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MORTALITY OF LEAD SMELTER WORKERS

SHERRY G. SELEVAN,' PHILIP J. LANDRIGAN,1 FRANK B. STERN,1 and JAMES H. JONES2

Seievan, S. G. (NIOSH, Cincinnati, OH 45226), P. J. Landrigan, F. B. Stem, and 
J. H. Jones. Mortality of lead smelter workers. Am J Epidemiol 1985;122:673-83.

To examine patterns of death in lead smelter workers, a retrospective analysis 
of mortality was conducted in a cohort of 1,987 males employed between 1940 
and 1965 at a primary lead smelter in Idaho. Overall mortality was similar to that 
of the United States white male population (standardized mortality ratio (SMR) =
98). Excess mortality, however, was found from chronic renal disease (SMR =
192; confidence interval (Cl) = 88-364), and the risk of death from renal disease - 
increased with increasing duration of employment, such that after 20 years 
employment, the standardized mortality ratio reached 392 (Cl = 107-1,004). 
Excess mortality was also noted for nonmalignant respiratory disease (SMR =
187, Cl = 128-264). Eight of 32 deaths in this category were caused by silicosis; 
at least five workers who died of silicosis had been miners for a part of their 
lives. An additional 11 deaths resulted from tuberculosis (SMR = 139; Cl = 69­
249); in six of these cases, silicosis was a contributory cause of death. Cancer 
mortality was not increased overall (SMR = 95; Cl = 78-114). An increase, 
however, was noted for deaths from kidney cancer (six cases; SMR = 204; Cl = 
75-444). Finally, excess mortality was noted for injuries (SMR = 138; Cl = 104­
179); 13 (23%) of the 56 deaths in this category were caused by mining injuries.
The data from this study are consistent with previous reports of increased 
mortality from chronic renal disease in persons exposed occupationally to lead.

a kidney neoplasms; lead; nephritis; nephrosis; silicosis

■i Primary lead smelters are large industrial 
complexes, whose function is to extract lead 
from ore. In the traditional smelting pro­
cess, lead sulfide ore (galena) is first sepa­
rated from nonmetallic rock by differential 
flotation in an ore concentrator (1). The 
ore is then roasted in an oxidizing (sinter­
ing) furnace, where sulfur is driven off prin­
cipally as sulfur dioxide (S02). The roasted 
ore is charged with coke into a blast fur­

nace, where lead is separated from silica, 
iron, calcium, copper, and other impurities 
through regulation of temperatures around 
the melting point of lead. The resulting lead 
bullion is further refined to remove trace 
metals. Lead ingots of greater than 99.9 per 
cent purity constitute the major final prod­
uct, but modern smelters may also produce 
commercial quantities of cadmium, zinc, 
copper, sulfuric acid, gold, and silver.

Occupational exposures to lead in pri-
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mary smelting are typically heavy. Workers 
are also exposed to zinc, cadmium, and 
arsenic as well as to S02, and in some 
departments to airborne free silica. Al­
though lead intoxication occurs with con­
siderably lower frequency than in the past
(2) , cases of lead poisoning continue to be 
reported in smelter workers (3). The tissues 
principally affected are those of the hema­
topoietic system, the brain and peripheral 
nerves, the kidneys, the gastrointestinal 
tract, and the testes. The corresponding 
manifestations of toxicity include anemia
(3) , peripheral neuropathy (4, 5), chronic 
nephropathy which may result in renal fail­
ure (3, 6-9), abdominal colic (3, 10), and 
possibly decreased male fertility (11). Hy­
pertension, although not a constant finding 
in previous studies, has been reported in 
association with occupational lead expo­
sure (12-14); it is hypothesized to be a 
consequence of renal injury.

Mortality studies of lead smelter and bat­
tery workers have consistently found excess 
deaths from chronic renal disease, particu­
larly in heavily exposed long-term workers 
(15-18). Excess deaths from cerebrovascu­
lar disease (12,16,18) and from other forms 
of hypertensive vasculopathy (15) have also 
been noted. Excess mortality from cancer 
has not been a constant finding (12, 15­
17), although lead is a mutagen (19), an 
animal carcinogen (20-25), and has been 
associated in two case reports of lead work­
ers with primary renal carcinoma (26, 27).

In this report, we present the results of a 
retrospective analysis of mortality in a co­
hort of workers employed at a large lead 
concentrator and smelter in Idaho. Expo­
sures to lead at this plant had frequently 
been above established standards (28, 29), 
and a previous medical survey had found 
evidence of lead toxicity (30). We were par­
ticularly interested in examining mortality 
due to nephritis, hypertensive vascular dis­
ease, renal cancer, and lung cancer.

Methods

The study population consisted of all 
white male hourly workers who were em­

ployed between January 1, 1940 and De­
cember 31, 1965 at the Bunker Hill ore 
concentrator and primary lead smelter in 
Kellogg, Idaho, and who worked there for 
at least one year. Also included were all 
male hourly workers employed in the same 
time period for whom data on race were not 
available (77.5 per cent of the work force); 
these workers were considered white for the 
purposes of this analysis, since it was 
known that in 1975 at least 96 per cent of 
the work force had been white. Data on the 
study population were derived from person­
nel records on 34,124 employees which were 
provided to us by smelter management. 
This record set included data on concentra­
tor and smelter workers as well as on work­
ers in other facilities operated by the com­
pany; it also included information on a 
number of short-term workers who were 
employed for less than one year.

Many of the study population lived in 
towns located within a few miles of the 
smelter. Those towns were heavily contam­
inated by airborne heavy metal emissions 
from the plant, and those workers were 
therefore at risk of both extraoccupational 
as well as occupational exposure to lead. 
Also, a large, although not precisely de­
fined, number of cohort members had 
worked for a part of their lives as under­
ground, hard-rock miners, principally in 
the lead-zinc-silver mines of the Coeur 
d’Alene district of northern Idaho. These 
workers were potentially exposed to the 
hazards of both mining and smelting.

Vital status of each cohort member was 
ascertained through December 31, 1977 by 
examination of records maintained by the 
Social Security Administration, the Vet­
erans Administration, the Post Office ad­
dress correction service, state vital statis­
tics offices, the Internal Revenue Service, 
and state motor vehicle bureaus. For indi­
viduals not located through these sources, 
other means of ascertainment were em­
ployed, such as review of city directories. 
Workers with unknown vital status were 
considered alive at the end of the study;
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this conservative procedure tends to pro­
duce a slight underestimation of observed 
mortality.

Death certificates were obtained from 
state vital records offices. Underlying 
causes of death were coded by a qualified 
nosologist, according to the revision of the 
International Classification of Diseases 
(ICD) in effect at the time of death; all 
codes subsequently were converted to the 
Seventh Revision.

To evaluate in further detail the effects 
on mortality of occupational exposures to 
lead and to other metals, we developed a 
series of exposure definitions from data 
obtained in an industrial hygiene survey 
conducted at the smelter in 1975 (28) (table 
1). We defined high-lead departments as 
follows: those in which the mean level of 
airborne lead exposure for all jobs exam­
ined was above the then current standard 
of the Occupational Safety and Health Ad­
ministration of 200 *ig/m3; or those in 
which 50 per cent or more of the jobs ex­
amined had mean airborne lead exposures 
greater than twice that standard.

Because workers in some high-lead de­
partments were also potentially exposed to 
cadmium, zinc, or arsenic, we divided the 
high-lead departments into those with and 
without high potential for exposure to other 
metals. Departments with relatively high 
exposure to lead and relatively low expo­
sure to other metals were termed “high- 
lead/low-other” departments and were dis­
tinguished from departments with mixed 
exposures, which were defined as follows: 
those in which workers in 50 per cent or 
more of the jobs examined were exposed to 
airborne cadmium, zinc, or arsenic in con­
centrations above any of the then current 
standards (table 1); or those in which work­
ers in 25 per cent or more of the jobs 
examined were exposed to airborne cad­
mium, zinc, or arsenic in concentrations 
more than twice those standards.

To analyze the mortality of the study 
population, we employed a modified life 
table program developed by the National

Institute for Occupational Safety and 
Health (31). Person-years of observation 
were tabulated by five-year calendar time 
periods and age groups, as well as by ex­
posure and latency intervals. We examined 
separately the effect of employment in 
high-lead and high-lead/low-other depart­
ments. Tabulation of person-years for these 
two subgroups began with the worker’s first 
employment in qualifying departments. In 
the high-lead/low-other group, to eliminate 
from the analysis the possible effects of 
exposures to metals other than lead, we 
“censored” from the life table those workers 
who had moved from high-lead/low-other 
departments to other high-lead depart­
ments; that is, person-years for such work­
ers were counted for the high-lead/low- 
other departments only until their first po­
tential exposure to other agents. After that 
time, neither their person-years nor their 
deaths contributed to the high-Iead/low- 
other analysis. For each cause of death, 
comparison was made between the number 
of deaths observed in the cohort and the 
number expected on the basis of sex, age, 
race, and calendar time period for the 
United States white male population, ac­
cording to data published annually by the 
National Center for Health Statistics and 
the US Census Bureau. Standardized mor­
tality ratios (SMRs) were computed for 
each cause of death.

Confidence limits for standardized mor­
tality ratios were determined using exact 
methods based on a Poisson distribution 
(32). Examination of trends in standard­
ized mortality ratios was performed using 
ax2 trend test with 1 df, as developed by 
Breslow et al. (33). Because standardized 
mortality ratios, calculated by indirect 
standardization, have different underlying 
age distributions and because increasing 
age is correlated in most instances with 
increases in latency and exposure, these 
trend analyses may conceivably be mea­
suring effects due to interactions of occu- ' 
pational factors with age as well as effects 
due solely to increases in latency or in



C
ur

re
nt

 O
SH

A 
st

an
­

da
rd

 
50

 
D

us
t 2

00
 

5,
00

0 
10

* A
lt 

da
ta

 o
n a

irb
or

ne
 e

xp
os

ur
es

 a
re

 ba
se

d 
on

 re
su

lts
 o

f e
ig

ht
-h

ou
r t

im
e-

w
ei

gh
te

d 
av

er
ag

e 
(T

W
A*

) s
am

pl
es

. S
ev

er
al

 su
ch

 s
am

pl
e*

 w
er

e 
co

lle
ct

ed
 fo

r e
ac

h 
jo

b 
tit

le
 (2

8)
. 

t N
A,

 n
ot

 a
va

ila
bl

e.



MORTALITY OF LEAD SMELTER WORKERS 677

a

£>
■%

duration of exposure. The magnitude of 
such potential confounding depends on the 
age distributions in the strata under ex­
amination.

disease (table 4), a tendency which may 
reflect a decrease in the strength of the 
“healthy worker effect” with aging of the 
population.
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Results

The study population consisted of 1,987 
white male hourly workers (table 2). At the 
end of the study period (December 31, 
1977), 1,281 (64.5 per cent) of this cohort 
were alive, 665 (33.4 per cent) were de­
ceased, and 41 (2.1 per cent) were lost to 
follow-up. Unfortunately, 64 (9.6 per cent) 
of the 665 death certificates could not be 
located at state vital records offices, even 
after provision of supplementary informa­
tion by the Social Security Administration 
as to place of death. These deaths were 
considered to be of unknown cause, a con­
servative procedure which produces some 
underestimation of observed case-specific 
mortality.

The age-adjusted overall mortality of the 
cohort was approximately equal to that of 
the United States white male population 
(“all causes” SMR = 98) (table 3). Despite 
this absence of overall excess, a positive 
trend was evident between the all causes 
standardized mortality ratio and the length 
of the interval (latency) since first occupa­
tional exposure to lead (for the total popu­
lation, p = 0.05; for the high-lead/low-other 
group, p = 0.007) (table 4). This positive 
trend appears to reflect an upward trend 
over time in mortality from cardiovascular

Table 2
Cohort vital status. Bunker Hill smelter, Kellogg, 

Idaho, December 31, 1977

Study cohort members

Renal disease

Excess mortality was observed for 
chronic, unspecified nephritis and ne­
phrosis (nine cases; SMR = 192; confidence 
interval (Cl) = 88-364) (table 3). When 
mortality from this cause was examined by 
duration of occupational exposure to lead 
and by latency interval since first exposure, 
positive dose-response relationships were 
evident (table 4). For those workers with 
more than 20 years exposure, the standard­
ized mortality ratio for chronic renal dis­
ease was 392 (Cl = 107-1,004), and for 
those with more than 20 years latency, the 
standardized mortality ratio was 315 (Cl = 
127-649).

Respiratory disease

Elevated mortality was observed for 
“other nonmalignant respiratory diseases” 
(32 cases; SMR = 187; Cl = 128-264), a 
category which includes emphysema and 
the occupational respiratory diseases (table 
3). Eight of the 32 deaths were due to 
silicosis; in five of these eight cases, mining 
was listed on the death certificate as the 
“usual” occupation of the deceased worker.

In addition, we found that 11 deaths in 
this population were caused by tuberculosis 
(SMR = 139; Cl = 69-249) (table 3). Fur­
ther examination of these death certificates 
indicated that silicosis was listed as a con­
tributory cause of death in six workers; four 
of these workers had died of silicotubercu- 
losis.

I

<
Xf/iO
£ *E
i-8
u

= <’ <z
Known to be alive 1,281 64.5
Known to be deceased 665 33.4

Death certificate obtained 
Death certificate

6on 30.21

outstanding
Not known to be alive or

64 J 3.2 J
deceased 41 2.1

Total 1,987 100.0

Vascular disease

Cerebrovascular disease mortality was 
not elevated (SMR = 84) (table 3). Stan­
dardized mortality ratios for cerebrovascu­
lar disease, however, tended to increase 
with increasing duration of employment (p 
= 0.002; high-lead/low-other group, p = 
0.07), and to a lesser extent with increasing
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latency (p = 0.07; high-lead/low-other 
group, p = 0.07) (table 4).

Mortality from diseases of the circulatory 
system occurred at a lower frequency than 
expected (SMR = 78; Cl = 69-88) (table 
3). Mortality from circulatory disease, how­
ever, tended to increase with increasing 
latency (p = 0.006) (table 4).

Cancer
Overall mortality from cancer (all ana­

tomic sites) was not elevated (SMR = 95). 
Elevated standardized mortality ratios, 
however, were noted for kidney cancer 
(SMR = 204) (table 3). No substantial ex­
cess was observed in mortality from respi­
ratory cancer (SMR =111) (table 3).

Injuries

An excess of deaths due to injuries was 
observed in this cohort (SMR = 138; Cl = 
104-179) (table 3). Twenty-two (39.2 per 
cent) of the 56 deaths in this category were 
due to occupational injuries. The majority 
of these deaths, however, were associated 
with underground mining and not with em­
ployment at the smelter. Six were caused 
by suffocation and smoke inhalation in the 
Sunshine Mine disaster at Kellogg, Idaho, 
May 2,1972. Another seven of these deaths 
were caused by various other mining epi­
sodes.

Discussion

This analysis of mortality in workers ex­
posed to lead at the Bunker Hill smelter 
was prompted by investigations which had 
found lead contamination in the environ­
ment surrounding the smelter (34) and in­
creased lead absorption, anemia, and neu­
rologic impairment among children in ad­
jacent communities (35). The present study 
was undertaken in conjunction with an in­
dustrial hygiene evaluation (28) and a 
cross-sectional medical survey (30).

The major finding was the observation 
of excess mortality from chronic renal dis­
ease. This effect was most strongly evident 
in long-term lead workers (table 4). Ne­

phritis has been recognized as a component 
of occupational lead intoxication since the 
late nineteenth century (36, 37). Although 
the natural history and dose-response re­
lationships for lead nephropathy are less 
well understood than those for other as­
pects of chronic lead poisoning, it appears 
that nephropathy is a consequence of pro­
longed, relatively high-dose exposure to 
lead (3,6-9,37). In previous mortality stud­
ies, deaths from lead nephropathy have 
tended to occur in workers with longest 
duration of exposure to lead (12, 16, 18) 
and in those who had suffered clinical lead 
poisioning (17).

The epithelial lining cells of the proximal 
tubules appear to be the tissue in the kid­
neys most highly sensitive to lead. The first 
histologically demonstrable effect of lead in 
the kidneys is the formation in these cells 
of densely staining intranuclear inclusion 
bodies (9), which have been shown to be 
comprised of a lead-protein complex (37). 
With continuing exposure, irreversible in­
terstitial renal fibrosis develops (9). The 
end stage of lead nephropathy is chronic 
renal failure, characterized pathologically 
by interstitial fibrosis (38) and by atrophy 
and cystic dilatation of the tubules with 
relative sparing of the glomeruli (37). In 
some instances, lead nephropathy has been 
reported to be associated with hyperurice- 
mic gout (8), possibly the result of a lead- 
induced defect in the tubular secretion of 
uric acid. Lead workers with nephropathy 
have been shown to have increased quan­
tities of lead in bone and to excrete in­
creased amounts of lead in urine following 
chelation challenge (38, 39), compared with 
lead workers without nephropathy or with 
unexposed comparison subjects. The find­
ing in the present study of increased mor­
tality from chronic nephritis corroborates 
the results of four previous epidemiologic 
analyses of lead workers (15-18).

The present study also found increased 
mortality from renal cancer (six cases; 
SMR = 204; Cl = 75-444). Lead has been 
found in experimental studies in rats, mice,

i
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studies in rats, mice,

and hamsters to produce both chronic renal 
disease and renal tumors (20-24, 40, 41). 
Although levels of lead exposure in those 
studies far exceeded the maximum doses 
tolerated by man and caused gross morpho­
logic damage to the kidneys, positive dose- 
response relationships were observed be­
tween lead dose and tumor incidence; also, 
the interval from onset of exposure to tu­
mor formation was reduced in the more 
heavily exposed animals (23). Two recent 
case reports have noted primary renal tu­
mors in association with chronic nephritis 
in long-term lead workers (26, 27). Excess 
mortality from renal cancer has not been 
observed in previous epidemiologic studies 
of lead workers. Pending epidemiologic cor­
roboration, the present finding must be in­
terpreted with caution.

Death rates from both silicosis and tu­
berculosis were found to be elevated in this 
study; in six (55 per cent) of 11 workers 
who died of tuberculosis, silicosis was also 
noted to be present, and four of these death 
certificates recorded a diagnosis of silico- 
tuberculosis. Similar findings have not 
been reported in previous mortality studies 
of smelter workers (12, 15-18), and the 
report by Cooper (15) noted a standardized 
mortality ratio for tuberculosis (all sites) in 
smelter workers of only 23. The present 
findings may reflect occupational exposure 
to silica in the concentrator and charge 
preparation departments of the smelter, 
where limited air sampling detected several 
exposures to silica dust in concentrations 
above the Occupational Safety and Health 
Administration standard (28). A more 
likely explanation, however, is that many 
workers in this cohort appear to have had 
occupational exposure to silica in under­
ground, hard-rock mining, a common form 
of employment in northern Idaho. Mining 
was recorded on death certificates as usual 
occupation for five of the eight deaths due 
to silicosis encountered in this study. Un­
derground miners have long been known to 
be at increased risk of death from silicosis 
and tuberculosis (42).

In contradistinction to several previous 
studies of lead workers (12, 16, 17), this 
analysis did not find increased mortality 
from cerebrovascular or hypertensive vas­
cular disease. Only slight upward trends in 
standardized mortality ratios for cerebro­
vascular accidents were noted with increas­
ing duration of employment and with in­
creasing latency. There is no obvious expla­
nation for the differences between these 
results and those of previous studies.

A limitation in the present study lies in 
the definition of exposure. Although we 
attempted to define exposure by classifying 
workers according to 1) the duration of 
their employment, 2) the length of the la­
tency interval since their first employment, 
and 3) their assignment to high-exposure 
departments (28), each of those categori­
zations is at best a relatively crude surro­
gate measure of actual exposure. In no way 
do these measures take cognizance of indi­
vidual differenes in work practices, in res­
pirator use, or in extraoccupational expo­
sures to heavy metals, a form of exposure 
which could have been quite substantial for 
workers living in some neighborhoods near 
this smelter (34, 35). A likely consequence 
of the insensitivity of our measures of ex­
posure is that we have underestimated the 
full range of exposures to lead and to other 
heavy metals which existed within this co­
hort. Had we been able to identify more 
precisely those members of the cohort who 
had heaviest cumulative exposures, we 
might have been able to define more pre­
cisely the effects of such exposures on mor­
tality.

Two further limitations derive from our 
use of the entire United States white male 
population as a basis for calculating ex­
pected mortality. In the first instance, most 
populations of workers are healthier than 
the general population, because the latter 
includes numbers of chronically ill or other­
wise unemployable persons. Consequently, 
comparison of the mortality experience of 
a working population with that of a general 
population produces an apparent deficit in
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mortality, the so-called healthy worker ef­
fect (43). This effect tends to be strongest 
in the younger age groups and to diminish 
with increasing age (43). This diminution 
may reflect erosion in health as a conse­
quence of hazardous work. Arguably, such 
erosion may account for the apparent up­
ward trend for mortality from cardiovas­
cular disease as well as for overall mortality 
which was observed in the present cohort 
with increasing latency since first employ­
ment. Resolution of the issues surrounding 
the healthy worker effect will require the 
development of life table programs which 
use the mortality experience of blue-collar- 
employed populations as a basis for com­
puting expected mortality; such programs 
are currently under development in a joint 
effort between the National Cancer Insti­
tute and the National Institute for Occu­
pational Safety and Health.

The second potential limitation stem­
ming from our use of the entire US popu­
lation and a basis of comparison is that this 
approach may obscure regional differences 
in mortality and thus distort calculated 
standardized mortality ratios. To examine 
this issue, we obtained data on cause- 
specific deaths for the state of Idaho for 
cancer for the years 1950-1977 and for 
other causes of deaths for the years 1962­
1977. We found that age-adjusted Idaho 
rates for those years were 27.7 per cent 
higher than US rates for deaths due to 
injury and 54.2 per cent lower for deaths 
due to tuberculosis. However, for deaths 
due to chronic and unspecified nephritis 
and for deaths due to kidney cancer, the 
Idaho and US rates were, respectively, 
within 5 per cent and 10 per cent of each 
other. Thus, the US rates provide an ac­
ceptable basis for calculating expected mor­
tality due to renal disease in the population 
of Idaho.

The statistical power of this study to 
detect increases in mortality depended 
upon the outcome under study and varied 
widely according to the background fre­
quency of each condition. Based on the 
equations of Beaumont and Breslow (44),

the power of this study to have detected a 
doubling in expected mortality for lung 
cancer was 98; for stroke 99.8; and for non- 
malignant respiratory diseases 99.8. The 
power to detect doubling in mortality, how­
ever, was much lower for other causes of 
death: for cancer of the urinary organs 51; 
for cancer of the bladder 36; for kidney 
cancer 28; and for nephritis and nephrosis 
44.

In summary, the major finding of this 
study was the observation of excess mor­
tality due to chronic renal disease in long­
term lead workers. This finding corrobo­
rates the results of previous mortality stud­
ies of lead workers (12, 15-18). The study 
also found an increase in mortality for renal 
cancer. This finding is consistent with the 
results of experimental studies in animals, 
but has not previously been encountered in 
an epidemiologic analysis. -
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