
attain good fixation required a number of 
"intermediates." Some of these interme­
diates are the naphthalenes and several 
aromatic amines that have been sus­
pected or known to be carcinogenic. Of 
great concern are benzidine, some of 
its related compounds and alpha-naph­
thylamine. (These will be discussed fur­
ther.) 

In January, 1974, the U . S. Secretary of 
Labor of the Occupational Safety and 
Health Administration announced a 
standard for 14 carcinogens.31 Because of 
this significant action, these substances 
are presented here in summary form. The 
OSHA work practices are found in this 
standard. 
2-Acetylaminofiuorene (2-AAF) 

NH-C-CH 

~ l, 
In 1941, Wilson et al.,102 during a study 

of the toxicity in animals of a promising 
new pesticide, 2-acetylaminofluorene, 
discovered that it was a potent carcino­
gen. By 1961, there were more than 500 
reports of studies of the carcinogenic 
effects of this substance or its related 
compounds. Although most of these 
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studies resulted in carcinoma in rats, car­
cinogenic effects have been demonstrat­
ed in other laboratory animals as well. 
Liver and bladder tumors were produced 
in most animals on a dietary regimen of 
this substance. Weisburger et al. 101 noted 
from 5 patients b·eated with a single oral 
tracer dose of radioactive 2-AAF that man 
may conve1t 2-AAF, in part, to the potent 
carcinogenic metabolite, N-hydroxy-2-
AAF. From this observation, it seems 
reasonable to conclude that 2-AAF, 
which has been shown to be carcinogenic 
in many animal species, probably is car­
cinogenic in man. 

4-Aminodiphenyl 

o-o-NH2 

4-Aminodiphenyl, also known as xenyl­
amine, has been used in rubber manu­
facturing as an antioxidant. Scott85 

recommended that its manufacture be 
terminated because its carcinogenic 
potency is at least equal to that of beta­
naphthylamine and the prospect of safe 
processing is remote . In 1954, Walpole 
et al. 99 first reported 4-aminodiphenyl to 
be carcinogenic in the urinary bladder of 
dogs. These investigators found multiple 
epithelial tumors in the urinary bladder 
of each animal. Concerning occupational 
exposure to 4-aminodiphenyl, they stat­
ed, "We, therefore, conclude that its 
manufachire and handling today would 
carry with it grave risks to the working 
population involved unless adequate 
precautions were taken to avoid skin con­
tact or the inhalation of vapour or dust by 
the use of totally enclosed plant and daily 
changes of clothing for the operators." 

In 195625 and in 1958,26 Deichmann et 
al. published reports concerning their 
experiments with dogs dosed orally. Car­
cinomas were diagnosed in the bladders 
of all animals, with death occurring from 
4 to 18 months following the initial ap­
pearance of tumors. 

As with other aromatic amines, atteri­
tion has focused on the importance of N­
hydroxylated metabolites of 4-ADP as 
proximate carcinogens. Fefer, Brill and 
Radomski32 consistently recovered "sub­
stantial" amounts of N-hydroxy-4-amino­
diphenyl (N-OH-4-ADP) in animal 
studies. These investigators also ob­
tained evidence of the presence of the 
nitroso derivative. 

In 1955, Melick et al. 11 presented the 
results of their epidemiologic investiga­
tion of the incidence of bladder cancer in 
workers engaged in the production of 4-
ADP. Production of this aromatic amine 
was from 1935 to 1955 in the United 
States. Of 171 workers examined in sev­
eral plants, 11.1 % developed bladder 
tumors in 5 to 19 years following initia­
tion of exposure. Exposure duration 
ranged from 1 to 19 years. In a later re­
poit,72 this range increased from 133 days 
to 35 years. The incidence of bladder 
tumors increased with time in the sh1dy 
group. In Plant 1, the number of workers 
exhibiting h1mors of those examined was 
12/71 in 1953 (16.9%), 23/186 in 1958 
(12.4%) and 42/261 in 1970 (16.1 %). In 
Plant 2, these statistics were 1/44 in 1953 
(2.3%), 2/45 in 1958 (4.4%) and 10/54 in 
1970 (18.5%). The 315 workers examined 
in this later report were included in a 
study by Koss et al.56 of 503 workers ex­
amined who had been exposed to 4-ADP. 
Of the 503 workers examined, 435 had no 
cytologic evidence of bladder cancer, 16 
had "suspicious cytology" for carcinoma, 
8 had conclusive cytologic diagnosis of 
carcinoma, 9 had doubtful cytology and 
35 had histologically confirmed carci­
noma of the bladder. Of the 24 workers 
with either suspicious or conclusive cyto­
logic diagnosis of carcinoma, 7 died of 
unrelated disease prior to histologic proof 
of bladder carcinoma, 10 were lost to 
follow-up and the remaining 7 had no his­
tologic proof of carcinoma. Hence, it is 
conceivable that at the time of the report 
the 35 workers with histologically con-
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firmed carcinoma of the bladder could be 
expanded to 52, if those workers with 
positive cytologic examinations were to 
be found histologically positive. As stated 
by the investigators, "as evidence from 
the data previously presented, many 
years may be required until the clinical 
proof of cancer is available." 

From the work of Melick and Koss it is 
evident that more cases of bladder carci­
noma will be diagnosed in this particular 
population. Of greater importance is its 
clear implication in the induction of blad­
der tumors in workers engaged in its pro­
duction. Deichmann and Radomski24 

considered 4-ADP to possess a relative 
carcinogenic potential for the dog 6 times 
greater than that of beta-naphthylamine, 
17 times greater than that of 4-nitrobi­
phenyl and 27 times greater than that 
of benzidine. The accumulated experi­
mental and epidemiologic evidence 
thus demonstrates that 4-ADP may be 
the most hazardous aromatic amine car­
cinogen. 

Benzidine 

H N-o-o-~ f/' ~ NH 2 2 - -

Benzi dine, also called 4,4' -diaminobi­
phenyl and p-diaminodiphenyl, occurs as 
white or slightly reddish crystals, leaflets 
or as a crystalline powder and is used in 
the manufacture of azo dyestuffs. It is 
manufactured by reduction of nitroben­
zene to hydrazobenzene with subsequent 
conversion to benzidine or its salts and 
coupled with other intermediates to form 
dyes. Benzidine base possesses a signifi­
cant vapor pressure and is readily ab­
sorbed through the skin. Although its 
salts, such as the mono- and dihydrochlo­
ride and the sulfate, exert no significant 
vapor pressure, skin absorption can oc­
cur. Derivatives, such as 3,3'-dichloro­
benzidine (DCB) (discussed later) , are 
also important intermediates in the dye­
stuff industry.51 

The prevalence of bladder cancer 

among workers in the aniline dye indus­
try was known for many years, although 
the etiology of the disease was not clearly 
understood. 10, 13 • 33• 36• 45 In 1937, Beren­
blum and Bonser,14 based on their obser­
vations and review of the published liter­
ature, drew several conclusions: 

1. Aniline cancer is associated with the 
handling of certain "intermediate products" 
used in the manufacture of dyes. 

2. Of these intermediate products, aniline, 
benzidine and alpha- and beta­
naphthylamine appear to be implicated most 
frequently, probably the most important 
being benzidine and beta-naphthylamine. 

3. Although these substances may 
themselves be the responsible agents, there 
is the alternative possibility that the disease 
is due to traces of unsuspected substances 
that are present. 

4. The bladder tumors develop only after 
a long latent period (usually 10-25 years in 
man), and sometimes not until many years 
after the men have ceased work. 

A confusing factor in detem1ining 
whether or not benzidine, or beta-naph­
thylamine, is a human carcinogen is that 
of multiple exposure, a problem that Ber­
en bl um and Bonser recognized as early 
as 1937. Workers in aniline dye plants 
usually were exposed to many aromatic 
amines, thereby complicating any inves­
tigation of cause-and-effect relationships. 
Increased incidence of bladder cancer in 
such plants was known but the specific 
causative agent was not known. 

Scott:85 stated that it had been held that 
all stages of the manufacturing process 
were considered to be hazardous . Men 
engaged in the reduction to hydrazoben­
zene apparently were affected equally 
with those doing the conversion to benzi­
dine and its separation. Other men en­
gaged on other processes in the same 
building were affected also, and the 
whole operation was regarded as dan­
gerous until Barsotti and Vigliani 10 

described a factory in which hydrazo­
benzene was made in one building and 
conveyed to another factory for conver­
sion to benzidine. No tumors had oc-
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curred among the men making hydrazo­
benzene, but tumors had arisen in some 
of the benzidine workers. So far, no 
tumors have been induced in experi­
mental animals with hydrazobenzene. 
Scott and Williams86 believe that the 
hazard exists after the conversion of 
hydrazobenzene to benzidine. It must be 
remembered that if hydrazobenzene dust 
or vapor is swallowed, it will be con­
verted to benzidine by the action of the 
hydrochloric acid in the normal stomach. 

In later years, populations of workers 
exposed to only benzidine were 
studied.37• 68 • 103 From observation of 
these groups, the role of benzidine as a 
human carcinogen became clear. 

In 1954, Case et al. 18 published the 
results of their study of workmen en­
gaged in the manufacture and use of the 
dyestuff intermediates aniline, benzi­
dine, alpha-naphthylamine and beta­
naphthylamine in the British chemical 
indush·y. They determined the incidence 
of h1mors of the urinary bladder among 
such workers during a 5-year field sur­
vey. Only 0.72 would have been expect­
ed from the whole male population of 
England and Wales (p <0.001). The tu­
mors appeared after an average induction 
period of 16 years. From the evidence of 
Case et al., bladder cancer is a fatal dis­
ease-only 20% of all patients having 
survived more than 10 years from the first 
recognition of the disease. Processmen, 
pressmen, filtermen and laborers en­
gaged in the manufacture and use of ben­
zidine experienced the greatest risk. The 
data conclusively indicated that the risk 
of dying of bladder cancer from benzi­
dine exposure greatly exceeded that of 
the general population. 

Goldwater et al.37 studied workers in a 
coal tar dye plant in an effort to ascertain 
the association between bladder cancer 
induction and exposure to certain aromat­
ic amines. The incidence of urinary blad­
der tumors in workers exposed to al-

phanaphthylamine, beta-naphthylamine 
(BNA) and benzidine, the average incu­
bation. period, the average survival time 
and the incidence of malignant tumors 
other than those of the bladder were de­
tennined. The population studied in­
cluded all male workers in the factory in 
question from 1912 to 1962, thus span­
ning a period of 50 years. The total num­
ber of workers exposed to all three com­
pounds was 366, of whom 96 (26.2%) 
developed malignancies of the bladder. 
Of 76 workers exposed to benzidine 
alone, 17 (21.3%) developed bladder 
cancer. The incidence of bladder cancer 
in workers exposed to BNA plus benzi­
dine was significantly greater than for 
those exposed to benzidine alone, 45.5% 
versus 21.3%, respectively. For the in­
dnction of bladder cancer from benzi­
dine, the average time was 18.7 years, 
calculated to the first diagnosis of malig­
nancy. Following diagnosis of bladder 
malignancy from benzidine, the mean 
survival time was approximately 3 years. 

A coho1t study of workers exposed to 
beta-naphthylamine and benzidine was 
published by Mancuso and El-Attar in 
1967.68 Their primary purposes were to 
investigate (1) whether the previously 
repo1ted67 epidemiologic evidence of 
cancer of the pancreas could be substan­
tiated over a long period, (2) the compara­
tive carcinogenicity of beta-naphthyl­
amine and benzidine and (3) the possibil­
ity of additive or synergistic effects. A 
cohort sh1dy was perfonned on 639 males 
employed during the period 1938-1939 
in a company manufacturing beta-naph­
thylamine and benzidine and who were 
followed in 1965 in order to determine 
the mortality pattern. The company co­
hort was characterized as containing 
three groups of workers: (1) exposed, (2) 
not exposed and (3) exposure not known. 
Malignancies of the bladder and kidney 
constituted 35% (20/57) of all malignant 
neoplasms. The observed mortality rate 
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for cancer of the bladder for white males 
in the company cohort, 25- 64 years of 
age, was 78/100,000 as compared with 
4.4/100,000 for white Ohio males of those 
ages. All cancers of the bladder for white 
males in the coho1t occurred in the ex­
posed group; the average annual mor­
tality rates were 335/100,000 and 
971/100,000 for the age groups 45-64 
and 65 and over, respectively. Cancer of 
the pancreas (6 cases) constituted 32% of 
the malignant neoplasms of the digestive 
system. The comparative cohort mortality 
rate for cancer of the pancreas was 
39/100,000 whereas the rate for white 
males (Ohio residents) in the general 
population 25-64 years of age was 
7.5/100,000. The incidence of cancer in 
workers exposed to beta-naphthylamine 
was almost 4 times that in those exposed 
to benzidine alone. Likewise, exposure 
to both compounds was more hazardous 
than exposure to either carcinogen alone. 
As reported previously, benzidine was 
firmly implicated as a cause of human 
bladder cancer. 

The recently published findings by 
Zavon et al. 103 also demonstrate that ben­
zidine is a human carcinogen. They ob­
served a group of 25 workers engaged in 
the manufacture ofbenzidine for an aver­
age of 10.6 years . Workers who devel­
oped h1mors had an average exposure to 
benzidine in excess of 13 years whereas 
the nontumor group averaged less than 9 
years of exposure. Of the 25 benzidine­
exposed workers, 13 (52%) developed 
bladder tumors and 11 of these were ma­
lignant. The exposure time began as ear­
ly as 1929, when production began, and 
as late as 1958, when it was discontinued. 
Determinations of the benzidine content 
of air samples from various locations in 
the plant were performed in 1958; the 
highest benzidine concentration, 17.6 
mg/m3

, was obtained in the area where 
the final product was shoveled into steel 
drums. From 1929 to 1945, the final prod-

uct was benzidine sulfate; from 1945 to 
1958, the hydrochloride salt was pre­
pared. The results of this study thus im­
plicate both the hydrochloride and the 
sulfate salts of benzidine as human car­
cinogens. It should be mentioned that 3 
of the 25 men involved in the study had 
approximately 1 year of exposure to beta­
naphthylamine, 3 had exposure to o­
toluidine and 7 had been engaged in 
dichlorobenzidine (DCB) production at 
some time. However, compared to their 
exposure to benzidine, their exposures to 
other compounds, including BNA, which 
also is a human carcinogen, appear insig­
nificant. Of the workers in whom bladder 
cancer developed, 6/11 (55%) had no 
known exposure to either BNA or DCB. 
The authors concluded that the manufac­
ture of benzidine was associated with a 
high risk of developing bladder cancer. 

Epidemiologic studies18• 37 , 68 , 103 of 
worker populations exposed to benzidine 
demonstrate that the compound and its 
salts are also human carcinogens. The 
incidence of bladder cancer in benzidine 
workers greatly exceeds the incidence of 
the disease in the normal population. 
Workers involved in the manufacture, 
handling or use of this demonstrated 
human bladder carcinogen now are pro­
tected by current regulations promulgat­
ed by OSHA. 

3,3'-Dichlorobenzidine (DCB) 

Cl Cl 

·NH -0-0-~ f' ~ NH 
2 2 - -

The potential of benzidine to induce 
cancer of the urinary bladder has precipi­
tated inquiry into its chlorinated de­
rivative, 3,3'-dichlorobenzidine. Today, 
DCB is a widely used intermediate in the 
organic pigment indush-y and is consid­
ered indispensable in the production of 
certain pigments. Akiyama1 related in-
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dustrial experience in Japan with finding 
DCB in the urine of not only the charging 
operators but also in the urine of dryers 
and crackers. 

The Russian industrial experience 
with DCB was summarized by Lipkin62 

in a 1962 article. Lipkin stated that a 1958 
hygienic study revealed " . .. very unfa­
vorable working conditions and the pres­
ence of considerable contact of workers 
with dichlorobenzidine in industry." He 
noted that, in the following year, DCB 
production was halted in Russia. 

The case for the carcinogenicity of 
DCB has rested on the validity of con­
trolled experimental studies with several 
animal species because of the absence of 
a clearly defined worker population ex­
posed only to DCB for any significant 
length of time. Where a worker popula­
tion may exist, the period of actual expo­
sure to DCB often is short and on the 
order of only a few years. Workers who 
have developed bladder tumors while 
working with DCB have been exposed 
concomitantly to such generally accepted 
occupational carcinogens as beta-naph­
thylamine and benzidine. Because no 
significant worker population exposed 
exclusively to DCB has been found to 
exist,85 a safe occupational exposure to 
DCB cannot be demonstrated. Therefore, 
the case for the human carcinogenicity of 
DCB must rely on extrapolation to hu­
mans of the most pertinent experimental 
animal studies of oncogenesis . 

4-Dimethylaminoazobenzene (DAB) 
"Butter Yellow" 

CH3 

I 
O-N=N-O-N-CH3 

The events leading up to the demon­
stration by Kinosita53 that 4-dimethylam­
inoazobenzene (DAB) produced cancer 
of the liver when added to the food of rats 
are well summarized by Badger and 

Lewis. 7 Since the initial report by Kinosi­
ta, numerous reports have confirmed the 
fact that DAB, also referred to as p-di­
methylaminoazobenzene and "butter 
yellow," produces liver tumors in the rat. 
For example, 23 articles, all published in 
the year 1954, reported positive results in 
tests on the carcinogenicity of DAB in 
rats.93 

In summary, DAB has been demon­
strated to be carcinogenic in rats, dogs, 
neonatal mice and trout. The results re­
ported in dogs, even though quite limit­
ed, must be accorded considerable 
weight. In the absence of adequate epi­
demiologic data to the contraiy, DAB 
must be regarded as a potential carcino­
gen for man . 

Alpha-naphthylaniine ( 1-NA) 

o6' 
Alpha-naphthylamine (1-NA) is primar­

ily used in the manufacture of azo dyes 
and for certain rubber processing. Scott85 

noted that under contemporary industrial 
practices (1962), the beta-naphthylarriine 
(2-NA) content of 1-NA was approximate­
ly 4%. It is understood that in current 
industrial practices, this level of contami­
nation by 2-NA can be kept below 0.5%.54 

In his evaluation of the literature and 
state of the ait concerned with occupa­
tional exposure to 1-NA, Scott stated, "It 
is, therefore, difficult to escape the con­
clusion that alpha-naphthylamine is car­
cinogenic to man. . . . The standard of 
precautionary measures in its manufac­
ture and use should be as high as that 
recommended for benzidine." It should 
be noted that, as concerns indusb·ial ex­
posure, Scott believed that 1-NA should 
not be considered in terms of purity 
but " ... as it is found in industry, and 
there can be no doubt epidemiologically 
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and theoretically of the risk attached to 
it." 

In 1952, Barsotti and Vigliani9 pub­
lished results of an epidemiologic survey 
conducted among workers exposed to 
aromatic amines. Of the 902 workers sur­
veyed, 30 had been exposed to 1-NA and 
23 of these had been examined cysto­
scopically; 14 were normal, 7 had bladder 
congestion and 2 had sessile papillomas. 
One of the papillomas appeared follow­
ing 4 years' exposure and a 20-year laten­
cy period and the other following 25 
years' exposure and 1 year of latency. All 
workers had additional exposure to tolui­
dines, anisidines, xylidines, chloroani­
lines and phenetidines. 

An interesting conclusion was reached 
by Case et al.18 : "The average induction 
time is not appreciably influenced by the 
severity or duration of the exposure. It, 
therefore, appears to be a characteristic of 
the causal agent. This suggests that it is 
possible that the beta-naphthylamine 
content of alpha-naphthylamine is not 
the sole causative agent in the latter sub­
stance unless it is assumed that alpha­
naphthylamine could retard the produc­
tion ofbeta-naphthylamine tumors." 

The main direction of research efforts 
to determine causation of bladder tumors 
induced by the naphthylamines has been 
the identification of those metabolites 
that possess this potentiality. 

As yet, however, the ultimate carcino­
genic metabolite(s) has not been clearly 
identified. Although the final resolution 
of this situation may be only academic to 
the occupational environment, the fact 
that an ultimate, active, hazardous sub­
stance has not been identified for even 2-
NA precludes the dismissal of 1-NA as 
noncarcinogenic until it is clearly dem­
onstrated that its metabolites are not car­
cinogenic for man. The demonstration 
that one such metabolite, N-OH-1-NA, 
was carcinogenic for rats and mice and 
was found to possess a greater carcino-

genie potential than does its 2-NA 
counterpart12 underscores this particular 
point. In addition, the extensive epide­
miologic study in the dye indush-y by 
Case et al. 18 failed to eliminate an active 
role for 1-N A as a bladder carcinogen. 

Beta-naphthylamine (2-NA) 

In the past, 2-NA has been used in the 
dye industry as an intermediate and in 
the mbber industry as an antioxidant. Its 
current commercial usage is considered 
minimal and its manufacture by the only 
known source in the United States sup­
posedly ceased in 1972. 

The induction of bladder tumors in 
workers exposed to 2-NA is one of the 
most well-established cause-and-effect 
relationships in occupational medicine. 
As mentioned earlier, Rehn is credited 
by Hueper as reporting the first cases of 
occupational bladder tumors in 1895 in 3 
workers in a German dye factory. Many 
of the early epidemiologic studies were 
of limited usefulness as concerns specific 
etiologic roles, as Hueper45 stated in 
1934: "While aniline, benzidine and 
naphthylamine are the substances at the 
present time mainly accused of responsi­
bility for the production of bladder tu­
mors (International Labour Office), the 
exact chemical nature of the causative 
agent is not known." Thus, for some time, 
the tenn "aniline cancer" was used to 
describe occupational bladder cancer in 
dyestuff workers. 

Numerous epidemiologic investiga­
tions have proceeded from these earlier 
reports, including limited surveys in the 
United States. However, the industry­
wide epidemiologic survey by Case et 
al. 18 in 1954 is the only in-depth, compre­
hensive epidemiologic survey under­
taken of workers exposed to 2-NA. This 
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survey included 4622 men who had been 
employed for 6 months or more in the 
dyesh1ffs indush·y. Case et al. estimated 
that the expected number of death certifi­
cates mentioning tumor of the bladder 
for this population should be 3-5 but 
actually found that of the 262 known 
cases of bladder tumors in this popula­
tion, 127 of 144 death certificates men­
tioned tumor of the bladder. The over-all 
risk of death due to bladder tumor was 
estimated at 30 times the general popula­
tion. Of 55 workers of the 262 total with 
bladder tumors who had received expo­
sure to 2-NA only (excluding any ex­
posure to benzidine or 1-NA), 26 or 27 
death certificates mentioned the pres­
ence of bladder tumors. It was verified 
that risk of bladder tumors was present in 
both the manufacture and use of 2-NA. 
Case et al. estimated the latency period 
from initiation of exposure to 2-NA to 
development of tumors to be 16±6 years. 
In this regard, it was also determined that 
the induction period was constant with 
respect to age at entry and age at onset, 
although tumors were observed in 
workers exposed for fewer than 5 years or 
for more than 45 years. Based on the 
observation that the risk of bladder tumor 
development increased to a maximum 
and then decreased, Case et al. suggested 
that for a given level of risk there are 
both hypersusceptibles and hyposuscep­
tibles present in the worker population 
and that selection might be possible by 
altering the level of risk. However, they 
considered reduction in employment 
time to be impractical in eliminating this 
risk, since tumors had been observed in 
workers exposed for less than 1 year. , 
Case et al. considered that 2-NA was a 
more potent cause of bladder tumor than 
benzidine by a factor of 3 and 1-NA by a 
factor of 5. 

Earlier, Barsotti and Vigliani9 had ob­
served in an epidemiologic study pub-

lished in 1952 that 2-NA and benzidine 
carried the highest carcinogenic poten­
tial in the dyestuff indush-y. 

Kleinfeld54 published the results in 
1965 and 1967 of an epidemiologic sh1dy 
of workers exposed to 2-NA and other 
aromatic amines in a dyesh1ffs plant. Of 
376 employees examined, 109 (29%) 
were discovered to have bladder malig­
nancies. Of 54 workers exposed to 2-NA 
only, 17 (31.5%) were discovered to have 
bladder malignancies. The mean latency 
period for workers exposed to 2-NA only 
was 20 years, with a range of 6-38 years . 
Mixed exposure to 2-NA and benzidine 
resulted in an incidence of bladder ma­
lignancies of 50%. 

The carcinogenicity of 2-NA is well 
established by both animal data and 
human experience. Although an ultimate 
carcinogenic metabolite has yet to be 
identified, this aromatic amine is clearly 
implicated as a highly hazardous sub­
stance in any occupational environment. 

Case et al. 18 considered the risk of 
bladder cancer in workers exposed to 
2-NA to be 61 times greater than that in 
the general population. Scott85 reported: 
"There is undoubtedly overwhelming 
evidence that beta-naphthylamine is a 
highly active carcinogen not only to labo­
ratory animals but also to man in indus­
trial conditions of manufacture and use, 
so much so that its manufachue has been 
given up in Britain and some other coun­
tries solely because of the danger associ­
ated with it." Scott considered the manu­
facture of 2-NA " ... to be by far the most 
hazardous occupation in the dyesh1ffs 
indush-y." 

The American Conference of Govern­
mental Indush·ial Hygienists (ACGIH) in 
their Documentation of the Threshold 
Limit Values,2 noted that authorities who 
have studied the problem appear to be in 
general agreement that banning the use 
of this material is justifiable in view of 
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the disash·ous consequences to workers 
who have been engaged in its manufac­
ture and use. 

4-Nitrobiphenyl (4-NBP) 

o-o-N02 

The industrial importance of 4-nih·obi­
phenyl (4-NBP) was intimately associ­
ated with the production of its reduced 
derivative, 4-aminodiphenyl (4-ADP). 
With the discontinuance of production of 
4-ADP in 1955, due principally to the 
demonstration by Walpole et al.99 in 1954 
that 4-ADP produced carcinoma of the 
urinary bladder of dogs, the production of 
4-NBP was discontinued also. 

The carcinogenicity of 4-NBP is strong­
ly supported by the induction of bladder 
carcinoma in dogs. The evidence that 
4-NBP is metabolized in vivo to 4-ADP, 
which is a highly carcinogenic aromatic 
amine, and the possible evidence that 
human cases of bladder cancer attributed 
by Melick et al. to the exposure of 4-ADP 
only suggest that the carcinoma may have 
been induced by exposure to 4-NBP. 

The carcinogenicity of 4-NBP was 
announced in 1958 by Deichmann at the 
7th International Cancer Congress, Lon­
don, July, 1958,26 which was based on the 
studies by Deichmann et al.,25 initiated 
in 1955. 

N-Nitrosodimethylamine (DMN) 

CH3 

I 
CH

3
-N-N=O 

Barnes and Magee8 undertook the first 
extensive study of the toxicity of N-nitro­
sodimethylamine, also called dimethyl­
nih·osamine (DMN), in response to the 
request of the medical officer of a firm 
that had been using it in the laboratory as 

a solvent. Two of 3 men working in that 
laboratory had developed cirrhosis of the 
liver. In their acute toxicity experiments 
with rats, rabbits, mice, guinea pigs and 
dogs, the lethal dose was found to be in 
the range of 10-50 mg/kg. In chronic 
exposure experiments with rats, 200 ppm 
DMN in the diet proved lethal in approx­
imately 1 month, 100 ppm required 2-3 
months and 50 ppm was tolerated for at 
least 110 days, at which time the sh1dy 
was terminated. The principal pathologic 
changes observed in the acute and in the 
higher-dose chronic exposure sh1dies 
were hemorrhage and necrosis of the liv­
er. In those rats surviving the longest, 
fibrosis and bile duct proliferation were 
observed also. Little change was ob­
served in other organs. 

DMN has produced cancer in a variety 
of sites and by several methods of admin­
istration in the rat, mouse, hamster, guin­
ea pig, rabbit, h·out, guppy and newt. In 
view of this broad spectrum of carcino­
genic activity in experimental animals, 
DMN must be regarded as potentially 
carcinogenic for man. 

Beta-Propiolactone (2-oxetanone) 

/0~ 
H2C C=O 

"" / CH2 

Beta-propiolactone (BPL), also called 
2-oxetanone, beta-propionolactone and 
Betaprone, is a colorless liquid with a 
pungent odor. It is soluble in water and 
miscible with ethanol, acetone, ether and 
chloroform. It is formed by a reaction of 
ketene and formaldehyde. 41 Celanese 
Corporation, the only known producer, 
manufachires it at Pampa, Texas, primari­
ly as an intermediate for the manufacture 
of acrylates. 

Although its primary indush-ial use is 
in the synthesis of acrylic acid and acry-
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lates, BPL has been shown to be an effec­
tive vapor-phase decontaminant for the 
treatment of enclosed spaces. Medically, 
BPL has also been used successfully to 
sterilize collagen sutures , human plasma 
and homotransplants, bone and hetero­
grafts. Its value as a toxoiding agent and 
in preparing sterile vaccines has been 
repo1ted. 70 

Celanese Corporation is constructing a 
new acrylate manufachiring facility not 
based on the BPL process, and in 1973 
announced its intention to discontinue 
production of BPL. 15 

Compounds such as BPL are highly 
reactive because of the sb·ong tendency 
of the strained four-membered ring struc­
ture to open. BPL is an exb·emely corro­
sive chemical, the vapor being irritating 
to the eyes, nose, throat and respirat01y 
tract in general, and to other mucous 
membranes. In man, it is reported to be a 
skin vesicant, producing irritation and 
blister formation . Adequate protective 
clothing and equipment are recom­
mended for workers likely to have dermal 
contact. 

Demonstrated carcinogenicity. Results 
of pertinent animal experiments relating 
to the carcinogenicity of BPL were made 
available to the National Institute for 
Occupational Safety and Health. 27, 76 , 99 

Although epidemiologic evidence impli­
cating BPL as a human carcinogen is not 
available, experimental animal data sug­
gest that BPL should be a carcinogen for 
humans. Every precaution should be tak­
en to prevent worker exposure. 

Bis(chlorom,ethyl)ether (BCME) 

ClCH2-O-CH
2
Cl 

The first accounting of a carcinogenic 
potential for bis(chloromethyl)ether 
(BCME) was made by Van Duuren et 
al.94 in 1968. In this repo1t, the authors 
compared the toxicity of BCME with its 
monofunctional analog, chloromethyl 

methyl ether (CMME), and discovered 
the former to possess much greater po­
tential for inducing skin tumors in mice 
and rats than the latter. They classed 
BCME with such other biologically ac­
tive alkylating agents as nitrogen mus­
tards, epoxides and beta-lactones. 

In light of the startling incidence of 
lung carcinomas among rats following 
chronic inhalation ofO.l ppm BCME, the 
National Institute for Occupational 
Safety and Health promptly undertook an 
investigation of plants producing ion 
exchange resins, a manufacturing process 
in which BCME may be found as a con­
taminant in the chloromethylation of 
polystyrene beads.5 

Selected for study was a chemical facil­
ity that developed and had used an anion 
exchange production system since about 
1955. An indusb·ial hygiene survey was 
made of this facility in early 1972.74 As 
sputum cytology was considered a sensi­
tive method for assessing early injury to 
the bronchial epithelium by carcinogenic 
agents long before lung malignancy ap­
pears radiographically, sputum samples 
were obtained by standard techniques on 
115 current employees at this facility. 
Survey results indicated that the inci­
dence of moderate and marked atypical 
cytology was significantly higher. Al­
though no malignancies were detected 
during this sputum survey, tl1e results 
were consistent with a carcinogenic stim­
ulus of BCME. 

Further substantiation of the human 
carcinogenicity of BCME is provided by 
provisional results of a NIOSH retrospec­
tive cohort study of lung cancer inci­
dence among all former and current em­
ployees of tl1is plant. A significantly in­
creased risk of lung cancer (4 observed vs 
0.54 expected, p<0.01) was demonstrat­
ed within 15 years since onset of expo­
sure among those individuals employed 
for 5 or more years in production-mainte­
nance operations involving BCME. In 
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addition to the 7-fold increase in lung 
cancer among this group, a preponder­
ance of undifferentiated oat cell carcino­
mas was found. This pattern of risk and 
histology is similar to that recently re­
ported by Figueroa et al. 34 from a study of 
another ion exchange facility. They re­
ported on lung cancer found in chloro­
methyl methyl ether workers and sug­
gested another occupational hazard that 
increases the risk of lung cancer. They 
surveyed and studied a chemical manu­
facturing plant with approximately 2000 
employees where periodic chest x-ray 
surveys had been carried out for many 
years. In 1962, the management became 
aware that an excessive number of work­
ers suspected of having lung cancer were 
reported in one area of the plant, and 
promptly engaged consulting services to 
identify and resolve what appeared to be 
a serious problem. A group of 125 men 
were studied for the next 5 years. Four­
teen were lost at various intervals during 
the investigation because of job termina­
tion, but 4 of the remaining 111 men de­
veloped lung cancer during the 5-year 
period of observation. These 4 were from 
a group of 88 men in the age group from 
35 to 54, giving a 5-year cancer incidence 
of 4.54%. The best estimate of the ex­
pected number of cases must be derived 
from the youngest age group under inves­
tigation in the Pulmonary Neoplasm 
Research Project. 16 In this study, there 
were 2804 men 45-54 years of age. Six­
teen (0.57%) of these developed lung 
cancer in the first 5 years of observation. 
Smoking habits were very similar to 
tl1ose of the plant workers. The propor­
tions of cigarette smokers were 78% and 
74%, respectively, and the proportions of 
cigarette smokers using one or more 
packages per day were 24% and 20%, 
respectively. The slightly higher age of 
the Pulmonary Neoplasm Research Pro­
ject groups makes the incidence of 0.57% 
an overestimate of the expected number. 

However, if we accept it as the best avail­
able rate, the 5-year incidence was 8 
times higher in the plant workers. Using 
the binomial theorem, this difference is 
statistically significant at a probability of 
0.0017. 

While this study was in progress, plant 
management made a careful investiga­
tion of the work histories of several men 
whose lung cancers developed while 
they were working in the area under 
study. They concluded that the only 
common denominator was tl1e exposure 
to chloromethyl methyl ether. Manage­
ment is yet unable to provide exact infor­
mation on the exposure of the employees 
to CMME. 

Further evidence that CMME could be 
a carcinogen was stimulated by a 44-year­
old man admitted to Germantown (Pa.) 
Dispensary and Hospital in December of 
1971 because of cough and hemoptysis. A 
detailed occupational history revealed 
that he was a chemical operator who had 
been exposed to CMME for 12 years. The 
patient stated that 13 of his fellow work­
ers had lung cancer, and he suspected 
that this was his diagnosis . All had 
worked as chemical operators in the same 
building of a local chemical plant where 
tl1ey mixed formalin, methanol and hy­
drochloric acid in two 3800-liter kettles 
to produce CMME. During the process, 
fumes often were visible. To check for 
losses, the lids on the kettles were raised 
several times during each shift. The em­
ployees considered it a good day if the 
entire building had to be evacuated only 
3 or 4 times per 8-hour shift because of 
noxious fumes. · 

Recently, these agents have been 
found to be highly carcinogenic for mice 
and rats.58 • 60 , !J4, 95 Indeed, tl1e inhalation 
of as little as 0.1 ppm of BCME 
(bis[chloromethyl]ether) has produced 
squamous cell carcinoma in the lungs of 
rats.58 A recent report of 6 cases of lung 
cancer suspected of being due to occupa-
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tional exposure to CMME in California19 

is a rare reference to a possible carcino­
genic effect of this chemical for man. 

The finding that all but 1 of the 13 his­
tologically confirmed cases involved oat 
cell carcinoma of the lung, a particularly 
rare type oflung carcinoma in the general 
population, implicated an alkylating 
agent as the etiologic factor. Wagoner et 
al.98 found in their epidemiologic study 
of uranium miners published in 1965 that 
oat cell carcinoma was the predominant 
type of lung cancer observed in uranium 
miners. In a Japanese study,97 workers 
exposed to mustard gas, also an alkylating 
agent, were found with oat cell carci­
noma. In a report, Archer, Saccomanno 
and Jones4 presented evidence that the 
number of cases of oat cell carcinoma of 
the lung among uranium miners was 24 
times greater than that "expected." 
Therefore, alkylating agents are consid­
ered to be radiometric in their biologic 
activity. 

Figueroa et al.34 stated in their paper 
that commercial-grade CMME contains 
1-8% BCME. On the basis of previous 
animal investigations, which demonstrat­
ed that BCME is a more potent carcino­
gen than CMME, it could be supposed 
that the BCME content of the CMME 
may have been responsible for the ob­
served carcinogenic effects in humans in 
this study. However, the fact that sub­
stantial exposure to CMME (and, it must 
be presumed, to BCME also) did occur in 
each of the 14 cases implies that a carcin­
ogenic role for this halo ether cannot be 
eliminated. 

In 1973, Thiess et al.89 repo1ted that of 
18 individuals employed in a technical 
research center, 6 died from carcinoma of 
the lung. In addition, 2 of 50 production 
facility employees died from lung cancer 
within the same 6-year exposure period 
(1956-1962). The average latency period 
to the appearance of lung tumors was 8-
16 years. Of the 8 cases of lung carcinoma 

found, 5 were diagnosed as "small-cell 
carcinoma" ("oat cell carcinoma"). No 
environmental measurements were made 
for BCME concentration in the work 
place during the period under study 
(1956-1962). However, the concentra­
tions were considered minimal because 
of the readiness with which BCME can 
be detected by its strong irritant action at 
very low concentrations. 

It is of interest that the production fa­
cility, where 2 of the cases of lung cancer 
occurred, was a "closed unit" equipped 
with an exhaust apparatus within which 
workers were required to wear air-sup­
plied masks. 

The investigators89 concluded that "On 
the basis of information now available, 
we believe that the lung cancer cases 
repmted by us are, with definite proba­
bility, caused by many years of breathing 
unknown amounts of dichlorodimethyl 
ether (BCME). This assertion is support­
ed by animal tests available in the mean­
time and also by the known 0bservations 
made in California." 

Van Duuren, Laskin and Nelson96 

summarized the potential hazard associ­
ated with exposure to CMME and BCME 
in a letter to the Editor of Chemical and 
Engineering News on March 27, 1972. 
"Chemical carcinogens can be either di­
rect-acting or indirect-acting. The latter 
type have to be metabolized in vivo to 
proximal carcinogens, and, hence, these 
indirect-acting agents are highly organ­
and species-specific since the metabolic 
patterns vary by organ and species. The 
direct-acting agents, which include alky­
lating carcinogens such as CMME and 
BCME, act normally at the site of expo­
sure and they are carcinogenic in several 
species and organs but usually only at the 
site of exposure. Since these direct-acting 
alkylating agents are carcinogenic in sev­
eral animal species, they must be regard­
ed as potentially carcinogenic in man. 
The alpha-chloro ethers should, there-
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fore , be regarded as potentially serious 
occupational hazards in the chemical 
industry and in research laboratories 
where they may not always be handled 
with proper precautions." 

An announcement77 recently has been 
made that hydrogen chloride (HCl) and 
formaldehyde (HCHO) combine under 
ordinary ambient conditions, or in 
aqueous solutions, to form BCME. The 
importance of this discovery as concerns 
the ubiquitous availability of BCME is 
readily apparent. It must not be over­
looked in this respect, however, that 
CMME rapidly decomposes both in air 
and in aqueous solutions to yield the 
above reactants. 

Hence, pure CMME, even under the 
most rigid experimental conditions, is 
practically impossible to obtain or, once 
produced, to maintain witl10ut the subse­
quent formation of small amounts of 
BCME. Therefore, the practicability of 
exposure to CMME in the work place 
without concomitant exposure to BCME 
is highly questionable. 

It is very possible, based on available 
animal studies and epidemiologic inves­
tigations of exposed workers, that BCME 
may be one of the most hazardous carcin­
ogens found in the work place. The fact 
that, under ordinary conditions, BCME is 
formed whenever formaldehyde and 
hydrogen chloride are present requires 
continuous surveillance of work places 
where these two compounds may be 
present simultaneously. The hazard of 
lung cancer from occupational exposure 
to BCME requires strict measures to en­
sure that employees are not exposed to 
this substance by any route. 

Chloromethyl methyl ether (CMME) 

CH
3
-O-CH

2
Cl 

Chloromethyl methyl ether (CMME) is 

used commercially in organic synthesis 
as a chloromethylating agent in the man­
ufacture of ion exchange resins , in the 
treatment of textiles , in the manufacture 
of polymers and as a solvent for polymeri­
zation reactions. Because of its reactivity, 
CMME is highly irritating to the skin, 
eyes and mucous membranesY4 With the 
exception of one less -Cl atom, CMME 
is sh·ucturally identical to its highly carci­
nogenic bifunctional analog, bis(chloro­
methyl)ether (BCME). It is, therefore, 
of utmost importance in any considera­
tion of the health consequences of occu­
pational exposure to CMME that cogni­
zance be given to concomitant exposure 
to BCME, which is normally present in 

commercial-grade CMME in quantities 
of 1-7%.34 • 96 Likewise, in evaluating ex­
perimental evidence implicating CMME 
as a carcinogen, it is impo1tant also to 
know the BCME content of the CMME. 

A field survey conducted by NIOSH 
personnel in 197274 revealed 6 cases of 
lung cancer in a West Coast facility that 
formed both BCME and CMME in the 
manufacture of ion exchange resins and 
employed approximately 75 "blue collar" 
workers . At least 4 of the 6 employees 
with lung cancer had worked in opera­
tions involving exposure to BCME and 
CMME. It was concluded from the field 
survey that an excess lung cancer risk 
was suspect in the worker population, 
and the results of a recent spuh1m cyto­
logic survey among workers has demon­
sh·ated a greater than normal proportion 
with atypical spuh1m cells . Although 
BCME was suspected as the etiologic 
agent in this survey, the contributory 
influence of CMME was not known. 

Van Duuren et alY4 presented the first 
evidence for the carcinogenicity of the 
alpha-haloethers in 1968 and classified 
them with such other biologically active 
alkylating agents as nitrogen mustards, 
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epoxides and beta-lactones. The study, 
which involved skin application of 
BCME or CMME to mice (2.0 mg/0.1 ml 
benzene 3 times weekly for 47 weeks), 
provided no evidence for CMME of 
"complete" carcinogenicity, although a 
slight irritating activity was elicited in 
mice when croton resin (0.025 mg/0.1 ml 
acetone) was used as a promoting agent. 
Of 20 rats injected subcutaneously with 
CMME (1-3 mg/injection 3-4 times 

_monthly), 13 developed sizable palpable 
lesions in the treatment area. The purity 
of the CMME used in the study was veri­
fied by infrared spectrophotometry and 
gas-liquid chromatography with no 
BCME detected. 

Although contaminating exposures to 
BCME have precluded conclusive 
evidence for the carcinogenic activity 
of CMME, the indush·ial experience with 
this halo ether is sufficient reason to con­
sider CMME as a carcinogen. 

4,4 '-M ethylene-bis(2-chloroaniline) 
(MOCA) 0 

Cl Cl 

NH,---o-CH,---o-NH, 
A preliminary report concerning the 

carcinogenicity of orally introduced 4,4' -
methylene-bis(2-chloroaniline) in rats 
was made by Grundmann and Steinhoff38 

in 1970. In 1971, these two investigators 
published a more extensive paper87 of 
their completed findings. In the later 
paper, the toxicity and carcinogenicity of 
4,4' -methylene-bis(2-chloroaniline) was 
compared with that of 4,4' -diaminodi­
phenylmethane (DDM). Both of these 
compounds are used as hardeners or cur­
ing agents for epoxy resin systems and 

0 4,4' -Methylene-bis(2-chloroaniline) or 3,3' -dichlo­
ro-4,4' -diaminodiphenylmethane has been given 
the registered trademark MOCA by E. I. du Pont 
de Nemours & Co., Inc. 

isocyanate-containing polymers.84 • 88 Al­
though commercial production of 4,4' -
methylene-bis(2-chloroaniline) began in 
1962,61 DDM has been in production for 
more than 25 years.84 The investigators 
quote previous work to document the 
strong toxic effect of DDM on both rat 
and human liver as well as the carcino­
genic effect on rat liver. Schoental84 has 
also demonstrated the carcinogenicity of 
DDM on the rat liver. An accidental 
acute poisoning episode occurred in 1965 
in Great Britain in which 84 persons be­
came ill, some seriously, with jaundice 
following the consumption of bread acci­
dentally contaminated with DDM.55 

In general, Grundmann and Steinhoff 
considered 4,4' -methylene-bis(2-chloro­
aniline) to be less toxic but more carci­
nogenic than the nonchlorinated com­
pound, DDM. 

Another industrial study involved the 
finding by Mastromatteo69 in 1965 that 2 
of 6 employees, both in their thirties, 
who· had a mixed exposure to 4,4' -meth­
ylene-bis(2-chloroaniline), TDI and sev­
eral isocyanate-containing resins devel­
oped urinary frequency with hematuria, 
eye irritation and respiratory irritation 
with cough and tightness in the chest. 
The hematuria can best be related to the 
4,4' -methylene-bis(2-chloroaniline) than 
to the other substances. The author con­
sidered the conditions to be mild, but 
also considered that exposure to this sub­
stance, primarily by dust inhalation, was 
the cause of the observed cystitis. 

The results of the experimental animal 
studies reported by several independent 
groups of investigators59 clearly demon­
strated an active oncogenic role for 4,4' -
methylene-bis(2-chloroaniline). 

Although industrial experience from 
reported studies is minimal,61 , 69 the posi­
tive findings in two animal studies by 
three independent investigators59 firmly 
implicate 4,4' -methylene-bis(2-chloroan­
iline) as a human carcinogen. 
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Ethyleneimine (EI) 

H 

/N~ 
H

2
C--CH2 

Ethyleneimine (EI), (also known as 
aziridine), is an extremely reactive, 
small-ring heterocyclic alkylating agent. 
The dual functionality and high degree of 
reactivity of EI are responsible for the 
synthesis of many derivatives in an in­
creasing list of applications,35 including 
textile treatment chemicals, adhesives 
and binders, rocket and jet fuels, chemo­
sterilant chemicals and chemotherapeu­
tic agents to name a few. 

Early interest in EI centered on its 
possible application as an antineoplastic 
agent. Because of the general type of cy­
totoxic activity associated with EI in this 
role, subsequent investigators were led 
to question its possible role as a chemical 
mutagen and carcinogen. 

Its high chemical activity causes it to 
be very irritating to the skin and mucous 
membranes. The renal toxicity of EI in 
the rat and rabbit has been described by 
Davies et al.,21 -23 who also found that as 
little as 0.01 ml/kg body weight caused 
the death of rabbits from neurotoxic ef­
fects within a few hours. 

A study sponsored by the National 
Cancer Instih1te in 1969 concerning the 
bioassay of industrial chemicals for tu­
morigenicity in mice was published by 
Innes et al.50 The investigators' com­
ments on their classification of liver tu­
mors as "hepatomas" stated ". . . the 
term 'hepatoma' as used in this manu­
script should not be considered as imply­
ing that these tumors are benign. Indeed, 
it seems more reasonable to conclude 
that the great majority had malignant 
potentiality." They concluded by stating 
that "the dose received by the mice was 
far above that likely to be received by 

humans, but there was no way to predict 
whether man would be more or less sus­
ceptible to tumor induction by the com­
pound." 

The case for the carcinogenicity of EI, 
then, rests on the possible extrapolation 
to humans of the findings in two separate, 
controlled animal studies, one involving 
rats99 and the other mice.50 

This position is compatible with that of 
NIOSH concerning the prior demonstra­
tion of carcinogenicity in at least two 
animal species. 

OSHA Work Practices 

This section applies to any activity in 
which a carcinogen is manufachired, 
processed, used, repackaged, released, 
handled or otherwise present in any 
manner. 

Definitions 

The 14 substances defined as "carcino­
gens" by OSHA means the substances or 
compositions containing such sub­
stances, but does not include substances 
containing less than 1 % by weight of 
the listed carcinogens,31 except 4-amino­
diphenyl, benzidine (and its salts), 
4-nitrobiphenyl, beta-naphthylamine, 
bis(chloromethyl)ether and methyl chlo­
romethyl ether. These latter OSHA-de­
fined carcinogens must be found in less 
than one-tenth per cent by weight of the 
substance weight. 

After the emergency standard was pub­
lished on May 3, 1973 in Volume 38 of 
the Federal Register on page 10929, it 
became apparent that a single standard 
for the 14 substances would not be ade­
quate. Therefore, 14 different standards 
were promulgated to enable accommoda­
tion of the physical properties, physical 
state, biologic properties and use of each 
of the chemicals. Thus, provisions were 
made for the immediately corrosive activ-
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ity of beta-propiolactone and ethyleneim­
ine for deluge showers and eye wash 
fountains near places where exposures 
might be expected. Principally, volatile 
materials will not be present long enough 
for routine washing or showering to have 
effect as a protective measure. Thus, a 
requirement to wash on each exit and 
shower at the end of the day would not 
offer any significant protection to em­
ployees working in areas where the vola­
tile materials, methyl chloromethyl 
ether, bis(chloromethyl)ether, ethyl­
eneirnine and beta-propiolactone, are 
present in a closed system or closed sys­
tem transfer operation. Wash require­
ments are retained for those materials in 
isolated system operations because the 
closed confinement of glovebox gloves 
would inhibit vaporization if a leak 
should occur. Special provisions are made 
for premix operations involving 4,4'­
methylene-bis(2-chloroaniline) and liq­
uid prepolymer. These premix solutions, 
frozen or otherwise, are packaged in such 
a way and used only after the 4,4'­
methylene-bis(2-chloroaniline) and the 
prepolymer have started to react. No dust 
hazard exists and a vapor hazard is un­
likely. For this reason, the standard re­
quires only protective clothing such as 
smocks, coveralls or long-sleeved shirts 
and pants and gloves. 

"Present" includes manufactured, 
processed, used, prepackaged, released, 
handled or otherwise present. For details 
about engineering, hygienic and medical 
controls, refer to Chapter 15- Indush·ial 
Hygiene and Chapter 26-Creation of a 
Safe Working Environment in Plants 
Handling Highly Toxic Chemicals. 

As has been stressed repeatedly 
throughout this book, sound occupation­
al health practice is based on two major 
concepts-control at the work site by 
primary engineering and hygienic meas­
ures (including environmental monitor-

ing), followed or paralleled by medical 
surveillance as a secondary phase. 

We gratefully acknowledge the assis­
tance given by Drs. E. M. Dixon and 
Keith H. Jacobson in the preparation of 
this chapter. 
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