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Mortality of styrene production, polymerization and processing
workers at a site in northwest England

by John T Hodgson, MSc, Robert D Jones, MSc, MRCS, LRCP1

HODGSON JT, JONES RD. Mortality of styrene production, polymerization and processing workers
at a site in northwest England. Scand J Work Environ Health 11 (1985) 347-352. The mortality of 622
men who worked for at least one year in the production, polymerization, and processing of styrene at
a chemical site in the United Kingdom during the period 1945-1974 was surveyed up to the end of 1978;
3 072 male manual workers at the same site but unexposed to styrene were also studied. A statistically
significant excess of lymphoma deaths was found in the exposed population, and two of the three deaths
observed occurred in men less than 40 years of age. The small number of deaths and the lack of any evidence
for an association with duration or level of exposure to styrene are reasons for interpreting this result
cautiously. However, the otherwise normal pattern of mortality in the exposed population and the absence
of any excess of lymphomas in the reference group lend some support to suggestions that exposure to
styrene may be associated with lymphomas in man. An analysis of cancer registrations for the exposed
population revealed no further cases of lymphoma but identified one case of lymphatic leukemia. An
excess of laryngeal cancer registrations was found. As this effect has not been previously postulated and
because of the small number of registrations, too much weight should not be attached to this one observa­
tion.
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The reported study was set up in 1974 by the Health
and Safety Executive. It was supported by the com­
pany employing the study population, and it followed
a request from the trade unions through the company's
safety council.

The possibility that exposure to styrene might cause
lymphomas and leukemia in man was suggested in 1976
by evidence (4) presented in the United States. The
results of two epidemiologic studies (2, 5) reported
since then have been inconclusive.

Subjects and methods

The population studied worked at a single chemical
site in the northwest of England where styrene
monomer was produced, polymerized, and processed.
The company's personnel records were used to iden­
tify 622 men who were exposed to styrene for at least
one year at any time during the period 1945-1974.
The population included 131 men who were potential­
ly exposed to styrene among other chemicals in labo­
ratories. The remaining 491 individuals were male
manual workers who would have had mixed chemical
exposures but had a specific potential exposure to
styrene in the production of styrene monomer, the
polymerization of styrene, or the manufacture of
finished products. An additional 3 072 male manual
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workers who worked for at least one year at the same
site at any time during the same period with variable
chemical exposure, but who had no specific occupa­
tional exposure to styrene, were also identified and
treated as a reference group. These figures exclude 2
exposed and 181 unexposed men, identified by the
company, for whom insufficient identification details
were available to make tracing practicable. The popula­
tion was traced through the National Health Service
Central Register (NHSCR), and except for 14 emi­
grants in the exposed population and 181 in the
unexposed population (for whom dates of emigration
were obtained), the dates of death were obtained for
all deaths occurring up to 31 December 1978. Under­
lying causes of death were coded by staff of the Office
of Population Censuses and Surveys [using the eighth
revision of the International Classification of Diseases
(lCD)]. The ICD revisions appropriate to the time of
the study included the fifth, sixth, seventh, and eighth.

Cancer registration details for the exposed popula­
tion for the period 1 January 19622 to 31 December
1981 (including ICD codings) were obtained from the
Regional Cancer Registry.

For the purposes of the mortality analyses, person­
years at risk were calculated in days from the date
exactly one year after first potential exposure to styrene
(exposed population) or exactly one year after starting
employment at that site (unexposed population) up to
whichever was the earliest of the following dates: date

2 The first day of operation of the registry. The total number
of "expected registrations" in the exposed population from
1947 to 1961 is 0.75. The loss of information to the study
due to the nonexistence of a cancer registration system in
the early years is thus minimal.
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Table 1. Person-years at risk for the mortality analysis (1945-1978) by age and cohort.

Number Person-years at risk by age (years) group
of

men 15-44 45-54 55-64 2: 65 Total

Exposed population
First exposed during
period 1945-1958 137 1811.9 805.6 281.7 87.5 2986.8
First exposed during
period 1959-1968 323 3164.2 1 170.5 307.0 49.1 4690.8
First exposed during
period 1969-1974 162 830.7 128.7 16.9 0.0 976.3
Total 662 5806.9 2104.7 605.6 136.6 8653.9

Unexposed population 3072 30607.7 9923.5 4093.6 996.4 45621.1

Table 2. Deaths by cause in the exposed and unexposed populations. (ICD = International Classification of Disease, SMR =
standardized mortality ratio)

Exposed Population Unexposed Population
Cause of death (ICD code)

Observed Expected SMRa Observed Expected SMRa

All causes (0-999) 34 43.1 80(70) 219 248.8 90(80)
All maliginant neoplasms
(140-209) 10 10.9 90 57 64.1 90

Cancer of the esophagus
(150) 0.3 1.7
Cancer of the trachea,
bronchus and lung (162) 5 4.2 24 26.0 90(80)
Lymphoma (200-202) 3b 0.56 3 3.02
Leukemia (204-207) 0.3 1.5

Diseases of the circulatory
system (390-458) 18 19.9 90(80) 100 116.2 90(80)
Diseases of the respiratory
system (460-519) 2 4.1 25 26.6 90(60)

a The SMR values are quoted in respect of cause-specific mortality only where 10 or more deaths have been observed, and
they are rounded to reflect their wide confidence limits. Figures in parentheses give estimated SMR values adjusted for
northwest regional mortality rates.

b Pu = 0.02.

of death, date of emigration, or 31 December 1978.
The person-years at risk were calculated in five-year
age groups for each quinquennial period of the study
period, and the appropriate mortality rates for males
in England and Wales were applied in order to calculate
the numbers of expected deaths. The published rates
for the ICD revisions prior to the eighth were converted
to estimated eighth revision equivalents from the
linkage tables published by the Office of Population
Censures and Surveys. The inaccuracy introduced by
this conversion is negligible since 97 070 of the deaths
in the exposed population and 85 % of the deaths in
the unexposed population occurred during the currency
of the eighth revision (1967-1978). Table 1 shows the
person-years at risk for the mortality analysis of the
exposed and unexposed populations by age and (for
the exposed only) by year of first exposure to styrene.
For the period 1967-1978, mortality rates (for lO-year
age groups) for some causes of death were available
(6) for the northwest region of England, where the site
under study was located. These rates were used to cal­
culated the numbers of expected deaths and the stan­
dardized mortality ratios for the period 1967-1978.
These regionally adjusted ratios were used as good
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approximations to those for the entire follow-up
period.

We calculated the expected values for cancer regis­
trations by applying the age-specific registration rates
to the person-years at risk of the exposed population.
The rates were calculated by relating registrations (by
site and age) to the population of the northwest
hospital region.

Results

Comparison oj cancer registry and death certificate
data

Of the four lymphohematopoietic cancer registrations
in the exposed population (three lymphoma, one
lymphatic leukemia), two did not cite the registered
cancer type as the underlying cause of death. Case 3
was recorded at the cancer registry as a non-Hodgkin's
lymphoma (ICD 202.0) and on the death certificate as
Hodgkin's disease (ICD 201.0). Case 4 was recorded
as a chronic lymphatic leukemia at the cancer registry,
but on the death certificate the underlying cause of
death was recorded as hypertensive heart disease (lCD
402) with chronic lymphatic leukemia mentioned in
part II of the certificate.



Table 3. Selected causes of death in th e expose d popul ation by age. (ICD = Internation al Classification of Disease, Obs =
observed , Exp = expected , Pu = upper tail of distribu tion in questi on. PI = lower tail of dist ribution in quest ion)

Age (years) at death

Cause of death (ICD code)
15- 44 45- 54 55-64 " 65

Obs Exp Obs Exp Obs Exp Obs Exp

All causes (0- 999) 2' 10.1 15 14.1 10 11.3 7 7.7
All mal ign ant neoplasms
(140- 209) 2 2.0 3 3.7 3 3.3 2 1.9

Cancer of trachea,
bronchus and lung (162) 0.4 2 1.5 1.5 2 0.8

Lymphoca (200-202) 2b 0.27 0.15 0.08 0.03
Diseases of the circula tory
system (390- 458) 3.3 10 7.0 5 5.6 3 3.9

a PI < 0.005.
b Pu =0.032.

Table 4. Observed and expected cance r registrati ons (1967- 1981) by age of th e exposed populat ion.

Age (years)

Mali gnant neoplasms
15-44 45-54 55-64 " 65 Total

- - - - - -
Ob- Ex- Ob· Ex- Ob- Ex· Ob- Ex- Ob· Ex·

served pect ed served peeted served pect ed served peeted served pected

All sites 6 3.9 7 8.3 5 7.4 4 4.1 22 23.7
Lymphat ic and
hematopo iet ic ti ssu e 2 0.6 0.5 2 0.3 0.2 4 1.6

Histological assessment of the lymphomas

Histological material was obtained from all three cases
for which a not ification of non-Hodgkins lymphoma
was received from the cancer registry. Three consultant
pathologists with particular expertise in the histological
classification of lymphomas were asked to classify 30
slides. They were informed of the reaso n for the exer­
cise but viewed and reported on the slides independent­
ly of each other. Five of the slides came from the three
lymphoma cases; the remaining 25 being derived from
six patients with Hodgkins disease and 19patients with
non-Hodgkins lymphoma. The slides were randomly
arra nged and given a serial numb er 1 to 30. This was
the only identification or information about the
materi al available to the pathologists. Each slide was
a hematoxylin eosin preparation. The path ologists
unanimously identified each case of known Hodgkins
disease but gave a non-Hodgkins lymphoma diagno­
sis to all the slides obtained from the three study cases.
For two of these cases, including that classified as
Hodgkins disease on the death certificate, they were
unanim ous, classifying them as centroblastic centro­
eyrie follicular lymphomas. The third case (which was
registered for cancer not ification and death as non­
Hodgkin's lymphoma) was variably classified as a plas­
mablastic lymphoma, a B-celil ymphoma with plasma­
cyto id cells, and a follicular centro blastic centrocytic
lymphoma.

Deaths by cause and age

Table 2 shows the observed and expected death s, the
standardized mortality rat ios based on England and

Wales mortality rate s, and, where available, cor­
responding rat ios based on northwest region morta­
lity rates. Fewer death s were observed than expected
from all causes and from all malignant neoplasms,
both in the exposed and unexposed populations; the
standardized mortality rat ios for these causes in the
two groups were very close. There were no deaths from
leukemia in either the exposed or the unexposed
popul ation . The thr ee death s from lymphomas in the
exposed population were in excess of the 0.56 expected,
and the excess was sta tistically significant (Pu =
0.02).3 In contrast , in the unexposed population,
there was no such excess, and the standardized
mortality ratio of 90 for lymphomas was ident ical to
that for lung cancer, all malignant neoplasms, and all
causes of death.

Table 3 shows the observed and expected deaths in
the exposed population by age. The results for the 15­
to 44-year age group were unusual. Only two deaths
were observed, significantly fewer than expected, but
both of these were caused by lymphomas. The two
lymphoma deaths in the age group exceeded the ex­
pected 0.27 (Pu = 0.032).

Cancer registrations

Table 4 shows the observed and expected numbers for
all cancers and for lymphohematopoietic neoplasm for
the exposed population. For total malignant neoplasms

J The probability levels quoted in this report are all one-tailed;
the notations Pu and PI indicate respectively the upper and
lower tai ls of the distr ibution in question .
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Table 5. Observed (Obs) and expected (Exp) registrations
(1967- 1981) of lymphatic and hematopoietic cancers in the
exposed population. (SRR = standardized regist rat ion ratio ,
ICD = International Class if ication of Disease s)

Type of cancer (leD code) Obs Exp SRR

Lymphoma (200-202) 3 0.8 375 (Pu = .047)
Lymphosarcoma and
retlculosarcoma (200) 2 0.3
Hodgkin 's disease (201) 0.4
Other lymphoma (202) 0.1

Multiple myeloma (203) 0.2
Leukem ia (204-209) 0.6

Lymphatic leukemia (204) 0.2
Other (205-209) 0.4

Total (200- 209) 4 1.6 250 (Pu = .079)

the agreement between the observed and expected
numbers was close. When the registrations were broken
down into more detailed site categories (not shown) ,
an unexpected excess incidence of cancer of the larynx
(3 observed, 0.5 expected) appeared. The probability"
of such an extreme result (standardized registration
ratio 600) based on three or more cases in any of the
34 detailed site categories examined is 0.041. An
additional unusual feature of the cases was that two
of the men were under 45 years of age at the time of
the registration (0.1 expected). Laryngeal cancer is
often amenable to treatment, and no mortality for this
cause has been reported for this population. Table 5
shows a detailed breakdown of the observed and
expected cancer registrations for lymphatic and
hematopoietic cancers.

Levels of exposure
No measured levels of styrene exposure at the plant
exist in a form exploitable in the present study. The
styrene production process was enclosed, although the
plant itself was not housed in a walled building . The
plant was part of a much larger general chemical
works, and workers commonly moved from one
process to another. It is believed that the exposures
of the exposed workers would in general have been well
below the hygienic standard of 100 ppm (420 mg/rrr')
with isolated excursions to higher levels associated with
certain faults and some maintenance work.

Length ofexposure of the lymphoma/leukemia cases
to styrene
In the absence of any exact knowledge of the levels
of styrene (or other chemicals) to which the exposed
individuals were subject, and of any way of determi­
ning a dose gradient among them, the only available
index of individual exposure is length of service ­
though given the pattern of exposure described in the

4 Calculated as the maximum of 34 independent Poisson
randomvariables with means equalto the expected registra­
tions in each site category.
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previous section , an individual 's length of service is
likely to be only weakly correlated with the cumula­
tive dose of styrene. Nevertheless, to examine whether
length of service was associated with lymphatic and
hematopoietic cancer, we compared the length of
service of the four cases (three deaths, one registra­
tion) to that of individually matched referents. The
criteria for the selection of the referents were that the
referent's age at his start of service should be within
± I year of the case's age at his star t of service and
that the referent should have survived alive and can­
cer-free (no registered cancer) for at least as long after
star t of service as the case. Apart from the fact that
case number 1 had retired, no information was avail­
able on the employment history of either the cases or
the referents after the end of 1975; for the purposes
of this comparison no service after this date was
counted. Since none of the cases had service after this
date, the effect of this restriction is to understate the
length of service of the referents (and probably also
to increase the variance of their length of service).
Table 6 shows the result s of this case-referent com­
parison. For the two lymphoma cases who were under
40 years of age at death, the lengths of service were
1.5 and 1.3 years, compared to the mean lengths of
service of their referents of at least 7.7 and 8.9 years,
respectively. The other two cases had lengths of service
slightly above the average length of service of their
respective referents. There was thus no apparent as­
sociation between length of service in the styrene­
exposed jobs and the incidence of lymphatic and
hematopoietic cancer.

Table 6 also shows each lymphoma case's known
exposure to other chemicals at the site under study.
Apart from working in the styrene plants, the worker
of case I had also worked on the production of
styrene/butadiene rubber and would also have had ex­
posure to acrylonitrile, as well as potential exposure
to styrene in the monomer plant; case 2 involved
potential occupational exposure to benzene; the man
in case 3 had worked in plants with potential exposure
to dyestuffs, antioxidants, and polyolefines, and case
4 involved potential exposure to ethylene oxide . Ben­
zene, ethylene oxide , some dyestuffs, and certain
antioxidants have all been implicated as mutagens or
oncogens in man.

Discussion

The present study had its origins in the aftermath of
the discovery of the association between vinyl chloride
and angiosarcoma of the liver. The concern was that
by virtue of its vinyl structure, styrene (vinyl benzene)
might also produce malignancies in man. By the time
that the extended process of assembling and flagging
the study population and determining the exposure
statu s of the individuals involved had been completed,
reports (3, 4, 5) had appeared in the literature sug­
gesting that exposure to styrene might be associated



Table 6. Compari so n of data on the lymphoma an d leukemia cases among the exposed population with t hat of the matched
referents." (ICD = International Classi f ication o f Diseases)

Job and dat e Time be· Duration Mean Standard
Death certi fi cate" of first Other Age at tween fi rst of Number exposure deviation

Case diagnosis know n death " expos ure of (years) of exposure
number (underlying cause) exposure exposures (years) and death" expos ure referents of the (years) of theto styrene (years) (years) refe rents referents

Generali zed Operator Acrylonit rile ,
reticulum cell ext ruder - pitch , polyvl-
sarcoma polystyrene nyl chlo ride
(ICD 200.0) (1958) fumes 62 16.6 6.5 12 4.3 3.8

2 Ret icul osar- Trainee ope- Benzene
coma , mouth rator - st y-
(ICD 200.0) rene (1959) 34 4.0 1.5 44 7.7 6.2

3 Hodqkln's dis- Process ope- Dyestuff s,
ease (ICD 201.0) rator- antioxi dants ,

polystyrene polyolefln es
(1960) 37 8.0 1.3 40 8.9 6.2

4 Chron ic lyrnpha- Operator - Ethyl ene
tic leukemia styrene oxide
(ICD 204.9) (1960) 59 15.9 5.8 20 5.5 4.9

a Mean expo sure of the cases 3.8 wit h a st ardard deviati on of 2.8; mean exposure of the referents 6.6 wit h a standard deviation of 5.4.
b Cancer registration (not death) fo r case 4.

with lymphoma and /or leukemia. It is in this context
tha t the results of the present study should be
evaluated.

The patterns of mor tality displayed by the exposed
and reference groups under observation were broadly
very similar. Their standardized mortality ratios of 80
and 90, respectively, for all causes were typical of what
is generally found when a workin g population is
compared with the whole population. The one statis­
tically significant excess cause of mortality was
lymphoma in the exposed population.

While there were no deaths recorded as having
leukemia as the underlying cause (the expected
numb ers were 0.3 and 1.5 for the exposed and
reference groups, respectively), one exposed individual
certified as dying from hypertensive heart disease was
also noted on the death certificate as having had
chronic lymphatic leukemia . An approximate calcu­
lation based on deaths certified in 1976 (the only year
for which a full analysis of multiple cause data is
available) indicated that the expected number of
certificates from the exposed population with any men­
tion of leukemia would be less than 0.4 .

In respect to lymphoma and leukemia, the data on
cancer registrations (obtained for the exposed popu­
lation only) tell very much the same story as that based
on death certificates.

Overall, the observations of this study are thus con­
sistent with previous reports suggesting an association
between styrene exposure and lymphoma/leukemia. In
common with the reports by Ott et al (7) and
McMichael et al (3), it seems to suggest a specific effect
on the lymphatic system. Of the cancer registration
dat a, four cases in the present stud y fell into the
restricted category lymphoma and lymphatic leukemia
(LCl) 200-202 and 204) and were largely in excess of
expectation (4 observed, 1 expected). However, any
conclusions drawn from this study must be qualified
by the small numbers involved. The lifetime expected
number of lymphoma, myeloma, and leukemia cases

among the 622 styrene process workers (on the null
hypothesis that styrene exposure has no effect) is about
10, and in the short period of observation so far is 1.6.
It is clear that any conclusion based on this result ­
unless enormous excesses were observed - would be
very uncertain. A statistical measure of the uncertainty
attached to the indication of excess risk by this study
is the width of the 95 % confidence interval for the
observed standardized mortality ratio (or standard­
ized registration ratio) . Over the whole group of
lymphomas and leukemia the standardized mortality
rat io was 300 with a 95 % confidence interval running
from 62 to 880. The standardized registration ratio for
the same cause group was 250 with a confidence
interval of 68-640. If attention is restricted to
lymphatic cancer (lymphoma and lymphatic leukemia),
the standardized mortality ratio is 450 with a con­
fidence interval of 94-1 330; the standardized regi­
stration ratio is 400, the confidence interval being
110-1020.

In a consideration of whether this probable excessof
non-Hodgkin's lymphoma and leukemia is causally
associated with styrene exposure, reliable dose data
would have been valuable. Such data were not
available , and the intermittent nature of the exposur e
would make any accurate assessment of individual
levels difficult . The lack of association between non­
Hodgkin's lymphoma , leukemia , and length of
employment in potentially exposed jobs would tend
to argue against a causal link. However, as has already
been mentioned , length of service is probably a rath er
poor indicator of individual exposure.

A similarly inconclusive argument applies to the
implied induction period of the tumors. The delays
between first exposure to styrene and the clinical
appearance of the cancers were shorter than would
normall y be expected for occupational cancer, but
there are examples of short latency periods for the
reticuloendothelial system. The median delay from ex­
posure to death in cases of radiation-induced leuke-
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mia has been estimated (1) at values between 4.5
and 7.5 years, 10 C1Jo of the deaths occurring after a
dela y of three to four years . A study (10) of patients
with ankylosing spondylitis who had received X-ray
treatment showed an increased risk of leukemia as early
as the second year after treatment. The leukemias in­
duced by radiation are of the myeloid type and are not
strictly analogous to the excess of lymphatic cancer ob­
served in the present study. It may well be, however,
that reticuloendothelial malignancies exhibit shorter in­
duction periods than cancers at other sites.

A possible but unlikely alternative explanation is
contagion, which has been suggested to be a factor in
the etiology of lymphoma and leukemia (9). All four
cases in the present study were engaged in jobs in­
volving styrene contact from November 1960 to March
1961 and in this period would have had at least the
possibility of personal contact.

The finding of a quite unanticipated excess (overall
observed 3 and expected 0.5, < 45-year age group
observed 2 and expected 0.1) of laryngeal cancer can­
not be readily interpreted. No similar observations have
been reported in the limited epidemiologic literature
on styrene, or in that on laryngeal cancer (8). The
major risk factor for laryngeal cancer is cigarette
smoking. Information on smoking behavior was not
available in the present study. Until corroborated ­
or not - by other studies, the observed excess should
probably be regarded as a chance event. However, it
is intended that further investigation of these cases will
be carried out in order to provide more information.
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