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Hospital- and community-based studies were conducted in central Sudan to investigate the association
between pesticide exposure and perinatal mortality. The cases were 197 stillbirths in the hospital and 36
perinatal deaths in the community; the controls were 812 liveborn, normal-birth-weight infants in the hos-
pital, and 1505 liveborn infants who survived for the first 7 days after birth in the community. The odds
ratio (OR) of perinatal death associated with pesticide exposure was estimated using multiple logistic
regression. There was a consistent and significant association between pesticide exposure and perinatal
mortality in the hospital (adjusted OR = 1.9; 95% confidence interval (Cl): 1.3-2.8) and the community
populations (adjusted OR = 2.7; 95% Cl: 1. 1-6.4). The OR was significantly higher among women engag-
ed in farming (3.6; 95% Cl: 1.6-8.0), but not among women in nonfarming occupations (1.6; 95% Cl:
0.8-3.3). The estimated attributable risks of perinatal death owing to pesticide exposure were 22.6% for
hospital stillbirths and 15.7% for community perinatal deaths; but among women engaged in farming in
the hospital population the attributable risks were substantially higher (34.5%).

Introduction
Perinatal mortality is high in developing countries,
and although precise levels are difficult to gauge
because of underreporting, it is estimated that there
are about 7 million perinatal deaths per annum in
developing countries (1). Numerous biological and
social factors contribute to perinatal mortality, but
with increasing industrial development and modemi-
zation of agriculture, occupational and environmen-
tal factors are becoming more important.

Pesticides comprise a wide range of compounds,
including insecticides, fungicides and herbicides (2).
Although such substances are used extensively in
developing countries and there are numerous reports
of acute toxic exposures in adults (3-5), few studies
of the reproductive effects of pesticides have been
conducted. One such investigation of cotton-field
workers in India reported a decrease in male fertility
and increased rates of spontaneous abortions, still-
births, neonatal deaths, and birth defects among the
wives of men exposed to pesticides (6). In Colombia,
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moderate increases in spontaneous abortion, congen-
ital malformation, and prematurity rates have been
reported among females who worked in horticulture,
where a variety of pesticides were used (7).

Most studies on the reproductive effects of pesti-
cide exposures have been carried out in developed
countries. For example, two Canadian studies report-
ed increased stillbirth rates among women employed
in agricultural or horticultural work (8) and among
women workers exposed to low levels of pesticides
or germicides (9). Another Canadian investigation
found an increased risk of stillbirths among mothers
exposed to pesticides during the second trimester of
pregnancy, and noted variations in stillbirth rates
associated with seasonal exposure to pesticides (10).
Also, in Sweden an excess of perinatal deaths has
been observed among agricultural workers (11).

The Gezira Scheme in central Sudan is the larg-
est and oldest agricultural project in the country,
with around 0.8 million hectares of land under irriga-
tion. Traditionally, cotton was the main cash crop,
but recently wheat, sorghum, groundnuts, and vege-
tables have been introduced. Extensive aerial and
ground spraying is carried out to protect these crops,
and there are numerous cases of adult pesticide poi-
soning (12).

The current study was designed to assess the
risk factors contributing to perinatal mortality and
low birth weight in central Sudan, and in this article
we address the association between perinatal mortali-
ty and exposure to agricultural pesticides.
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Materials and methods
Hospital- and community-based studies were con-
ducted concurrently in central Sudan. Wad Medani
and Sennar, the main referral hospitals in the area,
were chosen for the hospital investigation. Sur-
veillance of all births in these hospitals was carried
out and a case-control study was performed in which
the cases were stillbirths (defined as birth of a dead
child of birth weight >500 g) and the controls were a
sample of normal liveborn infants of birth weight
.2500 g. The study was conducted between March
1989 and June 1990.

The community study covered all six health
centres located between Wad Medani and Sennar
cities. These health centres represent the approxima-
te catchment area of the two hospitals and each pro-
vides routine primary care, a senior midwife (health
visitor), and antenatal and postnatal care. The health
visitors also supervise village midwives who conduct
home deliveries and provide antenatal care at the
health centre. All 34 midwives and the health visitors
who worked in the health centres participated in the
investigation-a community, midwife-based, surveil-
lance and follow-up study. A cohort of all midwife-
assisted births over the period April 1989 to March
1990 was identified and followed postnatally. Peri-
natal deaths (i.e., stillbirths + early neonatal deaths
in the first week of life) were compared with live-
born normal-birth-weight infants who survived the
early neonatal period.

A trained senior nurse or a study worker collect-
ed information on sociodemographic and medical!
obstetric factors, as well as on pesticide exposure by
interviewing the mothers using a structured question-
naire. Anthropometric measurements of mothers and
infants were made shortly after birth, and laboratory
and clinical measurements were also obtained for the
hospital population. The study personnel were regu-
larly supervised by one of the investigators (T.E.T)
and specially trained study coordinators. Listings of
the chemicals used in the irrigation area were obtain-
ed from the Sudan Gezira Board, and potentially
hazardous substances were identified by reviewing
toxicological data.

Pesticide exposure was defined as a history of
exposure to spraying during pregnancy, but it was
not possible to determine the type of chemical, dose,
or when it occurred. No antimalarial spraying was
carried out in the area during the study period. In
urban areas, indoor spraying of insecticides using
hand pumps is common but aerosol sprays are extre-
mely expensive and generally not available; in rural
areas, most spraying is associated with agriculture.
Thus, it is likely that most spraying in urban areas
was of insecticides for domestic use, whereas in rural

areas, agricultural spraying was the predominant
exposure. Information was obtained on the type of
work performed by the mother during pregnancy,
paternal occupation, and place of residence. For the
hospital population, a woman's occupation was clas-
sified as "farming" if the couple resided in a rural
area, the mother described her work during pregnan-
cy as heavy (e.g., farming, carrying water or fire-
wood), and the husband's occupation was farming.
Those mothers who did not satisfy these criteria
were classified as "nonfarmers". In the community
study, all women were rural residents involved in
agricultural activities.

Descriptive, bivariate, and multivariate statisti-
cal methods were used in the analysis. The crude and
the adjusted odds ratios (OR) and 95% confidence
intervals (CI) were estimated to determine the asso-
ciation between exposure to pesticides and the occur-
rence of stillbirths and perinatal deaths. A multiple
logistic regression analysis (SAS version 5.18)
was used to control for potential confounding and
to appraise interactions. All variables associated
(P <0.1) with stillbirths or perinatal mortality in pre-
liminary multivariate regression models were includ-
ed in the final regression analysis. The adjusted
population-attributable risk percentage (i.e., the
maximum proportion of the disease attributed to
exposure after adjusting for the effects of possible
confounding factors) was estimated from the adjus-
ted OR and the proportion of cases in each strata of
the risk factor (13).

Results
There were 197 stillbirths and 812 liveborn controls
in the hospital study, and 36 perinatal deaths and
1505 liveborn normal-birth-weight controls in the
community study. Table 1 shows the distribution of
hospital and community cases and controls, and the
unadjusted odds ratios for perinatal death associated
with exposure to spraying. In both the hospital and
the community populations, the mothers of the dead
children reported a higher frequency of exposure to
spraying during pregnancy than did the mothers of
the livebom controls. The OR for stillbirths in the
hospital study (1.5) was similar to that for perinatal
deaths in the community (1.6). Among the hospital
population, the OR for stillbirths associated with
pesticide exposure was particularly high (3.6) for
women in farming occupations.

A number of other factors were also associated
with stillbirths or perinatal death, including the follow-
ing: place of delivery, prior reproductive loss, mater-
nal postnatal weight, the number of antenatal care
visits, use of iron supplements and vitamins during
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Table 1: Distribution of hospital and community cases
and controls, by exposure to spraying and occupation,
central Sudan, 1989-90

No. of No. of Odds
cases controls ratioa

Hospital

Total 197 (47.2)b 812 (38.2) 1.5; 1.1-2.0C

Stratified by
occupation:

Farmers 29 (48.0) 103 (20.4) 3.6; 1.4-9.6
Nonfarmers 168 (47.0) 709 (40.8) 1.3; 0.9-1.8

Community

Total 36 (25.0) 1505 (16.9) 1.6: 0.7-3.7
a Unadjusted.
b Figures in parentheses are the % exposed to spraying.
c Figures in italics are the 95% confidence intervals.

pregnancy, birth-to-conception interval, other ill-
nesses, place of delivery of the last birth, delivery
complications, birth defects, and infant's sex. Table
2 shows the results of the multivariate analysis after
adjusting for these factors. After adjusting for poten-
tial confounders, there was a significantly increased
risk of stillbirth (OR = 1.9) in the hospital population
and of perinatal death in the community population
(OR = 2.7). Table 2 also shows the adjusted odds
ratios for the interaction of occupation and pesticide
exposure in the hospital study population. Pesticide
spraying was associated with a significantly increas-
ed risk among women engaged in farming (OR =
3.6), but the risk was only moderate and not statisti-
cally significant among nonfarmers (OR = 1.6). The
adjusted attributable risks associated with pesticide
exposure were estimated to be 22.6% for hospital
stillbirths and 15.7% for community perinatal deaths.
However, for the hospital population the attributable
risk was estimated to be 34.5% among women en-
gaged in agriculture compared with 10.7% for non-
farmers.

The frequency of major birth defects among the
hospital population was similar among stillbom
infants whose mothers reported exposure to spraying
(2.2%) and those who reported no such exposure
(2.5%), even after adjusting for parental occupation
and place of residence.

Discussion
The results of the study indicate a consistent and sta-
tistically significant association between exposure to
pesticides during pregnancy and increased risk of
stillbirth or perinatal death (see Table 1). Stratifica-
tion of the hospital population by occupation and

residence showed that the risk of stillbirth was signi-
ficantly higher among exposed farmers, suggesting
that exposure to agricultural pesticides has adverse
reproductive consequences. Also, the results of the
multivariate analysis showed that the adjusted risk of
stillbirth following pesticide exposure was signifi-
cantly higher for farmers, while for nonfarmers it
was modest and not significant (see Table 2).

Although our results do not prove that exposure
to agricultural pesticides causes perinatal death, a
causal association is plausible, as outlined below.
* Exposure to agricultural pesticides is common in
the study population. Aerial and ground spraying of
cotton and other crops (about 8 rounds per season) is
carried out over a large irrigated area in central
Sudan (14), and the country has the highest number
of cases of pesticide intoxication reported in Africa
(12).
* Other sources of insecticides cannot account for
the observed association. Indoor spraying for malaria
was reduced in 1988 and terminated during 1989
because of financial constraints and a change in the
malaria control strategy (15, 16). Thus, insecticide
exposure resulting from malaria control was in-
frequent during the study period.

In the study the questions on exposure did not
specifically differentiate between household and
agricultural spraying. However, it is unlikely that the
respondents used aerosol sprays in the home since
such sprays are expensive and not available in most
African countries (17). The high prevalence of expo-
sure to spraying among urban nonfarmers (41-47%)
is probably attributable to other forms of domestic
insecticides since we found no significant association
between spraying and stillbirth for these women.

Table 2: Adjusted odds ratios and 95% confidence
intervals for hospital stillbirths and community pern-
natal deaths associated with pesticide exposure,
central Sudan, 1989-90

Odds ratios:a
Hospital Community
stillbirths perinatal deaths

Exposure to any 1.9 (1.3-2.8) 2.7 (1.1-6.4)
pesticide spraying

Spraying/farmer 3.6 (1.6-8.0)
Spraying/nonfarmer 1.6 (0.8-3.3)
No spraying/farmer 0.5 (0.3-1.1)
No spraying/nonfarmer 1.0

a Adjusted for the following variables: hospital (or community
region); prior reproductive loss; maternal postnatal weight; ante-
natal care; use of iron and vitamins during pregnancy; birth
interval; other illnesses; place of delivery of last birth; delivery
complications; birth defects; and infant's sex.
b Figures in parentheses are the 95% confidence intervals.
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Furthermore, the strong significant interaction be-
tween farming and pesticide exposure (Table 2) and
the high attributable risk for the farmers (34.5%)
suggest an exposure in the workplace rather than in
the home.

After examining the list of all the agricultural
pesticides used in the Gezira Scheme, we conducted
a computer-aided search for the toxicological effects
of 50 of the chemicals involved. Of 23 of these sub-
stances that were located on the TOXNET toxico-
logical database, 17 compounds (organophosphates
(47%), pyrethrins or pyrethroids (24%), organochlor-
ines (12%), carbamates or formamidines (12%) and
unclassified (5%)) had fetotoxic, mutagenic, or tera-
togenic effects in animals or humans. These com-
pounds are mainly used for their insecticidal, herbi-
cidal, fungicidal, acaricidal, or molluscicidal activity
(18). The present study, however, was not specific
enough to identify exposure to individual substances.

In summary the strength of the association be-
tween exposure to pesticides and the occurrence of
stillbirths or perinatal deaths after adjustment for
other potential confounders, the consistency of the
results between the hospital and the community stu-
dies, and concordance with other reports from devel-
oped (8-11) and developing countries (6, 7), suggest
that the association was causal. Also, the high attri-
butable risk estimates indicate that pesticide exposu-
re may have substantial effects on perinatal mortality
in the study population. Clearly, pregnant women
should be protected from exposure to pesticides and
urgent measures are needed to increase awareness
about this and to use safer chemicals. Further research
is also required to identify the types of pesticides
that might constitute specific hazards for pregnant
women and their children.
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Resume
Exposition aux pesticides agricoles et
mortalitX p6rinatale dans le centre du
Soudan
De nombreux facteurs biologiques et sociaux
contribuent a elever la mortalite perinatale dans
les pays en developpement; toutefois, avec le

developpement agricole et industriel, les facteurs
environnementaux commencent eux aussi a poser
des problemes particuliers. Bien que les pesti-
cides agricoles soient eux aussi largement utilises
dans les pays en developpement, 1'effet de ces
substances sur la reproduction humaine n'a et6
que peu 6tudi6. Dans le centre du Soudan, des
pulverisations a6riennes et au sol sont pratiqu6es
a grande 6chelle (environ 8 fois par saison) dans
la r6gion de la Gezira, ou le coton et les autres
cultures couvrent environ 0,8 million d'hectares de
terres. De plus, des pulverisations d'insecticides
pour lutter contre le paludisme ont ete faites au fil
des ans.

Afin de d6terminer I'association entre la mor-
talite p6rinatale et 1'exposition aux pesticides agri-
coles, nous avons effectue des etudes cas-
t6moins en h6pital et des etudes de suivi dans la
communaut6 dans le centre du Soudan en 1989
et 1990. A l'h6pital, les cas etaient des morts-n6s
pesant plus de 500 g, et les t6moins 6taient
constitues par un 6chantillon d'enfants n6s vivants
de poids de naissance normal (.2500 g). Dans la
communaut6, une cohorte constituee de 1'ensem-
ble des naissances assistees par une sage-
femme sur une ann6e civile a e identifiee et sui-
vie apres la naissance. Les nourrissons d6c6d6s
pendant la p6riode p6rinatale (mortinaissances et
d6ces n6onatals pr6coces) ont ete compar6s avec
les nourrissons nes vivants et de poids normal,
qui ont surv6cu a la premiere p6riode n6onatale.
Des enqueteurs qualifies ont recueilli les informa-
tions sur les facteurs socio-d6mographiques et
m6dicaux/obstetricaux, et les donn6es sur 1'expo-
sition aux pesticides (ant6c6dents d'exposition a
une pulv6risation d'insecticide pendant la grosses-
se) au moyen d'un questionnaire structur6. Les
donnees ont ete analysees par determination des
odds ratios (OR) bruts et ajust6s et des limites de
confiance a 95%. Une analyse par r6gression
logistique multiple a ete utilisee pour prendre en
compte les facteurs confondants 6ventuels et 6va-
luer les interactions. Les risques attribuables ont
ete estim6s a partir des odds ratios ajust6s et de
la proportion de cas dans chaque strate de fac-
teur de risque.

Les r6sultats ont mis en 6vidence une asso-
ciation marqu6e entre la mortalite perinatale et
1'exposition aux pesticides, aussi bien dans l'6tude
conduite a l'h6pital que dans 1'6tude en commu-
naut6. De plus, dans l'6tude hospitaliere, 1'exposi-
tion aux pesticides 6tait associee a un risque
significativement augmente chez les femmes
employees dans l'agriculture (OR = 3,6), alors que
le risque n'6tait que moder6 et non statistique-
ment significatif chez les femmes ne travaillant
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pas dans I'agriculture (OR = 1,6). Le risque attri-
buable a ete estim6 a 22,6% pour les mortinais-
sances en milieu hospitalier et a 15,7% pour les
d6ces dans la communaut6 en periode p6rinatale.
Dans la population hospitaliere, le risque attri-
buable 6tait estime a 34,5% chez les femmes tra-
vaillant dans I'agriculture contre 10,7% pour les
autres.

La convergence des r6sultats entre les 6tudes
en milieu hospitalier et en communaut6, l'interac-
tion marquee et significative entre la pratique de
I'agriculture et 1'exposition aux pesticides, les
risques attribuables elev6s chez les femmes tra-
vaillant dans I'agriculture, et l'emploi r6pandu des
pesticides agricoles a un moment ou les pulveri-
sations d'insecticides contre le paludisme avaient
ete arret6es, indiquent une association de cause
a effet entre la mortalit6 p6rinatale et 1'exposition
aux pesticides agricoles. II est urgent de prendre
des mesures afin d'am6liorer la prise de conscience
de ce probleme, d'6viter que les femmes encein-
tes ne soient expos6es aux pesticides, et d'utiliser
des pesticides plus sOrs.
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