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ABSTRACT
Pesticides are a category of chemicals formulated to kill or repel a pest or halt its reproduction. In this article we review
the toxicological and epidemiological literature; describe common potential pesticide exposures; and focus on the
associated health risks to fetal development. Clinical implications are reviewed, and recommendations are made
regarding the integration of this environmental health concern into nursing education, practice, research, and policy/
advocacy work. Recommendations for pesticide elimination and reduction in health care settings are included.
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P

esticides are a category of chemicals that are
formulated to kill or repel a pest or halt its reproduction. Within this category, there are a range
of subcategories, such as insecticides, fungicides,
rodenticides, pediculocides, and biocides. In the
United States, all pesticides must be registered with
the U.S. Environmental Protection Agency (EPA).
Registration does not require any original research
into the potential human health effects that might be
associated with exposure.

tic £uid, umbilical cord blood, breast milk,
meconium, and urine (Colborn, 2006). Biomonitoring results of the Centers for Disease Control and
Prevention’s (CDC) National Health and Nutrition
Examination Survey (2005-2006) are published in
a report titled Third Exposure to Environmental
Chemicals Report (2005). This report stated that
detectable body levels of about 50 pesticides have
been found in a representative sample of the U.S.
population.

According to the U.S. EPA, more than 1,100 million
pounds of pesticides are used in the United States
annually (U.S. EPA, 2002), and approximately 90%
of American households use pesticides (Adgate et
al., 2000; Landrigan et al., 1999). Pesticides can be
found in most of our everyday environments, including workplaces, homes, schools, in food, and in the
community at large in our drinking and recreational
waters, the air, soot, and soil. They are commonly
used in a variety of ways including lawn sprays and
household bug sprays and can be found in varying
amounts in food, such as strawberries, blueberries,
and apples. Children, in particular, are likely to be
exposed when in their yards, on playgrounds, and
on athletic ¢elds.

Although indications of health effects from pesticides are applicable to the general population,
certain subpopulations warrant particular concern
and special protections. During a critical period of
development, conception to puberty, exposure to
pesticides can result in increased risk for health
outcomes (Weselak, Arbuckle, Wigle, & Krewski,
2007). Therefore, attention to women’s exposure
during pregnancy is especially important.

Exposure to pesticides can occur via inhalation, ingestion, dermal contact, or across the placenta.
Biomarkers currently exist for some pesticides in
blood serum, semen, ovarian follicular £uid, amnio-
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Early Development
Fetal development is a carefully orchestrated interplay of ‘‘physical, electrical and chemical signaling
among cells and organs’’ during which the single
cell of the fertilized egg forms into the millions of
cells that make up a newborn (Schettler, Solomon,
Valenti, & Huddle, 1999, p. 11). Hormones play a vital
role in this complex series of events, and any disruption in maternal or fetal hormone levels has the
potential to negatively effect fetal development.
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Depending on the timing of exposure, similar doses of
chemicals can have varying effects on fetal development.

In the early stages of fetal development, cells have a
£exibility that allows them to develop in numerous
ways. For example, the cells in the middle mesoderm layer of the embryo have the potential to
become the kidneys, skeleton, or muscle (Blackburn, 2007). As the cells develop more specialized
characteristics called differentiation, their £exibility
decreases. If an insult such as exposure to an environmental contaminant occurs to the embryo prior
to this differentiation, normal fetal development
may still occur as other cells are able to take over
for those that have been injured (Schettler et al.,
1999). However, if the insult occurs after di¡erentiation or during times of increased cell proliferation,
abnormal development can result in structural or
functional defects, altered growth, and even fetal
death. These times of sensitivity to environmental
contaminants are referred to as critical windows of
susceptibility (Woodru¡, Carlson, Schwartz, & Giudice, 2008).
Because embryonic and fetal development is so
complex and the sequencing of events so critical,
similar doses of chemicals can have varying effects
depending on when the fetus has been exposed. An
example that illustrates the importance of the timing
of exposure is the use of the pharmaceutical thalidomide, which was prescribed for women during
pregnancy. The tragic birth defects that resulted
from the use of thalidomide helped to promote the
¢eld of developmental toxicology. Thalidomide was
never approved for use in the United States; however, the results of European use provided some
extraordinary ¢ndings about the timing of toxic
exposure and early human development. Researchers discovered that dramatically different
birth defects resulted based on gestational age at
time exposure; these defects ranged from £ipper
arms to lack of ear development. The ¢eld of developmental toxicology is now a critical component of
the sciences that is providing evidence for nursing
practice and policy work.

Pesticides and Health
When studying pesticides it is important to recognize two important characteristics: Many of them
are ‘‘persistent,’’ they do not break down into safer
constituent parts but rather remain intact over prolonged periods of time, and they are readily
accessible to the human body. This combination of
persistence and accessibility is dramatically illus-
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trated by the fact that human biomonitoring studies
indicate that most people in the United States have
detectable levels of dichloro-diphenyl-trichloroethane (DDT) in their bodies (CDC, 2005), despite
the fact that DDTwas banned from use in the United
States in 1972. The Stockholm Convention on Persistent Organic Pollutants (POPS; 2001) identi¢ed
12 of the most dangerous and persistent chemicals
and called upon the world’s nations to desist from
manufacturing or otherwise producing them. Ten of
the 12 chemicals are pesticides.
Another concept in toxicology that applies to understanding human health effects associated with
exposure is potency. Not all pesticides are equally
potent or have the capacity to create the same level
of health threat. For instance, acetaminophen and
morphine are both analgesics, but morphine is a
more potent analgesic. The same is true regarding
the potential of chemicals to illicit negative effects.
This concept is important when pests are being
managed. Although choosing nontoxic options for
pest control is the best, there is sometimes a need
for pesticides in which case the least potent (least
toxic) chemicals should be selected.

Health Effects
Toxicological research provides an opportunity to
examine an almost in¢nite set of health outcomes,
including molecular changes, cellular, tissue, organ, organ system, and systems-wide pathologies.
The following information describes health risks
that are associated with pesticide exposure.

Reproductive and Endocrine
Endocrine-disrupting chemicals (EDC) are a class
of chemicals that ‘‘interfere with the production, release, transport, metabolism, action, or elimination
of naturally occurring hormones in the body’’ that
are part of the developmental regulation process
(Woodru¡ et al., 2008, p. e2). They can affect the
signaling of hormones, such as estrogens, thyroid,
and androgens that are a vital component of normal embryonic development. They can also affect
the neuroendocrine system, which plays a role in
hemostasis and normal physiology processes
(Woodru¡ et al.). Examples of EDCs include bisphenol A (which can be found in baby bottles),
diethylstilbestrol (DES), and certain pesticides such
as atrazine and vinclozolin.
Exposure to a well-known EDC, diethylstilbestrol
(DES), can result in a range of potential transgenerational, reproductive effects that stem from fetal
exposure. The females and males exposed to DES
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in utero have exhibited reproductive tract abnormalities. The female o¡spring have higher rates of
clear cell carcinoma of the vagina and cervix, structural abnormalities, and higher infertility rates than
unexposed women (25% vs. 19%, respectively)
(Kaufman et al., 2000; Newbold, 2008; Schrager &
Potter, 2004). Female o¡spring exposed to DES
also have higher rates of preterm delivery, spontaneous delivery, and ectopic pregnancy (Kaufman
et al.). The male o¡spring may be at increased risk
of testicular and prostate cancer (Schrager & Potter). Second-generational effects are now being
seen, and there may be an increased incidence of
ovarian cancer in the granddaughters and hypospadias in the grandsons of women exposed to DES
(Blatt, Van Le, Weiner, & Sailer, 2003; Brouwers
et al., 2006). Through studying health effects associated with DES exposure, scientists have also
learned about some of the transgenerational
mechanisms by which EDCs work, thus helping to
inform current research on environmental EDCs.
This research is also informing environmental regulations and other policy efforts.
In a study of boys with cryptorchidism or undescended testes, it was noted that their mothers
had higher levels of organochlorine pesticide metabolites in their breastmilk (Damgaard et al.,
2006). Pesticides have also been implicated in altered thyroid function and decreased testosterone
and estradiol possibly leading to infertility later in
life (Meeker, Ravi, Barr, & Hauser, 2008; Meeker,
Ryan, Barr, & Hauser, 2006), gestational diabetes
(Saldana et al., 2007), menstrual irregularities (Farr,
Cooper, Cai, Savitz, & Sandler, 2004), and fetal
death related to congenital birth defects (Bell,
Hertz-Picciotto, & Beaumont, 2001). One study of
farm workers found that couples who conceived in
the spring when herbicides are typically applied
had infants with elevated birth defects, and exposure to fungicides resulted in less-than-expected
number of male o¡spring (Garry et al., 2002).

Neurodevelopmental
A main mode of action in controlling pests targets
the nervous system, particularly for insecticides.
For example, organophosphate insecticides like
chlorpyrifos interfere with the enzyme that breaks
down acetylcholase leading to a buildup of this key
neurotransmitter (Colborn, 2006). Research on the
effects of pesticide exposure in children and prenatal exposures indicates a link to social behavioral
problems (Ribas-Fito et al., 2007), neurodevelopmental delays (Eskenazi et al., 2007; Handal,
Lozo¡, Breilh, & Harlow, 2007; Ribas-Fito et al.,
2003; Torres-Sanchez et al., 2007), and impaired
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Pesticides have been implicated in altered thyroid function
and decreased testosterone and estradiol, possibly leading
to infertility later in life.

gross and ¢ne motor skills (Guillette, Meza, Aquilar,
Soto, & Garcia, 1998). A single low-dose exposure,
such as with DDT, before or shortly after birth, may
sensitize a child to the health effects of a later exposure to other pesticides (Colborn).

Immune System
Recent reviews of the literature described existing
evidence that a wide variety of pesticides can a¡ect
the immune system (Caress & Steinemann, 2003;
Weselak et al., 2007); however, most of the studies
described high-dose exposures rather than the
types of low, chronic exposures that are common. It
is also dif¢cult to capture reversible effects (Colosio,
Birindelli, Corsini, Galli, & Maroni, 2005). Despite
this, pesticides are suspected to lead to an increased risk for allergy and hay fever (Weselak
et al.) and to be a cause or trigger for multiple
chemical sensitivity (Caress & Steinemann).

Cancer
One of the most common end points investigated
for health effects of any chemical is cancer. Identi¢cation of a causative mechanism for cancer is often
problematic due to multiple exposures and long
latency periods. Research to date implicates pesticide exposures with leukemia/lymphoma, brain,
kidney, (Infante-Rivard & Weichenthal, 2007),
breast (Clark & Snedeker, 2005), prostate, pancreas, liver (Dharmani & Jaga, 2005), lung, and
skin cancers (Zahm & Ward, 1998). Parental occupational exposure to pesticides and/or residential
pesticide use appear to be cancer risk factors. In
particular, maternal exposure during pregnancy
appears to be the most critical time for exposure
(Infante-Rivard & Weichenthal). Exposure prior to
or during pregnancy increased risk for acute
lymphocytic leukemia, Wilms’ tumor, and brain cancer (Daniels, Olshan, & Savitz,1997; Zahm & Ward).

Other Health Effects
Whyatt et al. (2007) found that indoor air concentrations of pesticides correlated with umbilical cord
blood levels. Prenatal exposures to pesticides have
been linked with otitis media, respiratory distress,
asthma, decreased fetal growth and length of gestation, and certain birth defects (Weselak et al.,
2007).
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Limitations to the Science and
Implications
As evident by the literature review presented here,
there are many studies exploring the relationship
between pesticide exposure and health threats
(see also the U.S. EPA’s Integrated Risk Information
System database, http://www.epa.gov/iris, 2009a,
2009b). It should be noted that the data de¢ning
the risk of human health effects associated with
pesticide exposure are often extrapolated from animal research. This is important because almost all
toxicological data are based on animal or in vitro
studies because of the ethical impossibility of designing studies in which people are intentionally
exposed to potential poisons. On rare occasion human data are available through occupational
health research by modeling worker exposures to
pesticides that they produce (manufacturing), apply (pesticide applicators/gardeners), or work in
close proximity with (farmers and farm workers).
Occupational health research typically focuses on
adult exposure and health risks.
There are also rare human studies based on data
from transportation spills; accidental releases from
‘‘point sources’’ meaning a smoke stack, ef£uent
pipe, or leaking tank; or from widespread exposures such as crop spraying or community-wide
use of pesticides. Nonetheless, the vast majority of
estimates for human health threats are derived from
animal models, which allow for the control of myriad
factors that cannot necessarily be controlled in human populations. For example, diet, exercise, and
air quality can all be controlled in study animals.
More important, the animals under scrutiny are
rarely exposed to more than one toxicant at a time,
which bears little resemblance to the daily exposures of humans to potential toxicants in their
everyday lives. The additive, synergistic, and potentiating effects of multiple chemicals are rarely
explored in toxicological research.
Because of the uncertainty inherent in the extrapolation process from animal studies to estimates for
human health threats, it is critical to insure that
there is a significant margin of safety. Therefore,
the American Nurses Association has adopted the
Precautionary Principle to specifically guide its
environmental policy work that asked that nurses
heed and act on early warnings for potential dangers.

When an activity raises threats of harm to
human health or the environment, precautionary measures should be taken even if
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some cause and effect relationships are not
fully established. The principle includes taking action in the face of uncertainty; shifting
burdens of proof to those who create risks;
analysis of alternatives to potentially harmful
activities; and participatory, decision-making methods. The precautionary principle
takes the life cycle of products or chemicals
into account and adds the proactive steps of
pre-market analysis of environmental harm.
(ANA, 2003, p. 2)
This tenet is especially important in pesticide policy
initiatives. It helps us to understand that nurses
cannot wait until the ‘‘perfect’’ study has been implemented but must act on data that suggest
potential for harm.

Implications for Clinical Practice
Pesticides in the Health Care Setting
Maryland hospitals were surveyed about their pesticide use as part of the Integrated Pest
Management in Health Care Facilities Project sponsored by the Maryland Pesticide Network and
Beyond Pesticides (2008), of which the Maryland
Nurses Association is a member. The survey results
showed that 80% of Maryland’s hospitals and
health care facilities use toxic pesticides in their
buildings. The biggest pest problems were ants,
cockroaches, and rodents (mice and rats). The biggest problem areas were the kitchens, cafeterias,
and food services areas.
Facilities identi¢ed 25 speci¢c pesticides used inside and outside the facility. Of these, 19 were used
inside only and of these 19








11 linked to cancer
12 associated with neurological effects
10 associated with reproductive effects
5 cause birth defects or developmental defects
12 are sensitizers or irritants
10 cause liver or kidney damage
6 are suspected endocrine disruptors (Maryland Pesticide Network and Beyond Pesticides, 2008)

Although there is a need to use antimicrobials and
sterilizers/disinfectants to control bacteria, viruses,
and other pathogenic microbes in many locations
within health care settings, it is almost never necessary to use pesticides for insects and rodents.
For these pests, other options exist. As part of the
Integrated Pest Management in Health Care Facilities Project (Maryland Pesticide Network and
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Beyond Pesticides, 2008), hospitals were invited to
participate in a pilot program in which integrated
pest management (IPM) techniques were introduced to address the insect and rodent problems.
The preliminary data from these pilots indicate that
using IPM approaches can maintain pest-free
health care facilities without adding health risks
from the use of pesticides. In hospitals, schools,
and other settings in which nurses are employed,
nurses can work with facilities managers and advocate for the use of IPM as a mode of pest
management (Table 1).
One of the key components of IPM is the prevention
of pest infestation. Nurses can play an instrumental
role in this prevention by ensuring that food is not
left out in sta¡ and patient areas and crumbs and
spills are promptly disposed of. They can also advocate for timely waste removal in sta¡ and patient
areas. If a pest is identi¢ed, nurses should promptly
notify the facilities sta¡ so that interventions can be
targeted to that area. These interventions may include identifying and sealing sources of entry into
the facility and the use of physical and mechanical
controls such as traps and vacuuming. Nurses can
also be advocates for the rights of sta¡ and patients
to be informed when pesticides are used so that
they may take precautions to avoid or minimize exposures.
Health Care Without Harm, a nonpro¢t organization
dedicated to environmental health and sustainability in hospitals, has created a number of helpful
guidance materials for the implementation of IPM
in hospitals. For more information see http://www.
noharm.org/us/pesticidesCleaners/pesticides.

Implications for Nursing
The 1995 Institute of Medicine report, Nursing,
Health and the Environment, recommended that

Table 1: Steps for Integrated Pest
Management
Set action thresholds for each speci¢c pest that would trigger
action
Monitor and identify pests to ensure no unnecessary use of
pesticides
Prevention control habitat including access to water, and food
and shelter (for insects)
Control using the least risky and toxic option ¢rst and then
increasing to more potent chemicals if needed

JOGNN 2010; Vol. 39, Issue 1

environmental health should be integrated into
nursing education, practice, research, and policy/
advocacy. The following are suggested implications
for nursing in light of the evidence regarding pesticides and their potential health effects.

Education
Given the ubiquitous use of pesticides and the
growing evidence of health risks, it is imperative
that this information be included in basic, advanced, and professional development education
for all nurses. In addition, the basic concepts of toxicology and how these relate to pesticide-related
health risks to humans need to be integrated within
the basic curriculum. Integrating a lecture on toxicology into a pharmacology course helps students
to understand the similarities that toxic chemicals
have to pharmaceuticals in terms of the importance
of dose/response, host factors, potency/toxicity,
and other parallel concepts.
When teaching assessment skills, introducing the
peer-reviewed science about pesticides and their
associated health risks can help students to incorporate appropriate questions about their patients’
potential exposures. An excellent and credible
source of information is the National Library of
Medicine’s (NLM) databases and informational
sources, see http://sis.nlm.nih.gov/enviro.html.

Practice
Due to the widespread use of pesticides it is important for nurses to assess the potential for pesticide
exposures in their patients and environmental
exposure questions should be included in comprehensive patient health histories. Questions that may
illicit sources of pesticide exposures include the following: Do you use pesticides in your home, lawn, or
workplace? Do you use pesticides on your pets
(this includes £ea collars, dips, and once-a-month
products)? If you do use pesticides, what do you
use?
Nurses should include pesticide poisoning in their
differential diagnosis when appropriate and be able
to provide anticipatory guidance to decrease exposures. If pesticides are used in the home,
instructions on how to keep insects and rodents
out of the home is key, thus preventing the need for
pesticides. Reducing/eliminating pests’ access to
food and water includes storing food in tightly
closed containers, cleaning up food spills and
crumbs, and removing standing water from leaking
faucets and other faulty plumbing. Also, entry to the
building may be eliminated by sealing cracks and
repairing holes where pests can enter from out-
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Knowledge about pesticide exposures and associated fetal
health risks compels nurses to take action in our daily
practice and advocacy efforts.

doors. For pest-speci¢c alternatives to pesticides
see http://www.pesticide.org/factsheets.html#al
ternatives.
If a workplace exposure is found, employers are
required by law to provide information on hazardous substances through the Material Safety Data
Sheets (MSDS). Although the health information
can be lacking on these informational documents,
there should be a telephone number to call for speci¢c information on safe handling. If working with
pesticides is essential, it should be noted that these
chemicals can persist on clothing and can be
tracked into the home on shoes. Changing out of
contaminated clothes at the worksite, taking the
clothing home in a plastic bag, and then laundering
them separately can offer some protection from
contaminating the household. Taking shoes o¡ before entering the home is also helpful. If at all
possible, women should not be working around
pesticides when they are pregnant.
The risks imposed in utero makes assessment of
pesticide exposure critical during the prenatal period. Hu¥ing (2008) developed a prenatal
assessment tool that can be found at http://e-com
mons.org/¢les/2009/04/prenatal-exposure-ques
tionnaire-ehec.pdf. This assessment tool can help
guide nurses through their assessment and their
anticipatory guidance. It can be used in a variety of
settings, such as in the of¢ce, home, and hospital,
and is useful not only during the prenatal period
but also for any time during a woman’s reproductive
years.

Research
Although much of the knowledge that we have
about health effects associated with pesticides are
gleaned from the ¢eld of toxicology, there are a
number of other research disciplines that can be
applied to pesticide research. Nurses have many
opportunities to research questions about the relationship between pesticide exposures and human
health. The National Health and Nutrition Exam
Studies (NHANES) is a national survey of a representative body of the American population (CDC,
2009). In addition to providing data on demographics, nutrition, and health status, NHANES now
includes body-burden information about several
hundred chemicals that may be found in the human
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body. Nurse epidemiologists have an opportunity
to use this large data source to explore the relationship between people’s body burdens of one
or more pesticides and a wide array of health
outcomes.
The prospective National Children’s Study (2009)
will be recruiting pregnant women in 2009 into a
20-year prospective study that will follow the children for the ¢rst 20 years of life. The study will
record a broad range of environmental health exposures, including estimates of pesticide residues in
foods and pesticide exposures in homes/yards/
farms and will track the children’s health status. This
will provide another ideal set of data for nurse researchers to explore.
In addition, nurse researchers can consider ways
to research pesticides by including pesticide
exposures among variables for consideration in
epidemiologic studies, utilizing community-based
research to determine best ways in which to decrease human pesticide exposures, and assessing
the effectiveness of local/state/federal policies to
eliminate/decrease pesticide exposures.

Advocacy and Policy
Guided by the Precautionary Principle nurses can
engage in policy and advocacy. Individually and
through their professional organizations nurses
can advocate for policies that address pesticide
use in hospitals, schools, agriculture, and communities; increased funding for pesticide research;
and human health effects during the process by
which the EPA allows pesticides to be registered for
use.
The types of policies that can help to reduce exposures are quite varied. Some hospitals and school
systems in the United States have explicit policies
calling for a preference for organic foods that
decreases the likelihood of pesticide residue exposures. In Canada, local laws prohibit the use of
pesticides and herbicides from use on lawns solely
for cosmetic purposes. In many states, there is a requirement that school systems implement IPM as
the required approach to pest management. These
represent several different policies that all help to reduce exposure to potentially toxic chemicals and
thus promote disease prevention.

Conclusion
Pesticides are found in homes, workplaces,
schools, and the community. The evidence regarding pesticide exposure and health threats com-
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bined with nurses’ knowledge of special vulnerabilities during fetal development compels nurses to
incorporate this knowledge into all levels of our professional practice.
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