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Summary. We present an epidemiological study on a possible association between suicide and occupational exposure 
to electromagnetic fields, pesticides and organic solvents. A total of 7,512 deaths within the period 1994-2002 were 
analyzed. The assessment of occupational exposure was based on the job title reported in death certificates and 
medical protocols. The exposed group comprised 5,762 deaths (1,890 workers exposed to pesticides, 1,945 to organic 
solvents, and 1,927 to electromagnetic fields). The control group consisted of 1,750 deaths with no prior exposure to 
these noxae. The exposure assessment has shown that the incidence of suicide deaths was significantly higher in the 
workers exposed to electromagnetic fields, pesticides and organic solvents, compared to controls. Suicide mortality in 
the exposed group increased with the length of exposure to these noxae. Our results suggest an association between 
suicide and occupational exposure to electromagnetic fields, organic solvents and pesticides. More research involving 
a greater number of exposed deaths is warranted for further evaluation of the results. 
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Introduction  
The problem of suicide is as old as man and his 

civilisation. A suicidal act is a man-specific phenome-
non and has therefore been present in all human cultures 
and historical epochs. Being still an enigma, it is a sub-
ject of contemplation and debate among experts in vari-
ous fields. The term itself refers to a voluntary act 
leading to death as an expression of one’s despair, 
helplessness and anger.  

In the United States, suicide is currently the 11th 
leading cause of death (1). An increased risk of suicide 
is found among the elderly, divorced and widowed indi-
viduals of both genders (2,3). 

The etiology of suicide is multifarious. The most 
frequent causes include illness, social and family cir-
cumstances, spiritual disorientation, hopeless situations, 
loneliness, neglect, helplessness, failure, emotional 
blows, fear, strong sentiment of responsibility or striv-
ing for a heroic act (4-14). Boxer et al. (15) reviewed 
several studies that evaluated the risk of suicide in rela-
tion to employment in specific occupations. Many of 
these occupational cohort studies reported a suicide risk 
among workers potentially exposed to chemicals as 
compared to an external reference population. Few 
studies, however, focused on specific occupational ex-
posures that could have neurobehavioral effects possibly 
leading to suicide. Literature data provide evidence that 

the factors of occupational exposure can play an impor-
tant role in suicide etiology, as well (16-19).  

An analysis of suicide etiology is most important as 
it provides the basis for preventive measures that, if 
adequate, can reduce the number of potential suicides 
by almost 60% (20,21,22). 

Aim  
The aim of the study was to investigate a possible 

association between suicide and occupational exposure 
to electromagnetic fields, pesticides and organic sol-
vents. 

Method 
The study population comprised 7,512 deaths within 

the period 1994-2002, whose profession was identified 
on the basis of death certificates. Eligible subjects were 
workers between the age 18-65 at the time of death, for 
whom informative occupational data and complete in-
formation on marital status were available. Subjects 
with unknown occupation, students, volunteers, or those 
who never worked were excluded. Data from the origi-
nal certificates of death from suicides and data from 
medical protocols were analyzed. The analysis focused 
on specific occupational exposures that could have neu-
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robehavioral effects possibly leading to suicide. The 
subjects were classified as the exposed or the unexposed 
based on their occupation (23,24). The specific expo-
sure analyses focused on electromagnetic fields, organic 
solvents and pesticides. The following jobs were thought 
to involve exposure to electromagnetic fields: electrical 
and electronic engineers, electrical, household and 
telephone repairers, electrical and electronic technicians, 
broadcast equipment operators, electricians and electrician 
apprentices, power plant operators and motion picture 
projectionists. 

Jobs considered to involve direct exposure to or-
ganic solvents included painters, mechanics and repair-
ers, carpenters, furniture and wood finishers, shoe re-
pairers, machine operators, printers and laborers. 

Occupations taken as involving potential exposure to 
pesticides included farmers and farm workers, veteri-
narians, pest-control-related occupations, farm manag-
ers and supervisors, marine life cultivation workers, 
nursery workers, groundskeepers and gardeners, animal 
caretakers, graders and inspectors of agricultural prod-
ucts, forestry workers and loggers.  

The exposed group comprised 5,762 workers who 
died within the period 1994-2002 and who had been 
exposed occupationally to pesticides (1,890 workers), 
organic solvents (1,945 workers) and electromagnetic 
fields (1,927 workers). 

The control group included 1,750 workers who died 
within the examined period and who were assumed not 
to have been significantly exposed to chemical or physi-
cal agents: clerks, engineers, entertainers, legal workers, 
managers, salesmen, surveyors, teachers and writers. As 
marital status, age and gender are all relevant to suicide 
(2,3), they were considered potential risk factors in our 
study. Marital status was classified as single, married, 
divorced or widowed as indicated in the death certificate. 

The subjects were divided into three groups on the basis 
of the age at death: 18-34 years, 35-49 years, and 50-65 
years. 

An analysis of statistical significance was performed 
using Chi-squared values. 

Results  
The incindence of suicides in the exposed group 

(15.2%) was statistically more significant compared to 
the control (1.1%) (p<0.001). The highest rate was 
registered in  the group exposed to electromagnetic 
fields (17.7%). The association between suicide and 
exposure to electromagnetic fields is given in Table 1. 
The suicide rate was slightly higher in males than 
females, and in divorced, widowed or single workers 
than married ones. Suicide mortality showed to increase 
with the length of exposure to electromagnetic fields. 
The highest mortality was found in the age group of 18-
34 years.  

The association between suicide and exposure to 
pesticides is given in Table 2. Suicides were statistically 
more frequent in the workers exposed to pesticides 
(16.4%) than in controls (1.1%) (p<0.001). Suicide 
among females and divorced, widowed or single 
workers occurred at a rate slightly higher than that ob-
served among males and married workers. Suicide 
mortality increased with the length of exposure to 
pesticides. The highest suicide incidence was found in 
the age group of 18-34 years. 

The association between suicide and exposure to 
organic solvents is given in Table 3. Suicide mortality 
was statistically more significant in the group exposed 
to organic solvents (11.5%) than the control group 
(1.1%) (p<0.001). The suicide rate was slightly higher 
in males than females, and in divorced, widowed or 

Table 1. Suicides in workers exposed to electromagnetic fields 

Exposed to electromagnetic fields Control group 
Items Number of 

deaths 
Number of 

suicides 
Percent of 
suicides 

Number of 
deaths 

Number of 
suicides 

Percent of 
suicides 

Age (years)       
18-34 341 92 26.9 275 7 2.5* 
35-49 647 135 20.9 594 6 1.0* 
50-65 939 114 12.1 881 6 0.7* 
Length of exposure (years)       
Under 10 282 35 12.4 239 4 1.7* 
11-20 488 84 17.2 435 5 1.1* 
21-30 474 89 18.8 428 5 1.2* 
31-40 683 133 19.5 648 5 0.8* 
Sex       
Male 971 271 27.9 878 8 0.9* 
Female 956 70 7.3 872 11 1.3* 
Marital status       
Married 483 81 16.8 441 4 0.9* 
Single 477 88 18.4 437 5 1.1* 
Divorced 485 90 18.6 439 5 1.1* 
Widowed 482 82 17.0 433 5 1.1* 
Total 1927 341 17.7 1750 19 1.1* 

* Differences between the exposed and control group are statistically significant. 
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Table 2. Suicides in workers exposed to pesticides 

Exposed to electromagnetic fields Control group 
Items Number of 

deaths 
Number of 

suicides 
Percent of 
suicides 

Number of 
deaths 

Number of 
suicides 

Percent of 
suicides 

Age (years)       
18-34 325 75 23.1 275 7 2.5* 
35-49 632 133 21.0 594 6 1.0* 
50-65 933 103 11.0 881 6 0.7* 
Length of exposure (years)       
Under 10 275 34 12.4 239 4 1.7* 
11-20 469 72 15.3 435 5 1.1* 
21-30 481 74 15.4 428 5 1.2* 
31-40 665 131 19.7 648 5 0.8* 
Sex       
Male 952 132 13.8 878 8 0.9* 
Female 938 179 19.1 872 11 1.3* 
Marital status       
Married 474 68 14.3 441 4 0.9* 
Single 479 78 16.3 437 5 1.1* 
Divorced 468 79 16.9 439 5 1.1* 
Widowed 469 86 18.3 433 5 1.1* 
Total 1890 311 16.4 1750 19 1.1* 

* Differences between the exposed and control group are statistically significant. 

Table 3.  Suicides in workers exposed to organic solvents 

Exposed to electromagnetic fields Control group 
Items Number of 

deaths 
Number of 

suicides 
Percent of 
suicides 

Number of 
deaths 

Number of 
suicides 

Percent of 
suicides 

Age (years)       
18-34 351 55 15.7 275 7 2.5* 
35-49 643 93 14.5 594 6 1.0* 
50-65 951 76 7.9 881 6 0.7* 
Length of exposure (years)       
Under 10 291 31 10.6 239 4 1.7* 
11-20 485 54 11.1 435 5 1.1* 
21-30 488 56 11.5 428 5 1.2* 
31-40 681 83 12.2 648 5 0.8* 
Sex       
Male 984 149 15.1 878 8 0.9* 
Female 961 75 7.8 872 11 1.3* 
Marital status       
Married 495 51 10.3 441 4 0.9* 
Single 483 57 11.8 437 5 1.1* 
Divorced 487 59 12.1 439 5 1.1* 
Widowed 480 57 11.9 433 5 1.1* 
Total 1945 224 11.5 1750 19 1.1* 

* Differences between the exposed and control group are statistically significant. 

single workers than married ones. The incidence of 
suicides increased with the length of exposure to organic 
solvents. The age group of 18-34 years was found to be 
at the highest risk of suicide.   

Discussion  
The elevated risks for a specific occupation could be 

a consequence of a complex interaction between job 
factors, such as work stress or isolation, access to medi-
cal care, environmental and occupational exposures, and 
other risk factors including the presence of mental and 
addictive disorders. In addition, the type of personality 

that chooses to enter a specific profession may be im-
portant (15). Previous research suggested that physi-
cians and nurses are at increased suicide risk (15,25), 
whereas the evidence is somewhat more inconsistent for 
other occupations such as dentists, electric utility work-
ers, farmers, forestry workers, and police officers (15, 
26,27,28).  A recent study has found the highest risk of 
suicide in the mining industry (29). In another study, the 
increased risk of suicide was found in the occupations 
such as a dentist, electrician, fisherman, logger, metal 
miner, and welder, but for physicians and nurses it 
could not be confirmed (30). The obvious variations in 
occupational suicide risks could be due to methodologi-
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cal differences between various studies, including study 
population, statistical model, covariance included in the 
statistical analysis, time period of study, definition of 
exposure, and definition of the reference group. 

The years of the economic crisis in our country, war, 
waves of refugees, intensive political turmoil, ongoing 
transition, low income and uncertainty have certainly 
contributed to an increased number of vulnerable sub-
jects who choose to commit suicide.  

The association between suicide and exposure to 
electromagnetic fields is inconsistent. Some studies 
have found evidence for the association (31, 32), 
whereas others have not (33,34). In our study, suicide is 
related to occupations potentially involving exposure to 
electromagnetic fields. The association was somewhat 
more convincing in the younger age groups and males. 
Age correlates inversely with suicide risk, in a manner 
similar to the pattern previously observed (35). The 
findings correspond to the results of those authors who 
register an increased number of suicides among elec-
tricity-related professions (36,37). These results may be 
accounted for by the property of electromagnetic fields 
to inhibit production of melatonin, the lack of which 
may lead to mental depression as an important risk fac-
tor for suicide (31). 

A limited number of epidemiologic studies have in-
vestigated the association between suicide and occupa-
tional exposure to organic solvents and pesticides. Welp 
et al. (38) studied the mortality from nervous system 
diseases and mental disorders, including suicide, with 
respect to occupational exposure to styrene. Having 
found that the mortality from suicide was highest among 
short-term workers and those with the lowest cumula-
tive exposure, the authors hypothesized that the patterns 
observed for suicide may have been due to non-occupa-
tional factors, including alcohol use (38). In our study 
the incidence of suicide in the workers exposed to or-
ganic solvent was significantly higher compared to 
controls. These results can be explained by the neuro-
toxic effects of organic solvents. Solvents are soluble in 
fat and may produce chronic neurotoxicity, including 
emotional disturbances (19) as a contributing factor in 
the suicide. Frequent suicides among the workers ex-
posed to organic solvents may be accounted for by the 
cumulative effects of this noxa, as well as by work-re-
lated stressful factors such as hard physical effort, 
mental effort, dysfunctional interpersonal relations, dis-

satisfaction with the job, and bad socioeconomic status 
in that industry branch (39, 40).  

Two studies have evaluated the association between 
pesticide exposure and death from suicide. Paron et al. 
(34) found that the suicide rate in a geographic area with 
farmers chronically exposed to pesticides was higher 
than the suicide rates in other geographic areas with 
similar demographic and socioeconomic characteristics. 
In addition, farmers were found to be at a higher risk of 
suicide as compared to the general population. In a more 
recent study, Picket et al. (41) evaluated suicide mortal-
ity in relation to pesticide use among Canadian farmers. 
Although a suicide risk was generally not associated 
with pesticide use in this population, some evidence 
suggests an elevated risk among farm operators. Further 
suggestive evidence for a role of pesticide exposure in 
the etiology of suicide was found in studies of forestry 
workers (42, 43). Our study demonstrates an elevated 
risk among professions involving a likely pesticide ex-
posure. The highest risks were found among females 
between the ages 18-34, but these findings were based 
on a relatively small number of exposed deaths. The 
results are consistent with the findings of those authors 
who demonstrated that the use of pesticides in regular 
work could have a special role in the origin of suicide 
(44). It has also been claimed that various chemicals 
used in farming can contribute to a higher incidence of 
suicides due to their neurotoxic effects (45). Some agri-
cultural pesticides are cholinesterase-reducing agents 
that may affect the function of neurons and transmission 
of information through the central nervous system, pos-
sibly leading to psychiatric disorders such as anxiety 
and depression (46). An English study also confirms a 
high incidence of suicides in farmers and pesticide-pro-
duction-related jobs (45). Australian authors register a 
high rate of depression and suicide among the rural 
population, recommending that special counseling of-
fices should be opened to deal with this problem (47).  

Conclusion 
The results of our study provide additional evidence 

for an association between suicide and occupational 
exposure to electromagnetic fields, organic solvents and 
pesticides. More research with a greater number of ex-
posed deaths seems warranted for further evaluation of 
the findings. 
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EPIDEMIOLOGIJA SAMOUBISTAVA KOD RADNIKA  
PROFESIONALNO IZLOŽENIH ELEKTROMAGNETNIM POLJIMA,  

ORGANSKIM RASTVARAČIMA I PESTICIDIMA 
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Aleksandra Arizanović1, Biljana Kocić2, Slobodanka  Bašić2 
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Kratak sadržaj. Ova epidemiološka studija izučava povezanost samoubistava i profesionalne ekspozicije 
elektromagnetnim poljima, pesticidima i organskim rastvaračima. Studija analizira 7512 smrtnih ishoda koji su se 
dogodili u periodu od 1994 do 2002 godine kod radnika. Procena profesionalne ekspozicije je vršena na osnovu 
zanimanja umrlog upisanog  u sertifikat o uzroku smrti i medicinske dokumentacije umrlog. Eksponovanu grupu je 
činilo 5762 umrlih (1890 radnika koji su ranije bili eksponovani pesticidima, 1945 radnika koji su ranije bili 
eksponovani organskim rastvaračima i 1927 radnika koji su ranije bili profesionalno izloženi elektromagnetnim 
poljima). Kontrolnu grupu je činilo 1750 umrlih koji nikada ranije nisu bili profesionalno eksponovani ovim 
noksama.. Prevalencija samoubistava je bila statistički značajno češća u grupi radnika koji su bili profesionalno 
eksponovani elektromagnentnim poljima, pesticidima i organskim rastvaričima nego u kontrolnoj grupi. Prevalencija 
suicida u eksponovanih radnika raste sa dužinom ekspozicije ovim noksama. Rezultati istraživanja ukazuju na 
povezanost samoubistava i profesionalne ekspozicije elektromagnetnim poljima, organskim rastvaračima i 
pesticidima. Dalja istraživanja u ovoj oblasti su poželjna i potrebno ih je provesti na većem broju ispitanika. 

Ključne reči: Samoubistvo, radnici, elektromagnetno polje, pesticidi,organski rastvarači 
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