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0 bjectives The aim of this update on a cohort of male paint industry workers was to determine whether an excess 
of mortality and incidence of lymphatic and hematopoietic tumors, particularly multiple myeloma, still exists, and, 
if so, to determine if it is due to exposures occuning before the mid-1950s, when benzene disappeared as a solvent 
in the Swedish paint industry. 
Methods The cohort of 411 men who had worked in the Swedishpaint industry and had been exposed to organic 
solvents for at least 5 years during 1955-1975 was followed from 1961 to 1994 for causes of death in the mortality 
register and from 1961 to 1992 for cases of cancer in the Swedish cancer register. 
Results The number of paint industry workers who had died, plus the number of deaths in the major disease groups 
and the number of cancers reported to the cancer registry, was close to the expected. The incidence of prostatic 
cancer increased somewhat [standardized incidence ratio (SIR) 1.5,95% confidence interval (95% CI) 1.0-2.21. 
Among the workers first employed in 1956 or earlier, there was an increase in both the incidence and mortality 
from all lymphatic and hematopoietic tumors [SIR 2.3,95% CI 1.0-2.2; standardized mortality ratio (SMR) 2.0, 
95% CI 0.74.41.  The excess was particularly marked for multiple myeloma (SIR 3.8,95% CI 0.8-1 1; SMR 4.4, 
95% CI 0.9-13). 
C O ~ C ~ U S ~ O ~ S  Employment in the Swedish paint industry before 1957 may have entailed some excess risk of 
lymphatic and hematopoietic tumors, particularly multiple myeloma. A significant excess of prostatic cancer was 
not linked to any particular employment period and deserves further investigation. 
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Paint manufacturing workers have been heavily exposed 
to different organic solvents, for example, white spirit, 
xylene and toluene, for many decades. In Sweden ben- 
zene was a widely used solvent until the mid-1950s when 
its use was prohibited due to the health hazards involved. 
The exposure to agents other than solvents, such as bind- 
ers, pigments, and adhesives, has been limited to the job 
of charging raw materials (1). 

The painting has been considered carcinogenic as an 
occupation by the International Agency for Research on 
Cancer (IARC) mainly due to consistent excesses of lung 
and urinary bladder cancer found in several studies, while 
the evidence for the carcinogenicity of occupational ex- 
posure in  paint manufacturing is considered inadequate 
due to the inconsistent results of the few studies per- 
formed (2). 

Three cohort studies of the cancer risk, or possible 
excess mortality from other diagnoses, in  the paint 

manufacturing industry have been published. In the Unit- 
ed States, Morgan et  a1 (3, 4) showed higher than ex- 
pected rates from cancer of the colon and rectum; these 
rates were unlikely to be caused by work environment 
exposures. The researchers also showed increased rates, 
although the numbers were smaller, for liver and biliary 
cancers among the workers handling pigments and for 
leukemia among the workers in lacquer production. The 
exposure of the lacquer workers had probably included 
benzene (3, 4). In Italy 427 workers in the paint manu- 
facturing industry were followed (5) .  They showed a sig- 
nificant excess of lung cancer based on small numbers. 
These workers were exposed to both asbestos and chro- 
mate pigments. In Sweden we have followed a small co- 
hort of men who had been employed for more than 5 
years in the Swedish paint manufacturing industry. In the 
first follow-up increased mortality from multiple myelo- 
ma was found on the basis of 3 cases (1). 
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During the 1980s and 1990s several authors found 
increased mortality from non-Hodgkin's lymphoma for 
workers exposed to the chlorinated solvents trichloroeth- 
ylene and tetrachloroethylene (6). Increased risk has also 
been found among workers exposed to nonchlorinated 
solvents in several case-referent studies (7-13). 

The aim of this new follow-up of the Swedish cohort 
is to contribute to a better understanding of the possible 
carcinogenicity of exposures in paint manufacturing. Spe- 
cifically we wanted to investigate whether there was an 
excess of hematopoietic tumors, particularly myelomas 
and non-Hodgkin lymphomas. If such an excess could 
be found, we wanted to determine whether it could be 
attributed to exposures occurring before the mid-1950s, 
when benzene disappeared as a solvent in the industry. 

Subjects and methods 

Exposure 
The exposure conditions in the Swedish paint industry 
until the mid-1980s were described in our previous pub- 
lication (1). Information regarding exposures before 1950 
was very limited. Xylene and, less often, toluene were 
the most common constituents of the air exposure be- 
tween the early 1950s and the mid-1980s. Improvements 
leading to reduced total solvent exposures started in the 
mid-1960s. No profound changes in exposure seem to 
have occurred in Swedish paint factories since the mid- 
1980s. 

The exposure in different factories and different tasks 
was considered similar, except for cleaners. This group 
was considered to be very heavily exposed. The cleaners 
manually cleaned paint-mixing equipment with solvents 
(1). 

Subjects 
The cohort consisted of all male employees who had 
worked for more than 5 years in a solvent-exposed envi- 
ronment during the period 1955 to 1975 in 9 paint man- 
ufacturing companies in southern Sweden. 

Many of the workers had performed a number of tasks 
during their employment, and their individual work his- 
tories could not be obtained. However, a small group of 
30 workers who had worked as cleaners for at least 2 
years was identified within the cohort. 

The cohort studied in 1986 consisted of 416 men (1). 
Since then 5 men, as judged from their names as previ- 
ous immigrants, had emigrated, while the remaining 41 1 
could be identified as dead or alive in 1995. The immi- 
grants were excluded from the cohort since illness may 
be a common reason for returning to the country of ori- 
gin. In fact we have received information that 2 of the 5 

emigrants had died within 2 years of returning to their 
home country. 

Thus the study followed 41 1 men. Thirty of them had 
been cleaners for at least 2 years. They were followed 
from 1961 to 1994 for causes of death and from 1961 to 
1992 for cases of cancer in the Swedish cancer register. 
Between 1961 and 1994, 9761 person-years were ob- 
served. In the previous publication the cohort was fol- 
lowed until 1981 for deaths and to 1980 for cancer inci- 
dence. 

Two exposure groups were formed according to the 
median of the start of employment, 1956. This time also 
coincided well with the time when benzene had disap- 
peared as a single solvent in the industry (1). Altogether 
215 men were employed in 1956 or earlier, while 196 
were employed in 1957 or later. 

Methods 

The expected numbers of death and cancers were calcu- 
lated by multiplying the person-years of observation 
within 5-year age categories during the respective calen- 
dar years of the study period by the cause-, gender-, and 
age-specific national death and cancer incidence rates. 
The computer package OCMAP (14) was used for the 
calculations. The 95% confidence intervals of the ob- 
served to expected ratios were calculated based on the 
Poisson distribution. 

Analyses were performed for the entire material, as 
well as for the cleaners separately. Separate analyses 
were also made for the men who were employed in 1956 
or earlier and in 1957 or later and with requirements for 
at least 5, 15, or 30 years between first employment and 
death or cancer diagnosis. Analyses were also made sep- 
arately for the 1961-1981 and 1982-1994 (deaths) and 
1961-1980 and 1981-1992 (cancer incidence) time 
periods. 

Copies of the death certificates were obtained from 
the National Bureau of Statistics. 

Results 

Causes of death 
Among the paint industry workers, 207 had died between 
1961 and 1994, compared with 218 expected deaths. 
There were 11 1 new deaths since 198 1, compared with 
114 expected. The number of deaths from malignant tu- 
mors, and from other major diseases, was also close to 
the expected number (table 1). 

There was an increase in the number of deaths from 
hematopoietic tumors, 7 observed between 1961 and 
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Table 1. Observed (0) and expected (E) number of deaths among Swedish paint industry workers with at least 5 years of employment 
between 1955 and 1975 and no further requirement concerning time between first exposure and observation. (SMR = standardized 
mortality ratio, 95% CI = 95% confidence interval) 

Cause of deatha 1961-1 994 

0 E 

All causes (1-999) 207 218 
Tumors, all sites (140-209) 50 50 

Lung (162) 10 9.0 
Prostate (1 85) 11 7.9 
Lymphatic and hematopoietic tissues (200-209) 7 4.6 
Malignant lymphoma (200-202) 1 1.7 
Multiple myeloma (203) 4 1.1 
Leukemia (204-207) 2 1.7 

Diseases of the circulatory system (390-458) 11 0 11 7 
Ischemic heart disease (410-414) 77 79 

Diseases of the respiratory system (460-519) 14 13 
Chronic obstructive lung disease (490-493) 6 4.6 
Cirrhosis of the liver (571) 5 2.5 

Diseases of the genitourinary system (580-607) 5 3.5 
Accidental deaths (800-999) 14 12 

SMR 95%CI 

1.0 0.8-1.1 
1.0 0.7-1.3 
1.1 0.5-2.0 
1.4 0.7-2.5 
1.5 0.6-3.1 
0.6 0.0-3.3 
3.8 1 .O-9.7 
1.2 0.2-4.3 
0.9 0.8-1.1 
1.0 0.8-1.2 
1 .O 0.6-1.7 
1.3 0.5-2.8 
2.0 0.7-4.7 
1.4 0.5-3.3 
1.1 0.6-1.9 

0 E SMR 95% CI 

96 104 0.9 0.8-1.1 
22 25 0.9 0.6-1.3 
3 4.5 0.7 0.1-1.9 

0 E SMR 95%CI 

a Code of the International Classification of Diseases, 8th revision, in parentheses 

Table 2. Mortality (1961-1994) and cancer incidence (1961-1992) for selected diagnoses among workers employed u p  to and 
including 1956 or 1957 or later. (0 = observed number  of deaths or cases, SMR = standardized mortality ratio, SIR = standardized 
incidence ratio, 95% CI = 95% confidence interval) 

Diagnosis First employment 1956 or earlier First employment 1957 or later 

Mortality Cancer incidence Mortality Cancer incidence 

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

All causes 129 0.9 0.8-1.1 - 78 1.0 0.8-1.3 - 

All malignant tumors 38 1.2 0.8-1.6 55 1.1 0.8-1.4 12 0.7 0.4-1.2 28 1.0 0.6-1.4 
Prostate 9 1.7 0.8-3.2 18 1.5 0.9-2.4 2 0.8 0.1-2.7 9 1.4 0.6-2.7 
All lymphatic and hematopoietic 6 2.0 0.7-4.4 9 2.3 1.0-4.3 1 0.6 0.0-3.4 1 0.4 0.0-2.4 
Multiple myeloma 3 4.4 0.9-13 3 3.8 0.8-11 1 2.7 0.1-15 1 2.2 0.1-12 

1994 versus 4.6 expected. Two new deaths occurred 
after 1981 compared with 2.2 expected. The mortality did 
not increase or decrease with increasing time since first 
employment. Six of the 7 deaths had occurred among 
workers employed before 1957 (table 2). 

There was especially an increase noted in the number 
of deaths from multiple myeloma [4 observed deaths, 1.1 
expected, standardized mortality ratio (SMR) 3.8, 95% 
confidence interval (95% CI) 1.0-9.71. One of these 
deaths, versus 0.5 expected, had occurred since 1982. All 
4 deaths remained when the cohorts were analyzed with 
a requirement for at least 15 years since the start of em- 
ployment (0.9 expected, SMR 4.3,95% CI 1.2-10). 

There was only 1 death from non-Hodgkin lympho- 
ma compared with 1.7 expected. 

Eleven deaths from prostatic cancer were observed 
between 1961 and 1994, compared with 7.9 expected. 
Eight of the prostatic cancer deaths were new since 1981, 
compared with 4.9 expected. There was no difference in 
prostatic cancer mortality between the groups with 

different requirements for time since first employment 
or between those ernployed before 1957 or 1957 and lat- 
er (table 2). 

In the previous follow-up until 1981, 3 deaths from 
genitourinary diseases, all infections, were found among 
the cleaners. This result implied a markedly increased 
risk, but in the new follow-up period there were no deaths 
in the cohort from such causes. 

Cancer incidence 

The incidence for all cancer diagnoses between 1961 and 
1992 was close to the expected (83 observed, 80 expect- 
ed) (table 3). 

The incidence of lymphatic and hematopoietic tumors 
was increased (10 observed, 6.3 expected). Nine of the 
10 cases had occurred among those employed before 
1957 [standardized incidence ratio (SIR) 2.3, 95% CI 
1.0-4.31 (table 2). The SIR values did not differ between 
the groups with different times since first employment. 

272 Scand J Work Environ Health 1998, "0124, no 4 



Lundberg & Milatou-Smith 

Table 3. Cancer incidence, 1961-1992, for the Swedish paint industry workers with at least 5 years of employment between 1955 and 
1975 and no further requirement concerning time between first exposure and observation. (0 = observed number  of cases, E = expected 
number of cases, SMR = standardized mortality ratio, 95% CI = 95% confidence interval) 

Cancer sitea 1961-1 992 1961-1980 1981-1 992 

0 E SIR 95%CI 0 E SIR 95% CI 0 E SIR 95%CI 

All malignant tumors (140-209) 83 80 1.0 0.8-1.3 36 37 1.00.7-1.3 47 43 1.1 0.8-1.5 
Colon (153) 9 5.8 1.6 0.7-2.9 2 2.7 0.7 0.1-2.7 7 3.1 2.2 09-4.6 
Rectum and anus (154) 3 4.0 0.7 0.2-2.1 1 1.9 0.5 0.0-2.9 2 2.0 1.0 0.1-3.4 
Bilianl passaaes and liver (155) 2 2.1 0.9 0.1-3.4 1 1.0 1.0 0.0-5.7 1 1.2 0.9 0.2-4.8 
~ronch'us and lung (162.1) ' 6 8.5 0.7 0.3-1.5 1 4.3 0.2 0.0-1.3 5 4.2 1.2 0.4-2.8 
Prostate (1 77) 27 18 1.5 1.0-2.2 9 7.1 1.3 0.6-2.4 18 11 1.6 10-2.6 
Lymphatic and hematopoietic (200-209) 10 6.3 1.6 0.8-2.9 5 3.1 1.6 0.5-3.8 5 3.3 1.5 0.5-3.6 
Nbn-~odgkin lymphoma (200) 2 2.1 1.0 0.1-3.4 1 0.9 1.1 0.0-6.3 1 1.2 0.8 0.0-4.6 
Multiple myeloma (203) 4 1.2 3.2 0.9-8.3 3 0.6 5.1 1.1-15 1 0.7 1.5 0.0-8.6 
Leukemia (204-207) 3 2.1 1.5 0.3-4.3 1 1.1 0.9 0.0-5.3 2 1.0 2.0 0.2-7.2 
Chronic lymphatic leukemia (204.1) 2 0.9 2.1 0.3-7.7 - 0.5 0 0.0-8.0 2 0.5 4.2 0.5-15 

a Code of the International Classification of Diseases, 7th revision, in parel 

The incidence was increased for multiple myeloma 
(4 observed, 1.2 expected, SIR 3.2, 95% CI 0.9-8.3). 
All 4 cases remained when the cohort was analyzed with 
a requirement for at least 15 years since first employ- 
ment (1.1 expected, SIR 3.7,95% CI 1.0-9.5). 

There were 2 incident cases of non-Hodgkin's lym- 
phoma versus 2.1 expected. 

Some increase occurred in the incidence of prostatic 
cancer (27 observed, 18 expected, SIR 1.5,95% CI 1.0- 
2.2). Eighteen of these cases had occurred after 1980 (1 1 
expected, SIR 1.6,95% CI 1.0-2.6). There was no par- 
ticular increase in prostatic cancer with increasing or de- 
creasing time since first employ~nent or in groups with 
first employment in different time periods. 

All cases of lymphatic and hematopoietic and pros- 
tate cancer observed in the death register could also be 
found in the cancer register. 

No cleaner with a lymphatic or hematopoietic tumor 
was found. 

Factory with particular excess of lymphatic and 
hematopoietic tumors 

Four of the workers who had died from lymphatic and 
hematopoietic tumors (expected 0.7, SMR 5.8, 95% CI 
1.6-15), of whom there were 3 with multiple myeloma 
(expected 0.2, SMR 19, 95% CI 3.9-55) and 1 with 
acute myelogenous leukemia, were employed at the same 
factory which contributed approximately 15% of the co- 
hort population. In this factoiy the incidence for lymphat- 
ic and hematopoietic tumors was also increased (5 ob- 
served, 0.9 expected, SIR 5.4,95% CI 1.8-13 ), with 4 
cases among those employed in 1956 or earlier (0.7 ex- 
pected, SIR 5.9,95% CI 1.6-15) and 1 case in the post- 
1956 employment group. For all 5 cases more than 15 
years had passed between first employment and diagno- 
sis. The same 3 cases of multiple myeloma were identi- 
fied in the cancer register as in the death register; 1 of 
the cases belonged to the post-1956 employment group. 

Discussion 

Our findings showed excess in deaths, as well as excess 
incidence, from lymphatic and hematopoietic tumors, 
particularly multiple myeloma, among workers employed 
in the paint industry before 1957. Some increase was also 
noted in the mortality and incidence of prostatic cancer, 
but no increase was noted in the mortality or morbidity 
from any other diagnosis. There was no excess mortality 
and morbidity from any diagnosis among the cleaners 
apart from genitourinary disease, for which the increase 
was due to the 3 deaths from urinary infections occur- 
ring before 1982 (1). The lack of such deaths in the en- 
tire cohort in the new follow-up period supports the prob- 
ability that this excess was a chance finding. 

Nine of the 10 lymphatic and hematopoietic tumors 
in the entire cohort appeared among the men employed 
in 1956 or earlier, and therefore there was an excess risk 
in this group. Consequently there were no indications of 
an excess risk for such tumors combined among the men 
first employed in 1957 and thereafter. Additional follow- 
up is warranted to determine if the same is true also for 
multiple myeloma. As was already mentioned, benzene 
was an important solvent in the industry before the mid- 
1950s. Although some studies have suggested a possible 
link between benzene exposure and myeloma (15, 16), 
the association between benzene and acute myeloid 
leukemia is well established (17), and an obvious excess 
of such leukemia might have been expected if benzene 
exposure was the only cause of the excess myelomas. 
However, only 1 case of acute myeloid leukemia was 
found in the cohort. It is possible also that exposures to 
other solvents could have contributed. A case-referent 
study (18) showed that the relative risk of myeloma in- 
creased with the duration of exposure to benzene and oth- 
er solvents. Elevated relative risks of multiple myeloma 
have been observed among painters in the United States 
(19), and in New Zealand as well (20). Furthermore, paint 
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is a complex mixture of solvents, pigments, binders, and 
additives, and other exposures in the industry may also 
have contributed to the excess risk. 

It is of interest that 5 of the 10 workers with the he- 
matopoietic tumors were employed in the same factory, 
which contributed approximately 15% of the men to the 
cohort. Previous investigations of exposure conditions in 
the Swedish paint industry lead us to believe that no pro- 
nounced differences in work conditions, work practices, 
or exposures existed that would set apart this factory from 
the others which participated in the study. We have tried 
to obtain information on the worktasks of the workers 
with lymphatic and hematopoietic tumors in this facto- 
ry, but the company was able to provide information only 
for the 2 workers who were still employed in the second 
half of the 1970s. One of these, who had a multiple my- 
eloma diagnosed in 1988, had worked in the charging de- 
partment of the factory. However, prior to his employ- 
ment in the factory, he had worked in another paint fac- 
tory that was bought by the factory included in our study 
in 1969. But it was unknown for how long he had worked 
in the other factory. The other worker, who had a multi- 
ple myeloma diagnosed in 1976, had, at least during the 
last years of his employment, worked in the department 
producing alkyds and other resins for paint production. 
We are thus unable to support or refute the common ex- 
istence of particular work environment exposures among 
the workers in the factory with a particular excess of lym- 
phatic and hematopoietic tumors, and the difference in 
the occurrence of these tumors between this factory and 
the others may be due to chance. 

The literature on the relationship between work en- 
vironment exposures and prostate cancer is limited, pos- 
sibly due to the difficulty of studying prostate cancers 
when only death registers are available. It was, howev- 
er, interesting that Brownson et a1 (21) identified paint 
manufacturing workers as having the highest risk for 
prostate cancer of all the occupations investigated (odds 
ratio 5.7,95% CI 1.4-24) in their cancer register based 
case-referent study. Two other case-referent studies have 
found a significant association between exposure to min- 
eral spirits and prostate cancer (22) and a nonsignificant 
association between solvent exposure and prostate can- 
cer (23), respectively. The United States cohort of paint 
industry workers indicated no excess risk of mortality 
from prostate cancer (3,4). In vitro studies have shown 
that prostatic epithelial cells often have an attenuated re- 
sponse to DNA-damaging agents (24). It is possible that 
this apparently inadequate response may predispose to 
xenobiotic-induced mutations in the prostate even at rel- 
atively low exposure levels. 

The paint manufacturing plants studied were located 
in both larger cities and small communities all around 
southern Sweden, thus most regional differences were 
eliminated that might bias the comparisons with 

national mortality and cancer incidence rates (1). In or- 
der to estimate the effects of geographic differences in 
occurrence, we also calculated expected numbers for the 
factory with a particular excess of lymphatic and hemat- 
opoietic tumors based on the rates for men in the region 
where the factory was located. The SMR and SIR values 
based on regional rates were marginally lower than those 
based on national rates. The SMR for mortality from all 
lymphatic and hematopoietic tumors in this factory was 
5.8 in the comparison with the national rates and 5.7 in 
the comparison with the regional rates. The correspond- 
ing SIR values were 5.4 and 4.9, respectively. For mye- 
loma the differences were even smaller. 

Neither does it seem possible to explain the increased 
prostatic cancer incidence by regional differences. The 
rates for the regions where the paint factories were lo- 
cated were close to the national average. Moreover, out 
of the 27 incident cases of prostatic cancer in the cohort, 
only 1 was diagnosed only at autopsy. Therefore region- 
al differences in autopsy frequencies can be excluded as 
a cause of the excess of prostatic cancer. 

At the end of the follow-up, 1 January 1995, the co- 
hort was elderly, with a mean age of 77 years (including 
those who were at that time already dead). If age and an 
occupational hazard work additively to increase the risk 
of a certain disease, the relative risk associated with the 
occupational hazard will diminish with time as the pop- 
ulation under study ages. This trend may to some extent 
decrease the sensitivity of the closed cohort design ap- 
plied in this study, particularly when common disorders 
are studied. However, when an occupational hazard 
shows a high relative risk for a rare disorder such as mul- 
tiple myeloma, the association may be evident also in old 
age groups. 

In conclusion, the findings of this follow-up show an 
increase in the incidence and mortality of lymphatic and 
hematopoietic tumors, particularly multiple myelomas, 
among workers first employed in the Swedish paint in- 
dustry before 1957. These excesses are likely to be caus- 
ally linked to exposures previously occurring in the in- 
dustry, or in parts of the industry. A significant excess 
of prostatic cancer was found which was not more or less 
pronounced among workers first employed in any par- 
ticular period. This finding deserves further investigation 
since a similar finding has previously been made in the 
United States. 
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