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ABSTRACT. Because of their activity patterns and physiological characteristics, children are particularly
vulnerable to health risks resulting from pesticide exposure. Although existing studies suggest satistically
significant associations between chemical exposure and health effects, the true magnitude of the risksis
unknown, and there is a paucity of pesticide-related research and legidation involving this sensitive
population. This paper discusses reasons for the vulnerability of children to pesticide exposure; describes
health effects resulting from such exposure, summarizes saveral relevant existing studies; and outlinesthe

need for further exposure assessment, health research and policy involving pesticides and children.

Introduction

The five components which comprise the complete human health risk model are pollutant source identification,
pollutant fate and transport characterization, human exposure analysis, dosage estimation, and health effect
calculation. Because each component is sequentialy dependent on the preceding one, obtaining accurate estimates
of each is crucia for determining the extent to which identified pollutant sources should be controlled in order to
reduce associated health risks.!  Although environmental regulatory programs have recognized the need to protect

public hedlth from the adverse effects of pedticides, current legidation focuses on adults rather than children.

Working with experts on Mexican-American issues, talking with farm laborers, and reviewing the literature
summarized in this paper has stimulated Stanford University Civil Engineering Department's on-going research
project to accurately quantify pesticide exposure and intake dose incurred by children (in particular, 2-5 year old

Latino children of farm laborers in the Salinas Valley of California). The goas of the project include expanding



the database on peticide hedlth effects on children; developing techniques to quantify exposure-related human
activity patterns; and coding a gatistical mode that will use collected pedticide concentration data and videotaped
activity pattern datato quantify exposure and dose for a given populaion. After the mode is vaidated with data
collected in a field study being conducted by the Stanford Civil Engineering Department, it may be used by public
policy decison makers as atool for evaluating the effectiveness of exposure reduction scenarios for a given
population. These outputs may be used as inputs to pharmacokinetic modes, which determine human health risks
causd by pollutants. This paper reviews the literature examining the asociation between pedticide expasure and

child hedlth risks, in an effort to ingpire further research in this area

Vulnerability of Children to Pegticides

Children are more physologicaly susceptible to neurotoxins in pedticides than adults are. Because the cdlls of
children divide rapidly, chemicals become quickly incorporated into the developing organs, which are vulnerable
to toxic substances. Pedticides can more readily harm developing biochemica and physiological systems because

developing organs cannot detoxify foreign substances as easily as developed organs can.?

Introducing pedticides into the body can disrupt the ddlicate baance of chemicals required for proper functioning

of the brain, spinal cord, and nerves. With their vast surface area, nerve cells provide great opportunity for attack
by toxic compounds. Unlike many other cdls of the human body, nerve cdlls do not normally regenerate. Thus, if
a pedticide interacts with a nerve cdl, an irreversible alteration is likely to occur. Without the blood-brain barrier
that acts as afilter in the fully developed sysem, the brain and spind cord of children are not well protected from

toxic substances?

Children exposed to pedticides may be at a greater risk than adults who are exposed later in life, because the time
for cancer to manifest itsdf is greater. 1t is estimated that 55% of the lifetime cancer risk from exposure to
carcinogenic pesticides in foods is incurred by age 6.3 Mechanisms of carcinogens in pesticides, unlike

neurotoxins, are not well understood and require further study.



Exposure Opportunites
In addition to being more physiologically susceptible to health risks from pesticides, children aso have greater
exposure opportunities than adults because of their varied activities, playing habits, and hygiene practices. The

three exposure pathways are inhdation, dermal contact, and ingestion.

Inhalation Exposure

Because pedticides are often applied as aerosols, and sprayed in the vicinity of children, inhalation exposure poses
acommon hedth threat to children. Thisis especidly true in the agricultural setting, in which the dwellings of
farm laborers are often adjacent to crops that are sprayed In this setting, children who work or play in fields are
sometimes sprayed accidentally or are sprayed by pesticide drift from neighboring fields.* The results of a New
York Stae survey illustrate an extreme case of agricultural pesticide exposure: of 50 migrant farmworker children,
36% had been sprayed in the fields, and 34% replied that the farm dwelling had been sprayed.’ Studies have
shown that infants and small children who crawl on contaminated carpets breasthe dust contaminated with high
concentrations of pesticides® Cases of pesticide poisonings have aso been reported for children who mowed

lawns sprayed with organophosphates.>”

Ingestion Exposure

In 1989, the Natural Resources Defense Council (NRDC) published a report charging that children are exposed to
"intolerable”’ cancer risks from pesticide residues in fruits and vegetables. Estimating that at leest 17 percent of
preschoolers, or 3 million children, are exposed to neurotoxic organophosphorous pedticides in fruits and
vegetables above Federd safety standards, the NRDC criticized the U.S. Environmental Protection Agency for
disregarding children when setting food residue standards. Because children eat more food relative to their body
weights than adults do, and because children consume, on average, more contaminated fruits, they face higher

risks than adults from pesticide residues®



Ingestion exposure may aso occur via contaminated beverages, drinking water, breast milk, hand-to-mouth
contact, and pica behavior (soil ingestion). A study in Dallas reveded that, of 37 cases of pesticide poisonings,
amodt all occurred in the home, and ingestion of liquid was the most common exposure route (76%). These ora
poisonings occurred when the child drank improperly stored liquid agents, contacted a contaminated container or
object, or ate insecticide granules.”  Other studies have identified pesticides (including DDE and PCBs) in human

breast milk,2 suggesting the possibility of ingestion exposures to children who breastfeed.

Dermal Exposure

Because children's playing habits involve contact with many surfaces, derma exposure is thought to incur the
greatest potentia exposure of the three pathways. Playing with surfaces or dirt contaminated with pesticides, and
contacting occupationally exposed parents provide opportunities for derma exposure via clothing and skin.  After
being transferred from a surface to the skin, the pegticides may cause dermatitis before they are absorbed into the
system. Skin of infants is more permesble than adult skin, o the rate of dermal absorption is higher.® Also, skin
conditions of infants, such as dryness and rashes, reduce the protective properties of the skin, so chemicals may be
absorbed more readily into the body.® A study of doses in infants, following broadcast application of chlorpyrifos
in a resdence infested with fleas, revealed that total absorbed doses were 1.2-5.2 times the human No Observable

Effect Level, and that dermal absorption represented 68% of the total dose®

Derma exposure is influenced by factors such as the child's clothing, the hygiene practices of the child and the
parents, and the cleanliness of the child's home. The amount of dermal exposure depends on how much of the
child's skin contacts contaminated surfaces. Thus, the more clothing a child wears, the less dermal exposure he or
sheincurs. However, if the laundry facilities or practices are inadequate for removing pesticides, washing clothes
may distribute the pesticides on clothes surfaces which contact the skin.  Because the dose of pedticide that enters
the child's body depends on how long the peticides remain on the skin, cleanliness is another important factor in

dermal exposure.



A child that bathes or washes his or her hands frequently will be less likely to accumulate high doses of pedticides
than a child who cleans himsdlf or hersalf less frequently. Because parents carry, hug, and hold hands of their
children, the parents hygiene is aso important. Furthermore, since contaminated objects contribute to dermal
exposure, a house that is deaned (i.e.. vacuumed dusted, swept) often is likely to contribute less to dermal

exposure than a house with contaminated surfaces.

Specid Risksto Children of Farm Laborers

The above discussion of opportunities for pesticide exposure suggests that pesticides pose a significant risk to
children in the agricultural setting. Because farmworkers are a segment of society that have low earnings, job
security, education, political power, and hedlth status, their children must often help in the fields to help the family
survive economically;™ it is estimated that 25% of farm labor is performed by children in the United States.*

Even if farm labor children are too young to pick crops, many are brought into the fields because their parents
cannot afford day care.* In the fields, they inhale sprayed pesticides, eat food from contaminated crops, and play
in contaminated areas. 1n the homes, pegticide spray drift enters through open windows, and pesticides tracked in
on shoes from the fields contaminate floors on which children crawl. Because this sector lives in poverty, farm

laborers often lack sanitary facilities and laundry facilities, which also increases their likelihood to incur pesticide

exposure.

HEALTH EFFECTS

Neurotoxic Effects

Organophosphates and carbamates are the most commonly used pegticides in agriculture and households, and their
toxicology has been widely studied. ** 1989 dtatistics from the American Association of Poison Control Centers
show that among 5,947 insecticide exposures to children under age six. 5.025 were organophosphate exposures.™®
By inhibiting acetylcholinesterase, the enzyme that bresks down the neurotransmitter acetylcholine, these
chemicals result in nervous system dysfunctions. In adults and animals, acute symptoms of these pedticides include
hyperactivity, neuromuscular paradysis, visua problems, breathing difficulty, abdominal pain, vomiting, diarrhea,

restlessness, weakness, dizziness, and in severe instances, convulsions, coma, or death. 1 Chronic



organophosphate pesticide exposure have been associated with frontal lobe impairment, as indicated by lower

soores on neuropsychologic tests and EEGs. 13

Although extensive studies have been conducted to assess the neurotoxol ogic effedts of these pedticides on animals
and adults, however, few have examined the toxic effects on infants and children. ” Since the nervous systems of
children are particularly vulnerable to pedticides, it ssems logica that the effects of pedticide poisoning in children
are at least as detrimental as in adults. ™ A case-control study of poisoned and unexposed children by Colorado
State University showed that exposed children scored worse in tests of intellectual functioning, academic skills,

abstraction, and simple motor skills.*

The Southwestern Medica School in Dallas conducted a retrospective study of 37 children diagnosed and
hospitalized with organophosphate or carbamate toxicity at the Children's Medicd Center, Dallas between June,
1975 and November, 1986. Almogt al of the reported poisonings occurred in the home;,  15% of the children
developed symptoms within 36 hours after the residence was sprayed or fogged by an unlicensed exterminator;

and poisonings occurred with almost equa frequency throughout the year. Twenty of 24 patients whose serum was

tested showed increased cholinesterase activity’

Childhood Cancer

Although it is more difficult to quantify carcinogenic effects of pedticides than neurctoxic effects, various
epidemiologic studies suggest significant links between pedticide exposure and childhood cancer cases Before
properly evaluating findings of these sudies, it is necessary to consider their potential sources of bias. The

following section discuss factors that may have contributed to bias in the studies of interest.

Potential Sources ofBias in Epidemiologic Sudies
There are four major potential sources of bias in epidemiologic studies. sample Sze sdection of subjects;

misclassification of exposure; and confounding factors. Because few studies pertaining to childhood malignancies



contain alarge sample Sze, alarge effect may not be statistically significant because the sample sizeistoo smdl.

Thus, findings from larger studies should be given more credence than findings from smaler studies.*

The method of subject sdection, particularly in case-control studies, may introduce bias because the control group
often condgs of siblings and friends of case parents, rather than the ideal random sample of the population that
gaverisetothecases * Non-responsein telephone interviews, or inability to trace controls sdlected from birth

certificates or medica records, will dso introduce bias.®

Methods used to obtain exposure information may contribute greetly to recdl and interviewer bias. These methods
include: inferring exposure from clinica records; inferring exposure by interviewing the subject's parent(s); and
inferring parental occupational exposure histories from interviews (especidly surrogate interviews with a
spousa).* Inapilot study conducted by Stanford University in September, 1993, in which the caretaker parents of
four 2-5 year old Latino children were asked to recdl the details of their child's activities on the previous day, it
was found that the parent's recall was inaccurate compared to data collected from videotapes. The conclusion was
that using recal information may greatly distort exposure caculations, which are based on the duration of time a

person spendsin alocation or contacting acontaminated object. '

Confounding factors, extraneous factors that are associated with cancer and the exposure status (e.g., parenta
occupation), may bias the outcome of an analysis unless they are accounted for. When interpreting findings from

such studies, greater consideration should be placed on those which attempt to minimize potential biases. ™

These sources of bias should be considered when interpreting the studies summarized in the following sections.

Colorectal Carcinoma
Colorectd cancer is arare form of cancer in children and adolescents. Based on an extensive literature review,
Pratt et al. (1977)* found only 300 reported cases of patients under age 20 with carcinoma of the colon. The

mean age at diagnosis for this type of cancer is 69 years.!” However, between September, 1974 and November,



1976, 13 adolescent patients were diagnosed with colorectd cancer at the S. Jude Children's Research Hospitd in
Memphis, Tennessee. Ten of these patients came from the rural aress of the Missssippi Delta, areas of high
pesicide use. Nine of these subjects had been exposed to farm sprays or agricultural chemicas, and three of the
nine had sprayed herbicides and insecticides. In Missssippi, the reporting of five cases between October. 1974 and

August. 1975 was significantly different from the one expected case. %

Caldwell et d. (1981)" collected blood specimens of the 10 children for pesticide residue analysis, and dso
interviewed the patients and their families about persona, family, medicd, work, and residentiad higtories, dietary
habits, water supplies, and exposure to pedticides and herbicides.  Although they did not find an association
between serum pedticide levels in the blood samples of the cases and the controls (children without malignancies
visiting the Missssppi Rheumatic Fever Clinic), they suggested that serum pegticide levels may not accurately
reflect pesticide levels of colon contents; that the levels may be deceptive because specimen collection may have

been far removed from actua exposure; and that exposure histories may have been imprecisaly documented.

Although there is no statistica evidence for the association, both studies suggest that pesticide exposure did cause
this regional increase in this rare disease among adolescents. They base this bdief on the unusually high number
of regional casss, on the childrens medica histories (that do not suggest high susceptibility to colon cancer), and
on the patients  higtories of pedticide exposure. However, to find a Satisticaly significant associaion between

pesticides and colorectal cancer in children, they recommend further surveillance for additional cases "*

Leukemia

The Children's Cancer Study Group (CCSG) conducted a case-control study to investigate an association between
parents occupationa exposures and acute nonlymphoblastic leukemia (ANLL). Cases obtained from registration
files of the CCSG consgted of al patients under age 18 diagnosed with ANLL between 1980 and 1984. Of the 262
eligible casss, 204 mothers consented to interviews. Controls were obtained through random digit dialing, and

matched by dateof birthandrace.*



Both parents were interviewed over the telephone about demographic characterigtics, occupation, parents exposure

higtories, clinica factors, and household exposures. Household exposure results of the study are summarized in

Table L
Table 1. Household Pesticide Exposure Results for ANLL Study™

Exposure Frequency. Cease Control _QOdds Ratio 95% Confidence Interval P-trend
Pre-Natd None 134 148 10
(Mother's <l/wk 50 40 14 0.8-2.2
Exposure) 1-2/wk 12 15 09 04-21

Mosgt Days 8 3 35 0.9-138 0.05
Child None 128 148 10

<l/wk 46 33 18 1030

1-2/wk 13 9 20 0.8-5.0

Mogt Days 8 3 35 09-138 004

The analysis of pesticide exposures inferred fromjob title reveded that pesticide exposure of the father was
significant (Odds Ratio=2.3, p=0.05). Mother's occupational exposure to pesticides was aso a significant risk
factor (Odds Ratio=inf., p-trend=0.008). Age stratification analyses revealed that for children under 6 years of age

with prolonged exposure to either parent who had been exposed, the odds ratio was 11.4 with p-trend=0.003.*°

This study strongly implicates a link between parental pesticide exposures and ANLL. Relevant confounding
factors, including associations between occupationa exposures, and between household exposures to pesticides,
petroleum products, and marijuana, were considered in the analyses by conducting stepwise logigtic regression
andysis. ** Because the study excluded families that were not English speaking or did not have a telephone,

exposure to migrant farm laborer children were underrepresented.”

A case-control study to investigate the causes of acute lymphocytic leukemia (ALL) sdected 159 cases from the Los
Angeles County Cancer Surveillance Program. Controls were sdlected from friends of the case, where possible,
and otherwise from random-digit dialing, and were matched by age, sex, race, and Hispanic origin for whiles.

After obtaining interviews from both parents, 123 case-control pairs were analyzed. The findings reveded an



association between childhood acute leukemia and intrauterine pesticide exposure (household: Odds Ratio=3.8,
p=0.004; garden: Odds Ratio=6.5. p=0.007)®. Although the study found intercorrelation among different

occupationa exposures, it examined the independent contributions of these factors in a multivariate analysis.**

Brain Tumors

An exploratory case control study in Baltimore, Maryland found that more children with brain tumors and children
with other cancers diagnosed between 1965-1975 had been exposed to insecticides than had the control children
without cancer. From 15 hospitds, 73 matched pairs of patients with brain tumors and normal controls, and 78

matched pairs of children with brain tumors and cancer controls were studied.?

Normal controls were sdected from birth certificates at the Maryland State Health Department and matched by
X, birthdate, and race. Cancer controls were matched to brain tumor cases by s, date and age at diagnosis, and
race. The cancer controls were used to determine factors associated with both brain tumors and other cancers, and
to determine if sdlective recall bias of parents contributed to bias in the study. Interviews of al parents were
questioned about characterigtics of the child, maternal characteristics and exposures, and family characteristics and

exposures. 2

With regard to insecticide exposure, the odds ratio was 2.3 (p=0.10) for children with brain tumors versus normal
controls. There was no significant difference between children with brain tumors and children with other cancers
with regard to insecticide exposure. Looking only at children living on a farm which used agricultural pedticides.
Gold et a. (1979) dso found an association between brain tumor risk in children under age 20 and normal controls

(Odds Ratio=4.0, p=0.04).*

A similar exploratory case-control study of brain tumors in children under age 20 was conducted in Ontario
between 1977 and 1983. Seventy-four casesout of 123 identified from two hospitads in Toronto were willing to
participate. The 138 controls that participated were sdected as follows. a random sample of 'potential fathers, i.e.

males who were between ages 15 and 50 and residents in the study area during the year in which the matched case

10



was born, was drawn from Ontario population ligs; then, from their children, two randomly selected controls were
matched to each case by age and s=x. Interviews administered to the natural mother included questions regarding

life-time exposures of the child (e.g., water supply, X-rays, birth characteristics, and parental exposures).?

Conditional logigtic regression analysis reveded that brain tumors were not significantly associated with exposures
to pedticides. The incondstency between this study and the Baltimore study suggest the need for future sudies

with larger sample sizes to determine whether pesticides actualy contribute to childhood brain tumors.?

Although most of the above sudies suggest associations between pesticide exposure and childhood cancer, other
studies have been more controversia. One of the reasons that these studies undergo intensive scrutiny is that
pedticides themsdves are a controversd issue the liveihoods of chemical manufacturers and agricultural workers
depend on these chemicals. Unless studies are extensive and rigorous, they are subject to dismissd by critics.

Severa of the more publicly known pesticide controversies are described below.

Controversa Studies

McFarland "Cancer Cluster"

A well-known cluster of childhood cancers (leukemia, Wilm's tumor, astrocytoma, nonHodgkin's lymphoma,
ogeogenic sarcoma, fibrosarcoma, rhabdomyosarcoma) in agricultural McFarland, California between 1975 and
1985 suggests a link with the use of agricultural chemicals. Ten cases of cancer in children under age 15 were
observed, but only three were expected. Between 1982 and 1985, one case was expected, but eight were observed.

Furthermore, an excess of fetal and infant desths occurred between 1981 and 1983.%

Because epidemiologic studies could not find an environmental cause for the cancers, and because the obsarved
cancers were biologically dissimilar, critics claim that there is no association. Because of the difficulties in
conducting retrospective epidemiologic sudies, however, alink that did exist may not be found. This example
suggests the importance of collecting extensive data and conducting epidemiologic studies as close to diagnosis of

the cancersaspossible.
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Alar

Another well-known controversy was in 1989 over the pedticide Alar. This pedticide, which was widely used on
apples and found in applejuice and apple sauce, was associated with a preschooler cancer risk of 1 in 4200, 240
limesthe 1 in 1,000,000 lifetime risk that the EPA strives for.> UDMH, adegradation product of Alar, was linked
to hemangiosarcomas and lung tumorsin 1967, 1977, and 1989. In 1985, a scientific advisory panel to the U.S.
Department of Agriculture dated that existing studies did not provide enough information to conduct quantitative
risk assessment for cancer from Alar. After further studies were conducted, EPA reduced allowable tolerances for
Alar resdues on crops. It was not until 1989, after the Natural Resources Defense Council conducted new studies
that linked UDMH with the same kinds of tumors found in the early 1970s, that EPA canceled Alar's registration.®
Perhaps if more studies on UDMH had been conducted in the 1970s, the EPA would have banned Alar a decade
earlier. Thisexample aso illustrates the importance of conducting extensive research in the area of pesticides and

cancer.

SUMMARY OF RESEARCH AND POLICY NEEDS

The fact that the above studies used different sample sizes, questionnaires, and methods for selecting controls
makes it difficult to determine which findings are the mogt reliable. Since there are biases and conflicting resuts,
it is necessary to improve study methodologies, to expand the databases, and to conduct further sudies. If more
reliable research is conducted, policymakers might be more inclined to fill policy needs for protecting the health of

children.

Research Needs

Further research appears necessary in the following areas: improving methods for exposure assessment,
development and use of biomarkers of exposure, acute poisoning follow-up sudies, and evaluation of toxic
synergisms from exposures to pesticide mixtures,® more evaluation of toxicity and human health effects of older
pesticides on organ function, perinatal toxicity. immunotoxicity, and chronic effects such as cancer and and

neurotoxicity;® development of better databases and methods for quantitative risk assessments; studies of

12



mechanisms of actions of pesticides to improve the use of existing chemicals and developing safer ones® sudies
of long-term pesticide exposure effects on reproduction;®* quantitative messurements of pesticide penetration

through dermal surfaces;®® and determination of appropriate no observed effect levels (NOELSs).?

Policy Needs
Although children are especialy vulnerable to the hedth risks of pesticides, they have been overlooked by the

United States and other governments during establishment of pesticide concentration standards and laws regarding
worker safety. Research findings regarding pesticide effects on childrens health should be used to strengthen
existing laws and create new ones in order to protect this population. The research conducted to date suggests
policy reform infour main areas. policies protecting children in the agricultural setting; greeter focus on policies
and research related to neurotoxic effects, dricter policies and standards regarding residentid pedticides and their

goplications, and environmenta standards based on children rather than adults.

Although farm children stand a a higher risk to health effects from pedticides, this minority group has substandard
access to medica care. A study of 262 migrant workers in Wisconsin reveded that fewer than haf of the migrant
children under age 16 had an annual physical checkup. Only 55% of the preschoolers had been immunized for
DPT, Polio, Meades, Rubdlla, Smallpox, Mumps, and TB.Y Despite federd child labor laws, many migrant
farmworker children work in pesticide-laden fields, where they apply pegticides themsdlves, play in the fields, or

spend their time in sprayed homes or contacting contaminated objects in the agricultural setting.

Stricter enforcement of exigting state and federal laws, such as child labor laws and re-entry intervalsin the field is
needed. In addition to giving more resources and priority to biologica monitoring and epidemiologic studies of
farmworkers and their children, the government should support farmworkers and their unions to make the fields
and farm dwellings safer for children.?® Efforts should be made to provide adequate child care facilities for
children of farmworker and other rural parents, s as to €liminate exposure opportunities in the agricultural

setting.*
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The Office of Technology Assessment has recommended the following mandates by Congress related to neurotoxic
substances. more neurctoxicity testing under the Toxic Substances Control Act and the Federa Insecticide,
Fungicide, and Rodenticide Act; greater focus of regulatory concerns on neurotoxicity; enhanced research
programs in federal agencies, provision of more funds for research; and improved public education (e.g.,
improved labeling of consumer products; distribution of information about exposure) concerning risks of toxic

substances to the public.?

After concluding that current federal regulatory requirements for indoor pesticide applications are inadequate
based on high infant doses of chlorpyrifos, Fenske et al., 1990°, recommended severd strategies for minimizing
exposures to infants. These include the following: establishment of notification requirements to inform residents
of potential health risks; recommendations for unconditiona thorough ventilation of the house prior to re-entry;
well-defined re-entry periods beyond the current insufficient 1-2 hours, with specid warnings that infants and
small children (and pets) should not contact trested surfaces, development of application of surveillance programs
and more efficient training and licensing procedures for applicators; and increased testing, modification or

withdrawn registrations of household pesticides.®

The NRDC recommends that the EPA resssess its procedures in risk assessment techniques based on risks to
children. Asof 1989, the EPA was using the USDA's 1977 food consumption data rather than the 1985 NRDC
survey daa in setting standards for pegticide residues. Between 1977 and 1985, preschoolers fruit consumption
increased by 30%.3 Although the EPA is moving in the direction urged by the NRDC, re-registration of the 300

pesticides on the market will not be completed for at least five years.®

CONCLUSIONS

Many of the above recommendations for future research and policy changes have assumed that pesticides are used,
and that we as a society must protect our children from them by altering human behavior (e.g., not reentering
homes or fields for a specified interval; supervising application of indoor pesticides). Another approach to the

problem is to seek aternatives to chemical pesticides, such as organic farming, or implementation of integrated

14



pest management techniques which minimize use of chemicas. Until such aternatives to chemica pedticides
become more acoepted and widely used, however, it appears necessary to protect the health of children from the
adverse effects of pollutants of earlier days that persist in the environment and of pollutants that continue to be

applied at alarming rates.

Although numerous studies demongtrate a tatistically significant association between pesticides and health risks to
children, there is a need to strengthen the argument by filling gaps in the complete human health risk modd,
which was discussed in the introduction of this paper.  Policymakers may be more inclined to promulgate laws
aimed at protecting children from the effects of pedticides if deta relating a pedticide source, its movement through
the environment, its specific contact with a target population, and its penetration into human body tissues and
fluids can be synthesized. Thus, in addition to an epidemiologica approach in which the health effects are related
to common factors of the target population (risk to source), exposure assessment studies which quantify health
risks from the other direction (source to risk) would enhance the evidence that children must be protected from
pesticides. The exposure assessment approach aso alows scientists and policymakers to identify behaviors that

can be modified and sources that can be mitigated for specific populations.

ACKNOWLEDGMENTS

| wish to thank Dr. Rodney Beard and Dr. James Leckie of Stanford University for their encouragement and advice

on this paper.

15



References
1 Ott, WR, Wdlace, L, Mage, D, etal. The Environmental Protection Agency's Research Program on Tota
Human Exposure. Environment International 1986; 12:475-494.

2. Scheeffer, ME. Vulnerability of Children to Neurotoxic Substances. Testimony before the House Sdlect
Committee on Children, Y outh, and Families, 1990.

3. Natural Resources Defense Council. Intolerable Risk: Pedticides in Our Children's Food, Washington, DC.
1989.

4. Wilk, VA, 1990. Testimony for Hearing Record on Environmental Toxins and Children: Exploring the Risks.
Letter to House Sdect Committee on Children, Y outh, and Families, 1990.

5. Pollack, SH, Landrigan, PJ. Exposure of Children to Occupationa and Environmental Toxins. Testimony
before the U.S. House of Representatives Sdect Committee on Children, Y outh, and Families, 1990.

6. Fenske, RA. Black, KG, Elkner, KP, Leg, C, Methner, MM, Solo, R. Potential Exposure and Health Risks of
Infants following Indoor Residentia Pegticide Applications. American Journal of Public Health 1990;
80(6): 689-693.

7. Zweiner, RJ, Ginsburg, CM. Organophosphate and Carbamate Poisoning in Infants and Children. Pediatrics
1988; 81(1): 121-126.

8. Mushak, EW. Piver, WT. Agricultural Chemica Utilization and Human Health. Environmental Health
Perspectives 1992, 97: 269-274.

9. Wedter, RC, Maibach, HI. Invivo percutaneous absorption. Dermatoxicology, Third Edition 1987. Marzulli.
FN, Maibach, HI (eds), Washington, DC: Hemisphere.

10. Slesinger, DP, Christenson, BA. Cautley, E. Health and Mortality of Migrant Farm Children. Soc. Sci. Med.
1986; 23(1): 65-74.

11. US Congress, Office of Technology Assessment.  Neurotoxicity: Identifying and Controlling Poisons of the
Nervous Sysem OTA-BA-436. Washington, DC. US Government Printing Office. 1990.

12. Litovitz, TL, et a. 1989 annual report of the American Association of Poison Control Centers National Data
Collection System. American Journal of Emergency Medicine 1990; 8: 394-442.

13. Korsk, RJ, Sato, MM. Effects of Chronic Organophosphate Pesticide Exposure on the Central Nervous
System. Clinical Toxicology 1977, 11(1): 83-95.

14. O'Leary, LM, Hicks, AM, Peters, JM, London, S. Parental Occupational Exposures and Risk of Childhood
Cancer: A Review. American Journal of Industrial Medicine 1991. 20: 17-35.

15. Ward, EM, Kramer, S, Meadows, AT. The Efficacy of Random Digit Dialing in Selecting Matched Controls
for a Case-Control Study of Pediatric Cancer. American Journa of Epidemiology 1994; 120(4): 582-590.

16. Zartarian, VG, Streicker, J, Leckie, J, et d. Report on a Pilot Study to Collect Activity Pattern Datafor 2-5
Y ear Old Farm Labor Children in the Sdinas Valey of California. In progress.

17. Pratt, CB, Rivera, G, Shanks, et a. Colorectd Carcinomain Adolescents. Implications Regarding Etiology.
Cancer 1977; 40: 2464-2472.

16



19.

20.

21.

22.

23.

24.

25.

26.

Cddwel, GG, Cannon, SB, Pratt, CB, Arthur, RD. Serum Pedticide Levels in Patients with Childhood
Colorectd Carcinoma. Cancer 1981; 48: 774-778.

Buckley, JD, Robison, LL, Swatinsky, R, et d. Occupational Exposures of Parents of Children with Acute
Nonlymphocytic Leukemia: A report fromthe Children's Cancer Study Group. Cancer Research 1989; 49:

4030-4037.

Lowengart, RA, Peters, M, Cicioni, C, et al. Childhood Leukemia and Parents Occupationd and Home
Exposures. Journal of the National Cancer Institute 1987; 79: 39-46.

Goald, E, Gordis, L. Tonascia, J, Szklo, M. Risk Factorsfor Brain Tumorsin Children. American Journal of
Epidemiology 1979; 109(3): 309-319.

Howe, GR, Burch, JD, Chiarelli. AM, Risen, HA, Choi, CK. An Exploratory Case-Control Study of Brain
Tumorsin Children. Cancer Research 1989; 49: 4349-4352.

Kern County Health Department. Epidemiologic study of cancer in childrenin McFarland, California, 1985
1986. Phase |, Statistical Considerations. Current Environment, Bakersfield, California, 1986.

Restrepo, M, Mufioz, N, Day, N, et a. Birth Defects among children born to a population occupationally
exposed to pedticides in Colombia.  Scandinavian Journal of Work and Environmental Health 1990; 16:
239-246.

Lavy, TL, Mattice, JD. Progress in Pesticide Exposure Studies and Future Concerns. Toxicology Letters 1986;
33:61-71.

Mosss, M. Pesticide-Related Health Problems and Farmworkers. AAOHN Journa 1989; 37(3): 115-130.

17



