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Men, women, and children who live or work on farms around the world are
exposed to many different types of potentially harmful agents that can inter-
fere with reproductive development and function. Exposures to physical,
chemical and biological hazards can occur during normal farm work from
handling animals or their bodily fluids, working with chemicals or working
in areas where chemicals have been used, and operating farm equipment.

Fertility, gestation, and pregnancy outcome are dependent on complex bio-
logical processes beginning early in life. Disruption of these processes can hap-
pen with environmental exposures in utero and throughout childhood
development, as well as in adulthood through occupational and environmental
exposures. Interference with development or functioning of the reproductive
tract in males and females can result in diminished fertility, infertility, adverse
pregnancy outcomes, congenital malformations, and childhood cancer.

Studies have documented associations between living or working in an
agricultural area and adverse reproductive outcomes. Exposure to chemicals,
mainly pesticides, has been linked to infertility and diminished fertility, spon-
taneous abortion, birth defects, and childhood cancer. A large number of
studies suggest pesticide exposure is associated with these adverse reproduc-
tive outcomes, but few studies quantify the type of pesticide or measure expo-
sure levels. Biomarkers of pesticides exposure have been measured in both
male and female reproductive tracts, breast milk, and semen. Pesticides have
also been measured in amniotic fluid, meconium, and cord blood, indicating
the fetus is exposed to pesticides throughout development. These measure-
ments provide some evidence to strengthen the association between pesticide
exposure and reproductive outcomes but do not prove causality (1-6).

It is plausible that pesticides in semen may have direct effects on sperm or
can be transmitted to the woman and fetus. Likewise, pesticides in the female
reproductive tract could interfere with oocyte development, ovulation, fertil-
ization, implantation, pregnancy, and development of the fetus. However,

492



36. Reproductive Hazards 493

there are no studies to date linking these biological measurements with
adverse reproductive outcomes (1-6).

The term pesticides includes a wide variety of chemicals (see Chapters 13
and 16). In addition, many pesticide formulations contain solvents that have
also been associated with reproductive toxicity. Adverse reproductive out-
comes including decreased sperm count, infertility, testicular cancer, cryp-
torchidism, and hypospadias have been linked to widespread use of
chemicals with hormonal properties, the so-called endocrine disruptors. A
number of pesticides, especially organochlorines, have been identified as
endocrine disruptors. In developing countries, workers are exposed to
increasing amounts of pesticides, including some banned in prosperous coun-
tries. Prevention should include decreased total exposure by the elimination
or reduction of chemicals, integrated pest management, proper personal pro-
tective equipment, and improved work practices (7-10).

Chemical Reproductive Hazards
Infertility in Males

Occupational and environmental chemical exposures in an agricultural envi-
ronment have been associated with infertility in men. A number of pesticides
have been associated with poor semen quality, including dibromochloro-
propane (DBCP), ethylene dibromide, carbaryl, chlordecone (Kepone), and
2, 4-D. The use of many of these pesticides has been banned or severely
restricted (11-15).

There are a number of studies linking poor semen quality with pesticide
exposure. In one well-designed study of environmental pesticide exposure,
urine metabolites of pesticides were correlated to semen quality in known fer-
tile men. Decreased semen quality was associated with exposure to the herbi-
cides atrazine and alachlor and the insecticide diazinon. A study of men
seeking infertility treatment in Argentina found pesticide exposure was asso-
ciated with lower sperm counts and poor semen quality, although specific
pesticides were not identified or measured. In a study of patients undergoing
in vitro fertilization, high paternal pesticide exposure was associated with
decreased fertilization rates. A study in Mexico demonstrated urinary
metabolites of organophosphates were associated with an increased fre-
quency of sperm sex-null aneuploidy and alterations in sperm chromatin
structure. While there are no studies of semen pesticide levels and reproduc-
tive outcomes, it is plausible that poor semen quality could result in infertil-
ity or an increased time-to-pregnancy. Sperm chromosomal abnormalities
could result in infertility, spontaneous abortion or birth defects
(11,13,16,17,18).

High levels of pesticide exposures in pesticide applicators and greenhouse
workers have been associated with increased time-to-pregnancy. The use of
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pyrethoids has been similarly associated. However, a large multicenter study
found no difference in time-to-pregnancy between traditional and organic
farmers. Other studies have found no differences between time-to-pregnancy in
greenhouse workers who use personal protective equipment compared to unex-
posed workers. Differences in working conditions, types of pesticides used, and
levels of exposure may account for the discrepancis in these studies (19-22).

Infertility in Females

Although there are some reported associations between female infertility and
agricultural work, there are no studies using direct exposure data to assess
outcomes. Biomarker studies have measured pesticide residues in the female
reproductive tract, indicating exposures and uptake are occurring in critical
tissues, but there are no studies to date linking these measurements with
infertility. High levels of p,p’-DDE, a metabolite of the pesticide DDT, were
found in sera and follicular fluid samples of women attending an infertility
program and were associated with poor fertilization rates (1).

There are a number of small studies where associations between working
with pesticides and infertility or increased time-to-pregnancy were found.
Fuortes found women were at an increased risk of infertility if they had
worked in the agricultural industry or resided on a farm. In the same study,
the risk of being diagnosed with an ovulatory or tubal cause of infertility was
increased 4- to 16-fold among those working in agriculture (23-25).

Pregnancy Outcomes

Spontaneous abortion, defined as termination of pregnancy before 20 weeks
gestation, has been associated with both maternal and paternal pesticide expo-
sures. However, most studies have small numbers of subjects and do not clas-
sify or quantify pesticide exposure. A 3-fold increase in spontaneous abortions
was found for paternal exposure to DBCP. A preliminary study of Chinese
women found a weak association between serum DDE levels and increased
incidence of spontaneous abortion. Studies in Ontario have suggested an
increase in spontaneous abortions with paternal use of dithiocarbamates and
carbaryl. A retrospective cohort study of farming households in the Phillip-
ines found an increased risk of spontaneous abortion with increased pesticide
use. A moderate increase in spontaneous abortion was observed in both
female workers and the wives of male workers in the floriculture industry in
Colombia. Other studies have found no association (26-31).

There are limited studies of the pregnancy outcomes of pre-term labor,
small-for-gestational age, or low birth weight babies. The Ontario Farm Fam-
ily Health Study found a weak association for mixing or applying herbicides
and pre-term labor. However, other studies have not found any association
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between parental pesticide exposure and pre-term labor. A recent study meas-
uring maternal urinary and cord blood organophosphates and cholinesterase
levels found a small decrease in gestational age but no association with
intrauterine growth retardation (IUGR). A preliminary study found ITUGR
was associated with elevated levels of atrazine and other herbicides in drink-
ing water in rural Iowa. A small but significant decrease in birth weight was
associated with maternal pyrethoid use. Other studies have found no associ-
ation with agricultural occupations and low birthweight (28-33).

Birth Defects

There are conflicting studies of the associations of agricultural work and
pesticide exposure with birth defects. As in most studies examining repro-
ductive outcomes and pesticide exposure, incomplete data are available on
the types of pesticides associated with these defects and biomarkers of expo-
sure. One large study of the Norway birth registry from 1967 to 1991 found
activities involving high pesticide exposure and conception during times of
high pesticide use (April to June) were associated with an increased risk of
central nervous system defects, neural tube defects, limb reductions, and the
genitourinary birth defects of hypospadias and cryptorchidism. Some stud-
ies have supported these findings while others have found risk estimates
close to unity. Other studies have found an association with oral clefts and
agriculture work. One difficulty in these studies is that the number of birth
defects reported is very small and must be pooled for statistical power. Most
of the studies on the risk of birth defects for paternal occupational expo-
sures to pesticides do not find any associations or only small increased risks
(31,34-40).

In Spain, maternal pesticide exposure during the first trimester was associ-
ated with an increased risk of central nervous system defects and oral clefts.
Conventional pesticide use in the Phillipines was associated with increased
risk of birth defects compared to low pesticide use (29,41).

Childhood Cancer

Although there is no strongly consistent evidence, a number of studies have
found associations between childhood cancer and parental agricultural occu-
pations or exposures. A large international study found associations between
childhood brain tumors and various farm-related activities including mater-
nal exposure to farm animals, working on a farm and pesticide exposure. In
the same study, maternal exposure to pigs was associated with a 4-fold
increase in risk of primitive neuroectodermal tumors. Other studies have
found similar results. Chemicals, such as those found in a farm environment,
and microbes that could be found in farm animals have been hypothesized to
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cause childhood brain tumors. However, there is no direct evidence for this
association (42—44).

Occupational parental pesticide use is associated with leukemia, childhood
brain cancer, Wilm’s tumor, and Ewing’s sarcoma. Use of pesticides in gar-
dens has been associated with childhood leukemia in Northern Germany and
other countries. Other studies have found no association with paternal expo-
sures to pesticides and childhood cancer. A large study of males born to par-
ents engaged in agricultural activity between 1952 to 1991 in Norway found
specific fertilizers were associated with an increased rate of testicular cancer,
in particular, seminoma. Renal cancer has been associated with paternal
exposure to pesticides in one small study (45-50).

Biologic Reproductive Hazards

A variety of organisms found in the agricultural setting have been associated
with adverse reproductive outcomes, including miscarriage, stillbirth, con-
genital infections, and birth defects. These organisms include viruses, bacte-
ria, and parasites associated with farm animals or working outdoors (51).

Toxoplasmosis

Toxoplasmosis gondii is passed to humans through contact with infected
animal feces, usually cats, or ingestion of contaminated meat. Direct con-
tact with cats does not usually result in infection; however, stray cats or
cats roaming on farms may contaminate the environment with 7. gondii
oocysts. In 1977, an outbreak of acute toxoplasmosis occurred in a riding
stable in Atlanta that was linked to inhalation of aerosolized oocysts shed
by cats in the stable. A multicenter case-control study in Europe found
contact with soil was a strong risk factor for toxoplasmosis infection,
attributed to 6% to 17% of primary infections in humans.

Infections during pregnancy are transplacentally transmitted to the fetus
and can cause fetal death or permanent neurological damage. In the United
States, sero-positivity is about 15%, but in some African countries the preva-
lence approaches 80%. Reports of stillbirth caused by toxoplasmosis in devel-
oped countries are rare. However, in developing countries where the prevalence
may be much higher the contribution is unknown. Pregnant women should
avoid contact with cat feces and wear gloves when working in soil (51).

Q Fever

This rickettsial infection is caused by the bacteria Coxiella burnetti and is
transmitted to humans during contact with infected parturient products, tick
bites, and ingestion of infected dairy products. Cattle, sheep, and goats are
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considered the primary reservoirs from which human infections occur.
Human infections have been described worldwide and infections during preg-
nancy have been associated with abortion, stillbirth, low birthweight, and
preterm labor. Atypical pneumonia and hepatitis are common presentations.
A review of reported cases found two-thirds of untreated cases during the
first trimester resulted in fetal death, while infection during the second
trimester was associated with pre-term labor. Primary infection during the
first 6 months of pregnancy is also associated with chronic infection. Long-
term co-trimoxazole treatment can prevent fetal death but not the develop-
ment of chronic infection. The overall contribution of Q Fever to poor
pregnancy outcomes is unknown. Other rickettsial infections, such as Rocky
Mounted Spotted Fever, have not been associated with poor pregnancy out-
comes (51-54).

Psittacosis

A flu-like systemic infection caused by Chlamydia psittaci. Most cases of psit-
tacosis result from inhaling infectious material from diseased birds. Infection
can also result from contact with infected birth fluids and membranes of
goats and sheep. Although human infection is rare, infections in pregnant
women have been reported after exposure to birth fluids of otherwise
healthy-appearing infected sheep and goats or through contact with birds.
The majority of these cases resulted in fetal death due to spontaneous abor-
tion or premature delivery (55-56).

Maternal infection can be severe, but full recovery usually occurs once the
infant is delivered, although maternal death has been reported. Favorable
outcomes can be achieved with prompt diagnosis and treatment, including
emergency delivery of the infant when appropriate. Neonates are not always
infected. Prevention includes avoidance of contact with membranes or birth
fluids of sheep and goats or contact with birds during pregnancy. Strict per-
sonal hygiene should be practiced as the primary route of infection is oropha-
ryngeal (56).

Brucellosis

This is caused by various species of the Brucella bacterium. Brucellosis is
found worldwide and is transmitted to humans through direct contact with
infected animals. Major reservoirs include goats and sheep (B. melitensis),
swine (B. suis), cattle (B. abortus), and dogs (B. canis). Outcomes associated
with infection during pregnancy are not well known and transmission to the
fetus is speculated to occur through the placenta. Whether infection leads to
fetal death is controversial. Manifestations of neonatal brucellosis include
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low birth weight, fever, failure to thrive, jaundice, and hepatosplenomegaly.
Antibiotic treatment during pregnancy may prevent abortion and premature
delivery (57).

Leptospirosis

The causative organism, Leptospira interrogans, is a spirochete commonly
found in Latin America. It is excreted in urine of infected animals and enters
humans through non-intact skin, mucous membranes, and by inhalation and
ingestion. It is usually a self-limiting disease, and, although rare in pregnancy,
the organism has been detected in the placenta and amniotic fluid. Infections
have been associated with fetal death in up to 50% of cases as well as active
disease in newborn infants. Early diagnosis with urine and serological tests
and treatment with antibiotics is critical (58).

Swine Influenza

This viral infection is thought to have been responsible for the worldwide pan-
demic that caused an estimated 40 million deaths in 1918 to 1919. During this
epidemic, pregnancy was associated with a high mortality rate of over 50% if
pneumonia was present. Since this pandemic, reports of swine influenza cases
have been rare, with only sporadic case reports of human illness in the United
States, Europe, and Russia. There is a case report of a previously healthy
pregnant woman who acquired swine influenza while visiting a swine barn at
a county fair. The swine were reported to exhibit influenza-like symptoms.
The infection resulted in maternal respiratory failure and death, but the infant
survived and was asymptomatic. There is no increase in influenza morbidity
and mortality among pregnant women during non-pandemic years. Based on
the few case reports and historical information from the swine flu pandemic
of 1918, pregnant women are advised to avoid contact with swine that exhibit
signs of respiratory illness (59).

Malaria

Infections during pregnancy result in a range of adverse pregnancy out-
comes, especially pre-term delivery and IUGR. More than 40% of all births
worldwide occur in areas with endemic malaria. Pregnant women experienc-
ing a malaria infection for the first time are at high risk for stillbirth. Preven-
tion is based primarily on environmental control, avoidance of mosquitoes,
use of repellents, and bed netting. Repellents with DEET are considered safe
for pregnant women (51).
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West Nile Virus

West Nile Virus (WNV) is transmitted by infected mosquitoes. The reservoir
exists in migratory birds and horses. Based on a limited number of cases, it is
not possible to know if WNYV infection in pregnancy results in neonatal
infection or medical problems. Although one of the first reported cases of
WNV infection transmitted via the placenta resulted in an infected infant
with severe medical problems, it is unclear whether WNV infection caused
these problems or whether they were due to other causes. A registry has been
set up by the U.S. Centers for Disease Control to monitor cases of WNV
infection in pregnant women. As of May 10, 2004, of the 74 women who
acquired WNV while pregnant, 62 had delivered live infants, 2 had elective
abortions, 5 miscarried in the first trimester, and 5 had not yet delivered.
Because of ongoing concerns that intrauterine transmission can occur with
possible adverse health effects, pregnant women are advised to take precau-
tions to reduce their risk of infection by avoiding mosquitoes, especially dur-
ing peak feeding times of dawn and dusk, wearing protective clothing, and
using repellents. No specific treatment exists for WNV, and the consequences
during pregnancy have not been well defined. Accordingly, it is not recom-
mended that asymptomatic women be screened (60).

Lyme Disease

Caused by the tick-borne spirochete, Borrelia burgdorferi, Lyme disease is
found in North America, Europe, Australia, China, Japan, and Africa. Peo-
ple who live or work in residential areas surrounded by tick-infested woods
or overgrown brush are at risk. Lyme disease is a systemic illness that has
been associated with stillbirth. The first cases were described in the mid-
1980s, and the organism has been found in fetal organs. However, a large
serological series found few adverse reproductive outcomes associated with
Lyme disease. Preventive measures and early recognition of the disease are
important. Early treatment with antibiotics decreases the morbidity from
Lyme disease. In endemic areas, Lyme disease can be diagnosed if the typical
“target” skin lesion is present even if serological tests are negative. Pregnant
women should be treated with penicillin (51).

Physical Reproductive Hazards

Physical hazards in an agricultural setting that can impact reproductive out-
comes are primarily associated with activities during pregnancy. Few studies
have looked specifically at physical hazards in an agricultural occupation.
A number of studies have associated poor pregnancy outcomes with activities



500 R.L. Goldberg and S. Janssen

that are common in agricultural work: physical labor, heavy lifting, long
hours, and shift work.

Jobs that involve an increase in abdominal pressure (bending and lifting),
standing 6 or more hours per day, working more than 40 hours per week, and
performing heavy lifting have been consistently associated with an increased
incidence of spontaneous abortion and pre-term delivery. Shift work has also
been associated with pre-term delivery. Outcomes of low birth-weight have
not been as consistently associated with physically strenuous work. One study
found long weeks of physically demanding work could result in a decrease in
fetal weight, but no association was found for pre-term delivery. Occupa-
tional noise exposure at levels of 85 dB has been inconsistently associated
with low birth-weight. Heat stress can also contribute to adverse fetal out-
comes in the last trimester of pregnancy (32,61-64).

Whenever possible, heavy work duties should be modified and frequent
rest periods taken throughout pregnancy to lower the risk of adverse preg-
nancy outcomes. If not possible, then more frequent clinician visits and
placement in pre-term birth prevention classes may be valuable.

Conclusion

There is ample evidence that agricultural workers and those who reside in
agricultural areas have an increased risk for a variety of adverse reproductive
health outcomes. Both paternal and maternal exposures to biologic and
chemical agents and maternal exposure to physical factors must be recog-
nized and controlled to prevent these adverse effects on fertility and on the
next generation of children. Strategies should include reduction or elimina-
tion of chemical agents whenever possible, proper personal protective equip-
ment, improved work practices and hygiene, worker education, avoidance of
biologic exposures, and reduction in the intensity and duration of maternal
physical labor.
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