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Abstract
Several reports have suggested that exposure to agricultural pesticides (mainly chronic
exposure to organophosphates) produces depression, and depression is a major risk factor
for suicide. A retrospective epidemiological study of 251 suicide cases was undertaken to
explore the possible relationship between the high suicide rates in an intensive agricultural
area, and a specific group of population at risk, namely farmers with chronic exposure to
pesticides, who are at risk to develop mood disorders (mainly depression). Our data show
that the suicide rate in that area is significantly higher than the suicide rates from other
geographic areas with very similar socioeconomic and demographic features. In addition,
the mortality from suicide in this population (farmers) does differ significantly from that of
the rest of the population.
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1. Introduction

El Poniente, the eastern area of Almeria province (Southeastern Spain) has the
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highest density of greenhouses in the world [l]. Estimated figures for 1993 surpass
25 000 Ha, which accounts for almost 80% of the national total. The climatological characteristics of this zone (mild temperatures, low rainfall, and the
greatest number of hours of sun in all Europe) have spurred and favoured this
intensive agriculture. Since the 19.50s the area has undergone an exponential
increase in agriculture, which is now a basic factor in the socio-economic
development of the province. Comparing the active workforce by production
sectors, we can see that 73.2% of the workforce in El Poniente is employed in a
primarily agricultural activity, which is almost double that of the agricultural
workforce for Almeria as a whole and quadruple that of Andalucia.
The nature of greenhouse agriculture (high temperature, high humidity, and
enclosed area) favours the appearance of a number of plagues that justify the
extensive use of pesticides. These pesticides, however, are the source of significant
toxic risks for the workforce exposed to them.
Organophosphates are among the most commonly used and most acute toxic
pesticides. They evoke a consistent pattern of physical symptoms, but they also
have acute psychological and neurobehavioral effects, such as anxiety, depression,
and cognitive impairments [2]. Occupational investigations of workers long-term
exposed to pesticides have shown multiple neuropsychological deficits, including
affective symptomatology [3], [4], that can even persist long after an acute
exposure event.
On the other hand, a number of works in neurotoxicology, occupational
medicine, and biological psychiatry, have developed a model for Multiple
Chemical Sensitivity Syndrome (MCS), based on olfactory-limbic dysfunction
overlapping in part with Post’s kindling model for affective disorders [5]. MCS
encompassesa broad range of chronic polysymptomatic conditions and complaints
whose triggers are reported to include low levels of common indoor and outdoor
environmental chemicals, such as pesticides and solvents. Other investigators have
found evidence of increased prevalence of depression, anxiety, and somatization
disorders in MCS patients [.5].
Patients with mood disorders have increased mortality, mostly due to suicide.
Investigations of mortality in depression found that some 15% of these patients
could be expected to kill themselves [6]. Although the excess mortality in earlier
studies may have been related in part to other causes, there is evidence that in
recent years most excess mortality in depression has been due to suicide [7]. In
addition, changes in the prevalence of depression may have contributed to
increasing suicide rates in young adults, although other psychiatric illnesses,
alcohol abuse, personality disorder, and poor social integration all predispose
people to suicide [8]. On the other hand, more than half of suicide attempts are
due to depression [9], and although the depression may sometimes be endogenous, in most cases it is reactive or neurotic.
The aim of this paper is to explore the link between an intensive agricultural
area with an elevated use of pesticides and its high suicide rate, in which the
occurrence of mood disorders (especially depression) related to long-term exposure to those chemicals may play a significant role.
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and methods

All suicides from 3 different areas of Ahneria province between 1976 and 1987
were carefully recorded and analyzed. We used data on 118 suicide cases from El
Poniente in this period. All of them died in unequivocal circumstances and were
eventually certified as having committed suicide. Results were compared after
adjustment and standardising of rates with the suicide incidence at regional and
national levels (information from the National Institute of Statistics [lo]). In
addition, we compared results with two other zones within the same province.
both in the district of Levante, that have quite similar sociocultural, demographic.
and economic characteristics. Unemployment rates constituted the only somewhat
greater differences, and were lower in El Poniente. In one of these comparative
zones (Huercal-Overa, 96 suicide cases), farmers primarily engage in tree and
cereal agriculture in the open air, and therefore use fewer pesticides. In contrast.
industry and service areas predominate in the other zone (Vera, 37 cases).
The definition of suicide is based on Spanish law on the determination of causes
of death: in every case of violent, sudden, or unexpected death, the possibility of
suicide is assessedby police and medico-legal investigations involving autopsy and
forensic examinations. We collected data on victims classified as having committed
suicide (according to forensic examinations) in comprehensive interviews with
relatives and attending health care personnel, as well as from psychiatric, medical,
and social agency records and suicide notes. In addition, information from police
and judiciary records were also available. Each judiciary record supplied the
following parameters: year, day, month, hour, zone, age, sex, civil status,
birthplace, address, profession, method used, place chosen, and probable cause.
Suicide methods are reported according to the forensic examination classifications
of immediate causes of death, including toxicological analysis. The most difficult
area to evaluate was the probable cause that led the person to commit suicide. It
was performed only in the zone of El Poniente. The criterion we used was the
psychological autopsy method [ll]. However, some difficulties in collecting data
arose from the distortions by the informants and from evasion, denial. and
concealment of evidence. Those cases with contradictory data were rejected. In
addition, other data of interest were also collected, such as antecedents of suicide
in the family, previous suicide attempts, the most common types of organic
illnesses the suicide victim suffered from, and the types of disability he/she had.
The principal causes were thus grouped into: mood disorders (especially depression), social factors, personality disorders and physical illnesses.
In the statistical analysis, the chi-square test. Fisher’s exact test, and the
two-sample t-test, two-tailed, were used as appropriate. Exact P values were
determined using the package SPSS/PC+.

3. Results
Altogether, we investigated a total of 251 suicide cases over the 12-year period.

Variable

S
P
R

S
P
R

s
P
R

S
P
R

S
P
R

Area

Poniente

H-Overa

Vera

Almerfa

Spain

S: Number of suicides. P: Population

1451
36024
4.0

24
394.8
6.0

4
31.6
12.0

9
83.1
10.8

7
55.4
12.6

1976

suicide rates of different

Table 1
Comparative

(inhabitants

1378
36368
3.8

26
406.4
6.4

3
31.8
9.4

5
82.9
6.0

12
57.6
20.8

1977

geographic

1225
37057
3.3

25
422.1
5.9

3
32.4
9.2

10
78.7
12.7

8
61.4
13.0

1979

1382
37402
3.7

20
418.3
4.8

3
32.7
9.1

8
74.5
10.7

8
62.4
12.8

1980

1297
37746
3.4

21
410.8
5.1

0
32.1
0.0

16
73.9
21.6

10
62.6
16.0

1981

Years

X 1000). R: Rate per 100 000 inhabitants.

1253
36713
3.3

23
415.1
5.5

0
32.2
0.0

5
82.6
6.0

5
59.7
8.4

1978

areas in Spain

1266
37892
3.3

29
420.3
6.9

2
32.7
6.1

3
74.1
4.0

11
63.3
17.4

1982

1606
38037
4.2

41
429.8
9.5

3
32.2
9.3

12
75.8
15.8

12
65.1
18.4

1983

1935
38182
5.1

29
438.1
6.6

4
34.7
11.5

7
76.6
9.1

8
68.4
11.7

1984

1908
38328
5.0

21
445.6
4.7

3
35.1
8.5

7
75.8
9.2

8
73.2
10.9

1985

1848
38473
4.8

22
442.3
5.0

7
36.3
19.2

5
74.9
6.6

19
71.2
26.7

1986

1505
38619
3.9

a

s
B
6’
g
2
2
8
9
p

36.9
13.5
25
450.2
5.5

;

R’
$
2
5

9
74.5
12.0

10
73.3
13.6

1987

2
7
s
2
%
.
‘rl
3

Y

T. Parr&

et al. I Forensic Science International

57

79 (1996) 53-63

Rate x 100.000

SPAIN

ANDALUCIA

ALMERIA

VERA

Fig. 1. Mean suicide rates for a 12-year period in different
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areas in Spain.

Table 1 gives the number of suicides, population, and the rate per 100 000
inhabitants for the 3 study areas, for Almeria province, and for all of Spain for
each of the 12 years under scrutiny. Taking the mean suicide values for this
period, one can observe statistically significant differences (P < 0.05) between the
suicide rate in the Poniente zone with respect to the other areas (see Fig. 1).
3.1. Victim profile

All victims were white Caucasians of which 190 (75.8%) were male and 61
(24.2%) female. The mean age was 53.5 years, S.D. 17.1. When plotted graphically, the crude variable for age follows a bell-shaped curve (normal distribution).
However, after adjusting for areas, a younger mean age was found in El Poniente
(50.6 years old), followed by Huercal-Overa (55.1 years old), and Vera (59.7 years
old) (P = 0.0501). The highest proportion of victims, 59%, were married, 26%
were single, while 11% were widowed, with no significant differences among the
study areas.
3.2. Circumstances of death

No significant difference was found when the suicide figures were analyzed by
year, season, month, or days. However, with the time of day a bimodal
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distribution was obtained with a major peak at 09:00-1O:OOh and a second one at
15:00-16:OO h.
Fifty-four percent of suicides occurred at the home of the victim, but the
self-poisoning caseswere actually unwitnessed. The rest of the victims moved to a
different location, very frequently committing suicide inside the greenhouse, in
the zone of El Poniente.
The variable for displacement, that is, persons who lived in the zone where they
committed suicide but were actually from another area, shows no overall
significant differences (47% were displaced, while 53% were not). When stratified
by zones (controlling for displacement), significant differences were found (P <
0.005) between suicides in El Poniente with respect to those in Huercal-Overa
and Vera (OR 2.3 and 1.6, respectively).
3.3. Suicide distribution

controlling

for profession

Fig. 2A shows the overall suicide distribution for the 3 study zones controlling
for profession. It may be seen that the profession with the highest number of
suicides was farmers, with significant differences with respect to the other
professions (P < 0.005). When stratifying by zones and controlling for the
profession of farming (Fig. 2B), we found significant differences (P < 0.05) both
with Vera and with Huercal-Overa, in spite of the fact that in the latter there are
an even greater number of farmers than in El Poniente.
3.4. Distribution

according to suicide method

Fig. 3A presents the overall suicide distribution for the 3 zones according to
the method used for the suicide. The most frequently used method was hanging,
accounting for 56.1% of the total, followed by poisoning with pesticides at 21.5%.
When controlling for distribution by area (Fig. 3B), it was evident there was a
greater use of pesticides used for the suicides in El Poniente than in the other two
areas (40.7% as compared with 3.1% for Huercal-Overa and 8.1% for Vera),
possibly due to greater availability. The frequency of hanging in El Poniente is
46.6% of the total, which is slightly higher than that for pesticide use (40.7%).
3.5. Probable cause for the suicide

This area only could be evaluated in the El Poniente zone. As with so many
aspects of forensic pathology, a degree of caution is required before drawing
conclusions as to the cause responsible for the suicide. In 21.2% of cases the
information available was not sufficient to assessthe psychiatric state immediately
before death. In all the remaining cases (78.8%) the main causes that pushed the
victim to commit suicide were as follows: (a) a history of mood disorder
(especially depressive illness) was established in 51 cases (54.8%) and 2 of these
victims had attempted suicide on at least one previous occasion; (b) social factors,
including disillusionmentf and a feeling of loss, were found in 7 cases (7.5% ); (c)
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Fig. 2. Suicide distribution for the 3 study zones of Almeria Province (Huercal-Overa, Vera and El
Poniente) controlling for profession. (A) Overall distribution of 251 cases. (B) Distribution after
stratifying by zones and controlling for the profession of farming.

personality disorders, including aggressive or impulsive behavior, alcoholism, and
drug abuse, 22 cases (23.6%); and (d) physical illnesses, inclu’ding permanent
disability or malignant tumors, 11 cases (11.8%). When controlling for depression,
significant differences were found (P < 0.05) between male farmers with respect
to non-farmers in the zone of El Poniente (OR: 1.97, confidence interval:
0.96-4.05).
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Fig. 3. Suicide distribution for the 3 study zones of Almeria Province (Huercal-Overa, Vera and El
Poniente) according to the method used for the suicide. (A) Overall distribution of 251 cases. (B)
Distribution after stratifying by zones and controlling for the method.

4. Discussion

Our study clearly agrees with Pounder [12] in that if the acceptability,
availability, and relative lethality of suicide methods does influence total suicide
mortality in a community, then the effect of this needs to be evaluated before
assessing the importance of other social factors such as economic climate and
unemployment.
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The incidence and circumstances of self-poisoning by pesticides are largely
unknown due to a lack of research. This study is the first to investigate all suicides
occurring in an intensive agricultural area with a significant use of pesticides (14%
of total pesticide usage in Spain). We also attempted to investigate the possible
link between high suicide rates in this area and affective disorders (previous
existence of depressive symptoms) that might be caused by occupational exposure
to pesticides.
The overwhelming number of suicides in the area of El Poniente is still high
even when compared to countries with a very high suicide mortality such as
Scotland, where the death rate from suicide changed from 7.60 in 1970 to 10.35
per 100 000 inhabitants in 1989 [12].
As in all analyses of suicide statistics it is important to examine the possibility
that the findings may be biased by systematic errors of reporting. Under many
different medico-legal systems of death investigation, a variable proportion of
suicides are seldom miscategorised as undetermined, but it is unlikely that any
significant number of suicides are miscategorised as accidental deaths. If the
estimated under-reporting in official statistics is corrected by assuming all
undetermined deaths to have been suicidal, then suicidal deaths give a higher rate.
This issue has also been addressed elsewhere [13].
International data are scarce. A recent study performed in England and Wales
found that 73% of pesticide-related deaths were classified as suicides [13].
However, data reported to the World Health Organization (WHO) as of
November 1985 for the years 1979 through 1984 show that among deaths defined
as either accident or suicide and directly attributed to pesticides, 94% (6243 of
6635) were suicides [14]. Comparatively, at least 79% of all pesticide fatalities
reported in the central reference Hospital of Almeria province were due to
suicide. In addition, the WHO data show considerable intercountry differences
with respect to the frequency of suicide mortality due to pesticides (a total of 1.5
countries from Europe, North America and Oceania were studied). The rate of
suicidal pesticide deaths was less than 1 per 100 000 inhabitants per year in all
countries investigated but Hungary, which had 4.33. The overall rate was 0.53 per
100 000 inhabitants per year.
Note that, for almost exactly this same period of time in El Poniente, the
suicide rate was 15.25 per 100 000 and pesticides were used to commit suicide by
40.7% of the total suicides. It is a simple matter for purposes of comparison to
calculate that the suicide rate by pesticides per 100 000 is thus 6.21, which is even
higher than in Hungary and is 11 times higher than the average country rates in
the WHO study.
It is noteworthy that the odds ratio of suicide in El Poniente is 3.20 with respect
to the rest of Almeria province excluding El Poniente (1.17 < OR < 8.73). The
possibility of controlling for all the confounding risk factors is lacking in this type
of study. In any case, however, we have demonstrated that when controlling for
the profession of farmer, the main risk factor in which we are interested, the area
of El Poniente showed a statistically higher number of suicides compared to
Huercal-Overa and Vera. In spite of this, it is possible that El Poniente farmers
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may have additional risk factors compared to farmers from the other areas (aside
from greater exposure to pesticides). Given the similar socioeconomic and
demographic characteristics of the three study areas, however, such differences
would most likely be minimal.
It has been reported [9] that a consistent finding in surveys of suicide is that
about half of the patients who commit suicide are depressed and that most
depressed patients who commit suicide are not taking antidepressants immediately before death. Depression is often overlooked in farmers with occupational
exposure to pesticides, as it may be masked by hypochondriasis or somatization,
contributing to a greater risk of suicide in this group than in the general
population.
Mental Health district data for 1992 reveal the incidence of mood disorders in
the Poniente zone to be statistically higher than for the Levante zone (P < 0.001,
OR: 1.88, confidence interval: 1.42-2.49). Various risk factors may affect this
higher incidence of mood disorders, including abrupt, traumatic displacement of
families, high illiteracy rates, very hard and stressful work, easy accessto money
and therefore to gambling, alcohol, and drugs, frequent economic problems,
marginalisation, etc. These factors, per se, can also be one explanation for the
results; however, it is also possible that continued exposure to pesticides may have
some influence as well.
As expected, the majority of our study victims in which the cause of the suicide
act could be established had a depressive episode immediately before death. Some
suicides seemed to occur in persons with no reported severe depressive symptoms;
however, a last-minute switch process, a mood swing, or an unrecognized
depressed state can never be entirely ruled out.
Moreover, while acknowledging that the origins of suicide in El Poniente are
complex and not completely understood, we express our concern that the easy
accessibility of pesticides and lack of knowledge of farmers about their highly
toxic nature contributed to the conversion of impulsive suicidal gestures becoming
fatal events. If we bear in mind that Huercal-Overa, the other agricultural area
from Almeria province, has a higher proportion of farmers than El Poniente but a
lesser usage of pesticides due to the type of crops grown, we can reasonably
suggest that a strong positive association between suicide and exposure to
pesticides is therefore possible.

References
[l] A. Mufioz-Martinez, Recursos naturales y crecimiento economico en el campo de Dalias, Servicio
de Planes y Programas (AMA), Sevilla, 1991, pp. 25-157.
[2] D.J. Ecobichon, Toxic effect of pesticides. In: M.O. Amdur, J. Doull and CD. Klaasen (eds.),
Casarett and Doull’s Toxicology, Pergamon Press, New York, 1991, pp. 565-622.
[3] L. Rossentock, M. Keifer, W.E. Daniel], R. McConnell and K. Claypole, Chronic central nervous
system effects of acute organophosphate pesticide intoxication. Lancet, 338 (1991) 223-227.
[4] J.A. Legaspi and C. Zenz. Occupational health aspects of pesticides. In: C. Zenz, (ed.),
Occupational Medicine, 3rd edn., Mosby, St. Louis, 1994, pp. 617-653.

T. Parr&

et al. I Forensic Science International

79 (1996) 53-63

63

[5] I.R. Bell, C.S. Miller and G.E. Schwartz, An olfactory-limbic model of multiple chemical
sensitivity syndrome: possible relationship to kindling and affective spectrum disorders. Biol.
Psychiatr., 32 (1992) 218-242.

[6] A. Coppen, H. Standish-Barry, L. Bailey, G. Houston, P. Silcocks and C. Hermon. Does lithium
reduce the mortality of recurrent mood disorders? J. Affect. Disord., 23 (1991) l-7.
[7] Editorial, Depression and suicide: are they preventable? Lancet, 340 (1992) 700-701.
[8] A. Lowy, P. Burton and A. Briggs, Increasing suicide rates in young adults. Br. Med. .I.. 300
(1990) 643.
[9] G. Isacson, P. Holusgren, D. Wasserman and U. Bergman, Use of antidepressants among people
committing suicide in Sweden. Br. Med. J., 308 (1994) 506-509.
[lo] Estadistica de1 suicidio en Espar?a. Afro 1988. Instituto National de Estadistica, Madrid, 1989.
[ll] R.E. Litman, T. Curphey, E.S. Shneidman, N.L. Farberow and N. Tabachnick, Investigations of
equivocal suicides. J. Am. Med. Assoc., 184 (1963) 924-929.
[12] D.J. Pounder, Changing patterns of male suicide in Scotland. Forensic Sci. Int., 51 (1991) 79-87.
[13] P. Casey and J.A. Vale, Deaths from pesticide poisoning in England and Wales: 1945-3989. Hum.
Exp. Toxico/., 13 (1994) 95-101.
[14] R. Levine, Recognized and possible effects of pesticides in humans. In: W.J. Hayes and E.R. Laws
(eds.), Handbook of Pesticide Toxicology, Vol. I. Academic Press. San Diego, 1991, pp. 275-360.

