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OBJECTIVES- The goal of the study was to examine the effec ts of the potenti al pesticide exposure of
parent s on the risk of limb reducti on defects in their offspring.
METHODS - A case-referent study was conducted utilizing New York State Congenital Malforma­
tion Register data. Persons with limb reduction defects and referents were compared in terms of pa­
rental occupations and residence counties. Parental occupations and industries reported on birth cer­
tificates were qualitatively rated by industrial hygienists to estimate potential pesticide (list four groups)
exposures. Residential expos ures were estimated from agricultural census data according to county of
residence.
REsULTS - Neither parental exposure to pesticide s [odds ratio (OR) 0.9, 95% confidence interval (95%
CI) 0.6-1.4] nor farming occupation (OR 1.1, 95% CI 0.5-2.7) had an effect on the risk of total
limb reduction defects. Those persons with limb reduction defects who had additional defect s showed
weak but consistent elev ated risks in relation to parental occupational pesticide exposure. However,
isolated cases of limb reduction defects were negatively related to these exposures. Residence in a
farming or high pesticide use county was not associated with any type of limb reduction defect.
CONCLUSIONS - Cases of limb reduction defect with additional malformation s appear to be associated
with parental occupational pesticide exposure. Improving expos ure classifica tions and subdividing the
limb reduction defects by types in the analyses are suggested for future research.

Key terms: farmin g, limb reduction malformation, occupational pesticide exposure, residential pesti­
cide exposure .

The incidence of limb reduction defects varies from
0040 to 0.62 per 1000 live births (I) . Although some
of the variation in the rate of limb reduction defects
may be attributable to differences in the study pop­
ulation or methods of ascertainment, environmental
or occupational exposures may contribute to some
of the variation in the rate of occurrence. Limb de­
velopment is susceptible to teratogenic agents, as
evidenced by the thalidomide disaster. Compared
with many other types of malformations, limb reduc­
tion defects are thought to be well-reported. There­
fore, the health effects of possible environmental ter­
atogens can be assessed from an evaluation of the
variation in the incidenc e of limb reduction defects.

Pesticides have been found to produce cancers or
congenital deformities in animals (2-4) and human
fetuses (5). The exact mechanism by which pesticides
might produce birth defects is not clearly understood
and differs by chemical. For example, captan was
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reported to produce chromosome aberrations in rats
(3) . Herbicides such as chlorophenoxy compounds
have also been found to decrease fertility and neo­
natal survival significantly in first-generation rats (4).
Malathion has been shown to alter the electrical ac­
tivity of human brain and induce abnormalities in the
central nervous system and skeleton of fetuses (5).

Some human studies have demonstrated a positive
relationship between parental agricultural activity and
malformations other than limb reduction defects and
stillbir ths (6- 8).

Several studies have examined relationships be­
tween parental pesticide exposures and limb reduc­
tion defects in their infants . Conclusive evidence of
an association is, however, uncertain because of sev­
eral problems, including small sample size, incom­
plete case ascertainment, inaccurate case diagnosis,
and biased recall of exposure. Two ecologic studies
found a correlation between pesticide exposure and
the prevalence of limb deformity (9, 10). In one, from
India, the limb reduction defects were only a subset
of the possible limb deformiti es, and the study had
inadequate statistical power (9). Schwartz et al (10),
in a cross-sectional study, illustrated that agricultural
workers had a relative risk of 2.3 for having limb re­
duction defects in their offspring compared with peo­
ple in other occupations. However, this finding was
based on a very small number of cases of limb re­
duction defects (N = 8).



Several analytic studies have also found positive
associations between pesticide exposures and limb
reduction defects (11-13). In a second study using
birth certificates for case ascertainment, Schwartz &
LoGerfo (II) found no increased risk of parenting a
child with a limb reduction defect among parents in­
volved in agricultural work. However, they found a
significant excess of limb reduction defects among
children born to mothers residing in a county of high
agricultural productivity [odds ratio (OR) 1.7, 95%
confidence interval (95% CI) 1.1-2.7] or residing
in a county with high pesticide use (OR 1.9, 95% CI
1.2-3.1) as compared with the effects of minimal
exposure. Munger et al (12) showed an increased risk
(OR 6.9, 95% CI 4.2-11.0) for limb reduction de­
fects in association with residences exposed to pes­
ticide-contaminated water supplies in Iowa. Kricker
et al (13) reported a significant association between
limb reduction defects and self-reported pesticide use
during pregnancy, including garden and workplace
exposure, household infestation treatment, and chem­
ical sprays used next door. However, women were
asked to recall exposure from over four years previ­
ously and the interviewers were not blind to birth
outcome . On the other hand, Roan et al (14) com­
pared families engaged in agricultural aviation and
cooperating sibling families, and there were no dif­
ferences in spontaneous abortions or birth defects be­
tween the two groups. Two other studies have also
failed to confirm a positive association between pes­
ticide exposure and limb reduction defects (15, 16).

The objective of the current case-referent study
was to compare the frequencies of parental occupa­
tional exposure to pesticides, farming in general, and
residence in an agricultural setting between cases of
limb reduction defects and their referents . In addi­
tion, the effects of parental demographics on the risk
of limb reduction defects were also assessed.

Subjects and methods

Identification ofsubjects
Cases of limb reduction defects. All of the cases in­
cluded in this study were ascertained from the New
York State Congenital Malformations Register. This
register monitors the occurrence of all congenital
anomalies and persistent metabolic defects among
live births in New York State (17) . Health care pro­
viders in New York State (primarily hospitals ) are
required by law to report all congenital malforma­
tions among children under two years of age by us­
ing a specially designed reporting card. Reported
birth defects are coded by trained staff according to
the ninth revision of the International Classification
of Diseases (ICD-9) of the World Health Organiza­
tion (18). Periodic audits of hospital birth and treat­
ment records encourage, but do not guarantee, com­
plete reporting (17). Since limb reduction defects are
relatively obvious malformations at birth, it is ex-
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pected that the majority of limb reduction defects is
reported.

The case selection procedure has been described
previously (I). In summary, any live birth with an
ICD code of 755.2, 755.3 or 755.4 from 1983 to 1987
was defined as a potential case of limb reduction de­
fect. After the exclusion of cases born in New York
City, cases with generalized growth problems or
chromosome abnormalities, dwarfs, multiple births,
and inadequate clinical descriptions, there were 277
limb reduction defects in the final case group.

The persons with a limb reduction defect who also
had other malformations reported to the Congenital
Malformations Register were defined as cases having
associated limb reduction defects. The associated de­
fects included are within the range of the ICD-9 from
740.0 to 759.9 . Among them, we excluded some
diagnoses because they were either minor or incon­
sistently reported for infants leg, congenital sub­
luxation of the hip, spina bifida occulta, congenital
hydrocephalus or ventricular septal defects in very
low birthweight infants (1)]. Syndactyly or polydac­
tyly in the same limb as the limb reduction defect
was not considered an additional malformation. The
cases of limb reduction defects without any other
malformations were defined as isolated limb reduc­
tion defects,

Referents. Two groups of referents , both of which
were upstate liveborn infants without any limb re­
duction defects, were used in this study. Each group
of referents was frequency matched (I to I) by birth
year to the case group. The first group of referents
was chosen from the Congenital Malformations Reg­
ister between 1983 and 1987. Since most of the other
malformations were expected to be reported in a
fashion similar to limb reduction defects, potential
biases introduced from inconsistencies in register
reporting could be examined with the use of the mal­
formed reference group . A computer program was
developed to pick infants with major malformations
at random. A list of malformation diagnoses was de­
veloped by the Birth Defect Monitoring Program
(BDMP) of the Center for Disease Control (19) to
monitor changes in the occurrence of major defects .
The major malformations include such defects as
anencephaly, encephalocele, or choanal atresia/ste­
nosis. These conditions are believed to be easily di­
agnosed during the newborn period. Limb reduction
defects are included on this list, although obviously
excluded from the reference group in this study. Thus
we expected the reporting pattern of the referents
with other malformations to be similar to that of limb
reduction defects.

Normal referents consisted of a systematic random
sample of all upstate live births occurring during the
study period and chosen from birth certificates. Any
infant reported to the Congenital Malformations Reg­
ister with any major malformation was excluded
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from the normal reference group. Because other cases
included in the reference group with other malfor­
mations could potentially be related to pesticide ex­
posure, this normal reference group would be ex­
pected to represent the general newborn population
born without malformations.

Similar to the cases, those referents born in New
York City or to New York City or out-of-state resi­
dents were excluded from both reference groups. In
addition we deleted persons with chromosome de­
fects or dwarfism and multiple births from the ref­
erents with other malformations.

Data collection and quality
The data for this study were obtained from the fol­
lowing three sources: (i) the Congenital Malforma­
tion Register, (ii) New York State birth certifi cates
(20) , and (iii) 1983-1987 agricultural census data
for New York State (21).

Because register reports are not detailed enough
to characterize limb reduction defects sufficiently,
medical records were requested and obtained from
the hospitals of birth or treatment for all but three
eligible cases. Each medical record was abstracted
on a detailed abstract form that summarized the clin­
ical descriptions [ie, locat ion and extent of the
reduction(s)], accompanying defects, X-ray reports,
and autopsy reports, if applicable. All of the charts
were independently reviewed by two persons, and
any discrepancies or ambiguities were resolved by
consultation with medical staff of the Register.

Parental occupational information for the cases and
referents was abstracted from paper copie s of the
birth certificates since this information is not routine­
ly coded or computerized. The abstracted informa ­
tion included usual occupation of father, most recent
occupation of mother, parental business and indus­
try, and name and location of firm or company . For
mothers who had never been employed, homemak­
er or student was noted . Subsequently, these data
were coded by a trained nosologist using the classi­
fication system employed by the United States Cen­
sus Bureau for coding occupation and industry (22).
All codings were checked by two persons and dou­
ble entered to reduce error s.

Demographic variables, including race, gender,
maternal age and education level , gestational age,
birthweight, and parity , were obtained from compu­
terized birth records. The agreement of this informa­
tion for New York State births (excluding New York
City), with hospital records, is high (23). In addition,
most of these variables were verified by data from
the Congenital Malformations Register and medical
records. About 88% of the children born in upstate
New York are white, and the majority (75-80%) of
all nonwhite children born in upstate New York are
black (20). Therefore, for the analysis we grouped
all nonwhites together. Data on perinatal complica­
tions were available from both birth certificates and
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medical chart s. Complications included eclampsia,
preeclampsia, hypertensive disease, abnormal uterine
bleeding in the first, second or third trimester, and
genital herpes.

Assessment and definition of exposure
We chose three complementary measures to estimate
the degree of gestational exposure to agricultural pes­
ticides. These measures included parental involve­
ment in a potentially pesticide-exposed occupation,
maternal residence in a county with high per capita
acreage of farm lands , and maternal residence in a
county with high pesticide use per acre of farmland.
Thus the outcome status, parental occupation, and
demograph ics were based on individual information,
while the indicators of residence in an agricultural
county or high pesticide-use county were ecological,
surrogate measures.

In order to determine which occupations have po­
tential pesticide exposure, two experienced industrial
hygienists reviewed all industry-occupation combi­
nations and grouped them into the following cate­
gories: no or minimal pesticide exposure, potential
exposure to disinfectants, herbicides, fungicides or
insecticides, and unknown. The exposure groups
were assigned without any knowledge of birth out­
come. When the industrial hygieni sts disagreed with
the assigned rating, a third industrial hygieni st made
a final decision. Therefore, any industry-occupation
combination which satisfied the industrial hygienists '
exposure criteria was considered pesticide-exposed.
Housewives, students, or unemployed people were
defined as having low or no pesticide exposure.
Some pesticides, such as chlordecone, which has
been reported to induce abnormal sperm morpholo­
gy and histological alterations of spermatogenesis
(24), and ethylene dibromide, which has reduced se­
men volume and motility in exposed men (25), may
operate through male-mediated effect s on pregnan­
cy outcomes . Therefore, the potential effects of pa­
ternal exposures during the preconceptional period
were examined . A category termed parental pesticide
exposure (either paternal or maternal exposure to any
pesticide in any occupation) was also used in this
study. On the other hand, nonexpo sure was assigned
if neither parent was exposed to any class of pesti­
cide . Appendices I and 2 show the combination of
different industry and occupational codes in the cur­
rent study and their pesticide exposure ratings. Farm­
ing occupations accounted for only a small percent­
age of the potentially exposed occupations.

Maternal county of residence was linked with the
1983-1987 New York State Census of Agriculture
(21) to create two ecological indicators. The first
measure was based on the total acres of land in
farms by county for 1987, expressed as a per-capita
measure. The second measure was the total acres of
farmland on which the following four types of
chemicals were used in 1987: insectic ides, herbi-



cides, nematocides, and fungicides. In order to
standardize for county size, the pesticide use was
expressed as acres of treated farmland. The rate of
pesticide use was divided into low, medium, and
high categories based on 33, 66 and >66% of the
distribution of pesticide use per acre over all coun­
ties. For example, the amount of farmland and the
population in Albany County are 67 754 acres
(167352 ha) and 282 500 people, respectively. The
total farmland per capita in Albany is 0.24 acres (ie,
67 754/282 500) (0.59 ha), which is classified as
"medium." There are 2947 acres (7279 ha) on which
insecticide are used. The rate of insecticide use was
4% (2947/67754) in Albany County, classified as
"low." For the multiple pesticide-use score for each
county, 0 refers to low exposure to all four types of
pesticides and I, 2, 3, or 4 indicates high exposure
to anyone, two, three, or four types of pesticides,
respectively.

Statistical analysis
All of the analyses were based on the characteris­
tics of the 277 cases remaining after exclusions. Chi­
square tests were performed first for a comparison
of overall frequencies between the cases of limb re­
duction defects and the two reference groups for de­
mographic characteristics, parental occupational ex­
posure to pesticides, maternal residence in an agri­
cultural setting or high pesticide-use county. Odds
ratios (OR) (including the 95% CI) of all limb re­
duction defect case groups (total limb reduction de­
fects, isolated limb reduction defects, or associated
limb reduction defects) were estimated from a com­
parison of the frequency of exposure among the cases
with that of the normal referents. In terms of paren­
tal occupational exposure to pesticides, the propor­
tion of either parent exposed was compared with a
reference group of neither parent exposed. Parental
occupations designated as military, uncodable, or
missing were considered missing, and those desig­
nated as homemaker, student, or no occupation were
defined as unexposed. Analyses were repeated with
and without homemakers, students, or no occupation
considered unexposed to verify this assumption. Pa­
rental farming designation was based on the stand­
ard classification index of occupation and industry
of the United States Census Bureau (22). On the basis
of five quintiles (I-V) of population density in New
York State, a county was defined as a rural area when
the quintile was I to II, suburban when the quintile
was III to IV, and urban when the quintile was V.
To exclude the effects of other potential risk factors
of limb reduction defects present in suburban or ur­
ban areas (57%), only residents of rural areas were
used for the county land and pesticide analyses. The
effect of county farmland per acre and county pesti­
cide use per acre of farmland was evaluated by com­
paring the high exposure category with the low and
medium groups.
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An unconditional multiple logistic regression anal­
ysis was used to control for all potential confound­
ing factors simultaneously when the association of
primary interest was examined. In this model, a
woman living in a county with high exposure to any
of the four classes of pesticides at the time of deliv­
ery was defined as having high county pesticide ex­
posure. The initial variables included were parental
farming status and paternal and maternal potential
occupational pesticide exposure. No significantly
collinear problems were found among these varia­
bles. Potentially confounding variables related to
limb reduction defects in the crude analyses, such as
residence in a rural or an urban county, residence in
a county with high pesticide use, infant gender, and
maternal complications during pregnancy, were orig­
inally put into the model. This analysis included the
subjects in all of the counties. Except for known risk
factors, variables that did not alter the estimate of
the exposure odds ratio were removed. The outcome
variable was status (limb reduction defects or nor­
mal referents). In order to assess how different pat­
terns of limb reduction defects affect these associa­
tions, we examined the total limb reduction defect
cases, isolated limb reduction defects, and associat­
ed limb reduction defects (limb reduction defect cas­
es with at least one additional malformation not di­
rectly related to the limb reduction defect) sepa­
rately.

Results

Table I presents the demographic characteristics of
the cases and referents. Infant gender, race, mater­
nal age, maternal education levels, the trimester of
first prenatal care, previous spontaneous fetal deaths,
and season of first trimester were similar in all three
study groups. However, there was a higher percent­
age of urban residents and a lower percentage of sub­
urban residents among mothers of children with limb
reduction defects and with other malformations com­
pared with mothers of normal referents. In addition,
pregnancy complications, preterm delivery «37
weeks), and low birthweight «2500 g) were highly
related to both limb reduction defects and other mal­
formations.

The association between potential parental expo­
sure in pesticide-related occupations and the occur­
rence of limb reduction defects was examined by
comparing the frequency of exposure among all of
the limb reduction defect cases with that among the
normal referents (table 2). In the current study, par­
ents involved in farming were rated as having mul­
tiple or high-frequency exposures to pesticides. Em­
ployment as construction laborers or other laborers,
nurses or health aides, clinical laboratory technicians,
or in food preparation or service occupations such
as cooks and waiters was the most frequent type of
employment potentially exposed to pesticides in this
study. Since the exposure frequency among the ref-
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Table 1. Distribution of selec ted demograph ics among the cases of limb reduc tion defects , the referents wi th othe r malforma­
ti ons, and the normal referents.

Cases of limb Reference group

Charac teris tc reduction defec ts
Malfo rmed Normal

N % N % N %

Gender

Male 152 54.9 177 54.6 161 49.2
Female 125 45.1 147 45.4 166 50.8

Race

White 239 90.9 289 90.0 293 90.1
Nonwhite 24 9.t 32 10.0 32 9.9

Maternal educati on (years)

< 12 47 17.8 59 18.2 46 14.1
12 91 34.5 132 40.7 131 40.0

> 12 126 47.7 133 41.1 150 45.9
Maternal age (years)

:$19 20 7.6 37 11.4 30 9.2
20-29 161 61.0 208 64.2 183 56.0
30-34 67 25.4 59 18.2 86 26.3
~ 35 16 6.1 20 6.2 28 8.6

Maternal complicat ions dur ing pregnancy '

Yes 40 15.1 49 16.0 22 7.1
No 224 84.8 258 84.0 287 92.9

Preterm (weeks)'

<37 31 12.1 70 22.8 26 8.6
~37 226 87.9 237 77.2 278 91.4

Low birth·weight (g)*

<2500 47 17.1 71 22.4 20 6.1
~2500 227 82.9 246 77.6 306 93.9

Prenatal care

First tr imes ter 207 75.0 255 79.0 263 80.7
Aft er f irst t rimester 67 24.3 67 20.7 61 18.7
None 2 0.7 1 0.3 2 0.6

Previous spontaneous fetal death

Yes 73 26.3 76 23.5 65 19.9
No 204 73.7 248 76.5 262 80.1

Season of fi rst trimester

Winter (December- February) 116 41.9 131 40.4 137 41.9
Spring (March - May) 60 21.7 83 25.6 85 26.0
Summer (June- August) 70 25.3 81 25.0 67 20.5
Fall (Sept ember - November) 31 11.2 29 9.0 38 11.6

Maternal residence area'

Rural 118 42.6 141 43.5 134 41.0
Suburban 87 31.4 96 29.6 138 42.2
Urban 72 26.0 87 26.9 55 16.8

, P<0.05, comparing the distribut ion of the th ree groups.

erence group with other malformations was similar
to that of the normal referents, we have only present­
ed the comparison between the cases and normal ref­
erents .

Paternal or maternal potential occupationa l expo­
sure to any type of pesticide showed no significant
effect on the total risk for limb reduction defects (OR
0.9,95% CI 0.6-1.4). When we treated housewives,
students, or unemployed people as missing rather
than as unexposed in the pesticide-exposed analysis,
the results were unchanged. However, when the as­
sociat ion was examined among associated limb re­
duction defects and isolated limb reduction defects
separately (table 3), associated limb reduction defects
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were positively associated with every type of poten­
tial paren tal exposure to pesticides when they were
compared with the normal referent s. The OR ranged
from 1.1 to 1.9, but the 95% confidence intervals in­
cluded one. This pattern was similar when compared
with that of the reference group with other malfor­
mations. Paternal occupat ions exposed to fungicides
(OR 1.9, 95% CI 0.8-4.2) and herbicides (OR 1.9,
95% CI 0.7-4.8) had higher risks for associated
limb reduction defects than those exposed to other
pesticides. On the other hand, isolated limb reduc­
tion defects were negative ly, but not statistically sig­
nificantly , related to parental occupational pesticide
exposures (almost all of the odds ratios were less
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Table 2. Comparison of parental occupation with potential exposure to pest icides among all the cases of limb reduction defect
and the normal referents.

Cases of limb Normal referents 95%
Parental exposure reduction defects Odds confidenceratio

N % N % interval

Either paternal or maternal exposure
Disinfectant 27 9.8 34 10.4 0.9 0.6-1 .6
Fungicide 20 7.2 21 6.4 1.1 0.6-2.1
Herbicide 15 5.4 15 4.6 1.2 0.6-2.5
Insecticide 35 12.6 44 13.5 0.9 0.6-1 .5
Any pest icide 36 13.0 47 14.4 0.9 0.6-1.4

Paternal exposure
Disinfectant 22 9.9 26 9.4 1.0 0.6-1.9
Fungicide 19 8.5 19 6.9 1.3 0.6-2.4
Herbicide 14 6.3 13 4.7 1.4 0.6-2.9
Insecticide 23 10.3 29 10.6 1.0 0.5-1.7
Any pest ic ide 25 9.0 32 9.8 0.9 0.5-1 .6

Ma ternal exposure

Disinfectant 8 3.1 11 3.6 0.9 0.3-2.2
Fungicide 3 1.2 5 1.6 0.7 0.2-3.0
Herbicide 2 0.8 4 1.3 0.6 0.1-3.2
Insecticide 13 5.0 21 6.8 0.7 0.4-1 .5
Any pesticide 14 5.0 22 6.7 0.7 0.4-1 .5

Table 3. Comparison of the parental occupat ions with potential exposu re to pesticides among the cases of assoc iated limb
reduction defects and the cases of isolated limb reduct ion defects with the normal referents .

Associated limb reduction defects" Isolated limb reduction detects>

Parental exposure Odds 95% Odds 95%
N % ratio- confidence N % rat ios confidence

interval interval

Either paternal or maternal exposure
Disinfectant 16 15.4 1.6 0.8-3.0 11 6.4 0.6 0.3-1 .2
Fungicide 11 10.6 1.7 0.8-3.7 9 5.2 0.8 0.4-1 .8
Herbicide 8 7.7 1.7 0.7- 4.2 7 4.0 0.9 0.4-2.2
Insecticide 19 18.3 1.4 0.8-2.6 16 9.2 0.7 0.4-1.2
Any pesticide 20 19.2 1.4 0.8-2.5 16 9.2 0.6 0.3-1 .1

Paternal exposure
Disinfectant 12 14.6 1.6 0.8-3.4 10 7.1 0.7 0.3-1 .6
Fungicide 10 12.2 1.9 0.8-4.2 9 6.4 0.9 0.4-2.1
Herbicide 7 8.5 1.9 0.7-4.8 7 5.0 1.1 0.4-2.7
Insecticide 13 15.9 1.6 0.8- 3.2 10 7.1 0.6 0.3-1.4
Any pesti cide 14 13.5 1.4 0.7-2.8 11 6.4 0.6 0.3-1 .3

Ma ternal exposure
Dis infectant 5 5.2 1.5 0.5-4.4 3 1.8 0.5 0.1-1 .8
Fung icide 2 2.1 1.3 0.2-6.8 1 0.6 0.4 0.0-3.0
Herbicide 2 2.1 1.6 0.3-8.9 0 0.0 0
Insecticide 7 7.3 1.1 0.4-2.6 6 3.7 0.5 0.2-1 .3
Any pesticide 7 6.7 1.0 0.4- 2.4 7 4.0 0.6 0.2-1.4

a Ass ociated limb reduction defects: the cases with at least one additional malformation.
b Isolated 11mb reduction def ects: the cases without any other mal format ions .
C All of the odds ratios were calculated from comparisons of the cases of associated limb reduction defects (N =104) or the

isolated limb reduct ion defects (N =173) with the normal refere nts (N = 327).

than one). These differences and trends consistently
appeared for each type of pesticide and for both pa­
ternal and maternal exposure. The most common as­
sociated malform ations (other than limb reduction
defects) in the current study were upper limb mal­
formation s (N = 50), musculoskeletal defects (N =
30), lower limb defects (N =29) , and genitourinary
malformations (N =27).

Comparisons of parental farming occupations
among different categories of limb reduction defects

including all limb reduction defects, associated limb
reduction defects, and isolated limb reduction de­
fects, to those of normal referent s (table 4) showed
a pattern similar to that of other occupations. If all
of the cases of limb reduction defects were compared
with normal referents, having a parent involved in
farming did not increa se the risk of limb reduct ion
defects. However, parent s in farming occupations
tended to show increa sed nonsignificant risks of as­
sociated limb reduction defect s (OR 2.0, 95% CI
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Table 4. Comparison of the parental occupations involved in agriculture among all the cases of limb reduction defects, the
cases of associated limb reduction defects, the cases of isolated limb reduction defects and the normal refe rents.

Cases Normal referents Odds
95%

Parental exposure
rati o

confidence
N % N % interval

A /l limb reduction defects (N=277)
Eit her parent farmer 11 6.0 12 5.2 1.1 0.5-2.7
Paternal farmer 10 5.0 11 4.4 1.1 0.5-2.7
Maternal farmer 2 0.8 5 1.8 0.5 0.1-2.3

Associated limb reduction defects (N = 104)
Either parent farmer 7 10.0 12 5.2 2.0 0.7-5.3
Paternal farmer 6 7.9 11 4.4 1.8 0.7-5.1
Maternal farmer 2 2.3 5 1.8 1.3 0.2-6.7

Isolated limb reduction def ects (N = 173)
Either parent farmer 4 3.5 12 5.2 0.7 0.2-2.1
Paternal farm er 4 3.2 11 4.4 0.7 0.2-2.3
Maternal farmer 0.0 1 0.3 0

0.7-5.3). Similar to the potenti al occupational pes­
ticide exposures, parental farmin g occupations ap­
peared to be negati vely related to isolated limb re­
duction defects (OR 0.7).

Table 5 displays the compariso n between county
agricultural activity or county pesticide use among
the cases of limb reduction defects (including all
limb reduction defect s and associated limb reduc­
tion defect s) and the malformed or normal referents.
There were no associations between maternal resi­
dence in a farming county (farmland acres per capi­
ta) or in a county with high pesticide (fungicide,
herbi cide , insecticide or nematicide) use in that
county and risk of limb reduct ion defects or associ­
ated limb reduction defects. The effects of high
county-wide exposure to multiple pesticides were
demonstrated with the use of summary scores, as
shown in table 5. There were no significant differ­
ence s in the risk for limb reduct ion defects among

Ithose with low exposure, single exposures, or mul­
tiple exposures.

We attempted to control for confounding effect s
~s i ng multivariate logistic regression. However, the
potentially etiologic variables, like maternal compli­
cations, or population density (rural, suburban or ur­
ban area) were not significantly related to the risk
for limb reduction defect s and did not alter the ex­
posure odds ratios. Furthermore, exposur e variables
such as parental involvement in farming or poten­
tial pesticide-related occupations were not signifi­
cantly related to each other or to populati on densi­
ty. Thus the regression analysis did not contribute
further information, and the results were very simi­
lar to those of the crude analyses.

Discussion

In contrast to the positive findin gs of Kricker et al
(13), our findings indicated that there was no signif­
icant positive associ ation between parent al farming
occupations and potentially pesticide-exposed occu­
pations and overall limb reduction defects. Howev-
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er, when we separated all limb reduction defect cases
into two groups (associated limb reduction defects
and isolated limb reduction defects), the associated
cases showed a consistently positive association with
parental involvemen t in either pesticide-exposed
work or agricultural occupations. This finding agrees
with Schwartz & LoGerfo ' s finding (II ), Unexpe ct­
edly, however, isolated cases seemed to have nega­
tive associations with potent ial parental exposure to
pesticide through occupation. Although this differ­
ence may be caused by chance or by the miscla ssi­
fication of exposure, our study suggested that the eti­
ology of associated limb reduction defects may be
different from those of isolated limb reduction de­
fects. Several previous studies (26- 28) indicate that
an increased malfo rmation risk due to environmen­
tal or drug exposures may be manifest as an excess
of infants born with a combination of distincti ve de­
fect s. A previous analysis of this case group (29)
found that the cases of associated limb reduction de­
fects had other distinctive characteristics. They were
more likely to have suspected syndromes, amniotic
bands, associated syndactyly, low birthweight, or
major limb reduct ions when compared with single­
limb isolated cases of limb reduction defect. Thus
associated limb reduction defect s may have distin ct
etiologic patterns. However, from a biological point
of view, it is unclear why associated limb reduct ion
defect s tended to be positively associated with all
types of pesticides, while isolated limb reduction
defects were negatively associated. Another expla­
nation for our result s may be that the referral report­
ing patterns might be different between isolated and
associated limb reduction defects and that this dif­
ference might lead to a variation in the classification
of exposure. For example, reporting should be more
complete for complex associated cases than less ob­
vious isolated cases with fewer medical needs. How­
ever, it is difficult to evaluate this possibility from
the available data.

The prevalence rate of limb reduct ion defect s in
the current study (0.45 per 1000) was close to the
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Table 5. Comparison of county pestici de use and agricultural activity between the cases of limb reduction defe ct s and the
referen ts ."

Relat ive exposu re

Exposure category Low Medium High P-vatue>

N % N % N %

Farmland acres per cap ita
All cases 8 6.7 46 38.7 65 54.6 0.56
Associated cases 0.0 19 44.2 24 55.8 0.15
Malformed refere nts 7 5.0 50 35.5 84 59.6
Normal referents 13 9.7 50 37.3 71 53.0

Coun ty fungicide use

All cases 65 54.6 35 29.4 19 16.0 0.29
Associated cases 22 51.2 13 30.2 8 18.6 0.34
Malfo rmed referents 76 53.9 46 32.6 19 13.5
Normal referents 67 50.0 36 26.9 31 23.1

County herbic ide use
All cases 43 36.1 44 37.0 32 26.9 0.41
Associated cases 16 37.2 18 41.9 9 20.9 0.31
Malformed refe rents 58 41.1 45 31.9 38 27.0
Norma l referents 41 30.6 56 41.8 37 27.6

County insect ic ide use

All cases 65 54.6 32 26.9 22 18.5 0.33
Associated cases 23 53.5 9 20.9 11 25.6 0.25
Malformed referents 83 58.9 33 23.4 25 17.7
Normal referents 62 46.3 41 30.6 31 23.1

County nematicide use

All cases 26 21.9 51 42.9 42 35.3 0.63
Associ ated cases 9 20.9 17 39.5 17 39.5 0.64
Malformed refere nts 36 25.5 62 44.0 43 30.5
Normal referents 37 27.6 49 36.6 48 35.8

scores

0 2 3 4

N % N % N % N % N %

Mult iple county pesticide
All cases 47 42.7 25 22.7 30 27.3 2 1.8 6 5.4 0.5
Associated cases 16 40.0 8 20.0 13 32.5 1 2.5 2 5.0 0.4
Malformed referents 70 51.8 19 14.1 37 27.4 4 3.0 5 3.7
Normal referents 48 38.7 28 22.6 37 29.8 3 2.4 8 6.4

a The analyses were restricted to subjects residing in rural areas.
b First value: all cases versus malfo rmed and normal referents ; seco nd value: all associated cases vers us malfo rmed and nor-

mal referents .
c O=low on all , 1 =high on any 1, 2 =high on any 2, 3=high on any 3, 4 =high on all 4.

findings of other studies (0.48-0.49 per 1000)
(30-32) . In terms of occupational exposure fre­
quency, there were 4.8% parents (either paternal or
maternal) invol ved in farming occupations, and this
figure is lower than the 6.9% in Schwartz & Lefler­
fo ' s study (II ). But since California has more agri­
cultural acti vity than New York State, the frequen­
cy of farmin g occupations was understandably low­
er. Our study also found that 10.1% of employed
women had potential pesticide expo sure , compara­
ble with the findings of Kricker et al ' s study in
Wales, in which 13.1% of the women were exposed
to pesticides at the workplace according to the in­
terview (13).

There are several limitations of our occupational
exposure assessment. First, there was a higher pro­
portion of missing paternal occupations (14.4 %) than
maternal occupations (1.7%) on the birth certificates.
Furthermore, the mothers coded on the birth certifi -

cate s in this study as homemakers or unemployed
during pregnancy (40 %) might have actually been
expo sed during pregnancy or prior to conception.
According to a recent study conducted by Marshall
et al (33) in upstate New York , 28% of the occupa­
tions and 23% of the industries listed on the birth
certificates were not the same as what the mother re­
ported via a questionn aire describin g her first trimes­
ter job. The majority of these circumstance s (75%)
disagreed on whether or not the mother worked out­
side the home during the periconceptional period
(33 ). There was no difference in either the validity
or rate of missing data between malfo rmed cases and
normal referents. Paternal occupations were more
often missing, but they were more likely to be ac­
curate than the maternal occupations were (34) . Thus
previous research shows that using the information
from birth certificates for parental occupations will
initiate nondifferential misclassification of exposure.
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Second, industrial hygienists assessed potential ex­
posure based on job title and industry, and no actu­
al data on exposure were available. This procedure
would also generate further nondifferential rnisclas­
sification. Third, because the job titles were often
rated as having more than one type of pesticide ex­
posure, it is difficult to separate the independent ef­
fects of each type. Finally, the relatively low percent­
age of farmers or jobs potentially exposed to pesti­
cides in this study, especially among the mothers,
leads to low study power. All these limitations may
have lowered the power of the study to find a sig­
nificant difference.

Unlike two previous studies (7, 11), the current in­
vestigation did not find an association between ma­
ternal residence in an agricultural county or high pes­
ticide-use county and the risk of congenital malfor­
mations among their children. In contrast with the
results for occupation, there was no difference in risk
between the cases of associated limb reduction de­
fects and isolated limb reduction defects when com­
pared with normal referents. In addition , our study
found that parental occupational pesticide exposure
was not related to maternal residence in counties with
high agricultural use of pesticides. Although we used
a combination indicator for multiple pesticide expo­
sures at the county level, the number of chemicals
involved was not related to the risk of limb reduc­
tion defects. The difference between these results and
others may be explained by differences in pesticide
uses, types, and frequencies. The results may also
suggest that county pesticide use is not a good indi­
cator of maternal exposure to pesticides during preg­
nancy or prior to conception or is not a good indi­
cator of individual exposure or that there is no ef­
fect of residential exposure on the risk for limb re­
duction defects. The limitations of utilizing ecolog­
ical data by applying county level data to individual
exposure are well known and have been presented
by other studies (35, 36).

The current study revealed that the limb reduc­
tion defect cases and the referents with other mal­
formations had significantly higher proportions of
residents of urban areas and lower proportions of
suburban residents than the normal referents did.
However, the proportion reporting rural residence
was the same among the cases, the referents with
other malformations, and the normal referents.
There may be two possible interpretations of this
difference. First, selective reporting of malforma­
tions may occur in different areas. In other words,
there may be more complete reporting of malforma­
tions in the most urban areas compared with the re­
porting in other areas . Second, if the differences in
residential areas between the cases and the normal
referents are true, then there might be unknown risk
factors for limb reduction and other defects present
in urban areas. When the cases were compared with
the referents with other malformations instead of
normal referents, our occupational results did not
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change. This finding suggests that variables such as
maternal race, education, and age that are typically
associated with population density or type of resi­
dential area did not alter the comparisons. Associ­
ated limb reduction defects, but not other malforma­
tions, were related to parental occupational pesti­
cide exposure.

Our study also indicated that the occurrence of ma­
ternal complications during pregnancy, preterm de­
livery, and children with low birthweights were pos­
itively associated with the cases of limb reduction
defects when compared with normal referents . This
finding agrees with those of most previous studies
(37-40). Since there were no significantly differ­
ent rates of low birthweights between major or se­
vere limb reduction defects (proximal and long bone
missing or reduction, 13.9%) and minor limb reduc­
tion defects (distal or phalange reduction, 12.2%), it
is unlikely that infants with low birthweights are low
in weight due to the lack of a limb. In addition, the
referents with malformations other than reduction
defects had a higher rate (22.4%) of low birthweight
than that of the cases of limb reduction defects
(17.1%). We found that limb reduction defects with
multiple limbs involved had a much higher rate of
low birthweight (20%) than those with a single limb
involved (10%), a finding suggesting that low birth­
weight may be related to multiple developmental de­
fects.

This study is one of the few studies to use indus­
trial hygienists' assessments to explore all possible
combinations of pesticide-exposed industries and
occupations rather than just farming. Previous stud­
ies using parental farming as the sole source of pes­
ticide exposure might have resulted in incomplete
exposure assessment because many other occupations
are also potentially exposed to pesticides. Therefore,
this study improved exposure assessment, even
though substantial misclassification might have re­
mained. In addition, case ascertainment was popu­
lation-based, and the diagnoses of all the cases were
reviewed and verified. The current study also sepa­
rated the possible effects of exposure on the risk of
associated limb reduction defects from the risk of iso­
lated limb reduction defects, suggesting a new clue
for future studies. Finally, although not statistically
significant, the study showed a suggestive trend of
an association between potential parental exposure
to pesticides and associated limb reduction defects.
We would encourage future studies to use more com­
plete and individually accurate exposure assessments
and to treat isolated and associated limb reduction
defects separately.
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Appendix 1

All potential paternal pesticide exposures based on the industrial hygienists' assessments

Industry code Occupational code
Disinfec-

Fungicidea Herblclde"
Insecti-

tants cide a

444 Miscellaneous food occupations 1
486 Groundskeepers, gardeners 1
453 Janitors 1
486 Groundskeepers, gardeners 1
686 Butchers and meat cutters 1

010 Agriculture, production 473 Farmers a
crops

010 Agriculture, production 479 Farm workers a
crops

011 Livestock 473 Farmers 1 1 1 1
011 Livestock 479 Farm workers 1 1 1 1
021 Horticultural 486 Groundskeepers, gardeners a 1 1 1
060 Construction 869 Personal care occupations a 1 1 1
101 Manufacturing, dairy 243 Sales superisors and proprietors 1 a a a

products
101 Manufacturing, dairy 453 Janitors

products
101 Manufacturing, dairy 804 Truck drivers (heavy) a a a

products
101 Manufacturing, dairy 889 Laborer, except construction a

products
112 Manufacturing, sugar and 889 Laborers, except construction a a

confections
120 Beverage industry 633 Superisors production occupations a a 1
160 Pulp and paper mills 544 Millwrights 1 a a
160 Pulp and paper mills 777 Miscellaneous machine operators 1 a a
230 Logging 496 Timbercutters, loggers 1 1 1
231 Sawmills, planing mills, 727 Sawing machine operators 1 1 1

millwork

231 Sawmills, planing mills, 889 Laborers, except construction
millwork

242 Furniture 779 Machine operator 1 1 a a
250 Glass production 883 Freight, stock handlers a a a 1
270 Steelworks 453 Janitors 1 1 1 1

281 Cutlery, hand tools, 544 Millwrights 1 1 a a
hardware

290 Screw machine products 637 Machinist a a
290 Screw machine products 777 Miscellaneous machine operators a a
290 Screw machine products 889 Laborers, except construction a a
291 Metal forging, stamping 779 Machine operators a a
300 Miscellaneous fabricating, 453 Janitors 1 1

metals

400 Transportation, railroad 1 1 1

400 Transportation, railroad 889 Laborers, except construction 1 1 1

420 Water transportation 876 Stevedores 1 1 1

441 Telephone company 453 Janitors 1 1 1

460 Electric lights and power 366 Meter readers 1 1 1

460 Electric lights and power 575 Electricians 1 1 1

461 Gas, steam supply 1 1 1

461 Gas, steam supply 036 Inspectors 1 1 1

462 Electric and gas combined 1 1 1

462 Electric and gas combined 796 Production checkers, examiners a a a
and inspectors

471 Sanitary service 1
471 Sanitary service 875 Garbage collectors 1

471 Sanitary service 887 Vehicle equipment washers a
550 Groceries and related 1

products, wholesale

550 Groceries and related 243 Sales, supervisors a a a
products, wholesale

(continued)
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Appendix 1. Continued

Industry code Occupational code Dis inf ec- Fungicide " Herb ic ide " lnsect l-
tants cide"

550 Groceries and related 768 Crushing and gr inding mach in e 0 0
products, wholesale operators

550 Grocer ies and related 804 Truc k drivers (heavy) 0
pro ducts, wholesale

582 Retail , garden pro ducts 804 Tru ck drive rs (heavy) 1 1 0

591 Departm ent sto re 453 Janitor s 1 0 0

601 Grocery, retai I 243 Sales , supervisors 1 0 0

601 Grocery , reta il 274 Sales wo rke r 0 0 0
601 Grocery, ret ail 276 Cashiers 0 0 0

601 Groce ry, reta il 686 Butch ers, meat cutters 1 0 0

601 Groce ry, ret ail 687 Bakers 1 1 0

601 Grocery, retail 786 Handcutters , tr imming 1 1 0
oc cupations

601 Grocery, reta il 877 Sto ck handl ers, bagg ers 0 0

602 Dairy prod ucts , store, 243 Superviso rs and proprietors 0 0
retail

610 Retail bakery 1 1 1

610 Retail bakery 687 Bakers 1 0 0

611 Food store, NEC 243 Supervisors and proprieto rs 0 0 0

621 Gas se rvice stat ion 885 Garage and service stat io n
occ upations 0 0 0

641 Eati ng and drinking places 1 1 1

641 Eati ng and dr in king places 019 Manage rs 0 0 0

641 Eat ing and drinking places 276 Cash iers 0 0 0

641 Eati ng and dr inkin g places 433 Food and service occu pat ions,
supervisors 0

641 Eat ing and drinking plac es 435 Waiters and waitresses 0 0 0

641 Eat in g and dr inki ng places 436 Cooks 1 0 0

641 Eatin g and drink in g places 443 Wai ters and waitress assi stants 0 0 0

641 Eating and drinking places 889 Laborers 1 1 0

712 Real estate and real 453 Janit ors 1 1 0
est ate insurance

712 Real estate and real 486 Gro undskeepers and garde ners
estate ins urance

722 Servic es to dwell ings 453 Janitors 0

802 Miscellaneous entertainme nt 453 Janitors 0
services

831 Hospitals 1 1 1

831 Hosp itals 059 Engineers 0 0 0

831 Hospitals 098 Inh alat ion th erapists 1 1 0

831 Hospitals 444 Miscellaneous food preparers 1 0 0

831 Hosp itals 446 Health aides 1 0 0

831 Hospitals 447 Nurses aide s, orderlie s 1 0 0

831 Hospit als 448 Cleani ng supervisors 1 1 0

831 Ho spitals 748 Dry cl eaning mac hi ne ope rator 1 0 0

832 Nursing and personal care 019 Man agers 1 0 0
fac il ities

832 Nursi ng and persona l care 446 Health aids 0 0
facil it ies

832 Nursing and personal care 453 Jani to rs
fac il it ies

832 Nursing and personal care 549 Nonsp ec if ied mec hani cs 0 0
fac il it ies

842 Elementary and secondary
schools 453 Janitors

850 Colleges and un ive rsiti es 453 Janitors

a 1 =exposure, 0 =no exposure.
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Appendix 2

All potential maternal pesticide exposures according to the industrial hygienists' assessment

Industrial code Occupational code
Disinfec-

Fungicide" Herbicide"
Insecti-

tant - clde s

010 Agr icultural, crops 479 Farm workers 0 1 1

011 Livestock 1 1 1

020 Agr icultural services 487 Animal caretakers 1 0 0

021 Horticultural services 486 Groundskeepers and gardeners 0 1 1

111 Manufacturing , bakery 687 Bakers 1 0 0
products

160 Pulp , papers mills 216 Enginee ring technicians 0 0 1

272 Manufacturing , aluminum 709 Grinding and polish ing 1 0 0
products mach ine operators

281 Cutlery manufacturing 889 Laborers, except construction 0 0
and hand tools

290 Screw machine production 889 Laborers, except construction 1 1 0 0

400 Railroads 1 1 1 1

550 Wholesale groceries 243 Sales supervisors and 0 0 0 1
proprietors

601 Grocery stores 439 Bill ing clerks 1 0 0

601 Grocery stores 888 Hand packers and packagers 0 0 1

602 Dairy stores 243 Sales superv isors and 1 0 0
propr ietors

610 Retail bakery 687 Bakers 1 0 0

611 Food services, NEC 274 Sales workers 0 0 0

641 Eating and drinking places 019 Managers 0 0 0

641 Eating and drinking places 276 Cashiers 0 0 0

641 Eating and drinking places 337 Bookkeepers, accou nting 0 0 0

641 Eating and drinking places 444 Food preparer 1 0 0

722 Services to dwellings 453 Janitors 1 1 0

831 Hospi tals 1 1 1

831 Hospitals 015 Managers, medic ine and heal th 0 0 0

831 Hospitals 023 Accountant manager s 0 0 0

831 Hospitals 037 Managemen t relate d 0 0 0
occupations

831 Hospitals 084 Physicians 1 0 0

831 Hospitals 096 Pharmacists 1 0 0

831 Hospitals 097 Dieticians 0 0 0

831 Hospitals 098 Inhalation therapists 1 1 0

831 Hospitals 159 Teachers 0 0 0

831 Hospitals 207 Licensed practical nurses 1 0 0

831 Hospitals 274 Sales workers 0 0 0

831 Hospitals 313 Secretaries 0 0 0

831 Hosp ita ls 344 Billing, calculation mach ine 0 0 0
operat ors

831 Hospitals 375 Insurance adjusters 0 0 0

831 Hosp itals 379 Off ice cle rks 0 0 0

831 Hospitals 444 Food preparers 1 0 0

831 Hosp itals 446 Health aids 1 0 0

832 Nursing and personal care 1 1 1
facilit ies

832 Nursi ng and personal care 015 Health managers 0 0 0
faci lit ies

832 Nursin g and personal care 019 Managers 0 0
facil it ies

832 Nursing and personal care 095 Regis tered nurses 0 0
facil ities

832 Nursing and personal care 097 Dieticians 0 0
fac ilities

(conti nued)

178



Appendix 2. Cont inued.

Ind ustri al code

832 Nursing and personal care
faci l itie s

832 Nursi ng and personal care
facilities

832 Nurs ing and personal care
fac ilities

832 Nursi ng and personal care
facilities

832 Nursing and personal care
faci liti es

862 Chil d care services

a 1 = exposure, 0 = no exposureo

Occupational code

207 Licensed practi cal nurses

319 Reception ists

389 Administrat ive suppo rt
occu pat ions

445 Dental assistants

446 Health aides

468 Child care workers
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Disinfec- Funqlclde" Herblclde- lnsectl-
tant- c lde-

0 0

0 0 0

0 0 0

0 0

0 0

0 0 0
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