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Objectives The study evaluated the mortality of workers exposed to precursors of N-nitroso compounds in a 
Russian fertilizer plant. 
Methods Workers employed at least two years between 1945 and 1985 in production departments or other 
services were included in the cohort, which comprised 2039 men and 2957 women followed from 1965 to 1990. 
The standardized mortality ratios (SMR) were calculated using cause-specific death rates for the Moscow region 
as reference. An internal comparison was carried out using Poisson regression modeling. Exposure to arsenic, 
nitrogen oxides, and sulfur dioxide was estimated from an industrial hygiene survey. 
Results The production and other workers had no excess of mortality from all causes or all neoplasms. 
However the male production workers had excess mortality from all cancers combined (SMR 143) and lung 
cancer (SMR 186) after a latency period of > 20 years. Men with the highest exposure to nitrogen oxides had a 
twofold increase in mortality from stomach cancer, with a marginally significant increasing trend between 
stomach cancer and cumulative exposure to nitrogen oxides for both genders. Excess mortality from all cancers 
and stomach cancer was found for the workers with the highest average exposure to arsenic, and excess lung 
cancer mortality could be attributed to exposure to arsenic. 
C O ~ C ~ U S ~ O ~ S  The investigation showed a weak association between employment in a fertilizer production 
plant and increased mortality from cancer. The results somewhat support the hypothesis that occupational 
exposure to precursors of N-nitroso compounds increases the risk of stomach cancer mortality, as does exposure 
to arsenic. 
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It is known that carcinogenic N-nitroso compounds can 
be formed endogenously from noncarcinogenic nitro- 
gen-containing precursors. Humans are exposed to a wide 
range of precursors of N-nitroso compounds from differ- 
ent sources, in particular in the workplace (1). 

Fertilizer workers are among the occupational groups 
exposed to precursors of N-nitroso compounds. Fertilizer 
workers exposed to nitrates have been shown to have 
substantially higher concentrations of nitrates in saliva in 
comparison with unexposed workers (2). The results of 
several studies conducted among fertilizer workers ex- 
posed to large amounts of precursors of N-nitroso com- 
pounds are contradictory. In a census-based mortality 
study conducted in the United Kingdom (3), a significant 
excess risk for all cancers was found in an analysis by 
frequency of dust exposure, but this result was not con- 

firmed in an analysis by product type. In another British 
study (2) ,  a nonsignificant excess of lung cancer was 
found in the heavily exposed group. An excess risk of 
prostate cancer was found in a cohort of Swedish fertiliz- 
er workers; this increase was not enhanced by applying 
at least a 10-year latency period (4). Studies conducted 
in Norway and Iceland did not suggest any increase in 
the risk of cancer (5-6). 

This study was initiated to investigate possible ad- 
verse health effects in the form of excess mortality among 
workers exposed to precursors of carcinogenic N-nitroso 
compounds, especially nitrogen oxides, in a Russian plant 
producing strong inorganic acids (sulfuric, nitric, phos- 
phoric) and nitrate-containing fertilizers. Strong inorgan- 
ic acids were used as raw materials for the fertilizer 
manufacturing. 
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In addition, occupational exposure to chemicals such 
as strong inorganic acids, sulfur dioxide, fluorides, and 
arsenic was assessed. 

Subjects and methods 

The study was carried out in one of the largest Russian 
plants situated in the town of Voslaesensk in the Mos- 
cow region. Exposure to nitrogen oxides or to other ni- 
trogen compounds was encountered in six production 
departments: (i) sulfuric acid manufacture (tower 
process), (ii) sulfuric acid manufacture (contact process), 
(iii) ammonia manufacture, (iv) phosphoric acid manu- 
facture, (v) nitric acid manufacture, and (vi) compound 
fertilizer production. 

The tower process takes place in the oldest depart- 
ment manufacturing sulfuric acid. In the tower process 
sulfuric acid is formed by the reaction between sulfur 
dioxide and nitrosylsulfuric acid (sulfuric acid with ni- 
trogen oxides dissolved in it). Nitrogen oxides released 
as a result of the reaction are reissued in the cycle. Until 
the end of 1975, sulfur dioxide was derived froin pyrite 
containing some arsenic. 

In the sulfuric acid manufacture with the contact proc- 
ess, sulfur dioxide is first converted to sulfur trioxide in a 
converter; then sulfur trioxide is dissolved in water to 
produce sulfuric acid. 

In the ammonia manufacture, ammonia was synthe- 
sized from oxygen and nitrogen derived from air. 

The phosphoric acid manufacture involves the pro- 
duction of phosphoric acid from phosphate rock treated 
with sulfuric acid and phosphoric acid successively. Dur- 
ing the reaction fluoric compounds are released into 
workspace. 

Nitric acid was manufactured by catalytic oxidation 
of ammonia in air. 

During the production of the compound fertilizer, 
compound fertilizer consisting of ammonia nitrate, am- 
monia phosphate, and potassium chloride was produced. 

An industrial hygiene survey was conducted with the 
participation of a local industrial hygienist. Descriptions 
of technological processes and interviews with depart- 
mental chiefs and safety officers were casried out. Expo- 
sure measurements had been made by the central labora- 
tory of the plant since 1972. Standard methods adopted 
in the United Soviet Socialist Republic (USSR) were 
used (7). In the production departments the mean annual 
concentrations of nitrogen oxides ranged from 1.12 to 
10.55 mg . m-3, The mean annual concentrations of dust 
containing nitrates ranged from 2.37 to 4.43 mg . m-3. 
Sulfur dioxide was found in concentrations from 1.57 to 
16.22 mg . m-3. Measurements of the substances under 
study were not conducted in all the departments; in par- 
ticular, data on arsenic exposure were not available. 

Therefore the direct use of exposure measurements was 
impossible in the analysis. 

Exposure to the main agents (nitrogen oxides, sulfur 
dioxide, sulfuric acid mist, arsenic, fluoric compounds, 
and nitrate) was classified according to the industrial 
hygiene survey as low (score value l), medium (score 
value 2), high (score value 3) for each department and 
for the auxilimy staff of the plant. As the production in 
all the departments was characterized by the absence of 
significant technological changes in the study period, the 
exposures to all pollutants except arsenic were assumed 
to be constant over time in the model. Individual cumu- 
lative exposures (in unit-years) were calculated on the 
basis of this classification as score values multiplied by 
duration of employment. Additional analyses were con- 
ducted using the weights of 1 (low), 10 (medium), and 
50 (high). 

Individual exposures within the departments were 
likely to be similar, since gases and dusts tended to 
spread throughout the departments from several sources 
during production and most of the workers did not stay 
within a single location during a workday. 

Both the men and the women employed at least two 
years between 1945 and 1985 in the six departments 
included in the study, as well as auxiliary workers of the 
plant, workers of the central laboratory and office work- 
ers and technicians, were included in the cohort. Infor- 
mation on name, date of birth, gender, address, and date 
of starting and ending every job during employment at 
the plant was abstracted from the records of the Person- 
nel Department. 

The cohort was subdivided into the following two 
main groups: production workers, including those em- 
ployed in the six departments, and other workers. The 
workplaces of the other workers were situated around the 
perimeter of the main plant. 

The cohort, consisting of 2039 inen and 2957 women, 
was followed until the end of 1990. Records for all the 
members of the cohort were sent to the Central Address 
Bureau of Moscow City and Moscow Region to deter- 
mine the vital status of the members of the cohort. Vital 
status records are maintained by the Address Bureau of 
Russia for a period of five years. The vital status of the 
workers who had been identified by the Address Bureau 
as not resident in the city or region of Moscow was 
checked in the State Registry Office files. Any persons 
untraced by these means were considered to be followed 
until the date of leaving the plant. The causes of death of 
the deceased members of the cohort were abstracted from 
the death certificates in local state registry offices. Certi- 
fied causes of death were coded according to the Interna- 
tional Classification of Diseases, ninth revision (ICD-9). 

Standardized mortality ratios (SMR) for all cancers, 
cancers of the main sites, and other major causes of 
death were calculated with 95% confidence intervals 
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(95% CI) on the assumption of a Poisson distribution. 
Person-years at risk were accumulated by gender and 
five-year age categories. The gender- and age-specific 
mortality rates for the Moscow region were calculated 
for 1970, 1979, and each year from 198 1 on. The 1970 
rates were used to calculate the expected number of 
deaths during the period 1965-1974; the 1979 rates 
were used for 1975-1980. Workers deceased before 
1965 were excluded from the analysis. The analysis was 
conducted by department, latency period, duration of 
employment, and cumulative exposure. In the analysis 
by department those who worked in more than one de- 
partment during their employment at the plant were in- 
cluded in the analysis by department. 

Exposure response gradients for the main air pollut- 
ants were examined by means of internal rate compari- 
sons using Poisson regression modeling (8). Relative 
risks (RR) adjusted for age (four levels: <45, 45-54, 
55-64, 2 65 years), calendar year (four levels: before 
1975, 1975-1979, 1980-1984, after 1985) and gender 
were estimated for cumulative exposure to nitrogen ox- 
ides, sulfur dioxide and arsenic, for average exposure to 
the same substances, and for duration of employment. 
The RR values have been expressed with the rates ill the 
lowest exposure or duration categories as the reference. 
Person-yeas were tabulated using a program described 
by Pearce & Checkoway (9). The statistical package 
GLIM was used for the Poisson regression analysis (10). 
Different approaches to person-years approximation for 
the SMR and Poisson regression analyses led to minor 
differences in the number of person-years and deaths in 
the different strata. 

Results 

The cohort consisting of 2039 men and 2957 women 
contributed 84 193 person-years during 1965-1990; 320 

Table 1. Mortality from all causes and from cancer of selected sites 
mortality ratio, 95% CI = 95% confidence interval) 

persons (86 production workers and 234 other workers) 
were lost to follow-up. 

Mortality from all causes combined among the pro- 
duction workers of both genders was slightly decreased 
when compared with the reference rates (305 deaths, 
SMR 94, 95% CI 84-105). The overall mortality of 
other workers was significantly decreased (632 deaths, 
SMR 91, 95% CI 84-98). These results were mainly 
due to a significant deficit of deaths from circulatory 
diseases among the production workers (107 deaths, 
SMR 78,95% CI 64-95) and other workers (309 deaths, 
SMR 82, 95% CI 73-92). The number of deaths from 
all malignancies among the production workers was close 
to the expected  lumber (77 deaths, SMR 101, 95% CI 
80-126), but for the other workers it was less than 
expected (147 deaths, SMR 90, 95% CI 75-105). For 
the category of injury and poisoning the number of deaths 
was significantly higher than expected for both groups 
(73 deaths, SMR 170,95% CI 133-214, and 74 deaths, 
SMR 145, 95% CI 1 14-1 82, respectively). 

For the male production workers (table 1) there was 
an excess risk of death from all malignant neoplasms 
(SMR 143, 95% CI 103-192) and lung cancer (SMR 
186, 95% CI 108-297) after a latency period of 20 
years or more was applied. No increase was noticed for 
other male workers. There were three deaths from cancer 
of the larynx (one death among the production workers 
and two among the other workers), but the SMR was not 
calculated since the reference rates were not available. 
For the women, no excess mortality was found among 
either the production workers or the other workers - 
except for a nonsignificant excess of lung cancer among 
the production workers, but this result was based on 
three deaths (table 2). 

In the analysis by department slightly increased SMR 
values were found mainly for the workers in the sulfuric 
acid department (tower process) for all cancers (32 
deaths, SMR 121,95% CI 83-171), for stomach cancer 

in male workers. (0 = observed number of deaths, SMR = standardized 

Cause of deatha Total group 2 20-year latency 

0 SMR 95% CI 0 SMR 95% GI 

Production workersb 
All causes (001-999) 
All malignant neoplasms (140-208) 

Stomach (1 51) 
Lung (162) 

Other workersc 
All causes (001-999) 
All malignant neoplasms (140-208) 

Stomach ( I  51 ) 
Lung (162) 

a International Classification of Diseases, ninth revision, in parentheses. 
T o t a l  group = 1120 subjects, 17  905.3 person-years; group with 20-year latency period = 542 subjects, 3948.7 person-years. 
V o t a l  group = 919 subjects, 14 157.3 person-years; group with 20-year latency period = 433 subjects, 3293.4 person-years. 
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Table 2. Mortality from all causes and from cancer of the main sites in the female workers. (0 = observed number  of deaths, 
SMR = standardized mortality ratio, 95% GI = 95% confidence interval) 

Cause of deatha Total group 2 20-year latency 

0 SMR 95% CI 0 SMR 95% CI 

Production workersb 
All causes (001-999) 
All malignant neoplasms (140-208) 

Stomach (151) 
Lung (1 62) 

Other worker9 
All causes (001-999) 
All malignant neoplasms (140-208) 

Stomach (151) 
Lung (1 62) 

a International Classification of Diseases, ninth revision, in parentheses. 
Total group = 798 subjects, 13 829.4 person-years; group with 20-year latency period = 412 subjects, 3867.2 person-years. 

V o t a l  group = 2159 subjects, 38 300.7 person-years; group with 20-year latency period = 1216 subjects, 10 762.5 person-years. 

(13 deaths, SMR 169, 95% CI 90-289), and for lung 
cancer (1 1 deaths, SMR 186, 95% CI 93-334). These 
results were due to an excess of cancer mortality among 
the men of this department (27 deaths from all cancers, 
SMR 151, 95% CI 100-220; 11 deaths from stomach 
cancer, SMR 204, 95% CI 102-366; 10 deaths from 
lung cancer, SMR 187, 95% CI 90-344). Only four 
deaths from cancer (SMR 52, 95% CI 14-132) were 
found for the workers in the compound fertilizer depart- 
ment. Among these workers the number of deaths from 
stomach cancer (2 observed deaths) was close to the 
expected number (SMR 101,95% CI 12-365). 

The analysis by duration of employment among ei- 
ther the production workers or the other workers did not 
reveal any significant excesses, although there was a 
marginally significant trend (P = 0.08, based on four 
categories) for stomach cancer in the group of produc- 
tion workers (SMR 177,95% CI 57-412) with duration 
of employment of 20 years or more]. 

The initial analysis by cumulative exposure was con- 
ducted separately for the men and the women, using a 
subdivision of the cumulative exposure levels into two 
categories. This analysis showed an excess of death from 
stomach cancer for the men when the cumulative expo- 

sure to nitrogen oxides exceeded 40 unit-years (8 deaths, 
SMR 204,95% CI 102-365). The analysis by cumula- 
tive exposure to arsenic showed an excess risk of death 
from all neoplasms when the cumulative exposure was 
higher than 20 unit-years (36 deaths, SMR 144, 95% CI 
101-199). No significant results were found for the 
other substances of interest, including sulfuric acid mist, 
either for the men or the women (detailed results not 
presented). An analysis by cumulative exposure to ui- 
trate was not conducted, as the number of exposed cases 
was too small. 

A more-detailed analysis by cumulative exposure for 
both genders was conducted. It was restricted to nitrogen 
oxides, sulfur dioxide, and arsenic. The significant find- 
ings were an excess mortality from lung cancer when the 
cumulative exposure to arsenic was between 20 and 34 
unit-years (SMR 260, 95% CI 105-136) and a positive 
trend (P = 0.03) for all neoplasms in the analysis by 
cumulative exposure to arsenic. 

In the Poisson regression analysis (table 3) there was 
no indication of an increase in risk of death from neo- 
plasms with increasing duration of employment, except 
for a marginally significant trend for stomach cancer 
(P = 0.10). 

Table 3. Mortality by duration of employment - Poisson regression analysis. The model was adjusted for age, gender, and calendar year. 
(0  = observed number of deaths, R R  = relative risk, 95% GI = 95% confidence interval) 

Duration of employment Cause of deatha 

All cancers (140-208) Stomach cancer (151) Lung cancer (162) 

0 RR 95% CI 0 RR 95% CI 0 RR 95% CI 

2-4 years 49 1.00 - 13 1.00 - 15 1.00 - 

5-9 years 40 0.78 0.51-1.19 12 0.88 0.40-1.93 6 0.42 0.16-1.09 
10-1 9 years 82 1.12 0.79-1.60 32 1.68 0.88-3.21 19 0.90 0.46-1.78 
r 20 years 53 1.08 0.73-1.60 17 1.46 0.70-3.05 7 0.47 0.19-1.17 

P = 0.34b P = O.IOb P = 0.2gb 

a International Classification of Diseases, ninth revision, in parentheses. 
Test for linear trend. 
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In the analysis by average exposure, excess risks for 
death from all cancers combined (35 deaths, RR 1.47, 
95% CI1.O1-2.13) and from stomach cancer (14 deaths, 
RR 1.82, 95% CI 1.01-3.29) were shown in the "3- 
unit" exposure category for arsenic. There was a slight 
tendency towards increasing mortality from lung cancer 
with average exposure to arsenic, though the results were 
not significant. Mortality from stomach cancer was in- 
creased in the "2 2-units" category of average exposure 
to nitrogen oxides (I-unit category: 52 deaths, RR 1.00; 
1.1- to 1.9-unit category: 10 deaths, RR 0.72, 95% CI 
0.36-1.43; 2 2-unit category: 12 deaths, RR 1.85, 95% 
CI 0.98-3.51). 

The only significant finding in the analysis by cumu- 
lative exposure (table 4) was the high relative risk of 
lung cancer in the category 20-34 unit-years of arsenic 
exposure (7 cases, RR 2.80,95% CI 1.21-6.46), but the 
RR values did not increase in the category 3 5 - 4 9  and 
2 50 unit-years. The RR values for stomach cancer 
tended to increase with the levels of cumulative exposure 
to nitrogen oxides and to sulfur dioxide, but the results 
lacked significance (tests for linear trend: P = 0.08 and 
P = 0.07, respectively). Similar results were shown after 
different weights were used. 

Discussion 

This study was cassied out with the main purpose of 
investigating whether occupational exposure to precur- 

sors of N-nitroso compounds increases cancer mortality. 
A twofold increase in mortality from stomach cancer risk 
was found only for the men, when cumulative exposure 
to nitrogen oxides was 2 40 unit-years. In addition, there 
was a marginally significant linear trend for stomach 
cancer in the Poisson regression analysis by cumulative 
exposure to nitrogen oxides. 

Trace rates were higher for the production workers in 
comparison with the other workers. Although the same 
follow-up procedure was implemented for both groups, 
the follow-up of nonproduction workers was complicat- 
ed by the fact that the members of the group seemed to 
be more mobile. As the occupations of these workers 
were less specialized than those of the production work- 
ers, it was easier for them to move out of the Moscow 
region, where they were not traced. 

Low mortality from all causes combined and circu- 
latory diseases is characteristic of industrial cohorts and 
can be considered a manifestation of the "healthy work- 
er effect." Preemployment and periodic health examina- 
tions were performed in the plant. High mortality from 
injury and poisoning among the members of the cohort 
was found to be associated with work-related hazards 
and more in general with their low socioeconomic sta- 
tus. 

The main limitation of the study was the absence of 
quantitative hygiene data spanning all the time periods 
and work areas. Insufficient exposure data precluded di- 
rect use in the dose-response analysis. The exposure 
scores were based on industrial hygiene judgments of 
differences in exposure between different work areas 

Table 4. Mortality by cumulative exposure to the main air pollutants - Poisson regression analysis. The model was adjusted for age, 
gender, and calendar year. (0 = observed number of deaths, RR = relative risk, 95% CI = 95% confidence interval) 

Cumulative exposure level Cause of deatha 

All cancers (1 40-208) Stomach cancer (151) Lung cancer (1 62) 

0 RR 95% CI 0 RR 95% CI 0 RR 95% CI 

Nitrogen oxides 
< 5 unit-years 
5-9 unit-years 
10-24 unit-years 
2 25 unit-years 

Sulfur dioxide 
< 5 unit-years 
5-9 unit-years 
10-24 unit-years 
2 25 unit-years 

Arsenic 
Unexposed 
5 19 unit-years 
20-34 unit-years 
35-49 unit-years 
2 50 unit-years 

a International Classification of Diseases, ninth revision, in parentheses. 
Test for linear trend. 
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and over time, but the errors in the scores would 
rather lead to an attenuation of the estimated dose re- 
sponse because of misclassification, which one would 
expect to be nondifferential with respect to health out- 
come (1 1). 

The confounding effect of cigarette smoking on the 
results of the study cannot be ruled out because data on 
smoking status among the members of the cohort were 
not available. However the difference in the results be- 
tween the production and other workers, who belonged 
to the same social class, and the positive results of the 
analyses by cumulative and average exposures prevent 
us from explaining the excess risk of lung cancer only as 
an effect of smoking. The absence of excess mortality 
from circulatory diseases and other smoking-related can- 
cers also argues against significant confounding. 

In the analysis by duration of employment, we failed 
to find a statistically significant increase in mortality 
among the worlters with the longest duration of employ- 
ment. The explanation may be that workers more sensi- 
tive to an occupational factor, in particular to irritants of 
the respiratory tract such as nitrogen dioxide and sulfur 
dioxide, tended to leave their jobs. 

A possible explanation for the fact that the excess 
risk of cancer was only apparent for the men is that the 
men may have been hired into less hygienic jobs and 
therefore were more highly exposed. 

There was no increase in the mortality from all can- 
cers combined or lung cancer in conjunction with expo- 
sure to nitrogen oxides. However, we found an excess 
mortality from all cancers combined and lung cancer 
ainong the male production workers when a 20-year la- 
tency period was applied. This excess indicates that an 
effect of occupational exposure cannot be dismissed. 

Arsenic is a known human carcinogen, and occupa- 
tional exposure to it has been associated with excess risk 
of lung cancer in several studies (12). In the present 
investigation a significant excess of lung cancer was 
observed for one of the cumulative exposure categories. 
In addition, a marginally significant trend was found in 
the analysis by average exposure (P = 0.07). 

A nearly twofold excess risk of stomach cancer was 
shown for the heavily exposed group in the analysis by 
average exposure to arsenic. An excess mortality from 
stomach cancer has been observed for glass workers and 
gold miners; however, they were exposed to other poten- 
tially cascinogenic substances (13, 14). It should be point- 
ed out that most of the deaths from stomach cancer were 
attributed to the workers of the sulfuric acid department 
(tower process), where the highest concentrations of ni- 
trogen oxides were observed. In addition, a twofold in- 
crease in the risk of stomach cancer among men in the 
SMR analysis by cumulative exposure to nitrogen oxide 
and a positive trend in the Poisson regression analysis by 
cumulative exposure suggested the possibility that expo- 

sure to nitrogen oxides might increase the risk of gastric 
cancer. 

The incidence of gastric cancer has been found to be 
inversely related to socioeconomic status (15), and it 
therefore probably reflects life-style factors. Previous 
studies ainong fertilizer workers failed to find any in- 
crease in gastric cancer (2-6). It is noteworthy that 
these earlier investigations were conducted in western 
European countries where stomach cancer rates are low 
in comparison with Russia's. Mortality from stomach 
cancer in the ex-USSR is 38.8 for men and 17.0 for 
women (per 100 000, world standard) (1  6). The inci- 
dence rates of stomach cancer in the USSR are ainong 
the highest recorded worldwide. The highest age-stand- 
ardized incidence rates have been observed in Russia 
(17). The general assessment of vital registration data 
has been good on the whole (18). All deaths occurring in 
the ex-USSR are medically certified (94% by physicians, 
6% by feldschers) (19). 

It has been shown that an increased risk of stomach 
cancer is associated with dietary factors (20). The con- 
sumption of fresh fruit and vegetables is among the most 
obvious differences in the diet of Russian and western 
European populations. It is known that a western diet 
rich with fresh fruit and vegetables is related to a high 
intake of vitamins such as ascorbate, which reduces en- 
dogenous nitrozatioll (21). Several studies have shown 
an association between stomach cancer and infection 
with Helicobncter pylori (22) and also between stomach 
cancer and previous gastric surgery (23). 

In conclusion, our investigation did not show a strong 
association between employment in fertilizer production 
and an increased risk of inortality from cancer. A possi- 
ble exposure misclassification could have reduced the 
power of detecting the association. The fact that excess 
mortality from lung cancer was associated with average 
exposure to arsenic, but no significant trend was found in 
the analysis by cumulative exposure, confirms this suspi- 
cion. The results somewhat support the hypothesis that 
occupational exposure to precursors of N-nitroso com- 
pounds (in particular, to nitrogen oxides) increases the 
risk of stomach cancer. An increased mortality from 
stomach cancer in this cohort can be attributed to the 
exposure to arsenic as well, though these exposures were 
highly correlated. Additional investigations are needed 
to confirm the results of our study. 
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