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Mortality in a Cohort of Antimony Smelter Workers 

Teresa M. Schnorr, PhD, Kyle Steenland, PhD, Michael J. Thun, MD, and 
Robert A. Rinsky, MS 

Animal studies show that antimony may cause lung cancer and heart and lung disease 
in rodents. In exposed humans, ECG abnormalities and heart and lung disease have been 
reported. This mortality study of 1,014 men employed between 1937 and 1971 in a 
Texas antimony smelter consisted primarily of workers of Spanish ancestry (n = 928, 
91.5%). Hispanics are known to smoke at much lower rates than non-Hispanics, and 
their lung cancer and heart disease mortality is generally low. When ethnic-specific 
Texas lung cancer death rates were used for comparison, mortality from lung cancer 
among antimony workers was elevated (SMR) 1.39, 90% CI 1.01-1.88), and we ob- 
served a significant positive trend in mortality with increasing duration of employment. 
When ischemic heart disease death rates from three different Spanish-surnamed popu- 
lations were used for comparison, the rate ratios for mortality from ischemic heart 
disease were 0.91 (90% CI 0.84-1.09), 1.22 (90% CI 0.78-1.89), and 1.49 (90% CI 
0.84-2.63). Pneumoconiosis/ other lung disease death rates for Spanish-surnamed men 
were unavailable and so calculation of rate ratios used white males as a comparison 
population (SMR 1.22; 90% CI 0.80-1.80). These data suggest some increased mor- 
tality from lung cancer and perhaps nonmalignant respiratory heart disease in workers 
exposed to antimony. However, conclusions are limited by possible confounders and the 
difficulty of identifying appropriate referent groups. 0 1995 Wiley-Liss, hc.* 
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INTRODUCTION 

Antimony is a brittle metal obtained through refining of base metal and silver 
ores. It can be combined with oxygen to form antimony oxides, which are used as a 
flame retardant in plastics and textiles. Antimony can also be mixed with other metals 
to increase their hardness, mechanical strength, or corrosion resistance [ATSDR, 
19911. Although very little antimony is mined in the United States, it is one of the 
major consumers of antimony compounds, importing raw ore from Latin America, 
China, Hong Kong, and South Africa for production of antimony metal and trioxide 
[U.S. Bureau of Mines, 19891. Of all antimony imported into the United States in 
1988, -55.3% was metal, 31.9% oxide, 12.4% ore and concentrate, and 0.4% 
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sulfide [U.S. Bureau of Mines, 19891. According to a 1983 estimate, >370,000 
workers are potentially exposed to antimony compounds [NIOSH, 19891. A smaller 
number of workers (-2,000) is estimated as exposed to antimony at facilities that 
manufacture or process antimony compounds [ATSDR, 19911. 

Animal studies show that antimony is carcinogenic [Groth et al., 1986; Watt, 
19831. Two toxicologic studies found increased lung cancer in female rats inhaling 
antimony trioxide [Groth et al., 1986; Watt, 19831 and antimony ore concentrate 
[Groth et al., 19861. In one study of female rats, 87% exposed to a small particle size 
(0.44 pm) at 45 mg/m3 for a 6 hour/day time-weighted-average (TWA) of antimony 
trioxide over a l-year period developed lung neoplasms, whereas no control rats or 
rats exposed to 1.6 mg/m3 developed lung cancer [Watt, 19831. In a second study, 
27% of female rats exposed to a larger particle size (2.8 Fm) at 45 mg/m3 for a 
7-hourlday TWA of antimony trioxide over a 1-year period developed lung cancer and 
25% of female rats exposed to 36-40 mg/m3 (TWA) of antimony ore developed lung 
cancer. None of the control rats developed lung cancer [Groth et al., 19861 nor did 
any of the male rats exposed or unexposed. A third study of rats exposed to an even 
larger particle size (3.8 pm) at 3.76 mg/m3 of antimony trioxide did not show an 
increase in lung tumor incidence [Bio/dynamics, 19891. A possible explanation for 
absence of lung cancer in the third study is the larger particle size of the antimony 
aerosol [ATSDR, 19911. 

The International Agency for Research on Cancer (IARC) has determined that 
there is sufficient evidence for the carcinogenicity of antimony trioxide in animals. 
However, there is inadequate evidence for classification in humans [IARC, 19891. 
The only human data for antimony are described in a brief report [Davies, 19731 
printed in 1973, which discussed a retrospective cohort mortality study of antimony 
smelter workers conducted in England. Nine lung cancer deaths were found among 
workers employed in smelting activities, whereas only 5.7 lung cancer deaths were 
expected (standardized mortality ratio (SMR) 158, 95% confidence interval (CI) 
72-300) [Davies, 19731. Antimony air concentrations taken in 1961 ranged between 
10-18,360 pg/m3. Arsenic exposure in this same smelter ranged between 3-108 
pg/m3. IARC has determined that there is sufficient evidence to consider arsenic a 
human carcinogen [IARC, 19871. Because raw antimony ore contains some arsenic 
and because arsenic is an established lung carcinogen, it is difficult to separate the 
effects of antimony and arsenic in an observed excess of lung cancer in smelter 
workers. 

Antimony trisulfide has been associated with myocardial tissue damage in both 
animals and humans. One limited epidemiologic study, initiated after eight workers 
died suddenly from heart disease in an antimony plant, implicated antimony 
trisulfide with heart disease and ECG abnormalities (primarily of T waves) in 
exposed workers [Brieger et al., 19541. After a follow-up period of unspecified 
length, ECG abnormalities persisted in 12 of 56 affected workers. The long-term 
implications of these ECG changes are unclear. The investigators of this cluster also 
conducted some animal inhalation studies that showed degenerative changes in the 
myocardium and ECG abnormalities when compared to control animals [Brieger et 
al., 19541. Supporting evidence for the cardiotoxicity of antimony is found among 
patients who received arsenic-free antimony drugs for treatment of parasitic 
infections. Temporary ECG changes were observed in patients treated with antimony 
compounds, and some patients who died during antimonial treatment were shown to 
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TABLE I. Composition of Antimony Ore Processed by Study Plant (1975)* 

Source of ore % Antimony % Arsenic % Sulfur % Lead 

Guatemala 51.2 0.072 14.00 0.286 
Mexico 31.6 0.054 0.46 0.136 
Honduras 40.3 0.072 0.44 0.110 
Bolivia 59.6 0.126 18.50 0.396 

*Unanalyzed portions of the ores consisted mainly of silicates, calcium and iron oxides, 
plus some trace metals. Source: Donaldson [ 19791. 

accumulate antimony in the myocardium [Honey, 1960; Sapire and Silverman, 1970; 
Tarr, 19471. 

Nonmalignant respiratory effects also have been observed in animals and hu- 
mans exposed to antimony. Pulmonary fibrosis was found in male and female rats 
exposed to antimony trioxide and antimony ore [Groth et al., 19861. Human studies 
have associated pneumoconiosis and alterations in pulmonary function (airways ob- 
struction, bronchospasm, and hyperinflation) with workplace exposure to antimony 
metal and trioxide dust [Cooper et al., 1968; Potkonjak and Pavlovich, 19831. 

To determine whether workers experienced excess mortality from lung cancer, 
cardiovascular disease, or nonmalignant respiratory disease, we conducted a mortal- 
ity investigation at an antimony smelter in southern Texas. The plant under study was 
built in 1930 to recover antimony metal and oxide from ore mined in Mexico and 
other areas in Central and South America. In a process that changed little from 1930 
until the plant closed in 1979, ore was reacted with coke, iron oxide, and other fluxes 
in a blast furnace where it was refined to 85-90% antimony content. The metal was 
further refined in a reverberatory furnace. From this point, the metal was either sent 
to a starring furnace for additional refining, or sent to the oxide furnace where 
antimony oxide was formed, volatilized to a fine powder, and collected in bags. 

The primary source of the ore was a mine in Mexico owned by the same 
company that owned the smelter. Ore was also purchased from Honduras, other 
Central and South American countries, and occasionally from China. Table I shows 
the antimony and arsenic content of the ore as measured in bulk samples taken in 1975 
[Donaldson and Cassady, 19791. The antimony ore was composed primarily of an- 
timony oxide or antimony sulfide. 

No exposure data were available for 1930-1974. However, two NIOSH indus- 
trial hygiene surveys of the smelter were conducted in 1975 and 1976 [Donaldson and 
Cassady, 19791. Both surveys measured airborne fume and dust exposures to anti- 
mony and arsenic in all areas of the plant. Eight-hour time-weighted-averages are 
shown in Table 11. The geometric mean antimony levels of 12 area samples taken in 
1975 and 50 personal samples taken in 1976 were 551 pg/m3 and 747 pg/m3, 
respectively. Both surveys showed antimony levels in excess of the then current 
OSHA antimony standard of 500 pg/m3, which has not changed. Area samples of 
arsenic taken in 1975 showed a geometric mean of 2 pg/m3 and personal samples in 
1976 of 5 pg/m3, below the current arsenic OSHA standard of 10 pg/m’ and well 
below the then current standard of 500 pg/m3. 

MATERIALS AND METHODS 

The study population included 9 1 white and 923 Spanish-surnamed males hired 
between January 1, 1937 and July 1, 197 1 and employed for a minimum of 3 months. 
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TABLE 11. Industrial Hygiene Estimates of Antimony and Arsenic Levels (1975 & 1976)* 
Airborne level ( ~ g / m ~ )  

Time period Samples 
1975' 3 

1 
3 
1 
1 
1 
1 
1 
12 

Operation 

Blast furnace 
Reverberatory furnace 
Starring furnace 
Casting area 
Warehouse 
Oxide furnace 
Charge scale 
Change room 
Total plant 

Antimony" 

Range 

110-1, 100 
1,100 

520-1,200 
2,000 
610 
140 
360 
540 

110-2,Ooo 

Geometric 
Mean 

316 

882 
- 

- 

- 
- 
55 1 

Arsenicb 

Geometric 
Range Mean 

1 -7 2 

2-3 2 
- 3 

4 
2 
1 
1 
1 

- 
- 
- 
- 
- 

1-7 2 
1976d 4 Blast furnace 410-1,800 1,091 5-13 8 

4 Reverberatory furnace 890-2,100 1,382 2-10 5 
6 Oxide furnace 90-3,100 1,498 8-37" 19 
8 Maintenance 90-6,200 239 1-17 2 
22 Laborers 90-4,900 85 1 1-41 6 
6 Miscellaneous 50-3,700 543 1-47 4 
50 Total plant 50-6,200 747 1-47 5 

*Source: Donaldson [ 19791. 
"OSHA standard for antimony currently and at the time of the survey was 500 pg/m3. 
bOSHA standard for arsenic at the time of the survey was 500 &m3. 
"Eight-hour area samples. 
dEight-hour breathing zone samples. 
eOne arsenic value of 160 kg/m3, believed by the industrial hygienist to be an error, was dropped. 

Work histories were obtained through 1975, when employment records were ob- 
tained. Because company personnel records were not complete, we identified the 
population through company payroll records that contained the following data: name, 
date of birth, social security number, dates of pay for time worked. Job title or 
department data were not available for the employees. 

We conducted vital status follow-up through the Social Security Administration, 
Internal Revenue Service, Veterans Administration, Health Care Finance Adminis- 
tration, National Death Index, state departments of Motor Vehicles, credit bureaus, 
U.S. Post Office, and local funeral directors. The vital status of each worker was 
determined as of December 31, 1989. Death certificates were obtained and coded by 
a qualified nosologist according to the revision of the International Classification of 
Disease that was in effect at the time of death. 

The mortality experience of the cohort was analyzed with the use of the NIOSH 
modified lifetable analysis system (LTAS) [Steenland et al., 1990; Waxweiler et al., 
19831. A worker accumulated person-years at-risk (PYAR) for every year of life 
following completion of the eligibility period (in this study at 3 months employment). 
Person-years at-risk continued to accumulate until either his death, date last observed 
(for persons lost to follow-up), or the study end date (for persons alive at the study 
end date). These PYARs were stratified by 5-year age, calendar time, duration of 
employment strata, and 10-year latency periods. The expected number of deaths 
between 1940-1989 was calculated by multiplying the U.S. white male cause-spe- 
cific death rates within each age, calendar-time, duration, and latency PYAR cate- 
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gory. The resulting expected numbers were summed over strata to obtain the cause 
specific and total expected number of deaths. The ratio of observed to expected deaths 
was expressed as the standardized mortality ratio (SMR). 

For rate ratios of a priori hypotheses of lung cancer, cardiovascular disease, and 
pneumoconioses/other lung disease, 90% confidence intervals were computed assum- 
ing a Poisson distribution for the observed deaths [Rothman and Boice, 19791. For all 
other outcomes, we computed 95% confidence intervals. 

The primary analyses for lung cancer and heart disease utilized Spanish-sur- 
named populations as the comparison groups. This was done because the cohort was 
composed primarily of Spanish-surnamed men and because mortality from lung and 
heart disease among such populations is markedly lower than among white males 
[Martin and Suarez, 1987; Rogot et al., 19881. For example, in 1980 in a population 
of one million Americans, lung cancer and heart disease rates among Mexican- 
American males were 77% and 63% of the rate for white males [Rogot et al., 19881. 
Spanish-surnamed men are also known to smoke fewer cigarettes than white males, 
which could contribute to the relative deficit of lung cancer and heart disease deaths 
[Mitchell et al., 1990; Samet et al., 19821. 

To determine the number of Spanish-surnamed members of the cohort, we 
matched the surnames of study subjects to a computer tape of such surnames from the 
1980 census [U.S. Bureau of the Census, 19801 and determined that 923 (91.5%) of 
the members of the cohort were Spanish-surnamed. 

Cancer Mortality Analysis Using Spanish-Surnamed Death Rates 
A special set of cancer rates was obtained from the Texas State Health Depart- 

ment, whose investigators calculated Spanish-surnamed cancer death rates by using 
the surnames to identify Mexican-Americans in U.S. census surveys and on death 
certificates [Martin and Suarez, 19871. The Texas Health Department provided the 
rates for each available age and calendar year period for three cancer sites (lung, liver 
and biliary tract, and stomach) among Spanish-surnamed men in Texas. Death rates 
for the latter two cancers were obtained by way of a check on the validity of the rates 
since mortality from these cancers is generally higher among Spanish-surnamed 
populations than among the general population of U.S. white males [Martin and 
Suarez, 19871. In all analyses using the Texas state rates, person-time at risk did not 
start until 1960, when state death rates were available. 

Cancer death rates for Spanish-surnamed men in Texas were available from the 
Health Department only for two 5-year periods, 1970-74 and 1980-84. To obtain 
1975-79 rates, we interpolated the mortality rates for two surrounding time periods 
(1970-74 and 1980-84). Rates for 1960-64 and 1965-70 were assumed to be the 
same as those for 1970-75. Similarly, 1985-89 rates were assumed to be the same 
as those for 1980-84. Spanish-surnamed cancer death rates prior to 1960 were not 
estimated. 

For lung, stomach, and liver and biliary cancer, we calculated the expected 
number of deaths for the 923 Spanish-surnamed males using the 1960-84 Texas 
Spanish-surnamed rates described above, and we calculated the expected number of 
deaths for the 91 white males in the cohort using the 1960-84 Texas white male rates. 
We then summed these quantities over all ages, years, and ethnicity to obtain the total 
expected deaths in the antimony cohort. 
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Cardiovascular Mortality Analysis Using Three Different 
Spanish-Surnamed Rates 

The study of cardiovascular disease was constrained by the absence of national 
or state mortality data for Spanish-surnamed men. Thus we examined cardiovascular 
disease mortality using three different study populations: population-based rates 
among Mexican-American men included in a mortality study of one million people 
[Rogot et al., 19881, mortality rates among Spanish-surnamed men included in a 
study of a cadmium smelter [Thun et al., 19851, and population-based rates among 
Spanish-surnamed men in New Mexico [Becker et al., 19881. 

The first comparison utilized a population of 15,7 1 1 Mexican-American men 
included in a U.S. National mortality study of one million people [Rogot et al., 
19881. In this analysis, we used the age-specific rates of ischemic heart disease deaths 
among Mexican-American men between 1979-81 as the referent rates. Ethnicity was 
assigned according to self-report in an interview, rather than surname matching. These 
rates were available for the years 1979-81. Lacking any knowledge of trends over 
time, we decided it was reasonable to assume they remained constant during the period 
1975-89. Correspondingly, we restricted our cohort data (observed deaths and person- 
years) to the same time interval when using the “one-million-people’’ rates as referent 
rates. We then calculated standardized rate ratios (SRRs) using Poisson regression 
[Frome and Checkoway, 19851. The 91 white men were excluded from this analysis. 

Second, we selected a comparison population of Spanish-surnamed men (n = 
225; person-years = 6,252) employed in a Colorado cadmium smelter between 1940 
and 1969 [Thun et al., 19851. We chose this cohort because cadmium has not been 
associated with ischemic heart disease and because the workers had the same ethnic 
background as our cohort and were employed during approximately the same time 
period (1940-69). We used the age-specific cardiovascular disease rates among the 
Spanish-surnamed men in the cadmium cohort between 1940 and 1989 as referent 
rates for the Spanish-surnamed men in the antimony population. The 91 white men 
in the antimony cohort were also excluded from this analysis. 

Third, we selected a comparison population of Spanish-surnamed New Mexico 
men. For this analysis, we obtained a set of ischemic heart disease death rates 
stratified by age and calendar period from the University of New Mexico School of 
Medicine [Becker et al., 19881. Mortality rates were available for the intervals 1958- 
62, 1963-67, 1968-72, 1973-77, 1978-82. Rates for 1983-89 were assumed to be 
the same as those for the 1978-82 interval. The 91 white men in the antimony cohort 
were also excluded from this analysis. 

Nonmalignant Respiratory Disease 
Spanish-surnamed populations also have been reported to have lower preva- 

lence of nonmalignant respiratory disease than white populations [Samet et al., 
19821. Unfortunately, we were unable to locate Spanish-surnamed mortality rates for 
nonmalignant respiratory disease. Therefore, our only analysis is that using U.S. 
white males as the comparison group. 

RESULTS 

The analysis was restricted to the 91 white and 923 Spanish-surnamed males 
due to the small numbers of females (n = 17) and nonwhite males (n = 21). Table 
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TABLE 111. Characteristics of the Antimony Smelter Study Population 

No. of workers 1,014 
33,773 No. of person years at risk 

Vital status as of 12/31/89: 
Total Spanish-surnamed White 

No. (%) No. (%) No. (%) 

Alive 
Dead 
Unknown 

403 (39.7) 363 (39.3) 40 (44.0) 
579 (57.1) 530 (57.4) 49 (53.8) 
32 (3.2) 30 (3.3) 2 (2.2) 

Average age at first employment 
Average year of first employment 
Average length of employment (yr) 

32 
1943 

35 
6.8 

Average length of follow-up (yr) 

I11 shows the characteristics of the study population. The number of cause-specific 
deaths in the overall cohort compared with the number expected, based on U.S. white 
male rates is shown in Table IV. Deaths from all causes were lower than expected 
(SMR = 0.94; 95% CI 0.86-1.01). Mortality from specific causes showed a pattern 
expected in a population that is primarily Spanish-surnamed. As expected, overall 
cancer mortality (SMR 0.88; 95% CI 0.72-1.06) was slightly lower than expected. 
This was primarily due to the lower lung and colon cancer mortality generally found 
in Spanish-surnamed populations. 

Whereas the overall SMR for lung cancer compared to white males was reduced 
(0.75; 90% CI 0.54-1.02), lung cancer mortality among men with the longest time 
since first exposure (> 20 years) and the longest duration of employment (> 10 
years) was elevated, but not significantly (9 observed; SMR 1.55; 90% CI 0.86- 
2.60). All but two of the 30 lung cancer deaths occurred 20 years or more after first 
employment. 

As is typical of Spanish-surnamed populations, heart disease mortality was also 
reduced. Overall cardiovascular disease mortality was significantly reduced in this 
cohort (SMR 0.59; 90% CI 0.50-0.70) when compared to U.S. white males. This 
deficit was primarily due to a marked deficit in ischemic heart disease (SMR 0.49; 
90% CI 0.41-0.57) (Table IV). 

The antimony population showed elevations in mortality from liver and stomach 
cancer when compared to U.S. white males. A significant excess in mortality was 
observed for cancers of the liver, biliary tract, and gall bladder (n = 7 deaths; SMR 
3.17; 95% CI 1.27-6.52) (Table IV). Stomach cancer was elevated, but not signif- 
icantly (SMR 1.49; 95% CI 0.71-2.74). 

One finding that did not follow the general pattern of Spanish-surnamed pop- 
ulations was mortality from nonmalignant respiratory disease. Nonmalignant respi- 
ratory disease is normally lower among Spanish-surnamed populations when com- 
pared to U.S. rates [Samet et al., 19821. However, we observed a slight 
nonsignificant increase (SMR = 1.09; 95% CI 0.80-1.44). When we looked at 
specific respiratory disease categories, we found that the antimony cohort showed a 
nonsignificant deficit in emphysema and bronchitis deaths (SMR 0.59) and slight 
elevations in mortality from influenza and pneumonia (SMR 1.23), as well as the a 
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TABLE IV. Mortality from Major Causes of Death Using U.S. White Male Mortality 
Rates as Conmarison 
Cause of death (ICD 9 code) Observed Expected SMR 95% CI 

All causes 
All cancers (140-208) 

All digestive system (150-159) 
Stomach (151) 
Liver and gallbladder (155-156) 
Colo-rectal ( 153 -154) 

All respiratory system (160-163) 
Trachea, bronchus, and lung (161) 

Buccal cavity and pharynx (140-149) 
Male genital organs (18.5-187) 
Urinary organs (188-189) 
Lymphatic and hematopoietic (200-208) 
Unspecified sites (194-199) 

Influenza and pneumonia (480-487) 
Emphysema and bronchitis (490-492) 
Pneumoconiosis and other (470-478,494-5 19) 

Heart disease (390-398,402,404,410-414,420-429) 
Ischemic heart disease (410-414) 

Other circulatory system (401,403,405,415-417,430-459) 
Digestive system (520-579) 
Genitourinary system (580-629) 
Diabetes mellitus (250) 
Tuberculosis (001-008) 
Accidents (E800-949) 
Violence (E950-978) 

Nonmalignant respiratory (460-5 19) 

111-defined conditions (780-793,795) ~ 

*90% confidence intervals are given for these a priori causes of death. 

579 
111 
29 
10 
7 
2 

34 
30 
4 
8 
3 
8 

2.5 
48 
21 
6 

19 
154 
106 
61 
30 
15 
16 
6 

31 
18 
27 

618.08 
126.65 
36.42 
6.71 
2.21 

16.19 
42.19 
39.92 
3.56 

11.79 
7.18 

11.03 
14.29 
44.22 
17.05 
10.17 
15.52 

262.66 
218.13 
64.85 
26.85 
9.65 
8.88 
5.57 

28.29 
12.01 
6.06 

0.94 
0.88 
0.80 
1.49 
3.17 
0.12 
0.81 
0.75 
1.12 
0.68 
0.42 
0.72 
1.75 
1.09 
1.23 
0.59 
1.22 
0.59 
0.49 
0.94 
1.12 
1.55 
1.80 
1.08 
1.10 
1.50 
4.46 

0.86-1.01 
0.72-1.06 
0.53-1.14 
0.71-2.74 
1.27-6.52 
0.01-0.45 
0.56-1.13 
0.54-1.02* 
0.31-2.88 
0.29-1.34 
0.09-1.22 
0.31-1.43 
1.12-2.55 
0.80-1.44 
0.76-1.88 
0.22-1.28 
0.80-1.80* 
0.50-0.70 
0.41-0.57* 
0.72-1.21 
0.75-1.60 
0.87-2.56 
1.03-2.93 
0.39-2.34 
0.74-1.56 
0.89-2.37 
2.94-6.48 

priori category of pneumoconiosis/other respiratory diseases (SMR 1.22; 90% CI 
0.80-1.80) (Table IV). Of the 19 deaths in this last category, 12 were due to pneu- 
moconiosis or pulmonary fibrosis and the SMR among men with > 10 years employ- 
ment was 2.68 (90% CI 1.26-5.03). 

Additional analyses for cancer and cardiovascular disease were conducted uti- 
lizing death rates among Spanish-surnamed populations as the referent groups. 

Analysis of Cancer Mortality Using Ethnic-Specific Rates 
Table V shows that mortality from lung cancer was elevated when we used 

Texas Spanish-surnamed rates for Spanish-surnamed members of the cohort and 
Texas white male rates for white cohort members (N = 28; SMR 1.39; 90% CI 
1.01-1.88). Two lung cancer deaths that occurred in the 1950s were omitted from this 
analysis since the state rates were available beginning in 1960. There was a signif- 
icant positive trend (x2 = 8.30, p < 0.005) [Breslow et al., 19831 in mortality with 
increasing duration of employment. 

When using the Texas ethnic-specific rates as the comparison, the SMR due to 
liver, biliary tract, and gall bladder cancer was increased (n = 6 deaths; SMR 1.58; 
95% CI 0.57-3.44) as was stomach cancer (n = 7 deaths; SMR 1.24; 95% CI 
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TABLE V. Mortality from Lung Cancer Since 1960 Using Ethnic-Specific Texas Death Rates, 
According to Duration of Employment 

Duration of employment 

Ethnic category <5 yr 5-10 yr >I0 yr Total (90% CI) 

Combined white and Spanish-surnamed SMRa 0.83 2.24 2.73 1.39 (1.01-1.88) 
(no. observed) (1  1) (8) (9) (28) 

(no. observed) (8) (8) (9) (25) 

(no. observed) (3) (0) (0) (3) 

Spanish-surnamed SMR 0.69 2.52 2.99 1.40 (0.91-2.07) 

White male SMR 1.78 0.00 0.00 1.27 (0.26-3.72) 

ax2 trend = 8.30, p<0.005 [Breslow, 19831. 

0.50-2.55), but this elevation for both causes was lower than when U.S. white male 
rates were used. 

Cardiovascular Mortality Among Spanish-Surnamed Men 
When we used the New Mexico Spanish-surnamed ischemic heart disease rates 

to examine ischemic heart disease deaths among the 923 Spanish-surnamed men in 
the cohort, we did not observe an elevated SRR (0.91; 90% CI 0.84-1.09). However, 
when we used the Mexican-American (1979-81) comparison population from a U.S. 
survey [Rogot et al., 19881 as the reference, we found an elevated SRR for ischemic 
heart disease deaths (SRR 1.49; 90% CI 0.84-2.63; 48 observed deaths). Using the 
Spanish-surnamed cadmium cohort as a comparison population, we also found an 
elevated SRR for ischemic heart disease deaths (SRR 1.22; 90% CI 0.78-1.89). 
Using the cadmium comparison group, we looked for a trend with duration of em- 
ployment but found none. We also tried to examine whether mortality from cardio- 
vascular disease decreased with cessation of exposure by looking at mortality in 
relation to time since last employment but did not observe a trend with time since last 
employment. 

DISCUSSION 

In this study of data in antimony smelter workers, the findings of primary 
interest were increased mortality from lung cancer and heart and nonmalignant res- 
piratory disease. We found an increase in lung cancer mortality when we used ethnic 
specific-state mortality rates. We also observed a statistically significant increasing 
risk of lung cancer mortality with increasing length of employment. Use of ethnic- 
specific rates for this analysis was important since studies have shown that Spanish- 
surnamed males have a lung cancer mortality rate that is 0.52 that of the U.S. white 
male rate [Martin and Suarez, 19871. Differences in smoking habits may partially 
explain the lower mortality for Spanish-surnamed males. Mortality from other smok- 
ing related cancers (oral cavity and bladder) is also decreased among Spanish-sur- 
named males, and some studies have shown that Spanish-surnamed men smoke fewer 
cigarettes than do white males [Martin and Suarez, 1987; Samet et al., 19821. 

The possibility should be considered that the increased mortality from lung 
cancer might be due to arsenic exposure at the smelter. If we assume that respirators 
were not worn, then the estimated average daily arsenic exposure level was 5 pg/m3, 
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TABLE VI. Ischemic Heart Disease Mortality Using Three Different Spanish-Surnamed 
Populations as Comparison Groups 

Comparison population SRR (90% CI) 

Mexican-American males [Rogot, 19881 
Spanish-surnamed cadmium workers [Thun, 19851 
New Mexico SDanish-surnamed rates [Samet, 19821 

1.49 (0.84-2.63) 
1.22 (0.78-1.89) 
0.91 (0.84-1.09) 

based upon 1976 survey data. On the basis of the OSHA risk assessment model for 
arsenic [Department of Labor, 19821 and considering that the 1,014 workers were 
exposed an average of 6.8 years, such an exposure level would result in no more than 
0.6 excess lung cancer deaths in this population due to arsenic whereas eight excess 
lung cancer deaths were observed. At the time the exposure surveys were conducted, 
half-mask respirators were worn by men in the production area. So, actual antimony 
and arsenic exposures may have been lower than the measurements indicated in Table 
11. However, it is also possible that our estimate of arsenic exposure is underesti- 
mated. Our estimates of arsenic exposure were based upon data collected in 1975 and 
1976 and assumed that the process did not change over time. If the past sources of 
antimony ore contained a higher percentage of arsenic that those identified in 1975- 
76, or if respirators were worn improperly, actual arsenic levels may have been 
higher. Walk-through surveys conducted in 1975 and 1976 revealed that the smelter 
was an open air plant and the process did not appear to have changed from earlier 
years. Some of the furnaces and equipment were in operation since 1930. 

We were unable to obtain Spanish-surnamed mortality rates for nonmalignant 
respiratory disease and therefore could not thoroughly investigate the slightly elevated 
SMR observed when we used U.S. comparison rates (SMR 1.09). Hispanics have 
been reported to have a lower prevalence of respiratory disease than non-Hispanics 
[Samet et al., 19821, in part explained by lower cigarette consumption. Mortality 
from chronic obstructive pulmonary disease had been reported to be -50% lower 
among Hispanic males compared to white males [Rogot et al., 19881. Although our 
study showed a deficit of mortality from smoking-related lung diseases such as 
emphysema and bronchitis (SMR 0.59), we found a slight elevation in mortality in 
the category that included pneumoconiosis and other lung disease (SMR 1.22) which 
was significantly elevated in men with >10 years employment (SMR 2.68). Silica 
exposure might be a possible explanation for the elevated pneumoconiosis mortality. 
Unfortunately, we had no information on silica exposure levels at the smelter. How- 
ever, in two other similar antimony smelters visited during 1975, silica comprised 
-4% of the antimony concentrate and 0.02% of the final antimony oxide product 
[Donaldson and Cassady, 19791. 

The study of cardiovascular disease was constrained by the absence of national 
or state data on mortality for Spanish-surnamed men. For this reason, we had to rely 
on three comparison groups with different limitations. Although the comparison 
groups selected were reasonable, none was ideal. The first comparison group, Mex- 
ican-American men included in a study of one million people, covered a limited time 
period (1979-8 1) and was population-based. The antimony cohort included cardio- 
vascular disease mortality over several decades among a working population. Thus 
decreased cardiovascular disease mortality over time could have inflated the SMR 
using this comparison group. The second group, Spanish-surnamed men employed in 
a cadmium smelter, was a small cohort, but the workers were employed and died 
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during the same time period as the study group (1940-84) so that changes in car- 
diovascular disease mortality over time and the healthy worker effect should not 
explain the positive findings using this comparison group. The New Mexico com- 
parison group was population-based but covered a more appropriate time period than 
did the first population-based comparison group. The healthy worker effect could 
have influenced the findings in both of these population-based referent groups. 

CONCLUSIONS 

The results of this study of workers employed in an antimony smelter lead us to 
two conclusions. First, these data suggest some increase in mortality from lung cancer 
and perhaps ischemic heart and nonmalignant respiratory disease in workers exposed 
to antimony. Second, the conclusions of this study and of other occupational health 
studies among minority groups are limited by possible confounders and the difficulty 
of identifying appropriate referent groups. Better availability of appropriate compar- 
ison groups is an essential element for the effective study of these groups. 
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