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Birth defects among children born to a population occupationally exposed to pesticides in Colombia. SCand
J Work Environ Health 1990;16:239-46. A case-referent study of birth defects was nested in a preva­
lence survey of adverse reproductive outcomes carried out among 8867 floriculture workers in Bogota,
Colombia. A total of 535 children born to these workers and reported by their parents as malformed
and 1070children selected at random as referent s were invited to a medical examination including consul­
tation with a geneticist and a clinical teratologist and a review of the medical records . Seventy-six percent
of both groups attended the examination . Of 403 children reported as malformed, a birth defect was con­
firmed for only 154 (38 OJo). On the other hand , of the 817 children reported.as normal, 735 (90 OJo) were
normal, but 68 had a birth defect and 14 had other conditions. A case-referent analysis was then carried
out including 222 children with birth defects and 443 referents. An increased risk was found only for
birthmarks, and specificallyfor hemangiomas, for children with parents exposed to pesticidesin the floricul­
ture industry.

Key terms: adverse reproductive outcome, birthmarks, case-control study , case-referent study, floricul­
ture, hemangioma, malformation .

It is widely accepted that abnormalities of prenatal
origin that seriously interfere with viability or physi­
cal well-being have multiple causes (1).

Over the past two decades, knowledge of the causes
of congenital malformations has changed considera­
bly, and several chemical and biological teratogens
have been recognized. Although it has been estimated
that about 65-70 % of major congenital malforma­
tions, which affect approximately 2-3 l1fo of newborn
children, are caused by unknown agents (2), a recent
report on a hospital-based surveillance of 69 277 new­
born infants in Boston has shown that 43 l1fo are of
unknown etiology and some of these could be due to
developmental events that are unrelated to environ­
mental agents (3).

Chemical substances, both in the occupational set­
ting and in the general environment, have aroused
much public and scientific concern as possible terato­
gens. In fact, on the basis of experimental evidence,
many of these substances are suspected of being em­
bryotoxic, although most of these suspicions have not
been confirmed (1, 4). Moreover, there is evidence in­
dicating that certain environmental exposures (ie, ex-
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posures to lead and alcohol) can be harmful to the fetus
without causing an increase in malformations. Ex­
posure to chemicals in certain occupations may be one
of the factors underlying the social class gradient seen
in the prevalence of malformations in several coun­
tries (5).

Because of its ubiquity and insidiousness, exposure
to pesticides, occupational and environmental, has
been the subject of great concern in view of its pos­
sible role in the induction of congenital malformations.
In spite of this concern, very few epidemiologic studies
have been conducted to ascertain the possible relation­
ship (6-17). So far, no maternal preconceptional or
prenatal exposure to pesticides has been recognized as
teratogenic (1).

This investigation was initially motivated by Colom­
bian newspaper reports suggesting an association be­
tween exposure to pesticides and cleft lip and palate
in the department of Tolima where pesticides were
being used intensively in cotton and rice cultures. The
present study was designed to ascertain the possible
association between occupational exposure to a het­
erogeneous group of pesticides used in the floriculture
industry in Bogota, Colombia, and the occurrence of
congenital malformations and other congenital defects
in humans. A case-referent study was nested in a preva­
lence survey of adverse reproductive outcomes among
floriculture workers (18).

Subjects and methods

The floriculture industry is located on the Bogota
plateau at 2653 m above sea level. The mean temper-

239



ature is 13°C without seasonal variations in the weather
and with two periods of rain, one in May and the
other in November. The flowers are grown for export
in semiclosed polyethylene greenhouses . The impor­
tance of this relatively new enterprise can be deduced
from the fact that 90 070 of the 350 million cut flowers
imported yearly into the United States come from
Colombia (19).

The offspring of 8867 floriculture workers or their
spouses included in a prevalence survey for adverse
reproductive effects (18)wasdefined as the study popu­
lation. A case was defined as a live birth, the child
being still alive at the time of the study, for which one
or more congenital malformations or other congeni­
tal defects were diagnosed by means of medical, phys­
ical, and paraclinical examination and a review of the
medical records. A congenital malformation was un­
derstood to be any defect causing either esthetic or
functional impairment and/or requiring surgical cor­
rection. Other congenital defects considered as cases
were mental retardation, anthropometric anomalies,
and birthmarks. A referent was defined as a livebirth,
the child being still alive at the time of the study, for
which a congenital malformation or the other previ­
ously mentioned congenital defects had been exclud­
ed by means of a medical and physical examination .
Two referents, matched by the age of the mother at
delivery and pregnancy order, were selected for each
case.

Ascertainment and selection oj the subjects
The ascertainment and selection of the casesand refer­
ents were performed in two phases. First, 8867floricul­
ture workers (2951 men and 5916 women) were inter­
viewed during a prevalence survey on adverse re­
productive effects (18), and, of these, 3489 female
workers and 1604 wives of male workers reported at
least one pregnancy. Information on 13 984 pregnan­
cies was collected, and, of this number, 535 were
reported by their parents to have resulted in "mal­
formed children." From the children reported by their
parents as "normal," 1070were selected randomly as
referents, matched by the age of the mother at deliv­
ery and by birth order.

In the second phase of the investigation a medical
examination was carried out on both the "malformed"
and the "normal" children as a means of verification
of their status as cases or referents . For some of the
cases the physical examination was complemented by
a review of the medical records , consultation with
medical specialists, and a paraclinical examination to
obtain a final precise medical diagnosis.

The physical examinations were carried out by two
physicians supervised and advised by a geneticist with
clinical experience in teratology. A form containing
an inventory of all congenital malformations by ana­
tomic region, anthropometric measurements, develop­
mental milestones, and indices of neurological func-
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tion was completed for each case and reference child.
Photographs were taken of the children with malfor­
mations. All the information obtained in this way was
reviewedby a clinical teratologist for a final diagnosis.

Compliance with the physicalexamination was 76 %
for both the cases and the referents. The remaining
children could not be examined because their parents
had left the floriculture companies and were untrace­
able; actual refusal of the examination occurred for
4.1 % of the cases and 0.6 % of the referents.

As a result of the examination process 216 of the
" malformed" children (N= 403) were considered nor­
mal, 33 were considered to have "other conditions,"
and 154 actually had a congenital malformation or
some other congenital defect. Of the 817 "normal"
children, 735 werenormal, 14had "other conditions,"
and 68 had a congenital malformation or some con­
genital defect.

The 154children with congenital malformations or
other congenital defects from the "malformed" group
plus the 68 from the "normal" group constituted the
222 cases finally included in the study. From the 951
children classified as normal, 443 children individual­
ly matched by the age of the mother at delivery and
pregnancy order were randomly selected to serve as
referents.

The 222 cases were classified into the following two
major categories: (i) major congenital malformations,
ie, 159cases, and (ii) other congenital defects such as
birthmarks, anthropometric anomalies , and mental
retardation , ie, 63 cases. The children in the first
category fulfilled the study definition for structural
congenital malformations; this category was further
subclassified into several group s according to the
known or suspected etiology of each condition, as fol­
lows: (i) associated with chromosomal abnormalities
(1 case), (ii) monogenic origin (15 cases), (iii) condi­
tions assumed to be of multifactorial origin (5 cases),
(iv) conditions of unknown etiology (88 cases). The
conditions grouped into the second category, "other
congenital defects," did not strictly fulfill the defini­
tion of major structural congenital malformations;
there may be some controversy as to whether they
should be considered malformations or simply varia­
tions without functional or esthetic significance. Men­
tal retardation was included, even though it is very dif­
ficult to ascertain whether it is due to a structural
defect or whether it is only a functional defect. The
second category was subdivided into (i) anthropometric
anomalies, (ii) birthmarks, and (iii)mental retardation.
Appendix I gives a list of the individual diagnoses of
the 222 cases.

Two types of questionnaires were used. One was
administered to the mothers (female workers and wives
of the male workers), and the other to the fathers (male
workers and/or husbands of female workers). The
mothers' questionnaire contained general demographic
information, detailed reproductive history , including
information on family planning , and , for each preg-



nancy under study, the questionnaire elicited informa­
tion on the other variables listed in table 3 in the Results
section, a general occupational history, and a detailed
history of work in floriculture. This last item included
length of time in each floriculture company, size of
the company, types of job, especially during each of
the three trimesters of the relevant pregnancy, and a
history of acute pesticide intoxication and use of pro­
tective measures at work. The fathers' questionnaire
contained the same information as the mothers', ex­
cept for the information on pregnancy.

The questionnaires were filled out by specialIy
trained interviewers from August 1982 to December
1983. The interview and physical examination were
usually conducted at each floriculture company. The
interviews were carried out blind (the interviewer did
not know whether the subject was a case or a refer­
ent), and they lasted an average of 30 min.

Compliance with the questionnaire was high for the
mothers and low for the fathers. It was 100 070 for the
mothers of cases and 95 % for the mothers of refer­
ents, but it was only 42 % for the fathers of cases and
36 % for the fathers of referents. However, all the
fathers who had worked or were working in floricul­
ture were interviewed.

Since most of the parents of both the cases and the
referents had worked in floriculture at one time or
another (table 1), the study was oriented at estimating
exposure (and degree of exposure) to pesticides dur­
ing the specificpregnancy which terminated in the birth
of a case or reference child. Exposure to pesticidesdur­
ing the relevant pregnancy was considered positive if
the mother and /or the father had been working in
floriculture during that pregnancy, and negative other­
wise.

The procedure folIowed to estimate crudely the de­
gree of exposure to pesticides has been described else­
where (18). Briefly, it was based on the amount of pes­
ticides used by each company, the length of exposure
evaluated through the length of time worked in
floriculture, and the type of job.

The floriculture companies were divided into three
categories according to the amount of pesticides used,
ie, low use or low exposure if the ratio of the total
amount used to the total cultivated area was less than
120, medium if this ratio was between 120 and 400,
and high if the ratio was greater than 400.

The length of exposure was categorized into the two
groups of less than one year and more than one year,
on the basis of the information reported by the work­
ers. The various jobs involved in the whole process of
flower production were grouped into six categories in
ascending order of degree of exposure on the basis of
the results of a pilot study described elsewhere (report
submitted for publication by Restrepo et al) as follows:
(i) nonexposure: administrative jobs ; (ii) low exposure:
construction and maintenance of greenhouses, work
in soil preparation, and in plant nurseries; (iii) high
exposure: cultivation, sorting, and packing of flowers.

A survey on pesticide use conducted in the 58 flori­
culture companies participating in the study revealed
that 127 different pesticides were used, most of them
fungicides, and, of these, Captan (1,2,3,6 tetrahydro­
N-trichloromethylthio-phthalimide) was the most wide­
ly used. It is thus obvious that exposure to pesticides
among floriculture workers is multiple and complex.
The interval between the exposure and the interview
was long, ranging from 1 to 15 years.

Statistical analysis

The statistical analyses of the data were carried out
in two phases. In the first phase, a matched set analysis
was conducted. Relative risks were estimated with the
use of the Mantel-Haenszel test (20). In the second
phase, conditional logistic regression and the PECAN
(parameter estimation through conditional probabili­
ty analysis) program were used (21). All the variables
were treated as categorical, and a two-sided sig­
nificance test and 95 % confidence intervals based on
the asymptotic variance of the estimated parameters
were calculated. As a first step, univariate analyses
were conducted followed by multivariate analysis to
control for confounding and to investigate possible in­
teractions.

Results

The sex and age distribution is shown for the 222 cases
and 443 referents in table 2. The mean age of the male
children was 10.3 years for the cases and 10.6 years
for the referents. That of the female children was 9.2
years for the cases and 10.9 years for the referents.
Fifty-two percent of the cases and 46 % of the refer-

Table 1. Origin of preconceptional or prenatal exposure to pes­
ticides for the cases and referents.

Cases Referents

N % N %

Total exposed 81 36.5 115 26.0

Only mother exposed 40 18.0 56 12.6
Only father exposed 13 5.8 32 7.2
Both parents exposed 28 12.6 27 6.1

Neither parent exposed 141 63.5 328 74.0

Total 222 100.0 443 100.0

Table 2. Distribution of the cases and referents by sex and age.

Cases Referents

Age Male Female Male Female
(years) children children children children

N % N % N 'I, N %

1-10 64 55.1 64 60.3 97 47.0 122 49.4
11-20 45 38.7 35 31.9 96 46.6 96 43.3

> 20 7 6.0 7 6.5 13 5.3 19 7.2

Total 116 100.0 106 100.0 206 100.0 237 100.0
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ents were male children. The reason for the relatively
high age of both the cases and the referents is that the
total offspring of floriculture workers were considered
and not only those children born during the period
when the parents worked in floriculture. No difference
was observed in the age distribution or educational
level of the parents of the two groups of children.
Seventy-two percent of the mothers were under 40

Table 3. Distribution of known or suspected risk factors for
congenital malformations among the cases and referents.

Cases Referents
Known or suspected teratogens

Na % Na %

Consanguinity 11 4.9 25 5.6
Family history of congenital
malformation 57 25.6 88 19.8
Diseases during pregnancy 216 97.3 439 98.8
Vaginal bleeding during
pregnancy 216 97.3 438 98.6
Mumps during pregnancy 1 0.4 2 0.4
Varicella during pregnancy 1 0.4 2 0.4
Toxoplasmosis 0 0.0 0 0.0
x-ray exposure during
pregnancy 5 2.2 6 1.3
Diazepam (Valium®) 12 5.4 3 0.6
Contraceptive pills 2 0.9 0 0.00
Pregnancy test with
estrogens 21 9.4 30 6.7
Piperazine 1 0.4 3 0.6
Vitamins 125 56.3 271 61.0
Iron 76 34.2 175 39.4
Other drugs 69 31.1 87 19.5
Tobacco smoking 74 33.3 123 27.7
Alcohol drinking 63 28.3 114 25.6
Exposure to chernteals« 76 34.2 85 19.1

a The numbers refer to pregnancies in which each variable was
positive.

b Includes exposure to pesticides.

years of age, and 86 070 had only a primary school edu­
cation or no formal education at all. About 64 % of
the fathers were under the age of 40 years, and 85 %
had only a primary education or no formal education
at all. The distribution of the main risk indicators is
shown for the cases and the referents in table 3.

Univariate analysis

Initially, a matched univariate analysis was carried out
with the use of a dichotomous variable, ie, exposure
versus nonexposure of the mother to pesticides dur­
ing the relevant pregnancy. Table 4 shows the relative
risks for the seven main categories of malformations.
A statistically significant association was observed only
for birthmarks. The relative risk is shown for specific
types of malformations in table 5. The only signifi­
cant association was for hemangioma. The principal
characteristics of the hemangiomas of the exposed and
unexposed children are shown in table 6. No differ­
ences were observed concerning the size and type, and
a slight excess was seen for the female children and
the limbs among the exposed cases.

Multivariate analyses

Table 7 shows the results of the multivariate analysis.
A set of different variables was added to the basic
model containing the binary variable of mother's ex­
posure versus mother's nonexposure to investigate pos­
sible interactions and to check for confounding. The
selected maternal variables shown in table 3 did not
affect the relative risk of 1.8 for total congenital mal­
formations and pesticide exposure.

To investigate the presence of a dose-response rela­
tionship for an association between congenital malfor-

Table 5. Relative risk (RR) for some specific types of congeni­
tal malformation and other congenital defects associated with
exposure to pesticides (mother's exposure during pregnancy
versus nonexposure).

Type of malformation N

Table 4. Relative risk (RR)and 95 % confidence interval (95 % Major congenital malformations
CI) for categories of congenital malformation and other con-
genital defects associated with pesticide exposure (mother's Hip dislocation 26
exposure during pregnancy versus nonexposure). Microtia 7

Club foot 7

Malformation categories N RRa 95% CI Interauricular communication 4
Oral clefts 8

Major structural congenital
Inguinal hernia 17
Cryptorch idism 16malformations Heart murmur 17

Associated with chromosomal Polydactyly 9
abnormalities 1 Strabismus 7
Monogenic origin 15 Multiple anomalies 5
Interaction with hereditory and Mental retardation
nongenetic factors 55 2.4 0.9-6.2
Unknown etiology 88 1.4 0.7-2.7 With microcephaly 6

Other congenital defects
Without microcephaly 10

Anthropometric anomalies 17 4.0
Birthmarks

Birthmarks 30 4.8"" Hemangioma 17
Mental retardation 16 0.8 Nevus 4

Mongolic spot 4
Total malformations 222 1.8" " 1.2-2.7 Skin hyperpigmentation 5

a Maximum likelihood estimate. a Maximum likelihood estimate.
"" P<0.01. " P = 0.05-0.01.
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RRa

2.9

0.6
1.6

0.5
4.6
2.1
1.3

0.28

6.6"
2.7



Table 6. Characteristics of hemangioma in the exposed" and unexposed cases.

Location

Abdo- Lumbar .
Neck Thorax men region Limbs
(N) (N) (N) (N) (N)

Type Size (em)

Cavern- Capil·
ous lary Mean Range
(N) (N)

Exposed cases IN = 12
(9 men, 3 women)] 11 0.7 0.5-2.0

Unexposed cases IN =5
(3 men, 2 women)) 5 1.2 0.5-2.5

a Mother exposed to pesticides during the relevant pregnancy.

Head
(N)

3

2

2 5

Table 7. Effect of pesticide exposure and other variables on
congenital malformations (multivariate conditional logistic
regression analysis). (RR= relative risk)

By subdividing the phenotypic features, as described
in the Subjects and Methods section, we avoided a mis­
interpretation of the results. In fact, the indiscriminate
lumping of all phenotypic features would have
produced a positive association (relative risk 1.8,
P <0.01) between the mothers' exposure to pesticides
and all congenital malformations. After subdivision
into categories it was clearly seen that this apparent
association was explained only by the increased risk
for hemangioma (relative risk 6, P = 0.018).

The multivariate analysis showed a stronger asso­
ciation with higher degrees of exposure, as estimated
by length of exposure and type of job after adjustment
for other variables. The adjusted relative risk for all
congenital malformations among those working for
less than one year was 1.3, and for those working one
year or more it was 1.9. For the low-exposure jobs the
adjusted relative risk was 0.6, while that for jobs with
high exposure was 2.1. When the mothers had had one
year or more of exposure and had worked in high­
exposure jobs, the relative risk was 2.2.

The results obtained in this study should be inter­
preted with caution because of two major difficulties.
First, the cases included many different diseases, with
different mechanisms and different etiologies, the vast
majority of which remained unknown, and the num-

mations and exposure of the mother to pesticides dur­
ing the relevant pregnancy, the variables which pro­
vided the largest reduction in the log-likelihood were
selected. Two variables were thus selected, ie, length
of exposure to pesticides, subdivided into two categor­
ies « 1 year and ~ 1 year), and type of job, also
grouped into two categories (low exposure and high
exposure , according to the criteria given in the Sub­
jects and Methods section). A dose-response relation­
ship was found with these two variables as indicators
of degree of exposure. Adjustment for any of the other
variables did not influence these results.

When the main categories of congenital malforma­
tions were considered, the association and dose­
response relationship were present only for those con­
ditions considered to be due to the interaction of
hereditary and environmental factors and for condi­
tions of unknown etiology. For specific types of mal­
formations the small number of cases in each group
did not allow a multivariate analysis.

In relation to the other findings of this study, ie,
intrauterine exposure to diazepam, 15 mothers re­
ported having taken diazepam during the study preg­
nancy (12 case mothers and 3 reference mothers). The
diagnoses of the 12cases were two cases of birthmarks
and mental retardation, two cases of heart malforma­
tion, and one case with each of the following malfor­
mations: hip dislocation, microtia, cryptorchidism,
polydactyly, nevus, and other.

Discussion

This study revealed that information collected on con­
genital defects retrospectively in interviews of parents
of the children under study is very unreliable. In fact,
validation of the report given by the parents by physi­
cal examination of the children revealed that 53 % of
those reported as malformed were normal and 8 % of
those reported as normal were malformed. Concern­
ing the association between congenital malformations
and parental pesticide exposure, no known teratogenic
exposure has produced an increase in all types of mal­
formations, and the analysis of this study was there­
fore oriented to look for an association between pes­
ticide exposure and specific groups of malformations.

Variables

Mother's pesticide exposure

Mother's x -ray exposure

Mother's exposure
to diazepam

Mother's pregnancy test

Mothe r's alcohol drinking

Mother's smoking

Mother's exposure to
other drugs

Father 's pesticide exposure

< 1 year
> 1 year

" P<O.01.

RR for mother's
pesticide expo­
sure (adjusted

for other
variables)

1.8"

1.8"

1.8"

1.8"

1.8"

1.8"

1.8"

1.7"

RR for other
variables (ad­

justed for
mother's pesti·
cide exposure)

1.6

7.8"

1.3

1.8

1.2

1.9"

1.5
1.2
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bers of each type of malformation were too small to
draw firm conclusions. Second, this was a multiex­
posure study in which exposure to a mixture of many
pesticides has only been roughly estimated. These two
features of the study make it impossible to detect as­
sociations between a specific disease and exposure to
an individual chemical agent. In addition, the way in
which the exposure was assessed may lead to an un­
derestimation of the relative risk due to random mis­
classification (22-24). In fact, even though the sta­
tus "exposed to pesticides" and "not exposed to pes­
ticides" was carefully determined, given the multiex­
posure (the large number of products, the chemical na­
ture of the products used, and the absence of a pat­
tern of usage among the different floriculture compa­
nies), it is possible that a pregnancy that was "exposed
to pesticides" was actually not exposed to an individual
substance that can act as a teratogen. With the avail­
able information it was not possible to evaluate the
role of random misclassification of relevant exposures
on the relative risk detected in this study.

Given the design of the study , selection and ascer­
tainment bias are not likely to explain the results . Re­
call bias with respect to exposures during pregnancy
is a well recognized phenomenon in studies on con­
genital malformations (5, 25, 26). In this particular
study it might have occurred , as the interval between
exposure and the interview was long, but it might have
been less as far as pesticide exposure was concerned,
since the occupational history of the mothers was taken
in such a way that it was difficult for the mothers to
associate this history with the medical examination of
their children. However, recall bias may explain the
association with diazepam and other drugs found in
this study, as it has been reported recently that mothers
of malformed children tend to report more accurate ­
ly exposure to certain drugs and exposure to other fac­
tors than do mothers of reference children (26). There­
fore, although an association between exposure to
diazepam during pregnancy and certain congenital mal­
formations has been reported (27-33), our findings
can hardly be regarded as supportive of this possibili­
ty if we consider that the association was present for
a heterogeneous group of congenital anomalies and
that recall bias could not be excluded.

The possibility of confounding with other factors
known or suspected to be associated with congenital
malformations was dismissed after the multivariate
analysis. However , we cannot exclude the possibility
of confounding with other variables or potential ter­
atogens which were not considered in the present study.
In relation to the critical period of pregnancy in which
the exposure occurred, there was, in all cases, con­
tinuous exposure during the three trimesters of preg­
nancy.

The association between maternal pesticideexposure
and hemangioma detected in the present study is in-

244

teresting. Capillary hemangiomas of the face can be
a feature of the Sturge-Weber syndrome; cavernous
hemangiomas can be a cosmetic problem or, if suffi­
ciently large, the cause of problems such as throm­
bocytopenia (34). In the study cases, none of the form­
er problems were present. The lesions detected were
small and without any medical or cosmetic sig­
nificance. The etiology of hemangiomas remains un­
known, and 50 to 90 070 involute spontaneously before
the child reaches the age of six to eight years (35, 36).
A prevalence of 68 % for capillary hemangioma has
been reported for 4641infants (37). No data were avail­
able on the prevalence in the age groups included in
this study , but it is possible that the number does re­
flect underreporting. However, any underreporting
may not have been very marked since birthmarks, in­
cluding hemangiomas, were included in the "inven­
tory" form used to record the results of the physical
examination of all the children . It is also interesting
that hemangioendothelioma in the heart , hemangio­
mas, or hemangioendothelioma in the spleen have been
observed in experiments on mice exposed to Captafol,
a homologue of Captan (38), which is the most wide­
ly used pesticide in the floriculture industry. However,
the significance of this observation remains unknown.

The results of this study correspond with the results
of other studies of congenital malformations and ex­
posure to pesticides (6-17), and they support ex­
perimental evidence which indicates that, surprising­
Iy, fungicides, insecticides, and herbicides have, in
general, a low embryotoxic potential at ordinary levels
of use (4). However, malformation leading to neonatal
death could not be assessed in the present study, and
therefore the scope of the defects studied was some­
what limited.

However, it should be kept in mind that most of the
epidemiologic investigations so far reported on this
topic are related to exposure to phenoxy herbicides and
that their results are not conclusive. Two ecological
studies suggest an increase in birth defects after mater­
nal exposure to dioxins in Seveso, Italy, and to
phenoxy herbicides in Vietnam, but these studies have
several methodological problems such as poor exposure
assessment, no adju stment for confounding variables,
and possible recall and ascertainment bias (39). On the
other hand, in another ecological study in Hungary,
no association between herbicide use and birth defects
was found (8). To our knowledge, our study is the only
one reported so far in which the presence of malfor­
mations and other birth defects was confirmed by a
physical examination performed by a geneticist and a
clinical teratologist.

In the area of reproductive epidemiology, as well as
in other areas of study on the long-term effects of ex­
posure to chemicals, exposure to pesticides must con­
tinue to be a matt er for concern.
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Individual diagnoses for 222 cases
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Diagnosis N Diagnos is N

Conditions associated with chromosomal abnormalities

Down's syndrome

Conditions of monogenic origin

Achondroplasia 1
BOR syndrome" 1
Congenital deafness 2
Congenital deafness with palpebral ptosis 1
Jarcho-Levln syndrome (spondylocostal dysplasia) 1
Multiple vertebral malformation 2
Nager's acrofacial dysostosis 1
Radio cubital synostosis 1
Saethre-Chotzen syndrome 1
Treacher Collins syndrome 1
Type E brachydactyly 1
Type D brachydactyly 2

Conditions assumed to be due to interaction between
hereditary factors and nongenetic factors (multifactorial)

Cleft lip 2
Cleft palate and lip 6
Clubfoot 7
Hip dislocation 26
Interauricular commun ication 4
Legg-Galve·Perthes disease 1
Microtia 7
Patent ductus arteriosus 2

Conditions of unknown etiology

Amputation of thumb 1
Anonychia and absence of phalan x 1
Anomalies of clavicle and velum palatinum 1
Coloboma 2
Cryptorchidism 16
Dermatomyositis 1
Entropion 1
Heart murmur!' 17
~~.~ 1
Hydrocephalus 1
Inguinal hernia 17
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Kllppel-Trenaunay-weber syndrome 1
Microdactyly 1
Multiple anomalies 5
Multiple anomalies in fingers and metacarpus 1
Patella dislocation 1
Poland sequence 1
Polydactyly 9
Rectal fistula 1
Syndactyly 1
Strabismus 7
Vater association 1

Anthropometric anomalies

Hypertelorism 8
Macrocephaly 2
Microcephaly 6
Subnormal size and weight 1

Birthmarks

Hemang ioma 17
Hyperp igmentation 5
Hairy nevus 3
Mongolic spot 4
Ota nevus 1

Mental retardation

With microcephaly 9
Without microcephaly 7

Total 222

a BOR = brachiootorenal dysplasia.
b Murmurs were included as indicators of congenital heart dis­

ease according to the following cr iteria: (I) cl inical gradua·
tion of the murmur: only those with an intensity greater than
IIINI in children younger than five years of age or in children
older than 5 years but without tons illitis; (ii) when they were
associated with other malformations, especially those of the
central nervous or genitourinary systems.




