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Abstract
Objectives-To examine the mortality
pattern and the cancer incidence in a
cohort of long term smelter workers
exposed to lead.
Methods-The cohort consists of664 male
lead battery workers, employed for at
least three months in 1942-87. From 1969
the values of all blood lead samples
repeatedly obtained from these workers
every two to three months, have been
collected in a database. The expected
mortality and morbidity 1969-89 was esti-
mated from the county rates, specified for
cause, sex, five-year age groups, and cal-
endar year. Individual exposure matrices
have been calculated and used for
dose-response analyses.
Results-The total cohort showed an
increased overall mortality standardizedd
mortality ratio (SMR) 1*44; 95% confi-
dence interval (95% CI) 1.16-1.79), an
increased mortality from ischaemic heart
diseases (SMR 1*72; 95% CI 1-20-2.42)
and all malignant neoplasms (SMR 1-65;
95% CI 1-09-2-44). These risk estimates
were unaffected or slightly decreased
when applying a latency period of 15
years, and no dose-response pattern was
shown. The non-significantly raised can-
cer incidence in the gastrointestinal tract
(11 malignancies) in the total cohort,
increased to a barely significant level in
the quartile with the highest cumulative
lead exposure (standardised incidence
ratio (SIR) 2*34, 95% CI 1-07-4.45). No
clear dose response pattern was evident
when further subdividing the data into
those first employed up to 1969 v those
first employed after 1969 when the blood
lead monitoring programme started. The
risk estimate for malignancies in the gas-
trointestinal tract was not related to
latency time. The cancer incidence was
not increased at other sites.
Conclusions-A slightly increased inci-
dence of gastrointestinal cancers was
found in workers exposed to lead and
employed before 1970. The lead cohort
also showed an increased mortality from
ischaemic heart diseases. These risk esti-
mates did not show a dose-response pat-
tern and were not associated with latency
time. The results must also be interpreted
with caution because of limited numbers,
and lack of dietary and smoking data.

(Occup Environ Med 1995;52:667-672)
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Several animal experiments have shown a
tumorigenic effect of lead. Soluble lead salts
such as lead acetate and lead subacetate have
produced kidney and brain tumours, and lead
phosphate kidney tumours in rodents after
oral or parenteral administration. 6 The devel-
opment of malignancies mostly occurred in
rats at very high exposures, for example about
10 000 ppm of soluble lead in food or drinking
water. Thus, these effects seem to take place at
doses that are close to the maximum tolerable
dose and well above the dose that is acutely
toxic to the target organ.7 Synergistic effects
for the development of cancer between lead
acetate and lead oxide and some organic car-
cinogens, such as benzo(a)pyrene and nitro-
soamines have also been reported.5 Sufficient
data are not available for a proper evaluation
of metallic lead, lead oxide, and lead tetra-
alkyls.
A few case reports of kidney cancer in work-

ers exposed to lead have been presented.89 In a
study in Finland of work related kidney cancer
(adenocarcinomas), there was a non-signifi-
cantly increased risk related to lead exposure.'0
In general, the epidemiological studies under-
taken do not support a carcinogenic effect of
inorganic lead in humans, although the expo-
sure in several studies has been rather high
(> 3 0,umol/l blood). Small excess risks have
been found in a few studies, but they could be
attributed to confounding factors. In 1987, the
International Agency for Research on Cancer
(IARC) concluded that the evidence for car-
cinogenicity of lead in humans was insuffi-
cient.5
The disagreement between epidemiological

studies and animal experiments could be due
to differences in exposures or to differences in
species sensitivity. Doses given in experiments
may be more than 1000-fold higher than per-
missible exposure limits in different countries.
Exposures of that magnitude would send a
hypothetical lead worker to the hospital within
days or weeks.7 Considerable differences exist
between rats and hamsters or dogs. It is plausi-
ble that such differences also exist between
rats and humans, which complicates extrapo-
lation of results from animal experiments.
Nevertheless, further studies are needed to
clarify the concern about human carcinogenic-
ity of lead.
The aim of the present study was to assess

the mortality pattern and the cancer incidence
among workers exposed to lead from a
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secondary smelter without any concomitant
occupational exposure to lung carcinogens
such as arsenic, cadmium, chromium, and
nickel and with limited exposure to polycyclic
aromatic hydrocarbons (PAHs).

Materials and methods
THE PLANT AND LEAD PRODUCTION
The secondary lead smelter in southern
Sweden was started in 1942. The production
of inorganic lead has been between 37 000
and 40 000 tonnes a year during the 1990s.
During the 1950s the production was lower,
about 10 000 tonnes a year, and during the
1960s-1980s about 30 000 tonnes a year.
Also, the company has an annual tin produc-
tion of about 2000 tonnes.
The raw materials for lead and lead alloys

are obtained from different sources. Scrap lead
from telephone cables and old car, bus, and
lorry batteries forms the largest single group of
raw materials. Other sources include lead
ashes from rubber companies, iron works, and
glassworks, where lead is used to impart a
beautiful lustre to crystal. The raw materials
are mixed in a large blast furnace, producing
blocks of raw lead weighing about 2700 kg.

These are transported to the refining sec-
tion and converted into new, high grade metal
and metal alloys in the form of ingots. The
products consist primarily of various types of
lead-antimony alloys for car batteries, cables,
and ammunition, as well as pure unalloyed
lead for the rubber industry, among others.

There have been between 150 and 160
workers during most of the follow up period
(see later section). Due to new technology
gradually enforced, this has now reduced to
about 100 workers.

LEAD EXPOSURE
Since 1969, the values of all blood lead sam-
ples obtained from the workers have been col-
lected in a database at the company. Due to
the Swedish regulation, blood lead sampling
has usually been performed every two to three
months over the years. Thus, it has been possi-
ble to calculate a time integrated blood lead
index for each lead worker in the cohort,
according to the following equation, adopted
from Hogstedt et al."

TWA B-Pb =
n - 1
0.5 x (B-Pbi,+B-Pbj) x (t+, - Q/tn-It-
i= 1

where t, is the time of measurement at time i,
and B-Pbj the blood lead concentration at time i.
Accordingly, i + 1 is the measurement after i,
and t, the time of the last measurement. Based
on this index, the quartile of lead workers with
the highest cumulative lead exposure was
defined (75th percentile 300 /umol/l x
months; lowest observed value in the cohort
0 4 umol/l x months; highest observed value
1800 umol/l x months). Besides the cumula-
tive lead exposure intensity over time and peak
blood lead concentrations that exceeded
3-4 ,umol/l were used as exposure variables.
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Figure Annual mean (arithmetic (95% CI)) blood lead
values in lead smelter workersfrom 1969-85.

The lead exposure among the smelter work-
ers had gradually declined during the follow
up period from a mean concentration of
3 0 umol Pb/l in 1969 to 1 6,umol/l in 1985
(figure).
For lead workers employed before 1969

when the blood lead monitoring started, their
previous lead exposure has been estimated
from their exposure during 1969.

BLOOD LEAD SAMPLING
Venous blood obtained from the cubital vein
has been collected in metal free heparinised
evacuated tubes. Five ml samples have been
wet ashed, and the lead then combined with
dithizone, extracted, and measured by flame
atomic absorption spectrophotometry (AAS).
All analyses have been made in duplicate. The
coefficient of variation calculated from dupli-
cate determinations (precision) has usually
been less than 5%. The detection limit has
been about 0 05 ,umol/l (10 pug/l).

Since 1971, the laboratory has participated
in a Nordic calibration programme between
laboratories and the accuracy has been tested
twice every year. The results during the study
period have agreed well with the expected con-
centrations.'2 Since 1983, the laboratory has
participated in the United Kingdom external
quality assessment scheme. The results have
consistently been in good agreement with
expected concentrations (95% of measure-
ments < ± 5%; 5% of measurements 5%-
20%). The quality control series have not dis-
played any time trends.

Before 1973 a colourimetric method was
used for blood lead determinations, after
extraction with dithizone in chloroform. The
ashing procedure and the set up of blanks,
standards, and samples was the same as for the
flame AAS method. A separation step involv-
ing precipitation of lead with calcium phos-
phate from a solution containing oxalate of
about pH 5 was used to eliminate colourimetric
disturbances from iron in the chloroform
dithizone extract.

Potassium cyanide was added to the ammo-
nia citric acid buffer solution to avoid interfer-
ences from-for example, cadmium, copper,
and zinc. The detection limit of this method
was 0-05 ,umol/l. During a transition period of
about one year both methods were used in
parallel. The values obtained by the colouri-
metric method were somewhat higher (mean

V-V
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(SD) 105% (5-8%); n = 24) in the concentra-
tion range 0-3-1 9,umol/l, although there was
no difference (100% (4-8%); n = 34) between
the methods at blood lead concentrations
> 2- Oumol/1."2

COHORT
In 1969, when the blood lead sampling pro-
gramme started, 201 male smelter workers
exposed to lead were employed at the plant,
and had been so for at least three months. The
463 male workers who were employed for at
least three months in 1970-89 were also
included in the cohort. For 60 workers, date of
both start and end of employment were
unknown and they were therefore not included
in the cohort. Moreover, 21 workers of Danish
origin were also not included in the cohort, as
they could not be tracked down in the Swedish
population register. The final cohort therefore
comprised 664 subjects, of which 24 had emi-
grated before 31 December 1989 when vital
status was determined. In the cohort, the
median calendar year of birth was 1943 (10th
percentile 1918; 90th percentile 1960), the
median first calendar year of exposure was
1973 (10th percentile 1952; 90th percentile
1985), the median duration of employment
was 2-8 years (10th percentile 0-3; 90th per-
centile 25-7) and the median duration of fol-
low up was 13-8 years (10th percentile 2-8;
90th percentile 20-9).

INFORMATION ON CAUSES OF DEATHS AND
TUMOURS
Information on causes of death 1969-89 was
obtained from Statistics Sweden. The death
certificates were coded according to the 8th
revision of the international classification of
diseases (ICD-8).

Information on at most two malignancies,
coded according to ICD-7, and diagnosed
from 1969 to 1989, was obtained from the
National Swedish Tumour Registry. One of
the workers exposed to lead had two malig-
nancies during the observation period (first:
prostate tumour; second: small intestinal
tumour).

For all 11 malignancies in the gastrointesti-
nal tract, data from the histological and cyto-

logical examination of the tumours have been
scrutinised.

RISK ESTIMATES
Expected mortality for the period 1969-89
was calculated by calendar year, cause, sex,
and five-year age group specific mortalities for
the county population. These rates were
obtained from Statistics Sweden. Date of
death, emigration, or a persons 80th birthday,
were used as individual endpoints, whichever
occurred first. Similarly, yearly incidences for
cancer in the period 1969-89 were obtained
from the National Swedish Tumour Registry,
with calendar year, sex, and five-year age
group specific incidences for the county popu-
lation. Date of death, tumour diagnosis, emi-
gration, or a persons 80th birthday, were used
as individual endpoints, whichever occurred
first. The 95% confidence intervals (95% CIs)
for cause specific standardized mortality ratios
(SMRs) and standardized cancer incidence
ratios (SIRs) were calculated by treating the
observed number as a Poisson variable or a
normal variable if the observed value was
greater than 15.

Results
Compared with the county population, the
cohort showed an increased total mortality
(SMR 1-44; 95% CI 1-16-1-79), an increased
mortality from ischaemic heart diseases (SMR
1-72; 95% CI 1-20-2-42), accidents, poison-
ing, and violence (table 1). The mortality from
malignant neoplasms was also raised (SMR
1-65; 95% CI 1-09-2-44).
The increased risk of death in accidents,

poisoning, and violence was only seen in the
subcohort consisting of workers first employed
in or after 1970. For other causes of death,
year of employment only marginally affected
the risk estimates. A latency period of 10 years
did not substantially affect any of these risk
estimates, but a latency period of 15 years
decreased them somewhat (data not shown).

Those employed in or after 1970 con-
tributed very few person-years to the highest
quartile of lead exposure (> 300,umol/l x
months). The mortality risks for the quartile of

Table 1 Mortality (observedlexpected number of deaths) in the total cohort of 664 workers exposed to lead (8706 person-
years) in comparison with the county population, during the follow up period 1969-89. (The calculations were based on
201 subjects contributing 3648 person-years in those first employed up to 1969, and 463 subjects contributing 5058 person-
years in those first employed after 1969.)

First employed (calendaryear)

Total <1969 > 1970
cohort

Cause of death ICD-8 0 E SMR (95%CI) 0 E SMR (95%CI) 0 E SMR (95%CI)
All causes: 85 59 1-44 (1-16-1-79) 56 43 1-32 (1-00-1-72) 29 16 1-78 (1-21-2-58)
Cardiovascular diseases

(390-458): 39 27 1-46 (1-05-2-02) 32 21 1-54 (1-07-2-20) 7 5-9 1.19 (048-246)
Ischaemic heart diseases

(410-414) 34 20 1-72 (1-20-2-42) 28 15 1 81 (1-22-2-65) 6 4-4 1-38 (0-51-3-00)
Cerebrovascular diseases

(430-438) 0 3-0 0 (0-00-1-23) 0 2-4 0 (0-00-1-55) 0 0-6 0 (000-5-95)
Respiratory diseases

(460-519) 1 2-9 0-35 (0-01-1-94) 1 2-2 0 45 (0-01-2-51) 0 0 7 0 (0-00-5-61)
Accidents, poisoning, and 17 7-8 2-17 (1-29-3-53) 4 4 0 1-01 (0 27-2 58) 13 3-9 3-37 (1-79-5-76)

violence (800-999)
Malignant neoplasms

(140-209) 26 16 1-65 (1-09-2-44) 19 12 1-62 (1-002-57) 7 4-1 1-72 (069-3 55)
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workers with the highest cumulative blood
lead dose were very similar to those for the
other workers (data not shown). Thus, the
increased risk estimate for death from
ischaemic heart diseases did not show a
dose-response pattern with respect to lead and
was also not related to latency period.

Forty malignant tumours were found in the
total cohort during the observation period
(SIR 1-27, 95% CI 0-91-1-74; table 2). The
non-significantly enhanced risk estimate of
gastrointestinal cancer was based on only 11
incident malignancies (SIR 1 84, 95% CI
0 92-3T29). A more detailed analysis with
regard to specific positions was hampered by
the limited numbers. No excesses of urinary,
brain, or respiratory tract cancers were found.

With a minimum induction latency period
of 10 and 15 years, respectively, the overall
SIR was not increased, but was slightly so for
gastrointestinal malignancies in the total
cohort (SIR 2d14, 95% CI 0-98-4-07; latency
period of 15 years). All 11 cases of gastroin-
testinal tumours had occurred among those
first employed up to 1969, which raised the
SIR to 2-44 (95% CI 1-22-4-37) in this subco-
hort. With a latency period of 10 or 15 years
the risk estimate was not affected (data not
shown).

Restricting the analysis to the quartile of
workers with the highest cumulative lead dose,
the SIR for gastrointestinal cancer was
increased (SIR 2-34; 95% CI 1 07-445) com-
pared with the total cohort. As was the case for
the total cohort, the information available in
the highest exposed quartile almost totally
originates from the subcohort first employed
up to 1969. Among those employed up to
1969, the SIRs were not affected by cumula-
tive exposure to lead, or by applying latency
periods of 10 or 15 years (table 3). Thus, the
increased risk estimate for gastrointestinal
malignancies was related to employment
before 1970 and not to dose or latency time.
The results were similar when exposure inten-
sity over time or peak blood lead concentra-
tions > 3.4,umol/l were used instead of
cumulative lead dose as the exposure variable.

Discussion
An increased total mortality, and more specifi-
cally an increased mortality from ischaemic
heart diseases and all malignant neoplasms,
was found among the workers exposed to lead.
No dose-response pattern was found and the
risk estimates did not increase when a latency
period of 15 years was applied.
An increased incidence of gastrointestinal

malignancies was found among the workers
exposed to lead. This tendency was related to
employment before 1970 and not to lead dose
or to latency time.

ASPECTS OF VALIDITY
The size of this cohort is limited as was the
observed number of deaths and incident
malignancies. Thus, the statistical power to
detect an increased mortality or morbidity for
different site specific malignancies was rather
low. On the other hand, the present study
design allowed a fairly good individual lead
dose estimate, based on blood samples drawn
every two to three months since 1969. For
some lead workers this index is based on about
170 blood lead samples. The lead exposure
has been evaluated in terms of total blood lead
dose during the time of employment at the
smelter, as well as peak blood lead concentra-
tions exceeding 3 4,umol/l, and exposure
intensity over time. These comparisons gave
similar results indicating a slightly increased
cancer incidence in the gastrointestinal tract
in workers exposed to lead. These risk esti-
mates were not related to dose or latency
time.
Most of the workers at the smelter had been

exposed to inorganic lead for many years and
there had been no concomitant exposure to
other potentially carcinogenic metals such as
arsenic, hexavalent chromium, nickel, and
cadmium, which is common in primary
smelters.'3 '- There has been some exposure to
antimony, which makes up about 3 5%
(mean) of the produced lead ingots. No deter-
minations of antimony in air have been per-
formed at the smelter. Exposure to
combustion gases that may contain organic

Table 2 Tumour morbidity (observed and expected) in the total cohort of workers exposed to lead in comparison with the
county population, during thefollow up period 1969-89. (The calculations were based on 664 subjects contributing 8703
person-years in the total cohort, 201 subjects with 3646 person-years in those first employed up to 1969, and 463 subjects
with 5058 person-years in those first employed after 1969.)

ICD-7

Malignant neoplasms
(140-209)

Gastrointestinal (150-154)
Oesophagus (150)
Stomach (151)
Small intestine (152)
Colon (153)
Rectum (154)

Respiratory tract (160-162)
Kidney (180)
Renal pelvis, ureter, bladder

(181)
Brain, nervous system (193)
Lymphoma, myeloma

(200-203)
Leukaemia (204-207)

Total
cohort
O E

40
11
2
3
1
3
2
6
1

32
6-0
0*5
1-6
0-2
2-1
1-7
4-5
1-2

SIR (95%CI)

1-27 (0-91-1-74)
1-84 (0-92-3 29)
4-11 (0-50-14-8)
1-88 (0-39-5 50)
5-02 (0-13-28-0)
1-46 (0 30-4-28)
1-20 (0-15-4-34)
1-32 (0-49-2-88)
0-80 (0 02-4 48)

3 2-7 1-11 (0 23-3-25)
1 1-3 075 (002-420)

2 1-8 1-09 (0-13-3-94)
1 09 118 (003-655)

First employed (calendar-year)

l1969 >1970

0 E SIR (95%CI) 0 E SIR (95%CI)

31
11
2
3

3
2
4
1

22
4-5
0-4
1-3
0-1
1-5
1-2
3-3
0*9

1-38 (0-95-1-98)
2-44 (1-22-4-37)
5-45 (0-66-19-7)
2-38 (0-49-6-94)
7-39 (0-19-41-2)
2-00 (0-41-5-85)
1-63 (0 20-5 88)
1-22 (0-33-3-13)
1-12 (0-03-6-26)

3 2-0 1-51 (0-31-4-42)
0 0-8 0 (0-00-4 70)

2 1-2 1-71 (0-21-6-19)
1 0-6 1-75 (004-977)

9
0
0
0
0
0
0
2
0

9-1
1-5
0-1
0-3
0-1
0-6
04
1-3
04

0-99 (0-45-1-87)
0 (0 00-2 48)
0 (0 00-30 7)
0 (0-00-11-1)
0 (0-00-57 7)
0 (0-00-668)
0 (0-00-8-49)
1-59 (0-19-5-73)
0 (0-00-10-4)

0 0 7 0 (0-00-5-15)
1 05 18 (0-05-10-3)

0 0 7 0 (000-5 55)
0 0-3 0 (0-00-12-3)
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Table 3 Tumour morbidity 'observed and expected) in the quartile with the highest cumulative blood lead dose among
workers exposed to headfirst employed up to 1969 (128 subjects, 1958 person-years) in comparison with the county
population, during thefollow up period 1969-89. (Calculations based on 110 subjects with 1437 person-years for a
latency period of 10years, 94 subjects with 1095 person-yearsfor a latency period of 15years.)

Latency period of at least Latency period of at least
No latency period 10years 15 years

ICD-7 0 E SIR (95%CI) 0 E SIR (95%CI) 0 E SIR (95%CI)

Malignant neoplasms
(140-209) 23 18 1-28 (0-82-1-94) 20 16 1-28 (0 79-2 00) 20 13 1 51 (0 94-2-37)

Gastrointestinal
(150-154) 9 3-7 2-43 (1-11-4-62) 7 3-2 2-18 (0 88-4-49) 7 2-7 2-57 (1-03-5-30)
Oesophagus (150) 1 0-3 3-28 (0-08-18-3) 1 0-3 3-73 (0 09-20 8) 1 0-2 4-42 (0-11-24-6)
Stomach (151) 3 1 1 2-83 (0 58-8-28) 2 0-9 2 20 (0-27-7 94) 2 0-8 2-60 (0 32-9 40)
Small intestine (152) 1 0-1 9-45 (024-52-7) 1 0 1 11-0 (0-28-61-5) 1 0-1 13-0 (0 33-72 5)
Colon (153) 3 1-2 2-46 (0-51-7-18) 2 1 1 1-88 (0-23-6 80) 2 0-9 2-22 (0 27-8 02)
Rectum (154) 1 1-0 0.99 (0-03-5 53) 1 0 9 1-14 (0-03-6-33) 1 0-7 1-34 (0-03-7-48)

Respiratory tract
(160-162) 2 2-6 0-76 (0 09-2 75) 2 2-3 0-88 (0-11-3-17) 2 1-9 1-04 (0-13-3-76)

Kidney (180) 1 0-7 1-43 (0 04-7-97) 1 0-6 1-70 (0 04-9 49) 1 0 5 2-06 (0-05-11-5)
Renal pelvis, ureter,

bladder (181) 2 1-6 1-24 (0-15-4-48) 2 1-4 1-42 (0-17-5-13) 2 1-2 1-69 (0-20-6-10)
Brain, nervous system

(193) 0 0-5 0 (0-00-6-84) 0 0-4 0 (0 00-8-68) 0 0-3 0 (0-00-10 9)
Lymphoma, myeloma

(200-203) 1 09 1-16 (003-6 45) 1 0-7 1-37 (003-7-62) 1 0-6 1-65 (0-04-9-17)
Leukaemia (204-207) 0 0-4 0 (0 00-8-58) 0 0-4 0 (0 00-9-97) 0 0 3 0 (0-00-11 9)

carcinogens (PAHs) has been limited, as has
exposure to irritating gases such as sulphur
dioxide.

In Sweden, more reliable information on
tumours is gained from incidence data from
the Swedish Cancer Registry, in comparison
with the Cause of Death Registry.'8 Thus, the
morbidity figures in tables 2 and 3 would have
a higher validity than cancer mortality data
presented in this study.

For workers employed at the smelter before
1969, their previous lead exposure has been
estimated on their exposure during 1969. As
the airborne exposure at the smelter has
decreased over the years in parallel with
improvement of exhaust ventilation, repeated
reconstruction and modernisation of the
processes, as well as increased use of breathing
protective devices (figure), the accumulated
lead exposure for these workers has probably
been somewhat underestimated.

GASTROINTESTINAL MALIGNANCIES
In a recent meta-analysis of case control and
cohort studies of people exposed to lead, the
combined results from 10 studies showed a
significant excess risk of stomach cancer, rela-
tive risk (RR) = 1-33 (95% CI 1-18-1-49).19 It
should, however, be emphasised that this risk
estimate has not been adjusted for potential
confounders for stomach cancer such as ciga-
rette smoking, high salt intake, reduced intake
of fresh fruits and vegetables, consumption of
smoked or salted meat and fish, and infection
with Helicobacterpylori. It is, thus, still not clar-
ified whether occupational lead exposure may
cause stomach cancer. The limited size of the
present study hampered a further evaluation of
site specific gastrointestinal malignancies.

OTHER MALIGNANCIES
The SMRs and SIRs for respiratory tract
malignancies were not increased in our study.
This is in accordance with several previous
epidemiological studies of lead workers that
did not find an increased mortality or morbid-

ity in respiratory malignancies or malignancies
in general. 14 2-25 Combined results from a
recent meta-analysis of case-control and
cohort studies'9 showed a significant excess
risk of lung cancer (RR 1-29; 95% CI
1N10-1i50) as well as bladder cancer (RR
1-41; 95% CI 1-161-71). In our study, we
found no risk excesses for malignancies in the
urinary tract or brain. Similar negative find-
ings regarding brain tumours have been
reported by Cooper et al." On the other hand,
an increased risk of gliomas was associated
with lead exposure in a recent Finnish
case-control study.26

CARDIOVASCULAR DISEASES
An increased mortality from cardiovascular
diseases has been found in several epidemio-
logical studies of lead workers. These
enhanced risks refer mainly to cerebrovascular
diseases.202' 2327 Furthermore, excessive deaths
from hypertensive diseases have been found in
battery plant and lead production workers."3
Other studies have been negative.'4 15 The
interpretation of these studies is hampered by
lack of data on smoking.

It has been indicated that there is an increase
of systolic and diastolic blood pressure by
1-2 mm Hg for each doubling of blood lead,
in the blood lead range in the general popula-
tion.28 Several mechanisms for this have been
discussed-for example, a direct lead action
on vascular smooth muscle, as well as renal
effects mediated through the renin-angiotensin
system.29 Lead may also alter renal vascular
reactivity to a-adrenergic agents.30 Also, direct
cardiovascular effects may occur.29 Thus, a
lead effect on blood pressure may contribute
to the increased mortality from cerebrova-
scular deaths reported in some studies,20 21 23 27
and possibly also to other cardiovascular
deaths.29 In accordance with this theory, the
mortality from ischaemic heart diseases was
raised in the present cohort. The SMR did not
increase with increasing lead dose or when a

671

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.52.10.667 on 1 O

ctober 1995. D
ow

nloaded from
 

http://oem.bmj.com/


Gerhardsson, Hagmar, Rylander, Skeriing

latency period of 10 or 15 years was applied.
The interpretation is complicated by lack of
data on smoking.

Conclusion
A slightly increased incidence of gastrointesti-
nal malignancies in lead workers employed
before 1970, as well as an increased mortality
from ischaemic heart diseases, was indicated
in this study. The risk estimates did not show a

dose-response pattern and were not associated
with latency time. The results must also be
interpreted with caution because of limited
numbers, and lack of information on dietary
and smoking habits. Most epidemiological
studies about the relation between exposure to
inorganic lead and the development of malig-
nancies have been negative. Small excess risks
in some studies could be explained by con-

founding factors and are often difficult to eval-
uate because of lack of individual exposure
data on cumulative lead exposure. The animal
experimental findings and the increased risks
indicated in some studies, especially for stom-
ach, lung, and bladder cancer in a recent
meta-analysis'9 still keeps the question of
human carcinogenicity on the agenda.
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