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A retrospective cohort study investigating the cause-specific mortality patterns of 2842 workers occupationally 
exposed to acrylonitrile for at least 6 months before 1 July 1979 was updated. The comparison group consisted of 3961 
workers from a nitrogen fixation plant during the same time interval. Industrial hygiene assessments quantified past 
exposure to acrylonitrile, the use of personal protective equipment, and exposure to other potential carcinogenic 
agents. All 6803 workers were followed for mortality until 1 January 1996. The follow-up was almost complete 
(99.6%), and for 99.3% the cause of death was ascertained. Age distribution, follow-up period, and temporal changes 
in background mortality rates were adjusted for in calculations of standardized mortality ratios for separate causes of 
death. Cumulative dose-effect relations were determined for 3 exposure categories and 3 latency periods. The results 
showed that, although cancer mortality fluctuated slightly, no cancer excess seems related to exposure to 
acrylonitrile. 
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In the late 1970s, following the report of the United States 
(US) Depastment of Labor on acsylonitrile carcinogenicity in 
rats and some excess of lung and large intestine cancer in 
persons exposed in a US textile fiber plant, the Dutch Asso- 
ciation of the Chemical Industry conducted an epidemiolog- 
ic study of 3935 workers exposed to acrylonitrile (1). The 
follow-up of the workers was restricted to information that 
was readily available within the industry, resulting in 25% of 
the cohort having incomplete follow-up data. 

Later, a second attempt was made to conduct a retrospec- 
tive mortality study of workers exposed to acsylonitrile in 
The Netherlands (2). In the second attempt the exposed co- 
hort was identified from historical personnel files. For 2 
companies the earlier study provided sufficient data for 
cohort identification. For the other companies the person- 
nel files were searched to identify workers with past ex- 
posure to acrylonitrile. 

The study presented in the present report provides a 
further update of the second cohort mortality study con- 
ducted in The Netherlands on 2842 workers with past 
exposure to acsylonitrile and an unexposed reference group 
of 3961 workers (2). 

Cohort selection 

In close collaboration with the Dutch Association for the 
Chemical Industry (VNCI), 9 companies were approached 
and asked to participate in the study. AU 9 companies agreed 
to participate. However, in 1 company, in which acrylo- 
nitrile was only shipped, the exposure turned out to be so 
low and rare that the company was excluded. It was de- 
cided to include an unexposed comparison group in the 
study. The comparison group comprised the workers of a 
large nitrogen fixation plant in which mainly fertilizers 
are produced; the plant was located in the vicinity of the 
acrylonitrile handling plant contributing most of the ex- 
posed workers to the study. No matching procedures were 
used in selecting the exposed and unexposed workers. 
However, several eligibility criteria were specified prior 
to the data collection. First, workers had to be exposed to 
acrylonitrile for over 6 months or had to be employed in 
the comparison plant for 6 months or more. Second, the 
workers had to be men since it was anticipated that the 
number of exposed female workers would be too small 
for meaningful analysis. This assumption turned out to be 
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correct. During the cohort selection no women were found 
to have been employed in jobs with exposure to acryloni- 
trile. Third, the workers had to be Dutch citizens since 
there are no reference mortality rates for foreigners in The 
Netherlands and it is difficult to determine the vital status 
of non-Dutch workers. 

The personnel files of the participating companies 
were screened to identify workers eligible for the study. 
From the files the necessary data were abstracted for per- 
sonal identification and occupational job history. Two 
companies preferred to carry out the screening and data 
abstraction themselves, for privacy considerations. 

Production processes and exposure assessment 

Eight chemical companies participated in the study. Acry- 
lonitrile was used for different purposes in each compa- 
ny. A short description of the processes in which acrylo- 
nitrile was used is given in table 1. 

In the earlier study a substantial effort was made to as- 
sess the past exposures to acrylonitrile accurately. For this 
purpose a short manual was compiled in which the methods 
for the exposure assessment were described. The actual ex- 
posure assessment was carried out by an industrial hygien- 
ist (JT), who contacted the company industrial hygienist. This 
approach guaranteed a uniform procedure for all the com- 
panies. For 1 company a different method was followed, 
since the industrial hygienist of the study was not permit- 
ted to visit the industrial facility. In this instance another 
industrial hygienist (Dr Y Kant) carried out the exposure 
assessment after consultation with the study industrial 
hygienist (JT). 

The fist  step of the exposure assessment was to make an 
inventory of the measurements available for each of the 
plants. These measurements formed the basis for the expo- 
sure assessment, together with temporal information on 
changes in the production process, task rotation, work pro- 
cedures, personal hygiene, and total production. Informa- 
tion on the work environment and control measures was 
obtained through interviews with plant employees. 

A job-exposure matrix was constructed for this study. In 
this matrix, the job history was described in detail, giving in- 
formation on the job held in a specific period and in a spe- 
cific workplace. Within each department, exposure job 
classes were constructed which included all the job titles 
believed to have had a similar exposure profile based on 
the exposure assessments. 

The results of the 8-hour time-weighted average ex- 
posure assessment of all the workers in an exposure class 
were grouped to determine the average exposure level of 
that job in that workplace for each calendar year. On the 
basis of this outcome, it was decided in which exposure 
range each exposure job class would be placed for that year. 

The ranges used were 10.5, >0.5-1, >I-2, >2-5, and 
>5 ppm. There were no exposures thought to be greater 
than a time-weighted average of 5 ppm. For 1 company it 
was possible to carry out the exposure assessment on an 
individual worker level rather than by job title, since ex- 
posure estimates had been recorded in the medical files of 
each worker. 

The exposure assessment had some limitations. For 
instance respirator use and the potential for skin expo- 
sure, which were not taken into account, may have result- 
ed in a different exposure than the one assessed. 

Various other exposure characteristics were studied, 
such as exposure to peak concentrations and exposure to 
established carcinogens. Peak exposures were defined as 
intervals with elevated exposure in the ranges of 4 0 ,  1 0 -  
20, and >20-30 ppm occurring on a regular basis, at 
least once a week. An assessment of the occurrence of 
peak exposures could be made for all but 1 of the partic- 
ipating companies. In addition, an inventory was made of 
exposure to other agents considered to be potential hu- 
man carcinogens by the International Agency for Research 
on Cancer. 

An example of the job-exposure matrix generated in this 
manner is given in the appendix. By means of combining the 
job-exposure matrices and the individual job history, an es- 
timated exposure was constructed for each worker. The cu- 
mulative exposure was defined as the sum of the products 
of the average concentration and the duration (in years) 
of that exposure. For example, a worker exposed to a con- 
centration of 2 ppm during a 2.5-year period accumulat- 
ed a dose of 5 ppm-years. The arithmetic mean of each 
exposure class was used for these calculations. After 1 
January 1980, acrylonitrile exposure had been greatly de- 
creased due to the implementation of effective industrial 
hygiene actions and the systematic use of personal pro- 
tection in work situations involving possible exposure to 
acrylonitrile. For the purpose of this project the period 
after 1 January 1980 was regarded as being without ex- 
posure to acrylonitrile, which may have resulted in a slight 
underestimation of the exposures. Even after 1 January 
1980, situations are known to have occurred in which the 
acrylonitrile could be smelled. The odor threshold for 

Table 1. Acrylonitrile (AN) use in each company and the number 
of exposed workers employed. (ABS = acrylonitrile-butadiene- 
styrene, STEL = short-term exposure level) 

Plant Number Start Type Highest Average 
of of of STEL exposure 

workers exposure plant range 

1 594 1969 AN and ABS plant 20 0.5 
2 382 1959 Acrylate plant 20 1-2 
3 30 1973 Catalyst experimental plant 20 0.5-1 
4 38 1973 Acrylate plant 10 0-1 
5 715 1967 ABS plant 20 0.5 
6 645 1962 Fiber plant 30 1-5 
7 266 1966 ABS plant 30 0-1 
8 210 1967 Resin plant 20 0-2 
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acrylonitrile among the workers has been estimated to be 
around 22 ppm (3). 

During the determination of the exposure assessment, 
it was found that, in 1 plant, exposure to acrylonitrile 
occurred only 5% of the time worked. Therefore the work- 
ers (N=38) of this plant were excluded from fulther anal- 
yses. 

Ascertainment of vital status and causes of death 

The procedures that were applied to obtain the vital status 
and the causes of death were similar to the procedures 
that were used in the previous study. The municipal pop- 
ulation registries were requested to provide information 
on the whereabouts of the workers included in the study. 
For workers who had moved from one municipality to anoth- 
er the new municipality was requested to provide vital status 
information on the workers. This process was repeated after 
each notification that a person had moved to another munic- 
ipality. In this way the vital status of 6608 workers, as of 1 
January 1996, of the total 6803 workers could be traced. 
More-detailed results of the follow-up are given in table 2. 
Next the causes of death were ascertained through the Dutch 
Central Bureau of Statistics (CBS). The death certificates of 
persons who died in The Netherlands are all sent from the 
municipal population registries to the CBS. After the receipt 
of the death certificates the causes of death are coded by 
trained nosologists and computerized to accumulate the an- 
nual vital statistics, which are presented by cause of death. 
Because of strict psivacy protection laws, the CBS will not 
provide individual causes of death. However frequency tab- 
ulations for groups are given, and scientific researchers are 
provided an opportunity to analyze the individually linked 
data set in a CBS office under supervision of CBS person- 
nel. The causes of death are coded soon after the death cer- 
tificates are received at the CBS without any knowledge of 
the project. 

All codes of the International Classification of Diseas- 
es in use during the observation period were converted 
into a classification consisting of 7 main categories. The 

Table 2. Vital status of the study population at the end date of 
the follow-up. 

Vital status Exposed group Unexposed group 

N Yo N Yo 

Alive on 1 January 1996 2420 85.1 291 5 73.6 
Deceased 290 10.2 983 24.8 
Emigrated before 1996 113 4.0 53 1.3 
Lost to follow-up 19 0.7 10 0.3 

Total group 2842 100 3961 100 

Total number of 
person-years at riska 65 615 120 976 

aAfter6 months of employment. 

main category neoplasms was divided into 27 
subcategories based on the organ in which the cancer orig- 
inated (table 3). Some individual causes of death could 
not be ascertained, mostly because the person had died 
outside The Netherlands. These deaths were included in 
the calculation of the total values for the standardized 
mortality ratio (SMR), but they were excluded when the 
cause-specific SMR values were calculated. 

Of the 6803 subjects, 6774 could be completely fol- 
lowed (in other words, until the end date of the follow-up, 
until the person's emigration date, or until death) result- 
ing in a completeness of follow-up of 99.6%. 

In the total study population 1273 deaths were ob- 
served. Compared with the 706 deaths observed in the 
earlier study, this number is approximately a doubling of 
the observed number of deaths. The number of deaths in 
the exposed group increased from 134 to 290. In either 
group the observed total mortality was still lower than 
expected, an indication of the healthy worker effect. 

For 9 (0.7%) deceased subjects it was not possible to 
trace the actual cause of death, either because the person 
had died abroad or because it was not possible to link the 
record with the CBS cause-of-death file. 

Statistical analysis 

The statistical analysis mainly consisted of a person-time 
analysis, in which adjustments are made for differences 
in age distribution, length of follow-up, and changes in 
background moltality rates. Age- and time-interval-specific 
person-years were generated for specific exposure groups 
and were multiplied by the consecutive mostality rates of the 
total male Dutch population to generate expected numbers of 
cause-specific deaths. These calculations were done using a 
computer program designed by Peto (4). For this purpose the 
cause-specific national mostality rates were converted into the 
same classification used to code the causes of death observed 
in the study. 

Despite the availability of a substantially large unex- 
posed group, an indirect comparison with the general pop- 
ulation was preferred over a direct comparison between 
the exposed and unexposed groups. Some of the causes 
of death under investigation are so rare that even a group 
of approximately 4000 unexposed workers followed for 
an average of 30 years still yielded unstable cause-, age- 
and interval-specific mostality rates. Therefore it was de- 
cided to calculate cause-specific SMR values for both the 
exposed and unexposed groups. 

The exposed group was stratified in several ways, by any 
peak exposure ( 4 0 ,  10-20, and >20 ppm), by respirator 
use, and by exposure to other carcinogens. 

The person-years of the total exposed group were also 
stratified into 3 cumulative dose groups, <1 ppm-year 
(low), 1-10 ppm-years (medium), and > l o  ppm-years 
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Table 3. Observed (0) and expected (E) numbers of deaths for 7 main disease categories and specific cancer sites in the exposed and 
unexposed study populations. (SMR = standardized mortality ratio, 95% CI = 95% confidence interval) 

Causes of death Exposed group Unexposed group 

0 E SMR 95% GI 0 E SMR 95% GI 

Main categories 
I Infectious diseases 
II Neoplasms 
Ill Circulatory system 
IV Respiratory system 
V Digestive system 
Vl Others 
Vll External causes 
Unknown 
Total 

Mouth cancer & pharynx 
Esophagus 
Stomach &small intestine 
Large intestine 
Rectum 
Liver & biliary passages 
Pancreas 
Nose 
Larynx 
Trachea & lung 
Bone 
Connective tissue 
Skin 
Kidney 
Prostate 
Genital organs 
Bladder 
Brain 
Thyroid gland 
Lymphatic glands & 
lymphoreticular sarcoma 
Hodgkin's disease 
Other lymphoma 
Multiple myeloma 
All leukemia 
Benign neoplasms 
Unspecified neoplasms 
Others 

(high). The analysis was done in such a way that all the 
exposed workers started out in the low-exposure group. 
At the time they exceeded the 1 ppm-year dose they were 
transferred to the medium-exposure group, and, when they 
exceeded 10 ppm-years of cumulative exposure, they were 
transferred into the high-exposure group. 

Next the person-years at risk in each of the 3 dose 
groups were stratified into 3 latency periods (<lo , 10- 
20, and >20 years of latency). This type of stratified analy- 
sis implies that "latency" is defined as time elapsed since the 
respective dose group was entered. 

The accumulation of person-years at risk started 6 
months after the day of first exposure, since one of the 
eligibility criteria of the study was at least 6 months of 
exposure or 6 months of employment in the comparison 

plant. In the study reported in 1992 (2) the enumeration 
of person-years at risk was started on the date of first 
exposure. Considering the eligibility criteria, the enumer- 
ation of person-years at risk should have started after 6 
months of exposure. 

Exact confidence intervals for the SMR values were cal- 
culated (5). The analysis of trends for the SMR values was 
done according to the method proposed by Breslow & Day 
(6). 

Results 

Total mortality in the exposed group, as well as in the 
unexposed group, was lower than expected (table 3). The 
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SMR for total mortality in the exposed group was 89.8, 
which is not significantly lower than expected. The SMR 
for total mortality in the unexposed group was 82.8, which 
is also significantly lower than expected. The SMR 

Table 4. Total mortality, cancer mortality, and lung cancer mortal- 
ity of the workers exposed to acrylonitrile, by 3 cumulative expo- 
sure categories and latency  period^.^ (0 = observed number of 
deaths, SMR = standardized mortality ratio, 95% CI = 95% confi- 
dence interval) 

Doseb Total mortality Cancer mortality 

0 SMR 95%CI 0 SMR 95%CI 

Low (<l ppm-year) 
< l o  years' latency 7 43.1 
10-20 years' latency 20 108.3 
>20 years' latency 12 128.2 
TotalC 39 88.5 

Moderate (1 to 10 ppm-year) 
< I0  years' latency 35 71.7 
1 ( t 20  years' latency 71 91.5 
>20 years' latency 42 87.2 
Totald 148 84.8 

High (>lo ppm-year) 
< l o  years' latency 35 119.8 
10-20 years' latency 47 94.6 
>20 years' latency 21 76.8 

values for the 7 main categories of causes of death in the 
exposed group were all within the range of normal varia- 
tion, as were the SMR values for specific cancer types. 

The exposed group was stratified in several ways. A 
stratification was made according to year of employment, 
being before 1965, between 1965 and 1969, and after 
1969. This analysis revealed no significant trends. Five 
out of the 6 brain tumor deaths occured in the group that 
was employed after 1969 (expected number 1.71). In ta- 
ble 4 the SMR values for total mortality and cancer mor- 
tality are presented by exposure group and latency. Sim- 
ilar data for lung cancer, prostate cancer, brain cancer, 
and leukemia mortality are given in table 5. 

The results of the stratified analyses by peak expo- 
sures, respirator use, and exposure to other carcinogens 
are presented in table 6. Again these analyses do not pro- 
vide indications for elevated site-specific cancer risks in 
any of the subgroups. Apart from the stratified analyses 
already presented, a stratification was made on the basis 
of dose and latency. For each worker in the exposed group 
a dose was calculated by multiplying the concentration 
with the duration, giving a dose in terns of ppm-years. The 
person-years of observation of the workers in the exposed 
group were stratified into the 3 dose groups of <I,  1-10, 

a Latency was defined as time since the particular dose group was entered. 
The trend in cumulative dose (calculated only if observed was > 0) for the 3 

dose groups of mortality combined was 0.44 for total mortality and 0.20 for 
cancer mortality. 
CThe trend in cumulative dose (calculated only if observed was > 0) was 0.02 
for total mortality. 
dThe trend in cumulative dose (calculated only if observed was > 0) was 0.45 for 
total mortalitvand 0.81 for cancer mortality. 

Totale 103 97.0 79.1-117.6 38 100.2 70.9-137.5 / 

eThe trend incumulative dose (calculated only if observed was > 0) was 0.1 Ofor 
total mortality and 0.76 for cancer mortality. 

and >10 ppm-years. Within each of the 3 dose groups 
- - 

substratifications were made by latency. The person-years 
were subdivided into a latency of <lo,  10-20, and >20 
years of follow-up. The SMR values for total mortality, 
cancer mortality, and lung cancer, prostate cancer, brain 
cancer and leukemia mortality for all 9 specific subgroups 
are given in table 5. Four out of the 5 deaths from leuke- 
mia occurred however in the high exposure group (SMR 

Table 5. Mortality from lung, prostate, and brain cancer and leukemia for the workers exposed to acrylonitrile, by 3 cumulative exposure 
categories and latency  period^.^ (0 = observed number of deaths, SMR = standardized mortality ratio, 95% CI = 95% confidence interval) 

Lung cancer Prostate cancer 

0 SMR 95% CI 0 SMR 95%CI 

Brain cancer Leukemia 

0 SMR 95%CI 0 SMR 95% CI 

Low (<l ppm-year) 
< I0  years' latency 
10-20 years' latency 
>20 years' latency 
Total 

Moderate (1 to 10 ppm-years) 
< I0  years' latency 
10-20 years' latency 
>20 years' latency 
TotalC 

High (>I0 ppm-years) 
< I  0 years' latency 
10-20 years' latency 
>20 years' latency 
Totald 

a Latency was defined as the time since the particular dose group was entered. 
The trend in cumulative dose for the 3 dose groups of lung cancer combined was 0.66. 

"he trend in cumulative dose (calculated only if observed was > 0) was 0.32 for lung cancer. 
dThe trend in cumulative dose (calculated only if observed was >0) was 0.95for lung cancer and 0.83 for leukemia. 
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Table 6. Total mortality, cancer mortality, and lung cancer mortality by exposure to peaks, respirator use, and exposure to other carcino- 
gens. (0 = observed n u m b e r  of deaths, S M R  = standardixed mortality ratio, 95% CI = 95% confidence interval) 

Dose Total mortality Cancer mortality Lung cancer mortality Prostate Brain Leukemia 

0 SMR 95% CI 0 SMR 95% CI 0 SMR 95% CI 0 SMR 95% CI 0 SMR 95% CI 0 SMR 95% CI 

Peaks 
None 76 78.5 61.9-98.3 32 97.4 66.6-137.5 15 118.0 66.0-194.6 1 63.5 
<I0  ppm 11 1 95.0 78.1-1 14.4 40 99.7 71.2-135.8 20 129.7 79.2-200.4 2 120.3 
10-20 ppm 83 92.7 73.8-1 14.9 20 64.2 39.2-99.1 8 65.4 28.2-128.8 - 0 
>20 ppm 20 100.9 61.6-155.9 5 75.6 24.3-176.3 4 162.9 43.8-417.0 1 393.7 

Respirator use 
Yes 256 87.1 65.8-113.1 18 79.7 47.2-126.0 9 101.9 46.5-193.4 1 105.9 
NO 34 90.4 79.2-102.8 79 89.6 70.9-111.6 38 111.8 79.1-153.5 3 77.7 

Exposure to other carcinogens 
Yes 137 92.9 78.0-109.9 42 82.3 59.3-111.3 19 95.1 57.2-148.6 2 82.9 
NO 153 87.1 73.9-102.1 55 92.0 69.3-119.8 28 122.5 81.4-177.1 2 83.6 

441.5, 95% confidence interval 118.8-1 130.3). The 4 
leukemia deaths in the highest exposure group consisted 
of 1 lymphatic leukemia and 3 myeloid leukemias. 

In addition an attempt was made to link the study pop- 
ulation with existing cancer registers in The Netherlands. 
These regional cancer registers are thought to be com- 
plete since 1989, and they are frequently used to conduct 
epidemiologic studies. This linkage provided information 
on 8 incident cases of brain cancer in the study popula- 
tion (which may have included some of those in the mor- 
tality study). There was only 1 case of brain cancer in the 
exposed cohort, which was an invasive anaplastic astro- 
cytoma. The other 7 cases occul~ed in the unexposed pop- 
ulation. 

Discussion 

In conclusion, while this study finds small fluctuations in 
cancer mortality among acsylonitsile workers, there does not 
appear to be any cancer excess related to acrylonitsile expo- 
sure. The cancer mortality of the exposed group was lower 
than expected. For any specific cancer type no consistent and 
significant excess was noted in the exposed group. Some 
additional remarks should be made, however. The small 
excess of brain cancer mortality was not reflected in the 
dose-effect analysis. Four of the 5 deaths from leukemia 
occurred in the high-exposure group. 

Because of an elevated brain tumor incidence in ani- 
mal experiments, there has been some concern that acry- 
lonitrile may be a risk factor for malignancies of the brain. 
In the exposed group 6 deaths from brain cancer were 
observed compared with an expected number of 4, result- 
ing in an SMR of 150, not statistically significantly dif- 
ferent from unity. In the high-dose group no brain tumor 
death was noted; this finding argues against any etiologic 
role of acrylonitrile. 

The dose-effect analysis did yield an unexpected re- 
sult, namely, an excess of leukemia mortality in the 

high-dose group. Four deaths from leukemia were ob- 
served versus 0.9 expected, which was statistically signif- 
icant. However, this finding is not consistent with the re- 
sults of previous studies of aclylonitrile workers. In addi- 
tion, there are deficits of leukemia mortality in the lower 
exposure categories that argue against an exposure-effect 
trend. This result is probably a chance finding. 

This study of a large group of workers exposed to sig- 
nificant levels of acsylonitrile in several types of industrial 
settings had a detailed exposure evaluation for acsylonitrile 
levels. The mostality levels for the acrylonitrile workers were 
favorable when compared with those of both the Dutch pop- 
ulation and the unexposed workers. 

There were some limitations for this study however. 
First, some potential confounders were not evaluated in 
this study. While we evaluated other potential occupa- 
tional carcinogens in the workplace, we were unable to 
evaluate smoking, which is especially important for eval- 
uating lung cancer. In addition, because we relied on death 
certificates, we were unable to determine cell types for 
cancers. This lack limited our evaluation of the leukemia 
mortality. 
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Dummy table used for exposure assessment in sthe acrylonitrile study 

Company: no name 
Depastment: production 
Exposure job class: reaction operator 

Year Average exposure to acrylonitrile (ppm) 

Based on Assessment Peak Respirator use Ex osure to other 
measurement concentrations during critical tasksa pofential carcinogens 

No 
N 0 
N 0 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
N 0 
N 0 
N 0 

aTasks with increased potential for exposure. 
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