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Cumulative lead exposure in relation to mortality and lung cancer morbidity 
in a cohort of primary smelter workers 
by Nils-Goran Lundstrom, BSc, Gunnar Nordberg, MD, Vagn Englyst, MD,2 Lars Gerhardsson, MD,3 
Lars Hagmar, MD,3 Taiyi Jin, MD,' Lars Rylander, BSC,~  Stig Wall, PhD4 

Lundstrom N-G, Nordberg G, Englyst V, Gerhardsson L, Hagmar L, Jin T, Rylander L, Wall S. Cumulative lead 
exposure in relation to mortality and lung cancer morbidity in a cohort of primary smelter workers. Scand J Work 
Environ Health 1997;23(1):24-30. 

Objectives The purpose of this study was to determine the mortality and cancer incidence of long-term lead 
smelter workers at a primary smelter. 
Methods A cohort of 3979 workers elnployed for at least 1 year during 1928-1979 and a subcohort of 1992 
workers employed in lead-exposed departments (lead only workers) was formed. The expected mortality in 
1955-1987 and cancer incidence in 1958-1987 were calculated relative to the county rates, specified for 
cause, gender, 5-year age groups, and calendar year. A cumulative blood-lead index was used for the dose- 
response analyses. 
Results The lung cancer incidence of the total cohort [standardized incidence ratio (SIR) 2.8,95% confidence 
interval (95% CI) 2.1-3.81 and the group with the highest exposure (SIR 3.1, 95% CI 2.0-4.6) was high. 
Similar risk estimates were observed with a latency of 15 years. The workers hired before 1950 had higher lung 
cancer risk estimates (SIR 3.6, 95% CI 2.6-5.0) than the workers hired later (SIR 1.3, 95% CI 0.6-2.6, no 
latency period). The risk estimates for lung cancer were further elevated in the subcohort of lead-only workers 
(SIR 5.1,95% CI 2.0-10.5 in the highest exposed subgroup; latency period of 15 years). No excesses of other 
malignancies were noted. 
C O ~ C ~ U S ~ O ~ S  The increased relative risks were probably mainly due to interactions between lead and other 
carcinogenic exposures, including arsenic. Further study is required concerning such possible interactions 
before a role in the induction of lung cancer can be ascribed to lead. 

Key terms copper-lead smelter, cohort study, lung cancer. 

Inorganic lead has been frequently used in human socie- 
ty for centuries. Well-known exposure sources include 
lead-based paint, industrial emissions, contaminated wa- 
ter, and traffic (1). Lead exposure in industry can take 
place in different industrial settings (eg, lead mining, 
smelting and refining plants, storage battery manufactur- 
ing, welding, steel cutting and printing) (1, 2). The high- 
est observed air concentrations of inorganic lead have 
been reported for smelting and refining processes (3). 

Several animal experiments have shown the carcino- 
genic potency of lead. Several lead compounds (eg, lead 
acetate and subacetate) have induced brain and kidney 
tumors in rats and mice (4-9) and lead phosphate kid- 
ney tumors in rats (9) after oral and parenteral adminis- 

tration. It, however, has not been clarified whether lead 
is a human carcinogen or not. In 1980 and 1987, the 
International Agency for Research on Cancer (IARC) 
classified lead and inorganic lead compounds as possible 
human carcinogens (group 2B). 

Some epidemiologic studies on lead exposure and 
cancer have been reported in the literature. These studies 
were conducted in different occupational settings, and 
their major objective has been to examine the causal 
association between lead exposure and cancer. A recent 
meta-analysis (3) of available epidemiologic studies on 
lead-exposed workers has shown a significant excess 
risk of overall cancer, and of stomach, lung and bladder 
cancer. The risk ratios increased slightly for lung [rela- 
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tive risk (RR) 1.4, 95% confidence interval (95% CI) 
1 .1-1.91 and stomach (RR 1.5, 95% CI 1.2-1.8) can- 
cer when the analysis was confined to heavily exposed 
workers. However, the analysis took no account of possi- 
ble confounders, and little information was available on 
cumulative exposure to lead. A nonsignificantly in- 
creased relative risk for death from lung cancer (RR 1.6, 
95% CI 0.7-3.2) has previously been reported in a 
cohort study of lead smelter workers exposed long-term 
at a primary copper and lead smelter in northern Sweden 
(10). This study was based on 85 deaths (8 lung cancer 
cases) among 473 lead smelter workers followed from 
1955 to 1981. In our investigation the study base was 
larger, the follow-up period was from 1955 to 1987, and 
mortality data was supplemented with cancer incidence 
data. An attempt has been made to compare the mortality 
and morbidity pattern for lead workers with the one for 
workers with mixed exposure. 

Subject and methods 

Copper and lead smelter 
The main products of the smelter, which was started in 
1928 in northern Sweden, are copper and lead. In addi- 
tion, the company also recovers precious metals (eg, 
gold, silver, platinum), arsenic, nickel, selenium, zinc, 
and sulfur products from the ores. 

Lead production started at the smelter in 1943. The 
production the first year was 90 t. In 1950, the produc- 
tion had reached 10 000 t. During the 1950s it gradually 
increased up to 40 000 t and was stable around 40 000 t 
during the 1960s. Thereafter, it increased to about 
50 000 t during the 1970s. The highest lead production 
was reached in 1987 (63 000 t). Then it gradually de- 
creased to about 50 to 55 000 t in the early 1990s, and it 
has now stabilized around 40 000 t per year. The proc- 
esses for obtaining lead have previously been described 
in detail (10). 

Cohort 
Information about worksites and employment periods at 
the smelter was obtained from the company. Record link- 
ages were facilitated through the use of civic registration 

numbers, first introduced in Sweden in 1947. As infor- 
mation on civic registration was lacking for a substantial 
proportion of the workers, especially for those employed 
in 1928-1947, supplementary information was collected 
from the Swedish population register (SPAR) and from 
manual population registers kept by the parish authori- 
ties (1 I). 

The cohort of primary smelter workers has been grad- 
ually extended over the years. It now comprises 7942 of 
7957 male blue-collar workers, and male and female 
salaried employees, first employed for at least 3 months 
during the period 1928-1979. Fifteen subjects were lost 
to follow-up and could not be traced in the registers 
because of lack of personal identifiers. Regular blood 
lead sampling every 2 to 3 months has been performed at 
the smelter since 1950. Our study cohort comprised the 
3979 male workers of the total 7942 who have been 
monitored for their blood lead concentration (B-Pb) since 
1950. The records, however, contained no data on work- 
ers who had died before 1955. 

In this cohort of 3979 workers (table I), 3523 were 
alive and 456 were deceased at the study end point, 31 
December 1987, when vital status was determined. When 
workers who ever had been employed in departments 
where exposure to known carcinogens such as arsenic 
and nickel occur or at workplaces such as the roaster 
department and machine shop were excluded, a sub- 
group of 1992 workers remained, "lead-only workers". 
This group had mainly been employed in the lead-ex- 
posed departments. 

Blood-lead analyses 
The blood-lead level (B-Pb) was analyzed by emission 
spectrometry from 1950 to 1969, and since 1967 atomic 
absorption has been used. The quality control program 
started already during the 1950s. Up to about 1970, a 
regular exchange of B-Pb samples took place; labora- 
tories in West Germany and the United Kingdom showed 
mostly satisfactory results (12, 13). In 1969, the quality 
control of B-Pb had a precision of 9% and a systematic 
error of -0.05 pmolll(14). Thereafter, the research labo- 
ratory at the smelter has participated in a national quality 
control program coordinated by the National Board of 
Occupational Safety and Health in Stockholm, Sweden 
(15-17). All told, 81 051 B-Pb analyses have been 

Table 1. Number of workers studied with respect to exposure category and latency period. 

Total cohort 
Highest exposed subgroup 

Lead only workers 
Hiahest exoosed subarour, 

Mortality Morbidity 

No latency period Latency period of No latency period Latency period of 
at least 15 years at least 15 years 

3979 2357 3972 2353 
1026 652 1022 650 
1992 1005 1992 1005 
326 163 326 163 
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perfor~ned at the smelter from 1950 to 1987. For these 
workers the cumulative B-Pb dose has been calculated 
by summing the annual mean blood values for each work- 
er (pmolll) during their employment period. 

For work periods before 1950, when the B-Pb moni- 
toring program started, each worker was assumed to have 
had a B-Pb level corresponding to his mean B-Pb value 
during the period 1950 to 1952. For work periods from 
1950 on, the B-Pb samples were regularly obtained up to 
4 to 6 times per year from the worlters in the lead depart- 
ments. For work periods in the other metal producing 
plants, the B-Pb sampling has been more sparse. 

The lead exposure at the smelter has decreased con- 
tinuously since the start of the B-Pb registration in 1950. 
The annual mean (arithmetic) B-Pb value of the lead 
smelter workers was 3.0 pmolll in 1950 and approxi- 
mately 1.6 pmolll in 1987. For the workers in the other 
metal-producing plants in the smelter the mean B-Pb 
values have decreased from 2.7 pmolll to 0.8 pmolll. 
The cossesponding figures for other personnel at the 
smelter (eg, maintenance and transportation workers) 
were 2.6 pmolll and 0.6 pmolll, respectively (1 8). Thus 
the lead exposure was not only confined to the lead 
departments. 

Information on causes of death and tumors 
Information about mortality in 1955-1987 was gath- 
ered from the Cause-of-Death Register at Statistics Swe- 
den. The death certificates were coded according to the 
8th revision of the International Classification of Diseas- 
es (ICD-8). Similarly, information on incident malignant 
tumors was based on record linkage with the national 
Swedish tumor register, established in 1958. 

Risk estimates 

The expected mortality for the period 1955-1987 was 
calculated with the use of mol-tality rates specific for 
calendar year, cause, gender, and 5-year age groups in 

the county population obtained from Statistics Sweden. 
Date of death, emigration, or a subject's 80th birthday 
were used as the individual end points, whichever oc- 
curred first. In a similar way, yearly cancer incidence 
rates were obtained for the period 1958-1987 from the 
national Swedish tumor registry. Date of death, a second 
tumor diagnosis, emigration, or a subject's 80th birthday 
were used as the individual end points, whichever oc- 
curred first. All the epidemiologic analyses were per- 
formed with the computer program EPILUND. The 95% 
confidence intervals (95% CI) for cause-specific stand- 
ardized mortality ratios (SMR) and standardized cancer 
incidence ratios (SIR) were calculated according to the 
Poisson distribution or to the normal distribution when 
the expected values were greater than 15. 

Results 

Mortality 
In comparison with the county population, the mortality 
from malignant neoplasms was increased in the total 
cohort (SMR 1.2, 95% CI 1.0-IS), as well as in the 
highest exposed subgroup (cumulative B-Pb index 
(XB-Pb) 10 ~mol l l ,  SMR 1.2, 95% CI 0.9-1.5) (ta- 
ble 2). The mortality from lung cancer was particularly 
increased in these groups (SMR 2.8, 95% CI 2.0-3.8 
and SMR 2.8, 95% CI 1.8-4.5). No other excess risks 
were observed, and the overall mortality (SMR 0.9,95% 
CI 0.8-1.0; SMK 0.8, 95% CI 0.7-1.0), as well as 
mortality from ischemic heart disease, was slightly lower 
than for the county population. Only marginal changes 
were observed when a latency period of at least 10 or 
15 years was applied. The mortality pattern of the lead- 
only subcohort was similar both with and without adjust- 
ment for a latency period of 10 or 15 years (data not 
shown). However, in the highest exposed subgroup of 

Table 2 .  Mortality in the total cohort of 3979 lead-exposed workers (73 832 person-years) and in the highest exposed subgroup (1026 
workers; 20 173 person-years) in comparison with the county population, during the follow-up period of 1955-1987. (0 =observed 
number of deaths, E = expected number of deaths, SMR = standardized mortality ratio, 95% GI = 95% confidence interval) 

Cause of deatha Total cohort Highest exposed subgroup 

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

All causes 456 504 0.9 0.8-1.0 187 226 0.8 0.7-1.0 
Malignant neoplasms (140-209) 126 102 1.2 1.0-1.5 55 47.8 1.2 0.9-1.5 

Lung cancer (1620-1621) 39 14 2.8 2.0-3.8 19 6.7 2.8 1.8-4.5 
Cardiovascular diseases (390-458) 234 268 0.9 0.8-1 .O 106 128 0.8 0.7-1.0 

Ischemic heart diseases (41 0-414) 152 186 0.8 0.7-1.0 65 89.4 0.7 0.6-0.9 
Cerebrovascular diseases (430-438) 36 42.9 0.8 0.6-1.2 18 20.4 0.9 0.5-1.4 

Respiratory diseases (460-51 9) 7 18.9 0.4 0.2-0.8 3 9.1 0.3 0.1-1.0 
Digestive organs (520-577) 8 13.9 0.6 0.3-1.1 2 6.1 0.3 0.04-1.2 
Accidents, poisoning and violence (800-999) 52 62.1 0.8 0.6-1.1 12 19.3 0.6 0.3-1.1 

a Code of the International Classification of Diseases (8th revision) in parentheses 
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lead-only workers (CB-Pb > 10 pmolll), the SMR for all 
malignancies was somewhat increased to 1.5 (95% CI 
0.8-2.4), but the SMR for lung cancer was considerably 
higher (SMR 4.1, 95% CI 1.5-9.0). Applying a latency 
period of 10 or 15 years raised this risk estimate only 
marginally (data not shown). 

Morbidity 
The morbidity data show that particularly the lung can- 
cer incidence was increased in the total cohort (SIR 2.9, 
95% CI 2.1-4.0). The highest exposed subgroup did not 
differ significantly from the rest of the cohort in this 
respect. A latency period of 10 or 15 years (table 3) did 
not affect these estimates either. Lead workers in the 
total cohort first employed before 1950 (N = 717), when 
the B-Pb monitoring program started, contributed 18 535 
person-years of observation compared with the 51 858 
person-years of the workers first employed in 1950 and 
onwards (N = 3255). The lung cancer incidence was con- 
siderably higher in the former subcohort (SIR 3.6, 95% 
CI 2.6-5.0 versus SIR 1.3, 95% CI 0.6-2.6). 

The lead-exposed workers who had also been em- 
ployed at the roasters or the arsenic or nickel plant or the 
machine shop had lung cancer incidence data of the same 
magnitude as that of the total cohort. In addition, when 
the analysis was restricted to the subcohort of lead-only 
workers, the lung cancer risks remained at a similar level 
both with and without adjustment for a latency period of 
at least 15 years (SIR 3.1, 95% CI 1.7-5.2, latency 
period of 15 years) (table 4). However, lead-only work- 
ers first employed before 1950 (N = 228, 6064 person- 
years) had a considerably higher lung cancer risk (SIR 
3.7, 95% CI 1.8-6.6) than those first employed in 1950 
and onwards (SIR 2.0, 95% CI 0.6-4.6) (N = 1764, 
26 183 person-years). The risk estimates for lung cancer 
were increased in both the intermediate (CB-Pb 2- 
10 pmolll) and the highest exposed subgroup (CB-Pb 
> 10 pmolll) of lead-only workers (SIR 4.5, 95% CI 
1.8-9.3, and SIR 5.1,95% CI 2.0-10.5, latency period 
of 15 years) (table 5). No lung cancer case was ob- 
served in the lowest lead exposure subgroup (CB-Pb 0- 
2 pmolll). No excess of malignancies other than lung 
cancer was observed in the lead-only subcohort. 

Table 3. lncidence of malignant tumors during the period 1958-1987 for 2353 lead-exposed workers (31 754 person-years) with a 15- 
year minimum latency period and in the highest exposed subgroup (650 workers, 11 439 person-years) employing the same latency 
period. Comparisons have been made with the county population. (0 =observed number of cases, E = expected number of cases, 
SIR = standardized incidence ratio, 95% CI = 95% confidence interval) 

Type of tumol Total cohort Highest exposed subgroup 

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

Malignant neoplasms (140-209) 
Gastrointestinal (1 50-1 54) 
Respiratory tract (1 60-1 62) 
L u n g  (1 620-1621 ) 
Kidney (1 80) 
Renal pelvis, ureter, bladder (181) 
Brain, nervous system (193) 
Lymphoma, myeloma (200-203) 
Leukemia (204-207) 

a Code of the International Classifcation of Diseases (7th revision) in parentheses 

Table 4. Incidence of malignant tumors in 1958-1987 in a subcohort of 1005 workers (11 370 person-years) solely employed in lead- 
exposed departments ("lead only workers") with a 15-year minimum latency period and in the highest exposed subgroup (163 workers, 
2643 person-years) employing the same latency period. The comparisons have been made with the county population. (0 = observed 
number of cases, E = expected number of cases, SIR = standardized incidence ratio, 95% CI = 95% confidence interval). 

Type of tumor Total cohort Highest exposed subgroup 
0 E SIR 95% CI 0 E SIR 95% CI 

Malignant neoplasms (140-209) 
Gastrointestinal (1 50-1 54) 
Respiratory tract (160-162) 
L u n g  (1620-1621) 
Kidney (1 80) 
Renal pelvis, ureter, bladder (181) 
Brain, nervous system (193) 
Lymphoma, myeloma (200-203) 
Leukemia (204-207) 

a Code of the International Class~fication of D~seases (7th rev~sion) in parentheses 
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Table 5. Observed (0) and expected (E)  lung cancer morbidity 
(International Classification of Diseases, 7th revision, code 
1620-1621) in 1958-1987 for the workers solely employed in 
lead-exposed departments ("lead only workers") with respect to 
the cumulative blood-lead index in comparison with the county 
population (latency period of at least 15 years). (SIR = standard- 
ized incidence ratio, 95% CI = 95% confidence interval) 

Cumulative blood lead 0 E SIR 95% CI 
index 

Discussion 

In consistency with a prior cohort study of rnortality 
among lead-exposed workers at this smelter (10) our 
study showed an increased morbidity for lung cancer. 
The risk estimates for lung cancer incidence were some- 
what higher in the medium and highest exposed groups 
of the subcohort of lead workers solely employed in 
lead-exposed departments than in the total cohort, 
(CB-Pb 2-10 and > 10 pmolll, respectively). The risk 
estimates of these 2 exposure groups did not, however, 
differ significantly from each other. Applying a latency 
period of 10 or 15 years did not significantly affect the 
risk estimates. Workers first employed during the 1940s, 
when the airborne exposure levels at the smelter were 
probably higher than during later periods, had consider- 
ably higher lung cancer risks than workers first em- 
ployed from 1950 on. 

The mortality pattern of the county population dif- 
fered from that of the population of Sweden as a whole. 
The county population had a lower total cancer mortali- 
ty, especially for lung cancer, and a considerably higher 
mortality for stomach cancer compared with that of the 
national population. On the other hand, the county popu- 
lation had a somewhat higher total mortality and a higher 
mortality from cardiovascular diseases than the national 
population did. 

The results from the inortality analysis show a gen- 
eral pattern similar to the one noted in the study from 
1986 (1 0). Total mortality and mortality from circulatory 
diseases was lower than expected. As in the previous 
study, no obvious differences in lung cancer risk was 
present in relation to cumulative lead exposure in the 
nonselected material (total cohort). In contrast, when a 
group of lead-only workers was studied, a different pic- 
ture emerged. The lung cancer risk estimates were par- 
ticularly high in its medium and highest exposed sub- 
groups. 

The increased lung cancer morbidity observed in this 
study must be interpreted with caution since the number 
of highly exposed lung cancer cases was still fairly low, 
especially among the lead-only workers. Our risk esti- 

mates are considerably higher than those in a recently 
published meta-analysis (31, which reported a relative 
risk of 1.4 (95% CI 1.1-1.9) when results from three 
studies of workers with heavy occupational exposure to 
lead were combined. Whether this finding is due to an 
interaction with other agents is not obvious at present. 
The SMR and SIR values for respiratory tract malignan- 
cies were not increased in a recently presented Swedish 
cohort study of lead-exposed secondary smelter workers 
(19) with low exposure to agents other than lead. An 
increased risk of lung cancer was associated with lead 
exposure in a recent Finnish case-referent study (20) in 
which only limited information about exposures other 
than lead was available. 

Smoking is a well known risk factor for the develop- 
ment of lung cancer. However, data about smoking 
habits are lacking in this study. There are reports that 
smoking frequency may be higher in blue-collar workers 
as compared with the general population. However, re- 
cently published data (21) from a cohort study at this 
primary copper and lead smelter shows that the preva- 
lence of daily smoking has gradually decreased during 
the last two decades among the workers. The smoking 
frequencies have, however, been comparable with na- 
tional figures for similar social and occupational strata. 
In their cohort study, Sandstrom & Wall (21) found that 
adjustment for smoking did not alter the lung cancer 
gradient between employment cohorts or between job 
categories. Moreover, it has been estimated (22) that 
confounding from smoking would increase the lung can- 
cer risk up to 1.2 (OR) i~ some occupations. According- 
ly, it seems unlikely that confounding from smoking 
would explain any important part of the increased lung 
cancer incidence observed in our study. 

The histological distribution has previously been re- 
ported for the lung cancers occurring in workers at this 
priinary smelter (23). No pronounced differences were 
found among smokers when the smelter workers and 
referents were compared. An increased proportion of 
adenocarcinomas was observed among the smelters, but 
these findings were difficult to interpret. The cases 
among smelter workers who had never smoked showed a 
histological distribution similar to that of smokers. This 
finding indicates that the exposure to carcinogellic agents 
at the smelter would influence the risk of different histo- 
logical types of lung cancer the same way as smoking 
does. 

One problem with studies of primary smelter work- 
ers is the concomitant exposure to other metals (24- 
26); this problem also exists for lead-exposed workers 
(27). Increased lung cancer mortality and morbidity has 
been connected with exposure to arsenic, which has been 
reported in several epidemiologic studies (28-38). A 
multiplicative effect for concomitant exposure to arsenic 
and smoking has been shown by Pershagen et a1 (31). 

28 Scand J Work Environ Health 1997, vol23, no 1 
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Previous studies of tissue concentrations of trace 
elements in deceased workers at this smelter (39) have 
indicated a multifactorial genesis for lung cancer. 
Smoking has probably had a major impact on the lung 
cancer group. However, workers who died from lung 
cancer had the highest concentrations of antimony, ar- 
senic, cadmium, lanthanum, and lead and the lowest 
selenium levels in lung tissue compared with workers 
who died of other diseases (39, 40). The workers have 
also been exposed to irritating gases such as sulfur di- 
oxide and to polyaromatic hydrocarbons (eg, ben- 
zo[a]pyrene). 

Dust sampling had occasionally took place at fixed 
sampling stations since the early 1940s. Airborne lead 
levels could have exceeded 1 mg/m%t the lead plant 
during the 1940s. Arsenic cotlcentrations ranged from 
0.35-1.5 ing/m3 at the roasters during the late 1940s 
and decreased to 0.1-0.5 mg/m3 during the 1950s. 
The corresponding sulfur dioxide levels ranged from 70 
to 560 mg/m3 during the 1940s and decreased to 5- 
10 mg/m3 during the 1960s. The exposure to asbestos 
fibers and silica dust has been low at the smelter. 

The dominant exposure to lead is in the form of 
slowly soluble oxides and sulfides, which can be ex- 
pected to have a long biological half-time in the lungs. 
Interactions between lead and other metals such as 
arsenic, smoking, and other air pollutants may be the 
basis for the increased lung cancer risks observed at the 
smelter. 

Cohort studies in lead smelter and battery workers 
are often hampered by limited information about cumu- 
lative lead exposure and concomitant exposure to other 
agents, as well as by limited data about smoking and 
dietary habits. However, in our study, the B-Pb material 
collected is unique, as regular B-Pb sampling has taken 
place at the smelter since 1950. For some workers, more 
than 300 B-Pb samples have been obtained during their 
einployment period. Furthermore, no lung cancer screen- 
ing program has been undertaken at the smelter. As far as 
we know, the registration of lung cancer cases among 
smelter workers has been similar to that of the county 
population. Moreover, data from the national Swedish 
Cancer Register have a high validity. As shown by Matts- 
son (41), about 96% of all newly diagnosed lung cancer 
cases are reported to the register. Thus the cancer inci- 
dence results presented in this study probably have a 
higher validity than the mortality data. 

The increased relative risk for stomach cancer ob- 
served in a recent meta-analysis of 4 studies of workers 
with heavy occupational exposure to lead (3) and in a 
previous cohort study of secondary lead-smelter workers 
in southern Sweden (19) could not be confirmed in this 
study since there was no evidence for any excess of 
gastrointestinal malignancies. As is evident from tables 2 
to 4, the cancer incidence was not increased at any other 

site, which, however, may have been due to a lack of 
statistical power. 

In summary, the mortality and morbidity from lung 
cancer was increased in this study, particularly in highly 
exposed lead workers solely employed in lead-exposed 
departments. The workers first employed before 1950 
had considerably higher risk estimates than those first 
employed during later periods. The elevated risk esti- 
inates cannot solely be explained by confounding from 
smoking. The increased relative risks are probably main- 
ly caused by synergism between lead and other carcino- 
genic exposures, including arsenic. Further studies are 
required concerning such possible interactions before a 
role can be ascribed to lead in the induction of lung 
cancer. 
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