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ABSTRACT 

It has been suggested that Organophosphate (OP) pesticides have the potential to 

harm children's health by interfering with central nervous system functioning. The 

purpose of this study was to investigate how exposure to pesticides affects children's 

cognitive and behavioral functioning. Two groups of children were studied: Exposed and 

Non-Exposed. The children participated previously in the Children's Pesticide Survey 

(CPS) conducted in an agricultural area in the state of Arizona. They were selected based 

on the presence/absence of OP pesticides in an urine sample collected during the CPS. 

Both Exposed (n = 25) and Non-Exposed (n = 23) children were assessed with cognitive 

measures; Wechsler Intelligence Scale for Children-Third Edition Short Form (WISC-III 

SF), Children's Memory Scale (CMS), Wisconsin Card Sorting Test (WCST), Trial 

Making Test A (TMTA), and Trial Making Test B (TMTB). Parents and teachers 

completed behavioral measures: Child Behavior Checklist (CBCL) and Teacher Report 

Form (TRF) respectively. All children provided an urine sample the day of cognitive 

assessment for analysis of OP pesticides metabolites. Data were analyzed using 

MANOVA and Pearson's correlation procedures. Results of the MANOVA indicated that 

children in the Exposed group did not perform significantly different than the Non-

Exposed group on the WISC-III SF, the CMS, the TMTA, the CBCL and the TRF. 

However, Exposed children took significantly more time to complete the TMTB than the 

Non-Exposed group. Moreover, when Grade Level was considered, Exposed children in 

kindergarten and 1®' grades made greater number of errors in the TMTB than the Non-

Exposed children in the other Grade Levels (2"'^ and 3"'). This suggests that exposure to 
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OP pesticides might have only a negative effect on such cognitive functions as speed of 

attention, sequencing, mental flexibility, visual search, and motor functioning in younger 

children. In addition, there were significant positive correlations between the OP 

metabolite concentrations on the day of cognitive assessment and some of the measures 

of the WCST. Further research is needed since this study represents a first approach to a 

complcx problem. 
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CHAPTER 1 

INTRODUCTION 

There are many different kinds of pesticides and they affect human health in 

various ways. For example, pesticides have been associated with the development of 

cancer, respiratory diseases, and liver and renal injuries. In addition, the Environmental 

Protection Agency (EPA, 1998) has reported that children develop leukemia three to nine 

times more often when pesticides are used around their respective homes, and that brain 

tumors and other cancers in children have been linked to insecticides exposure. 

Moreover, the EPA has reported that as much as 75% of all household pesticide use 

occurs inside the home and 22% occurs in yards and gardens surrounding the home. 

Although many household pesticides could be related to various health effects, OP 

pesticides are the specific t>'pe of pesticides that most commonly cause systemic illnesses 

(O'Malley, 1997). 

OP pesticides are commonly used for agricultural purposes. They are also used 

inside the homes and in people's yards in smaller quantities to control pests and are 

currently the most commonly used household insecticides (Kamrin, 1997). The major 

s^Ttiptoms or signs of poisoning by OP pesticides appear within 12 hours of exposure. 

They include dizziness, anxiety, restlessness, muscle twitching, weakness, tremor, 

incoordination, hypersecretion, miosis, and pulmonary edema. Toxic psychosis can also 

occur. Repeated exposure to OP pesticides can also cause anorexia, weakness and 

malaise. Depression of respiration and pulmonary edema are the usual causes of death 

from OP pcsticides poisoning (Morgan, 1989; O'Malley, 1997). 
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Although the acute effects of OP pesticides poisoning are well known and 

established in the literature, the chronic effects of exposure have not been well researched 

and the available data are mainly from adults (Rosenstock, Danicll, Barnhart, Schwartz, 

& Demers, 1990; Ames, Steenland, Jenkins, Chrislip, & Russo, 1995). For example, 

Whyatt in 1989 noted that there were few studies conducted to determine the effects on 

neurological development of low-level exposure to OP pesticides during infancy. "In 

fact, federal regulations currently do not require that any pesticide be evaluated for the 

effects of low-level of exposure on behavior, including such processes as learning ability, 

activity level and memory, or on emotion, sight, and hearing" (Whyatt, 1989 p. 9). 

Consistent with Whyatt's comments, there are few studies concerning chronic toxicity in 

children (National Research Council, 1993), no studies published on the neurotoxic 

effects of low levels of children's exposure to OP pesticides (Aprea, Strambi, Novelli, 

Lunghini, & Bozzi, 2000), and only one study assessing the developmental differences in 

children exposed to OP pesticides (Guillette, Meza, Aquilar, Soto, & Garcia, 1998). 

The increased use of OP pesticides in the last four decades has been accompanied 

by a considerable amount of poisonings in adults (Morgan, 1989), particularly of those 

involved in the handling of pesticides, such as pest control applicators or fann workers. 

The symptoms for acute poisoning have been documented in the literature (e.g., 

Rosenstock, et al., 1990), and include interference with neuropsychological sequelae 

explained in terms of memory deficits and comprehension, and mood changes and 

increased anxiety. Researchers have also reported significant differences between 

exposed and non-exposed groups in Symbol-Digit speed and Pattern Memory accuracy. 
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where the exposed group had a poorer perfomiancc (Maizlish, Schenker, Weisskopf, 

Seiber, and Samuels, 1987). In another study, differences were found in a neurological 

examination where the "poisoned" group performed significantly worse on measures of 

memory, abstraction, and mood, and on tests of varying abilities such as intellectual 

functioning (as measured by the Wechsler Adult Intelligence Scale, WAIS), academic 

skills, abstraction and flexibility of thinking, speed (digit symbol, tapping) and 

coordination, and dexterity (Savage, Keefe, Mounce, Heaton, Lewis, and Burcar, 1988). 

Furthermore, effects of OP pesticides have been observed on neuropsychological tests 

that assesses verbal and visual attention (sustained attention), visual memory, visual-

motor speed (digit symbol), sequencing and problem solving, and motor steadiness 

(pursuit aiming) and dexterity (Rosenstock, Keifer, Daniell, McConnell, and Claypoole, 

1991; Steenland, Jenkins, Ames, O'Malley, Chrislip, and Russo, 1994; Stephens. 

Spurgeon. Calvert, Beach, Levy, Berry, et al., 1995). 

On the other hand, Ames, Steenland, Jenkins, Chrislip, and Russo (1995), using a 

series of neurological and neuropsychological tests, found that serial digit performance 

was the only test that significantly differentiated the two exposed and non-exposed 

groups. These findings, however, were in the opposite direction to the hypothesized. 

Exposure to OP pcsticides appeared to increase performance in the neuropsychological 

tests. 

The study of the effects of OP pesticides on children's neurodevelopment, 

growth, and symptoms of respiratory illnesses has been only recently explored (Eskenazi, 

Bradman, & Castorina, 1999) and data exclusively about children's cognitive and 
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behavioral functioning is not yet available. Weiss and Landrigan (2000) suggest that it is 

possible that some neurodevelopmental disabilities might be related to these chemicals, 

since only fewer than 25% of neurodevelopmental disabilities that affect children have a 

known cause. 

The only study to date addressing OP pesticide exposure and children's growth 

and development, was conducted by Guillette, Meza, Aquilar, Soto, and Garcia (1998). 

These researchers did not find a significant difFcrence in growth pattern, but they did find 

that exposed children had significantly lower physical endurance, worse ability to catch a 

ball, worse fine eye-hand motor coordination, and worse long-term memory. The most 

striking difference was observed in the drawing of a person in that exposed children from 

agricultural areas averaged 1.6 body parts versus 4.4 body parts for children from the 

non-agricultural areas. 

Given this evidence, one may speculate that low-level chronic exposure to OP 

pesticides may adversely affect children's nervous systems, resulting in lower cognitive 

functioning (e.g., memory, attention), behavioral problems (e.g., irritability, mood 

difficulties), and other subtle neurological difficulties. Studies also show that exposure to 

OP pesticides disrupts the area of the nervous system that regulates the motor functioning 

of the lungs. This has led some researchers to hypothesize that these pesticides are 

amongst the preventable causes of asthma in children (Eskenazi, Bradman, & Castorina, 

1999), an illness that is one of the most common reasons for school absenteeism and 

related children's learning problems. 
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Some researchers have also stated that pesticides can be more harmful to children 

than to adults because children breathe more air and consume more food and beverage 

per pound of body weight than adults (e.g., Hubal, et al, 2000a). Children are also more 

likely to place toys and their fingers in their mouths than adults. In addition, since the 

nervous system undergoes rapid growth and development in the first years of life, 

children are more likely to have neurological problems based on OP pesticides exposure 

(Landrigan, et al., 1999). For example, during this period, structures are developed and 

vital connections established and a child's developing nervous system is not well 

equipped to repair any structural damaged caused by environmental toxins. Thus, if 

chemicals destroy cells in the developing brain, there is a risk that a resulting dysfunction 

would appear, which would be irreversible (e.g., loss of intelligence) (National Research 

Council, 1993). It is only in recent years that the effects of OP pesticides on children's 

health have begun to be documented (McConnell, et al., 1999; Eskenazi, Bradman, & 

Castorina, 1999; Weiss, 1997; Li ess & Savitz, 1995 ). 

Because of the prevalence of the use of OP pesticide and the seriousness of the 

type of systemic illness that such pesticides can produce, it seems logical to examine the 

cognitive and behavioral effects associated with exposure to or poisoning by OP 

pesticides. The purpose of this study was to assess the cognitive and behavioral 

functioning of children living in an agricultural area who have been exposed to OP 

pesticides and compare them with children who have not been exposed. The main 

question to answer is: Does exposure to OP pesticides affect cognitive and behavioral 

functioning of Hispanic children living in an agricultural area? 
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CHAPTER 2 

LITERATURE REVIEW 

Poisonings associaled with pesticides can occur in spite of extensive control 

measures. They can occur because of misuse, failure of control measures, and/or 

accidcntal spills and exposure. These types of incidents are more common than cxpected. 

For example, O'Mailey (1997) reports that the latest estimates from the World Health 

Organization (WHO, 1986) indicate that one million serious accidental poisonings and 

two million suicide attempts involving pesticides occur each year world wide. In the 

United States, it is estimated that there are approximately 10,000 cases per year of 

poisonings by organophosphate (OP) pesticides (Steenland, Jenkins, Ames, O'Malley, 

Chris lip. & Russo, 1994). In 1990, OP pesticides accounted for 33% of all pesticide 

poisoning reports in the U.S. Diazinon and chlorpyrifos led the list, accounting for more 

than 50% of the reports (Kamrin, ] 997). 

Because of the prevalence of the use of OP pesticide and the seriousness of the type of 

systemic illness that such pesticides can produce, the present article focuses on 

examining the research conducted in the area of OP pesticides exposure and its effects on 

cognitive and behavioral functioning. Although the target population for this article is 

children, it is important to note that most research in the area has been conducted with 

adult farm workers who are occupationally exposed to pesticides and with animals in 

experimental studies (O'Brien, 1990). It is only in recent years that the effects of OP 

pesticides on children's health have begun to be documented (McConneli, et al., 1999; 

Eskenazi, Bradman, & Castorina, 1999; Weiss, 1997; Liess & Savitz, 1995). 
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Overview of the effects of OP pesticides 

OP pesticides are one group of insecticides commonly used for agricultural 

purposes. They are also used inside the homes and in people's yards in smaller quantities 

to control pests and are currently the most commonly used household insecticides 

(Kamrin, 1997). The restricted use of organochlorine pesticides (e.g., DDT) has resulted 

in an increased use of OP pesticides in the United States (Ecobichon, 2000). Although OP 

pesticides have been found to remain in the environment for less time than the 

organochlorine pesticides, they have also been found to acutely poison the people who 

use them or who come into contact with them (Human Toxic Chcmical Exposure, 1998). 

The major symptoms or signs of poisoning by OP pesticides appear within 12 hours of 

exposure. They include dizziness, anxiety, restlessness, muscle twitching, weakness, 

tremor, incoordination, hypersecretion, miosis, and pulmonary edema. Toxic psychosis 

can also occur. Repeated exposure to OP pesticides can also cause anorexia, weakness 

and malaise. Depression of respiration and pulmonary edema are the usual causes of 

death from OP pesticides poisoning (Morgan, 1989; O'Malley, 1997). 

Once the OP pesticides enter the body, they are metabolized and almost entirely 

excreted within 24 hours of absorption, with a half-life of 2 to 10 hours in a urine sample 

(Krieger, 1999). Walker and Nidiry (2002) report that the OP metabolites can often be 

detected in urine up to 48 hours afler exposure. Dialkylphosphates are urinary 

metabolites of many phosphoric esters, and are derived by A-esterase-catalyzed 

hydrolysis (WHO, 1986). These metabolites are dimethylphosphate (DMP), 

dimethylphosphorothioate (DMTP), dimethylphosphorodithioate (DMDTP), 
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diethylphosphate (DEP), diethylphosphorothioate (DETP), and diethylphosphorodithioate 

(DEDTP). The detection of these metabolites in urine has been used as an indication of 

exposure. This, however, can be only related to events or exposures that took place 

within the previous 24-48 hours of the urine collection. 

OP pesticides poison the nervous system by inhibiting the acetylcholinesterase 

enzyme (AchE) at the nerve endings. The enzyme is critical to normal control of nerve 

impulse transmission from nerve fibers to muscle and gland cells, and also to other nerve 

cells in autonomic ganglia and in the brain. A fair amount of the tissue enzyme mass 

must be inactivated before symptoms and signs of poisoning are manifested. When there 

is a sufficient dosage, the loss of enzyme function allows accumulation of the 

acetylcholine neurotransmitter at neuroefector junction (muscarinic effects), at skeletal 

nerve-muscle junction and autonomic ganglia (nicotinic effects), and in the brain 

(Morgan, 1989; O'Malley, 1997; Steenland et a!., 1994). 

High acetylcholine concentrations cause muscle contraction and secretion at the 

cholinergic nerve junctions with smooth muscle and gland cells. At skeletal muscle 

junctions, a high level of acetylcholine may be excitatory, which causes muscle 

twitching, but may also weaken or paralyze the cell by depolarizing the end-plate. In the 

brain, excess of acetylcholine causes sensory and behavioral disturbances, incoordination 

and motor function. Recovery depends ultimately on generation of new enzyme in all 

critical tissues. Within one to two days of initial acetylcholinesterease inhibition, some 

reactivation of it can occur by the administration of the antidote pralidoxime (Morgan, 

1989; Steenland et al, 1994). 
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Some OP pesticides have also been associated with a different type of neurotoxicity 

consisting of damage to the axons of peripheral and central nerves associated with 

inhibition of "neurotoxic esterase." Main symptoms are weakness or paralysis and 

paresthesia of extremities, predominantly the legs, persistent for weeks to years. Many of 

these occurrences have taken place 8-21 days following an acute poisoning episode of the 

acetylcholinesterase type; however, some of these symptoms have also been reported by 

researchers in which no prior exposure was evident. Only few of the OP pesticides used 

have been implicated as causes of delayed neuropathy in humans (Morgan, 1989). 

Impact of OP Pesticides on Cognitive and Behavioral Functioning 

Because the current knowledge about the effects OP pesticide exposure on 

cognitive and behavioral functioning has been mainly based on adult populations, the 

following section is divided into the examination and discussion of research with adults 

and then with children and adolescents. 

The increased use of OP pesticides in the last four decades has been accompanied by a 

considerable amount of poisonings in adults (Morgan, 1989). The symptoms for acute 

poisoning have been documented in the literature (e.g., Rosenstock, et al, 1990). and 

include inference with neuropsychological sequelae explained in terms of memory 

deficits and comprehension, and mood changes and increased anxiety. Most of this 

research has investigated the effects of poisoning by (or exposure to) OP pesticides of 

those people whose work involves the handling of pesticides, such as pest control 

applicators or farm workers. 
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For example. Maizlish, Schenker, Wcisskopf, Seiber, and Samuels (1987) 

conducted a study to evaluate the neurobehavioral effects of short-term, low-level 

exposure to diazinon among pest control workers. They had two groups of adult 

participants, the diazinon applicators and the non-applicators. All of them completed 

seven computerized behavioral tests among other types of measures such as medical 

history, neurological screenings, and urine analysis for OP metabolites. Participants were 

tested twice in one day, before starting their working shift and after their shift, when they 

had finished using diazinon. The researchers reported that the only significant differences 

between exposed and non-exposed groups were shown, after the working shift, in 

Symbol-Digit speed and Pattern Memory accuracy, where the exposed group had a 

poorer performance. Although this study represents an attempt for evaluating short-term 

and low-level exposure to OP pesticides, the use of the same measures twice during the 

same day is questionable since performance might have been affected by practice effects, 

fatigue, or other factors that may not be directly related to the use of diazinon. 

Another study was conducted by Savage, Keefc, Mounce, Heaton. Lewis, and 

Burcar (1988) to evaluate the neuropsychological effects of OP pesticide poisoning in 

individuals who had been poisoned versus those who had not been poisoned. The 

researchers tested 100 adults in each of the "poisoned" and "control" groups using 

various dependent measures. They also conducted physical examinations, neurological 

evaluations. EEG examinations, and neuropsychological testing. Differences were found 

in the neurological examination where the "poisoned" group performed significantly 

worse on measures of memory, abstraction, and mood. In addition, significant differences 
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were found in the neuropsychological testing. The differences occurred on tests of 

varying abilities such as intellectual functioning (WAIS Full Scale IQ), academic skills, 

abstraction and flexibility of thinking, speed (digit symbol, tapping) and coordination, 

and dexterity. Poisoned subjects performed worse on these measures than did their non-

poisoned counterparts. In a similar study, Rosenstock, Keifer. Daniell, McConnell, and 

Claypoole (1991) studied the chronic neuropsychological dysfunctions that acute 

intoxication with OP pesticides produce. They had two groups with 36 adult participants 

in each group. The "exposed" group was tested two years after the acute poisoning had 

occurred and compared with the "matched-control" group. The exposed group performed 

significantly worse than did the control group on most of the neuropsychological tests 

that assessed verbal and visual attention (sustained attention), visual memory, visual-

motor speed (digit symbol), sequencing and problem solving, and motor steadiness 

(pursuit aiming) and dexterity. These findings were consistent with those of Savage et al. 

(1988). 

Steenland et al. (1994) also conducted a study to determine if there were chronic 

neurological effects as a result of acute OP pesticide poisoning among males. They 

studied 128 poisoned and 90 non-poisoned male participants, and tested them with 

various measures including nerve conduction tests, vibrotactile sensitivity tests, a test of 

postural sway, neurological and physical examinations, and neurobehavioral tests. For the 

neurobehavioral tests, the researchers used a computerized program that assessed mood, 

motor speed, sustained visual attention, visual-motor accuracy, visual-motor speed, 

symbol digit, pattern memory, and serial digit learning. In addition, they used two non
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computerized tests of psychomotor function. Steenland et al. found that the performance 

of poisoned males was significantly worse than the non-poisoned males on the test of 

sustained visual attention (continuous performance) and on the tension and confusion 

measures in the mood scales. No other significant differences were found. The 

researchers also differentiated between subjects that had a documented cholinesterase 

inhibition and those who had been hospitalized as a consequence of OP pesticides 

poisoning. They found that the group that had cholinesterase inhibition also performed 

worse in the vibrotactile sensitivity for finger and toe, and the group of hospitalized 

subjects performed worse in vibrotactile sensitivity, on sustained attention test, and 

symbol digit performance. These results are consistent with the findings of Savage et al. 

(1988) in the areas of tapping, symbol digit, and dexterity and with Rosenstock et al. 

(1991) in the areas of sustained attention, symbol digit, pursuit aiming, and dexterity. 

Consistent with the findings of Savage et al. (1988), the neurological examination did not 

show overall significant differences between the poisoned and non-poisoned groups; 

however, when the type of pesticides to which subjects were exposed was considered in 

the analysis, significant differences were observed in nerve conduction velocity. 

In another study, Ames et al. (1995) examined the effects of OP pcsticides poisoning 

in agricultural workers and included a measure of cholinesterase to determine the 

inhibition of the acetylcholinesterase enzyme in all the participants. They hypothesized 

that chronic neurological sequelae arc associated with cholinesterase depression that is 

just below the level of OP pesticide poisoning. The researchers compared 45 adult males 

who had a history of moderate cholinesterase inhibition with 90 adult males who did not 
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have a history of cholinesterase inhibition nor current pesticide exposure. The results 

show, using a series of neurological and neuropsychological tests that serial digit 

performance was the only test that significantly differentiated the two groups. This 

significant difference, however, was in the opposite direction than hypothesized by the 

researchers, indicating that having prior cholinesterase inhibition was associated with 

enhanced neurologic performance. The findings therefore suggested that there was not a 

significant relationship between cholinesterase inhibition history due to OP pesticides 

poisoning and long-term neuropsychological sequelae. This finding contradicts the 

findings from previous studies, which reported significant dilTerences between poisoned 

and control groups in neuropsychological measures. 

In a similar study, Stephens et al. (1995) evaluated the neuropsychological effects of 

long-term exposure to OP pesticides in sheep farmers. They formed two groups, 146 

fanners who had been exposed to OP pesticides in the course of sheep dipping and 143 

non-exposed farmers. Similar to other studies, they used a variety of neuropsychological 

measures to evaluate the effects of OP pesticides. The results showed that the 

performance of participants in the farmers group was significantly slower than the 

perfonnance of the control group participants on three tests: simple reaction time, 

symbol-digit substitution, and syntactic reasoning. The researchers also found that the 

chance of fanners being regarded as vulnerable to psychiatric disorders was 50% greater 

than that of controls and that farmers with the greatest exposure to OP pesticides showed 

the most pronounced effects on the syntactic reasoning test. Although the results of this 

study are also consistent with many earlier research findings, these findings should be 
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interpreted with caution since duration or level of exposure in the farm participants was 

not established. 

Children and Adolescent Studies 

Historically, chemicals have been related to the presence of serious consequences in 

children's health and development. For example, in the 1950's the drug Thalidomide was 

commonly used to treat morning sickness in pregnant women and used as sedative. It was 

found to have caused an epidemic of 15,000 babies born worldwide with missing limbs 

(Lenz, 1988). Later, it was also discovered that Thalidomide caused other developmental 

disabilities including mental retardation and autism (Miller & Stromland, 1993; Rodier, 

Ingram, Tisdale, & Croog, 1997). Currently, there is an understanding that chemicals in 

the environment have the potential to cause a wide range of developmental disabilities in 

children, and that anatomic malformations are only the most obvious types of disabilities 

(Weiss & Landrigan, 2000; Stein, Schettler, Wallinga, & Valenti, 2002). For example, 

elevated blood lead levels and lead poisoning have been found to negatively affect the 

cognitive development of nearly one million children in the United States (Centers for 

Disease Control and Prevention, 1997), and prenatal exposure, -even at low levels of 

lead have been fount to result in lifelong reductions of intellectual functioning, and 

learning and behavior disorders (Needleman, Schell, Bellinger, Leviton, & Allred, 1990; 

Needleman, Riess, Tobin, Biesecker, & Greenhouse, 1996). Moreover, polychlorinated 

biphenyls (PCBs) are distributed in the environment and can cross the placenta to cause 

in utero injury to the developing brain (Jacobson & Jacobson. 1996; Patandin, et al., 

1999). OP pesticides are chemicals that have also been documented to induce prenatal 
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brain injury in rodents and to cause ftmctional deficits in animals (Eskenazi, Bradman, & 

Castorina, 1999; Weiss, 1997). Stein, Schettler, Wallinga, and Valenti, (2002) indicated 

that despite the current state of knowledge regarding pesticides, approximately 80,000 

chemicals are currently in regular commercial use, but only 12 have been adequately 

tested using the standards established by the EPA (EPA, 1998), regarding their respective 

effects on the developing brain. These researchers added that in fact, of the 3000 

chemicals currently produced in large volume (over 1 million Ibs/yr), public record show 

very little or no to.x icological data regarding the effects of these chemicals on the 

developing nervous system. They iinalize by stating that there are no current 

requirements for the testing of chemicals for their possible effects on brain development. 

Regarding children's neurodevelopnient and chemicals in the environment (e.g., 

lead, PCBs, organic mercury compounds, and certain pesticides), Weiss and Landrigan 

(2000) suggest that it is possible that some neurodevelopmental disabilities might be 

related to these chemicals, since only fewer than 25% of neurodevelopmental disabilities 

that affect children have a known cause. 

The study of the effects of OP pesticides on children's neurodevelopment, growth, and 

symptoms of respiratory illnesses has been only recently explored (Eskenazi, Bradman. 

& Castorina, 1999) and data exclusively about children's cognitive and behavioral 

functioning is not yet available. Some studies focusing on the effects of children's 

behavior as a potential factor for exposure have been published. For example, 

videotaping children's activities has been useful to quantify hand-to-mouth behavior of 

young children and to use this information in exposure modeling to determine if this is an 
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important pathway of young children's exposure (Zartarian, Ferguson, & Leckie, 1997; 

Reed, Jimenez, Freeman, & Lioy, 1999). The assessment of cognitive and behavioral 

functions of these children has yet to be explored. 

Among the studies that have been conducted exploring the effects of OP pesticides on 

children's growth and development is by Guillette, et al. (1998), who evaluated preschool 

children in Mexico. They selected children who were exposed to pesticides based on 

close proximity to these areas where pesticides were used for agriculture (valley) and 

compare them to those of children who were non-exposed and that lived in areas where 

pesticides where not used on a regular basis (foothills). They developed the Rapid 

Assessment Tool for Preschool Children (RATPC) to measure growth and development 

based on the Bayley Developmental Scales, the BattelIc Developmental Inventory, and 

the McCarthy Scales. They evaluated 34 children from the agricultural area and 17 from 

the non-agricultural area. All children were of Yaqui Indian background. This evaluation 

included measures of motor coordination (catch a ball, sense of balance), physical 

endurance (length of jumping time), perception abilities (draw a person), short-term 

memory (number repetition), long-term memory (recall a direction that was given at the 

beginning of the evaluation at the end of it), and fine eye-hand motor coordination 

(dropping raisins in a bottle cap). In addition, physical body measurements were obtained 

for all children. Researchers did not find a significant difference in growth pattern, but 

they did find that children from the valley had significantly lower physical endurance, 

worse ability to catch a ball, worse fine eye-hand motor coordination, and worse long-

term memory. The most striking difference was observed in the drawing of a person in 
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that children from agricultural areas averaged 1.6 body parts versus 4.4 body parts for 

children from the non-agricultural areas. Although standardization of the RATPC has not 

been reported, the results of this study illustrate that children living in areas where 

pesticides are used perform may perform worse on certain psychological tests than their 

counterparts who live in non-exposed areas. 

Implications of Exposure to OP Pesticides on Children's Classroom Functioning 

OP pesticides are commonly used for pest control in diverse settings such as 

schools, day care centers, and residences to control for the presence of roaches, rats, 

termites, ants and other pests, with their use most often being found in agricultural areas. 

This appears to be the case in spite of some empirical literature suggesting that human 

exposure to pesticides is likely to cause neurobehavioral harm as well as respiratory 

diseases even at low-levels of exposure (Eskenazi, Bradman, & Castorina, 1999; Weiss, 

1997; Liess & Savitz. 1995). Since OP pesticides are designed as neurotoxins to poison 

the nervous systems of unwanted insects, they can also potentially affect the nervous 

system of humans. For example, Kurtz (as cited in O'Brien, 1990) conducted a study 

where rats exposed to malathion (a type of OP pesticide) exhibited decreased shock 

avoidance behavior 60 minutes after a dose of 50mg/kg was injected. This did not cause 

significant effects on red blood cell, plasma or brain cholinesterase activity. Motor 

activity, however, was depressed at a lower dose level of 25 mg/kg, suggesting that it is 

necessary to use more than one dependent measure in the assessment of behavioral 

activity. According to these data, "it appears that malathion may disrupt rat behavior 
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without producing significant inhibition of either blood or brain activity" (O'Brien, 1990, 

p. 6). 

Given this evidence, one may speculate that low-level chronic exposure to OP 

pesticides may adversely affect children's nervous systems, resulting in lower cognitive 

functioning (e.g., memory, attention), behavioral problems (e.g., irritability, mood 

difficulties), and other subtle neurological difficulties. Studies also show that exposure to 

OP pesticides disrupts the area of the nervous system that regulates the motor functioning 

of the lungs. This has led some researchers to hypothesize that these pesticides are 

amongst the preventable causes of asthma in children (Eskenazi, Bradman, & Castorina, 

1999), an illness that is one of the most common reasons for school absenteeism and 

related children's learning problems. 

Since the nervous system undergoes rapid growth and development in the first 

years of life, children are more likely to have neurological problems based on OP 

pesticides exposure (Landrigan, et al, 1999). For example, during this period, structures 

are developed and vital connections established and a child's developing nervous system 

is not well equipped to repair any structural damaged caused by environmental toxins. 

Thus, if chemicals destroy cells in the developing brain, there is a risk that a resulting 

dysfunction would appear, which would be irreversible (e.g., loss of intelligence) 

(National Research Council, 1993). 

Cognitive and Behavior Assessment Instruments 

There are a number of instruments used to measure the cognitive and behavioral 

functioning of children and adolescents. Those selected for use in this study are among 
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the most common as reported in the literature. They are the Wechsler Intelligence Scale 

for Children-Third Edition (WISC-III), the Children's Memory Scale (CMS), the 

Wisconsin Card Sorting Test (WCST), and the Trail Making Tests A and B (TMTA and 

TMTB). Regarding measures of behavioral functioning, the Child Behavior Checklist 

(CBCL) and the Teacher Rating Form (TRF) were selcctcd. The following section 

presents the reliability and validity of these instruments when used with Hispanic 

populations. 

Wechsler Intelligence Scale for Children-Third Edition (WISC-III) 

The WISC-III (Wechsler, 1991) assumes Wechsler's concept of intelligence as a 

global but muitifaceted entity that can be inferred from a child's perfomiance on a series 

of tasks. Its items are carefully reviewed for bias, and balanced in their references to sex 

and race/ethnicity. WISC-III norms are based on a carefully selected standardization 

sample of2,200 children representative of sex, age, parental education levels, region, and 

race/ethnicity. WISC-III has acceptable to good internal consistency and tcst-retest 

reliability with the Wechsler Intelligence Scale for Children-Revised (WISC-R), the 

Wechsler Preschool and Primary Scale of Intelligence (WPPSl-R), and the Wechsler 

Adult Intelligence Scale-Revised (WAIS-R) (Wechsler, 1991). 

Prifitera, Weiss, and Saklofske (1998) report that Hispanic children perform about 9 

points lower than White children in the Full Scale Intelligence Quotient (FSIQ) of the 

WISC-III. However, when considering each of the scales and Index scores, there is a 

great variation among scorcs. Hispanic children perform on average 5.2 points below 

White children on the Performance Intelligence Quotient (PIQ). They also show a 
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relatively high PIQ and Perceptual Organization Index (POI) scores compared to their 

Verbal Intelligence Quotient (VIQ) and Verbal Comprehension Index (VCI). These 

authors also point out the relevance of other factors associated with IQ scores such as 

socioeconomic status and parental education. In fact, they report that differences between 

White and Hispanic children are greatly reduced when one matches White and Hispanic 

groups based on age, parental education, region, sex, and number of parents living in the 

household. 

Children's Memory Scale (CMS) 

The Children's Memory Scale (CMS) (Cohen, 1997) is a comprehensive learning 

and memory test for children ages 5 to 16. It is the first-ever nationally standardized scale 

that links intellectual ability and memory. Linked with the Wechsler Intelligence Scale 

for Children—Third Edition (WISC -III), and the Wechsler Preschool and Primary Scale 

of Intelligence—Revised (WPPSl - R), the CMS offers comparisons with intellectual 

ability. It offers valuable information for school, clinical, or neuropsychological 

evaluations, as well as for planning remediation. CMS can be used as a screening or 

diagnostic instrument and as a tool to evaluate learning and a variety of memory 

dimensions, such as attention and working memory, verbal and visual memory, short-

delay and long-delay memory, recall and recognition, and learning characteristics. 

Additionally, Index Scores can be calculated. 

Regarding standardization of the CMS, a sample of 1.000 normally functioning 

children ages 5 16 representative of the general population based on the 1995 updated 

Census of the United States with respect to race, geographic region, and parental 
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education level was used for norms' development. The CMS is fair to all children. Equal 

numbers of males and females were sampled, and differences between ethnic groups 

were evaluated. African-American and Hispanic children were over sampled in order to 

conduct bias analysis. In addition to conducting an empirical analysis of potential item 

bias, all items were reviewed by a panel of recognized experts. Extensive clinical 

validation studies were performed to demonstrate the validity and clinical utility of CMS. 

Special group studies were performed with a variety of clinical groups, including 

traumatic brain injury, epilepsy, learning disabilities, attention deficit disorder, specific 

language impairment, brain tumor and stroke (Cohen, 1997). Studies investigating the 

validity and reliability of the CMS with Hispanic populations have not been published. It 

may be due to the fact recency of the instrument's publication. Only one reference using 

the WlSC-III for memory assessment and its comparison with the CMS was found. 

However, no reference to ethnicity of the participants was reported (Hildebrand & 

Ledbetter. 2001). 

Wisconsin Card Sorting Test (WCST) 

The WCST is used primarily to assess perseveration and abstract thinking of 

people 6.5 to 89 years of age. It provides objective measures of overall success and 

identifies particular sources of difficulty on the task. The WCST is sensitive to frontal 

lobe dysfunction. When used with more comprehensive ability testing, the WCST is 

helpful in discriminating frontal from nonfrontal lesions. The WCST does not have a time 

limit and uses stimulus cards and response cards containing various forms in different 

numbers and colors. Respondents are required to sort the cards according to different 
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principles (color, form, or number) and to alter their approach as unannounced shifts in 

the sorting principle occur during the test administration (Heaton, Chelune, Talley, Kay, 

& Curtiss, 1993). 

Although the WCST has been widely used with adults to assess frontal lobe 

damage, there has been few data collected regarding the same functions in children. For 

example, Chelune and Baer (1986) conducted a study to develop normative data based on 

105 children enrolled in grades 1 through 6. They found that by the time children are 10 

years old, their performance on the WCST is not different from the performance of 

normal adults. 

Regarding the use of the WCST with Hispanic children, Rosselli and Ardila 

(1993) gave the WCST to 233 five to 12 year old nonnal children in Colombia and 

created developmental norms for this age group. They found that Nonperseverative 

Errors was negatively correlated with math, reading, writing, and language; Errors was 

negatively correlated with language; and Categories Achieved scores positively 

correlated with math and language. In regard to the use of the WCST with other cultural 

groups, Davidson et al. (2000), used the computerized version of the WCST with a 

sample of children of the Republic of the Seychelles who were enrolled on a child 

development study and potentially exposed to methylmercury. Data regarding the validity 

and reliability of the computerized WCST with this group of children, however, were not 

reported. 
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The Trail Making Tests A and B 

The Trail Making Test (TMT) purpose is to assess speed of attention, sequencing, 

mental flexibility, and visual search and motor function. The TMT was part of the Army 

Individual Test Battery and it was added by Ralph Reitan to the Halstead Battery (Spreen 

& Strauss, 1998). The person is required to connect, by making pencil lines, 25 encircled 

numbers that are randomly arranged in one page (Part A), and between cncircled numbers 

and letters in alternating order (Part B). The interrater reliability has been reported to be 

.94 for Part A and .90 for Part B, and significant practice effects have been observed after 

a short interval and after a week (Spreen & Strauss, 1998). Leckliter, Forster, Klonoff. 

and Knights (1992) conducted a meta-analysis of 4 studies with children and concluded 

that the TMT Part A is reliable, but that Part B may be less reliable across the 9 to 14 

year old children. 

Heilbronner, Henry, Buck, Adams, and Fogle (1991) indicated that Parts A and B 

correlate only .49 with each other, suggesting that they measure somewhat different 

functions. According to Woodruff, Mendo/a, Dickson, Blanchard and Christenberry 

(1995), Part B requires more visual-perceptual processing ability than Part A. Since Part 

B takes longer to complete than Part A due to the demands of the task (i.e., motor speed 

and visual search), a low score on Trails B relative to Trails A does not necessarily imply 

a low cognitive efficiency (Gaudino, Geisler, & Squires, 1995). 

Regarding the use of Trail Making Test with Hispanic children, Arnold, 

Montgomery, Castaneda, and Longoria (1994) found no acculturation differences 

between Anglo-American, Mexican-American, and Mexican subjects. 
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The Child Behavior Checklist (CBCL) and the Teacher Report Form (TRF) 

There arc several rating scales designed to assess behavioral problems in children. 

Perhaps the most common rating scale of this kind used in clinical practice as well as in 

research is the Child Behavior Checklist (CBCL) developed by Achenbach and 

Edelbroke in the early 1980's (McMahon & Estcs, 1997). The CBCL allows the 

assessment of a broad range of behaviors and their frequencies and/or intensities. They 

require little time to be answered, scored, and interpreted (Martin, Hooper, & Snow, 

1986; McMahon & Estes, 1997). Among its different forms, the CBCL has parallel 

versions to be completed by the parents of children aged 4-18 (CBCL/4-18), and by 

teachers of children aged 5-18 (Teacher Report Form, TRF). They are very similar in 

structure, items, and interpretation (McMahon & Estes, 1997). They are designed to be 

self-administered and they usually take 15-20 minutes to complete. The CBCL/4-18 

obtains parents' reports of children's competencies and behavioral/emotional problems. 

Parents provide information for 20 competence items covering their child's activities, 

social relations, and school performance. The scales of the CBCL are based on principal 

component analyses of parents' ratings of 4,455 clinically referred children, and are 

normed on 2,368 children aged 4 to 18. The nonnative sample was representative of the 

48 contiguous states for SES, ethnicity, region, and urban-suburban-rural residence. 

Children were excluded from the normative sample if they had been referred for mental 

health or special education services within a year. The CBCL/4-18 Total Problems score 

has a one-week test-retest reliability of r = .93, while inter-parent agreement is r = .76. It 
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is available in many languages including a newly revised Spanish form that is scored with 

English profiles {Achenbach & Rescorla, 2001). 

The CBCL has been e.xtensively used in research with Hispanic participants (e.g.. 

Glover, Pumariega, Holzer, Wise, & Rodriguez, 1999; Barrera, Li, & Chasin, 1993) and a 

Spanish version has been used with Hispanic populations. In relation to this, Spreen and 

Strauss (1998) comment that even though the CBCL is translated into 33 languages, the 

generalizability of the norms to other languages or countries is not conclusive. 

Particularly, data regarding the validity and reliability of this instrument with Hispanic 

populations were not found. 

The Teacher Report Form (TRP) is designed to obtain teachers' reports of 

children's academic performance, adaptive functioning, and behavioral/emotional 

problems. Teachers rate the child's academic performance in each subject on a five-point 

scale ranging from 1 (far below grade level) to 5 (far above grade level). Space is also 

provided for reporting cognitive and achievement test scores for the child. For adaptive 

functioning, teachers use a seven-point scale to compare the child to typical pupils for 

how hard he/she is working, how appropriately he/she is behaving, how much he/she is 

learning, and how happy he/she is. Profiles for the TRP published in 2001 yield separate 

scores for Inattention and Hyperactivity-Impulsivity subscales of the Attention Problems 

Scale. Syndromes were based on principal component analyses of 2,815 referred students 

and were normed on 1,391 non-referred students, drawn from the same nationally 

representative sample used to norm the CBCL/4-18. For the TRF Total Problems score. 
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the test-retest reliability over a mean interval of 15 days was r = .92, while the agreement 

between pairs of teachers was r = .60 (Achenbach & Rescorla, 2001). 

Zimmerman, Khoury, Vega, Gil, and Warheit (1995) used the TRF to assess 

whether teacher ratings of student's behavior problem varied according to the teacher-

student racial/ethnic differences and student's perceptions of teachers' attitudes toward 

them. There was no difference for Hispanic or Non-Hispanic white students according to 

the race/ethnicity of the teachers doing the ratings. However, when the ratings of the 

teachers were compared to the ones from the parents, the teachers and the parents rated 

behaviors differently according to race/ethnicity. 

Purpose of Study and Hypotheses 

According to the literature reviewed concerns of the effects of OP pesticides on 

children's health has gained more attention in recent years. In the past children have been 

exposed to and affected by some environmental pollutants such as lead (Needleman & 

Gatsonis, 1990), polychlorinated biphenyls (PCBs), and organic mercury compounds 

(Weiss & Landrigan, 2000). Research in the area of lead exposure and children's 

intelligence has found that children who have been exposed to lead, even to low lead 

levels, perform poorer on intelligence measures than do children in comparison groups 

(Hawk, et al, 1986). Regarding lead and behavioral problems, scores on the Destructive 

and Withdrawn subscales of the CBCL have been related to blood lead concentrations 

(Wasserman, Staghczza-Jaramillo, Shrout, Popovac, & Graziano, 1998). Following this 

rationale, the purpose of the present study was to assess the cognitive and behavioral 

functioning of children living in an agricultural area who have been exposed to OP 
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pesticides and compare them with children who have not been exposed. The main 

question to answer was; Does exposure to OP pesticides negatively affect cognitive and 

behavioral functioning of Hispanic children living in an agricultural area? 

Considering this approach, the following specific hypotheses were posed: 

1. There is no significant difference (p < .05) between Exposed and Non-Exposed 

children on their performance of cognitive measures (WISC-lII SF, CMS. WCST, 

TMTA and TMTB). 

2. There is no significant difference (p < .05) between Exposed and Non-Exposed 

children on their performance of behavioral measures (CBCL and TRF). , 

3. There is no significant correlation {p < .05) between the OP pesticide levels found in 

the urine of the day of cognitive assessment and children's performance on the 

cognitive measures (WISC-llI SF, CMS, WCST, TMTA and TMTB). 

4. There is no significant difference (p < .05) between High and Low OP pesticide 

levels found in the urine of the day of cognitive assessment and children's 

performance on cognitive measures (WISC-III SF, CMS, WCST, TMTA and 

TMTB). 
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CHAPTER 3 

METHOD 

Parlicipants 

The participants in this study were selected from the Children Pcsticide Survey 

(CPS) of southern Arizona conducted during 1998-2000. Approval from the Human 

Subjects Protection Program was obtained prior to the enrollment of participants 

(Appendix A). The Exposed group was formed by 25 children that had had a detectable 

level of OP pesticide metabolite in a urine sample, and the Non-Exposed group was 

formed by 23 children who had not had a detectable level of OP pesticide metabolite in a 

urine sample. The demographic characteristics of these groups are presented in Table 3.1 

and the OP pesticide metabolite concentration levels of these groups are presented in 

Figures 4.1, 4.2, and 4.3. 

Dependent Measures 

Wechsler Intelligence Scale for Children—Third Edition (WISC-lIl). A Short 

Form of the WISC-III formed by the subtests of Picture Completion ( PC), Coding (C), 

Similarities (S), Arithmetic (A), and Symbol Search (SS) was administered to all 

Exposed and Non-Exposed children. The reliability and validity of this Short Form was 

calculated according to Tellegen and Briggs' formula discussed by Sattler (2001). The 

reliability for the Short Form including the subtests PC, C, S, and A was .89 and the 

internal criterion-based validity was .88. Because SS was of interest in the present study, 

the reliabiHty of the Short Form including the subtests PC, S, A, and SS was also 

calculated. The reliability for this Short Form was .90 and the internal criterion-based 
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validity was .91. The deviation quotient obtained for each child was an average of the 

deviation quotients obtained by these two Short Forms of the WISC-III. Directions were 

given in Spanish when children indicated a Spanish language preference. 

Children's Memory Scale (CMS). The CMS was administered to all children to 

evaluate learning and a variety of memory dimensions, such as attention and working 

memory, verbal and visual memory, short-delay and long-delay memory, recall and 

recognition, and learning characteristics. The specific domains are verbal immediate, 

verbal delayed, visual immediate, visual delayed, general memory, delayed recognition, 

learning, and attention and concentration. Directions were given in Spanish when 

children indicated a Spanish language preference. 

Wisconsin Card Sorting Test (WCST). The WCST was administered to all 

children to assess abstract reasoning and cognitive flexibility. It measures the ability to 

shift cognitive strategics in response to changing environmental contingencies. It can also 

be considered a measure of "executive function," requiring the ability to develop and 

maintain an appropriate problem-solving strategy across changing stimulus conditions in 

order to achieve a future goal. The WCST requires strategic planning, organized 

searching, utilizing environmental feedback to shift cognitive sets, directing behavior 

toward achieving a goal, and modulating impulsive responding (Heaton, et a!., 1993). 

Directions were given in Spanish when children indicated a Spanish language preference. 

Trail Making Test A & B (TMTA & TMTB). The TMTA and TMTB were 

administered to all children to assess areas of speed of attention, sequencing, mental 
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flexibility, and visual search and motor functioning. Directions were given in Spanish 

when children indicated a Spanish language preference. 
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Table 3.1 Demographic Characleristics of the Sample 

Characteristics 

Exposed 

(n=25) 

Non-Exposed 

(«=23) 

Mean age in years 

Gender (Female) 

Grade 

K-1 

Mean GPA (Range: 1-4) 

First language 

Spanish 

English 

Both Spanish and English 

Preferred language 

Spanish 

English 

Both Spanish and English 

2-parent family 

Mean number of family members in home 

Annual income category (Mode) 

Mother's years of education (Mean) 

7 

14 (56%) 

8 (32%) 

9 (36%) 

8 (32%) 

3.0 

25 (100%) 

0 

0 

18 (72%) 

2 (8%) 

5 (20%) 

19 (76%) 

5 

SI 0,000-$ 19,999 

10 

7 

12 (52%) 

4 (17%) 

9 (39%) 

10 (44%) 

3.0 

22 (96%) 

0 

1 (4%) 

16 (70%) 

1 (4%) 

6 (26%) 

21 (91%) 

5 

$20,000-$29,999 

12 
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Table 3.1 Demographic Characteristics of the Sample ( continued) 

Exposed Non-Exposed 

Characteristics (h=25) («=23) 

Father's years of education (Mean) 9* 12* 

Number of household members in 1 1 

contact with Pesticides (Mean) 

Number of fieldworkcrs living in the 1 1 

house (Mean) 

Number of children presenting allergies 3 (12%) 11 (48%) 

* p <  .05 
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The Child Behavior Checklist/4-18 (CBCL/4-18). The CBCL/4-18 was completed 

with the parents of all children to obtain information regarding their children's behavioral 

competence, clinical symptoms, and overall externalizing and internalizing problems. 

The CBCL Spanish version was used when parents indicated this language preference. 

The Teacher Report Form (TRF) of the CBCL. The TRF was completed by 

teachers of participating children. The TRF provides information about children's 

academic performance, adaptive functioning, and behavioral/emotional problems, as 

observed in the school setting. The English version of the TRF was used with all 

teachers. 

Parent Interview. A structured interview using a predetermined set of 57 

questions (Appendix B) was conducted with all parents of participating children. The 

interview focused on gathering the following information: children's developmental and 

medical history; school performance; child's history concerning diagnosis of learning 

disability and/or special education placement; results of previous psychoeducational 

evaluations; history of poisonings (including other chemicals such as lead or cleaning 

supplies); time living in the same house; number of siblings; parental occupation and 

education; parents' current marital status; parents' history regarding contact with 

pesticides; family's annual income, and any other possible source of pesticide contact 

that children may have had. 

Urine sample: A first void urine sample was collected from each child the day of 

the cognitive assessment. This sample was collected by the parent. It was non-intrusive 

and was done in the privacy of each participant's home. A sterilized urine specimen 
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container and written directions were provided. The sample was kept frozen at -20 F 

after collection until the time of analysis. Samples were shipped to Pacific Toxicology 

Laboratories for OP metabolite analysis. The urine collection was conducted in 

accordance to the Standard Operational Procedures used in the Children Pesticide Survey 

(O'Rourke, et al, 2000). The sum of the six OP metabolite concentrations was used for 

all data analyses. For comparison with national values, only the OP metabolite found in 

the urine of all children was used (DMP). 

Procedure 

All children's parents were sent a letter (Appendix C) for invitation to participate 

in this project and a fbilow-up phone call was conducted to ensure receipt of the letter 

and to enroll participants if they expressed interest. If parents agreed to participate, an 

appointment for a home visit was scheduled. 

Home Visit. During the home visit, consent forms (Appendix D) were given to the 

parent or guardian for his or her signature, and the interview was conducted. During the 

same visit, the CBCL was completed by the parent. In addition, the specimen cup for a 

first-void urine sample and directions for its collection were delivered. The research 

consent form also included parental or guardian permission to visit their child at school 

during school hours for cognitive assessment. The child was informed of the researcher's 

visit to his or her school the following day and the child's assent was obtained (Appendix 

E) according to the guidelines for protecting study volunteers in research (Dunn & 

Chadwick, 1999). First-void urine samples were collected the day of the cognitive 

assessment as agreed with the parent. 
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School Visit. Children were visited for cognitive assessment at their schools with 

parental and school permission (Appendix F). They were asked to go to a different room 

assigned by the school to complete the WISC-IIl SF, the CMS, the WCST and the TMTA 

and TMTB. If children had not provided assent during the home visit, assent was 

obtained at this time. To reduce exhaustion, a 5-10 minute break was given between the 

administration of tests. When a school visit was not possible due to scheduling conflicts, 

specific parental request, or school refusal to participate, a second home visit was 

conducted to complete the cognitive assessment. Teachers of participating children were 

given a consent form (Appendix G) and the TRF to complete. 

Data Analyses 

The present research project is consistent with the pre-expcrimental design "static 

group comparison" discussed by Campbell and Stanley (1966), in which a group that has 

experienced "X" (OP pesticide Exposure) is compared with one which has not 

experienced "X" (OP pesticide Non-Exposure) for the purpose of establishing the effects 

of "X" (OP pesticides Exposure) on various dependent measures. It is considered pre-

experimental due to the lack of randomization. 

Given that several measures were obtained from each of the groups, and 

randomization was not used in this project, in-tact groups were compared (Kachigan, 

1986). Multivariate Analysis of Variance (MANOVA) in which the effects of one 

predictor (i.e., exposure to OP pesticides) on many criterion variables (e.g., WlSC-111 SF, 

Memory, Attention, Processing Speed, CBCL) was used according to Kachigan (1986). 

In addition, a series of Pearson correlations between the levels of OP pesticides residual 
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found in the urine the day of cognitive assessment and various cognitive functioning 

scores were conducted. A statistical significance level ofp < .05 was set for all statistical 

analyses. 
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CHAPTER 4 

RESULTS 

This chaplcr presents the results of the data analyses conducted to address the 

stated hypotheses and answer the general research question: Does exposure to OP 

pesticides affect the cognitive and behavioral functioning of Hispanic children living in 

agricultural areas? Different types of analyses were conducted. The descriptive 

characteristics of the sample as well as other demographic data are first presented. The 

data were analyzed using a multivariate analysis of variance (MANOVA). This technique 

is used to detennine whether there are main and interaction effects of categorical 

variables on multiple dependent variables. MANOVA uses one or more categorical 

independents as predictor variables when there is more than one criterion variable 

(Kachigan, 1986). In addition, a series of correlations are presented between the cognitive 

measures and the concentrations of OP metabolites on the day of cognitive assessment. 

Demographic Characteristics of the Sample 

The demographic characteristics are presented in Table 3.1. The sample consisted 

of 48 children with data collected from each child as well as from his/her parents and 

teachers. There were 25 children in the Exposed group and 23 children in the Non-

Exposed group. The Exposed group consisted of 14 females (56%) and 11 males (44%); 

and the Non-Exposed group consisted of 12 females (52%) and 11 males (48%). 

Regarding the school grade of the participants, the Exposed group consisted of 8 children 

(32%) in kindergarten and first grade, 9 in second grade (36%), and 8 in third grade 

(32%). The Non-Exposed group consisted of 4 children (17%) in kindergarten and first 
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grade, 9 in second grade (39%), and 10 in third grade (44%). In relation to the language 

of the participants, in the Exposed group 25 children (100%) learned Spanish as their first 

language, but only 18 (72%) indicated that Spanish was their preferred language. In the 

Non-Exposed group 22 children (96%) learned Spanish as their first language and one 

(4%) reported to have learned both Spanish and English as her first languages; however, 

only 16 children (70%) indicated that Spanish was their preferred language, one (4%) 

preferred English and 6 (26%) preferred both languages. The average grade point average 

(GPA) of the children in both the Exposed and Non-Exposed groups was 3.0 on a 1.0 to 

4.0 grading system. 

Regarding the characteristics of the families of the present study, the Exposed 

group included 19 2-parent families (76%) versus 21 such families (91 %) in the Non-

Exposed group. The average number of family members in both the Exposed and Non-

Exposed groups was five. In addition, the modal annual reported income category for the 

Exposed group was in the SI0,000-$ 19,000 range compared to the $20,000-$29,000 

range for the Non-Exposed group. In relation to the number of years of education of each 

parent, the mothers of children in the Exposed group had an average of 10 years of school 

completed compared to 12 for the mothers in the Non-Exposed group. The fathers of 

children in the Exposed group had an average of 9 years of school completed versus 12 

years for the fathers in the Non-Exposed group. 

With respect to the number of people living in the house that were farm-workers, 

the data showed that there was an average of one person in each of the Exposed and Non-

Exposed groups. In addition, there was an average of one other person in each group who 
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was also living in the house and who was in contact with pesticides but who were not 

farm-workers (e.g. produce packers). 

The results of the MANOVA on some of the above demographic variables 

revealed that fathers' years of education was the only variable showing a significant 

difference (p < .05 ), namely, fathers in the Exposed group had significantly less number 

of years of education than the fathers in the Non-Exposed groups. F (1, 42 ) - 11.45, p = 

.002. 

Cognitive Functioning 

In this section, a series of M ANOVAs were conducted to determine the effects of 

exposure on the different cognitive measures used in this project (Figure 4.1). Because 

grade level is an important developmental factor and might be related to children's 

performance on some of the cognitive measures (e.g., WCST, TMTA, and TMTB), it was 

also included in the present analyses. 

MANOVA for the WISC-IlI SF subtests and the deviation quotient (Tables 4.1 

and 4.2) showed that there were no significant effects for Exposure F{5, 36) = .58,p = 

.71; Grade Level F{ 10, 72) = 1.14,/? = .34; or the interaction of these two variables F(10, 

72) = .48,/;-.89. 

With regard to the Children's Memory Scale (CMS) (Tables 4.3 and 4.4), the 

MANOVA indicated that there were no significant effects for Exposure, F(8, 33) = .822, 

p = .53 and Grade Level, F(16, 66) = .181,/? = .18. However, there was a significant 

effect for the interaction of Exposure and Grade Level, F( 16, 66) = 1.79, p = .05, 

indicating that children in the Exposed group in 2"'' grade had higher scores in the 
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Learning scale of the CMS than children in the Exposed group in 3"^ grade. Univariate 

analyses for the Attention and Concentration Index indicated that there were no 

significant differences between Exposed and Non-Exposed groups, F( 1, 40) = .229, p = 

.63; and between Grade Levels, F{2, 40) = 1.12, p = .07. 
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Figure 4.1 

Sum of OP metabolite concentrations found in the urinary sample of Exposed and Non-

Exposed children at the time each group was formed based on urinary results in 1998-

2000. 
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Table 4.1 

Wechsler Intelligence Scale for Children-Third Edition Short Form (WISC-III SF) Mean 

Scores by Exposed and Non-Exposed Groups 

Exposed 
« = 24 

Non-Exposed 
n - 22 

WISC-III Subtest 

Picture Completion 

Coding 

Similarities 

Arithmetic 

S>'mbol Search 

Deviation Quotient 

Mean (SD) 

8.63 (2.42) 

10.71 (2.45) 

7.63 (2.91) 

9.75 (3.66) 

12.46 (3.29) 

95.73 (14.03) 

Mean (SD) 

8.82 (3.26) 

12.23 (4.34) 

7.50 (3.51) 

9.50 (3.44) 

11.86 (3.77) 

96.27 (17.87) 
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Table 4.2 

Wcchsler Intelligence Scale for Children-Third Edition Short Form (WISC-III SF) Mean 

Scores by School Grade 

WISC-III Subtest 

K & First 
Grade 
« = 11 

Mean (SD) 

Second 
Grade 
« = 18 

Mean (SD) 

Third 
Grade 
n = 18 

Mean (SD) 

Picture Completion 7.82 (2.08) 9.78 (2.49) 8.06 (3.15) 

Coding 12.09 (3.14) 11.22 (3.99) 11.22 (3.30) 

Similarities 7.82 (3.60) 8.61 (2.59) 6.06 (3.26) 

Arithmetic 9.45 (3.04) 11 (3.02) 12.94 (2.66) 

Symbol Search 13.09 (3.50) 12.94 (2.66) 10.72 (3.87) 

Deviation Quotient 95.92(13.01) 102.44 (10.75) 89.20(19.33) 
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Table 4.3 

Children's Memory Scale (CMS) Mean Scores by Exposed and Non-Exposed Groups 

Exposed 
« - 23 

Non-Exposed 
n = 23 

General Memory 

Visual Memory Immediate 

Visual Memory Delayed 

Verbal Memory Immediate 

Verbal Memory Delayed 

Attention and Concentration 

Learning 

Delayed Recognition 

Mean (SD) 

97.00(15.86) 

103.61 (14.26) 

106.57(15.31) 

86.96(16.13) 

92.87 (17.60) 

87.61 (12.14) 

90.96 (14.59) 

92.91 (13.83) 

Mean (SD) 

97.43 (17.88) 

102.09 (11.91) 

103.91 (12.43) 

91.00(19.00) 

94.35 (21.95) 

88.61 (16.69) 

93.17 (13.24) 

91.96 (18.72) 
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Table 4.4 

Children's Memory Scale (CMS) Mean Scores by School Grade 

K & First 
Grade 
« = 11 

Second 
Grade 
H = 18 

Third 
Grade 
n = 18 

General Memory 

Visual Memory 

Immediate 

Visual Memory 

Delayed 

Verbal Memory 

Immediate 

Verbal Memory 

Delayed 

Attention and Concentration 

Learning 

Delayed Recognition 

Mean (SD) Mean (SD) Mean (SD) 

98.18 (15.39) 102.50(14.08) 

104.45 (15.10) 103.22 (12.89) 

91.00 (18.80) 

101.41 (12.38) 

102.73 (18) 106.61 (12.22) 105.41 (13.12) 

90.18 (15.40) 96.28 (14.61) 80.47 (18.79) 

95.27 (23.12) 98.78 (13.87) 87.06 (21.77) 

87.09 (12.05) 94.11 (15.63) 82.41 (13.02) 

93.18 (13.17) 97.28 (11.94) 85.82 (14.30) 

92.09 (14.04) 97.00 (15.78) 87.82 (17.65) 



57 

In relation to the Trail Making Test A (TMTA) (Tables 4.5 and 4.7), the results 

of the MANOVA showed that there were no significant effects for Exposure, F{2, 39) = 

.03,= .52; but there were significant effects for Grade Level, F{4, 78) = 2.78,p = .03, 

indicating that children in 3"^ grade took less time than children in 2'"' grade and children 

in kindergarten and 1^' grades. Furthermore, there were no significant effects for the 

interaction of these two variables F(4, 78 ) = 1.29, p = .27. 

Regarding the Trail Making Test B (TMTB) (Tables 4.6 and 4.8), the results of 

the MANOV.A showed that there were significant effects for Exposure. F{2, 37) = 4.51, p 

= .01, indicating that children in the Exposed group took more time to complete the 

TMTB. MANOVA also showed a significant effect for Grade Level, F{4, 74) = 4.51, p = 

.00, with children in kindergarten and l" grades taking longer to complete the TMTB 

and, as with 2"'' graders, they also made more errors. Finally, MANOVA indicated a 

significant effect for the interaction of Exposure by Grade Level on the number of errors 

of the TMTB, F{4, 74) = 2.49, p = .05. Using Tukey's HSD Post-Hoc test with alpha = 

.05, Exposed children in kindergarten and 1®' grades made significantly more errors (M = 

7.80) than Non-Exposed children in kindergarten and 1^' grades (M = 3.25), 2'"' grade (M 

= 3.00), and 3"' grade (M= 1.89). There were no other significant paired comparisons. 

Regarding the WCST (Tables 4.9 and 4.10), the results of the MANOVA showed 

that there were no significant effects for Exposure, F(10, 31) = 1.02,/? = .44; Grade Level 

F(20, 62) = 1.59, p = .08; or the interaction of these two variables, F(20, 62) = 1.61,/? = 

.07. 
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Table 4.5 

Trail Making Tests A (TMTA) Mean Scores by Exposed and Non-Exposed Groups 

Exposed Non-Exposed 
n = 24 n - 22 

Mean (SD) Mean (SD) 

Seconds TMTA 

Errors TMTA 

116.63 (70.99) 104.50 (29.65) 

.83 (2.63) .59 (.85) 
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Table 4.6 

Trail Making Tests B (TMTB) Mean Scores by Exposed and Non-Exposed Groups 

Exposed Non-Exposed 
n - 22 n 22 

Mean (SD) Mean (SD) 

Seconds TMTB 276.59 (128.77)* 203.86 (68.56)* 

Errors TMTB 3.05 (3.37) 2.59 (2.48) 

* p <  .05 
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Table 4.7 

Trail Making Tests A (TMTA) Mean Scores by School Grade 

K & First Second Third 
« = 11 n = 18 w = 17 

Mean (SD) Mean (SD) Mean (SD) 

Seconds TMTA 140.82 (98.26)* 113.61 (28.97)* 88.47 (20.49)* 

Errors TMTA 1.45 (3.85) .56 (.70) .41 (.79) 

* p< .05 
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Table 4.8 

Trail Making Tests B (TMTB) Mean Scores by School Grade 

K & First Second Third 
n - 9 n = 18 « = 17 

Mean (SD) Mean (SD) Mean (SD) 

Seconds TMTB 317.89(161.49)* 247.22 (85.09) 191.70 (69.91)* 

Errors TMTB 5.78 (4.05)* 2.56 (2.38)* 1.53 (1.46)* 

*p < .05 
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Table 4.9 

Wisconsin Card Sorting Test (WCST) Mean Scores by Exposed and Non-Exposed 

Groups 

Exposed 
n - 23 

Non-Exposed 
n = 23 

Mean (SD) Mean (SD) 

Trials Administered 124.87 (9.26) 125.17(7.09) 

Number Correct 64.70 (15.06) 65.91 (19.28) 

Number of Errors 85.48 (11.50) 86.35 (12.46) 

Perseverative Responses 85.39 (14.92) 89.13 (14.91) 

Perseverative Errors 84.30 (14.74) 86.26 (15.37) 

Non-perseverative Errors 95.57 (16.71) 93.87(16.75) 

Percent Conceptual Responses 86.30 (12.59) 86.39(12.60) 

Categories Completed 3.65 (1.87) 3.43 (2.25) 

Trials to Complete First Category 38.83 (39.71) 41.39 (45.35) 

Failure to Maintain Set .57 (1.037) 1.30(1.295) 
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Table 4.10 

Wisconsin Card Sorting Test (WCST) Mean Scores by School Grade 

K & First 
Grade 
n = 10 

Second 
Grade 
ra = 18 

Third 
Grade 
/ / -  1 8  

Mean (SD) Mean (SD) Mean (SD) 

Trials Administered 128 (0) 126 (3.99) 121.50(12.39) 

Number Correct 54.70(16.11) 64.94(16.75) 71.56(15.81) 

Number of Errors 79.60 (8.03) 84.28 (10.32) 91.06 (13.33) 

Perscverativc Responses 80.40 (17.44) 88 (11.80) 90.33 (14.82) 

Perseverative Errors 74.90(15.37) 86.22 (12.09) 90.11 (15.14) 

Non-perseverative Errors 102.10(19.77) 90.39(18.35) 94.94(11.45) 

Percent Conceptual Responses 79.20 (8.56) 85.56 (1 1.37) 91.11 (13.70) 

Categories Completed 2.60 (1.95) 3.44 (2.09) 4.17(1.94) 

Trials to Complete First 

Category 51.60 (52.42) 41.22 (42.83) 32.61 (35.76) 

Failure to Maintain Set .40 (.96) .89(1.18) 1.28 (1.32) 
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Behavioral Functioning 

MANOVA for the CBCL competence scales (Tables 4.11 and 4.12) showed that 

there were no significant effects for Exposure, F(4,39) = .488, = .73; Grade Level, 

F(8,78) = 1.45, p = .18; or the interaction of these two variables, F(8, 78) = 1.0l,p ==.43. 

Similarly, for the adaptive functioning scores of the Teacher Report Form (TRF) (Tables 

4.13 and 4.14) there were no significant effects for Exposure, F(6, 33) = .47, p .82; 

Grade Level, F(12, 66) = .62,/; =.81; or the interaction of these two variables F(I2, 66) = 

.52,/; = .88). 

Regarding the Syndrome Scales (Tables 4.11 and 4.12), the MANOVA for the 

CBCL indicated that there were no significant effects for Exposure, F(8, 35) = .45,/; = 

1.01, Grade Level, F( 16,70) = .82,/; = .65; or the interaction of these two variables, F(16, 

70) = 1.01,/; = .45. With regard to the Teacher Report Form (TRF) Syndrome Scales 

(Tables 4.13 and 4.14), there were no significant effects for Exposure, F( 10, 29) = .70, p 

= .71, Grade Level, F(20, 58) = .67, p =.83; or the interaction of these two variables, 

F(20, 58) = .90,/; = .57. 

For the Internalizing Problems, Externalizing Problems and Total Score of the 

CBCL (Tables 4.11 and 4.12), the MANOVA showed that there were no significant 

effects for Exposure, F(3, 40) = .40, /; = .75; Grade Level, F(6, 80) = 1.01,/; = .42; or the 

interaction of these two variables F(6, 80) = .78,/; = .58. In a similar way, the MANOVA 

for the same scales of the TRF (Tables 4.13 and 4.14), revealed that there were no 

significant effects for Exposure, F(3, 36) = 1.36, p = .26; Grade Level, F(6. 72) = 1.14,/; 

= .34; or the interaction of these two variables, F(6, 72) = .76, p = .60. 
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Table 4.11 

Child Behavior Checklist (CBCL) Mean Scores by Exposed and Non-Exposed Groups 

Exposed 
n = 25 

No n-Ex posed 
« = 23 

Competence Scales 

Activities 

Social 

School 

Total 

Syndrome Scales 

Anxious/Depressed 

Withdrawn/Depressed 

Somatic Complaints 

Social Problems 

Thought Problems 

Attention Problems 

Rule-Breaking Behavior 

Aggressive Behavior 

Internal Problems 

External Problems 

Total 

Mean (SD) 

9.44 (2.08) 

7.02 (1.74) 

4.74 (.96) 

21.20 (3.27) 

3.44 (2.6) 

1.84 (2.58) 

1.64(1.93) 

2.84(1.93) 

2.12 (3.04) 

4.24 (3.14) 

2.48 (1.75) 

6.32(3.31) 

6.92 (5.44) 

8.68 (4.87) 

28.72 (14.24) 

Mean (SD) 

9.08 (1.93) 

7.31 (1.52) 

4.58(1.13) 

20.99 (3.68) 

3.78 (3.21) 

1.09(1.80) 

2.09(1.95) 

2.48 (2.44) 

2.13 (2.30) 

4.70 (3.48) 

1.91(1.90) 

5.70 (5.07) 

6.96 (5.80) 

7.61 (6.47) 

28.61 (19.00) 
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Table 4.12 

Child Behavior Checklist (CBCL) Mean Scores by School Grade 

K & First 
Grade 
n = 12 

Second 
Grade 
n = 18 

Third 
Grade 
n - 18 

Mean (SD) Mean (SD) Mean (SD) 

Competence Scales 

Activities 8.70 (2.76) 9.97(1.61) 8.94(1.62) 

Social 6.20(1.88) 7.61 (1.44) 7.35 (1.45) 

School 4.58 (1.08) 4.91 (.73) 4.47 (1.26) 

Total 37.83 (7.55) 44.27 (7.29) 40.38 (8.03) 

Syndrome Scales 

Anxious/Depressed 3.08 (3.98) 3.67 (2.95) 3.89(1.96) 

Withdrawn/Depressed 2 (3.04) 1 (1.78) 1.61 (2) 

Somatic Complaints 1.33 (2.92) 2.28 (1.99) 2.89(1.90) 

Social Problems 2.92 (2.84) 2.28 (1.99) 2.89(1.90) 

Thought Problems 3.25 (4.47) 1.72(1.80) 1.78 (1.59) 

Attention Problems 5.17(4.68) 3.94 (2.04) 4.50 (3.27) 

Rule-Breaking 3.08 (2.06) 1.78 (1.59) 2.06(1.79) 

Behavior 
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Table 4.12 (continued) 

Syndrome Scales (continued) 

Aggressive Behavior 

Internal Problems 

External Problems 

Total 

K & First 
Grade 
n - 12 

Mean (SD) 

7.58 (4.87) 

50.92 (11.92) 

57.58 (8.24) 

55.17(9.45) 

Second 
Grade 
« =  1 8  

Mean (SD) 

5.28 (4.05) 

51.33 (9.82) 

52.33 (8.79) 

52 (7.38) 

Third 
Grade 
n = 18 

Mean (SD) 

5.72 (3.86) 

55.78 (6.75) 

53.72 (7.76) 

54.06 (6.99) 
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Table 4.13 

Teacher Report Form (TRF) Mean Scores by Exposed and Non-Exposed Groups 

Exposed 
fi = 24 

Non-Exposed 
n =20 

Adaptive Functioning 

Academic Performance 

Working Hard 

Behaving Appropriately 

Learning 

Happy 

Sum 

Syndrome Scales 

Anxious/Depressed 

Withdrawn/Depressed 

Somatic Complaints 

Social Problems 

Thought Problems 

Inattention 

Hyperactivity-Impulsivity 

Attention Problems 

Mean (SD) 

2.63 (1.00) 

3.91 (1.79) 

4.16(1.55) 

3.91 (1.81) 

4.41 (1.17) 

16.41 (5.64) 

2.29 (3.05) 

] .25 (2.23) 

.25 (.89) 

1.00(1.97) 

.75 (1.72) 

5.54 (6.65) 

3.92 (5.56) 

9.46 (10.74) 

Mean (SD) 

2.75 (.78) 

4.05 (1.43) 

4.20 (2.04) 

4.35 (1.81) 

4.80(1.23) 

17.37 (5.77) 

2.45 (3.01) 

1.20 (1.85) 

.90(1.25) 

1.45 (2.18) 

.95 (1.50) 

6.0 (6.9) 

5.05 (6.26) 

10.55 (12.11) 
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Table 4.13 (continued) 

Exposed 
n = 2A 

Non-Exposed 
n =•- 20 

Syndrome Scales (continued) 

Rule-Breaking Behavior 

Aggressive Behavior 

Internal Problems 

External Problems 

Total 

Mean (SD) 

1.17(2.29) 

3.42 (6.43) 

48.21 (9.78) 

50.87 (10.43) 

48.25 (12.15) 

Mean (SD) 

1.35 (2.27) 

4.15 (7.06) 

50.85 (9.39) 

51.30 (9.98) 

52.00 (9.67) 
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Table 4.14 

Teacher Report Form (TRF) Mean Scores by School Grade 

K & First 
Grade 
« = 12 

Second 
Grade 
n = 18 

Mean (SD) Mean (SD) 

Adaptive Functioning 

Third 
Grade 
« = 18 

Mean (SD) 

Academic Performance 2.51 (.77) 2.95 (.76) 2.49 (1.08) 

Working Hard 3.10(1.79) 4.38 (1.24) 4.06(1.76) 

Behaving 3.30 (1.70) 4.38 (1.57) 4.50 (1.93) 

Appropriately 

Learning 3.60 (1.64) 4.55 (1.42) 3.93 (2.23) 

Happy 4(1.05) 4.72 (1.01) 4.81 (1.42) 

Sum 14 (5.47) 18.05 (4.53) 17.28 (6.57) 

>me Scales 

Anxious/Depressed 2.60 (3.30) 1.50 (2.43) 3.19(3.31) 

Withdrawn/Depressed 1.70 (2.40) .61 (1.68) 1.62(2.12) 

Somatic Complaints .50(1.26) .50(1.20) .63 (.95) 

Social Problems 1.90 (2.64) .83 (1.58) 1.19(2.16) 

Thought Problems 1.70 (2.45) .33 (.76) .88 (1.54) 

Inattention 8(7.16) 3 (4.35) 7.44 (7.79) 
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Table 4.14 (continued) 

Syndrome Scales (cont.) 

Hyperactivity-

Impulsivity 

Attention Problems 

Rule-Breaking 

Behavior 

Aggressive Behavior 

Internal Problems 

External Problems 

Total 

K & First 
Grade 
n = 12 

Mean (SD) 

7.10(7.60) 

15.10(12.88) 

2.30 (3.30) 

7.40 (9) 

50.50 (10.94) 

55.40(13.56) 

53.60 (14.22) 

Second 
Grade 
n = 18 

Mean (SD) 

3.50 (4.76) 

5.94 (8.61) 

.67 (1.57) 

2.17(3.97) 

46.17(9.01) 

47.56 (7.89) 

45.17 (9.23) 

Third 
Grade 
/ / =  1 8  

Mean (SD) 

3.81(5.6) 

11.25 (11.88) 

1.25 (2.04) 

3.25 (6.95) 

52.38 (8.77) 

52.31 (9.11) 

53.06 (9.52) 
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Concentration of Organophosphate (OP) Pesticide Metabolite and Cognitive 

Functioning 

The following section shows the correlations between the urinary OP pesticide 

concentration on the day of cognitive assessment and children's respective cognitive 

measures. The sum of OP pesticide metabolite concentrations are shown in Figure 4.2 in 

order to demonstrate the range of concentration levels used for this analysis. Behavioral 

measures were not included in these analyses because they represent assessment of the 

children up to six months and are not only representative of the day of cognitive 

assessment. 

Results of the OP metabolites analysis indicated that 100% of the children had 

DMP levels {M= 37.03) above the 95*^ percentile of national norms (A/ = 21.7) according 

to the National Health and Nutrition Examination Survey (NHANES, Department of 

Health and Human Services [DHHS], 2003). Due to the small number of samples with 

OP metabolites other than DMP, they were not compared to national norms. 

Regarding the cognitive assessments, there was no significant correlation (p< .05) 

between the concentration of OP metabolites found in the urine of children the day of the 

cognitive assessment and their respective performance on the WISC-III SF, the CMS, the 

TMTA, and the TMTB. However, there was a significant correlation between the 

concentration of OP metabolites the day of the cognitive assessment and the perfomiance 

of children on some of the measures of the WCST. Specifically, there were significant 

positive correlations between the OP metabolite concentration and the total Number of 

Errors made, r - .31,/> = .03; the Number of Perseverative Responses, r = .34, p = .01; 
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the Number of Perseverative Errors, r - .35, p = .01; the Conceptual Level Responses 

provided, r — .38, p - .01; and, the Failure to Maintain Set, r = .38,p = .02. (The range 

of correlations for the WCST, whether they were statistically significant or not, was from 

r = -.19,j9 = .19 on the Number of Trials Administered, to r == .38,/? = .01 on the 

Conceptual Level Responses). 
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Figure 4.2 

Sum of OP metabolite concentrations found in the children's urine the day of cognitive 

assessment. 
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As can be seen in Figure 4.2, all children, independent of being in either the 

Exposed or Non-Exposed group, had at least a detectable level of OP metabolite in their 

urine on the day of cognitive assessment. Because the OP metabolite levels of child 

number 16 and child number 36 were observed to skew the distribution, they were 

omitted from supplementary analyses. When the values of these two children were 

removed, it was found that children in the Exposed group had significantly higher 

concentrations of OP metabolite than children in the Non-Exposed group (Figure 4.3). 

F(l,44)=15.83, J? = .00. However, when the correlations were conducted using this new 

distribution, there were no significant correlations between the OP metabolite 

concentration levels on the day of cognitive assessment and the children's performance 

on the cognitive measures used in the present study. 

Given that all children had at least a detectable level of OP metabolite 

concentration on the day of cognitive assessment, this sample distribution of the OP 

metabolite concentrations was reconfigured into two new groups: High (highest 24 

ranked-ordered values) and Low (lowest 24 ranked-order values). MANOVAs were 

conducted using these two groups for all the cognitive measures. To be consistent with 

the analysis of Exposed vs. Non-Exposed groups. Grade Level was also included. There 

were no significant effects {p < .05) for level of OP metabolite concentration (High or 

Low) on the WlSC-lll, the CMS, the TMTA, the TMTB, and the WCST, F(4, 35) = 1.64. 

p = .18. In addition, there were no significant effects for Grade Level on the time taken to 

complete both the TMTA and TMTB and the number of errors made on both trails, F(8, 
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70) = 1.58, p = .14. There were no significant effects for the interaction of level of OP 

metabolite and Grade Level, F(8, 70) = .63, p = .75. 
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Figure 4.3 

Sum of OP metabolite concentrations after values for children 16 and 36 were removed. 

The Exposed group had significantly {p < .05) higher concentrations of OP metabolite 

than children in the Non-Exposed group. 
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CHAPTER 5 

DISCUSSION 

This chapter summarizes and discusses the results of the present study. In 

addition, the limitations of the study as well as suggestions for future research are 

addressed. 

The purpose of the present study was to assess the effects of OP pesticide 

exposure on the cognitive and behavioral functioning of Hispanic children living in a 

rural agricultural community. Research investigating the effects of OP pesticides with 

acutely exposed adults has indicated deficits in such cognitive areas as memory, 

attention, comprehension, abstract reasoning, intellectual functioning, academic skills, 

abstraction and flexibility of thinking, verbal attention, visual attention, visual-motor 

speed, sequencing and problem solving, and motor steadiness (e.g., Steenland et al. 1994; 

Savage et al. 1988; Rosenstock et al. 1991). In the behavioral areas, effects have also 

been reported involving increased anxiety, changes in mood, and attentional problems (e. 

g., Rosenstock. et al., 1990; Ames et al., 1995; Maizlish et al., 1987; Savage et al., 1988; 

Rosenstock et al, 1991; Steenland et al., 1994; Stephens et al., 1995). Very little 

research, however, has been conducted with children who have been acutely exposed to 

OP pesticides or to the long-term exposure of low levels of OP pesticides. 

In contrast to the findings in the adult literature, the present results showed that 

exposure to OP pesticides does not appear to have a deleterious effect on children's 

cognitive and behavioral functioning. Specifically with respect to the perfonnance of 

participants on the WlSC-III SF test the results indicated that children in the Exposed 
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group did not perform significantly different than the Non-Exposed children on measures 

of visual discrimination, visual-motor coordination, speed, abstract reasoning, attention 

and concentration, and numerical reasoning. Furthermore, there was no significant 

correlation between the concentration of OP pesticide metabolites found in the urine of 

children on the day of the cognitive assessment and their respective performance on these 

cognitive measures. When all children were divided into two groups based on the OP 

metabolite concentration levels on the day of cognitive assessment (High and Low), there 

were also no significant differences observed between these two groups on their 

performance on any of the WlSC-Ill SF subtests. 

On the CMS it was also found that there were no significant differences between 

Exposed and Non-Exposed groups, indicating that children in the Exposed group did not 

perform any differently than Non-Exposed children on measures of visual memory, 

verbal memory, attention and concentration, and learning. This finding is also in contrast 

to previous research findings where memory has been found to be one of the cognitive 

areas directly affected in adults exposed to OP pesticides (Maizlish et al. 1987). In 

addition, there was no significant correlation between the concentration of OP pesticide 

metabolites found in the urine of children on the day of the cognitive assessment and 

their respective performance on the CMS subtests and the general memory score. 

However, there was a significant effect for the interaction of Exposure and Grade Level, 

indicating that children in the Exposed group in 2"^ grade had higher scores in the 

Learning scale of the CMS than children in the Exposed group in 3'"'' grade. This suggests 

that negative effects of OP pesticides exposure on leaming characteristics might be 



observed when children are older. Thus, the findings associated with the CMS deserve 

further investigation. When all children were divided into two groups based on the OP 

pesticide metabolite concentration levels of the day of cognitive assessment (High and 

Low), there were also no significant differences observed between these two groups on 

their performance of the CMS. 

In relation to the Trail Making Test A (TMTA), there were no significant 

differences in the time and number of errors made between the Exposed and Non-

Exposed groups. A significant difference was found, however, in Grade Level, indicating 

that children in 3''^ grade took less time to complete the TMTA than children in 2"'^ grade 

and children in kindergarten and 1®' grades. Moreover, there were no significant effects 

for the interaction of these two variables. 

Regarding the Trail Making Test B (TMTB) there were significant differences 

between the Exposed and Non-Exposed groups on the time to complete the TMTB, 

indicating that children in the Exposed group took more time than children in the Non-

Exposed group. There were also significant differences between Grade Levels with 

children in kindergarten and I®' g^-ades taking longer to complete the test and niaking 

more errors than children in the 3'''' grade. In addition, children in 2"'^ grade made more 

errors than children in 3"^'' grade. Furthennore, there was a significant effect for the 

interaction of Exposure and Grade Level on the number of errors of the TMTB. 

Specifically, results indicate that Exposed children in kindergarten and 1®' grades made 

greater number of errors than Non-Exposed children in the three grade levels. This 

suggests that short-term Exposure may affect speed of attention, sequencing, mental 
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flexibility, visual search, and motor functioning in younger children. Moreover, 

consistent with the normal child development literature (e.g., Rosser, 1994), these 

findings suggests that the older children performed better than the younger children on 

measures such as the TMTA and TMTB. In addition, no significant correlation was found 

between the concentration of OP pesticides metabolites in the urine of children on the day 

of the cognitive assessment and their respective performance on the TMTA and TMTB 

tests. Moreover, when all children were divided into two groups based on the OP 

pesticide metabolite concentration levels of the day of cognitive assessment (High and 

Low), there were no significant differences observed between these two groups in their 

perfonnance on the TMTA and TMTB tests, and no Grade Level effects were observed. 

With respect to the WCST, no significant differences were found between the 

Exposed and Non-Exposed groups or Grade Levels. Significant positive correlations, 

however, were found between the OP pesticide concentrations on the day of the cognitive 

assessment and children's respective performance on measures of the WCST, suggesting 

that OP pesticide exposure might have a negative effect on some cognitive functions 

assessed by the WCST. Specifically, these results may indicate that OP pesticides levels 

are related to children's inflexibility of thinking. In particular, the dependent measures 

assessing concept formation and conceptual flexibility as well as those measuring failure 

to maintain a set (Heaton, Chelune, Talley, Kay, & Curtis, 1993; Lezak, 1995) were each 

significantly correlated with OP pesticide concentration levels. The dependent measure 

associated with insight into the correct sorting principles (Spreen & Strauss, 1998), 

however, showed a significant correlation in the opposite direction than hypothesized, 
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suggesting that the higher the levels of OP pesticide concentration the better the 

performance in this area. This latter finding is consistent with those reported by Ames et 

al. (1995) involving adult participants, in which OP pesticides was related to better 

performances on various neuropsychological instruments. It would seem, therefore, that 

the findings associated with the WCST deserve further study, especially given the fact 

that when the correlations were recalculated using a distribution without the two outliers 

described earlier, none of the aforementioned correlations were found to be significant. 

Moreover, when all children were divided into two groups based on the OP pesticide 

concentration levels on the day of cognitive assessment (High and Low), no significant 

differences were found between the groups on their performance on the WCST. 

Regarding the CBCL and the TRF, results indicated that there were no significant 

differences on the Competence Scales, Syndrome Scales, and Externalizing and 

Internalizing Problems between the Exposed and Non-Exposed groups and between 

Grade Levels. This suggests that exposure to OP pesticides docs not appear to have a 

harmful effect on children's behavioral functioning. 

In summary, the results of the present study indicated that there were no 

significant differences between Exposed and Non-Exposed children on their respective 

cognitive and behavioral functioning across Grade Levels. 

Limitations of the study and suggestions for future research 

The are some potential limitations to the present study. The first one is related to 

the number of children participating. Recruiting children and families to participate in 

this type of study requires time and effort, which directly translates into amount of funds 
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available. The sample participating in this study was drawn from a larger study, but the 

number of identified Exposed children was relatively small. Only about 30% of all 

participants in the larger study were identified as having a high level of OP pesticide 

residual (O'Rourke et al. 2000). This limitation is also related to the current limited state 

of knowledge in the area of OP pesticide exposure assessment in children. In most cases 

children's exposure is assumed, either because children live very close to agricultural 

fields or because they are children of farm workers. To date, assessment of OP pesticide 

exposure using urinary biomarkers seems to be the best method available. However, this 

method has the limitation of only providing information about the exposure occurring 24-

48 hours prior to the collection of the urine sample. Given that the community in which 

this study took place has been mainly agricultural for the past 30 years and is heavily 

farmed year round, cumulative exposures cannot be assessed by this urinary biomarker 

method. The methods necessary to assess long-term exposures still need to be developed. 

Issues regarding accurate characterization of children's exposure to pesticides are 

currently being addressed by research in the area of children's exposure assessment (e.g., 

Needham & Sexton, 2000; Hubal, Sheldon, Zufall, Burke, & Thomas, 2000b; Fenske et 

al., 2000). 

Although the number of participants in the present study was small, it is important 

to note that the only other available study (Guillette et al. 1998) evaluating the 

differences of exposed and non-exposed children also included a small number of 

participants. This suggests that research in this area is just beginning and that the data 
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generated by the present study can help in the generation of new hypotheses and better 

methodologies. 

A, second limitation might be found in the use of standardized cognitive and 

behavioral dependent measures. Although standardization of these measures includes 

Hispanic children in their respective norms, the language of evaluation is not reported 

and one can only assume that the sample included has a Hispanic background but are 

mostly English speakers. The children participating in the present study were mainly 

Spanish speakers and Spanish translations were used when necessary. To control for 

translation variability, the same instructions, list of words, and directions were used each 

time Spanish was the child's preferred language. 

A third limitation relates to the specific cognitive and behavioral measures used in 

this study. The measures were selected based on the frequency with which they have 

been used in studies involving adult populations. However, they may not be the most 

sensitive (or appropriate) ones in detecting differences in the cognitive and behavioral 

functioning of children living in an agricultural community. This also deserves further 

investigation. 

A fourth limitation involves the difficulty in identifying a "true" Non-Exposed 

group within the same rural agricultural community where OP pesticides are 

continuously used. Future research should include in its methodology a group of Hispanic 

children living in a non-agricultural community where OP pesticides are not used and 

thus exposure is unlikely. 
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Based on the above limitations, future research in this area should include a larger 

number of participants in each group as well as children from non-agricultural areas. 

Second, a selection of more sensitive cognitive and behavioral measures is suggested. For 

example, the WCST and the TMTA and TMTB appeared to be the best measures to 

detect differences even though some internal contradictions were observed. Thus, the use 

of measures that are empirically-based regarding the detection of neuropsychological 

differences in children is advised. Third, a better way to determine OP pesticide exposure 

is recommended. 
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APPENDIX A 

Human Subjects Protection Program's Approval 
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THE UNFVERSITY OF 

Human Subjects Protection Program 

14 January 2002 

ARIZONA. 1350 N. Vine Avenue 
P.O. Box 245137 
Tucson, AZ 85724-5137 
(520) 626-6721 

TUCSON ARIZONA 

Patricia Sanchez Lizardi 
Special Education, Rehabilitation and School Psychology 
Education, Rm 413 
PO Box 210069 

RE: BSC B02.12 EFFECTS OF PESTICIDES ON THE COGNITIVE AND BEHAVIORAL 
FUNCTIONING OF HISPANIC CHILDREN IN AGRICULTURAL AREAS 

Dear Ms. Sanchez Lizardi: 

We received your research proposal as cited above. The procedures to be followed in this study 
pose no more than minimal risk to participating subjects. Regulations issued by the U.S. 
Department of Health and Human Services [45 CFR Part 46.110(b)] authorize approval of this 
type project through the expedited review procedures, with the condition(s) that subjects' 
anonjmity be maintained. Although full Committee review is not required, a brief summary of 
the project procedures is submitted to the Committee for their endorsement and/or comment, if 
any, after administratix e approval is granted. This project is approved effective 14 January 2002 
for a period of one year. Note: Prior to subject enrollment, all Spanish translations must be 
reviewed and approved. 

The Human Subjects Committee (Institutional Review Board) of the University of Arizona has a 
current assurance of compliance, number M-1233, which is on file with the Department of 
Health and Human Sen ices and covers this activity. 

Approval is granted with the understanding that no further changes or additions will be made 
either to the procedures followed or to the consent form(s) used (copies of which we have on 
file) without the knowledge and approval of the Human Subjects Committee and your College or 
Departmental Review Committee. Any research related physical or psychological hann to any 
subject must also be reported to each committee. 

A university policy requires that all signed subject consent fonns be kept in a permanent file in 
an area designated for that purpose by the Department Head or comparable authority. This will 
assure their accessibiiit}' in the event that university officials require the information and the 
principal investigator is unavailable for some reason. 

Sincerely yours. 

Chair 
Social and Behavioral Sciences Human Subjects Committee 

TJG:tl 
cc: Departmental/College Review Committee 

http://vpr2.admi n..arirona.edu/human_subiects 
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THE UNlVERSiTYOF 

Human Subjects Proiection Program 
htjp://vpr2-admin.ari2orLa.edu/humar._subjecls 

14 January 2002 

ARIZONA. 1350 N. Vine Avenue 
P.O. Box 245137 
Tucson, AZ 85724-5137 
(520) 626-6721 

TUCSON ARIZONA 

Patricia Sanchez Lizardi 
Special Education, Rehabilitation and School Psychology 
Education, Rm 413 
PO Box 210069 

RE; BSC B02.12 EFFECTS OF PESTICIDES ON THE COGNITIVE AND BEHAVIORAL 
FUNCTIONING OF HISPANIC CHILDREN IN AGRICULTURAL AREAS 

Dear Ms. Sanchez Lizardi 

Spanish translations of recruitment material, consenting documents and study instruments for the 
above referenced project have been received and approved effective 14 January 2002. 

The Human Subjects Committee (Institutional Review Board) of the University of Arizona has a 
current assurance of compliance, number M-1233, which is on file with the Department of 
Health and Hmnan Services and covers this activity. 

Approval is granted with the understanding that no further changes or additions will be made 
either to the procedures followed or to the consent form(s) used (copies of which we have on 
file) without the knowledge and approval of the Human Subjects Committee and your College or 
Departmental Review Committee. Any research related physical or psychological harm to any 
subject must also be reported to each committee. 

A university policy requires that all signed subject consent forms be kept in a permanent file in 
an area designated for that purpose by the Department Head or comparable authority. This will 
assure their accessibility in the event that university' officials require the information and the 
principal investigator is unavailable for some reason. 

Theodore J. Glattke, Ph.D. 
Chair 
Social and Behavioral Sciences Human Subjects Committee 

TJG:tl 
cc: Departmental/College Review Committee 

SiiKgrely yours, ^ C^ 
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APPENDIX B 

Parent Interview (English and Spanish) 



90 

PARENT INTERVIEW 

We would like to ask you some questions regarding your child, his/her behavior and 

learning, and other information about him/her. Some of these questions may involve 

personal information, but please remember that all information will be kept confidential. 

Also remember that you can refuse to answer any question or stop the interview 

completely. Thank you. 

1. Child's Name: 

2. Date of Birth: Age: Grade: 

3. Weight? Height? 

4. Number of Siblings: Birth Order: 

5. Child's native language: Child's preferred language: 

6. Parents' Marital Status; S M D W Other: 

7. Mother's occupation: 

8. Mother's educational level: E MS Some HS HS Gad Some College 

College Graduate Other: 

9. Father's occupation: 

10. Father's educational level: E MS Some HS HS Gad Some College 

College Graduate Other: 

11. Number of years family has lived in this community: 

12. Number of years family has lived in this house: 
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13. Family's annual income: 

1. Less than 9,999 

2. 10,000- 19,999 

3. 20,000 29,999 

4. 30,000 - 39,999 

5. 40,000 -- 49,999 

6. 50,000 74,000 

7. 75,000 - 99,999 

8. 100,000 or more 

9. Don't Know 

10. Refuse 

14. Number of people living in this house: 

15. Number of people living in this house that work on the fields? 

16. Number of people living in this house that have contact with 

pesticides? 

17. Number of people living in this house that have contact with other chemicals (e.g., 

lead, arsenic, mercury, etc.)? 

Prenatal Information 

18. Did you have any illnesses during your pregnancy? Y N 

If yes, describe 

19. Did you have any complications during your pregnancy? Y N 

If yes, describe 
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20. Were you exposed to chemical substances during your pregnancy (e.g., lead, arsenic, 

mercury, etc.)? Y N If yes, describe 

21. Were you exposed to pesticides during your pregnancy? Y N 

If yes, to what and how long 

Perinatal Information 

22. Were there any complications during the delivery? Y N 

If yes, describe 

23. Weight at birth? Height at birth?_ 

Developmental Milestones 

24. How old was your child when he/she first hold his/her head up without 

assistance? 

25. How old was your child when he/she first sat without support? 

26. How old was your child when he/she first crawled? 

27. How old was your child when he/she first walked? 

28. How old was your child when he/she first talked? 

Illnesses and Exposures 

29. Has your child ever been diagnosed with hearing problems? Y N 

If yes, describe 

30. Has your child ever been diagnosed with having language problems? Y N 

If yes, describe 

31. Has your child ever been seriously ill? Y N 

If yes, describe 



93 

32. Has your child ever had an infectious disease (e.g., chicken pox, mumps)? Y N 

If yes, describe 

33. Has your child ever been hospitalized? Y N 

If yes, what was the reason 

34. Does your child have allergies? Y N 

35. Does your child have asthma? Y N 

36. Does your child get sick very often (more than once a month)? Y N 

If yes, describe 

37. Has your child ever been exposed to chemical substances (e.g., lead, arsenic, 

mercury, etc.)? Y N 

If yes, to what and how long 

38. Has your child ever been poisoned (treated at a hospital or by a doctor) by any of 

those substances? Y N 

39. Has your child ever been exposed to pesticides? Y N 

If yes, to what and for how long 

40. Has your child ever been poisoned (treated at a hospital or by a doctor) by pesticides? 

Y N 

41. Overall, how would you describe your child's health? Poor Fair Good 

42. What time does your child go to bed? 

43. Does your child have any problems going to bed? Y N 

If yes, describe 
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44. Does your child have any problems waking up? Y N 

If yes, describe 

45. How many hours per night does your child sleep? 

46. Does your child e.xperience nightmares? Y N If yes. how many times per 

week? 

Educational Background 

47. Has your child ever been enrolled in Head Start? Y N (go to #49), 

If yes, what was the reason for him/her to be enrolled in this program 

48. Was your child evaluated prior to enrollment? Y N 

If yes, what were the results of that evaluation? (Obtain a copy) 

Date of this evaluation: 

49. Has your child ever been evaluated for learning or behavioral problems? Y N 

If yes, what were the results of that evaluation? (Obtain a copy) 

Date of this evaluation: 

50. How would you rate your child's academic performance in school? 

Poor Fair Good 

51. How would you rate your child's behavior in school? Poor Fair Good 

52. How does your child get along with peers? Poor Fair Good 
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53. Has your child ever been in Special Education? Y N 

If yes, what was the reason 

54. Has your child been evaluated at school for learning problems? Y N 

If yes, describe (Obtain a copy) 

Date of this evaluation 

55. Has your child ever been evaluated at school for behavioral problems? Y N 

If yes, describe (Obtain a copy) 

Date of this evaluation 

56. Which grading level best describes your child's? A B C D F 

57. Is there any other information that you want to share about your child's behavior and 

learning? Y N 

If yes, describe 

THE END. THAKK YOU FOR YOUR COOPERATION 
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ENTREVISTA CON LOS PADRES 

Nos gustaria hacerle algunas preguntas referentes a sii nino( a), su conducta y 

aprendizaje y alguna otra informacion accrca de el/ella. Algunas de estas preguntas 

pueden pedir informacion personal, pero por favor recuerde que tod a la informacion sera 

confidencial. Tambien recuerde que puede negarse a contestar cualquier pregunta o toda 

la entrevista. Gracias. 

1. Nombre del nino(a) 

2. Fechadenacimiento:_ Edad: Grado: 

3. Peso: Estatura: 

4. Niimero de hermanos: Lugar entre hermanos: 

5. Idioma materno; Idioma que prefiere: 

6. Estado civil de los padres: C D V Otro: 

7. Ocupacion de la madrc: 

8. Nivel escolar de la madre: P S Algo Prep. Grad. Prep 

Algo de Colegio Grad. Colegio Otro; 

9. Ocupacion del padre: 

10. Nivel escolar del padre: P S Algo Prep. Grad. Prep 

Algo de Colegio Grad. Colegio Otro: 

11. Niimero de anos que la familia ha vivido en esta comunidad: 

12. Niimero de anos que la familia ha vivido en esta casa: 
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13. Ingreso familiar anual: 

1. Menos de 9,999 

2.10,000- 19,999 

3.20,000 -29,999 

4.30,000 ~ 39,999 

5.40,000-49,999 

6. 50,000 - 74,000 

7.75,000 99,999 

8.100,000 o mas 

9. No sabe 

10. Se niega 

14. Numero de personas viviendo en esta 

15. Numero de personas viviendo en esta 

16. Numero de personas viviendo en esta 

17. Numero de personas viviendo en esta 

e., plomo, arsenico, mercurio): 

Informacion prenatal 

18. ^Tuvo alguna enfennadad durante su embarazo? S N 

Si, describa 

19. ^Tuvo alguna complicacion durante su embarazo?S N 

Si, describa 

casa: 

casa que trabaja en los campos: 

casa que tiene contacto con pesticidas: 

casa que tiene contacto con otros quimicos (p. 



98 

20. ^Estuvo expuesta a siibstancias quimicas durante su embarazo (p. e., plomo, arsenico, 

mercurio, etc.)? S N 

Si, describa 

21. ^Estuvo expuesta a pesticidas durante su embarazo? S N 

Si, a que y por cuanto tiempo 

Informacion Perinatal 

22. ^.Hubo alguna complicacion durante el parto? S N 

Si, describa 

23. Peso al nacer; Estatura al nacer: 

Pautas de desarrollo 

24.1A que edad su nino(a) sostuvo la cabeza sin ayuda? 

25. que edad se sen to su nino(a) sin ayuda? 

26. i,A que edad gateo su mno(a)? 

27. ('.A que edad c ami no su nino(a)? 

28. i,A que edad hablo su nino(a)? 

Enfemiedades y exposiciones 

29. ^Han diagnosticado a su mno(a) con algun problema auditivo? S N 

Si, describa 

30. ^Han diagnosticado a su nno(a) con algiin problema del lenguaje? S N 

Si, describa 

31. (,Se ha enfermado su nino(a) gravemente? S N 

Si, describa 
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32. ^Ha tenido su nino alguna enfermedad infecciosa (p. e., varicela, paperas)? S N 

Si, describa_ 

33. ^Ha estado su nino(a) intemado(a) en un hospital? S N 

Si, ^cual fue la razon? 

34. ^Tiene su nino(a) alergias? S N 

35. ^Tiene sunino(a) asma? S N 

36. /,Se enferma su nino muy seguido (mas de una vez al mes)? S N 

Si, describa_ 

37. ^,Ha estado su nino(a) expuesto(a) a substancias quimicas (p. e., plomo, arscnico, 

mercurio, etc.)? S N 

Si, ^a que y por cuanto tiempo? 

38. ^Ha sido su nino(a) envenenado(a) (atendido(a) en el hospital o por un doctor) por 

alguna de esas substancias? S N 

39. £,Ha estado su nino(a) expuesto(a) a pesticidas? S N 

Si, t'.a que y por cuanto tiempo? 

40. i,Ha sido su nino envenenado (atendido(a) en el hospital o por un doctor) por 

pesticidas? S N 

41. En general, ^como describiria la salud de su nino(a)? Mala Regular Bucna 

42. lA que hora se duerme su nino(a)? 

43. ^Tiene su nino(a) algun problema para irse a dormir? S N 

Si, describa 
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44. ^Tiene su nino(a) algiin problema para despertarse? S N 

Si, describa 

45. ^Cuantas horas por noche duerme su nmo(a)? 

46. ^Sufre de pesadillas su nino? S N 

Si, ^cuantas veces a la semana? 

Antecedentes educativos 

47. ^,Ha estado su nino(a) inscrito{a) en el prograrna "Head Start"? S N (vaya a la 

49) 

Si, ^,cual fue la razon para incribirlo(a)? 

48. ^Evaluaron a su nino(a) antes de incribirlo(a)? S N 

Si, ^cuales fueron los resultados de esta evaluacion? (Obtener una copia) 

Fecha de esta evaluacion: 

49. ^Han evaluado a su niflo(a) por algun problema de aprendizaje o conductual? S N 

Si, ^cuales fueron los resultados de esta evaluacion? (Obtener una copia) 

Fecha de esta evaluacion; 

50. (,C6mo describiria el rendimiento academico de su nino(a) en la escuela? 

Malo Regular Bueno 

51. (,C6mo describiria la conducta de su nino (a) en la escuela? Mala Regular Buena 

52. ^Como se lleva su nino(a) con sus companeros? Mai Regular Bien 

53. ^Ha estado su nino en educacion especial? S N 
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Si, icnal flie la razon? 

54. ^Han evaluado a su nino(a) por problemas de aprendi/aje en la cscuela? S N 

Si, describa (Obtener una copia) 

Fecha de est a evaluaci6n_ 

55. (•,Han evaluado a su nino(a) por problemas conductuales en la escuela? S N 

Si, describa (Obtener una copia) 

Fecha de esta evaluacion 

56. ^Que calificacion mejor describe la de su mnd(a)? A BC D F 

57. ^Existe alguna otra informacion que quisiera compartir con nosotros accrca de la 

conducta y aprendizaje de su nino(a)? S N 

Si, describa 

FIN. GRACIAS POR SU COOPERACION 



APPENDIX C 

Letters of invitation (English and Spanish) 
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THE UNIVERSITYOF 

Community and Environmental Health 
Practice and Policy 

ARIZONA, 1435 North Fremont, PO Box 210468 
Tucson. Arizona 85719-4197 

Phone (520) 882-5852 • FAX (520) 882-5014 COLLEGE OF PUBLIC HEALTH 

RECRUITMENT LETTER FOR EXPOSED GROUP 

December 10, 2001 

Dear Participant, 

During the last couple of years you and your family have participated with us in a research project entitled 
"Children's Pesticide Exposure in Yuma Co.. AZ." The goal of this study was to know if children in your 
community were exposed to the pesticides used in the agricultural fields in your area. We are very thankful for 
your participation. 

You have received results of the analysis of your child's urine and of the dust collected from the floor of your 
home. Results of the analysis of the additional environmental samples collected from your home will be mailed 
to you within the next few months. 

I am writing you because I want to invite you to participate in a new study conducted by one of my students, 
Patricia Sanchez Lizardi. Now that your child is at school, we want to see if his/her learning and behavior may 
be related to past exposure to pesticide. In this new project, children who have been exposed to pesticides will 
be compared to children who appeared not to be exposed. We are contacting you again because historical 
exposure to pesticides is verj- important. 

In the previous study your child's urine contained measurable pesticide. We would like to re-evaluate your 
child's urine for pesticide exposure and to evaluate him/her with a few tests that involve questions and problems 
similar to the ones children do at school. The urinary re-evaluation is important for our study because results are 
only short-term indicators of pesticide exposure. Results positive at one time, are sometimes negative at a later 
date and vice versa. 

Children in this new study will answer a series of tests that involve questions and problems very similar to those 
completed at school. They will provide a urine sample and their parents will answer some questions and 
complete a behavioral rating scale for the child. 

If you decide to participate, my student will call you to explain more details of the project and to arrange a home 
visit. Please respond to 1-800-238-2280 or (520) 626-4226, A person from my staff may also call you to ensure 
that you have received this letter and know about this new project, 

Wc again thank you for your time and consideration. The re-evaluation of your child will let you know, at no 
cost to you, if your child's urine continues showing exposure to pesticides. Additionally, the knowledge 
achieved with your participation will help the families of your community to understand their exposure to 
pesticides and teach them how to protect their children. 

Mary Kay O'Rourke, Ph.D. 
Associate Professor of Public Health 
Research Associate Professor of Medicine 
The University of Arizona 
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THE UN!VERSNY or 

Community and Environmental Health 
Practice and Policy 

ARIZONA. 1435 North Fremont, PO Box 210466 
Tucson, Arizona 85719-4197 

Phone (520) 882-5852 » FAX (520) 882-5014 COLLEGE OF PUBLIC HEALTH 

INA'ITAaON PARA EL GRUPO EXPUESTO 

07 de diciembre del 2001 

EstunadcKa) participante. 

En I OS liltimos afios usted y su familia ban participado con nosotros en un proyecto de investigacion titulado 
"Ninos expuestos a pesticidas en el condado de Yuma, Arizona." El objetivo de ese estudio era saber si los nines 
de su comunidad estaban expuestos a los pesticidas que se usan en los campos agricolas del area donde ustedes 
viven. Estamos muy agradecidos por su participacion. 

Usted ha recibido ya los resultados de una de las etapas de cste estudio. Es decir, recibid los resultados del 
anaiisis de la orina de su nifio(a) y del polvo recolectado del piso de su casa. Los resultados del analisis de 
muestras ambientales adicionales que recolectamos en su casa le seran enviados por correo dentro de un par de 
meses. 

Le escribo ahora porque quiero invitarle a participar en un nuevo estudio que esta dirigiendo una de mis 
estudiantes, Patricia Sanchez Lizardi. Ahora que su nine ya va a la escuela, queremos ver si su aprendizaje y 
comportamiento pudiera estar reiacionado con exposicion a pesticidas. En este nuevo proyecto, niiios que han 
estado expuestos a pesticidas seran comparados con ninos en los que no se detecto que estuvieran expuestos. 
Nos estamos poniendo en contacto con usted nuevamente porque la exposicion a pesticidas ocurrida en el 
pasado es muy impoitante. 

En el estudio anterior se detcctaron pesticidas en la orina de su nino(a). Nos gustaria re-cvaluar la orina de su 
nino(a) para ver si aun sigue estando expuesto a pesticidas. Tambien, nos gustaria evaluar!o(a) con una serie de 
pruebas parecidas a las que los ninos hacen en la escuela. La re-evaluacion de la muestra de orina es importante 
porque los resultados unicamente indican exposicion a corto plazo. A veces, los resultados positives obtenidos 
en una ocasion pueden ser negatives en otra ocasion y viceversa. 

Los ninos que participen en este proyecto contestarto una serie de pruebas y preguntas muy similares a las que 
hacen en la escuela. Tambien, proporcionaran una muestra de orina y sus padres contestaran algunas preguntas y 
llenaran una escala de conducta para niiios. 

Si decide participar, mi estudiante le llamara para explicarle mas detalles del proyecto y hacer una cita para 
visitarle en su hogai. Por fevor llamenos al 1-800-238-2280 o al (520) 626-4226. Es posible que una persona de 
mi equipo le llame para asegurarse que ha recibido esta carta y sabe acerca de este nuevo proyecto. 

Nuevamente gracias por su tiempo y consideracion. La re-evaluacion de su nifio le dira, sin costo alguno, si su 
orina todavia indica exposicion a pesticidas. La informacidn obtenida con su participacion ayudara a las femilias 
de su comunidad a entender mejor su exposicion a pesticidas y les enseiiara como proteger a sus nifios. 

Atentamerte, 

Profesora asociada de salud publica 
Profesora asociada de investigacion en medicina 
La Universidad de Arizona 
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THE UNIVERSITY OF 

CoTTiTnunity and 'Emironmental Health 
Pracnce and Policy' 

ARIZONA. 1435 North Fremoni, PO Box 210468 
Tucson, Arizona 85719-4197 

Phone (520) 882-5852 • FAX (520) 882-5014 COLLEGE OF PUBLIC HEALTH 

RECRUITMENT LETTER FOR NON-EXPOSED GROUP 

December 10, 2001 

Dear Participant, 

During the last couple of years you and your family have participated with us in a research project entitled 
"Children's Pesticide Exposure in Yuma Co., AZ," The goal of this study was to know if children in your 
community were exposed to the pesticides used in the agricultural fields in your area. We are very 
thankful for your participation, 

You have received all study results (the analysis of your child's urine and of the dust collected from the 
floor of your home). 

I am writing you because 1 want to invite you to participate in a new study conducted by one of my 
students, Patricia Sanchez Lizardi. Now that your child is at school, we want to see if his/her learning and 
behavior may be related to past pesticide exposure. In this new project, children who have been exposed 
to pesticides will be compared to children who appeared not to be exposed. We are contacting you again 
because historical exposure to pesticides is very important. 

In the previous study your child's urine did not contain measurable pesticide. We would like to re
evaluate your child's urine for pesticide exposure and to evaluate him/her with a few tests that involve 
questions and problems similar to the ones children do at school. The urinary re-evaluation is important 
for our study because results are only short-term indicators of pesticide exposure. Results negative at one 
time, are sometimes positive at a later date. 

Children in this new study will answer a series of tests that involve questions and problems very similar 
to those completed at school. They will provide a urine sample and their parents will answer some 
questions and complete a behavioral rating scale for the child. 

If you decide to participate, my student vrill call you to explain more details of the project and to arrange 
a home visit. Please respond to 1-800-238-2280 or (520) 626-4226. A person from my staff may also call 
you to ensure that you have received this letter and know about this new project. 

We again thank you for your time and consideration. The re-evaluation of your child will let you know, at 
no cost to you, if your child's urine show exposure to pesticides. Additionally, the knowledge achieved 
with your participation will help the families of your community to understand their exposure to 
pesticides and teach them how to protect their children. 

Associate Professor of Public Health 
Research Associate Professor of Medicine 
The University of Arizona 
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THE UNiVERsrrY OF 

Community and Environmental HeaUh 
Practice and Policy 

ARIZONA. 1435 North Fremont, PO Box 210468 
Tucson. Arizona 85719-4197 

Phone (520) 882-5852 • FAX (520) 882-5014 COLLEGE OF PUBLIC HEALTH 

MVITACION PARA EL GRUPO NO-EXPUESTO 

10 de diciembre del 2001 

Estiinado{a) participaate, 

En los ultimos anos usted y su femilia ban participado con nosotros en un proyecto de investigacion 
titulado "Ninos expuestos a pesticidas en el oondado de Yiima, Arizona." El objetivo de ese estudio era 
saber si los ninos de su comuaidad estaban expuestos a los pesticidas que se usan en los campos agricolas 
del area donde usted vive. Estamos muy agradecidos por su partidpacidn. 

Usted ha recibido ya los rcsultados de este estudio. Es decir, recibio los resuhados del anilisis de la orina 
de su nino(a) y del polvo recolectado del piso de su casa. 

Le escribo ahora porque quiero invitarle a participar en un nuevo estudio que esta dirigiendo una de mis 
estudiantes, Patricia Sanchez Lizardi. Ahora que su nine ya va a la cscuela, queremos ver si su 
aprendizaje y comportamiento pudiera estar relacionado con exposicion a pesticidas. En este nusvo 
proyecto, ninos que ban estado expuestos a pesticidas seran comparados con ninos en los que no se 
detecto que estuvieran expuestos. Nos estamos poniendo en contacto con usted nuevamente porque la 
exposicion a pesticidas ocurrida en e! pasado es muy importante. 

En el estudio anterior no se deteotaron pesticidas en la orina de su nifio(a). Nos gustaxia re-evaluar la 
orina de su nt8o{a) para ver si esta expuesto a pesticidas. Tambien, nos gustaria evaluarlo{a) con una serie 
de pmebas parecidas a las que los ninos hacen en la escuela. La re-evaluacion de la muestia de orina es 
importante porque los resultados unicamente indican exposicion a corto plazo. A veces, los resuitados 
negativos obtenidos en una ocasion pueden ser positivos en otra ocasi6n y viceversa. 

Los ninos que participen en este proyecto contestaran una serie de pruebas y preguntas muy similares a 
las que haoen en la escuela. Tambien, proporcionaran una muestra de orina y sus padres contestar&i 
algunas preguntas y llenaran una escala de conducta para ninos. 

Si decide participar, mi estudiante le llamara para explicarle mas detalles del proyecto y haeer una cita 
para visitarle en su hogar. Por fevor llamenos al 1-800-238-2280 o al (520) 626-4226. Es posible que una 
persona de mi equipo ie llame para asegurarse que ha recibido esta carta y sabe acerca de este nuevo 
proyecto. 

Nuevamente gracias por su tiempo y consideracion. La re-evaluacion de su nine ie dira, sin costo alguno, 
si su orina indica exposicion a pcsticidas. La informacion obtenida con su participacion ayudara a las 
familias de su comunidad a entender mejor su cxposicion a pesticidas y les ensenara como proteger a sus 
ninos. 

Atentamente, 

Mary Kay O'Rourke, Ph.D. 
Profesora asociada de salud publica 
Profesora asociada de investigacidn en medicina 
La Universidad de Arizona 



APPENDIX D 

Subject's and Parental Consent Forms (English and Spanish) 



108 

SUBJECT'S CONSENT FORM 

EFFECTS OF PESTICIDES ON THE COGNITIVE AND BEHAVIORAL 
FUNCTIONING OF HISPANIC CHILDREN IN AGRICULTURAL AREAS 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF 
HOW I WILL PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING THIS 
FORM WILL INDICATE THAT I HAVE BEEN SO INFORMED AND THAT I GIVE 
MY CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN INFORMED 
CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT I 
CAN KNOW THE NATURE AND RISKS OF MY PARTICIPATION AND CAN 
DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED 
MANNER. 

PURPOSE 
I am being invited to participate voluntarily in the above-titled research project. The 
purpose of this project is to evaluate the thinking and behavioral functioning of children 
living in an agricultural area who have been exposed to organophosphate (OP) pesticides 
and compare them with children who have not been exposed to these pesticides. This 
study will help to determine if the behavior and learning skills of children are affected by 
exposure to OP pesticides. 

SELECTION CRITERIA 
I am being invited to participate because I previously participated in Dr. O'Rourke's 
study named "Children's Pesticide Exposure in Yuma Co. AZ." Some children in this 
study appeared to be exposed to OP pesticides according to a urine sample analysis. I 
have received my results from this study and know if my child's urine had OP pesticides. 
My participation in this is study is optional and independent of my previous participation 
in Dr. O'Rourke's study. Approximately 70 children (5 to 8 years of age) and their 
parents who participated in Dr. O'Rourke's named study will be enrolled to participate in 
this research project. Teachers (no more than 70) of these children will be asked to 
complete a behavioral rating scale. 

PROCEDURE(S) 
If I agree to participate, I will consent to the following: 
L Parental Interview. I will answer some questions about my child's life and myself, for 

about 30 minutes. 
2. Behavioral Evaluation. I will complete a behavioral rating scale about my child's 

behavior at home and school, for about 30 minutes. 

RISKS 
There are no known risks involved in the completion of interviews and rating scales. 
However, some people may feel uncomfortable answering questions about themselves or 
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their children. 1 can stop answering questions at any time if I feel uncomfortable with the 
questions of the interview or the behavioral rating scale. 

BENEFITS 
Although there is no direct or immediate benefit for me or my child, this study will help 
to determine if children's learning skills and behavior may be affected by exposure to OP 
pesticides used in the fields of Yuma County, Arizona. 

CONFIDENTIALITY 
My name and my child's name will be removed from all forms and questionnaires we 
complete. Identification numbers will be used instead of names. The principal 
investigator Patricia Sanchez Lizardi, Ph.D. Candidate, will keep the only copy of a list 
linking my name with the identification numbers in a locked file. This list will be 
destroyed after the data is ready for analysis and no more information is needed. These 
data, that cannot identify me and my child, can be analyzed by other people later on for 
the purpose of future publications. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 
There is no cost other than approximately one hour of my time and there is no 
compensation for my participation in this study. 

CONTACTS 
I can obtain further infonnation from the principal investigator Patricia Sanchez Lizardi, 
Ph.D. Candidate at (520) 626-4226. If I have questions concerning my rights as a 
research subject, I may contact the Human Subjects Committee office at the University of 
Arizona at (520) 626-6721, or 1350 N. Vine, Tucson, AZ 85724. 

AUTHORIZATION 
BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I MAY ASK QUESTIONS AT 
ANY TIME AND I AM FREE TO WITHDRAW FROM THE PROJECT AT ANY 
TIME WITHOUT CAUSING BAD FEELINGS. MY PARTICIPATION IN THIS 
PROJECT MAY BE ENDED BY THE INVESTIGATOR FOR REASONS THAT 
WOULD BE EXPLAINED. NEW INFORMATION DEVELOPED DURING THE 
COURSE OF THIS STUDY WHICH MAY AFFECT MY WILLINGNESS TO 
CONTINUE IN THIS RESEARCH PROJECT WILL BE GIVEN TO ME AS IT 
BECOMES AVAILABLE. THIS CONSENT FORM WILL BE FILED IN AN AREA 
DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH ACCESS 
RESTRICTED TO THE PRINCIPAL INVESTIGATOR, PATRICIA SANCHEZ 
LIZARDI, Ph.D. CANDIDATE, OR AUTHORIZED REPRESENTATIVE OF THE 
SPECIAL EDUCATION, REHABILITATION. AND SCHOOL PSYCHOLOGY 
DEPARTMENT. I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS BY SIGNING 
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THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL BE GIVEN TO 
ME. 

Subject's Signature Date 

Witness (if necessary) Date 

INVESTIGATOR'S AFFIDAVIT 
1 have carefully explained to the subject the nature of the above project. I hereby certify 
that to the best of my knowledge the person who is signing this consent form understands 
clearly the nature, demands, benefits, and risks involved in his/her participation and 
his/her signature is legally valid. A medical problem or language or educational barrier 
has not precluded this understanding. 

Signature of Investigator 
Patricia Sanchez Lizardi, Ph.D. Candidate 

Date 
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FORMA DE CONSENTIMIENTO DEL PARTICIPANTE 
EFECTO DE LOS PESTICIDAS EN EL FUNCIONAMIENTO COGNITIVO Y 

CONDUCTUAL DE NINOS HISPANOS QUE VIVEN EN AREAS AGRICOLAS 

SE ME HA SOLICIT ADO QUE LEA EL SIGUIENTE MATERIAL PARA 
ASEGURAR QUE ESTOY SIENDO INFORMADO DE LA NATURALEZA DE ESTE 
ESTUDIO Y DE COMO PARTICIPARE EN EL SI DECIDO HACERLO. MI FIRMA 
EN ESTA FORMA INDICARA QUE HE SIDO INFORMADO Y QUE DOY MI 
CONSENTIMIENTO. REGLAMENTOS FEDERALES REQUIEREN QUE DE MI 
CONSENTIMIENTO POR ESCRITO ANTES DE MI PARTICIPACION EN ESTE 
ESTUDIO, DEL TAL MANERA QUE SEPA DE LA NATURALEZA Y RIESGOS DE 
MI PARTICIPACION Y PUEDA DECIDIR PARTICIPAR O NO DE UNA MANERA 
LIBRE EINFORMADA. 

PROPOSITO 
Estoy siendo invitado a participar voluntariamente en el estudio cuyo tilulo se ha 
niencionado arriba. El proposito de este estudio es evaluar el funcionamiento del 
pensamiento y la conducta de ninos que viven en areas agricolas, que han estado 
expuestos a pesticidas orgaiiofosforados y comparar su funcionamiento con el dc ninos 
que no han estado expuestos a estos pesticidas. Este estudio ayudara a deteraiinar el 
efecto de la exposicion a pesticidas organofosforados en la conducta y habilidades para el 
aprendizaje de ninos. 

CRITERIO DE SELECCION 
Estoy siendo invitado a participar porque anteriomiente participe en el estudio de la Dra. 
O'Rourke que se titulo "Exposicion de ninos a pesticidas en el condado de Yuma, 
Arizona." Algunos de los ninos en este estudio parecen estar expuestos a pesticidas 
organofosforados de acuerdo con el analisis de una muestra dc orina. Ya he recibido los 
resultados de este estudio y se si la orina de mi nino(a) tenia pesticidas organofosforados. 
Mi participacion en este estudio es opcional e independiente de mi participacion en el 
estudio de la Dra. O'Rourke. Aproximadamente 70 ninos (de 5 a 8 anos de edad) y sus 
padres que hayan participado en el estudio de la Dra. O'Rourke seran inscritos para 
participar en este estudio. A los maestros(as) (no mas de 70) de estos ninos se les pedira 
que completen una escala de conducta. 

PROCEDIMIENTO(S) 
Si acepto participar dare mi consentimiento para lo siguiente: 
1. Entrevista con los padres. Contestare preguntas acerca de mi nifio(a) y de mi, 

aproximadamente por 30 minutos. 
2. Evaluacion de la conducta. Completare una escala de conducta acerca de la conducta 

de mi nino(a) en la casa y en la escuela, aproximadamente por 30 minutos. 
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RIESGOS 
No se conocen riesgos asociados con complelar entrevistas y escalas de conducla. Sin 
embargo, algunas personas se pueden senlir incomodas al contestar preguntas referentes a 
si mismas o a sus ninos. Si me siento inc6modo(a) con las preguntas de la entrevista o de 
la escala de conducta puedo negarme a conlestarlas en cualquier momento. 

BENEFICIOS 
Aunque no existe un beneficio directo o inmediato para mi o mi nino(a), este esludio 
ayudara a determinar si las habilidades de aprendizaje de los nines y su conducta podrian 
ser afectadas por la exposicion a los pesticidas orgaiiofosforados que se usan en los 
campos agrfcolas del condado de Yuma, Arizona. 

CONFTDENCIALIDAD 
Mi nombre y el de mi nino se borraran de las form as y cuestionarios que completemos. 
Se utilizaran niimeros en lugar de nuestros nombres. La investigadora principal Patricia 
Smchez Lizardi, candidata a doctora, mantendra la unica lista que pudiera relacionar mi 
nombre con mi numero asignado en un archivo bajo Have. Esta lista sera destruida 
despues de que los datos esten listos para analizarse y no se necesite mas infonnacion. 
Estos datos, que no me pueden identificar, podrian ser analizados despues por otras 
personas con el proposito de publicarlos. 

COSTOS POR PARTICIPACION Y COMPENSACION AL PARTICIPANTE 
Ademas de una bora de mi tiempo, no existe costo por mi participacion en este estudio. 
Tampoco hay compensacion por mi participacion en este estudio. 

CONTACTOS 
Puedo obtener mayor informacion de la investigadora principal Patricia Sanchez Lizardi, 
candidata a doctora, en el (520) 626-4226. Si ten go mas preguntas referentes a mis 
derechos como partipante en el estudio, puedo ponenne en contacto con la oficina del 
coniite de participantes humanos en la Universidad de Arizona al (520) 626-6721, o en 
1350 N. Vine, Tucson, AZ 85724. 

AUTORIZACION 
ANTES DE DAR Ml CONSENTIMIENTO FIRMANDO ESTA FORMA, LOS 
METODOS, RIESGOS Y BENEFICIOS SE ME HAN EXPLICADO Y MIS 
PREGUNTAS HAN SIDO CONTESTADAS. PUEDO HACER PREGUNTAS EN 
CUALQUIER MOMENTO Y SOY LIBRE DE RETIRARME DEL PROYECTO EN 
CUALQUIER MOMENTO SIN CAUSAR MALOS SENTIMIENTOS. Ml 
PARTICIPACION EN ESTE ESTUDIO PODRIA SER TERM IN A DA POR LA 
INVESTIGADORA POR RAZONES QUE ME SERJAN EXPLICADAS. LA 
INFORMACION QUE SE VAYA OBTENIENDO DURANTE EL TRANSCURSO DE 
ESTE PROYECTO, LA CUAL PODRIA AFECTAR MI INTERES EN CONTINUAR 
EN ESTE ESTUDIO, SE ME IRA PROPORCIONANDO TAN PRONTO SEA 
POSIBLE. ESTA FORMA DE CONSENTIMIENTO SE ARCHIVARA EN UNA 
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AREA DESIGNADA PGR EL COMITE DE PARTICIFANTES HUMANOS CON 
ACCESO RESTRINGIDO A LA INVESTIGADORA PRINCIPAL, PATRICIA 
SAnCHEZ LIZARDI, CANDIDATA A DOCTORA, O PERSONAL AUTORIZADO 
DEL DEPARTAMENTO DE EDUCACION ESPECIAL, REHABILITACION Y 
PSICOLOGIA ESCOLAR. AL FIRMAR ESTA FORMA DE CONSENTIMIENTO NO 
RENUNCIO A NINGUNO DE MIS DERECHOS LEGALES. SE ME DARA UNA 
COPL\ DE ESTA FORMA FIRMADA. 

Fiima del participante Fecha 

Testigo (si es necesario) Fecha 

TESTIMONIO DEL INVESTIGADOR 
He explicado cuidadosamente al participante la naturaleza de este estudio. Certifico que a 
mi modo de enlender la persona que firma esta forma de consentimiento entiende 
claramente la naturaleza, demandas, beneficios y riesgos involucrados por su 
participacion y que su firma es legalmente valida. Ningun problema medico o de 
lenguaje o barrera educativa impide estc entendimiento. 

Firma del investigador Fecha 
Patricia Sanchez Lizardi, Ph.D. Candidate 
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PARENTAL CONSENT FORM 
EFFECTS OF PESTICIDES ON THE COGNITIVE AND BEHAVIORAL 

FUNCTIONING OF HISPANIC CHILDREN IN AGRICULTURAL AREAS 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF 
HOW MY CHILD WILL PARTICIPATE IN IT, IF I CONSENT FOR HIM/HER TO 
DO SO. SIGNING THIS FORM WILL INDICATE THAT I HAVE BEEN SO 
INFORMED AND THAT I GIVE MY CONSENT. FEDERAL REGULATIONS 
REQUIRE WRITTEN INFORMED CONSENT PRIOR TO MY CHILD'S 
PARTICIPATION IN THIS RESEARCH STUDY SO THAT I CAN KNOW THE 
NATURE AND RISKS OF HIS/HER PARTICIPATION AND CAN DECIDE FOR 
HIM/HER TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORIMED 
MANNER. 

PURPOSE 
My child is being invited to participate voluntarily in the above-titled research project. 
The purpose of this projcct is to evaluate the thinking and behavioral functioning of 
children living in an agricultural area who have been exposed to organophosphate (OP) 
pesticides and compare them with children who have not been exposed to these 
pesticides. This study will help to determine if the behavior and learning skills of children 
are related to exposure to OP pesticides. 

SELECTION CRITERIA 
My child is being invited to participate because he/she previously participated in Dr. 
O'Rourke's study named "Children's Pesticide Exposure in Yuma Co. AZ." Some 
children in this study appeared to be exposed to OP pesticides according to a urine 
sample analysis. I have received the results from this study and know if my child's urine 
had OP pesticides. My child's participation in this is study is optional and independent of 
my child's previous participation in Dr. O'Rourke's study. Approximately 70 children (5 
to 8 years of age) who participated in Dr. O'Rourke's named study will be enrolled to 
participate in this research project. Teachers (no more than 70) of these children will be 
asked to complete a behavioral rating scale. 

PROCEDURE(S) 
If I agree for my child to participate, I will consent to the following for my child to do: 
1. Cognitive Evaluation. My child will complete standardized tests that involve 

questions and problems similar to the type he/she does in school. This evaluation may 
be completed with my permission at my home or at my child's school. If this 
evaluation is to take place at school, I will consent to the principal investigator, 
Patricia Sanchez Lizardi, Ph.D. Candidate, to visit my child at his/her school. This 
evaluation will take approximately 2 hours. 

2. Behavioral Evaluation. I will consent for my child's teacher to complete a behavioral 
rating scale about my child if he/she agrees to do so. 
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3. Urine Sample. I will help my child to provide a "first catch" urine sample. I will be 
provided with a specimen container and instructions for the collection of this urine 
sample. I will freeze this sample in my freezer until picked up by the principal 
investigator, usually the day of the collection. 

4. Release of Information. If my child has been evaluated with similar tests as the ones 
used in this research project, 1 will share some of that information and/or allow a third 
party (i.e.. school, psychologist) to release that information by signing an 
"Authorization to Release Information" form. This information will be kept 
confidential and will only be used for the purpose of this research project. This 
information will be destroyed as soon as this project is completed. 

RISKS 
There are no known risks involved in the completion of the tests used in this project. 
There are no known risks associated with the urine sample collection procedure. 
However, some children may feel uncomfortable or "anxious" when answering tests or 
when giving a urine sample. My child can slop answering the tests at any time if he/she 
feels uncomfortable with the questions and may refuse to provide the urine sample. 

BENEFITS 
Although there is no direct or immediate benefit for my child, this study will help to 
determine if children's learning skills and behavior may be affected by exposure to OP 
pesticides used in the fields of Yuma County, Arizona. 

CONFIDENTIALITY 
My child's name will be removed from all forms and tests he/she completes. 
Identification numbers will be used instead of names. The principal investigator Patricia 
Sanchez Lizardi, Ph.D. Candidate, will keep the only copy of a list linking my child's 
name with the identification numbers in a locked file. This list will be destroyed after the 
data is ready for analysis and no more information is needed. These data, that cannot 
identify my child, can be analyzed by other people later on for the purpose of future 
publication of results. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 
There is no cost for my child's participation in this study other than approximately two 
hours of his/her time and there is no compensation for his/her participation in this study. 

CONTACTS 
I can obtain further information from the principal investigator Patricia Sanchez Lizardi, 
Ph.D. Candidate at (520) 626-4226. If I have questions concerning my child's rights as a 
research subject. I may contact the Human Subjects Committee office at the University of 
Arizona at (520) 626-6721, or 1350 N. Vine, Tucson, AZ 85724. 
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AUTHORIZATION 
BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I MAY ASK QUESTIONS AT 
ANY TIME AND I AM FREE TO WITHDRAW MY CHILD FROM THE PROJECT 
AT ANY TIME WITHOUT CAUSING BAD FEELINGS. MY CHILD'S 
PARTICIPATION IN THIS PROJECT MAY BE ENDED BY THE INVESTIGATOR 
FOR REASONS THAT WOULD BE EXPLAINED. NEW INFORMATION 
DEVELOPED DURING THE COURSE OF THIS STUDY WHICH MAY AFFECT 
MY WILLINGNESS TO CONTINUE IN THIS RESEARCH PROJECT WILL BE 
GIVEN TO ME AS IT BECOMES AVAILABLE. THIS CONSENT FORM WILL BE 
FILED IN AN AREA DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE 
WITH ACCESS RESTRICTED TO THE PRINCIPAL INVESTIGATOR, PATRICIA 
SANCHEZ LIZARDI, Ph.D. CANDIDATE, OR AUTHORIZED REPRESENTATIVE 
OF THE SPECIAL EDUCATION, REHABILITATION, AND SCHOOL 
PSYCHOLOGY DEPARTMENT. I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS 
OR THOSE OF MY CHILD BY SIGNING THIS FORM. A COPY OF THIS SIGNED 
CONSENT FORM WILL BE GIVEN TO ME. 

Parent's Signature Date 

Witness (if necessary) Date 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject the nature of the above project. I hereby certify 
that to the best of my knowledge the person who is signing this consent form understands 
clearly the nature, demands, benefits, and risks involved in his/her participation and 
his/her signature is legally valid. A medical problem or language or educational barrier 
has not precluded this understanding. 

Signature of Investigator Date 
Patricia Sanchez Lizardi, Ph.D. Candidate 
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FORMA DE CONSENTIMIENTO DE LOS PADRES 
EFECTO DE LOS PESTICIDAS EN EL FUNCIONAMIENTO COGNITIVO Y 

CONDUCTUAL DE NINOS HISPANOS QUE VIVEN EN AREAS AGRICOLAS 

SE ME HA SOLICITADO QUE LEA EL SIGUIENTE MATERIAL PARA 
ASEGURAR QUE ESTOY SIENDO INFORMADO DE LA NATURALEZA DE ESTE 
ESTUDIO Y DE COMO PARTICIPARA MI NINO(A) EN EL SI DECIDO QUE 
PARTICIPE. Ml FIRM A EN ESTA FORMA INDICARA QUE HE SIDO 
INFORMADO Y QUE DOY MI CONSENTIMIENTO. REGLAMENTOS 
FEDERALES REQUIEREN QUE DE MI CONSENTIMIENTO POR ESCRITO 
ANTES DE SU PARTICIPACION EN ESTE ESTUDIO, DEL TAL MANERA QUE 
SEPA DE LA NATURALEZA Y RIESGOS DE SU PARTICIPACION Y PUEDA 
DECIDIR SI PARTICIPA O NO DE UNA MANERA LIBRE E INFORMADA. 

PROPOSITO 
Mi nino(a) esta siendo invilado(a) a participar volimtariamente en el estudio cuyo titulo 
se ha mencionado arriba. El proposito dc este estudio es evaluar el funcionamiento del 
pensaniiento y la conducta de ninos que viven en ^eas agricolas, que han estado 
expuestos a peslicidas organofosforados y comparar su funcionamiento con el de niiios 
que no han estado expuestos a estos pesticidas. Este estudio ayudara a detemiinar el 
cfecto de la exposicion a pesticidas organofosforados en la conducta y habilidades para el 
aprendizaje de ninos. 

CRITERIO DE SELECCION 
Se esta invitando a mi nino(a) a participar porque anteriormente participo cn el estudio de 
la Dra. O'Rourke que se titulo "Exposicion de niiios a pesticidas en el condado de Yuma, 
Arizona." Algunos de los ninos en este estudio parecen estar expuestos a pesticidas 
organofosforados de acuerdo con el analisis de una muestra de orina. Ya he recibido los 
resultados de este estudio y se si la orina de mi niflo(a) tenia pesticidas organofosforados. 
La participacion de mi nifto(a) en este estudio es opcional e independiente de su 
participacion en el estudio de la Dra. O'Rourke. Aproximadamente 70 ninos (de 5 a 8 
anos de edad) y sus padres que hayan participado en el estudio de la Dra. O'Rourke seran 
inscritos para participar en este estudio. A los maestros(as) (no mas de 70) de estos ninos 
se les pedira que completen una escala de conducta. 

PROCEDIMIENTO(S) 
Si acepto que mi nino(a) participe dare mi consentimiento para que el/ella haga lo 
siguiente: 
1. Evaluacion cognitiva. Mi nino(a) completara pruebas estandarizadas que incluyen 

preguntas y problemas similares a los que hace en la escuela. Esta evaluacion puede 
hacerse con mi consentimiento en mi casa o en la escuela dc mi nino(a). Si le 
evaluacion se lleva a cabo en la escuela, consiento a que la investigadora principal 
Patricia Sanchez Lizardi, candidata a doctora, visite a mi nino(a) en su escuela. Esta 
evaluacion dura aproximadamente 2 horas. 
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2. Evaluacion conductual. Conscntire a que el maestro o maestra de mi nino(a) contcste 
una escala de conductu acerca de mi nino(a) si asi lo decide. 

3. Muestra dc orina. Ayudare a mi nino(a) a recolectar una mueslra de la primera orina 
del di'a. Se me dara un recipiente e instrucciones para la recoleccion de esta muestra. 
Congelare esta muestra en mi congelador hasta que la investigadora principal la 
recoja, usualmcntc cl mismo di'a de la recoleccion. 

4. Revelacion de informacion. Si mi nino(a) ha sido evaluado(a) con pruebas similares a 
las usadas en este estudio, compartire alguna de esta informacion y/o permitire que un 
tercero (p. e., la escuela, un psicologo) comparta esa informacion. Para esto finnare la 
fonna "Autorizacion para revelar informacion." Esta informacion se mantendra en 
confidencia y se usara linicamente para el proposito de este estudio. Esta informacion 
sera destruida tan pronto este proyecto se termine. 

RIESGOS 
No se conocen riesgos asociados con completar las pruebas usadas en este proyecto. No 
so conocen riesgos asociados con la recolcccion de la muestra de orina. Sin embargo, 
algunos ninos se pueden sentir incomodos o "nerviosos" al contestar pruebas o dar una 
muestra de orina. Si mi nino(a) se siente inc6modo{a) con las preguntas de las pruebas o 
para dar una muestra de orina, puede negarse a hacerlo en cualquier moniento. 

BENEFICIOS 
Aunque no existe un beneficio directo o inmediato para mi nino(a), este estudio ayudara a 
determinar si las habilidades de aprendizaje de los ninos y su conducta podrian ser 
afectadas por la exposicion a los pesticidas organofosforados que se usan en los campos 
agricolas del condado de Yuma, Arizona. 

CONFIDENCIALIDAD 
El nombre de mi nino se borrara de las formas y cuestionarios que completemos. Se 
utilizaran numeros en lugar de nuestros nombres. La investigadora principal Patricia 
Sanchez Lizardi, candidata a doctora, mantendra la linica lista que pudiera relacionar el 
nombre de mi nino(a) con su niimero asignado en un archivo bajo Have. Esta lista sera 
destruida despues de que los datos esten listos para analizarse y no se necesite mas 
informacion. Estos datos, que no pueden identificar a mi nino(a), podrian ser analizados 
despues por otras personas con el proposito de publicarlos. 

COSTOS POR PARTICIPACION Y COMPENSACION AL PARTICIPANTE 
Ademas de dos boras del tiempo de mi mno(a), no existe costo por su participacion. 
Tampoco existe compensacion por su participacion en este estudio. 

CONTACTOS 
Puedo obtener mayor informacion de la investigadora principal Patricia Sanchez Lizardi, 
candidata a doctora, en el (520) 626-4226. Si tengo mas preguntas referentes a los 
derechos de mi mno(a) como partipante en el estudio, puedo ponenne en contacto con la 
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oficina del comite de participantes humanos en la Universidad de Arizona al (520) 626-
6721, o en 1350 N. Vine, Tucson, AZ 85724. 

AUTORIZACION 
ANTES DE DAR MI CONSENTIMIENTO FIRMANDO ESTA FORMA, LOS 
METODOS, RIESGOS Y BENEFICIOS SE ME HAN EXPLICADO Y MIS 
PREGUNTAS HAN SIDO CONTESTADAS. PUEDO HACER PREGUNTAS EN 
CUALQLIIER MOMENTO Y SOY LIBRE DE RETIRAR A MI NINO(A) DEL 
PROYECTO EN CUALQUIER MOMENTO SIN CAUSAR MALOS 
SENTIMIENTOS. LA PARTICIPACION DE MI NINO(A) EN ESTE ESTUDIO 
PODRIA SER TERMINADA POR LA INVESTIGADORA FOR RAZONES QUE ME 
SERJAN EXPLICADAS. LA INFORMACION QUE SE VAYA OBTENIENDO 
DURANTE EL TRANSCURSO DE ESTE PROYECTO, LA CUAL PODRIA 
AFECTAR MI INTERES EN CONTINUAR EN ESTE ESTUDIO, SE ME IRA 
PROPORCIONANDO TAN PRONTO SEA POSIBLE. ESTA FORMA DE 
CONSENTIMIENTO SE ARCHIVARA EN UNA AREA DESIGN AD A POR EL 
COMITE DE PARTICIPANTES HUMANOS CON ACCESO RESTRINGIDO A LA 
INVESTIGADORA PRINCIPAL, PATRICIA SANCHEZ LIZARDI, CANDIDATA A 
DOCTORA, O PERSONAL AUTORIZADO DEL DEPARTAMENTO DE 
EDUCACION ESPECIAL, REHABILITACION Y PSICOLOGIA ESCOLAR. AL 
FIRMAR ESTA FORMA DE CONSENTIMIENTO NO RENUNCIO A NINGUNO DE 
MIS DERECHOS LEGALES NI A LOS DE MI NINO(A). SE ME DARA UNA COPIA 
DE ESTA FORMA FIRMADA. 

Firma del padre/madre Fecha 

Tesligo (si es necesario) Fecha 

TESTIMONIO DEL INVESTIGADOR 
He explicado cuidadosamente al participante la naluraleza de este estudio. Certifico que a 
mi mode de entender la persona que firma esta forma de consentimiento entiende 
claramente la naturaleza, demandas, beneficios y riesgos involucrados por su 
participacion y que su firma es legalniente valida. Ningun problema medico o de 
lenguaje o barrera educativa impide este entendimiento. 

Firma del investigador 
Patricia Sanchez Lizardi, Ph.D. Candidate 

Fecha 
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MINOR SUBJECT'S ASSENT FORM 

EFFECTS OF PESTICIDES ON THE COGNITIVE AND BEHAVIORAL 
FUNCTIONING 

OF HISPANIC CHILDREN IN AGRICULTURAL AREAS 

Your mother/father has told me it was okay for me to visit you at home or at your school 
so you can answer some questions and solve some problems very much like the ones you 
do at school. Some of the questions are easier than others, but there is not right or wrong 
answer. You do not have to answer any question if you do not want. We want to know 
how children your age that live in your neighborhood solve these problems and answer 
these questions. 

Also, your mother/father has told me it was okay for you to save some urine (pee) in a 
plastic cup we are going to give you. We are going to ask your mother/father to help you 
and they will tell you which day you have to do this. You are doing this because 
sometimes bug spray that you cannot sec can get inside your body. A scientist at the 
laboratory will look at your urine (pee) to see if it has bug spray on it that can make you 
sick. You do not need to do this if you do not want to and nobody will be mad at you. Do 
you understand? Is it OK? 

Verbal Assent YES NO 

Subj ect's Printed N ame Date 

Subject's Signature Date 

Investigator's Signature Date 
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FORMA DE CONSENTIMIENTO PARA EL MENOR 

EFECTO DE LOS PESTICIDAS EN EL FUNCIONAMffiNTO COGNITIVO Y 
CONDUCTUAL DE NINOS HISPANOS QUE VIVEN EN AREAS AGRl'COLAS 

Tu mama/papa me ha dicho que esta bien que te visite en tu casa o escuela para que 
contestes unas preguntas y resuelvas unos problemas muy parecidos a los que haces en la 
escuela. Algunas preguntas son mas faciles que otras, pero no hay respuesla que este bien 
o mal. No tienes que contestar estas preguntas si no quieres. Queremos saber como los 
ninos que viven en tu vecindario resuelven estos problemas y contestan estas preguntas. 

Tambien, tu mama-papa me ha dicho que esta bien que hagas un poco de orina (pipi) en 
una taza do plastico que te vamos a dar. Le vamos a pcdir a tu mam^'papa que te ayude y 
el/ella te diran que dia tienes que hacer esto. Vas a hacer esto porque algunas veccs las 
cosas que se usan para matar bichos pueden entrar a tu cuerpo sin que te des cuenta. Un 
cientifico en el laboratorio va a ver si hay esa cosa que se usa para malar bichos en tu 
orina (pipi) que te pudiera hacer dafio. No tienes que haccr esto si no quieres y nadie se 
va a enojar contigo. ^Entiendes? Estas de acuerdo? 

Consentimiento verbal SI NO 

Nombre Fecha 

Firma Fecha 

Firma del investigador Fecha 



APPENDIX F 

Schools' Permissions 



124 

9bizom (DeseifEOmentaiy Scfiwf 
1245 N. Main Street » San Luis, Arizona 85349 <> P.O. Box 6870 •> San Luis, Arizona 85349 

(520) 627-7007 • Fax (520) 627-4692 - tj!';! ... 
[f;?-

Mr. Pat Koppinger Ms. Rosa Heredia , !}J^i 
Principal Principal \ 
"Rattlers" "Rosdrunners" '• i'' \ 

December 3, 2001 

Patricia Sanchez Lizardi 
Ph. D Candidate 
The University of Arizona 
1435 N. Fremont Ave. #128 
Tucson, AZ 85719 

Dear Patricia: 

As we talked on the phone, I understand you are conducting your dissertation research 
project in Yuma County, Arizona. This dissertation will be submitted as partial 
fulfillment to obtain a Ph D at the University of Arizona in the Department of Special 
Education, Rehabilitation, and School Psychology, with an emphasis in School 
Psychology. 

This research project entitled "Effects of pesticides on the cognitive and behavioral 
functioning of Hispanic children in agricultural areas" requires the evaluation of some of 
the children living in the community. You will evaluate approximately 70 children that 
attend any of the elemental^ schools in the cities of Sonierton, Gadsden, and San Luis. 
Some of these children may attend Arizona Desert Elementary School. 

You have requested my permission to visit these children at Arizona Desert and conduct 
a cognitive evaluation. You will need to obtain a written permission slip from each 
parent before any child will be allowed to participate in the study. The permission slip 
should fully explain what the program entails and what is required of each child's 
participation in the study. In addition, you have requested to use a room at Arizona 
Desert to conduct the evaluation. We have limited space, but we should be able to 
accommodate your request with advance notice of when you will conduct the 
evaluations. 

After you have provided the school with a copy of the written parental permission slip 
and have identified the children, you will be welcome to utilize the Arizona Desert 
Campus to assist in your project. 

Sincerely yours. 

,, Pat KMpiageiv Principal 

GADSDEN ELEMENTARY SCHOOL DISTRICT #32 
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November 16, 2001 

Patricia Sanchez Lizardi 

Ph.D. Candidate 

The University of Arizona 
1435 N. Fremont Ave #128 

Tucson, AZ 85719 

Dear Patricia, 

As we talked on the phone, I understand you are conducting your dissertation research 

project in Yuma County, Arizona. This dissertation will be submitted as partial 

fulfillment to obtain a Ph.D. at the University of Arizona in the Depanment of Special 

Education, Rehabilitation, and School Psychology, with an emphasis in School 

Psychology. 

This research project entitled "Effects of pesticides on the cognitive and behavioral 

functioning of Hispanic children in agricultural areas" requires the evaluation of some of 
the children living in this community. You will evaluate approximately 70 children that 
attend any of the elementary schools in the cities of Somerton, Gadsden, and San Luis. 

Some of these children may attend my school. 

You have requested my permission to visit these children at my school with their parents' 

written permission during school hours to perform a cognitive evaluation. In addition, 

you have requested to use a room of my school for this evaluation. 

You can visit the children in your study attending my school, given you have written 

parental permission, and use a room to conduct the cognitive evaluation. A copy of the 

written parental permission will be provided for our records. Please understand that space 
is sometimes limited, so provision of space for your study will depend on the needs of the 

school. 

/ 

Sincerely, 

Seline Fernandez 

Principal 

Desert Sonora School 
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GADSDEN ELEMENTARY SCHOOL 
18745 S. Gadsden Street 
Gadsden, AZ 85336 

P.O. Box 6870 
San Luis, AZ 85349 

MARIA ELENA DE LA FUENTE 
Principal 

JORGE ZEPEDA 
Vice Principal 

November 16, 2001 
(928) S27-2239. 627-2882, or 627-3891 

FAX: (928) 627-9771 

Patricia Sanchez Lizardi 
Ph.D. Candidate 
The University of Arizona 
1435 N. Fremont Ave #128 
Tucson, AZ 85719 

Dear Patricia, 

As we talked on the phone, I imderstand you are conducting your dissertation research 
project in Yuma County, Arizona. This dissertation will be submitted as partial 
fulfillment to obtain a Ph.D. at the University of Arizona in the Department of Special 
Education, Rehabilitation, and School Psychology, with an emphasis in School 
Psychology. 

This research project entitled "Effects of pesticides on the cognitive and behavioral 
functioning of Hispanic children in agricultural areas" requires the evaluation of some of 
the children living in this community. You will evaluate approximately 70 children that 
attend any of the elementary schools in the cities of Somerton, Gadsden, and San Luis. 
Some of these children may attend my school. 

You have asked my permission to visit these children at my school with their parents' 
written permission during school hours to perform a cognitive evaluation. In addition, 
you have asked to use a room of my school for this evaluation. 

You can visit the children in your study attending my school, given you have written 
parental permission, and use a room to conduct the cognitive evaluation. A copy of the 
written parental permission will be provided for our records. Please understand that space 
is sometimes limited, so provision of space for your study will depend on the needs of the 
school. 

GADSDEN SCHOOL DISTRICT #32 
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November 16, 2001 

Patricia Sanchez Lizardi 

Ph.D. Candidate 

The University of Arizona 

1435 N. Fremont Ave #128 

Tucson, AZ 85719 

Dear Patricia, 

As we talked on the phone, I understand you are conducting your dissertation research 

project in Yuma County, Arizona. This dissertation will be submitted as partial 

fulfillment to obtain a Ph.D. at the University of Arizona in the Department of Special 

Education, Rehabilitation, and School Psychology, with an emphasis in School 

Psychology. 

This research project entitled "Effects of pesticides on the cognitive and behavioral 

functioning of Hispanic children in agricultural areas'" requires the evaluation of some of 

the children living in this community. You will evaluate approximately 70 children that 

attend any of the elementary schools in the cities of Somerton, Gadsden, and San Luis. 

Some of these children may attend my school. 

You have asked my permission to visit these children at my school with their parents' 

written permission during school hours to perform a cognitive evaluation. In addition, 

you have asked to use a room of my school for this evaluation. 

You can visit the children in your study attending my school, given you have written 

parental permission, and use a room to conduct the cognitive evaluation. A copy of the 

written parental permission will be provided for our records. Please understand that space 

is sometimes limited, so provision of space for your study will depend on the needs of the 

school. 

Sincerely, 

Rafael Sanchez 

Principal 

Rio Colorado Elementary School 
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SUBJECT'S (TEACHER) CONSENT FORM 

EFFECTS OF PESTICIDES ON THE COGNITIVE AND BEHAVIORAL 
FUNCTIONING OF HISPANIC CHILDREN IN AGRICULTURAL AREAS 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF 
HOW I WILL PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING THIS 
FORM WILL INDICATE THAT I HAVE BEEN SO INFORMED AND THAT I GIVE 
MY CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN INFORMED 
CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT I 
CAN KNOW THE NATURE AND RISKS OF MY PARTICIPATION AND CAN 
DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED 
MANNER. 

PURPOSE 
I am being invited to participate voluntarily in the above-titled research projcct. The 
purpose of this project is to assess the cognitive and behavioral functioning of children 
living in an agricultural area who have been exposed to organophosphate (OP) pesticides 
and compare them with children who have not been exposed to these pesticides. This 
study will help to determine if the behavior and learning skills of children are affected by 
exposure to OP pesticides. 

SELECTION CRITERIA 
Several children living in this community participated in Dr. O'Rourke's study named 
"Children's Pesticide Exposure in Yuma Co. AZ." Some children in this study appeared 
to be exposed to OP pesticides according to a urine sample analysis. Approximately 70 
children (5 to 8 years of age) and their parents who participated in Dr. O'Rourke's named 
study will be enrolled to participate in this research project. Teachers (no more than 70) 
of these children will be asked to complete a behavioral rating scale. 

PROCEDURE(S) 
If I agree to participate, I will consent to the following: 
1. Behavioral Evaluation. I will complete a rating scale about at least one of my 

student's behaviors with prior parental consent. This rating scale takes approximately 
15-20 minutes to complete. 

RISKS 
There are no known risks involved in the completion of rating scales. 

BENEFITS 
Although there is no direct or immediate benefit for me, this study will help to determine 
if children's learning skills and behavior may be affected by exposure to OP pesticides 
used in the fields of Yuma County, Arizona. 
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CONFIDENTIALITY 
Identification numbers will be used instead of names. It is not necessary to provide any 
information about myself. The principal investigator Patricia Sanchez Lizardi, Ph.D. 
Candidate, will keep the only copy of a list linking my student's name with the 
identification numbers in a locked file. This list will be destroyed after the data is ready 
for analysis and no more information is needed. These data, that cannot identify my 
student, can be analyzed by other people later on for the purpose of future publications. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 
There is no cost other than approximately 15-20 minutes of my time and there is no 
compensation for my participation in this study. 

CONTACTS 
I can obtain further information from the principal investigator Patricia Sanchez Lizardi, 
Ph.D. Candidate at (520) 626-4226. If I have questions concerning my rights as a 
research subject, I may contact the Human Subjects Committee office at the University of 
Arizona at (520) 626-6721, or 1350 N. Vine, Tucson, AZ 85724. 

AUTHORIZATION 
BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I MAY ASK QUESTIONS AT 
ANY TIME AND I AM FREE TO WITHDRAW FROM THE PROJECT AT ANY 
TIME WITHOUT CAUSING BAD FEELINGS. MY PARTICIPATION IN THIS 
PROJECT MAY BE ENDED BY THE INVESTIGATOR FOR REASONS THAT 
WOULD BE EXPLAINED. NEW INFORMATION DEVELOPED DURING THE 
COURSE OF THIS STUDY WHICH MAY AFFECT MY WILLINGNESS TO 
CONTINUE IN THIS RESEARCH PROJECT WILL BE GIVEN TO ME AS IT 
BECOMES AVAILABLE. THIS CONSENT FORM WILL BE FILED IN AN AREA 
DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH ACCESS 
RESTRICTED TO THE PRINCIPAL INVESTIGATOR, PATRICIA SANCHEZ 
LIZARDI, Ph.D. CANDIDATE, OR AUTHORIZED REPRESENTATIVE OF THE 
SPECIAL EDUCATION, REHABILITATION, AND SCHOOL PSYCHOLOGY 
DEPARTMENT. I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS BY SIGNING 
THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL BE GIVEN TO 
ME. 

Subject's Signature Date 

Witness (if necessary) Date 
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INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject the nature of the above project. 1 hereby certify 
that to the best of my knowledge the person who is signing this consent form understands 
clearly the nature, demands, benefits, and risks involved in his/her participation and 
his/her signature is legally valid. A medical problem or language or educational barrier 
has not precluded this understanding. 

Signature of Investigator 
Patricia Sanchez Lizardi, Ph.D. Candidate 

Date 
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FORMA DE CONSENTIMIENTO DEL MAESTRO(A) 
EFECTO DE LOS PESTICIDAS EN EL FUNCIONAMIENTO COGNITIVO Y 

CONDUCTUAL DE NINOS HISPANOS QUE VIVEN EN AREAS AGRl'COLAS 

SE ME HA SOLICITADO QUE LEA EL SIGUIENTE MATERIAL PARA 
ASEGURAR QUE ESTOY SIENDO INFORMADO DE LA NATURALEZA DE ESTE 
ESTUDIO Y DE COMO PARTICIPARE EN EL SI DECIDO HACERLO. MI FIRMA 
EN ESTA FORMA INDICARA QUE HE SI DO INFORMADO Y QUE DOY MI 
CONSENTIMIENTO. REGLAMENTOS FEDERALES REQUIEREN QUE DE MI 
CONSENTIMIENTO POR ESCRITO ANTES DE MI PARTICIPACION EN ESTE 
ESTUDIO, DEL TAL MANERA QUE SEPA DE LA NATURALEZA Y RIESGOS DE 
Ml PARTICIPACION Y PUEDA DECIDIR PARTICIPAR O NO DE UNA MANERA 
LIBRE E INFORMADA. 

PROPOSITO 
Se me esta invitando a parlicipar voluntariamente en el cstudio cuyo titulo se ha 
niencionado arriba. El proposito de este estudio es evaluar el funcionaniicnto cognitivo y 
conductual de ninos que viven en areas agricolas, que han estado expuestos a pesticidas 
organofosforados y comparar su funcionamiento con el de ninos que no han estado 
expuestos a estos pesticidas. Este estudio ayudara a deteraiinar el efecto de la exposicion 
a pesticidas organofosforados en la conducta y habilidadcs para el aprendizaje de ninos. 

CRITERIO DE SELECCION 
Varios ninos que viven en esta comunidad participaron en el estudio de la Dra. O'Rourke 
que se titulo "Exposicion de ninos a pesticidas en el condado de Yuma, Arizona." 
Algunos de los ninos en este estudio parecen estar expuestos a pesticidas 
organofosforados de acuerdo con el analisis de una niuestra de orina. Aproximadamente 
70 ninos (de 5 a 8 anos de edad) y sus padres que hayan participado en el estudio de la 
Dra. O'Rourke seran inscritos para participar en este estudio. A los maestros(as) (no mas 
de 70) de estos ninos se les pedira que completen una escala de conducta. 

PROCEDIMIENTO(S) 
Si acepto participar dare mi consentimiento para lo siguiente: 
1. Evaluacion de la conducta. Completare una escala de conducta accrca de la conducta 

de por lo nienos uno de mis estudiantes, dado que exista consentimiento de los 
padres. Completar esta escala toma aproximadamente 15-20 minutos. 

RIESGOS 
No se conocen riesgos asociados con completar escalas de conducta. 

BENEFICIOS 
Aunque no existe un beneficio directo o inmediato para mi, este estudio ayudara a 
determinar si las habilidades de aprendizaje de los ninos y su conducta podrian ser 
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afectadas por la exposicion a los pesticidas orgaiiofosforados que se usaii en los campos 
del condado de Yuma, Arizona. 

CONFIDENCIALIDAD 
Se utilizaran numeros en lugar de nombres. No es necesario que proporcione informacion 
acerca de mi. La investigadora principal Patricia Sanchez Lizardi, candidata a doctora, 
mantendra la unica lista que pudiera relacionar el nombre de mi estudiante con su numero 
asignado en un archivo bajo Have. Esta lista sera destruida despues de que los datos esten 
listos para analizarse y no se necesite mas informacion. Estos datos, que no pucden 
identificar a mi estudiante, podrian ser analizados despues por otras personas con el 
proposito de publicarlos. 

COSTOS POR PARTICIPACION Y COMPENSACION AL PARTICIPANTE 
Ademas de 15-20 minutes de mi tiempo, no existe costo por mi participacion cn este 
estudio. Tampoco existe compensacion por mi participacion en este estudio. 

CONTACTOS 
Puedo obtener mayor informacion de la investigadora principal Patricia Sanchez Lizardi, 
candidata a doctora, en el (520) 626-4226. Si tengo mas preguntas referentes a mis 
derechos como partipante en el estudio, puedo ponerme en contacto con la oficina del 
comite de participantes humanos en la Universidad de Arizona al (520) 626-6721. o en 
1350 N. Vine, Tucson, AZ 85724. 

AUTORIZACION 
ANTES DE DAR MI CONSENTIMIENTO FIRMANDO ESTA FORMA, LOS 
METODOS, RIESGOS Y BENEFICIOS SE ME HAN EXPLICADO Y MIS 
PREGUNTAS HAN SIDO CONTESTADAS. PUEDO HACER PREGUNTAS EN 
CUALQUIER MOMENTO Y SOY LIBRE DE RETIRARME DEL PROYECTO EN 
CLIALQUIER MOMENTO SIN CAUSAR MALOS SENTIMIENTOS. MI 
PARTICIPACION EN ESTE ESTUDIO PODRJA SER TERMINADA POR LA 
INVESTIGADORA POR RAZONES QUE ME SERIAN EXPLICADAS. LA 
INFORMACION QUE SE VAYA OBTENIENDO DURANTE EL TRANSCURSO DE 
ESTE PROYECTO, LA CUAL PODRIA AFECTAR MI INTERES EN CONTINUAR 
EN ESTE ESTUDIO, SE ME IRA PROPORCIONANDO TAN PRONTO SEA 
POSIBLE. ESTA FORMA DE CONSENTIMIENTO SE ARCHIVARA EN UNA 
AREA DESIGNADA POR EL COMITE DE PARTICIPANTES HUMANOS CON 
ACCESO RESTRINGIDO A LA INVESTIGADORA PRINCIPAL, PATRICIA 
SANCHEZ LIZARDI, CANDIDATA A DOCTORA, O PERSONAL AUTORIZADO 
DEL DEPARTAMENTO DE EDUCACION ESPECIAL, REHABILITACION Y 
PSICOLOGIA ESCOLAR. AL FIRMAR ESTA FORMA DE CONSENTIMIENTO NO 
RENUNCIO A NINGUNO DE MIS DERECHOS LEGALES. SE ME DARA UNA 
COPIA DE ESTA FORMA FIRMADA. 
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Firma del participante Fecha 

Testigo (si es necesario) Fecha 

TESTIMONIO DEL INVESTIGADOR 
He explicado cuidadosamente al participante la naturaleza de este estudio. Certifico que a 
mi modo de en tender la persona que firma esta forma de consentimiento entiende 
claramente la naturaleza, demandas, beneficios y riesgos involucrados por su 
participacion y que su firma es legalmente valida. Ningun problema medico o de 
lenguaje o barrera educativa impide este entendimiento. 

Firma del investigador 
Patricia Sanchez Lizardi, Ph.D. Candidate 

Fecha 
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