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Mortality among employees of lead battery plants
and lead-producing plants, 1947 -1980
by W Clark Cooper MD,1 Otto Wong , SeD,2 Leeka Kheifets, MA 2
COOPER WC, WONG 0, KHEIFETS L. Mortality among employees of lead battery plants and lead
producing plants, 1947- 1980. Scand J Work En viron Health II (1985) 331- 345. Two cohorts of male
lead workers, 4 519 battery plant workers and 2 300 lead production workers, all of whom had been
employed for at least one year during the period I January 1946 through 31 December 1970, were observed for mortality during the 34 years from 1 Januar y 1947 through 31 December 1980. Vital status
as of the closing date was determined for 94.7 lifo of the former group and 91.6 lifo of the latter. There
were 1 718 deaths in the first cohort and 621 in the second. Mortality from all causes combined was significantly greater than expected in each cohort, the standardized mortality ratio (SMR) being 107 and 113,
respectively. Among the battery plant workers the greater than expected mortality rate resulted in large
part from a significant number of excess deaths from malignant neoplasms (SMR 113), other hypertensive disease (mainly renal) (SMR 320), chronic nephritis (SMR 222), and a group of ill-defined conditions
(SMR 355). Among the lead production workers the pattern was similar, with a significant number of
excess deaths from other hypertensive disease (SMR 475), hypertensive heart disease (SMR 203), chronic
nephritis (SMR 265), and ill-defined conditions (SMR 214). There was also a significant excess of deaths
from external causes (SMR 143). The SMR for total malignancies was 113, but this value was not significantly elevated at the 5 % level. In neither cohort were deaths from cerebrovascular disease in significant
excess, the SMR being 93 and 132, respectively. A proport ionate mortality analysis showed that the excess deaths from cerebrovascular diseaseand from hypertensive heart disease among smelter workers were
in part due to the high proportion of nonwhites in the smelter populations. The stomach, liver, and lungs
were the sites responsible for most excess cancer deaths in both cohorts, but the elevated SMR values
were statistically significant only for gastric and lung cancers in battery plant workers. There were no
excess deaths from malignancies of the kidney, brain, or Iymphopoeitic system in either cohort. It is
impossible to relate the observed mortality to levels of lead exposure; because of meager quantit ative information prior to 1960. It is known that past exposures had been very high. Ethnicity, diet, alcohol,
and cigarette smoking could not be ruled out as possibleconfounding etiologic factors for the cancer deaths.
Key terms: battery plants, chronic renal disease, gastric cancer, lead, lung cancer, smelters.

This report updates a study of mortality a mo ng 7 032
male lead workers which was completed in 1974 and
published in 1975 and 1976 (12 ,13,43). The or iginal
cohorts consi sted of 4 680 men who had worked in battery plants and 2 352 men employed in lead-producing
fac ilities for at least one year between 1 January 1946
and 31 December 1970. Analyses were made of 1 356
deaths in the years 1947 through 1970, I 014 battery
plant workers and 342 lead production workers,
sometimes referred to as smelter workers.
Ma ny of those in the cohort had begun work before World War 1. Urinary and blood lead levels
a vailable from 10 plants during the per iod 1947
through 1972 showed that hea vy exposure to lead had
been common. Overall mortality was found to be approximately th e same as that of the total male population , but there was an excess of deaths from chronic
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ren al dise ase. There was also a moderate but not
statistically sign ificant excess of deaths fro m
malignancies in the smelter population [standardized
mortality ratio (SMR) 133) and the battery plant
workers (SMR 111), attributable to small excesses of
gastrointestinal tract cancer and lung cancer. It was
impossible to correlate these excesses with level or
duration of exposure, and it was not felt that the associations were strong enough to categorize lead as a
carcinogen or cocarcinogen.
In 1978 (10, 11),591 additional deaths which occurred in the cohorts during 1971-1975 were the subject of a second analysis, which did not resolve th e uncertainties of the first study. Deaths from all causes
combined were more than expected in both groups, the
SMR fo r battery plants being 117 and that for smelteries being 108. Cancer deaths of smelter workers were
fewer than expected (SMR 89), while for the battery
plant workers the SMR for malignancies was 136,
largely explained by a slight excess of cancers of the
respiratory system (SMR 128) and an excess for " other
and un specified sites ." No excess kidney tumors were
found . The excess deaths from renal disease seen in
1947 -1970 did not occur in 1971-1975.
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The present report extends observation through 1980
and analyzes mortality for the entire period of 34 years,
1947-1980; 2339 deaths occurred from 1 January
1947 through 31 December 1980 during 150091
person-years of observation. Because of differences in
age distribution, geographic location, and exposures,
the c.ohorts from the battery plants and the leadproducing plants have been kept separate in all analyses
of data. Since both groups had potential exposure to
lead, however, the data have been presented in a
manner that will permit comparisons.
Rigorous editing of the data base to ensure strict adherance to the study criteria reduced the total size of
the cohort from 7 032, (4 680 battery plant workers
and 2352 smelter workers), to 6819 (4519 battery
plant workers and 2 300 smelter workers). This process
eliminated 35 certified deaths included in earlier
analyses, but the distribution of causes was such that
results were not appreciably affected.

Methods

Plants chosen for study
The selection of the original study population has been
summarized in earlier reports (12, 43). It was based
upon responses to questionnaires outlining the proposed study and sent in 1968to 101 plants in the United
States (US) that were members of the International
Lead Zinc Research Organization, Inc, the Lead Industries Association, Inc, or the Battery Council International. Eighty-four indicated willingness to participate . From this number six lead production facilities
(one primary smeltery, two secondary smelteries and
three recycling plants) and 10 battery plants were
chosen. A major determinant in selection was the
quality and availability of personnel records.
Collection of information
Microfilmed personnel records from the selected plants
provided information on over 24 000 individuals who
had worked at some time between I January 1946 and
31 December 1970. Female employees were excluded
because there were too few in production jobs in the
early days for meaningful analysis . After their exclusion and the elimination of men with less than a year's
employment, or with missing birth or hire dates, 7 032
men were selected for the initial study . This group,
without major revision, was the population studied in
the 1971-1975 follow-up.
For the present updated study, the exclusion of individuals not meeting study criteria reduced the total
population studied from 4 680 to 4 519 in the battery
plants and from 2 352 to 2 300 in the smelteries.
No new information was added other than that obtained from the follow-up, ie, vital status or job
termination. No attempt was made to modify or update exposure histories or job titles .
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Follow-up
There have been three follow-ups of the study cohorts;
those through 1970 and 1975 were described in earlier
reports.
The present follow-up, through 31 December 1980,
began with the submission of lists of employees alive
or of unknown status as of 1 January 1975 to each of
the participating plants to determine whether they (i)
were still working; (ii) had terminated employment,
with date of termination; (iii) were known to be alive;
or (iv) were known to be dead, with date and place
if known. After receipt of the foregoing information,
the names and social security numbers of those whose
vital status was still not known were sent to the Social
Security Administration (SSA). SSA reports indicated
which men (i) were presumably alive because of continuing payments from an employer or benefits being
paid out, (ii) had been reported dead, or (iii) were of
unknown vital status.
Determining and coding causes of death
For all men reported as dead, either by the plant or
by the SSA, requests for death certificates were sent
to states of residence or states where the deaths occurred.
Causes of death were coded by an experienced nosologist, in conformity with the seventh or 1955 revision of the International Classification of Diseases, Injuries, and Causes of Death (ICD) (50). This procedure involved translation of the categories used in the
eighth or 1965 revision (34) into appropriate 1955
categories.
For some of the causes of death that are of special
interest in the present study, there were important
changes in classifications between the seventh and
eighth revisions. One example is in the area of hypertension and renal disease, to be discussed later.
The numbers of deaths for which death certificates
were not obtained are indicated in the individual tables. Based on the assumption that the causes of death
in these cases had the same distribution as in those that
were certified, the cause-specific SMR values or proportionate mortality ratio (PMR) values should be increased proportionately. Adjustments of the SMR
values for missing certificates were made in all tables
in the first report, but not in later versions.
Estimates of exposure
There is no way of estimating the actual lead exposure of individual members of the cohorts except for
the 2 275 men for whom data on urinary lead concentrations were obtained and for the 1 860 for whom
blood lead concentrations were obtained . Most members of the cohorts had been exposed prior to the
initiation of monitoring programs . In the period
1947 -1972, for which monitoring information was
available, for 1 550 men with 10 or more urinary lead
determinations, the mean of the battery plant workers

was 129.7 /Lg/l (6.3 /Lmol/1) and that of the lead production workers was 173.2 /Lg/l (8.4 /Lmol/l). In both
groups there were man y individuals with mean urinary
lead levels above 150, 200, 250, or even 300 /Lg/l
(9.7 -14.5 /Lmol/l).
The mean blood lead concentration of 1 326 battery
plant workers with three or more analy ses was 62.7 /Lg/
100 g (3.0 /Lmol/l); 1 009 had working life means of
40 /Lg/IOO g (1.9 /Lmol/l) or more; 278 had means of
70 /Lg/IOO g (3.4 /Lmolll) or more; 102 had means of
80 /Lg/1OO g (3.9 /Lmol/l) or more; and 24 had means
over 100 /Lg/IOO g (4.8 p.moll\) . For the lead production workers in four plants, the mean for 537 men was
79.7 Itg/IOO g (3.9 p.mol/l) , 241, 89, 56, and 18 being
ove r 40, 70, 80, and 100 Itg/IOO g, respectively (1.9,
3.4, 3.9 and 4.8 p.mol/l).
No separate analysis of deaths was made for those
with monitoring information, due to the fact that most
of the determinations were made after 1960 and did
not accurately represent individual earlier exposures.
The information served , however, as evidence that
much of the population under study had been exposed
to lead in amounts far above current standards.

Analysis of data
Cohort members were considered as under observation for mortality after completion of one year of emplo yment , if hired after 1 January 1946, or on 1
January 1947, if hired on or before 1 January 1946.
Those whose vital status was unknown as of the close
of the observation period, 31 December 1980, were
considered as under obser vation until the last date they
were known to be alive, usually the day of termination of employment. This is a compromise between
dropping them from the study entirely, which would
underestimate the person-years at risk, or treating them
as alive until 31 December 1980, which would over estimate the person-years at risk. In any event, the
numbers involved do not seriously affect the final
result.
The SMR values were calculated using the Occupational Cohort Mortality Analysis Program or OCMAP
(29). The rate s used for comparison were those for US
white males from Monson' s US seventh and eighth revision death rate files (32), translated to conform to
the seventh revision classification. The only death rates
available for entry in the OCMAP computer programs
are ba sed on mortality in the US as a whole , so it was
not possible to develop comparative data based upon
the actual geographic distribution of the populations
under study.
Deaths attributed to chronic renal disea se required
special treatment. Rates available in the computerized
program were not in sufficient detail to give expected
deaths for some causes of interest. They were therefore calculated by hand from tables in reports of US
vital statistics for 1952, 1957, 1963, 1967, 1972, and
1977.

Race or ethnic origin is not shown on most personnel
records, so it was not possible to calculate SMR values
with this information taken into account. Color or race
is shown on death certificates, however, and could be
considered in the determination of the PMR values and
in the review of selected causes of death .
The PMR values were also calculated by use of the
OCMAP program. The numbers of deaths due to selected causes were compared with the numbers expected if the distribution of causes had been the same
as for US deaths of men the same age and racial
distribution (white versus nonwhite) during the same
time period .

Tests of statistical significance
Deviations of the SMR and PMR values from 100 were
tested for statistical significance by a method assuming
a Poisson distribution (4, 26, 27). After most of the
SMR and PMR values in the tables, the 95 % confidence limits are shown. Confidence levels should be
treated with caution when the number of observed
deaths was 5 or less, even though the statistical test
may indicate significance. A two-tailed test of significance was used.

Results

Description of the study populations
There were 4 519 battery plant workers and 2 300 lead
smelter and refinery workers who qualified for the
study, a total of 6819 . This is 213 fewer than in the
cohorts analyzed in the 1947-1970 study, because of
editing of the data base.
The battery plants were located in California, Illinois, Pennsylvania (N = 3), Oregon, Texas (N = 3), and
Wisconsin. Pennsylvania-based workers dominated the
group, supplying 69.7 070 of the total cohort, Texas
supplying 9.8 % , California 7.5 %, Illinois 5.9 %,
Wisconsin 4.8 %, and Oregon 2.3 %. The leadproducing plants were located in California (N = 2),
Indiana, Montana, Nebraska, and Pennsylvania,
Nebraska supplying 35.1 % of the cohort, Indiana
23.2 % , Montana 18.9 %, Pennsylvania 15.8 %, and
California 7.0 %.
The battery plant workers, on the average, began
working in lead industries earlier than did those in the
lead-producing plants. Approximately 30 % of the
former cohort had been hired before 1940, compared
with 12.7 % of the latter; the percentages hired before
1950 were 65 and 41, respectively.
The battery plant cohort was older, the median year
of birth having been in the period 1915-1919, while
the median for the lead production workers was in the
qu inquennium 1920-1924. About 46 % of the battery plant workers and 30 % of the lead production
workers would have been 65 years of age by 1980.
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Results of the follo w-up and death certificate
search

pared with 25 % of the 579 certifie d deaths in leadproducing plants.

The results of the follow -up are su mmarized in table
I, showing that the vital status of 5.3 % of the batter y plant cohort and 8.4 % of the lead producing
plant cohort was not kno wn as of the close of the observation period. There was a higher proportion of
deaths in the former cohort (38 %) than in the latter
(27 %) . Death certificates were obtained for 95.2 %
of the battery plant deaths and fo r 93.2 % of the produ ctio n plant death s. Of th e I 636 certi fied deaths in
battery plants, 6.6 % were of non white workers , com-

Standardized mortality ratios for the battery
plan t workers
The ob served and expe cted death s for the cohort of
4 519 ba ttery plant workers during 1947 - 1980 are
shown in table 2. There was a statistically significant
excess of total deaths , the SMR being 107. There was
also a significa nt excess of dea th s due to mali gnant
neoplasms , 344 observed with 303.4 expected, for an
SMR of 113 (119 if corrected for missing certificates).
Th e excess was largely explained by higher than expected dea ths for malignancies of the stoma ch (SMR
168) and of the respiratory system (SMR 124). There
were no excess deaths from malignancies of the kidney,
brain, or lymphopoietic system. Und er the category
of diseases which includes stroke, ie, vascular lesions
of the centra l nervous system, there was no excess
(SMR 93). Deaths from diseases of the circulatory system were the same as for the re ference population
(SMR 100), th e low SMR of 94 fo r arteriosclero tic
heart disease being offset by excess death s from other
causes, includin g " ot her hypertensive disease" (le D
444- 447). Th is group includes hypertension and
related renal disease without mention of heart disease .

Table 1. Results of the follow -up and d eath certificate search .
Group

Battery
plant s

Lead-producing
plants

Alive 31 December

1980

2562

(56.7 % )

1486

(64.6 %)

1718
1636
82

(38.0 % )

621
579
42

(27.0 %)

239

(5.3 % )

193

(8.4 %)

Dead 31 December

1980
Certificate
No certificate
Unknown 31 December

1980
Total cohort

4519 (100.0 % )

2300 (100.0 %)

Table 2. Observed and expected de aths in 1947-1980 among 4 519 men employed in lead batt ery plan t s for at least one yea r
between 1 January 1946 and 31 December 1970 - Comparison wi th US white male rates. "
Deaths

Standardized
mortality
rat io

95 %
confidence
lim its

303.4
93.7
20.2
28.8
7.0
93.5
4.7
87.8
7.3
7.7
28.4
131.6
757.7
601.1
27.4
6.6
92.5
32.9
9.0
8.8
' 5.7
122.0
84.1
36.9
29.1

113 120
168 - 104
172
124 128
124 41
105
95
93
100
94
128
320 - 98
131
222 - 159
355 - 78 79 76
72

102-126
98-144
116-235
71-149
89-300
103-149
47-280
102-150
9-121
45-206
63-139
77-111
93-108
86-102
89-178
197-489
79-121
95-176
135-343
87-267
268-462
63- 95
61-100
51-110
45-110

1 611.3

lOr -

102-112

Cause of death "
Obs erved
All mal ignant neoplasms (140-205)
Digestive organs and peritoneum (150-159)
Stomach (151)
Large intestine (153)
Live r (155)
Respiratory system (160- 164)
Larynx (161)
Bronchus, trachea, lung (162- 163)
Kidney (180)
Brain and other central nervous system (193)
Lymphopo ietic system (200-205)
Vascular lesions, central nervous system (330-334)
All diseases, circulatory system (400-468)
Arteriosclerotic heart disease (420)
Hypertensive heart disease (440-443)
Other hypertensive disease (444-447)
Nonmalignant resp iratory disease (470- 527)
Cirrhosis of liver (581)
Ch ron ic or unspecified neph rit is (592- 594)
Chron ic neph ritis (592)
III-defi ned condit io ns (780- 795)
All external causes (800-998)
All acc idents (800-962)
Motor vehicle accidents (810-835)
Suicide (963, 970-979)
Cause unknown
Al l causes (001-998)
All causes wi th death ce rtificates

344
112
34
30
12
116
6
109
3
8
27
122
760
563
35
21
91
43
20
14
56

95
66
28
21
82
1718
1636

Exp ected

Number of wo rkers 4519, number o f person -years 99 992, death s per 1 000 person-years 17.2, correction fac tor for mi ssing
death certificates 5.0 %.
b Number of the Internatio nal Classif ication o f Diseases (seventh revisi on) in parentheses .
- Significan tly different from 100 at the 5 % level , ie, p <0.05; -- at t he 1 % level , ie, p <0.01.
a
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The excess in this category (21 deaths with 6.6 expected, for a highly significant SMR of 320) was in
addition to the incr eased number o f deaths du e to
" chronic or un specified neph riti s" (le D 592-594),
for which the SMR was 222. Another unu sual finding
was the lar ge number of dea th s attributed to "iIIdefin ed and unknown cause s," 56 observed with 15.7
expected, for a highly significant SMR of 355. These
deaths will be subjected to more detailed review in a
later section .

Standardized mortality ratios for the leadproducing plants
Th e mortality for the tot al cohort of 2 300 workers
durin g 1947-1980 is summarized in table 3. Again the
SMR for all causes of death combined was significantly
elevat ed, being 113. The SMR for deaths from malignan cies was also 113, but thi s was not statistically significant at the 95 % level becau se of smaller numbers.
The SMR for digestive tra ct malignancies was 118, that
for the subgroup representing stomach cancers being
146, (9 with 6.2 expected) ; that for lung cancer was
125. Thes e elevations in site-specific rates were not
statistically significant. Again there were no excess
kidney, brain , or lymphopoietic canc ers.

There was a slight, but statistically insignificant excess of deaths due to vascular lesion s of the central
nervou s system (SMR 132), and a significant defi cit
of deaths from arteriosclerotic heart disease (SMR 76).
There were statistically significant excess deaths from
" hyperte nsive heart disease" and " other hypertensive
disease," with SMR values of 203 and 475, respectively.
Deaths from chronic or unsp ecified nephritis were also
in excess, the SMR being 265. It should be pointed out,
ho wever , that expected numbers are based on white
male death rate s, where as 25 0J0 of the deaths among
smelter work ers were of nonwhites; for many of these
cau ses, death rates are higher for nonwhites.
As in the battery plants, there was a significant excess in the number of deaths from "ill-defined and
unknown causes" (SMR 214) and a significant excess
of deaths from external causes (SMR 143). The latter
involved total accidents, motor vehicle accidents, other
accidents, and suicides .
Of the 26 accidental death s among smelter workers
other than mo tor vehicle accidents , onl y six were occupational, the causes being listed as poisoning by expo sure to furnace fum es, fallin g, being struck by
descend ing platform, being cru shed by a cran e, being
caught in machinery, an d falling into furnace.

Table 3. Observ ed and expect ed deaths in 1947- 1980 in a cohort of 2300 workers employed in lead product ion fac il it ies for

at least one year betwe en 1 January 1946 and 31 Decembe r 1970 -

Comparison with US white male rates. "

Observed

Deaths
Expected

Standard ized
mortality
rat io

95 %
confidence
lim it s

All malignant neoplasms (140- 205)
Digestive organs and peritoneum (150- 159)
Stomach (151)
Large intesti ne (153)
Liver (155)
Respiratory system (160-164)
Laryn x (161)
Bronchus, trachea, lung (162-163)
Kidney (180)
Brain and other central nervous system (193)
Lymphopoietic system (200-205)
Vascular lesions, central nervous system (300- 334)
All diseases, circulatory system (400-468)
Arteriosclerotic heart di sease (420)
Hypertens ive heart disease (440- 443)
Oth er hypertensive disease (444-447)
Nonm alignant respirato ry disease (470-527)
Cirrhosis of liver (581)
Chron ic or unspecifi ed nephriti s (592- 594)
Chron ic neph rit is (592)
III-defined conditi ons (780- 795)
All external caus es (800-998)
All accidents (800-962)
Motor vehicle accidents (810-835)
Suicide (963, 970-979)
Cause unkn ow n

120
36
9
6
4
43
2
41
2
3
10
50
224
152
15
9
26
10
8
5
13
81
48
22
21
42

105.9
30.5
6.2
9.5
2.2
34.9
1.6
32.9
2.7
3.3
10.7
37.8
247.2
200.0
7.4
1.9
29.8
14.3
3.0
2.9
6.1
56.6
38.6
18.2
13.2

113
118
146
63
184
123
122
125
75
90
94
132
91
76"
203'
475"
87
70
265'
170
214'
143"
124
121
159

94-136
83-164
67-278
23-138
50-471
89-166
15-441
89-169
9-270
19-264
45-172
98-175
79-103
64- 89
113-335
218-902
57-128
34-129
114-522
55-397
114-366
114-178
92-165
76-184
98-243

All causes (001-998)
All causes wi th death certi fi cates

621
579

549.95

113"

104-122

Cause of death>

Number of wor kers 2 300, number of person -years 50 089, deathsl1 000 person -years 12.4, correcti on factor for missing deat h
cert if icates 7.25 % .
Number of the International Classification of Diseases (seventh revision) in parentheses.
, Sign ificantly di fferent from 100 at the 5 % level, ie, p< 0.05; .. at the 1 % level, ie, p<0.01.

a

b
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Comparison of men hired before 1946 with those
hired after
In table 4, the mortality of the battery plant workers
hired before 1 January 1946 is compared with those
hired later. The former subcohort, which represented
57 070 of the total battery worker cohort, had 89 % of
the deaths, reflecting of course the men's greater age.
The mortality pattern is essentially like that of the total
cohort, but the higher SMR for cancer of the respiratory tract among those hired after 1946 is of interest.
Seventeen of the 21 deaths from other hypertensive
disease and all 20 of the deaths from chronic nephritis
occurred among men hired before 1946.
Similar comparisons between the subcohort of lead
production workers hired before 1946 and that hired
afterward are made in table 5. The former group
represented only 21 % of the total cohort and had
48 % of the deaths. There were few differences in patterns of mortality in the two subcohorts, except for
a significant excess of respiratory tract cancer among
those hired before 1946, a significant excess of deaths
from external causes (including suicide), and a significant deficit of deaths from cardiovascular disease

among those hired after 1946. Deaths from chronic renal disease were more prominent in the pre-1946 subcohort.

Mortality related to cumulative years of
employment in battery plants
In table 6, the observed deaths and SMR values of the
battery plant workers are shown for subcohorts with
differing cumulative years of employment as of 31 December 1970, in observation periods beginning 20 years
after the date of employment. The most obvious
finding was the absence of any positive correlations
between longer exposure and elevated SMR values.

Mortality related to cumulative years of employment
in lead production facilities
In table 7 similar information is presented on the observed and expected deaths of lead production workers ,
again based on cumulative years of employment and
observation beginning 20 years after the date of hiring.
Again, no pattern was apparent.

Table 4. Observed deaths and standardized mortality ratio (SMR) values , 1947-1980, for 4 519 men employed in lead battery
plants between 1 January 1946 and 31 December 1970 - Comparison with US white male rates.
Hire date
Cause of death"

Before 1 January 1946b
Observed

All malignant neoplasms (140-205)
Digestive organs and peritoneum (150-159)
Stomach (151)
Large intestine (153)
Liver (155)
Respiratory system (160-164)
Larynx (161)
Bronchus, trachea, lung (162-163)
Kidney (160)
Brain and other central nervous system (193)
Lymphopoietic system (200-205)
Vascular lesions, central nervous system (330-334)
All diseases, circulatory system (400-468)
Arteriosclerotic heart disease (420)
Hypertensive heart disease (440-443)
Other hypertensive disease (444-447)
Nonmalignant respiratory disease (470-527)
Cirrhosis of liver (581)
Chronic or unspecified nephritis (592-594)
Chron ic nephritis (592)
III·defined conditions (780-795)
All external causes (800-998)
All accidents (800-962)
Motor vehicle acc idents (810-835)
Suicide (963, 970-979)
Cause unknown
All causes (001-998)
All causes with death certificates

297
105
31
30
12
92
5
86
3
5
23
117
702
522
33
17
84
35
20
14
51
65
49
22
14
71
1534
1463

1 January 1946 or raters

SMR

Observed

112
124'
167*
116
187
115
121
114
48
85
97
95
103
97
124
278'
100
138
251"
181
394"
77'
83

47
7
3

125
76
185

24
1
23

181' ,
184
183'

3
4
5
58
41
2
4
7
8

173
87
58
77*'
65"
160
908
81
106

5
30
17
6
7
11

177
79
67
46'
83

184
173

93

93
68
109'

SMR

a Number of the International Classification of Diseases (seventh revision) in parentheses.
Number of workers 2 571, number of person-years 64 019, deaths/lOaD person-years 23.96, correction factor for missing death
certificates 4.85 % .
C Number of workers 1 948, number of person-years 35974, deaths/l 000 person-years 5.11, correction factor for missing death
certificates 6.4 %.
Significantly different from 100 at the 95 % the level , ie, p <0.05; ,. at the 99 % level, ie, p <O.01.

b
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Proportionate mortality of the battery

Proportionate mortality among lead

plant workers
In table 8 the numbers of obse rved deaths for various
causes is compared with the numbers expected if the
distribution of causes were the same as those ob served
for US whit e male deaths and nonwhite male deaths
during th e period 1947- 1980. In the battery plan ts,
6.6 010 of the dea ths were of non white workers, compared with 10.5 to 14 % of the entire US during the
same time period .
The PMR values were cons istent with t he SMR
values in th e same population . There were significant
excess deaths from gastric cancer (PMR 154), "other
hypertensive disease" (PMR 241), " chronic or unspecified nephr itis (PMR 206), and " iIl-defined conditions"
(PMR 291), and significant deficits in deaths from vascular lesion s of the central nervous system (PMR 82),
arteriosclerotic heart disea se (PMR 88), and extern al
causes (P MR 82).

production workers
In table 9, the PMR values are shown for deaths of
lead production workers . There was a much larger proportion of non white worker s in this cohort than in the
battery plants, 25 % of the deaths having been of
nonwhite workers. In this analysis, which take s race
into account , there were stilI significant excess deaths
(PMR 388) fro m " ot her hypertensive disease, " but
those fro m hypertensive heart disease (PMR = 128),
stomach cancer (PMR 119), and chronic or unspeci fied nephritis (PMR 186) dropped belo w the level of
95 % significance. The excess of deaths from external
causes (PMR 124) was marginally significant.
Cancer of the gastrointestinal tract
The elevated SMR values for gastrointestinal tract cancer were largely attributable to cancer of the stomach,

Table 5. Obs erved deaths and standardized mor tal it y ratio (SMR) values, 1947-1980, fo r 2 300 men emp loyed in lead product ion facilities for at least one year between 1 January 1946 and 31 December 1970 - Comparison with US white male rates .
Hire date
Cause of death "

Before 1 January
Observed

1946b
SMR

All mali gnant neop lasm s (140- 205)
Digestive organs and peritoneum (150-159)
Stomach (151)
Large int estine (153)
Liver (155)
Respiratory system (160-164)
Laryn x (161)
Bro nc hus , trach ea, lung (162-163)
Kid ney (180)
Brain and other central nervous system (193)
Lymphopoietic system (200-205)
Vascular lesions, central nervous system (330-334)
All diseases , c ircul atory system (400- 468)
Arter iosclerot ic heart disease (420)
Hype rtensive heart disease (440-443)
Other hypertensive di sease (444-447)
No nmalignant res piratory di sease (470- 527)
Cirrhos is of live r (581)
Chronic. or unspeci f ied nephri t is (592-594)
Chron ic nephritis (592)
III-def ined condi ti ons (780- 795)
All external causes (800- 998)
A ll acc idents (800- 962)
Motor vehicle acc iden t s (810-835)
Suicid e (963, 970-979)
Caus e unknown

58
18
5
4
2
22

119
116
145
85
168
150

22
2
2
4
29
127
82
11
7
15
2
6
3
5
18
12
2
4
14

160'
174
183
93
130
101
83
222'
619"
98
43
407"
210
213
118
112
47
105

All cau ses(001 -- 99~
All causes wit h death certif ic ates

298
284

115'

1 January 1946 of later?
Observed

SMR

62
18
4
2
2
21
2
19

108
120
148
42
204
104
229
95

1
6
21
97
70
4
2
11
8
2
2
8
63
36
20
17
28

45
95
136
80'
69"
166
263
76
83
130
132
215
153"
129
144
181'

323
195

111

Number of the Internat iona l Classification of Diseases (seventh revision) in parentheses.
Number of workers 485, number of person-years 11 507, deaths/1 000 perso n-years 25.9, correct ion factor for missing death
ce rtificates 4.9 %.
C Numbe r of wo rkers 1 815, number of per son-years 38 482, death s/1 000 person -years 8.4, correct ion factor for miss ing death
cert ificates 14.4 % .
, Significantly different from 100 at t he 95 % th e level , ie, p <0.05; " at the 99 % level, ie, p<0.01.
a

b
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although there were less striking excesses for cancer
of the large intestine and liver.
Because there are geographic and ethnic factors associated with gastric cancer, the birthplaces of those
who died of this cause were recorded from the death
certificates. In the battery plants, 13 of 34 deaths were
of foreign-born workers (Ireland 6, Scotland 2, Italy
5). Among the lead production workers, six of nine
were foreign-born (Italy I, Spain 1, Russia 2, Norway
1, Yugoslavia 1).
Of the 34 battery plant deaths, 31 were in Pennsylvania and three were in Texas. Four (11.8 %) were of
black workers. Ofthe nine stomach cancer deaths of
lead production workers, there were two in Nebraska,
two in Montana, three in Indiana, and one each in
California and Pennsylvania. Only one was of a black
worker.

Chronic renal disease
In the initial mortality analysis reported in 1975, there
were significant excessesof deaths attributed to chronic
renal disease, whether classified as "other hypertensive disease" (ICD 444-447 in the seventh revision)

or as "chronic or unspecified nephritis" (lCD 592594). In the eighth revision of the lCD, "other hypertensive disease," which had included hypertensive renal
disease without mention of heart disease, became a
subcategory of hypertensive disease (lCD 400-404),
which was dominated by hypertensive heart disease
(lCD 403). Since available computer programs did not
contain breakdowns of individual causes in sufficient
detail to permit all of the analyses needed, expected
deaths were calculated by hand. Irrespective of classifications, US death rates for these causes have been
declining in recent years. In addition there are different
rates for white and nonwhite populations.
Of the 21 deaths in the battery plants coded under
the classification other hypertensive disease (ICD
444-447), 12 were due to hypertension with arteriolar
nephrosclerosis (ICD 446), with three each coded as
essential benign hypertension (lCD 444), essential malignant hypertension (lCD 445), and other hypertensive disease without mention of the heart (lCD 447).
In the production plants, six were coded 446, and three
were coded 445. Of the deaths due to chronic and unspecified nephritis, 14 of the 20 in the battery plants

Table 6. Observed deaths and standardized mortality ratio (SMR) values, 1947-1980, for 4519 men employed In battery plants
for at least one year between 1 January 1946 and 31 December 1970,with various periods of cumulative exposure, dur ing observation periods beginning 20 years after hire - Comparison with US white male rates.
Cumulative years of employment
1-9b

Cause of death"

Observed
All malignant neoplasms (140-205)
Digestive organs and peritoneum (150-159)
Stomach (151)
Large intestine (153)
Liver (155)
Respiratory system (160-164)
Larynx (161)
Bronchus, trachea, lung (162-163)
Kidney (180)
Brain and other central nervous system (193)
Lymphopoietic system (200-205)
Vascular lesions, central nervous system (330-334)
All diseases, circulatory system (400-468)
Arteriosclerotic heart disease (420)
Hypertensive heart disease (440-443)
Other hypertensive disease (444-447)
Nonmalignant respiratory disease (470-527)
Cirrhosis of liver (581)
Chronic or unspecified nephritis (592-594)
Chronic nephritis (592)
Ill-defined conditions (780-795)
All external causes (800-998)
All accidents (800-962)
Motor vehicle accidents (810-835)
Suicide (963, 970-979)
Cause unknown
All causes (001-998)
All causes with death certificates

52
13
4
2
2
21
1
20
1
1
3
9
61
40
4
6
14
4
2
2
21
40
24
9
9
13
188
175

2:20d

10-190
SMR

Observed

151**
142
255

52
14
3
6

130
126
153
163

21

147

21
1

156
101

5
14
99

141
100
109
111

66

357
166*
185
167*
112
101
165
82
80
62**

143
84
370
395* *
74
65*
50*
75
115*

84
4
3
14
8
1
1
12
4
3
1
1
9
225
216

SMR

116
177
152
569**
37*
42*
36
35

Observed
190
70
19
22
9
58
4
53
1
5
12
85
509
377
15
10
59
21
14
10
28
47
37
17
9

SMR
104
117
142
120
197
108
141
105
24
145
77
89
105
99

98
139
195
323**
101
114
137
77

50

119*

1071
1021

109*·

Number of the International Classification of Diseases (seventh revision) in parentheses.
Number of person-years 9959, deaths/1 000 person-years 18.9, correction factor for miss ing death cert if icates 7.4 %.
Number of person-years 8578, deaths/1 000 person-years 26.2, correction factor for missing death certificates 4.2 % .
d Number of person-years 31 245, deathsl1 000 person-years 34.3, correction factor for missing death certificates 4.9 % .
* Significantly different from 100 at the 95 % level, ie, p <0.05; ** at the 99 % level, ie, p<0.01.

a

b
C
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were coded chronic nephritis (leD 592), five being
nephritis not specified as acute or chronic (ICD 593)
and one being other renal sclerosis (lCD 594). In the
production plants there were five deaths coded 592 and
three coded 593.
Among the battery plant workers, two (9.5 070) of
21 deaths due to "other hypertensive disease" and two
(10 %) of the 20 deaths due to chronic nephritis were
of nonwhites. All but two of the 41 deaths attributed
to these two groups of causes were of men hired before 1950.
In lead production facilities, there was a higher proportion of nonwhite workers , ie, six of nine deaths
attributed to other hypertensive disease and three of
eight deaths attributed to chronic nephritis were of
black employees, Fifteen of the 17 deaths in these two
groups of causes among smelter workers were of men
hired before 1950.

ties attributed to causes 780 -795 (seventh revision),
ie, "senility or ill-defined conditions." When this
group was reviewed, it was found that all of the battery plant workers were from Philadelphia and that
46 of the death certificates had been completed by the
medical examiner or coroner with the cause given as
either "not determined" or "presumably natural
disease." In only four of the 56 deaths did the certificate indicate that an autopsy had been performed. Six
(10.7 %) of the 56 deaths were of black workers.
Of the 13 deaths of lead production workers attributed to this group of causes, 11 also represented
coroner or medical examiner reports. Five represented deaths in Philadelphia, three in Montana, one each
in Indiana, Mississippi, Arkansas, and Pennsylvania
(outside Philadelphia) . None had had an autopsy. Five
(38.5 %) of the 13 deaths were of nonwhite workers.
Discussion

Deaths attributed to "ill-defined causes"
There was a large excess of deaths among the battery
plant workers and a smaller but significant excess of
deaths among workers in the lead production facili-

Total deaths
In both cohorts there were more deaths during the 34
years of observation than expected, compared with US

Table 7. Observed deaths and standardized mortality ratio (SMR) values, 1947-1980, for 2 300 men employed in lead-producing
plants for at least one year between 1 January 1946 and 31 December 1970, with various periods of cumulative exposure, during
observation periods beginning 20 years after hire - Comparison with US white male rates .
Cumulative years of employment

10-19c

1-9b

Cause of death"

;;,,20d

Observed

SMR

Observed

SMR

Observed

SMR

25
8
1
2

137
171
132
126

13
2
1

124
68
196

43
13
3
3
2
19
0
19

99
98
110
73
208
126

1
2
27
109
69
10
5
14
1
6
3
5
12

105
53
146
102
80

All malignant neoplasms (140-205)
Digestive organs and peritoneum (150-159)
Stomach (151)
Large intestine (153)
Liver (155)
Respiratory system (160-164)
Larynx (161)
Bronchus, trachea, lung (162-163)
Kidney (180)
Brain and other central nervous system (193)
Lymphopoietic system (200-205)
Vascular lesions, central nervous system (330-334)
All diseases, circulatory system (400-468)
Arteriosclerotic heart disease (420)
Hypertensive heart disease (440-443)
Other hypertensive disease (444-447)
Nonmalignant resp iratory disease (470-527)
Cirrhosis of liver (581)
Chronic or unspecified nephritis (592-594)
Chronic nephritis (592)
lll-defined conditions (780-795)
All external causes (800-998)
All accidents (BOO-998)
Motor vehicle accidents (810-835)
Suic ide (963, 970-979)
Cause unknown

8
1
7

115
833
106

5

139

5
2

147
BOO

3
6
33
22
2
2
7
3

181
119
87
69

1
6
29
24
1

106
133
115
115

4
6
3
2
3
9

381'
95
77
125
179

1
6
2

59
208
105

2
3

274

3
15

102

All causes (001-998)
All causes with death certificates

99
90

120

66
63

126

250
235

114 '

143
112

a Number of the International Classification of Diseases (seventh revision)
Number of person-years 5513, deaths!l 000 person-years 18.0, correction
Number of person-years 2266, deaths!l 000 person-years 29.1, correction
Number of person-years 8292, deaths!l 000 person-years 30.1, correction
• Significantly different from 100 at the 95 % level , ie, p <0.05.

b

28

8

143

104
24
300
235
106
104

in parentheses.
factor for missing death certificates 10 % .
factor for missing death certificates 4.8 %.
factor for missing death certificates 6.4 % .
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white males during the same period. The excesses were
greater than would be expected from the proportion
of nonwhite workers, estimated as 10 % in battery
plants and 25 % in smelteries. Age-adju sted death rates
for US nonwhite mal es during this period were about
25 % greater than those for white males. This difference clearly could not explain the 7 % excess among
the battery workers and the 13 % excess among th e
lead production work ers, although it possibly contributed to the latter .
It should be questioned whether it is appro priate to
regard the overall excess deaths as only 7 % and 13 %
abo ve expected, in view of the fact tha t most studies
of occupational cohorts show SMR valu es for total
death s well below 100. Values of 80 -85 are common .
Thi s so-called "healthy worker effect ," becomes less
apparent however as a cohort grows older and the pro portion of active workers decreases (48). Occupational
cohorts approach th e national average as the good
health that led to employment and continued work becom es more remote in their life histori es. In the present study the trend was demonstrable in analyses not
included in the tabl es. There was a significantly low
SMR of 65 during the first 10 years of ob servation of
the battery worker cohort, which rose to 94 in the 10-

to 19-year period, to 110 in the 20- to 29-year period ,
and to 112 in ob servation periods 30 or more years
after hiring.
Neverth eless, witho ut trying to mak e an y qu a ntitative allowance for a "healthy worker effe ct" in view
of many uncertainties (30), one must still regard the
overall mortality experience of the lead workers as unfavorable. Th e elevated SMR values of our cohorts
were higher than the SMR of 98.6 (754/764.7) report ed
by Malcolm & Barnett (25) for I 898 pens ioners from
a lead acid battery plant in the United Kingdom. Selevan et al (41) recently repo rted an SMR of 98 for a
cohort of I 987 prima ry lead smelter workers in Idaho ,
based on 665 deaths. Th is was a smeltery which was
not included in the present study. Th e overall unfavorable experience in our study resulted from a
number of cause-specific excess deaths, mo st no tably
those from (i) malignant neoplasms, (ii) chronic renal
disease, and (iii) " ill-defined causes." The se groups
will be discussed in turn.

A4alignant neoplaslns
The SMR for malignant neopl asm s was 113 for both
the battery plant and lead production worke rs. Thi s
rate would have been 119 and 121, respectively, if ad-

Table 8. Proportionate mo rta lity ratio (PMR) values for 1718 deaths occurring in 1947-1980 amon g men employed in battery
plants for at least one ye ar between 1 January 1946 and 31 December 1970 - Comparison with US w hit e and nonwh it e male
death rates .
Deaths
Expected >

PMR

95 %
confiden ce
limits

324.8
101.1
22.1
30.5
7.6
99.9
5.0
93.8
7.5
7.3
29.1
149.4
811.8
642.2
32.3
8.7
100.6
33.3
9.7
9.4
19.2
115.7
78.0
32.5
26.4

106
111
154'
98
158
116
119
116
40
109
93
82'
94'
88"
109
241"
90
129
206"
148
291' ,

96-116
93-133
111-215
69-140
91-277
97- 138
54-265
97- 139
13-119
55-218
64-135
69- 97
89- 99
82- 94
75-151
149- 366
74-110
96-173
126 - 318
88-249
227- 373

82 '
85
86
80

68- 97
67-106
60-123
52-121

Cause of death"
Observed
All malignant neoplasms (140-205)
Dige stive organs and peritoneum (150- 159)
Stomach (151)
Large in testine (153)
Live r (155)
Resp iratory system (160- 164)
Laryn x (161)
Bronch us , trachea, lung (162-163)
Kidney (180)
Brain and other central nervous system (193)
Lymphopoietic system (200-205)
Vascular lesions, central nervous system (330-334)
All diseases, circulatory system (400-468)
Arterios clerotic heart disease (420)
Hypertensive heart d ise ase (440-443)
Oth er hypertensive dis ease (444-447)
Nonmalignant respiratory d isease
Cirrhosis of liver (581)
Chron ic or unspecified nephritis (592- 594)
Chron ic nephritis (592)
III-defined conditions (780-795)
A ll external causes (800-998)
All acc idents (800-962)
Motor vehicle acc idents (810-835)
Su ic ide (963, 970-979)
Cause unknown
All causes (001-998)

344
112
34
30
12
116
6
109
3
8
27
122
760
563
35
21
91

43
20
14
56
95
66
28
21
82c
1718

1718

100

Number of Internat ional Classificat ion o f Diseases (seventh revi si on) in parenthe ses .
Expected = number of deat hs due to each cause or group of causes if t he di st ri buti o n had been the same as for all deaths
among US males during the period 1947-1980, adju sted for wh ether white o r no nw hite .
c Correct ion fact or for miss ing ce rtificates approximately 5 % .
• Significantly different fr o m 100 at t he 95 % level , ie, p <0.05; ,. at the 99 % level , ie, p< O.Ol .

a

b
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jusred for

missing death certificates. The elevation
among the battery plant workers was statistically significant, while that for smelter workers was not.
We are unaware of any published reports showing
an overall excess cancer risk for lead workers. Dingwall-Fordyce & Lane (15), in a study of battery plant
employees and pensioners, concluded that there was
no evidence that malignant disease was related to lead
exposure. This conclusion was largely based on the lack
of a positive association with the levels of exposure.
When all their groups were combined, there were 76
deaths, with 65.3 expected (SMR 116), but the excess
deaths were not in the highest exposure group. Malcolm & Barnett (25) found 157 deaths due to neoplasms, with 159.46 expected (SMR 98.5), among 1 898
battery plant pensioners. McMichael & Johnson (31),
in a study of proportionate mortality for 140 deaths
among Australian lead smelter workers who had had
lead poisoning, found fewer cancer deaths than among
workers who did not have a history of such poisoning.
Even after adjustment for the effect of excess deaths
from nonmalignant disease, the proportion of cancer
deaths was only 70 0,70 of that of the comparison group.
Selevan et al (41) found an SMR for cancer of 95 (116
with 122.1 expected) for lead smelter workers in Idaho.

Primary cancer sites were similarly distributed in our
two cohorts, the greatest excesses being for cancers of
the gastrointestinal tract and the lung. The patterns
were similar to those reported in those cohorts for the
years 1947 -1970 (9), but larger numbers resulted in
some of the associations now being statistically significant.

Gastrointestinal cancer
The SMR for gastrointestinal cancer in the battery
workers was 120, based on 112 deaths with 93.7 expected, a value just below the level of 95 % significance. The excess was largely explained by 34 gastric
cancers with 20.2 expected, for a highly significant
SMR of 168 (p<O.OI). There were also 12 deaths from
liver cancer with 7 expected, for an SMR of 172
(p > 0.05). The elevations were less for the smelter
workers, the SMR for gastrointestinal cancer being
118, based on 36 deaths with 30.4 expected. Again,
the primary sites with the highest, although not significantly elevated, SMR values were the stomach [9
deaths with 6.2 expected (SMR 146)] and the liver [4
deaths with 2.2 expected (SMR 184)].
The incidence of gastric cancer varies greatly in different geographic areas, being particularly high in Ja-

Table 9. Proportionate mortality ratio (PMR) values for 621 deaths occurring in 1947-1980 among men employed in lead production plants for at least one year between 1 January 1946 and 31 December 1970 - Comparison with US white and nonwhite
male deaths rates.

Deaths
Observed

Expected"

PMR

95 %
confidence
limits

All malignant neoplasms (140-205)
Digestive organs and peritoneum (150-159)
Stomach (151)
Large intestine (153)
Liver (155)
Respiratory system (160-164)
Larynx (161)
Bronchus, trachea, lung (162-163)
Kidney (180)
Brain and other central nervous system (193)
Lymphopoietic system (200-205)
Vascular lesions, central nervous system (330-334)
All diseases, circuiatory system (400-468)
Arteriosclerotic heart disease (420)
Hypertensive heart disease (440-443)
Other hypertensive disease (444-447)
Nonmalignant respiratory disease (470-527)
Cirrhosis of liver (581)
Chronic or unspecified nephritis (592-594)
Chronic nephritis (592)
III-defined conditions (780-795)
All external causes (800-998)
All accidents (800-962)
Motor vehicle accidents (810-835)
Suicide (963, 970-979)
Cause unknown

120
36
9
6
4
43
2
41
2
3
10
50
224
152
15
9
26
10
8
5
13
81
48
22
21
42c

118.0
34.8
7.6
9.9
2.6
38.7
1.9
36.4
2.7
3.1 '
10.9
48.1
266.6
208.2
11.7
2.3
34.1
15.9
4.3
4.2
10.2
65.4
42.1
19.2
11.6

102
103
119
61
155
111
106
113
74
97
92
104
84"
73"
128"
388"
76
63
186
120
128
124'
114
115
181' ,

87-119
75-142
62-228
28-133
59-409
83-148
27-421
84-151
19-294
32-301
50-169
80-135
76- 93
64- 83
71-211
178-736
53-111
35-115
80-366
50-286
75-219
103-149
88-148
78-170
120-273

All causes (001-998)

621

621.0

100

Cause of death-

Number of International Classification of Diseases (seventh revision) in parentheses.
Expected = number of deaths due to each cause or group of causes if the distribution had been the same as for all deaths
among US males during the period 1947-1980, adjusted for whether white or nonwhite.
c Correction factor for missing certificates approximately 7.25 %.
, Significantly different from 100 at the 95 % level, ie, p<0.05; " at the 99 % level, le, p<0.01.
a

b
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pan, Costa Rica, Chile, Hungary, and Poland (1). That
this is due to diet or factors other than ethnicity is suggested by the frequent tendency of emigrants' descendents to develop rates corresponding to those of their
new homes. In the battery plants, 13 of 34 deaths were
of foreign-born workers, predominantly from Ireland
and Italy. Among the smelter wor kers, six of nine were
foreign-born workers, ie, from Italy, Spain, Russia,
Norway, and Yugoslavia. Although these are not
countries in the extremely high risk category, all have
age-adjusted gastric cancer deaths higher than that of
the US. For example , gastric cancer deaths per 100 ()()()
in 1978-1979 were Ireland 21.4, Italy 31.3, Norway
21.2, Spain 28.7 in comparison with 8.6 for the US
in the same period. The US rate was 20.2 in 1950-1959
and 13.0 in 1960-1969.

tinal tract tumors; the y did not single out gastric cancer for analysis.
Further stud y of a possible association between lead
and gastric cancer seems desirable. If in fact such an
association is confirmed, a plausible hypothesis would
be that high local concentrations of ingested lead have
a cocarcinogenic effect in those whose dietary or
alcoholic intake patterns put them at unusual risk .
Lead ma y interfere with a dietary anticarcinogen (2)
or some other protective mechanism (18) and thus may
enhance the effect of a primary carcinogen. Speculation on such a mechanism is probably not warranted
unless case-(control) referent or other studies strengthen
the evidence for an association with lead.

Twenty-nine or 85 010 of the 34 gastric cancer deaths
among the battery plant workers were of men living
in Pennsylvania, which supplied approximately 67 %
of the battery worker population, but 89.9 % of the
deaths . Gastric cancer rates in Pennsylvania are
somewhat higher than in the US as a whole, and those
in Philadelphia, where the largest battery plant was
located, are even higher (39). For white males , ageadjusted gastric cancer death in the US in the periods
1950-1959, 1960-1969, and 1970-1979 were 20.2,
13.0, and 9.0 per 100 000, respectively. Corresponding
figures for Pennsylvania were 22.7, 14.1, and 9.7, and
for Philadelphia 25.4, 16.6, and 11.6 per 100 000. The
Pennsylvania rates have averaged from 8 to 12 %
higher than the US rates. Philadelphia rates have
averaged between 26 and 29 % higher than US rates
during the past 30 years. This occurrence could explain
part but not all of the excess deaths in the battery
plants . A special analysis of Pennsylvania battery plant
mortality done by Tabershaw/Cooper Associates in
1975 using Pennsylvania death rates showed no effect
on most of the SMR values, but it did change the SMR
for stomach cancers (1947 -1970) from 125 to 109, a
12.8 % reduction. In the absence of knowledge of the
proportion of foreign-born and first generation
workers in the study cohorts, the actual contribution
of such factors cannot be ascertained. The fact that
nearly all (97 %) of the gastric cancer deaths of the
battery plant workers occurred of men who began employment in the 1940s or earlier is compatible either
with foreign-born or first generation status or with
heavy lead exposures during the early days .

It is impossible to draw firm conclusions about lead

There are no published reports which definitely associate lead with gastric cancer. Malcolm & Barnett
(25) reported 21 such deaths with 12.56 expected
(p = 0.009), based on proportionate mortality of a
subgroup of deaths that occurred during employment
in high lead exposure areas of a lead battery plant, but
this excess was largely confined to the years 19631969. There was no such excess found in the SMR for
this cause among pensioners in the same plant. Selevan et al (41) reported an SMR of 77 for gastrointes342

Cancer of the respiratory tract
exposure and the moderate elevations of SMR values
for cancer of the respiratory tract (SMR 124 and 123).
These were nearly all cancers of the lung (SMR of 124
and 125). These elevations fall within a range that
could be explained by a slightly heavier-than-average
smoking pattern, common among blue-collar workers
(3,42). In the absence of specific evidence, however,
the y cannot be definitely attributed to smoking. The
exper imental studies of Kobayashi & Okamoto (18)
previously referred to are relevant in this context. Their
work suggested that lead oxide, given concurrently with
benzo(a)pyrene by intratracheal injection, had a cocarcinogenic effect in the production of bronchoalveolar neoplastic changes in hamsters. If such were
the mechanism of action, it might be an effect which
occurred onl y when lead concentrations exceeded a
threshold. This possibility is supported by the observat ions of Gularek (17), who found that low concentrations of lead had a stimulating effect on immune
mechanisms which inhibited tumor cells in vitro, and
the work of Wille (49), who reported that ingested lead
reduced the number of pulmonary metastases following the intravenous injection of tumor cells into
mice.

Cancer of the central nervous system
There were no excess cancers of the central nervous
system. Oyasu et al (36) reported an 8.6 % incidence
of gliomas in rats fed diets containing 1 % lead subacetate , compared with 0.3 % among the controls, but
such tumors have not been described in other studies
in lower animals. A single case of a cerebral tumor in
a lead worker was reported by Portal in 1961 (37) to
illustrate the problem of differentiating intracranial
tumor and lead encephalopathy; there was no suggestion that there was an etiologic relationship .

Renal cancer
The absence of excess deaths from cancer of the kidney, in spite of a high incidence of nonmalignant renal

disease, was an interesting finding. Such tumors have
been produced in experimental animals by near-lethal
doses of lead (6, 7, 8, 28, 40, 44, 45, 46, 51, 52, 53).
There are reports (5, 22) describing single cases of renal
cancer in long-term smelter workers. Selevan et al (41)
found six renal cancer deaths where 2.94 were expected
in a cohort of 1 987 male smelter workers in Idaho.
In the departments with particularly high lead exposures and relatively low exposures to other materials,
the SMR was 301. Since the association was below the
level of statistical significance at the 95 % level and
was not corroborated by other epidemiologic studies,
the authors concluded that the finding had to be interpreted with caution.

Vascular lesions of the central nervous system
The relatively low incidence of deaths from vascular
lesions of the central nervous system contrasts with excess deaths from several other causes commonly associated with hypertension. The rubrics 330 - 334 in
the seventh revision of the ICD (which correspond in
general with rubrics 430-438 in the eighth revision)
include subarachnoid hemorrhage (lCD 330), cerebral
hemorrhage (lCD 331), cerebral embolism and thrombosis (lCD 332), spasm of cerebral arteries (lCD 333),
and ill-defined vascular lesions of the central nervous
system (ICD 334). Effects of trauma are excluded. The
distribution of the foregoing causes in the two cohorts
was as follows: battery plants, ICD 330 = 7; ICD
331 = 49; ICD 332 = 33; ICD 333 = 0; and ICD
334 = 33, for a total of 122; lead production plants:
ICD 330 = 2; ICD 331 = 29; ICD 332 = 16; ICD
333 = 0; and ICD 334 = 3, for a total of 50. Thus ,
45 0J0 of the 172 cerebraovascular disease deaths in the
two cohorts were due to cerebral hemorrhage, 28 0J0
to cerebral embolism or thrombosis, and 21 0J0 to iIldefined lesions. Only 5 0J0 were due to subarachnoid
hemorrhage.
Deaths from this group of causes have been previously reported among lead workers. For example,
Dingwall-Fordyce & Lane (15), in 1963, found that
cerebral hemorrhage, cerebral thrombosis, and cerebral
arteriosclerosis were the main causes of excess deaths
among battery plant pensioners who had had extremely
high lead exposures. In their most highly exposed
group, there were 24 such deaths with 9.3 expected .
Malcolm & Barnett (25), in a recentl y updated followup of the same population, found that there were 43
deaths with 33.69 expected in the high exposure subcohort, a significant excess. If one combines all of their
groups , 103 deaths from this group of causes were reported with 96.07 expected, for a nonsignificant SMR
of 107. This calculation suggests that if a heavilyexposed group could have been defined in our stud y,
the results might have duplicated those from the United
Kingdom . Selevan et al (41) reported an SMR for
cerebrov ascular disease of only 84 for smelter workers,
but, when those with 20 or more years of exposure were

studied, the SMR was 146, based on 21 deaths . In our
study, lead production workers with 20 or more years
of employment also had an SMR of 146 for cerebrovascular disease, based on 27 deaths, whereas a corresponding group of battery plant workers had an
SMR of 89, based on 85 deaths. In our opinion, based
on the proportionate mortality analysis, much of the
excess among smelter workers was attributable to the
high proportion of nonwhite workers.
The possibility, to be discussed later, mv-st be considered that failures of diagnosis might have assigned
sudden deaths due to cerebrovascular accidents to the
category of ill-defined causes .

Chronic renal disease
Deaths classified as "other hypertensi ve disease" were
predominantly kidney disease. They, combined with
deaths attributed to chronic or unspecified nephritis,
accounted for 41 deaths with 15.6 expected among the
battery plant workers and 17 deaths with 4.9 expected
among the lead production workers. Most of the excess deaths occurred before 1970 and among men who
began work before 1946.
An association between heavy exposure to lead and
renal disease is supported by many studies in lower
animal species (16). Renal effects in man have been
described in clinical reports (21, 24, 35), by studies of
renal function (14, 23, 33, 38, 47), and by epidemiologic studies. For example, Lane (19, 20) reported nine
deaths from chronic azotemic nephritis in a group of
about 150 battery plant wor kers who had spent over
20 years in areas where airborne lead concentrations
had often exceeded 500 JLg/m 3 • Malcolm & Barnett
(25) reported a small excess of deaths from nephritis
and nephrosis among heavily-exposed battery plant
pensioners. McMichael & Johnson (31) reported extremely high standardized PMR values fOJ" chronic
nephritis in the years 1930- 1949 among Australian
lead smelter workers. These rates declined by the
period 1950- 1964, and by 1965- 1977 they were
about the same as those of other workers. Selevan et
al (41) reported nine deaths from chronic nephritis and
other renal scleroses (ICD categories 591-594 in the
eighth revision) with 4.69 expected (SMR 192) among
lead smelter workers employed between 1940 and 1965.
Because, as Lane (19) pointed out, animals exposed
to lead have shown both tubular and vascular changes
in the kidneys, it is of interest that in our study there
were excess deaths in both the chronic nephritis and
the renal vascular disease categories.
Ill-defined causes
The large number of deaths attributed to ill-defined
or undetermined causes , while an unusual finding in
an occupational epidemiologic study, cannot be specifically related to lead. One can speculate as to why
so man y deaths were the subject of investigation by
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a medical examiner or coroner. This is usually done
when there has been a sudden and unexpected death
in the absence of known illness and active medical attention, the principal objective being to rule out foul
play. In many cases there is no attempt to make a
definitive diagnosis. Although it is possible that some
of these cases represented undiagnosed cerebrovascular
accidents, there is no objective basis for such a conclusion .

Relation to levels of exposure
A major shortcoming of this epidemiologic study is
the lack of quantitative information on the actual exposures of the populations at risk. There were undoubtedly confounding exposures, particularly in the
lead production plants, which represented one primary
lead smeltery, two secondary smelteries, and three recycling plants. All the participants worked in lead industries, and there is ample evidence from biological
monitoring data for the period 1947through 1972that
there had been heavy exposure to lead. However, such
data are available for less than one-third of the population and not during periods when exposures were
probably the heaviest. It can also be assumed that
biological monitoring concentrated on areas where
high lead exposures were likely. The data base is not
at present organized in a manner that permits subdividing the populations on the basis of probable lead
exposure levels during various historical time periods.
For this reason, one would not be justified in extrapolating from the observed patterns of mortality to risk
estimates that are relevant to lead exposure levels currently used or recommended as standards.
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