
Case Reports

In February 2005, the Healthy Start program
in the Collier County Health Department
(CCHD) in Florida identified three infants
with congenital anomalies who were born
within 8 weeks of one another and determined
that all three mothers had worked for the same
tomato grower (CCHD 2005). All three
women had worked on the grower’s Florida
farms in 2004 before transferring to its North
Carolina farms later that year (Table 1). In
August 2005, the North Carolina Department
of Health and Human Services (NCDHHS)
was notified of these births by the North
Carolina Department of Agricultural and
Consumer Services (NCDACS); this agency
had been notified by U.S. Environmental
Protection Agency (EPA) Region 4 in April
2005. The Centers for Disease Control and
Prevention (CDC) was alerted in September
2005, and with the assistance of state health
departments in Florida and North Carolina
collected case reports and pesticide exposure
histories. 

The CCHD searched the Healthy Start
program records for other birth defects cases
born between December 2004 and February

2005 and whose parents had the potential for
exposure to agricultural pesticides. No addi-
tional cases were identified. Medical records on
the three mothers and their infants were
obtained and reviewed by the CCHD and the
state health departments in Florida and North
Carolina. Charles A. Williams, a clinical
geneticist and professor of pediatrics and
genetics at the University of Florida, College of
Medicine (Gainesville, FL) reviewed case sum-
maries obtained from the medical records and
provided the descriptions of the birth defects.
Exposure information was obtained from
NCDACS and the Florida Department of
Agriculture and Consumer Services (FLDACS),
which obtained pesticide application and
worker assignment records from the grower.
Additionally, each of the mothers and fathers
were interviewed in early 2005 by CCHD.
The mothers of case 1 and case 2 were also
interviewed in 2006 by NCDHHS. 

Because of the imprecision of the concep-
tion date, there is also imprecision in the cal-
endar days that correspond to the maximal
sensitivity period for any given birth defect. As
the window of maximal sensitivity shifts, the
number of days involving pesticide exposure

may also change. Therefore, a range of days is
provided to reflect the minimum and maxi-
mum number of days of pesticide exposure
during the maximal sensitivity period. In
addition, because workers often worked in
several agricultural fields on a given day and
because the specific hours worked in each
field were not available, days of pesticide
exposure were categorized into “probable
days” and “possible days.” Probable days are
those days when the mother was scheduled to
work in a field that had a restricted entry
interval (REI) in effect the entire day.
Possible days consist of days when the mother
was scheduled to work in a field that had an
REI that was in effect for only a portion of
the day. On possible days, it is conceivable
that the mother did not work in the field
when the REI was in effect. This would be
the case if she worked only before the pesti-
cide application occurred, or only after the
REI had expired. According to the Worker
Protection Standard (WPS), after the applica-
tion of any pesticide on an agricultural estab-
lishment, the agricultural employer shall not
allow or direct any worker to enter or to
remain in the treated area before the REI has
expired, unless the worker is provided appro-
priate personal protective equipment (PPE)
(U.S. EPA 1997). There is no evidence that
PPE was provided to these mothers.

Information on the three cases is provided
in Tables 1 and 2. During the period of
organogenesis (approximately 14–59 days
after fertilization) when birth defects are most
likely to occur, all three mothers unknow-
ingly worked in tomato fields that were under
an REI because the fields were recently
treated with pesticides, some of which have
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CONTEXT: There is little evidence linking adverse reproductive effects to exposure to specific pesticides
during pregnancy.

CASE PRESENTATION: In February 2005, three infants with congenital anomalies were identified in
Collier County, Florida, who were born within 8 weeks of one another and whose mothers worked
for the same tomato grower. The mothers worked on the grower’s Florida farms in 2004 before
transferring to its North Carolina farms. All three worked during the period of organogenesis in
fields recently treated with several pesticides. The Florida and North Carolina farms were inspected
by regulatory agencies, and in each state a large number of violations were identified and record
fines were levied.

DISCUSSION: Despite the suggestive evidence, a causal link could not be established between pesti-
cide exposures and the birth defects in the three infants. Nonetheless, the prenatal pesticide expo-
sures experienced by the mothers of the three infants is cause for concern. Farmworkers need
greater protections against pesticides. These include increased efforts to publicize and comply with
both the U.S. Environmental Protections Agency’s Worker Protection Standard and pesticide label
requirements, enhanced procedures to ensure pesticide applicator competency, and recommenda-
tions to growers to adopt work practices to reduce pesticide exposures.

RELEVANCE TO PROFESSIONAL PRACTICE: The findings from this report reinforce the need to reduce
pesticide exposures among farmworkers. In addition, they support the need for epidemiologic stud-
ies to examine the role of pesticide exposure in the etiology of congenital anomalies. 
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been shown to be teratogenic when tested
individually in animals (Table 2). The REIs
for the chemicals listed in Table 2 ranged
from 12 to 48 hr.

Case 1: This infant was born with tetra-
amelia (absence of all four limbs) (Table 1).
The parents had no known birth defect risk
factors, and this was the mother’s first preg-
nancy. The period for limb development is
24–36 days after fertilization (Moore and
Persaud 2003). During this period, this
child’s mother worked in violation of the REI
for up to 4 days involving exposure to several
pesticides, including mancozeb (Table 2). 

Case 2: This infant was born with mild
Pierre Robin syndrome (micrognathia, high
arched palate, and mild persistent palatine
rugae). The father of this child has micro-
gnathia. During gestational days (i.e., days
after fertilization) 14–57, this child’s mother
worked in violation of the REI for up to
8 days. On seven of these days, the pesticides
applied to the fields where the mother worked
included methamidophos. In addition, on
gestational days 7 and 10, the mother worked
in fields when an REI was possibly in effect
(mancozeb on both days, and abamectin and
methylpyrrolidone on day 7). The mother has
three other living children, none of whom are
known to have birth defects. This mother also
had one previous stillbirth but without obvi-
ous birth defects.

Case 3: This infant had multiple severe
malformations including cleft lip and palate,
imperforate anus, solitary kidney, vertebral
anomalies, dysplastic low-set ears, and
ambiguous genitalia. These findings are
quite reminiscent of a severe type of the
Goldenhar Syndrome (also referred to as
oculo–auriculo–vertebral sequence). Death
occurred at 3 days of age. During gestational
days 14–59, the mother worked in violation
of REIs for up to 10 days. On eight of these
days, the REI for methamidophos was in
effect on some of the fields where the mother
worked. Abamectin and methylpyrrolidone
were applied to some of the fields on two

other days, but the mother may have worked
in those fields before the applications were
made. The mother had two previous pregnan-
cies. One pregnancy 3 years earlier involved a
malformed fetus and ended in miscarriage.
The mother could not recall her employment
or whether she had any toxic exposures dur-
ing that pregnancy. The other previous preg-
nancy resulted in a normal child. 

None of the three mothers reported
tobacco or alcohol use, and none reported tak-
ing prescription, over-the-counter, or folk
medications. Maternal infections (e.g., syphilis,
rubella, cytomegalovirus, toxoplasmosis, and
herpes simplex virus) were ruled out as a cause
of the birth defects based on data available in
the medical records. All three mothers are
Mexican, have undocumented U.S. immigrant
status (i.e., they did not have a U.S. visa or
other immigration document), and sought pre-
natal care late in their pregnancies. All three
mothers reported morning sickness, but none
reported to the crew leader or grower that they
were acutely poisoned by pesticides while preg-
nant. Information on housing conditions dur-
ing the pregnancies was unavailable. Each
child’s father was also employed as a farm-
worker for the same grower as the three moth-
ers. Unfortunately, information on the three
fathers’ pesticide exposures was unavailable. 

Approximately 956 farmworkers were
employed at the Florida location and 500 at
the North Carolina location, 20% of whom
were women. The identity of the female farm-
workers was not provided by the employer.
Thus, identification of other workers who
gave birth in 2004 or 2005 was not possible.

In 2005, the Florida and North Carolina
farms were inspected by FLDACS and
NCDACS, respectively. A large number of
violations were identified, and the grower
received among the largest fines ever imposed
by these enforcement agencies. Violations
identified by both agencies included failure to
prevent workers from entering pesticide-treated
fields before REI expiration, and failure of pes-
ticide handlers to understand all pesticide label

requirements. NCDACS also documented fail-
ure to provide drinking water and water for
routine washing, whereas FLDACS did not
report on the availability of water. 

Discussion

Three farmworkers giving birth to infants with
birth defects within an 8-week period is cause
for concern. In Florida, approximately 3% of
live births have major birth defects. There is
evidence to suggest that the three observed
major birth defects exceed this expected rate.
To obtain the observed birth defects rate
among these farmworkers, one needs the
number of births for the period in question.
Unfortunately, there is no accurate informa-
tion on the fertility rate among female farm-
workers employed in Florida. However, based
on Collier County, Florida, Hispanic birth
rates (Florida Department of Health 2001;
U.S. Census Bureau 2001), it is estimated that
25 live births occur every year among the
191 female farmworkers employed in Florida
where the case mothers worked, or two live
births per month. Assuming the other three
births were normal (of the six expected live
births in the 12-week period that was investi-
gated), these three infants with birth defects
would provide an incidence rate of 50% for
birth defects during the 12 weeks in question
among the female farmworkers employed in
Florida where the case mothers worked.

The etiology of most human birth defects
cases is unknown (Moore and Persaud 2003).
However, multifactorial interactions of genetic
and environmental factors are thought to be
responsible for 20–25% of birth defects,
genetic factors alone for 15–25%, and environ-
mental agents alone for 7–10% (Moore and
Persaud 2003). Known risk factors include
chromosomal disorders, single gene mutations,
family history of birth defects, alcohol, some
medications, infections, tobacco, diabetes, and
lack of essential vitamins (e.g., folic acid)
(CDC 2006). Although animal toxicologic
studies provide evidence that high doses of
some pesticides can alter reproductive function

Calvert et al.

788 VOLUME 115 | NUMBER 5 | May 2007 • Environmental Health Perspectives

Table 1. Demographic and work history information on the infants with birth defects and their mothers.

Age of Days mother was Days mother was
mother at employed on grower’s employed on grower’s 

Estimated date time of infant’s Florida farms North Carolina farms 
Birth defects Date of birth of conceptiona Sex birth (years) after conceptionb after conceptionb

Case 1
Tetra-amelia 17 Dec 2004 3 Apr 2004 Male 19 0–14 16–182

Case 2
Micrognathia (underdeveloped jaw), high arched palate, and mild 4 Feb 2005 10 Apr 2004 Male 30 0–51 65–216

persistent palatine rugae
Case 3

Multiple malformations including cleft lip and palate, imperforate 6 Feb 2005 16 May 2004 Female 21 20–36 120–159
anus, solitary kidney, vertebral anomalies and very abnormal, 
dysplastic, low-set ears, and ambiguous genitalia, reminiscent 
of a severe type of Goldenhar syndrome

aThe conception date was calculated by adding 14 days to the onset date of the last menstrual period. Because the precise date of conception was unavailable, this date represents the
first date in a 2- week window that is thought to capture the precise conception date. bBased on the conception date provided in this table. 



and produce birth defects, few epidemiologic
studies have linked specific pesticide exposures
to reproductive toxicity in humans (Hanke and
Jurewicz 2004; Sever et al. 1997; Thulstrup
and Bonde 2006). 

There are serious concerns that during the
period of organogenesis all three mothers were
exposed early in pregnancy to pesticides shown
to be teratogenic in animals. Furthermore,
some of these exposures may have been high
because, according to the grower’s records, the
mothers worked in fields in which the REI had
not expired.

Mancozeb and its metabolite ethyl-
enethiourea (ETU) have been shown to pro-
duce limb defects and cleft palate after high
oral doses were given to rats (Larsson et al.
1976). ETU has a biologic half-life of approx-
imately 34 hr to 4 days (Kurttio and
Savolainen 1990). During the period of limb
development, the mother of case 1 may have
worked up to 4 days in fields in violation of
the REI for this fungicide. 

The mother of case 3 has evidence of
8 workdays (4 probable and 4 possible days)
of exposure to methamidophos, which has
evidence for teratogenicity in mice and rats
(Asmatullah and Aslam 1999; Hanafy et al.
1986). On at least three of the probable days,
this mother may have been exposed within

14 hr of the application. The REI for methami-
dophos is 48 hr. However, the U.S. EPA rec-
ommended in 2002 that the REI be increased
to 96 hr (U.S. EPA 2002). If the 96-hr REI
had been in effect in 2004, then this mother
would have had 10 days of working in viola-
tion of the REI [8 probable (days 22–24, 27,
30, 31, 33, 34), and 2 possible (days 26 and
27)]. Despite some animal evidence for ter-
atogencity, we are aware of no authoritative
sources, including the U.S. EPA and the State
of California Environmental Protection
Agency, that have concluded that methami-
dophos is a teratogen (FLDACS 2005; Food
and Agriculture Organization/World Health
Organization 2002). 

The mother of case 2 had only one proba-
ble day working in violation of an REI during
the maximal sensitivity period, the fewest
number of the three mothers. However, this
mother had 8 days possibly involving work in
violation of an REI. The one probable day
and six of the possible days involved exposure
to methamidophos. We are unaware of animal
evidence for an association between the birth
defects found in case 2 and methamidophos
exposure; however, mancozeb and its metabo-
lite ETU have been shown to produce abnor-
mal shortening of the mandible (Larsson et al.
1976; Stula and Krauss 1977). Although the

potential mancozeb exposure for the mother
of case 2 was on days 7 and 10, the half-life of
this chemical and its metabolite suggests the
possibility of exposure during organogenesis.

Some may question whether this is a true
cluster because each of the babies had a differ-
ent constellation of defects, and none of the
pesticides to which the mothers were proba-
bly exposed can be linked (in animal or
human studies) to all of the observed defects.
However, the differences in the birth defects
identified in this cluster may be attributed to
the differences in the conception dates, the
differences in the work histories of the three
mothers, and the large number of chemicals
used by the grower. There is evidence to sug-
gest that each mother was exposed to pesti-
cides during the maximal sensitivity period for
the organ system/structure that was affected.

As demonstrated in Table 2, all mothers
had the potential for exposure to pesticide
mixtures, and little is known about the terato-
genicity of these mixtures. Animal toxicologic
studies are performed on individual chemicals,
and little is known about the reproductive
effects of exposure to mixtures of pesticides
that have different modes of action. However,
there is evidence in a mice model that pesti-
cide mixtures can produce developmental
effects that would not be predicted or are
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Table 2. Days worked during the first 2 months of pregnancy in violation of an REI and pesticides for which an REI was in effect.

Estimated period 
of organogenesis Total days Pesticides mother was

for specific worked in potentially exposed Specific gestational days worked in
birth defect (days specified period of to during maximal violation of an REI to the given pesticideb Some teratogenic findings from 

Mother after fertilization)a organogenesisb sensitivity period Specific probable daysc Specific possible daysd testing of pesticide in animalse

Case 1 24–36 2–6 Mancozeb Days 19, 32, 37, 39, 41 Limb reduction defects, cleft palate, 
and brachygnathia

Copper hydroxide Days 19, 32, 37, 39, 41 No data found
Bacillus thuringiensis Days 19, 32, 37, 41 No data found
Spinosad Days 31, 39 No teratogenicity identified
Azadirachtin Day 41 No data found
Bacillus subtilis Day 41 No data found

Case 2 14–57 21–27 Mancozeb Days 7, 10 Limb reduction defects, cleft palate 
and brachygnathia

Methamidophos Days 10, 28 Days 7, 26, 27, 38, 39, 40 Anotia, anencephaly, paddle-shaped 
limbs, microphthalmia

Abamectin Day 7 Cleft palate
Methylpyrrolidonef Day 7 Cleft palate 
Copper hydroxide Days 7, 10, 45 No data found
Fenpropathrin Days 7, 10, 26, 27, 28, 38, 39 No teratogenicity identified
Chlorothalonil Days 10, 26, 27, 28, 38, 39 No teratogenicity identified
Esfenvalerate Day 7 No teratogenicity identified
Methomyl Day 45 No teratogenicity identified

Case 3 14–59 5–11 Methamidophos Days 22, 30, 33, 34 Days 23, 25, 26, 31 Anotia, anencephaly, paddle-shaped 
limbs, microphthalmia

Abamectin Days 24, 29 Cleft palate
Methylpyrrolidonef Days 24, 29 Cleft palate
Fenpropathrin Days 30, 33 Days 22, 24 No teratogenicity identified
Hydrogen dioxide Day 23 No data found
Chlorothalonil Day 24 No teratogenicity identified

aBased on Moore and Persaud (2003). bBecause of the imprecision of the conception date, there is also imprecision in the calendar days that correspond to the maximal sensitivity
period. As the window of maximal sensitivity shifts, the number of qualifying days may change. The numbers provided reflect the range of qualifying days. cProbable days are those days
when the worker was scheduled to work in a field that had an REI that was in effect the entire day. dPossible days consist of days when the mother worked in a field that had an REI that
was in effect for only a portion of the day. On possible days, it is conceivable that the mother did not work in the field when the REI was in effect. This would be the case if she worked
only before the application occurred, or only after the REI had expired. Detailed information on the hours worked in specific fields was not available. eAs summarized in FLDACS (2005).
“No data found” = no studies that explored the teratogenicity of the compound were identified by FLDACS. “No teratogenicity identified” = when teratogenicity studies were conducted
and all were found to be negative. fThis chemical is included in the same pesticide product as abamectin but is not an active ingredient (i.e., it is considered an inert ingredient). 
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more severe than predicted based on the
known toxicology of each individual pesticide
(Cory-Slechta 2005). 

All three mothers had the potential for
three routes of exposure: dermal, inhalation,
and oral. It is not possible to determine which
route most contributed to their internal dose
of pesticides. Many host, agent, and environ-
mental factors affect the relationship between
the potential exposure and the resulting
absorbed dose (Solomon et al. 2005). When
the route of exposure is dermal, the internal
dose can be modified by many factors includ-
ing the area and location of the skin exposed,
the amount of pesticide residue on the foliage
that can be dislodged, the presence of skin
damage, environmental temperature and
humidity, the presence of other compounds
on the skin, and the inherent transcutaneous
absorption properties of the pesticide
(Boeniger 2003). As for the inhalational route
of exposure, the internal dose can be modified
by the respiratory rate, which increases with
physical exertion, and the vapor pressure of
the pesticide. Finally, oral exposure can take
place if pesticide-contaminated food or drink
was consumed. This could occur if the moth-
ers did not wash their hands before eating.
Among the citations issued by NCDACS was
a lack of hand-washing facilities at one farm
site where the women worked, and failure to
provide adequate amounts of drinking water
(Chelminski and Higgins 2006). In addition,
there is no evidence that the women were
provided with PPE, such as chemically resis-
tant gloves and clothing to reduce dermal
exposure to pesticides.

There is no evidence that the three moth-
ers described in this report experienced toxic-
ity associated with their gestational pesticide
exposures. Although many teratogenic expo-
sures also produce adverse effects on the
mother, there are exceptions. For example, a
study in which rats were administered a der-
mal dose of 50 mg/kg body weight/day of
ETU on days 12 and 13 of gestation pro-
duced malformations in all fetuses (including
encephalocele, short mandible, and missing
leg bones) but produced no substantial acute
effects on the dams (FLDACS 2005; Stula
and Krauss 1977). Another study in which
pregnant mice were given a single intraper-
tioneal injection of 80 mg/kg body weight of
chlorpyrifos (an organophosphate pesticide)
produced a significantly increased rate of mal-
formed fetuses, including cleft palate and
absent thoracic vertebrae, compared to a con-
trol group exposed only to the vehicle, but the
pesticide produced no overt signs of maternal
toxicity (Tian et al. 2005). The dose of 80
mg/kg body weight of chlorpyrifos was cho-
sen by the investigators because it was “below
doses that may cause significant inhibition of
cholinesterase activity” (Tian et al. 2005).

Cholinesterase inhibition is one of the most
sensitive toxic end points produced by
organophosphate pesticides (U.S. EPA
2006a). In addition, newborn children, and
perhaps fetuses, may be substantially more
susceptible to toxicity from pesticide exposure
compared to their mothers. For example,
plasma paraoxonase 1, an enzyme involved in
organophosphate detoxification, has recently
been shown to have both significantly lower
concentrations and significantly lower enzyme
detoxification activity in newborn infants
compared with their mothers, suggesting
increased susceptibility to organophosphate
toxicity among infants (Furlong et al. 2006;
Holland et al. 2006). With increased suscepti-
bility, pesticide exposure may produce toxic-
ity in the fetus while sparing the mother. 

Although evidence of acute pesticide poi-
soning among the three mothers is absent,
limited contemporaneous means were avail-
able to identify maternal pesticide toxicity.
Their undocumented immigrant status and
lack of health insurance limited their access to
medical care, as evidenced by the fact that
none of the three mothers received prenatal
care before the second trimester of pregnancy.
Furthermore, because the mothers may not
have known the symptoms associated with
pesticide toxicity, any such symptoms may
have been attributed to their pregnancy. All
three mothers reported morning sickness,
whose symptoms such as nausea and head-
ache can resemble pesticide poisoning. 

There are several limitations with this
report. Because a complete cohort of the
grower’s employees could not be ascertained, it
was not possible to fully characterize their birth
defect risk. Because some birth defects are not
diagnosed for months to years after birth, it is
possible that additional undetected birth
defects exist among this farmworker cohort.
Although the presence of family history for
case 2 and the multiple, complex defects for
case 3 suggest the likelihood of a genetic etiol-
ogy, it was not possible to conduct evaluations
of genetic causes. Information on pesticide
exposure was based on company records,
which may be inaccurate. Because pesticide
biomonitoring and environmental sampling
were not performed, the mothers’ exposures
could not be compared with the high doses
used in animal testing to produce developmen-
tal effects. In addition, all three mothers
received late prenatal care, and nutritional sup-
plementation was not begun until after prena-
tal care commenced. Moreover, previous
reports of clusters of birth defects and pre-
sumed occupational exposures have, in light of
additional evidence, been found to be more
complicated problems or related to factors not
measured in the original studies (Missmer et al.
2006; Williams et al. 2002). Finally, informa-
tion was unavailable on paternal occupational

pesticide exposures, although each child’s
father was also employed as a farmworker for
the same grower as the three mothers. Given
these limitations, the small number of cases,
the lack of an epidemiologic study involving
the grower’s cohort of exposed workers in
Florida and North Carolina, and no known
published epidemiologic studies of birth
defects and the pesticides of concern, the evi-
dence available is inadequate to establish a
causal relationship with pesticide exposures.

Despite these limitations and the lack of a
clear etiology for the observed birth defects,
the case series raises serious concerns that
some farmworkers may experience unsafe pes-
ticide exposures when pesticide label direc-
tions are not followed (U.S. EPA 1996).
These exposures reinforce the importance of
compliance with and enforcement of existing
pesticide regulations, including the WPS
and the Occupational Safety and Health
Administration’s Field Sanitation Standard
(1987). North Carolina and Florida have
approximately 54,000 and 44,000 farms
respectively (U.S. Department of Agriculture
2004), but only 23 and 20 farm inspectors to
enforce pesticide regulations (U.S. EPA
2006b). Strengthened procedures to certify
the competency of private pesticide applicators
for safe pesticide applications also may be
needed. In addition, work practices should be
implemented to reduce pesticide exposures. In
late 2005, the grower voluntarily agreed to
cease use of mancozeb, methamidophos, and
abamectin. It is important that appropriate
training be provided to farmworkers, including
information on the adverse effects associated
with occupational pesticide exposures. In addi-
tion, because all three mothers sought prenatal
care only late into their pregnancy, improved
access to medical care among farmworkers
appears needed. Finally, improved surveillance
programs for pesticide-related illness and birth
defects are needed, as well as increased capacity
to investigate future birth defects clusters with
suspected workplace etiologies.
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