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ABSTRACT 

This study of pesticide use and exposure in the Arizona NHEXAS sample explored 

demographic variation in pesticide use and the feasibility of predicting the subjects' urinary 

TCPY (a chlorpyrifos metabolite) using questionnaire data. A variety of demographic 

differences in pesticide use patterns such as frequency of personal application, use of 

professional exterminators, and frequency of use outside the home were found. In contrast, 

there were few demographic differences in TCPY, although mean TCPY was higher than in 

earlier epidemiological studies. Two mulitvariate (multiple regression) methods of predicting 

TCPY from questionnaire responses were tested. The first method combined pesticide use 

questions into a scale; the second method treated them separately. R2s were similar and 

below .25 using either method. Including only subjects reporting some pesticide use raised 

the R2 to .35. These results suggest that questionnaire responses cannot predict exposure 

accurately enough to be useful proxies for biological samples. 



CHAPTER 1 

INTRODUCTION 

12 

Since the development of the first modern pesticides in the 1940's, pesticide use 

has increased by several orders of magnitude. Agricultural pesticide use nearly tripled 

between 1965 and 1985 (Weisenburger, 1993), and in 1991 approximately 2.7 billion 

pounds of pesticides were used in the United States (U. S. Environmental Protection 

Agency [EPA], 1991), compared to 500 million pounds in 1964 (General Accounting 

Office [GAO], 1992c). The development and marketing of new agents has paralleled this 

increase; over 50,000 pesticide products have been registered with the EPA since 1947 

(GAO, 1992a). 

Once used to control only economically deleterious agricultural pests and disease 

vectors, pesticides are now routinely applied in homes and public places to eliminate 

nuisance insects, fungi, and plants. As a consequence of this intensive use, they have 

become widely distributed in the environment, occurring in soil, dust, air, water, and even 

fog (Al-Saleh, 1994; Glotfelty, Seiber, & Liljedahl, 1987; Wolfe & Seiber, 1993). 

However, most exposure in the general U.S . population probably occurs in the home 

(Nigg, et al. , 1990; Wallace, et al. , 1987). 

Although research indicates that occupational exposure to pesticides is associated 

with a variety of health risks (Garry, Kelly, Sprafka, Edwards, & Griffith, 1994; Moses, 

1989; Woodruff, Kyle, & Bois, 1994), household users represent a large and relatively 

little-studied group. Only a few population-based studies of home users have been carried 
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out (see Chapter 2), and even less is known about the exposure of vulnerable subgroups 

such as children and minorities (Jackson, 1995; Moses, et al. , 1993). There is a 

particularly pressing need to identify the demographic groups with the highest exposure 

so that research and educational efforts can be focused where they are most needed. 
/ 

Because of the dearth of population-based studies on home users, basic questions 

remain about products used, methods of application, frequency of misapplications, and 

temporo-spatial patterns of use. In addition, very little is known about characteristics of 

users such as age, sex, income, and ethnic group. This type of data can be collected by 

interviews, questionnaires, and direct observation. 

However, interviews and observations alone cannot be relied upon to furnish 

accurate exposure estimates because neither subjects nor observers will be aware of all 

pesticide exposures. In order to make more accurate estimates, data are needed on actual 

pesticide residues in household media (environmental samples) and in the bodies of 

household users (biological samples). 

Biological sampling for pesticide residues is probably the best means of 

estimating exposure (Needham, Hill, Ashley, Pirkle, & Sampson, 1995b ), but it is 

expensive, time-consuming, and burdensome to subjects. Consequently, there is a need 

for inexpensive, non-invasive methods of identifying subjects who are most likely to be 

highly exposed. If a population can be screened using questionnaire data, biological 

sampling can be targeted at individuals and groups who are particularly vulnerable to the 
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adverse health effects of pesticides because they are more likely to be in the top exposure 

percentiles. 

Recognizing this, the EPA has sought to develop questionnaires that identify those 

most likely to be at high risk for exposure to pesticides and other environmental 

pollutants (Lebowitz, et al. , 1989; Mary Kay O'Rourke, Environmental Health Unit, 

University of Arizona, personal communication, 1997). In theory, questions could be 

included in large population surveys (such as the U.S. Census) that could aid in 

identifying geographical areas and groups of individuals at risk for pesticide-related 

health problems. These groups and individuals could then be targeted for more in-depth 

testing, education, and treatment. 

The National Human Exposure Assessment Survey (NHEXAS) is a federally 

funded group of studies coordinated by the EPA with the purpose of collecting 

population-based information on exposures to environmental pollutants, including 

pesticides (Lebowitz, et al., 1995). This information will be used in several ways 

including identifying at-risk groups and developing strategies to reduce exposure. 

Information on health outcomes associated with exposures will also be collected. The 

data examined in the present study make up part of the findings of a population-based 

survey of exposure to environmental pollutants in Arizona which was carried out in 

support ofNHEXAS (Lebowitz, et al., 1995). In this survey, questionnaires and 

biological and environmental sampling were used to collect data. Several classes of 

pollutants were included in NHEXAS-Arizona, including pesticides. The present study 



examines only one of these agents, chlorpyrifos, a ubiquitous organophosphate (OP) 

pesticide. 

15 

The questions used in NHEXAS-Arizona incorporated data from the literature on 

factors that increase the likelihood of pesticide exposure. For example, research shows 

that substantial exposure may be incurred by people who mix and/or apply pesticides 

(Whitmore, et al. , 1994). In addition, certain spatia-temporal use patterns may lead to 

higher exposure, such as use in the kitchen and in cupboards where food is stored. 

In this analysis of data collected for the Arizona NHEXAS study, demographic 

information on pesticide use in Arizona will be reported, focusing on high risk groups 

such as minorities, children, and residents of the U.S.-Mexico border area. In addition, an 

index of pesticide exposure developed from the environmental risk questionnaire will be 

compared to biological (urinary metabolite) data on systemic absorption of chlorpyrifos. 

This will aid in the development of a set of questions that could identify people at greater 

than average risk for pesticide exposure. 

Chlorpyrifos is ubiquitous in the environment, since it is a multi-purpose 

pesticide, used on produce, in home gardening, and for home extermination of a wide 

variety of pests including termites and cockroaches. Although rapidly excreted in urine 

(within two days), chlorpyrifos may persist for months in indoor environments, leading to 

constant re-exposure of residents. In addition, in spite of its rapid clearance, it should be 

remembered that a toxin's effects, such as cellular damage, may persist and cause disease 

even after a substance has been fully excreted; chlorpyrifos exposure has been shown to 



cause a variety of chronic and acute health effects. Adverse effects of chlorpyrifos 

exposure are more fully discussed in chapter 5. Because chlorpyrifos urine levels are 

transient, no minimum safe level has been set by any federal agency for urinary levels of 

the metabolite of chlorpyrifos, 3,5,6 trichloro-2-pyridinol (TCPY) (Mary Kay O'Rourke, 

personal communication, July, 1998; Dept. of Health and Human Services, 1997). 

Background: Home Use of Pesticides and Populations at Risk 

16 

Pesticides are used inside the home to control a variety of arthropods that are 

perceived as harmful or unpleasant such as termites, spiders, and cockroaches. Pesticides 

are also used in the garden to control plant, fungal, bacterial, and animal pests. Studies 

indicate that household pesticides are widely used; in a survey conducted in the 1970s, 

the EPA estimated that 90% of American homes used pesticides (EPA, 1979). A more 

recent survey of the general U.S. population found that over 85% of respondents had at 

least one pesticide in storage (Whitmore, Kelly, & Reading, 1992). 

The average U.S. citizen risks systemic absorption of home pesticide through 

inhalation, ingestion, or dermal routes. A variety of studies (reviewed in chapter two) 

have found pesticide residues or metabolites in 1 00% of human adipose tissue, blood, or 

urine sampled. Exposure occurs through multiple sources. Aside from the widespread 

agricultural use of pesticides and contamination of groundwater in some parts of the U.S ., 

most homes contain residues of multiple chemicals. Even if homeowners choose not to 

use pesticides, involuntary exposure occurs through commercial spraying of public 

buildings and green spaces. In many apartment buildings, spraying takes place without the 
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consent (or sometimes knowledge) of tenants, and homeowners may be exposed by 

neighbors' lawn treatments. In addition, the foundations of new homes are almost always 

treated with termiticides, and these agents may persist for years (Personal 

communication, Rob Barber, Pima County Building Code Office, August, 1998). 

Although agricultural sales of pesticides far outstrip sales of home products, there 

is evidence that most non-occupational exposure occurs inside the home (Nigg, et al. 

1990). This is due to a combination of factors. People spend up to 90% of their time 

indoors, and many pesticides, such as the termiticides chlorpyrifos and chlordane, persist 

in the environment (Lewis, F ortmann, & Camann, 1994). In the relatively closed 

environment of a home, levels of toxicants in air and other media such as dust may reach 

higher levels than outdoors (Anderson & Hites, 1988; Wallace, et al., 1987; Whitmore et 

al., 1994). In addition, many pesticides persist longer indoors than outdoors because they 

are protected from factors that aid in degradation, such as UV light (Nigg, et al., 1990; 

Ware, 1991). 

Spatia-temporal patterns of pesticide use in the home may result in higher 

exposure. Home-applied pesticides may be used in the kitchen where it is likely that they 

will find their way into food. This exposure adds to that incurred by ingesting residues of 

agricultural pesticides present in food. Homeowners may not apply pesticides correctly, 

leading to high exposure levels from over-use and accidental contact. 

Pesticides used in the garden also pose risks. Many of these pesticides, such as 

diazinon, are members of the highly toxic organophosphate class. In two reports to 
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Congress, the U.S. General Accounting Office concluded that health risks from lawn care 

pesticides were uncertain, and that the lawn care industry routinely made unsupported 

safety claims (GAO 1990, 1993a). Pesticide lawn treatments also pose a special hazard to 

children, who spend more time in close contact with lawns than adults, breathe closer to 

the ground, and ingest more soil than adults. One source estimated that although children 

are only 20% of the body weight of adults, they ingest 2.5 times more soil (Hawley, 

1985). 

The use of pesticides in homes with children may be particularly risky because of 

biological and behavioral differences between adults and children (Wargo, 1996). 

Minority and impoverished population groups may also be at higher risk for exposure to 

environmental pollutants (EPA, 1992; Moses, et al., 1993). This is of concern in Arizona 

because a significant proportion of its population lives along the U.S. Mexico border. 

The segment of the population residing along the U.S. Mexico border tends to be 

poorer and more predominantly Hispanic than the rest of the country, and also tends to 

contain a higher proportion of children than non-border areas (See chapter 4 of this study; 

also Chan & Portnoy, 1986; U.S. Bureau of the Census, 1988). Directions for pesticide 

use are not always given in Spanish, putting non-English speaking users at risk. Adding 

to the likelihood of risk from pesticide exposure is the border counties' proximity to 

Mexico, where pesticides are not as extensively monitored as in the U.S., and pesticide 

regulations are not as strictly enforced (GAO, 1992b, 1993c). The concentration of 

industrial facilities (maquiladoras) on the border, coupled with geological features of the 
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area, add to the potential for toxic exposures of all kinds (Martinez, 1994; Moure-Eraso, 

Wilcox, Punett, Copeland, & Levenstein, 1994). Populations living in areas with high 

levels of environmental contamination may be more at risk from home exposures because 

of synergistic and additive effects between home-use chemicals and other environmental 

pollutants. 

Background: Pesticide Regulation and Health Risks 

The increasing use of pesticides means that their potential to cause adverse health 

effects is also on the rise. Many chemicals used in pesticides are classified by the EPA as 

potential human carcinogens (Hallenbeck & Cunningham-Burns, 1985). Pesticide 

exposure may also result in endocrine, reproductive, neurological, psychological, 

immunological, and respiratory pathology (Baker & Wilkinson, 1990; Colburn & 

Clement, 1992; Kilburn & Thornton, 1995; Sharp, Eskenaxi, Harrison, Callas, & Smith, 

1986; Smith, Hammonds, Clark, Kirchner, & Fuortes, 1997; Sterling & Arundel, 1986; 

Weisenburger, 1993). Exposure to chronic low-level doses of environmental pollutants, 

and to mixtures of these chemicals, may pose unrecognized risks that are not considered 

when regulations are enacted (Porter, Green, Debbick, & Carlson, 1993). The problem 

of exposure to mixtures is of special concern. Although mixtures of chemicals are 

generally not considered when toxicity standards are set, many studies show that 

combinations of chemicals may have adverse effects not predictable from studies of their 

components (Boyd, Weiler, & Porter, 1990; Dolara, Salvadori, Capobianco, & Torricelli, 

1992; Krishnan & Brodeur, 1994; Porter, et al., 1993). Gulfwar syndrome, for example, 
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may be caused by co-exposure to two common pesticides (DEET [an insect repellant] and 

chlorpyrifos ), and a medication, pyridostigmine bromide, which was used as a 

prophylactic for organophosphate nerve gas exposure (Sullivan & Krieger, 1992). This is 

controversial, but a recent study of hens showed that combinations of these chemicals 

caused greater neurotoxicity than exposure to any one or two agents (Abou-Donia, et al. , 

1996). 

Despite the existence of thousands of studies on health effects of pesticides (a 

Medline search, for example, revealed over 5, 000 citations), health risks from pesticides 

remains a controversial and confusing topic. In a 1992 statement, Peter Guerrero, of the 

U.S . General Accounting Office, told Congress: " ... data are incomplete on most ofthe 

thousands of pesticide products currently used in agriculture and in the home ... federal 

agencies lack a strategy for systematically identifying, collecting, and managing key data 

needed to reduce the uncertainties associated with pesticide use ... " (GAO, 1992c, p. 1 ). 

The EPA, Food and Drug Administration (FDA) and U.S. Department of 

Agriculture (USDA) share responsibility for ensuring that pesticides ''do not pose an 

unreasonable risk to human health and the environment." (GAO, 1993c). Under the 

Federal Food, Drug, and Cosmetic Act (FFDCA), the EPA sets tolerances (maximum 

allowable pesticide residues) for foods including raw produce commodities (not 

processed foods), and meat, poultry, and eggs (EPA, 1998; GAO, 1993c; Wargo, 1996). 

The FDA and the USDA enforce these tolerances. 
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The EPA has the most crucial responsibility in pesticide regulation. Under the 

authority of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) it registers 

(clears for use) all pesticides, specifying whether and on what a pesticide may be used. 

However, thousands of pesticides were registered decades ago, before information on 

their health risks was known. This led Congress to enact legislation requiring the EPA to 

re-register 17,000 products. 

Re-registration involves the completion and review of toxicity studies, a process 

that may involve the review of thousands of pages of documents and take several years 

for any one pesticide. Not surprisingly, the EPA is behind in its efforts to re-register 

pesticides (with only 31 products re-registered by 1992). Thus, pesticide regulations and 

exposure and use guidelines currently in force often do not consider important modern 

data on health risks (GAO, 1992, 1993b). In 1993, the U.S. General Accounting office 

reported to Congress that, although 31 pesticide products had been re-registered, and 

active ingredients affecting 2,370 more products had been reassessed, pesticide re

registration might not be completed until2006 because about 20,000 products, containing 

642 active ingredients, still had to be re-registered (GAO, May 1993). 

While re-registration is in progress, potentially hazardous products remain on the 

market. Thus, because of the public health problem created by the increasing use and 

inadequate regulation of pesticides, and because the total burden of toxic chemicals in the 

environment is steadily increasing, research identifying health risks from pesticide 

exposure, at-risk populations, and patterns of exposure is vitally important. 
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Problem Statement 

In spite of the potential public health risk posed by the increasing environmental 

burden of pesticides, much information is lacking regarding exposure levels in the general 

population resulting from household use. Information about exposure and patterns of use 

must be obtained so that health risks can be assessed and sound environmental and health 

regulations can be formulated . Moreover, it is necessary to determine the relationship 

between self- reported pesticide use and actual biological absorption by home users, since 

this will aid in the development of accurate and inexpensive methods for identifying 

populations and individuals at risk for high exposure levels. 

Characteristics of users, such as age, sex, income, education, race, and health 

status must be known in order to identify at-risk populations. Information about pesticide 

use by people living in poverty and by minority populations is also needed, as these 

groups may also face greater risks. In addition, the identification of spatia-temporal 

patterns of pesticide exposure should provide much needed background information for 

targeting educational efforts aimed at preventing misuse of pesticides. 

Purpose of Research 

It is the purpose of this study to examine whether a small set of questionnaire 

variables can predict a meaningful amount of the variation in levels of the urinary 

metabolite of chlorpyrifos, TCPY. In addition, data on home pesticide use and on urinary 

TCPY in a proportion-based sample of Arizona households will be reported. These data 

will include characteristics of users such as age, sex, ethnic group, race, income, and 



health status. Pesticide use by people living in the border region and in rural and urban 

areas of the state will be examined to determine whether residents of certain areas are at 

higher risk of exposure. Data on pesticide use and pesticide metabolite levels in 

vulnerable sub-groups of the population will aid in identifying groups such as minorities 

and children that may be at high risk for pesticide exposure because of sociocultural, 

economic, geographic, and biological factors. 

Definition of Terms 

(Sources: Ware, 1991 ; Wargo, 1996, except where otherwise noted). 

Biological sample - sample of material from a living organism, i.e. blood, urine, or 

adipose tissue. 

Carbamate: a type of pesticide derived from carbamate acid. Widely used today. May 

cause acetylcholinesterase inhibition, usually more reversible than that caused by 

organophosphates. 

Chlor:pyrifos (trade name: Dursban, many others): a broad spectrum organophosphate 

insecticide widely used in agricultural and home pest control. 

Cyclodiene termiticjde: a type of organochlorine insecticide containing a ring structure 

with two double bonds. Includes the banned or restricted use OC insecticides dieldrin, 

heptachlor, mirex, aldrin, and chlordane. The latter was once widely used for termite 

control. Many cyclodienes persist in the environment for decades. 

Environmental sample - sample of environmental media such as air, dust, water, or food . 
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Food Quality Protection Act (FQPA)- enacted by Congress in 1996, this act put in place 

new measures to protect infants and children from pesticide residues in foods (EPA, 

1998). 

Fun~icide : chemical used to kill or control fungi. 

Herbicide: chemical used to kill or control plants. 

Insecticide: chemical used to kill or control insects. 

Minimum detection limit: the lowest concentration of a chemical that can be detected 

using a given analytic technique. 

NHEXAS: National Human Exposure Assessment Survey (see text). 

Non tar~et species: species that may be affected by chemicals introduced into the 

environment, such as pesticides, but that is not the species that the chemical was intended 

to affect. 

No Observable Effect Level (NOEL), also No Observed Adverse Effect Level (NOAEL): 

The highest dose of a toxicant that causes no observed adverse effects in chronic toxicity 

studies. 

Organochlorine pesticide (synonyms: OC, chlorinated pesticide, chlorinated hydrocarbon, 

halogenated hydrocarbon). A class of organic pesticides containing hydrogen and 

chlorine. OC's do not readily break down in the environment and may persist for years in 

non-target animals, accumulating in the food chain. Many, including DDT, chlordane, 

and heptachlor, have been banned for some or all uses. 
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Organophosphonis pesticide: (synonyms: OP): pesticide derived from phosphoric acid 

esters. Persist for shorter time periods in the environment but are more acutely toxic than 

OC's. Widely used today. Most are insecticides. 

Pesticide: chemical used to kill or control species considered pests including plants, 

animals, fungi, and bacteria. 

Pesticide Use Characteristics: frequency of pesticide use, type of product used, location 

used (home/garden, room in house, location in room), how the pesticide is applied 

(professional application, whether the subject applies &/or mixes the pesticide himself). 

Pyrethroid insecticide: Insecticide used in home pesticides and in agriculture. Related to 

pyrethrum, which is derived from chrysanthemums. Mode of action: axonic poison. 

Reference Dose: Highest dose of a pesticide considered safe; derived from the 

compound's most sensitive NOAEL and decreasing it by a safety factor (usually 100) . 

.I.CIT: 3,5,6-trichloro-2-pyridinol, the urinary metabolite of the widely-used OP pesticide 

chlorpyrifos and chlorpyrifos-methyl. 

Tolerance: the maximum concentration of a pesticide (in ppm) allowed on a crop by law. 

Summary 

In spite of the widespread use and environmental distribution of pesticides, as 

well as their documented health risks, few large-scale population-proportional studies 

have been carried out which examine the distribution of exposure in the population. This 

analysis of a subset of data from a phase one field study in support of the National Human 

Exposure Assessment Survey will focus on the relationship between urinary metabolites 
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of a ubiquitous organophosphate pesticide, chlorpyrifos, and a variety of demographic 

and behavioral variables as reported in questionnaires. The study participants are a 

proportional sample of full-time residents of the state of Arizona. In order to test whether 

the subset of the population with the highest biological exposure to pesticides can be 

identified from the questionnaire data, a pesticide index will be constructed from this data 

and compared with the distribution of chlorpyrifos metabolites in the subjects urine 

samples. Descriptive data will be reported on pesticide use characteristics of the study 

population as a whole and of various subgroups of the population, such as residents of the 

U.S.-Mexico border counties. 

A Note on Animal Studies 

Since most experimental studies cannot be carried out on humans for ethical and 

legal reasons, experimental data on pesticide exposure are obtained almost exclusively 

from animal studies. This situation creates a variety of scientific and ethical problems not 

usually acknowledged by the regulatory and research community. These conflicts fall into 

two broad categories. 

First, species show markedly different responses to pesticides, and animal studies 

cannot always be generalized to humans, although many scientists feel that animal studies 

provide the best way to estimate human toxicity. Wargo (1996) cited National Toxicology 

Program data showing all known human carcinogens identified by 1991 (3 9 chemicals) 

are also animal carcinogens. However, dosages causing illness may be species-specific, 

and regulations based on animal studies may thus allow exposure levels that are 
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potentially harmful to humans. Obviously, from a public health perspective, the former is 

more troublesome. The thalidomide tragedy furnishes an example of a situation in which 

animal studies did not predict the devastating developmental effects of a toxic chemical 

(Johnson, et al. , 1990). 

Secondly, although research on humans that causes harm is ethically unacceptable 

to most people and most societies, animal studies also pose ethical quandaries. Countless 

thousands of animals suffer and die every year for research purposes. Many studies are of 

questionable utility, especially if the results cannot be generalized to humans. Perhaps 

most disturbing is the fact that this state of affairs is rarely discussed in the research 

community. 

Alternatives to animal experimentation do exist, and include studies of isolated 

human cells and tissues, studies of accidentally exposed humans, and computer modeling 

and simulations. Whether such techniques will ever be able to completely replace animal 

studies is open to debate. Animal studies could unquestionably be made more humane 

(and possibly more relevant to human exposure scenarios) by limiting studies that utilize 

"lethal dose" protocols and examining effects of low doses over time. In addition, 

laboratory environments of captive animals could be enriched in order to reduce the 

psychologically harmful effects of captivity. 

In the interests of completeness, the results of animal studies are presented here. 

In general, an examination of the data on pesticide animal studies shows that pesticides 

often affect different species differently, making extrapolation to human effects difficult. 



From an ethical perspective, it is clear that animal studies vary greatly in the amount of 

pain and suffering inflicted. Three questions should be asked of every study that causes 

suffering to animals: did this experiment really yield any information that will improve 

human health or elucidate toxicity or disease mechanisms in humans? Could such 

information have been obtained using more humane methods? The third, and most 

difficult question is: even if some new knowledge were gained, did it justify the pain and 

suffering caused? 

In general, the infliction of suffering on living beings is considered acceptable if 

such beings are not considered persons. Historically, many classes of humans have been 

considered non-persons, and experimentation on them has been carried out with the 

justification ofbenefit to the class of humans considered "persons" (Hanauske-Abel, 

28 

1996). It is hoped that, as the reader reviews animal studies presented in this paper, he or 

she will keep in mind the subjectivity of the definition of "person," and will consider the 

burden of suffering imposed by the experiment. 
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CHAPTER2 

CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW 

Conceptual Framework- Systems theory 

General systems theory (GST), as developed by Von Bertalanffy and others (Von 

Bertalanffy, 1968) will be used as a theoretical framework for this study. Von 

Bertalanffy posited that systems in diverse fields such as mathematics, physics, biology, 

and economics shared certain features, and that the same set of general laws governed the 

phenomena described by all these areas of knowledge. In other words, one might expect 

that the same laws would describe the behavior of a group of equations, a gaseous 

mixture, a flock of seagulls, and a stock market. This would be true because all these 

phenomena are what Bertalanffy termed systems. 

According to GST, systems are defined as sets of elements in complex interplay. 

The interaction of these elements leads to new or emergent properties; therefore, systems 

cannot be described by examining each element in isolation. The boundaries of systems 

are arbitrarily defined and are either open or closed, depending on the context in which 

the system is viewed. As an example of this relativity, Blauberg, Sadovsky, and Yudin 

( 1977) cited the example of a living organism. Although the organism can be seen as a 

closed system, if viewed in the context of interaction with its environment, it becomes an 

open system. 



Von Bertalanffy described other dichotomies which predict how systems behave. 

If systems demonstrate wholeness variations in one element will affect and change .all 

other elements in the system. In this case, interactions between elements are crucial in 

describing how the system will change over time. In contrast, systems may exhibit 

summativity, in which changes in any element depend upon that element only, and 

changes in the entire system can be described by summing changes in all the elements, 

with little or no change caused by interaction between elements. The way the system 

behaves may change over time from wholeness to summativity. 
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Elements in a system may be hierarchically organized, and many systems may 

have a hierarchical relation to each other, as in the series molecule/ cell/ organism/ 

community/ ecosystem. Systems may also demonstrate centralization. This means that a 

change in a certain part of the system (or group of elements) leads to the greatest change. 

This part of the system is called the leading part. 

A systems perspective is compatible with certain ways of viewing the potential 

consequences of pesticide use. Pesticides can be viewed as novel elements introduced 

into the environment (the system) by humans. Such pesticides have (or are intended to 

have) an effect on another element in the system, pests. Non-systems thinking has led to 

the tacit assumption that these chemicals could be used with only one set of consequences 

resulting from their use, the desired effect of the elimination of pests, and that other 

effects will be absent or insignificant. 
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However, the tenets of systems theory would lead us to expect that not only pest 

species, but all parts of the system might be affected by pesticides to a greater or lesser 

degree. Viewed from a systems perspective, it makes little sense to consider only the 

effects of pesticides on their target species. Systems theory directs us to make an 

assumption that pesticides would affect other parts of the system--such as humans and 

other species which the pesticides were not intended to harm. 

The systems concept of emergent properties and of wholeness is illustrated by 

recent findings on the effects of mixtures of low doses of pesticides and their combination 

with other chemicals and other environmental factors, either natural or manmade. These 

combinations of factors lead to new properties not seen when the effects of single 

chemicals are studied. Adverse health effects not caused by single chemicals acting on 

simpler systems (healthy laboratory animals in controlled environments) have been found 

when chemicals are combined or tested on animals which are sick or malnourished 

(Porter, et al. , 1984). 

From a systems perspective, the total environment, which includes humans, can 

be viewed as a system exhibiting characteristics of wholeness, in which interactions 

between parts give rise to emergent properties. Studies of the effects of adding pesticides 

to the environment illustrate this tendency for the interaction of elements of the 

ecosystem to generate novel properties. Besides controlling target species, pesticides used 

along the U.S. Mexico border may be causing declines in populations of pollinator insects 
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(Nabhan & Buchmann, 1996). In turn, this may cause decreases in wild and cultivated 

food plants, which affect humans and other species. It can be seen how one element of the 

system (pesticides) changes the system in multiple ways. The property of wholeness 

(change in the entire system initiated by change in one element) is important in 

determining the system's characteristics after such interactions. 

Pesticide use may also foster the evolution of resistant pests (Matt & Snyder, 

1987). This property may be viewed as emergent; it evolved because of the interaction of 

many elements, including humans, the pesticide, the insect's genetic material, and 

elements in the environment that determine the dose of pesticides the insect will receive. 

The novel "emergent" element in the system is the new, resistant strain of insect 

produced. 

Systems theory is a useful way of making sense of the results of a large 

demographic survey such as the one analyzed in this study. Pesticide exposure, as 

measured by urinary metabolites of pesticides, is a property that can be viewed as 

emergent, because it is a novel effect that can be explained through the interplay of many 

elements. Pesticide exposure cannot be explained by the effects of any one element in 

isolation, but is a result of the interaction of many factors, including physical qualities of 

the environment (soil pH, air movement etc.), physiological and behavioral 

characteristics of the exposed individual (renal and liver function, respiratory rate, 

method of pesticide application etc.) and the social milieu in which the pesticide-human-



environment interaction takes place. Viewed in another way, it is a result of the 

interaction of humans and their total environment. The construction of a pesticide 

exposure index in this study is an attempt to construct an explanatory model of this 

interaction within a systems perspective. 

Literature Review 

Few population-based studies have evaluated home pesticide use and exposure. 

Data are therefore lacking on where, when, in what quantities, and by whom pesticides 

are applied in the home. In addition, the relationship between reported pesticide use and 

levels of pesticides in environmental and human samples has not been widely 

investigated. Existing studies will be reviewed here. 

This review will first focus on studies of home pesticide use and examine what 

they reveal about use patterns and exposure in the general population. The few studies 

which furnish comparisons between questionnaire and biological monitoring data will be 

reviewed in this section. Next, studies of high risk groups, including children and 

minorities, will be examined. Age and sex differences in pesticide exposure will also be 

reviewed. 

Pesticide l Jse and Exposure in the Home 

The largest and most important studies to look at pesticide use and/ or exposure 

are the EPA's Non-Occupational Pesticide Exposure Survey (NOPES) and National 

Human Adipose Tissue Survey (NHATS), the National Home and Garden Pesticide Use 
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Survey (NHGPUS) and the Centers for Disease Control's (CDC) second and third 

National Health and Nutrition Examination Surveys (NHANES II and III). In addition, 

the EPA's Total Exposure Assessment Methodology (TEAM) study, which focused on a 

wide range of toxic chemicals, provides some data on pesticide exposure. Several smaller 

studies which provide important clues to either pesticide use patterns or exposure have 

also been carried out. Unfortunately, data on vulnerable groups such as children, 

minorities, people living in poverty, and the elderly are very scant. 

NHANES II \Vas conducted between 197 6 and 1980 by the National Center for 

Health Statistics and the EPA's National Human Monitoring Program for Pesticides 

(Murphy & Harvey, 1985). The subjects consisted of a national probability sample of 

27,801 people. Extensive health-related data were collected, including blood and urine 

samples, which were analyzed for pesticide residues and metabolites (Kutz, Cook, Carter

Pokras, Brody, & Murphy 1992; Murphy & Harvey, 1985; Stehr-Green, 1989). NHANES 

II generated many published papers; those most recent and relevant to the present study 

are reviewed here. 

Blood specimens from 5994 people between the ages of 12 and 74 were analyzed 

for 16 OC pesticides and their metabolites (Stehr-Green, 1989). Over 99% of samples 

were found to contain p,p'-DDE, and 35.7% contained p,p'DDT, both metabolites of 

DDT. Beta-benzene hexachloride (beta-BHC) and dieldrin were found in 17.2 and 10.6 

percent of samples, respectively. Trans-onachlor (TNC) was found in 7.1% of the 
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samples, and several other pesticides, including heptachlor, aldrin, and mirex were found 

in less than 1% of the samples. 

There were several demographic differences in percent of blood samples with 

quantifiable residues of six pesticides. In general, increasing age, male sex, and residence 

on a farm all increased the chance of having quantifiable blood levels of most of the 

pesticides tested (children below age 12 were not included in the study group). 

Regional and seasonal differences were also found. There were significantly more 

samples showing quantifiable residues of five out of six pesticides from subjects living in 

the South and West, after controlling for season of collection. These subjects also had 

significantly higher mean levels of p,p'-DDE. After controlling for region of residence, a 

significantly greater percent of the samples showed quantifiable residues of four of the 

six pesticides in winter and spring than in summer and fall. Mean levels of a metabolite 

of DDT were also higher in spring and winter. The reason for these seasonal patterns is a 

matter of conjecture; it is possible that people spent more time indoors in winter, 

increasing the potential for exposure in the home, where most exposure in the general 

population is thought to occur (Nigg, 1990). In addition, the subjects may have been 

eating more imported produce in winter, which may have contained higher pesticide 

residues. Imported produce may also contain residues of pesticides such as DDT which 

are banned in the U.S. 



36 

Stehr-Green (1989) hypothesized that in view of data from other studies, both the 

prevalence of exposure to OC's and their mean blood concentrations seemed to be 

declining with time. Many of these agents, such as DDT, were once extensively used but 

are now either banned or have been severely limited in use by the EPA. 

The NHANES II urine samples, collected from 6, 990 people, were analyzed for 

organochlorine (OC), organophosphate (OP) and chlorophenoxy pesticide residues and 

metabolites (Kutz, et al., 1992). It should be noted that the data used were collected 

between 1976 and 1980. A comparison with a study ofNHANES III urinary data carried 

out by Hill, et al. (1995a) reflects changing pesticide use patterns. The results of the 

earlier study will be reviewed first. 

Quantifiable levels of pentachlorophenol (PCP) were found in over seventy 

percent of the samples collected for NHANES II. Extrapolating to the general U.S. 

population, the authors estimated that nearly 119 million people had been exposed to PCP 

between 1976 and 1980. Before the EPA restricted its use in 1984, PCP was used as a 

wood preservative, seed treatment, and insecticide. It is also a metabolite of the related 

OCs lindane and hexachlorobenzene (HCB) (Hill, et al., 1995a; Ware, 1991). Other 

studies support the impression that PCP is ubiquitous in the home environment: it was 

found in all of nine homes sampled in a smaller study (Lewis et al. 1994), and in the sera 

and urine of 100% of 34 and 143 case and control subjects, respectively, in a study of 

people living and working in log buildings (Cline, Hill, Phillips, & Needham, 1989). 
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Kutz, et al. (1992) found that males in each age category had higher mean urine 

levels ofPCP. Younger people had higher means than older, and blacks had higher means 

than whites, although these differences were not significant. When percent of urine 

samples with quantifiable levels of PCP were examined, the authors found no trend for 

income. Non-significant trends were found for more blacks than whites, and more males 

than females to have quantifiable PCP in their urine. 

Smaller percentages were found for a metabolite of some OP insecticides, 3,5,6 

trichloro-2-pyridinol (5 .8%), dicamba (1.4%) and two metabolites of malathion, DCA 

and MCA (less than 1% and 1.1 %, respectively). Para-nitrophenol, a metabolite of methyl 

and ethyl parathion (2.4%), and 2,4,5-trichlorophenol (3.4%) were also found in 

quantifiable amounts, although recovery rates were variable, and the authors urged 

caution in interpreting the results. Quantifiable levels of2,4-D and silvex were not found, 

although the authors again noted that "no information was available to help determine 

whether (they) really did not exist in the NHANES II population, or whether the chemical 

methodologies used were insufficient to detect them at levels in which they might have 

been present" (Kutz, et al. (1992), p 289). 

Problems with analytical methods for recovering metabolites and residues 

precluded the collection of usable data on some types of pesticides, including the 

important carbamate group of chemicals. Some pesticides were found in trace amounts 

that could not be reliably quantified, and these were not included in the analysis. 
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Although this was a reasonable way for the authors to deal with the limits of detection of 

the analytical methods used, it should be remembered that the results of this study, like 

others relying on biological samples to estimate exposure, may be skewed towards under

reporting the percent of exposed population. 

Hill, et al. (1995a) presented an analysis ofNHANES III urine data. The sample 

size was smaller than that of the earlier study, and excluded children and older adults 

(subjects were ages 20-59). A different analysis method was used than that employed by 

Kutz, et al. (1992) which had somewhat lower limits of detection for many pesticides. 

Strikingly, 2,5 dichlorophenol, a metabolite of 1,4 dichlorobenzene (DCB), was found in 

98% of the samples. DCB sold over the counter and is used as a moth repellant and toilet 

and room deodorizer, and is also a chemical intermediate for a polymer. It is widely used 

in public toilets (Hill, et al. 1995a). An earlier study, described below, also found high 

levels ofDCB, this time in indoor air and breath samples (Wallace, et al., 1987). 

The metabolite of chlorpyrifos, 3,5,6 trichloro-2-pyridinol (TCPY) was found in 

82% of the samples. This is much higher than the 5.8% found in the earlier study. Hill, et 

al. (1995a) theorized that most of the difference was due to the increasing use of 

chlorpyrifos, including the use of this pesticide to replace the banned termiticide 

chlordane. 

PCP was found in 64% of the samples, a figure comparable to that found in the 

earlier study. However, the authors pointed out that if the higher limit of detection of the 
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earlier study had been used, only 3 9% of the sample would have tested positive for this 

chemical. They attributed this difference to decreased use of PCP since the EPA restricted 

its use in 1984. 

The authors also found other residues in high percentages of the samples. 1-

napthol (1NAP), a metabolite ofnapthalene, carbaryl and napropamide, was found in 

86% of the samples, and 2-napthol (2NAP) was found in 81% of the samples. They 

hypothesized that these two metabolites may have had a common source, napthalene, 

which is found in mothballs, cigarette smoke, and petroleum products, and that the 

presence of 1 NAP in urine may also have reflected exposure to carbaryl and polycyclic 

aromatic hydrocarbons (PAHs). Dichlorophenol (2,4 DCP) was found in 64% ofthe 

samples, and 2,4,5 trichlorophenol, a metabolite of PCP, lindane, HCB, and several other 

compounds were found in 20% of the samples. Metabolites of other pesticides were 

found in lower concentrations. 

The National Human Adipose Tissue Survey (NHATS) is a survey of adipose 

samples from surgical patients and cadavers that was established in 1967. Surveys have 

been carried out in various years and for various toxicants, including organochlorines and 

other pesticides which persist in adipose tissue. The survey is not a nationwide 

representative sample of the population because donors are from metropolitan regions 

only and are all surgical patients or recently deceased. However, attempts are made to 



make the sample as representative as possible given these limitations (Lordo, Dinh, & 

Schwemberger, 1996). 
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Lordo et al. (1996) carried out an analysis of the 1986 NHATS samples. To 

ensure sufficient tissue mass for analysis, the 671 samples had to be combined into 50 

composite samples, and results for subpopulations were determined by making 

calculations based on the percent of samples in each composite from different sexes and 

races. All composite samples were composed of samples from people in the same age 

group, but only some composites contained samples from only one sex or only one race. 

This procedure of creating composite samples had also been followed in analyses of data 

from other years. 

The 1986 samples showed age and regional differences in concentrations of some 

pesticides, but no sex or race differences. In general, older subjects had much higher 

levels of toxicants than younger subjects. Considering that the compounds measured 

accrue throughout the lifetime, this was not surprising. The pesticides showing higher 

average concentrations in tissue from older people were two metabolites of DDT, beta

BHC, heptachlor epoxide, oxychlordane, and trans-nonachlor. Interestingly, there were 

no significant age differences for dieldrin, a banned OC. There were also significant 

differences between geographic regions, with samples from people from the northeast 

having higher levels of one metabolite of DDT, people from the South having higher 



heptachlor levels, and people from the West having higher levels ofp,p-DDE and 

hexachlorobenzene. 

An analysis of 1987 NHATS data also found significant age differences, but not 

significant sex or racial differences, in tissue levels of dioxins and dibenxofurans (Orban, 

Stanley, Schwemberger, & Remmers, 1994). However, an examination ofthe authors' 

Table 3 reveals a trend for non-Caucasians to have higher tissue levels of many 

compounds than Caucasians. 
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Another large EPA survey, the TEAM study, carried out between 1979 and 1985 

examined inhalation and drinking water exposure to a variety of toxicants in urban 

environments (Wallace, et al., 1987). A stratified probability sample consisting of355 

people aged six years and older residing in New Jersey, and smaller numbers of subjects 

in Greensboro, North Carolina were studied. Twenty-five subjects came from a small 

rural town in North Dakota that was located far from industrial point-sources of pollution. 

Subjects carried a personal air monitor for two 12 hour periods and also contributed 

breath samples. Air samples from the backyards of some participants were also collected, 

and participants completed questionnaires about their activities during the sampling 

periods. 

Within each subject, exposure to ten of the 11 toxic chemicals tested was highly 

intercorrelated, indicating that certain individuals were at higher risk than others from 

exposure to a wide range of pollutants. This indicated that a person who was found to 
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have high levels of one contaminant in their body was likely to have been highly exposed 

to the other chemicals as well. In other words, toxic risk (at least in terms of inhalation 

exposure) was not evenly distributed in the populations sampled. 

In agreement with other studies, indoor concentrations of toxicants tended to be 

higher than outdoor concentrations, and the sources of these higher indoor levels tended 

to be indoors as well. Indoor pollutant levels tended to be two or more times higher than 

outdoor levels. The author suggested that, rather than focusing exclusively on point 

source pollution, some attempt should be made to reduce indoor levels of pollutants, such 

as replacing toxic chemicals with non-toxic or less toxic alternatives, increasing 

ventilation in homes, and removing sources of indoor pollution. 

Pesticide use was one of the activities associated with higher levels of toxic 

chemicals in the samples. Some of the eleven chemicals found could have originated in 

pesticide products. Indoor concentrations of m,p-dichlorobenzene were 25 times higher 

than outdoor concentrations, and the authors suggested that moth crystals and room air 

deodorizers were the main sources. Although only one third of subjects reported using 

products containing dichlorobenzene (DCB), it was found in the air of80% ofthe homes 

tested. There was very high inter-home variability in DCB concentrations. 

The National Home and Garden Pesticide Use Survey (NHGPUS) was conducted 

in 1990 (Whitmore, et al., 1992). It was a cross-sectional, stratified probability survey of 

2,078 households across the continental United States. Only questionnaire data were 
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obtained, and actual pesticide products in storage were examined by study personnel. The 

study found that almost 85% of households surveyed had at least one pesticide in storage. 

Several findings were of concern, including evidence that households with young 

children often did not childproof pesticide containers (see Pesticides and Children, 

below) . Most households that disposed of leftover pesticides (about 13%) put them in 

their regular trash. A much larger percent of households (more than 84%) disposed of 

empty pesticide containers, and nearly all of these households (more than 90%) disposed 

of them in their regular trash. 

The study authors also reported limited data on use of professional pesticide 

services. Only about 12o/o of households had used a commercial lawn care company in 

the past year, and of these, only about half were informed of the chemicals used, and half 

were informed of safety precautions (it was unclear how much overlap there was between 

these categories). Of the approximately 20% of households that had used a pesticide 

service for extermination of fleas, roaches, or ants, only about 23% had been informed of 

the chemicals used, and a mere 21% had been informed of safety precautions. 

Unlike NHGPUS, NOPES, which was completed in 1990, included biological and 

environmental sampling but was not a nationwide survey (Whitmore, et al. 1994). Carried 

out in Chicopee, Massachusetts and Jacksonville, Florida, the study was designed to 

measure total (multi-route) non-occupational exposure to 32 pesticides and degradation 

products. The subjects consisted of probability samples of 49 to 72 people (different 



numbers of subjects participated in different sites and seasons). The study was mostly 

concerned with inhalation exposure, with small numbers of households tested for dermal 

and air exposure during 22 application events. In addition, nine homes were tested for 

pesticide residues in housedust, and six homes underwent tap water sampling. Twenty

four hour air samples were analyzed in summer, winter, and spring, and food samples 

were also collected. Households were stratified into high, medium, and low exposure 

categories using questionnaire data, and the higher strata were sampled more heavily. 
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The NO PES data showed that ingestion exposure (considered as food only) was 

greater than air exposure for most of the pesticides studied with the exception of 

cyclodiene termiticides and a few others used inside the home. However, a limitation of 

the study was that food exposure estimations were based on a single 24-hour dietary 

recall survey, and on data on food consumption from the FDA's Total Diet Surveys. 

Actual food eaten by subjects was not analyzed for residues, and ingestion estimates did 

not include exposure from dust or soil ingestion, or ingestion incurred by using household 

pesticides in the kitchen. 

Exposure varied seasonally, with air concentrations varying from highest to 

lowest in summer, spring, and winter. · It can be seen that this seasonal pattern differs from 

that found in serum samples in Stehr-Green's (1989) analysis ofNHANES II data, in 

which serum levels of OC pesticides tended to be higher in winter and spring. 
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The NO PES data also showed that pesticide levels in indoor air were much higher 

than in outdoor air. Inhalation and dermal measurements were obtained during 22 

pesticide applications. The authors found that, while application might be a rare event, 

dermal and inhalation exposure could be quite high, with dermal exposure to chlorpyrifos 

reaching 40 times the average inhaled dose during one event. 

The NOPES authors found that the questionnaire stratification did not accurately 

predict relative exposure levels which were obtained from the air samples. The 

questionnaire data used to stratify households by pesticide use was not detailed, 

consisting of four questions about the use of insecticides to control household insect 

pests, the use of pesticides on indoor plants and pets, and the use of termiticides. 

However, the authors noted that the mean number of analytes in indoor air was "generally 

largest for the high exposure stratum, less for the moderate exposure stratum, and 

smallest for the low exposure stratum. 11 (Whitmore, et al. , 1994, p. 51). 

It is worth noting here that an examination of the data presented (Whitmore, et al. , 

1994, Table 9, p. 54) shows that chlorpyrifos exposure may be an exception to the lack of 

correlation between exposure strata and air pesticide concentrations. In each season it was 

sampled, the highest rank of exposure to this pesticide correlated with the highest stratum 

of pesticide exposure as estimated by the questionnaires. Medium and low strata rankings 

did not correlate as well with the air exposure data. 
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Besides NOPES, very few studies have sought to evaluate the correspondence 

between questionnaire data and biological or household media sampling. One study, 

which examined organochlorine ( OC) pesticide residues, attempted to compute pesticide 

exposure indexes (PEXs) for individual pesticides based on subjects' responses to 

pesticide exposure questionnaire (Selby, Newell, Waggenspack, Hauser, & Junker, 1972). 

The subjects' PEXs were then compared OC levels in blood, placental, and adipose tissue 

samples. All the subjects were female, white, and had recently had elective surgery or 

given birth. The questionnaire was quite detailed, attempting to cover all sources of 

exposure and elicit details about exposure events and types of pesticides contributing to 

exposure. The subjects were also questioned about presence near fields that were sprayed 

with pesticides. 

The authors found that, although I 00% of the subjects' tissues contained pesticide 

residues, the PEXs did not correctly identify the subjects with higher OC residues in 

samples of their blood and tissues. They theorized that the failure of the indexes to predict 

body burdens of pesticides was due to the fact that accurate PEXs could not be computed 

for many pesticides to which the subjects were exposed, simply because the subjects did 

not know all the details of exposure. They also stressed the failure of the questionnaire to 

encompass all variables that determined a subject's exposure, stating "The toxic potential 

of pesticides upon persons in a general population cannot be examined by (determining 
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to) which pesticide the individual states he has a known exposure." (Selby, et al. , 1972, p. 

142). 

In reviewing these results, it should be remembered that OCs tend to accumulate 

in the body, unlike most other pesticides. OC body burdens thus begin accruing 

prenatally, whereas the PEXs were calculated from details about exposures occurring in 

the previous 12 months. Questionnaire data might have correlated more closely with 

levels of non-OC's in biological samples, which would have represented only recent 

exposure. 

A variety of studies have examined home pesticide exposure using either 

questionnaire or biological monitoring data, but not both. Davis, Brownson, & Garcia 

( 1992 ), in a telephone survey of 23 8 Missouri families, found that 64 percent of 

respondents questioned used pesticides more than five times a year in the home or 

garden, and 97.8% percent used them at least once a year. Moreover, half the homes used 

anti-parasite products on pets. 

Lewis et al. ( 1994) carried out a small study which intensively sampled nine 

homes, all of which had small children. Twenty-three of 3 0 target pesticides were 

detected. All the homes were found to contain pesticide residues, with chlordane, 

chlopyrifos, dieldrin, heptachlor, and pentachlorophenol (PCP) being the most frequently 

detected. A comparison between exposure to pesticides through inhalation and through 

ingestion (of carpet dust only) was made. The authors found that if small children were 
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assumed to ingest 1 00 mg of carpet dust daily (an estimate which they cautioned might be 

inaccurate), their air exposure would exceed exposure through carpet dust ingestion. 

However, if children were assumed to ingest a higher dose (500 mg/day) of carpet dust, 

exposure from carpet dust ingestion alone would be higher than air exposure for PCP, 

chlorpyrifos, and chlordane, three of the pesticides most commonly found. These results 

underline the importance of ingestion as a route of exposure, since these estimates do not 

include ingestion exposure from soil or food . The authors cautioned that their results 

could not be used as general estimates of exposure for children through these routes 

because the sample size was so small (nine children). 

In 1993, the EPA conducted a small (nine homes) pilot project in a rural area of 

the lower Rio Grande valley to evaluate exposure to several classes of environmental 

contaminants, including pesticides. Data collection included questionnaires, and limited 

air, dust, food, blood, and urine sampling (EPA 1994). All households reported having 

problems with insect pests indoors. One hundred percent of households also reported 

using pesticides. Pesticides were found in all types of samples except drinking water, and 

levels were higher in the summer, especially in house dust, in which pesticide 

concentrations were ten times greater than in spring. 

In general, pesticide levels were comparable to 11 comparison databases 11 which 

included FDA nationwide market basket surveys and NHANES II. However, in summer, 

air and dust sampling from several households showed higher pesticide levels than 
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comparison data from urban areas. Pesticide metabolites, especially DDT, heptachlor and 

parathion, were detected in "low levels," in the blood and urine of the subjects. The 

authors noted that levels of most urinary metabolites, with the exception of 4-nitrophenol, 

a metabolite of parathion, were "within the range of values found in NHANES III or other 

health studies." (EPA, 1994, p. 32). However, urinary metabolites of chlorpyrifos and 

some other pesticides were "above comparison values, 11 although the study authors still 

described these levels as "low." (EPA, 1994, p. 32). Blood levels "above comparison 

values," (EPA, 1994, p. 32) for trans-nonachlor, DDE, heptachlor, epoxide, 

oxychlordane, and HCB were also found. 

Pesticide residues in food samples were generally comparable to comparison 

databases, but in two samples pesticide levels (of dieldrin and lindane) exceeded the 

EPA1s standard Reference Dose (RFD). Other residues found included DDE, 

chlorpropram, DCP A, chlorpyrifos, and permethrins. 

The air samples were analyzed for 22 pesticides, and levels were reported as low. 

In one sample, four herbicides were detected indoors, which was interpreted as indicating 

that herbicides could be accidentally brought inside homes. Pesticides found in 

concentrations above 1 00/ng/m3 included propoxur, chlorpyrifos, lindane, malathion, and 

permethrin. 

Housedust samples were found to contain ten times more pesticide residues in 

summer than in spring. The dust residues were similar in composition to residues found 



in the indoor air samples, and included chlorpyrifos, permethrin, propoxur, cabaryls, 

diazinon, and chlordane. The authors described levels as "below levels thought to cause 

health effects." (EPA, 1994, p. 31 ). 

50 

Although questionnaires were administered, results were not reported, nor did the 

authors describe the relationship between pesticide residues and metabolites and the 

responses to the questionnaires. The authors noted that the study was preliminary in 

nature and that larger-scale investigations were needed to answer concerns about 

pesticide exposure in the area. 

Other studies have examined food exposure. Macintosh, Spengler, Ozkaynak, 

Tsai, and Ryan (1996) estimated dietary exposures to 11 contaminants by combining 

contaminant data from grocery store food samples from the FDA's Total Diet Study with 

food consumption data from two large epidemiological studies. The study included 

120,000 subjects, and the food contaminants included three OP's and four OC's. 

Of interest in this study was the strong intra-individual correlation for ingestion 

of contaminants (i.e., if a person consumed high levels of one contaminant, he or she was 

likely to consume high levels of the others) combined with high inter-individual 

variability. This was true for both males and females . 

Although the data appeared to show that a substantial fraction of the U.S . 

population had intakes of dieldrin, arsenic, and some other chemicals that exceeded EPA 

safety standards, the authors stressed that, for many of the chemicals, reliable information 
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about average concentrations in foods was not available because they were most often 

found in food items in which they were below the limit of detection (LOD). An important 

point was that an estimate of the number of people in the U.S. exposed to unacceptable 

health risks would change dramatically (by tens of millions) depending on assumptions 

made about contaminant concentrations of foods that were below the LOD. 

In a much smaller study of food exposure in farm families, blood levels of 

organochlorines pesticides were measured, and questionnaire data on food intake were 

obtained (Stehr-Green, Farrar, Burse, Royce, & Wohlleb, 1988). Increased consumption 

of home-raised eggs and root vegetables was associated with higher blood levels of some 

OC's. Levels were similar to those found in NHANES II. In contrast, consumption of 

home grown above-ground (vine) vegetables was negatively correlated with increased 

serum levels of two of the 11 pesticides measured. The authors hypothesized that this 

might have occurred because people who consumed more vine vegetables consumed 

fewer root vegetables. 

Some residential pesticide exposure may not be revealed by questionnaires 

because the occupants of the building are unaware that certain types of agents have been 

applied. Pesticides that residents have never reported using have been found inside homes 

(Lewis, et al. , 1994). This is not surprising, since pesticides are so ubiquitous and may 

"hitchhike" into homes on produce, houseplants, and in soil that is tracked in. Pesticides 

used as herbicides may not degrade inside homes, where they are protected from light and 



other environmental factors (Lewis, et al. 1994). Current residents may be unaware of 

pesticides used by previous residents which still persist in their homes. 
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In addition, many states, including Arizona, require the use of termiticides in all 

new building foundations (International Conference of Building Code Officers, 1994). 

These agents are designed to persist for long periods of time. Residents may also be 

exposed to these agents if they have their homes treated for termites. Because termiticides 

are often persistent and highly toxic, several studies have examined exposure to them. 

Chlordane is an organochlorine that was extensively used as a termiticide before it 

was banned by the EPA because of health risks. One study examined indoor air 

monitoring data collected by the New Jersey Department of Environmental Protection 

between 1976 and 1985 (Fenske & Sternbach, 1987). The authors found detectable levels 

of chlordane in the air of living areas of74% of 133 homes sampled and in the air of non

living areas of 88% of 82 sampled homes. Air levels of chlordane were significantly 

higher in non-living areas. Importantly, one fourth of living area air samples and almost 

one half of non-living area samples contained chlordane levels that were above the 

National Academy of Science guideline values. 

Air chlordane levels were significantly higher in the living area air of homes that 

had crawlspaces and forced air heating systems than in homes with basements and forced 

air and homes with radiant heating. Homes with in-slab heating ducts had intermediate 

chlordane levels. The authors pointed out that termiticides may be misapplied in 
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crawlspaces. The most important factor influencing chlordane air levels in living and 

non-living areas was misapplication, which led to higher levels. The authors pointed out 

that misapplication was a serious problem, and the substitution of other agents for 

chlordane (which has now occurred) would not solve this problem (Fenske & Sternbach, 

1987). Other authors have reported high pesticide levels in homes where exterminators 

misapplied pesticides months before (Richter, et al. , 1992). 

Anderson & Hites (1988) sampled air in 12 homes in the Bloomington, Indiana 

area for chlorinated pesticides. In all cases, they found higher levels inside homes than 

outside. There was also very great inter-home variability in indoor levels of chlordane, 

heptachlor, and chlorpyrifos. Interestingly, houses sampled with the doors and windows 

open did not have lower chlorinated pesticide levels in indoor air than those sampled with 

the doors and windows closed. One house with particularly high chlordane levels had had 

this pesticide applied ten years before around the foundation, and the pesticide had 

entered the house through cracks in the basement walls. The authors noted that chlordane 

levels were below guidelines proposed by the National Academy of Science. 

Chlorpyrifos was found in all homes sampled, but in much higher concentrations 

in two of the homes (140 and 150 ng/m2 versus less than 22 ng/m2 in the other homes). 

One of these homes had been sprayed every two weeks with chlorpyrifos, and the other 

one had been professionally treated monthly. Although air samples from all the other 



homes contained chlorpyrifos (albeit in much smaller amounts), none of the owners 

reported using it. 
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In contrast to Anderson and Hites• results, Lemus, Abdelghani, Akers, and Horner 

(1997), sampling air from 53 houses in Southern Louisiana, found that 14% of the 213 

samples exceeded a health based exposure guideline for chlorpyrifos of 0. 48 

micrograms/m3 in 24 hours. However, the two studies were in agreement in that there was 

wide inter-home variability in the concentrations found . 

Roinstad, Louis, and Rosen ( 1993) sampled air and dust and found at least two 

types of pesticides in all seven homes tested. Pesticide concentrations were higher in dust 

than in air, and more types of pesticides were found in dust than in air. All dust samples 

contained chlorpyrifos, and four contained diazinon. Other pesticides found were 

propoxur, isofenfos, permethrins, chlordane, and dichlorvos. Pesticide air sampling was 

conducted at 24 and 7 5 em, representing the breathing heights of a child and an adult; 

pesticide concentrations were similar at these heights. The authors concluded that dust 

sampling was a better method of detecting pesticides in the home, except for highly 

volatile chemicals. 

Interestingly, in contrast to these findings, a study by Fenske, et al. (1990) found 

that pesticide concentrations were higher in a ventilated than in an unventilated room, and 

concentrations were also higher in the infant breathing zone than in the sitting adult 

breathing zone. This study sampled one house 24 hours after a broadcast application of 
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Dursban ( chlorpyrifos ); it was not clear whether any of Roinsted's samples were taken so 

soon after application. This difference may account for the contrast in the findings of the 

two studies. Fenske et al.'s study indicates that infants and toddlers may be particularly at 

risk for pesticide exposure if the house has been recently exterminated. A later 

investigation of children's projected chlorpyrifos ingestion in a room sprayed with the 

chemical reached a similar conclusion (Gurunathan, et al., 1998). 

Some indirect evidence indicates that chronic exposures and exposures in the 

home are of concern to the public. A telephone pesticide information service at Oregon 

State University found that most calls (171 out of260) related to exposures in the home, 

rather than the farm or other workplace (Wagner, 1990). More calls related to chronic 

illnesses than acute exposures, and most reported pesticide exposures were respiratory, 

rather than dermal or ingestion. The author divided the calls into non-mutually exclusive 

categories and found that a majority (120) of the inquiries were about household 

insecticides and 44 concerned herbicides. Ninety-five calls were inquiries regarding 

organophosphates. There were relatively fewer calls about pyrethroids (26), carbamates 

( 19), fungicides (14), fumigants (11 ), rodenticides (5) and fertilizers (1 ). 

The author noted that many questions pertained to neurological problems associated 

with chlordane exposure. There were also many questions about the organophosphates, 

particularly chlorpyrifos. Inquiries regarding respiratory problems arising from pyrethroid 



insecticide exposure were also common (pyrethroids are the main active ingredient in 

Raid and many other household insecticides). 

Fixed Characteristics of I !sers Affecting Exposure and Consequences of Exposure 

Exposure to pesticides may differ based on relatively fixed variables such as age, 

sex, health status, and race, and more variable behavioral/social characteristics such as 

education, income, occupational status, and beliefs and knowledge prevalent in the 

person's cultural group. These two categories of factors interact with each other in 

multiple ways. An example would be an impoverished person who developed renal 

disease due to poor health care and other social factors, and thus exhibits a decreased 

ability to excrete some toxins. 
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Certain groups should receive special attention from researchers and the federal 

government because their potential for harm from pesticide exposure may be greater than 

that of the general population. This may be due to greater exposure of the group than of 

the general population or increased sensitivity to the same degree of exposure. 

Studies of pesticide exposure in various special groups, including the aged, 

children, and minorities are reviewed below. Risks to occupational groups, such as pest 

control workers and farm workers, are not reviewed, but have been treated elsewhere 

(Garry, et al. , 1994; Moses, 1989; Woodruff, et al. , 1994). Sex differences in pesticide 

exposure are also reviewed. 
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Age and disease 

Several studies have reported that body burden of OC pesticides is positively 

correlated with age (Casarett, Fryer, Yauger, & Klemmer, 1972; Stehr-Green, 1989; 

Stehr-Green, et al. , 1988). Data from the National Adipose Tissue Surveys have 

consistently shown that samples from older subjects contain higher levels of pesticides 

and other toxic chemicals that tend to accumulate in adipose tissues (Lordo et al. 1996; 

Orban et al 1994). Stehr-Green (1989) pointed out that this could either be a result of 

longer exposure periods or a cohort effect (older people were alive when OC's were less 

regulated and more heavily used). Physiological correlates of aging, such as decreased 

renal and hepatic function, could also increase pesticide body burdens and the potential of 

pesticides to impact health. On the other hand, one study of pesticide levels in urine 

(which are more likely to reflect recent, rather than long-term exposure, because urine is 

constantly being manufactured and excreted) showed that for females, urine PCP levels 

decreased with age. No such trend was apparent for males (Kutz et al. , 1992). 

Many serious illnesses which are associated with aging, including some types of 

cancer and heart disease, can affect the body's ability to metabolize and excrete pesticides 

through effects on the liver or kidneys. In one study, tissues obtained from cadavers 

showed higher burdens of OC's if the subject had had the triad of cachexia, liver 

abnormalities, and cancer (Casarett et al. 1972). The chronically or acutely ill elderly may 

therefore be at much higher risk from pesticide exposure than their healthy counterparts, 



and any increased susceptibility to pesticides found in an aging population may be, to a 

large extent, due to the higher incidence of serious illnesses found in such a population. 

However, normal changes that occur with age, such as decreased kidney function, may 

also increase susceptibility to pesticides. 

Risks from pesticide exposure may also be higher in the elderly and in the 

chronically ill of all ages because of interactions between pesticides and medications. In 

one case, an elderly man taking cimetidine developed neurotoxicity after exposure to 

cabaryl while other members of the household showed no such effects (Branch & Jacqz, 

1986). 
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Factors such as sensory, muscular, or memory impairment, which tend to be more 

common in the elderly, could lead to greater exposures to pesticides. For example, 

sensory-impaired elderly people may be more likely to spill or otherwise misapply 

products, or be unable to read cautions and directions. However, no studies could be 

found that specifically examined such issues. One study did show that more older users 

reported that they had problems opening pesticide bottles with childproof caps 

(Whitmore, et al. , 1992). Problems opening bottles could conceivably lead to spillage and 

accidental exposure. 

Aside from the scant data from the studies cited above, very little demographic 

data could be located on pesticide exposure, use, or health effects of pesticides on the 
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elderly. Most studies pooled data on adults. Clearly, more research is needed on pesticide 

use and exposure in older adults. 

Gender differences 

Sex differences in the biological absorption or health effects of environmental 

chemicals may be due to biological differences between the sexes, social factors, or a 

combination of these two influences. Because of the multiplicity of factors influencing 

pesticide use, exposure, and metabolism, no clear generalizations can be made about 

gender differences in pesticide effects. However, although the literature is sparse, several 

lines of evidence indicate that some pesticides may differentially affect men and women. 

A variety of animal studies have found sex differences in health effects due to 

pesticides. Female rats seem to be generally more sensitive to OP pesticides (Calabrese, 

1985). Female rats detoxify chlorpyrifos more slowly than males, but male bovines are 

more susceptible to some types of chlorpyrifos toxicity (Research Triangle Institute, 

1997). Clorypyrifos doses needed to induce toxicity are six times higher for non-pregnant 

than for pregnant mice (Research Triangle Institute 1997), indicating that pregnancy may 

somehow increase chlorpyrifos toxicity, at least for mice. Human epidemiological studies 

on the effects of chlorpyrifos in pregnancy are clearly needed. 

Female and male rats were found to have markedly different levels of DDT and 

DDE in their fat after exposure to this OC, and these differences were not accounted for 

by differences in quantities eaten. Male rats also excreted DDT more efficiently (Dale et 
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al. , 1962). Calabrese (1985) reviewed rat studies of OC storage in several types of tissue 

and found that for most OC's tested, females stored greater quantities than males. 

Some gender effects may be due to hormonal differences between males and 

females: animal studies have shown that females are more susceptible to dioxin-induced 

liver cancer due to higher estrogen levels. (Huff et al., 1994). Cows with higher levels of 

circulating testosterone are more subject to chlorpyrifos toxicity (Research Triangle 

Institute, 1997). 

Of course, it is not clear to what extent these results can be generalized to 

humans. Indeed, an examination of the literature reveals that different species may 

display varying patterns with regard to sex differences in pesticide effects. Reviewing 

non-rat studies of DDT storage, Calabrese (1985) found that for three other species, 

studies showed no or small sex differences. Similarly, in a study of the hepatic 

metabolism of dieldrin, varying patterns of sex differences were found depending on the 

species tested, with male pigeons and mice showing slower metabolism and male rats 

showing higher metabolism than their female counterparts (Addala & Hassall, 1981 ). It 

seems clear that, although animal studies show that sex differences in pesticide effects are 

common, they cannot be generalized across species, making extrapolation to humans 

from animal data difficult. 

However, because studies cannot be carried out on humans, the EPA and other 

federal agencies do use data from animal studies when acceptable exposure levels must 
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be defined. This approach is not without disadvantages. Davies and Holub (1980) showed 

that the use of only male rats in such studies may result in the adoption of unrealistically 

high "acceptable" levels. They found that the "no effect" level (NOEL) of2 ppm of 

diazinon led to a depression of plasma acetylcholinesterase activity in female, but not 

male rats. The NOEL had been set using a study of male rats, who were found to be less 

affected than females by chronic diazinon doses, although the reverse was true for acute 

doses. 

Even in the unlikely scenario that men and women were biologically identical 

with respect to susceptibility to pesticide toxicity, social differences might lead to 

differential exposure. One of the primary social factors affecting exposure is probably 

occupational status. Some of the occupational groups thought to be at higher risk for 

exposure are pest control workers and agricultural workers, jobs traditionally (but not 

exclusively) held by men. There may be a bias towards occupational exposure for men 

and home exposure for women, although the increasing participation of women in the 

work force would tend to minimize these differences. 

Two of the studies already mentioned (Kutz, et al., 1992; Stehr-Green, 1989) 

showed elevated blood and urine levels of certain pesticides for men. Pesticide levels 

were also higher for residents of farms in Stehr-Green's study, indicating that male sex 

may have been confounded with occupational exposure to pesticides (assuming that men 

living on farms may have actually handled pesticides more than women) . Another study 
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of dietary exposure and blood levels of organochlorines in a rural population found that 

males had slightly higher levels than females, although significance testing was not 

reported for sex (Stehr-Green, et al., 1988). Again, if the male subjects in this study 

applied pesticides more often and spent more time in the fields than women, the sex 

difference could be accounted for by occupational patterns; unfortunately, such data were 

not reported. A third study of p-dichlorobenzene exposure in I, 000 people found no 

differences in blood or urine levels between men and women (Hill, et al. , 1995b ). 

It can be seen from a review of the literature that more data are needed on human 

gender differences in both pesticide exposure and the potential adverse effects of 

pesticides. Mechanisms of toxicity that may vary between the sexes should be elucidated 

through detailed human studies of accidental poisonings and chronic exposure. There is a 

need to distinguish social factors from biological factors in the etiology of human sex 

differences. From the animal data, it is reasonable to assume that pesticides affect men 

and women in complex ways and that broad generalizations about sex differences in 

pesticide effects probably cannot be made. 

Risks to children 

Pesticide exposure in childhood is a special concern. Children may be more at risk 

from environmental toxins due to a variety of developmental, biological, and socio

behavioral factors (Bearer, 1995; Little, 1995; Wargo, 1996). Yet, in 1993, the National 

Academy of Sciences concluded that the U.S . government did not do enough to protect 
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children against the risks of pesticides (NAS, 1993). A report to Congress in 1991 

concluded that for infants under one year of age, sample sizes in a survey used by the 

EPA to make pesticide exposure estimates were too small to yield accurate results (GAO, 

1991). Growing public concern and scientific evidence led Congress to pass the Food 

Quality Protection Act in 1996, which states that risks to children should be evaluated 

and safety findings must be published before pesticide tolerances are set (EPA, 1998). In 

addition, a "tenfold rule" is included in the act, which states that "an additional tenfold 

margin of safety for the pesticide chemical residue and other sources of exposure" should 

be used to set exposure to guidelines for infants and children (Food Quality Protection 

Act of 1996). However, with the re-registration of pesticides still only partially completed 

(GAO, 1993b ), pesticides currently in use may still pose significant risks to children. 

Epidemiological studies have shown significant relationships between pesticide 

exposure and risks to children for serious illnesses including brain cancer (Gold, Gordis, 

Tonascia, & Szklo, 1979), leukemia (Buckley, et al. 1989; Lowengart, et al., 1987), soft 

tissue sarcoma (Leiss & Savitz, 1995), and stillbirth (Pastore, Hertz-Picciotto, & 

Beaumont, 1997; Savitz, Whelan, & Kleckner, 1989). A recent review of studies on 

pesticides and childhood cancers found a variety of associations, but noted that the 

methods of many of the studies limited the conclusions that could be drawn from them 

(Daniels, Olshan, & Savitz, 1997). 
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Experimental studies on immature animals of various species have shown adverse 

effects from single pesticides and mixtures of agents, even in very low doses. These 

include alterations in brain development and function and learning deficits (Boyd, et al. , 

1990; Campbell, Seidler, & Slatkin 1997; Song, et al. , 1997). The organophosphates, 

including chlorpyrifos, have been particularly implicated in neurological studies. Song, et 

al. ( 1997) found that even in doses not thought to be toxic (causing no weight loss or 

mortality), chlorpyrifos caused developmental neural toxicity by acting on the adenylyl 

cyclase signaling cascade. 

Porter, et al. (1984) found that growth of rats and deer mice was negatively 

affected by the combined effects of marginal malnutrition, infection, and environmental 

pollutants. These results are significant because in the real world, childhood exposure to 

pesticides may be accompanied by infection and poverty. In addition, because of the 

diversity of pesticides in the environment, exposure is in the form of mixtures rather than 

single agents. 

Children are biologically different from adults. They have a larger caloric and 

fluid intake per kilogram, and may retain toxins in growing bone tissue (Little, 1995). 

Their oxygen consumption rate is higher, leading to a greater potential for exposure to 

inhaled pollutants (Bearer, 1995). Cline, et al. (1989) found that children's average serum 

levels of PCP were 1.8 times higher than their parents', and attributed the difference to 

children's higher metabolic and respiratory rates. 
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Because of their higher surface to mass ratio, children may absorb greater 

quantities of toxins dermally (Moses, et al., 1993). In addition, the skin of neonates is 

more absorptive because it is incompletely keratinized (Bearer, 1995). Kidney function 

does not reach adult efficiency until infants are a year old (Smith, 1951; Behrendt, 1962), 

which may lead to less efficient elimination of toxins that are renally excreted. 

In addition, risks of exposure to environmental toxins may be additive across the 

lifespan (especially for the OC's, which persist in body tissues), and children face a 

lifetime of exposure. Because of increases in pesticide use, especially in the home, today's 

children may face much greater lifetime exposure than their parents or grandparents. 

Although the quantitative levels of toxins to which children are exposed may be 

important in determining the risk of adverse health effects, the timing of exposure may be 

even more important. Exposure to toxins during certain developmental critical periods, 

when cells are proliferating, may predispose children to develop cancer years later. 

Toxins to which children are exposed during developmental "windows of vulnerability" 

may act as cancer initiators, which prime cells to become cancerous years later when 

other environmental or genetic factors act as promotors (Wargo, 1996). 

Biological factors may increase both exposure and vulnerability to pesticides. 

Social and behavioral factors are also important in understanding the increased exposure 

that may occur in childhood. Young children tend to explore objects by putting them in 

their mouths, which probably accounts for the fact that half of pesticide poisonings 
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reported to U.S. poison control centers are to children under age six. Exposures may 

occur without parents' knowledge, and symptoms can mimic common childhood illnesses 

(Jackson, 1995). Whitmore, et al. (1992) found that, of a nationwide sample of families 

with children under five and at least one pesticide in storage, 4 7% had at least one 

product stored insecurely, i.e. without a childproof cap, stored in an unlocked room or 

cabinet, or stored less than four feet off the floor. 

Children ingest more dust and soil than adults, especially infants and toddlers, 

because they breath closer to the ground, spend more time on the floor and on the ground 

outside, and mouth objects on the floor (Bearer, 1995). Children also have more pica 

behavior (eating soil and dirt). NO PES researchers estimated that if children ingest 100 

mg of dust per day from contact with carpeted floors, plus inhalation exposure, they 

would receive 50% more pesticide exposure than adults. They also noted that dermal 

absorption from contact with housedust could be higher for children than adults 

(Whitmore, et al., 1994). 

Calabrese, et al. ( 1997) estimated intakes for 13 toxic agents (including pesticides 

and other types of chemicals), assuming they were ingested in the form of contaminated 

soil during pica episodes. The amounts of soil ingested were based on actual observations 

of pica episodes. They found that, even if soil contamination occurred at levels the EPA 

regards as safe, the amounts of chemicals consumed would lead to acutely toxic or even 

lethal human doses for nine of the 13 chemicals. (Chronic toxicity was not addressed in 
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this study, and the one pesticide, PCP, which was included was not one of the chemicals 

which would have been ingested in acutely toxic doses). The discrepancy between the 

findings of this study and the EPA safety regulations arose from the EPA's assumption 

that 95% of children ingest less than 200 mg of soil, whereas children have been observed 

ingesting much larger doses--up to 60 gin a single day (Calabrese, Stanek, James, & 

Roberts, 1997, citing J. W. Porter, USEP A, unpublished data, & EPA, 1996). 

Children need not actually eat dust and soil to receive significant exposure to 

pesticides; dermal and inhalation exposures also pose risks. A recent study concluded that 

children playing with plastic and plush toys that had been in rooms that were treated with 

chlorpyrifos could absorb significant amounts of pesticide, at least six times the allowable 

daily intake for residential exposures and 21 times the reference dose. Exposure estimates 

were made by videotaping children's play and later spraying the room and measuring 

residues of chlorpyrifos found on the toys (Gurunathan, et al., 1998). In another study, the 

estimated total absorbed dose (dermal and inhalation) for an infant living in a home 

recently treated with chlorpyrifos were 1.2 to 5.2 times the human No Observable Effects 

Level (Fenske, et al., 1990). 

Food use and metabolism also differs between adults and children, especially 

when infants and toddlers are considered. Children, especially infants, eat more fruits per 

kilogram of body weight than adults, and tend to eat comparatively larger quantities of 

certain kinds of fruit at a sitting (Jackson, 1995). This may lead to higher pesticide 
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consumption. In addition, immaturity of the gastrointestinal tracts of children may lead to 

higher toxin absorption. Gastric pH is higher in infants until they are several months of 

age, which may result in altered absorption of some environmental pollutants (Bearer, 

1995 , citing Chemtob, 1991 , & Marino, 1991). 

Several factors may interact with childhood to increase risk from pesticide 

exposure. When they are poorly supervised because parents must work and there is a lack 

of resources for child care, childhood can be seen as interacting with poverty to increase 

exposure levels. Children of color may be at risk from environmental pollutants due to a 

variety of overlapping socioeconomic factors, including income, nutrition, educational 

and occupational status of parents, stress, and access to medical care (Goldman, 1995; 

Moses, et al. 1993). Risks to minority populations from pesticide exposure are reviewed 

in the next section. 

Children of agricultural workers, even if they are not involved in fieldwork, may 

also be at higher risk for pesticide exposure than the general pediatric population (Moses, 

et al. , 1993). A recent study of pesticide residues in house dust found higher levels of 

diazinon and chlorpyrifos in farm worker than in control homes, with a wide variation in 

concentrations between homes (Bradman, et al. , 1997). The authors found that dust 

ingestion scenarios indicated that exposure to children could exceed the EPA's diazinon 

chronic reference dose. A second study of 59 homes in eastern Washington comparing 

OP levels in the housedust of farm worker residences with reference homes found that 



concentrations of the chemicals were significantly higher in the farm workers' homes 

(Simcox, Fenske, Wolz, Lee, & Kalman, 1995). 

How commonly do families with children use pesticides? In a telephone survey, 

80% of families interviewed had used pesticides during pregnancy, and 70% had used 

pesticides during their new baby's first 6 months of life (Davis, Brownson, & Garcia, 

1992). (It should be noted that this survey was not based on a population-proportion 

sample.) Strikingly, 8.3% of children in the survey (which were all under ten) applied 

pesticides themselves. 
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Most of the larger studies reviewed above contain scant data on children, but what 

little data exists indicates that, as for the adult population, pesticide exposure is 

widespread. Hill, et al. (1989) found that 96% and 100% ofurine samples from 197 

Arkansas children had detectable levels of 2, 5 dichlorophenol (a metabolite of p-DCB ), 

and PCP, respectively. These two analytes were also found in the highest concentrations 

in the children's urine. In addition, 2,4,5 trichlorophenol was detected in 54% of samples, 

and various other metabolites of pesticides were found in smaller percentages of the 

samples. The authors noted that various adverse health effects have been associated with 

DCB, and it has been shown to be carcinogenic in animals. 

It can be seen that children are at greater risk from pesticide exposure because of 

their developmental status, and may also receive higher exposures than adults. Children 

who are members of certain subgroups of the population, such as children of color, 



children of farm workers, and children living in poverty may be at even higher risk. The 

problem of pesticide exposure in minority populations is reviewed below. 

Pesticides and minorities 
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Several lines of evidence indicate that members of disadvantaged minority groups 

face greater risk than the general population from environmental exposures. However, the 

etiology of this increased risk is unclear. Although there is some evidence that genetic 

factors may be implicated in some differences seen in toxic susceptibility of various 

ethnic groups (Kalow, Goedde, & Aggarwal, 1986), minority status is also often 

confounded with other factors that may combine to increase exposure to environmental 

pollutants (Grassman, 1996). These factors include income, educational status, nutrition, 

stress level, occupation, and residence in substandard housing and/ or polluted areas. 

Similarly, once exposure has occurred, membership in an underprivileged minority group 

may increase the risk for the development of disease because of reduced access to 

medical care and other issues related to poverty and social disempowerment. 

Several studies of exposure patterns and health problems of minority communities 

highlight the environmental health risks of membership in underprivileged minority 

groups, but do not identify etiologic factors. One study found that penalties for violation 

of environmental laws were 500% lower in communities with greater minority 

populations and smaller white populations (Metzger, Delgado, & Herrell, 1995). Another 

study found that toxic waste disposal sites were more likely to be found in communities 
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with higher Mrican American and Hispanic populations (UCCCRJ, 1987), although the 

methodology of this study has been questioned (Metzger, et al. , 1995). Ethnicity cannot 

be separated from economics in these two cases; both enforcement of environmental laws 

and siting of hazardous waste facilities are likely to be influenced by the economic status 

and social power of community members. 

Other research showing higher risks to minorities has not separated the effects of 

income, occupation, and area of residence from the effects of ethnic group or race. For 

example, one study showed that mean breastmilk DDE levels was more than eight times 

higher in Mrican American mothers than levels found in the milk of white mothers, but 

the African American subjects were rural and indigent, while the white subjects were 

middle class and urban (Woodard, Ferguson, & Wilson, 1976). Grassman (1996) 

reviewed studies of cancer mortality and incidence that compared Mrican Americans to 

whites while controlling for potentially confounding variables such as income. The 

findings were conflicting, with some studies finding elevated risks even after controlling 

for income, and others finding no additional risk or decreased risk. 

On the other hand, statistics on diseases often (but not exclusively) associated 

with toxic exposures are troubling. For example, between 1973 and 1990, childhood 

cancer rates increased 9 .I% for white children and 23.9% for Mrican-American children 

(Mott, 1995, citing Miller, et al. , 1993). In a study of over 23 ,000 cases of cancer, for 

seven out of eight types of cancer, Hispanics had more advanced disease on diagnosis 
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than non-Hispanic whites (Villar & Menck, 1994). Asthma prevalence for African 

American children is 26% greater than for white children (White, Etzel, Wilcox, & 

Lloyd, 1994). Although the etiology of these figures is unclear, they underscore the need 

to focus preventative and research efforts on this group. 

Some evidence does suggest that environmental toxins may affect certain ethnic 

groups differently because of genetic differences in the way toxins are metabolized (for a 

review, see Kalow, et al. , 1986). For example, Bell et al. (1993) showed that African

Americans displayed significantly higher frequencies than whites for an allele that caused 

slow acetylation of a class of carcinogens. This gene was associated with higher rates of 

bladder cancer and lower risk of colo rectal cancer. It is thus not unreasonable to 

hypothesize that some of the thousands of chemicals comprising the active and inert 

ingredients of pesticides may be metabolized differently by different ethnic groups due to 

genetic differences between the groups. Whether, or in what situations and with what 

pesticides, this might have health consequences is an important question which requires 

further research. 

Very little epidemiological data on pesticide use and exposure could be found 

which examines the issue of race and ethnicity. Moses, et al. (1993), reviewing pesticide 

risks to people of color, stated: "research attention has been meager." (p. 915). Those 

studies that do examine this issue show some variation by race, but since confounding 

factors are often not controlled, these results must be viewed with caution. Some results 



compare "whites" to "nonwhites," a categorization which does not distinguish between 

non-Hispanic whites, African Americans, and Hispanics. A few studies have also 

examined pesticide exposure by income level, a related factor. 
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In the NHANES II serum data, nonwhites were significantly more likely to have 

quantifiable blood levels of three OC pesticides or their metabolites, and whites had 

significantly higher levels of one, HCB. Non-whites also had significantly higher mean 

levels of p,p'-DDE. The effects of income were less clear, as several associations found in 

a bivariate analysis were not supported in a multi-variate analysis. The multivariate 

analysis did show that poverty significantly increased the chance of having quantifiable 

levels of two pesticide residues, p,p'-DDE and dieldrin, and mean p,p'-DDE levels were 

also higher for people living below the poverty line (Stehr-Green 1989). 

NHANES II data on urine PCP levels showed a non-significant trend for African 

Americans to have higher mean levels than whites, and for more African Americans to 

have quantifiable PCP in their urine than whites. On the other hand, there was no trend 

for income (Kutz, et al. , 1992). NHATs data have not revealed significant racial 

differences in body burdens of pesticides, although surveys from several years showed 

non-significant trends for non-Caucasians to have higher tissue levels of several 

pesticides and other toxic chemicals (See Lordo, et al. , 1996; Orban, et al. , 1994). 

Leiss and Savitz (1995), in a case-control study of the association between 

childhood cancer and pesticide use in the Denver area, gave some data on pesticide use of 
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white versus non-white respondents. About half of non-white subjects who were used as 

controls reported having their homes exterminated, compared to a quarter of white 

subjects. These data are of limited utility because "non-whites" is not broken down into 

ethnic or racial group, and there were only nine non-white control subjects. 

Very little population-based data on pesticide use and exposure are available for 

Hispanics or for an overlapping category, residents of the U.S.-Mexico border area. 

Reviewing federal data collection systems, Metzger, et al. (1995) commented: "Hispanics 

continue to be regularly excluded from important federal research and data collection 

activities through methodologies that fail to require ethnic identifiers, do not oversample, 

do not collect samples of a size to allow break out by Hispanic subgroup, or rely on 

interviews conducted by field researchers without the appropriate linguistic competence." 

(p 26). Similarly, a 1991 GAO report to Congress on food consumption data found that, 

for Hispanics, the EPA could not determine with confidence whether exposure levels of 

pesticides were above or below the accepted dose because the number of individuals 

sampled was too small (GAO, 1991). 

Several socioeconomic characteristics of Hispanics as a group indicate that they 

may face higher pesticide exposure. They may also incur greater health risks once such 

exposure has occurred because of reduced access to health care. Hispanics make up the 

bulk of migrant farm workers, and several studies have outlined toxic health hazards to 

this population (Moses, 1989; Rust, 1990). Hispanics are also at greater risk for poverty 
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and have been found to have reduced access to health care and more risk factors for 

cardiovascular disease and other chronic conditions (Bassford 1995; Council on Scientific 

Affairs, 1991 ; del Pinal, 1996). The present study focuses on pesticide use along the U.S.

Mexico border, an area with a large Hispanic population and multiple environmental 

problems (Metzger, et al. 1995; Moure-Eraso, et al. , 1994). It is hoped that in the future, 

more federal attention and research in both the public and private sectors will be directed 

at this potentially vulnerable group. 

Summary and Conclusions 

Reviewing the studies described above, we can identify several common threads. 

First, a high percentage of subjects reported using home pesticides. This was generally 

90%-100% of households questioned (Davis, et al. 1992; Whitmore, et al. 1992). Even if 

home pesticide use was not reported, pesticide residues were found in most homes, with 

studies reporting figures between 7 4 and 1 00% of homes sampled (Anderson & Hites, 

1988; Fenske & Sternbach, 1987; Lewis, et al. , 1994; Roinstad, et al. , 1993). When 

biological samples have been analyzed, a high percentage (usually near 100%) of subjects 

have been found to have pesticides and pesticide metabolites in their urine, blood, and 

adipose tissues (Casarett, et al. 1972; Hill, et al. , 1995a; Kutz, et al. 1992; Selby, et al. 

1972; Stehr-Green, et al. 1988). 

Second, pesticide levels in the home environment, as measured by environmental 

samples, vary depending on the home in which the subject lives; some studies showed 



dramatic variation in pesticide concentrations in indoor air (Anderson & Hites, 1988; 

Bradman, et al. , 1997; Lemus, et al. , 1997; Wallace, et al. , 1987). Characteristics of the 

home leading to higher levels of pesticides in environmental samples included regular 

application of pesticides, a history of misapplied pesticides, and structural characteristics 

such as crawlspaces, heating systems, and construction materials (Cline, et al. , 1989; 

Fenske & Sternbach, 1987; Wargo, 1996). 
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Third, pesticide exposure may vary significantly by certain demographic factors, 

such as age, sex, race, and socioeconomic status, and by season, but more data are needed 

on vulnerable groups. Exposure may also display high inter-individual and low intra

individual variation, and may correlate with exposure to other toxic chemicals, putting 

the individuals and groups with the highest exposures at even greater risk for adverse 

health effects (Casarett, et al. , 1972; Macintosh, et al. , 1996; Wallace, et al. , 1987). 

Fourth, questionnaire data has not correlated well with exposure estimates from 

biological and environmental sampling in the few studies which have attempted to make 

comparisons. Fifth, the way in which pesticide exposure studies have been interpreted 

tends to reflect a non-systems perspective. Some of the implications of these general 

conclusions will be reviewed below. 

Several studies (EPA, 1994; Stehr-Green, 1989; Whitmore, et al. , 1994) found 

levels of pesticides in the environment and in human samples varied by season. This 

indicates the need for monitoring in both high and low-use seasons in order to obtain 



realistic exposure estimates. In addition, short-term acute exposures may result from 

application events such as mixing or applying pesticide (Whitmore, et al. , 1994). Such 

events must be taken into account when exposure estimates are made. 
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The few studies that have investigated how well questionnaire and biological data 

agree have generally found that questionnaires do not successfully identify the subjects 

with the highest levels of pesticides in their blood, urine, and tissues. A case in point is 

the NOPES study (Whitmore, et al. , 1994). Although the NOPES authors noted that some 

increase in precision might have been gained by equal sampling from their pesticide 

exposure strata as identified by questionnaires, the important take-home lesson from the 

study is that if the questionnaire data alone had been used to identify households at risk 

for pesticide exposure it would have furnished grossly inaccurate estimates (see 

Whitmore, et al. , 1994, Table 9, p. 54). The lack of correlation between questionnaire 

data and biological data may point to a need for more refined and detailed questionnaires. 

However, it may also reflect a pattern of multi-source pesticide exposure, especially if the 

heaviest exposure comes from sources other than agents applied by the person surveyed. 

These sources may include pesticides contaminating food and drinking water, agents such 

as long-acting termiticides applied in homes before the occupants moved in, and agents 

used to treat wood such as PCP. Exposure may also result from contact with pesticides 

applied in locations outside the home including workplaces, public buildings, agricultural 

fields, and other outdoor locations such as parks and golf courses. 
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Explanations for the observed lack of correspondence between questionnaire and 

biological data may also be sought in the biological sample half of the equation. Although 

biological samples are often considered the gold standard for estimating exposure, no 

method of exposure measurement is perfect. Because not all pesticides persist in the body 

or in the environment, and pesticides may be unevenly distributed among tissues, 

specimens may not reflect "real world" exposure values. Errors of data collection and 

analysis may also occur, and analytic methods may be insensitive. 

Different types of samples may also reveal very different pictures of exposure, 

and some kinds of samples may correlate more closely with responses to questionnaires, 

although this has not been investigated in the literature. In their study, Selby, et al. (1970) 

stated that " ... the variation of a particular pesticide in the blood did not depend on the 

level that (was) observed in adipose tissue, at least not on a linear scale. What was 

observed ... was a multivariant biological system with values not normally distributed ... " 

(p. 141 ). It is clear from such results that more research is needed on how pesticides are 

actually distributed in the body and how metabolite levels in one type of tissue relate to 

other tissues and to other exposure parameters such as dose and timing. In other words, 

what is needed is a better understanding of the human-pesticide system. Such an 

understanding can only be gained by further research on human (rather than animal) 

studies of exposure to and metabolism of pesticides. 



79 

Perhaps the most serious criticism of studies of non-occupational exposure is as 

follows: although exposure in the real world is multi-route, most studies have based risk 

assessment on only one or two routes or have not considered all exposures through a 

given route. They also do not take into account the effects of mixtures. This is not so 

much a criticism of how the studies were done, as time and funding constraints may limit 

the collection of data, but is more a problem of how results are interpreted and presented. 

For example, Whitmore, et. al (1994) compared their findings on air exposure 

data to EPA thresholds and concluded "For pesticides other than cyclodiene 

termiticides ... as compared to thresholds commonly used by the EPA ... the risks for non

occupational airborne (italics added) exposures all appear to be negligible." (p. 58). For 

cyclodiene termiticides they state "the risks are again estimated to be negligible" (p. 58), 

although they note that risk estimates are particularly uncertain for these compounds 

"since their degradation rates have not been well established." (p. 59). 

These statements are not false, and are similar to those made by other authors who 

consider only one or two exposure routes and judge risk to be negligible. The problem 

lies in a reductionistic view of exposure and risk, which does not take into account 

multiple exposure sources and agents. 

Exposure is cumulative. Although levels of airborne exposure may be below EPA 

thresholds, overall risk may not be "negligible," because exposure may be much greater if 

all routes are taken into account. Authors should therefore exhibit caution in interpreting 
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data that do not furnish a multi-route, multi-source description of exposure. "Low" levels 

of certain toxins do not necessarily translate into low risks for adverse health effects. 

Interestingly, the data presentations found in much of the research reviewed 

highlighted the problems with a non-systems view of the effects of environmental 

pollutants on health. A systems perspective would mandate a consideration of all routes 

of exposure and of multiple chemicals in the assessment of risk. It would also take into 

account other environmental stresses such as disease, malnutrition, etc. Although in the 

real world, studies obviously cannot assess all factors that impinge on health, a systems 

perspective could inform the way in which results are interpreted. Studies that have 

attempted to assess the effects of multiple agents, multiple routes, and/ or multiple 

causative factors exhibit such a perspective (for example, see Porter, et al. , 1984, 1993). 

This review of the literature on pesticide use and exposure highlights the dearth of 

research in the field. In order to gain a better understanding of the risks posed by 

pesticides, more large-scale studies with population-proportional samples are needed. 

Such studies should include the collection of detailed questionnaire data and both 

biological and environmental samples analyzed for multiple agents. In addition, studies 

should focus on the pesticide use patterns and exposure of vulnerable groups such as 

children, minorities, and the elderly. Finally, in interpreting results and formulating 

research-based public policy, scientists, the public, and federal agencies should take a 



holistic view of exposure, adopting policies that reflect, as far as possible, the 

complexities of human-pesticide interactions. 
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CHAPTER3 

METHODS 

Introduction and Research Design 
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This cross-sectional study of pesticide use and exposure in the home employed a 

population-based probability sample. The data were collected as part of a Phase I field 

study carried out in support of the EPA's National Human Exposure Assessment Survey 

(NHEXAS) (Lebowitz, et al., 1995) with the purpose of obtaining an estimate of how 

exposure to multiple environmental chemicals was distributed among the population of 

Arizona. The original study took into account multiple toxins, multiple environmental 

media, and multiple routes of exposure. It should be noted that only a small subset of the 

data collected during the original phase I field study was utilized here. A complete 

explanation of the entire phase I field study can be found in Lebowitz, et al. (1995). 

The subset of the NHEXAS data which was examined included pesticide use 

characteristics, as determined by questionnaires, and pesticide exposure, as measured by 

biological sampling. Data are reported on pesticide use characteristics and urinary 

chlorpyrifos levels of the population as a whole, and on differences in use and in urinary 

levels of TCPY between various demographic groups and other groups identified by their 

behavior (i.e., smoking habits), health (i.e., presence of chronic diseases), and home 

characteristics (i.e., cooling and heating system). 
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One of the objectives of this study was to test whether a subset of responses to 

pesticide use questions, combined with other questionnaire variables found to 

significantly predict TCPY, could account for a meaningful amount of the variation in 

urinary TCPY. A pesticide use index (PUI; see Tables 1 & 18) was constructed based on 

responses to the questionnaires. Variables were included in the PUI if they significantly 

predicted TCPY in bivariate regressions (p < .05), or if they showed a trend towards 

significance (p > .05 -- p.::; .20). The PUI did not represent a fully tested and validated 

experimental instrument. However, because other NHEXAS studies are being carried out 

using similar questionnaires, an advantage of the PUI is that it will be testable on two 

further independent data sets in the future. 

Subjects & Setting 

Setting 

The subjects (also referred to as respondents) consisted of a population-based 

probability sample of full-time Arizona residents. Arizona shares a border with Mexico 

and has a relatively high Native American and Hispanic population. According to the 

1990 Census, Arizona has a lower African American population than the U.S. as a whole, 

with 18.8% Hispanics, 5.6% Native Americans, and 3% or less African Americans, 

Asians, and Pacific Islanders. 

All data, including questionnaire and biological samples, were collected in the 

subjects' homes by field technicians. Questionnaires were available in both Spanish and 



English. Spanish-speaking subjects were interviewed by technicians who were fluent in 

that language. 

Subject Selection 

Population sampling 
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Before describing sampling methods, it should be noted that this analyses was 

carried out on preliminary data bases. Therefore, sample sizes in subsequent studies based 

on the NHEXAS-Arizona data may be slightly higher than those reported here. However, 

the sample of 404 questionnaires and 167 urine samples obtained for this analysis do 

represent a population-proportional sample. 

A population-based probability sample was obtained by starting at the county 

level and then randomly selecting 49 census tracts (primary sampling units, or PSUs) 

with approximately equal populations. Each county was proportionately represented. The 

PSUs were divided into area segments (or census block groups). Five area segments were 

randomly selected from each PSU and designated secondary sampling units (SSUs). Each 

SSU contained 20-30 housing units. The housing units within each SSU were randomized 

and sequentially selected until 5 participating households were obtained for each area 

segment. 

In stage I of the survey, 1,200 of the selected households were visited by a field 

technician. One household member provided answers for all household residents on the 



Descriptive Questionnaire. Next, a primary respondent was selected and asked if he or 

she wished to continue the survey. The refusal rate for stage I was 22%. 
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In stage II of the survey, 50% of the participating stage I households were 

selected, and one member of each household was selected as the primary respondent. This 

was done by randomly approaching the stage I households within each block group until 

450 households agreed to participate (consisting of five households from each block 

group). Environmental samples were collected and additional questionnaires were given, 

including a detailed questionnaire (the Baseline) which included questions on health, 

occupation, and pesticide use characteristics, and time-activity and daily diet diaries. All 

primary respondents were aided by interviewers in filling out Baseline questionnaires, 

and the other questionnaires were left with the subjects to fill out. Of the 450 primary 

respondents, 404 had actually completed Baseline questionnaires at the time of this 

analysis. The Baseline questionnaires contained the pesticide-use data described in 

chapter four of this study. (Additional baseline questionnaires were obtained after the 

data presented here were analyzed, so sample sizes in future publications may be higher 

than reported here). Although the primary respondent was always asked to fill out the 

questionnaires, other members of the households were also offered the chance to 

participate if they wished. (The data from these secondary respondents were not included 

in this paper.) 



86 

In stage III of the survey, 179 households were randomly selected from the 450 

households in stage II for biological sampling of the primary respondent and more 

intensive environmental sampling, including water sampling, 24-hour duplicate 

food/beverage collections, and use of more reliable and accurate environmental sampling 

methods. The urinary metabolite data used in this study comes from these 179 primary 

respondents. Of the 170 samples, 167 proved to be usable and were analyzed for TCPY 

and other metabolites. 

Measures to ensure a demographically representative sampJe 

In each stage of the survey, demographics of nonparticipants were compared to 

US census data to assure that a demographically representative sample was obtained. In 

addition, a weighting factor was applied to correct for the preponderance of one and two 

person households sampled. Twenty-five percent of one person, 32% of two person, and 

43% of households with three or more people were selected. This was done in an attempt 

to obtain a sample with an age distribution that reflected that of the population of 

Arizona. In spite of these attempts, subjects under the age of 18 years make up only 28% 

of the sample. 

Data Collection 

Instniments 

This study makes use of information from two sections of a large eight-section 

questionnaire; these two sections were called the Baseline and Descriptive questionnaires 
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for the purpose ofNHEXAS-Arizona. Only selected information from these two sections 

were used in the present study. Most of the questions in these instruments had been 

validated previously and found to be reliable (Lebowitz, et al., 1995, 1989). The principal 

investigators of the study also conducted English and Spanish pre-assessment studies to 

assure equivalency of the questionnaires in both languages. Interviews with Spanish

speaking respondents were conducted by Spanish-speaking interviewers. 

Questionnaires were translated by bilingual, bicultural translators. They were then 

back-translated from Spanish to English and found to be equivalent. In addition, in order 

to ensure the equivalency of the translations, three bilingual Mexican-born U.S. residents 

evaluated each Spanish-translated question and gave their interpretation of the questions 

in Spanish and English. These evaluations were also found to be equivalent. 

Data CoJJection Procedures 

Questionnaire data 

After a household had agreed to participate, a field technician visited the home on 

various occasions. Baseline questionnaire and urinary sampling were carried out from 

1995 to 1997. On the initial visit, the field technician explained the study's risks and 

benefits and the subject's proposed part in it, obtained written informed consent, and then 

administered the questionnaire. This was done in either English or Spanish, depending on 

the preference of the subject. Procedures for collecting biological samples were 

explained. 
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Biological data 

First morning urine samples were collected in sterile plastic bottles. Samples were 

frozen and shipped to the Centers for Disease Control (CDC). The CDC split the samples 

into aliquots and kept them frozen until lab analysis took place. 

Analysis of Laboratory and Questionnaire Data 

Biological Data 

The urinary metabolite of chlorpyrifos is 3,5, 6 trichloro-2-pyridinol (TCPY). Its 

half life (the time it takes to clear half of TCPY from the body) is relatively short. Thus, 

TCPY found in urine samples represents recent exposure to this chemical (within 2 days). 

Analysis of the specimens was carried out by the Centers for Disease Control in 

Atlanta. Urine samples were analyzed using gas chromatography/mass spectrometry. The 

11DL (minimum detection limit) was 1-5 micrograms/liter or 1 ppb. The results were 

corrected for urinary creatinine, giving results in micrograms per gram of creatinine. The 

formula used for creatinine correction was: 

Concentration ofTCPY (micrograms ofTCPY/g of creatinine)= 

Concentration (ug/L) x 100 

Creatinine (mg/dl) 

(Pacific Toxicology Laboratories, no date). 

Creatinine is excreted at a constant rate as a function of body mass. Therefore, 

using creatinine-corrected data (micrograms ofTCPY per gram of creatinine) corrected 
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for fluid intake. Volume based TCPY (micrograms ofTCPY per liter of urine) would be 

higher in dehydrated subjects. 

Qua1ity contra] 

Various quality control methods were used to assure accuracy of the urine 

analysis. Quality control samples (urine spiked with known quantities of the analytes of 

interest and samples free of analyte) were processed with each run of experimental 

samples to ensure the run was accurate. In addition, the CDC runs samples from stock 

pooled urine with the experimental samples. The values for each run of this pooled urine 

are compared. The relative standard deviations for quality control pools, over several 

months, was about 15%; this is considered a measure of the precision of the method. In a 

further effort to ensure accuracy of analysis, about ten percent of actual samples were 

split into two aliquats and run twice. (Gary Robertson, USEP A, Las Vegas, personal 

communication 4/98). 

Questionnaire Data 

Responses to questionnaire data were coded and entered into computer files. All 

subjects were assigned unique identifying numbers to assure confidentiality. ID numbers 

were a combination of household and individual identifiers. 

Two Methods for Testing Questionnaires as Predictors of TCPY 

Two methods of using questionnaire variables to predict urinary TCPY were 

examined. The first (Method 1) involved constructing a pesticide use index for each 
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subject by assigning numeric values to their responses to questionnaire items that 

concerned pesticide use. The PUI was entered into a multiple regression (using forward 

selection technique) with other independent variables (such as demographic and health

related variables) to test whether a significant relationship with TCPY existed, and how 

much variation in this marker could be explained by the questionnaire items. (The 

variables considered for inclusion, and actually included, in the PUI are given in Tables 1 

and 18, below and p.115). The PUI is thus a single independent variable composed of a 

selection of pesticide use variables. The second method (Method 2) also involved testing 

questionnaire variables against urinary TCPY using multiple regression, but pesticide use 

variables were entered separately, not combined into an index. 

Statistical Analysis 

The study described here examined only a subset of the NHEXAS data, consisting 

of information from the Baseline and Descriptive questionnaires and data on urinary 

concentrations of TCPY, the metabolite of chlorpyrifos. The independent and dependent 

variables, research questions, and statistical tests used are described below. 



Table 1. Variables from NHEXAS Questionnaire to be Tested Against Urinary 
TCPY (by bivariate regression) for Inclusion in Pesticide Use Index 

Demographic Characteristics 
1. Age 
2. Sex 
4. Ethnicity (Hispanic or non-Hispanic) 
5. Income 
6. Education level 
7. Area of residence: border or non-border county 
8. Area of residence: rural or urban 

Health 
1. Any chronic illness (including all of the types of conditions listed below, as well 

as neurological disease, hepatic disease, cancer, and kidney disease; these 
illnesses were too rare in the sample for significance testing) . 

2. Ever had diabetes 
3. Ever had asthma or allergies 
4. Ever had an ulcer 
5. Ever had intestinal disease 
6. Ever had any kind of gastrointestinal disease including ulcer, enteritis, 

diverticulitis, colitis, spastic colon. 
7. Ever had hepatitis 
8. Ever had any liver trouble, including cirrhosis, hepatitis, fatty liver, jaundice, or 

other liver trouble 
9. Currently smoke 
10. Anyone in the home smokes (including subject) 
11. Any exposure to secondhand smoke (nonsmokers only) 

Timing 
1. Season last applied pesticides 

Pesticide I Jse Characteristics (in past six months) 
I. Pesticides used inside 
2. Personally applied inside (latest application) 
3. Professional applied inside (latest application) 
4. Flea chemicals used on pets 
5. Pesticides used outside 
6. Personally applied outside (latest application) 
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Table 1. Variables from NHEXAS Questionnaire to be Tested Against Urinary 
TCPY (by bivariate regression) for Inclusion in Pesticide Use Index (Continued) 

7. Professionally applied outside (latest application) 
8. Location: floor, baseboards, lower walls, upper walls, ceilings, cupboards with 

food, cupboards with dishes, cabinets, closets, other location 
9. Room in house: kitchen, family room, living room, dining room, bathroom, 

bedroom, other room 

Dwelling characteristics 
1. House is older than 1 0 years or older than 20 years 
2. House has swamp cooling 
3. House has air conditioning 
4. House has central heating 

Variables 

Dependent variables 

1. Urinary TCPY values from first morning voids. 

2. In some statistical tests, pesticide use characteristics were used as dependent 
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variables and various demographic characteristics such as age, sex, income, and ethnicity 

were used as independent variables. (Pesticide use characteristics included frequency of 

pesticide use, product used, whether the user personally applied the product, where in the 

home products were used, whether the subject was also exposed at work, whether the 

subject knew what product was used, and other related variables) . 

Independent variables 

1. Pesticide use index (PUI). This is a numerical index calculated for each subject 

based on information from the questionnaires. The PUI was constructed based on a 
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literature review (see chapter two) and on the results of statistical tests. Each subject was 

given a numerical pesticide exposure score based on the factors outlined in Table 18. 

Factors (which were obtained from the pesticide-use questions in the Baseline 

questionnaire) were given a weight often if they were significantly (p.::; .05) related to 

urinary TCPY and a weight of five if there was a trend towards a significant relationship 

with urinary TCPY (p > .05 top= .20). Pesticide use factors that were not significantly 

related to urinary TCPY in multiple regressions were not included in the PUI. The scores 

were scaled to 0-1 00. 

2. Gender. 

3. Age. This was divided into the following categories: 0-17 years, 19-59 years, 

and 60+ years. Age was also considered as a continuous variable. 

4. Ethnicity. Hispanic, non-Hispanic1
. 

5. County of residence. Border vs. non-border residence. Border counties include 

Yuma, Santa Cruz, and Cochise counties. 

6. Health status. This actually consisted of several questionnaire items referring to 

whether people reported that they had 11 ever had 11 certain chronic illnesses including 

1Hispanic is considered an ethnic, not racial, category 
by the 1990 U.S . Census. Significance testing was not carried out 
on racial categories because the small numbers of non-whites in the 
Arizona population resulted in very small numbers of non-white 
subjects. Subjects who considered themselves Hispanics were not 
coded as non-whites if they did not identify themselves as such 
because Hispanics may be of any race. 
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diabetes, asthma and allergies, or neurological, kidney, liver, gastric, or intestinal disease. 

In addition, two general health variables were examined: (1) currently having any chronic 

disease and (2) self-defining one's health as "good" or "fair or poor." Statistical tests were 

done on only some health variables because of small sample sizes. 

7. Smoking status. Current smoker or current non-smoker. 

8. Income. This category consisted of seven income groups: annual family income 

less than $10,000, $10,000-19,999, $20,000-$29,999, $30,000-$39,000, $40,000-

$49,000, $50,000-$74,999, and $75,000 or more. These groups were used for testing 

whether there were differences in pesticide use characteristics between different income 

levels. For testing whether TCPY differed by income, the subjects were divided into two 

income groups: annual family income under $20,000 and annual family income at or 

above $20,000. 

9. Education. Three categories were used; 1 : below high school diploma; 2: high 

school graduate and possibly some college; 3 : college graduate and possibly graduate 

education and/ or degrees. 

10. Home characteristics such as central heating and air conditioning. 

11. Rural/urban: residence in a rural or urban area. 

Research Questions 

Research questions fell into two categories: (1) those addressing the 

relationship of demographic, health, and environmental variables to pesticide use 
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characteristics (i.e., who uses pesticides? Do people in different demographic, health, and 

behavioral groups use pesticides differently?), and, (2) those examining the relationship 

of urinary TCPY to health, demographic, and pesticide use characteristics. 

Research questions oftype 1 · who uses pesticides? 

1. What are the pesticide use characteristics of the sample as a whole? 

2 Are there significant gender differences in pesticide use characteristics? 

3. Are there are significant age differences in pesticide use characteristics? 

4. Are there significant differences in pesticide use characteristics between Hispanics and 

non-Hispanics? 

5 . Are there significant differences in pesticide use characteristics among people of 

different income levels? 

6. Are there significant differences in pesticide use characteristics among people of 

different education levels? 

7. Are there significant differences in pesticide use characteristics between residents of 

border and non-border counties? 

8 . Are there significant differences in pesticide use characteristics between people living 

in rural and urban areas? 

9 . Are there significant differences in pesticide use characteristics between people who 

report good or fair to poor health? 
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1 0. Are there significant differences in pesticide use characteristics between smokers and 

nonsmokers? 

11 . Are there significant differences in pesticide use characteristics between people with 

and without chronic health conditions? 

Research questions oftype 2 · what are the characteristics of people with higher or lower 

leyels of exposure, as measured by urinary rcpy? 

12. Are there significant gender differences in urinary TCPY? 

13. Are there significant age differences in urinary levels of TCPY? 

14. Are there significant differences in urinary TCPY between Hispanics and non

Hispanics? 

15 . Are there significant differences in urinary TCPY among people of different income 

levels? 

16. Are there significant differences in urinary TCPY among people of different 

education levels? 

1 7. Are there significant differences in TCPY levels between residents of border counties 

and residents of the rest of the state? 

18. Are there significant differences in urinary TCPY between people living in rural and 

urban areas? 

19. Are there significant differences in urinary TCPY between people with and without 

chronic illnesses and between people who report either good or poor to fair health? 



20. Are there significant differences in urinary TCPY between smokers and non

smokers? 

21. Are there significant differences in urinary TCPY between people who consume 

homegrown produce and those who do not? 

22. Are there significant differences in urinary TCPY between people who drink tap and 

bottled water? 

23. Are there significant differences in urinary TCPY by selected home characteristics: 

age of house, type of cooling, presence of central heating? 

24. Does a pesticide use index (PUI) significantly predict urinary TCPY levels? 

25. Which of two methods of predicting urinary TCPY based on questionnaire variables 

explains more of the variation in TCPY? 

26. Does stratifying the sample by pesticide use (including only people who used 

pesticides both inside and outside in the past six months) increase the explanatory power 

of the questionnaire variables? 

Statistical Tests 

Statistical analyses were carried out using SPSS (SPSS Statistical Data Analysis, 

1990). An alpha level of .05 was used for all significance testing. 

The first set of analyses was done in order to evaluate whether certain subgroups 

of the sample (including demographic groups, smokers/non-smokers, and people with 
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and without various health characteristics) displayed different pesticide use 

characteristics. These analyses were preliminary in nature and utilized chi-squares. 
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For the second group of analyses, in which the ability of questionnaire variables 

to predict urinary TCPY was tested, frequency distributions of the dependent variables 

(creatinine-corrected TCPY levels) were examined and normalized by log transformation. 

Bivariate and multiple regressions using a forward selection technique were used to test 

whether the questionnaire variables could predict urinary TCPY. 

In the second group of analyses, in which the ability of questionnaire variables to 

predict TCPY was examined, two methods of prediction were evaluated. In the first 

method, instead of individual pesticide use characteristics, the pesticide use index (PUI) 

was used along with other questionnaire variables in a multiple regression. In the second 

method, pesticide use characteristics were entered into the multiple regression separately. 

The R2's (explained variation) of the regressions yielded by the two methods were used to 

evaluate which one explained more of the observed variation in TCPY. 

Protection of Human Subjects 

The original research on which this study is based was approved by the University 

of Arizona's Human Subjects Committee (See Appendix 1 ). The purpose and design of 

the study was explained to all subjects and participation was voluntary. Subjects were 

debriefed about the data collected from their homes and their biological samples. 
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In addition, the study's principal investigators conducted community meetings and 

attended various community events in order to explain the objectives of the study and the 

sampling procedures. The study authors are planning more community meetings in the 

future. Suggestions from participating communities will be solicited and approval from 

representative community groups will be sought. 

The principal investigators plan to share their data on households in each county 

with the county's Board of Health. The Arizona Department of Health Services 

Epidemiology Division will also be debriefed on the study's findings. In border counties, 

the principal investigators are meeting with various groups concerned with border health 

issues. Three binational border meetings have already been attended, and further meetings 

are planned in the future. These meetings, which have taken place in communities on 

both sides of the border, include physicians and health workers from both the U.S. and 

Mexico. 

Confidentiality of subjects was assured by presenting data only in aggregate 

results. All subjects' identities are held confidential whether in electronic or written 

format. Subjects are referred to by numbers only in all computer databases. 

A six page consent form and minor assent form was used which had been 

previously reviewed by the University of Arizona's Human Subjects Committee. All 

subjects were informed of their personal results. Every procedure was explained by the 



technician who visited the household, and subjects could elect not to participate at any 

level of the study. 
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The principal investigators of the original study gave permission for this analysis 

of their data (see Appendix 2). In addition, the principal investigators were informed of 

the ongoing results of this study and gave approval for the data analysis methods used. 

Assumptions and Limitations 

The main assumption made was that responses to questionnaires were honest and 

accurate. For the biological samples, it was assumed that subjects did not have major 

renal problems which would significantly affect urinary excretion of TCPY. There were a 

variety of limitations to the study related to the nature of the pesticide exposure index and 

the extent of sampling carried out. These are fully discussed in chapter 5. 

Summary 

This chapter described data collection procedures, analysis methods for biological 

samples, and statistical analyses that were used in this study of a subset of the Arizona 

NHEXAS pesticide data. Methods of subject selection were also described. The method 

used for constructing a pesticide use index (PUI) was explained. The PUI was based on 

the literature on demographic and behavioral factors that affect the likelihood of exposure 

and upon statistical testing of pesticide use variables. 



CHAPTER4 

RESULTS 

101 

In this chapter, results of two groups of analyses are presented: the relationship of 

creatinine-corrected 3,5,6- trichloro-2-pyridinol (TCPY) to questionnaire variables 

(which included items on demographic, behavioral, health, dwelling, and pesticide use 

characteristics) and the relationship between demographic characteristics and pesticide 

use characteristics. Bivariate and multiple regression analyses were used to examine the 

relationships of the independent variables to TCPY. Chi square tests were performed to 

investigate differences in pesticide use patterns between demographic groups. 

Table 2 summarizes the results by the research questions listed in chapter 3. The 

research questions are discussed in more detail in subsequent sections. 

Because this chapter describes a great deal of data, Table 2 may furnish the reader 

with a better grasp of the overall results. Figure 2 describes how the data were analyzed 

as two distinct sets of statistical tests. In addition, it may be helpful to the reader to 

consider that the two types of analyses described here answer two distinct types of 

questions. The first group of analyses, which examines demographic differences in 

pesticide use characteristics asks: who uses pesticides, and how do they use them? In this 

first group of analyses, pesticide use variables are always the dependent variables, and 

demographic and health variables are the independent variables. Some examples of 



Table 2. Summary of Results by Research Question 

Variable Variable predicts TCPY? variable predicts pesticide use? 

Pesticide Use Index 
Age 
Gender 
Ethnicity (Hispanic/non) 
Income 
Education 
Border/non-border 
Rural!urban 
Season applied 
pesticides 
(Spring-summer 
vs. Fall-winter) 
Health 

Smoking 
Eats home produce 
Water type (tap/bottled) 
Air conditioning 
Evaporative cooler 
Central heating 
Age of house 

Yes 
No 
No 
No 
No 
No 
No 
No 

Yes 

aYes 

bYes 

No 
Trend 
No 
No 
No 
No 

Abbreviations: NT = not tested 
aTCPY differed significantly only for some health characteristics. 
bNegative relationship with urinary TCPY. 

NT 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
NT 

Yes 

NT 
NT 
NT 
NT 
NT 
NT 

NT 

102 

specific questions answered by this group of analyses are as follows: are there significant 

gender differences in pesticide use characteristics? Are there significant income 

differences in the frequency of personal application of pesticides? Are Hispanics more 

likely to report pesticide exposure at work than non-Hispanics? 
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In contrast, the second group of analyses examines who is at risk for exposure to 

chlorpyrifos, as indicated by TCPY levels. TCPY is always the dependent variable in this 

group of analyses, and demographic variables, as well as pesticide use variables, are the 

independent variables. Questions answered (by using bivariate and multiple regressions) 

include the following: do men have higher exposure to chlorpyrifos (as measured by 

TCPY) than women? Do Hispanics have higher exposure than non-Hispanics? Do people 

who smoke have different TCPY levels than those who do not? 

Included in this group of analyses is a test of two methods to predict TCPY using 

a multivariate technique. One method combines pesticide use variables in an index and 

uses this index as an independent variable, with other questionnaire variables, and the 

second method considers pesticide variables separately. The sample was also stratified by 

pesticide use to see whether questionnaire variables predicted explained more of the 

variation in TCPY in this group (i.e. , only subjects who said pesticides had been used 

both inside and outside their residences in the past six months were included in the 

regression). 
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ANALYSIS SET ONE: WHO USES PESTICIDES? 

Independent variables: Dependent variables: 
Demographics, health, smoking---------------->Pesticide use characteristics 

ANALYSIS SET TWO: WHO IS AT RISK FOR CHLORPYRIFOS EXPOSURE? 

Independent variables: Dependent variable: 
Demographics, health, pesticide use------------>urinary TCPY 

Figure 1. Analysis Structure for Questionnaire and Urine Sample Data: Two 
Separate Sets of Questions 

A few more explanatory notes on the results are in order. Sample sizes (ns) were 

slightly different for different questions (variables) because of non-responses; therefore, 

although the total pool of respondents contained 404 individuals, many variables tested 

have smaller ns. Some questionnaire items were answered only by subgroups of the 

sample (such as people who reported using pesticides). The total n for the part of the 

study examining urinary TCPY was 167; these subjects were a random sample of the 

original 404 respondents. 

Demographic and Socioeconomic 

Characteristics of the Sampled Group 

Demographic characteristics of the sample are given in Table 3. Questionnaire 

information on pesticide use and other factors was gathered from 404 individuals (a 



subset of this group also provided urine samples). Because some questions were not 

answered by all respondents, ns for individual items vary. 
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In spite of efforts (described in chapter three) to maximize the proportion of 

respondents under 18, children made up only 14.9% of the 404 subjects who completed 

the baseline questionnaire. Males were also under-represented (n=153 ; 38%). The 

ethnicity of the sampled group was slightly different from that of the state of Arizona, 

with 29% of the respondents reporting Hispanic heritage. The 1990 census found that 

18.8o/o of Arizonans reported Hispanic heritage (United States Department of Commerce, 

I 992). Racial and socioeconomic composition of the sampled group is also given in 

Table 3. 

Table 3. Demographic and Socioeconomic Characteristics of the Sample 

Variable Au (total n) Percent of Sample 

Sex: Female 247 (399) 62.0 

Male 151(399) 37.8 

Age Under 18 58 (404) 14.8 

18-59 237 (404) 58.7 

60+ 106(404) 26.2 



106 

Table 3. Demographic and Socioeconomic Characteristics of the Sample (Continued) 

Variable .!o (total n) Percent of Sample 

Race: White 370 (398) 93.4 

African American 6 (398) 1.5 

Asian/Pacific Is. 3 (398) 0.8 

Native American 9 (398) 2.3 

Other 8 (398) 2.0 

Ethnicity: Hispanic 112(386) 29.0 

Non-Hispanic 274(386) 71.0 

Income (in thousands of dollars) : 

Under 10 39(367) 10.6 

10- 19,999 43(367) 11.7 

20-29,999 58(367) 15.8 

30- 39,999 72(367) 19.6 

40-49,000 50(367) 13.6 

50-74,999 75(367) 20.4 

75- 99,999 19(367) 5.2 

100 or more 11(367) 3.0 
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Table 3. Demographic and Socioeconomic Characteristics of the Sample (Continued) 

Variable .l!o (total n) Percent of Sample 

Education: No school 13(399) 3.3 

Primary or middle school 71(399) 17.8 

Some high school 34(399) 8.5 

High school graduate 56(399) 14.0 

Some college or technical 123(399) 30.8 

College graduate 58(399) 14.5 

Some post college 44(399) 11.0 

Employment outside home 

Yes 186(399) 46.6 

No 213(399) 53.4 

Abbreviations: Is. =Islanders 

a ns for each variables are different because of missing data. Percentages are rounded to 
the nearest tenth and thus may not sum to exactly 1 00. 

Pesticide Use Characteristics 

Descriptive Statistics For Entire Sample 

Research question 1:. What are the pesticide use characteristics of the sample as a 

whole? 



The majority of respondents--52. 9%--reported some pesticide use inside their 

homes in the last six months. Of the total sample of 404 respondents, 23.9% had 

personally applied pesticides inside (this represented almost half of inside pesticide 
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users). A majority (60.4%) of subjects reported that pesticides had been used outside their 

homes, and 27.9% of the total sample had self-applied pesticides outside. A slight 

minority (42.5%) of respondents had used pesticides both inside and outside the house in 

the past six months. Very few respondents had personally mixed their own pesticides; 

only 14% (n =57) of the subjects had used products inside that needed to be mixed, and 

only 2% of the subjects (n = 8) had actually mixed the pesticide themselves. The 

corresponding figures for mixing outside use pesticides were 21.3% (n = 86) and 7. 7% (n 

= 31). 

Other results for the entire sample, including areas of the home in which 

pesticides were used, are given in Table 4. Slightly different sample sizes for different use 

characteristics are due to missing or refused responses on questionnaires. Sample sizes 

(ns) given at the tops of all tables indicate the maximum number of responses to 

questionnaire items in that table. 



Table 4. Pesticide Use Characteristics in Past Six Months for Entire Sample 
( N = 404) 

Variable u (Iotal ferceut 
for question) 

Pesticide used inside 

Yes 207 (391) 52.9 

No 184 (391) 47.1 

Pers. applied inside (pesticide users only) 

Yes 94 (208) 45 .2 

No 114 (208) 54.8 

Prof applied inside (pesticide users only) 

Yes 95 (205) 46.3 

No 110 (205) 53.7 

Pers. mixed for inside use( users of mixed pesticides only) 

Yes 8 (60) 13.3 

No 52 (60) 86.7 

Pesticides used outside 

Yes 236 (391) 60.4 

No 155 (391) 39.6 
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Table 4. Pesticide Use Characteristics in Past Six Months for Entire Sample 
( N = 404) (Continued) 

Variable o (Iotal ferteot 
for question) 

Pers. applied outside (pesticide users only) 

Yes 109 (236) 46.2 

No 127 (236) 53.8 

Prof applied outside (pesticide users only) 

Yes 105 (231) 45 .5 

No 126(231) 54.5 

Pers. mixed for outside use (users of mixed pesticides only) 

Yes 31 (86) 36.0 

No 55 (86) 64.0 

Cannot name product last used inside 

(pesticide users only) 68 (187) 36.2 

Cannot name product last used outside 

(pesticide users only) 68 (236) 28.8 

Exposure at work (people who work outside home only) 

Yes 30 (187) 16.0 

No 157 (187) 84.0 
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Table 4. Pesticide Use Characteristics in Past Six Months for Entire Sample 
( N = 404) (Continued) 

Variable 

Exposure to unknown pesticide at work 

Pesticides used in: (n = 404) 

living room 
bedroom 
dining room 
kitchen 
bathroom 
family room 
other room 

Area used: 

Cupboards with dishes 
Cupboards with food 
Cabinets 
Closets 
Floors 
Baseboards 
Ceilings 
Lower walls 
Upper walls 
Other location 

Season applied inside (n) : Winter 

(n = 204) 31 

Season applied outside (n) : Winter 

31 

n (Total 
for question) 
22 (187) 

145 
142 
126 
181 
165 

91 
50 

21 
18 
35 
48 
94 

147 
8 

31 
10 
37 

Spring 

67 

Spring 

78 

Percent 

11.8 

35.9 
35.1 
31.2 
44.8 
40.8 
22.5 
12.4 

5.2 
4.5 
8.7 
11.9 
23 .3 
36.4 

2.0 
7.7 
2.5 
9.2 

Summer Fall 

64 42 

Summer Fall 

70 62 

Abbreviations: pers. =personally; prof =professionally; NT= not tested due to small n 
or small expected values. 
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The 404 respondents were asked for the names of the products last used inside the 

house. Some type of pesticide or pest control service was used by 46.3% of the subjects 

(n = 187), although 16.8% of the total subjects also reported that the pesticide used was 

"unknown." Only the name of a pest control service, not the product used, was given by 

9.2% of the subjects (n = 37). Some subjects gave brand names, and it was unclear 

whether these subjects knew the actual chemical used. Products such as Raid, whose 

principal ingredient is a pyrethroid, were used by 11.6% of the subjects (n = 47). 

Chlorpyrifos was used inside by 1. 7% of the subjects (n = 7), diazinon was used by 2. 0% 

(n = 8), and an equal number had used boric acid. 

Subjects (n=3 99 for this question) were also asked what pesticides they had used 

outside in the past six months. Of the 234 subjects who named a pesticide used outside, 

9. 5% gave the name of a pest control service instead of the name of a product. Of the 

remaining 196 respondents who reported some type of pesticide use other than a pest 

control company, 35% reported that they had used an "unknown pesticide." Respondents 

were given the opportunity to list more than one product, but most who had used 

pesticides outside listed only one; only 27 reported using two pesticides, or a self-use 

product and a pest-control service. Included in the more common responses were various 

types of Raid (n=18; 11 of these users did not know what type of Raid), and diazinon 

(n=33 respondents). Chlorpyrifos was listed as either the first or second pesticide they 
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had used by 14 subjects. Two subjects reported using products containing chlordane, an 

OC which is now banned. 

More respondents reported last applying pesticides in spring or summer than in fall 

or winter; this was true of both inside and outside use. Each season was defined as three 

entire months, i.e. spring was defined as the entire months of March, April, and May, 

summer was considered the entire months of June, July, and August, etc., instead of the 

more usual calendar definitions of the seasons. This was necessary because the data were 

actually in the form of a question asking what month, not what specific date, pesticides 

were last applied. 

Results of Chi Square Tests Between Pesticide l Jse Characteristics and Demographic 

Variables (Age, Gender Ethnic CTToup Education Income, and Area ofResidence) 

(Research questions: Are there significant differences in pesticide use characteristics 

between: 2. Males and females? 3. People of different age categories? 4. Hispanics and 

non-Hispanics? 5. People of different income levels? 6. People of different education 

levels? 7. Residents of border and non-border counties? 8. Residents of rural and urban 

areas?). 

Gender differences in pesticide use characteristics 

Chi square tests were used to test for significant differences in pesticide use 

characteristics between demographic groups. Significantly more males than females 

reported personally applying pesticides outdoors (3 3 .1% versus 23 . 5%, respectively; p < 
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. 04) . In addition, higher percentages of males than females personally mixed pesticides 

for both indoor and outdoor use, although because of the small number of subjects who 

mixed pesticides, this result should be interpreted with caution. Significantly more 

females than males did not know what pesticide had last been applied inside their homes 

(41.7% versus 27.4%, respectively; p < .05). Table 5 provides detailed results on 

pesticide use characteristics of males and females . 

Table 5. Results of Chi-Square tests for Gender differences in Pesticide use 
Characteristics. (Total n = 398; 151 male, 247 female) 

Variable 

Pesticide used inside 

Pers. applied inside 

Prof applied inside 

Pers. mixed; indoor use 

Pesticide used outside 

Pers. applied outside 

Prof applied outside 

Pers. mixed; outside use 

Unknown pesticide last 

used inside 

Exposure at work 

.!.!!Males(0/o) 

83 (56.5) 

36 (23 .8) 

35 (23.2) 

7 (4.6) 

92 (63.4) 

50 (33 .1) 

41 (27.2) 

21 (13.9) 

20 (27.4) 

10(13 3) 

Females(0/o) p< 

123 (50.6) .26 

56 (22.7) .79 

59 (23.9) .87 

1 (0.4) NT 

143 (58.8) .37 

58 (23.5) .04 

63 (25 .5) .72 

10(4.0) .0004 

48 (41.7) .05 

20(18 0) 39 

Abbreviations: pers. =personally; prof =professionally; NT= not tested due to small n 
or small expected values 
ailS for individual questions (variables) may vary. 
bPercentages given are row percentages; i.e., 50.6o/o percent of all women used pesticides 
inside 
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Age differences in pesticide use characteristics 

Table 8 presents age differences in pesticide use characteristics. There were no 

significant age differences in whether pesticides had been applied by anyone inside or 

outside the home in the past six months (because for most households with children, a 

child was the respondent, this indicates that homes with children tended to use pesticides 

at the same frequency as those without children). Not surprisingly, children personally 

applied indoor pesticides significantly less often than adults. The percentage of elderly 

and younger adults who personally applied pesticides indoors was almost identical. 

Eleven of 58 children ( 19%) reported personally applying pesticides outside, but only 

three of 58 (5%) personally applied them inside. Detailed results are given in Table 6. 
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Table 6. Results of Chi-Square tests for Age Differences in Pesticide use 
Characteristics in Past Six Months (n = 399 total; 0-17= 58; 18- 59= 
242; 60+ = 99) 

Variable ~Age: 0-17( 0/o) 18-59(0&.) 60+(0/o) ~ 

Pesticides used inside 25(43.1) 130(54.9) 52(54.2) .26 

Pers. applied inside 3(5.2) 66(27.3) 23(23 .2) .002 

Prof applied inside 11(19.0) 57(23 .6) 27(27.3) .49 

Pers. mixed; 
indoor use 0(0) 7 (2.9) 1(1.0) NT 

Pesticides used outside 34(58.6) 140(59.3) 62(65.3) .57 

Pers. applied outside 11(19.0) 68(28 .1) 29(29.3) .32 

Prof applied outside 11(19.0) 60(24.8) 34(34.3) .07 

Pers. mixed; 
outdoor use 2(3.4) 23(9.5) 6(6.1) NT 

Product used inside 
unknown 7(10.5) 45(40.9) 16(34.8) .29 

Exposure at work 0(0) 26(16.0) 4(22.0) .44 
(only people who 

work outside home) 

Abbreviations: pers. = personally; prof = professionally; NT = not tested due to small n 
or small expected values 
ans for individual questions vary. 
bPercentages given are row percentages; i.e., 43.1 percent of all subjects aged 0-17 used 
pesticides inside. 
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Ethnic differences in pesticide use characteristics 

Arizona has a large Hispanic population, and Hispanic/ non-Hispanic was the only 

ethnic category for which there were sufficient numbers of respondents to furnish 

meaningful data. The results are reported in Table 7. There were no significant 

differences between frequency of pesticide use inside or outside in the past six months. 

However, Hispanics personally applied pesticides indoors significantly more often than 

non-Hispanic (60.3% versus 38.4%, respectively; p < .004), and made use of professional 

pest services significantly less often (35 .6% versus 51.0%; p < .05) . This type of pesticide 

use pattern was also true of outdoor pesticide use; Hispanics tended to personally apply 

outdoor pesticides more often than non-Hispanics (57.4% versus 40.6%; p < .02) and to 

have professionals apply them outside less often (32.3% versus 50.6%; p < .01). 

Hispanics were also exposed at their jobs significantly more often, and they used 

pesticides in closets significantly more often than non-Hispanics. 
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Table 7. Results of Chi Square Tests for Ethnic Differences in Pesticide Use 
Characteristics in Past Six Months (n = 394; 115 Hispanic, 279 Non
Hispanic) 

Variable 

Pesticides used inside 

Pers. applied inside 

Prof applied inside 

Use in closets 

2Pers. mixed; inside 

Pesticides used outside 

Pers. applied outside 

Prof. applied outside 

2Pers. mixed; outdoor use 

Exposure at work 

.!fijspanic(0/o) 

59 (52.7) 

35(60.3) 

21(35 .6) 

20(17.4) 

1 (9.1) 

62(55 .9) 

35(57.4) 

20(32.3) 

3(30.0) 

14(25 .9) 

Non-Hi span ic( 0/o) 

146(53 .3) 

56(38.4) 

73(51.0) 

27(9.7) 

6(13 .0) 

170(62.3) 

69(40.6) 

84(50.6) 

26(40.0) 

16(12.3) 

~ 

.91 

.004 

.05 

.03 

NT 

.24 

.02 

.01 

NT 

.02 

Abbreviations: pers. =personally; prof. =professionally; NT= not tested due to small n 
or small expected values 
aPercentages given are row percentages; i.e., 52.7% percent of all Hispanics used 
pesticides inside. 
bn =Includes only subjects who used mixable pesticides which were applied either by 
subject or someone else. 
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Income differences in pesticide use characteristics 

Some differences in pesticide use patterns were found between the seven income 

categories. People with higher incomes were significantly more likely to have used 

pesticides outside in the past six months (p < . 04). This was apparently due to more 

frequent use of professional pest treatments outside, since there was a trend for higher 

income categories ($50,000 annual income and over) to be less likely to have personally 

applied pesticides outside (p < . 08), and people in the higher income categories were also 

significantly more likely to have had a professional pest service apply pesticides outside 

(p < .03). Only 15.8% of families with incomes below $10,000 and 31.6% of families 

with incomes below $20,000 (the lowest two categories of income) had hired 

professionals to apply pesticides outside their homes, but 57.4% and 58.3% of the two 

highest income categories had had such treatments in the past six months (annual family 

incomes of $50,000-$74,999 and $75,000 and over). 

People with higher incomes did not use pesticides inside significantly more or less 

frequently. However, echoing the pattern found for outside application, they were 

significantly less likely to have personally applied pesticides inside than people reporting 

lower incomes (p < .004, chi square= 18.91). They also used professional exterminators 

inside significantly more than lower income groups (p < .05, chi square= 12.9). Lastly, 

respondents with incomes below $40,000 reported work exposure more often, although 

significance testing is not reported because of small expected values in the various 



120 

income categories. Only 3.2% of people with annual family incomes above $50,000 

reported exposure at work, compared to 15 . 1% of the total sample that worked outside the 

home. In contrast, 24.4% of people with incomes below $40,000 reported work exposure. 

Education differences in pesticide use characteristics 

Three categories of education were examined (see Table 8, note) . People with more 

education were significantly more likely to have applied pesticides inside in the past six 

months. The significance of this relationship (p < . 03) was mostly due to less pesticide 

application in the lowest category of education; only 43 .1% of these respondents had 

applied pesticides in the last six months, compared to 55.2% of high school graduates and 

60% of college graduates. The two higher education levels were also more likely to state 

that the last inside and outside applications were applied by a professional pest service (p 

<. 01 for both variables). People in the two lowest education categories were more likely 

to be exposed at work, although there was only a trend towards significance (p < .08). 
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Table 8. Chi Square tests for Education Level Differences in Pesticide Use 
Characteristics in Past Six Months (n = 398; Level 1 = 118; Level 2 = 
179; Level3 = 101) 

Variable ~l,eyell cl,eyel 2 dJ,eyel 3 ~ 

Pesticides used inside 0(43 .1) 96(55 .2) 60(60.0) .03 

Pers. applied inside 20(17.1) 42(23 .5) 29(28.7) .12 

Prof applied inside 16(13 .6) 50(28.4) 28(27.7) .01 

Used in living room 32(27.1) 70(39.1) 42(41.6) .05 

Used in bedroom 31(26.3) 70(39.1) 40(39.6) .05 

Pesticides used outside 62(53.4) 1 07(61.8) 66(66.7) .13 

Pers. applied outside 26(22.2) 49(27.4) 32(31. 7) .29 

Prof. applied outside 19(16.2) 52(29.7) 33(32.7) .01 

Pers. mixed; outdoor use 4(25.0) 18(39.1) 9(39.1) .57 

Unknown pesticide applied 
inside 16(29.6) 33(39.8) 19(37.3) .47 

Exposure a1 ~ork 6(28 6) 1 1(1 8 3) 1(21) NI 

Abbreviations: NT= not tested; pers.=personally; prof.= professionally 
.!n, percentage. Percentages given are row percentages; i.e., 60% of all college graduates 
used pesticides inside. 
bCategory of respondents reporting between zero years of education to some high school. 
Category does not include high school graduates. 
ccategory of people reporting they graduated from high school, and high school graduates 
with some college or technical education, but no college graduates. 
dCategory of college graduates; some reported graduate education. 
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Area of residence (border/non-border; niraJ/urban) differences in pesticide use 

Of the 3 96 respondents for whom information about the degree of urbanization was 

known, 87% lived in urban areas and only 13% lived in rural areas. There were no 

differences found in pesticide use characteristics between the groups. There was slightly 

more variation found between residents of border and non-border counties. Seventeen 

percent of the 398 respondents lived in a border county (Cochise, Santa Cruz, or Yuma). 

(Pima County was not included as a border county because its residents overwhelmingly 

did not live along the border. Much of the border area in Pima County is occupied by a 

wild life refuge, a military facility, and an Indian reservation with very low population 

density, and which did not allow sampling). Of these 67 border residents, 47 (70%) were 

Hispanic. Border residence was also confounded with income. The income level of 

border residents was lower than that of the entire sample, with 3 9% of respondents living 

on the border reporting an annual income of less than $20,000 a year, and only 17% of 

non-border residents reporting this category of annual earnings. In reviewing these 

results, the reader should bear in mind that other differences between the two regions, 

such as geoclimatic or agricultural factors, may also partially or wholly account for the 

observed differences. 

In general, pesticide use characteristics did not differ significantly between border 

residents and those living in other parts of the state (see Table 9). An exception was that 

non-border residents had used professional pest services to apply pesticides both inside 
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and outside their homes significantly more often in the previous six months than had non-

border residents. There was a trend for border residents to personally apply pesticides 

outdoors more than non-border residents. There was also a trend for more border 

residents to state that they personally applied pesticides outside. More border than non-

border residents were exposed to pesticides at work, but this was not statistically tested 

due to a small sample sizes. 

Table 9. Results of Chi Square Tests for Area of Residence (border/non-border) 
Differences in Pesticide Use Characteristics In Past Six Months (n = 398; 
67 border; 331 non-border) 

Variable .l!o-Border(0/o) BorderC%) ~ 

Pesticides used inside 174(53.7) 32( 48 .5) .44 

Pers. applied inside 73(22.1) 18(27.3) .36 

Prof applied inside 85(25.8) 9(13 .6) .03 

Pesticides used outside 196(60.9) 39(59.1) .79 

Pers. applied outside 84(25.4) 23(34.8) .11 

Prof applied outside 93(28.4) 11(16. 7) .05 

Unknown pesticide use 57(37.3) 11(31.4) .52 

Exposure at work 22(14 0) 8(27 6) NT 

Abbreviations: NT= not tested; pers.=personally; prof= professionally 
aPercents given are row percents; i.e., 48.5% of all border residents used pesticides 
inside. 
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Results of Chi Square Tests Between HeaJth Categories, Smoking Status, and Pesticide 

I !se Characteristics 

(Research questions: Are there significant differences in pesticide use characteristics 

between: 9. People who report good or fair to poor health? 10. Smokers and non

smokers? 11. People with and without selected chronic health conditions). 

Health status and pesticide use characteristics 

Of the maximum of398 subjects who answered the questionnaire item on whether 

their overall health was "good," "fair," or "poor," 74.4% reported good health and 25 .6% 

reported fair or poor health. Health was somewhat confounded with age, as the average 

age of people reporting fair or poor health was 51 , and the average age of those reporting 

good health was 4 2. 

People who reported good health used pesticides inside at almost exactly the same 

frequency as those who reported poor or fair health (p < . 99). In spite of this similarity, 

there was a trend for people who reported poor or fair health to have personally applied 

pesticides inside more often than those who reported good health (p < .09) . Those 

subjects reporting good health used professional services for inside extermination more 

often, although again there was only a trend towards significance (p < .07). In contrast, 

subjects reporting poor or fair health reported significantly less use of pesticides outside 

in the past 6 months than those reporting good health (p < . 01 ), but there was no 

difference in the frequency of personal application outside or use of pest services outside. 
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There were also no differences between the two groups in exposure to pesticides at work 

or in the areas of the house where pesticides were used. 

Because lower TCPY levels were found among people who had intestinal disease, 

the pesticide use characteristics of the sub sample who provided urine (n = 167) were 

examined to determine whether their lower metabolite levels might be explained by lower 

pesticide use. Of the 165 subjects who answered the question on intestinal disease, only 

7.3% (n = 12) of these reported ever having had intestinal disease. Because of this low n, 

only one pesticide use variable--use of pesticides inside in the past six months--could be 

statistically tested against bowel disease. There was no significant difference in use of 

pesticides inside in the past six months between subjects who had and had not ever had 

bowel disease. There were some differences between the two groups which are 

summarized in Table 10. 



Table 10. Chi Square Tests for Differences in Pesticide Use Characteristics 
Between Subjects Who Have/Have Not Ever had Intestinal Disease 
(providers of urine samples only[n = 165]) 

Reported "yes" 
on question: 

Pesticides 
used inside 

bPers. applied 
inside 

bProf. applied 
inside 

Pesticides 
used outside 

bPers. applied 
outside 

bProf applied 
outside 

Pesticides used in: 
Living room 

Bedroom 

cupboards with 
food 

Closets 

aHave ever 
bad ID ( 0/o) 

66.7 

62.5 

50.0 

75.0 

11.1 

66.7 

50.0 

50.0 

25.0 

16 0 

Have never 
bad ID ( 0/o) 

52.6 

43.8 

47.4 

63.8 

45.4 

45.2 

37.9 

37.9 

3.9 

13 7 

_n: p< 
ID/no ID 

152/12 .35 

80/8 NT 

78/8 NT 

152/12 NT 

97/9 NT 

93/9 NT 

153/12 NT 

153/12 NT 

153/12 NT 

15311 2 NT 

Abbreviations: ID =intestinal disease; NT= Not tested because expected frequency in 
one or more cells was too low to perform significance testing. aPercents given are row 
percents; i.e. 66.7% of the 12 people who had ever had intestinal disease did use 
pesticides inside. bPesticide users only. 
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Smoking and pesticide use characteristics 

Because of the significant differences in urinary TCPY found between smokers 

and nonsmokers (which are described in detail later in this chapter), smoking and 

pesticide use characteristics were considered only in the subsample that provided urine 

samples (n = 167) in order to examine whether the lower TCPY levels found among 

smokers could be explained by lower pesticide use in this group. 
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Smokers did not use pesticides inside the house significantly more or less often, 

nor did they personally apply them inside at a significantly higher or lower rate. 

However, smokers did use pesticides outside the house less often than non-smokers (p < 

. 03 ), although there was no significant difference in the rate of personal application 

outside. No other significant differences between smokers and non-smokers who 

provided urinary samples were found. 

Results of Urinary TCPY Analyses 

Statistical tests were carried out on log normalized TCPY per gram of creatinine 

(see chapter three for an explanation of creatinine correction). Because non-creatinine

corrected values may be confounded by hydration state, creatinine-corrected data are 

more meaningful. Creatinine-corrected values for pesticide metabolites have also been 

found to be more closely correlated with blood concentrations than non-corrected values 

(Hill, et al. , 1995), indicating that they are a better measure of true exposure. However, 

because correction for creatinine is a relatively recent innovation and much of the 
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literature reports non-creatinine corrected values, overall population means are given for 

both sets of data so that the results of this study can be compared to past surveys. 

Significance testing of volume-based data was carried out and the results were 

compared to creatinine-corrected results; in general, alpha levels differed only slightly 

between the two sets of results. The one exception was found in the relationship between 

volume-based (non-creatinine-corrected) TCPY and age. Volume-based TCPY varied 

significantly by age, with most of the variation being explained by the difference between 

children and adults (including elderly adults). The mean volume-based TCPY in children 

was much higher than that of adults and elderly adults (mean for children under 18 = 

11.53 ug/L; for adults= 7.61ug/L; for elderly adults= 7.27ug/L). These differences were 

absent for creatinine corrected values. The reason for this disparity is unknown; it 

suggests that children had more concentrated urine than adults or produced less 

creatinine. 

Because the distribution of TCPY values was positively skewed, the data were log 

transformed for significance testing. Bivariate and multivariate regressions were used to 

analyze the data. Multivariate regressions were carried out using forward selection, a 

technique in which independent variables are entered into the regression one by one and 

each variable's contribution to the total variation is recalculated each time a variable is 

added. The independent variables are evaluated for entry into the regression equation in 

descending order of the size of their correlations with the dependent variable. They are 
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included in the regression equation based on the value of the F test for the hypothesis that 

the correlation with the dependent variable is zero. After the first variable is entered, the 

other variables are included or excluded from the equation based upon the partial 

correlations between the dependent variable and the independent variables not in the 

equation, adjusted for the independent variables already in the equation (Norusis, 1990). 

TCPY Variation In Entire Sample· Descriptive Statistics 

The mean creatinine-corrected TCPY for the 167 subjects who provided urine 

samples was 7. 66 micrograms per gram of creatinine with a standard deviation of 8.15. 

Of these 167 samples, 165 had measurable TCPY, but two samples had quantities that 

could not be measured due to analysis or collection problems. These samples were given 

values of half the lowest value found. This is a standard procedure in toxicological 

research. It is likely that these two subjects actually had higher values; thus, the average 

TCPY levels may actually be marginally higher. However, it is extremely unlikely that 

the statistical tests reported here would change significantly if actual values were 

substituted for these two values. 

Creatinine-corrected values varied between below .60 and 62 ug/g of creatinine. 

Percentiles are given in Table 11 for both creatinine corrected and volume-based 

measurements. None of the 167 subjects who provided urine samples had knowingly 

using chlorpyrifos in the preceding six months. 
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Table 11. Urinary Tcpy of the Total Sample 

TCPY Mean Min 25th 50th 75th 90th Max 

ug/L 8.26 BLD 3.20 6.40 10.50 16.00 34.00 

ug/gc 7.66 BLD 3.20 5.30 8.90 14.00 62.00 

Abbreviations: BLD = below limit of detection (I ppm); min = mininium; max = 
maximum; ug/L =micrograms ofTCPY per liter ofurine; ug/gc =micrograms ofTCPY 
per gram of urinary creatinine. 

Bivariate Regression Analysis of Demographic and Socioeconomic Variables on TCPY 

Levels 

(Research questions: 12. Are there significant gender differences in TCPY? 13. Are there 

significant age differences in TCPY?; 14. Are there significant differences in TCPY 

between Hispanics and non-Hispanics?; 15. Are there significant differences in TCPY 

people of different income levels? 17. Are there significant differences in TCPY between 

residents of border counties and residents of the rest of the state; 18. Are there significant 

differences in TCPY between people living in rural and urban areas?) 

TCPY values did not differ significantly between any of the socioeconomic and 

demographic groups which are listed in Table 12. An exception is that age differences 

were found for non-creatinine corrected TCPY (children under 18 had higher levels), but 

not for creatinine corrected TCPY. This result is probably an artifact of hydration 
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differences among age groups, and may not be meaningful in terms of pesticide exposure 

(see chapter five). Although there appears to be a great difference in mean TCPY between 

the two income groups, it can be seen from the large standard deviation in the higher-

income group that the wide variability in this group precluded a significant result (p < 

.32). 

Table 12. Demographic and Socioeconomic Variation in Creatinine- Corrected 
Tcpy (Means and Standard Deviations) 

Variable (n for group) ..!Mean cc TCPY .sn 

Entire Population 7.66 8.15 

Sex: Female (1 00) 8.11 8.43 

Male (66) 7.06 7.76 

Age: Under 18 (31) 7.13 4.67 
18-59 (101) 7.82 9.06 
60+ (35) 7.68 7.94 

Ethnicity: Hispanic (52) 8.47 10.51 
Non-Hispanic (116) 7.39 6.87 

Area of residence: Border (22) 7.81 8.97 

Non-border (149) 7.68 8.03 

Rural/Urban: Rural (24) 7.36 8.90 

Urban (144) 7.78 8.05 



Table 12. Demographic and socioeconomic variation in creatinine- corrected 
TCPY (means and standard deviations) (Continued) 

Variable (n for group) .....!Mean cc TCPY .sn 

Race:White (154) 8.21 6.28 

African American (3) 3.77 2.51 

Asian/Pacific Islander ( 1) 5.30 0 
Native American ( 4) 6.82 1.86 
Other (6) 12.30 5.45 

Income (in thousands) : 
Under $20(35) 10.24 13 .50 
Over $20 (127) 6.94 5.97 

Education: 
No H.S . diploma(53) 9.34 7.51 

High school graduate(114) 7.76 5.68 

132 

a Bivariate regressions were carried out on logged, creatinine-corrected values. Means and 
standard deviations given are of non-logged creatinine-corrected values. 
Abbreviations: NT= not tested due to small sample sizes; ccTCPY=creatinine-corrected 
urinary TCPY. 



Table 13. Results of Bivariate Regressions of TCPY on Demographic and 
Socioeconomic Variables 

Variable _y_ F(dO ,df2) ll 

Gender (male/female) .0017 .29(1 , 165) .59 

Age (continuous variable) .00062 .10(1 , 164) .75 

Ethnicity: 

(Hispanic/non-Hispanic) .0003 .00001(1 , 166) .99 

Border/non-border .0002 .03(1, 165) .86 

Rural/Urban: .0014 .24(1 , 168) .62 

Income: 

(under 20,000/20,000+): .0062 1. 00(1 ' 160) .32 

Education (No HS diploma/ 
HS diploma) .0036 .59(1 , 165) .44 
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a Bivariate regressions were carried out on logged, creatinine-corrected values. 
Abbreviations:ccTCPY=creatinine-corrected urinary TCPY; HS =high school; NT= not 
tested due to small sample sizes. 

Bivariate Regression Analysis of Pesticide I !se variables and ICPY Leyels 

(Research question: 24. Do pesticide use characteristics significantly predict urinary 

TCPY?). 
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Using bivariate regressions, thirty-one pesticide use variables were tested for 

significant relationships with logged creatinine-corrected TCPY levels in the entire group 

of subjects who provided urine samples (n = 16 7; means and standard deviations of these 

variables are given in Table 14). Four variables were significantly positively predictive 

ofTCPY: (I) the number of times a subject had personally applied pesticides outside in 

the past 6 months; (2) use of pesticides in the bedroom; (3) use of pesticides in a room 

other than the bedroom, dining, living, kitchen, bathroom, or family room (unfortunately, 

the subjects were not asked to identify this "other room"); and (4) use of pesticides in 

closets. The latter three variables were all yes/no questions. 

In addition, trends towards significance (defined as an alpha level between .05 and 

.20) were demonstrated by positive regression coefficients between TCPY and the 

following pesticide use variables: any pesticide use outside in the past six months 

(whether the subject had personally applied the pesticide or not), and for use in the living 

room, dining room, and in cabinets. There was also a trend for the number of times a 

subject had personally applied pesticides inside in the past six months to significantly 

predict TCPY (p < .07). These results are presented in Tables 14 and 15 . 
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, Table 14. Mean TCPY (ug/g creatinine) by Pesticide Use Variables 

Variable aTCPY for sn bTCPY for .sn 
(n: yes/no) "yes" "no" 

Any pesticide 8.20 10.54 7.49 7.31 
use(126/40) 

Pesticide applied 
inside (90/76) 7.69 8.27 7.64 8.12 

cPers. applied 
inside ( 42/48) 9.06 11.07 6.49 4.40 

dPers. mixed inside 
use(4/19) 14.90 20.09 5.60 3.96 

Pesticides applied 
outside (1 07 /59) 7.96 7.69 7.13 9.02 

Pers. applied 
outside (31/7 6) 10.66 12.44 6.86 4.18 
(pesticide users only) 

Prof applied 6.86 4.18 10.66 12.44 
Outside (31/76)(pesticide users only) 

3Pers. mixed outside use 
pesticide(11/19) 9.43 12.16 6.63 4.96 

Exposure at work 
(n=11/65) 5.42 3.41 7.02 5.74 

Area of the house pesticide used: 
Kitchen (80/87) 7.82 8.58 7.52 7.78 
Family room 
(40/127) 7.78 7.51 7.63 8.37 
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Table 14. Mean TCPY (ug/g creatinine) by Pesticide Use Variables (Continued) 

Variable aTCPY for sn bTCPY for .sn 
(n: yes/no) "yes" "no" 

Living room 
(66/101) 8.70 9.14 6.99 7.40 

Dining room 
(57/110) 8.50 8.37 7.23 8.04 
Bedroom 
(65/102) 9.08 9.18 6.76 7.32 

Bathroom 
(70/97) 8.38 9.00 7.15 7.48 

Other room 
(21/146) 12.63 14.19 6.95 6.64 
Floor (38/129) 6.85 7.70 7.90 8.29 
Baseboards 
(69/98) 8.30 9.06 7.22 7.45 
Lower walls 
(161151) 9.71 11.23 7.43 7.77 
Upper walls 
(8/159) 13.10 14.82 7.39 7.65 
Ceiling (8/159) 9.03 8.09 7.60 8.17 
Cupboards with dishes 
(111156) 9.21 11.80 7.56 7.87 
Cupboards with food 
(9/158) 6.33 3.95 7.74 8.33 
Cabinets 
(211146) 10.56 12.21 7.25 7.35 
Closets 
(26/141) 11.71 13.00 6.92 6.70 

Other area in room 
(13/154) 10.23 11 .52 7.45 7.81 

Abbreviations: H.S . =high school; Prof. =professionally; Pers. =personally. acreatinine-
corrected TCPY values for respondents who gave positive response to the question. 
bCreatinine corrected TCPY values for respondents who gave negative response to the 
question. cPesticide users only. d If respondent did not mix pesticide, a professional 
mixed it. 



Table 15. Results of Bivariate Regressions between Pesticide Use Variables and 
TCPY (ug per gram of creatinine) 

AVarjable 

Any pesticide 
use 

Pesticide use 

.001 

INSIDE (yes/no) . 0001 

bPers. applied 

F(dO,dfl) 

.09(1, 164) 

.008(1, 164) 

pesticide INSIDE (continuous; values 0- 24) 
.036 3.27(1,88) 

bProf. applied 
pesticide INSIDE (continuous; values 0- 12) 

.003 .24(1,86) 

bPersonally mixed 
inside pesticide . 084 1. 93(1,21) 

Pesticides use 
outside (yes/no) . 020 2.59(1, 164) 

bPers. applied 
pesticide outside (continuous; values= 0-24); 

.080 9.14(1, 105) 
bProf. applied 
pesticide outside (continuous; values 0 - 24) 

.00003 .0003 

Personally mixed 
outside pesticide . 019 0.55(1,28) 

Exposure at work: .005 .80(1, 165) 

.77 

.93 

.07 

.62 

.18 

.11 

.003 

.96 

.46 

.37 

137 



Table 15. Results of Bivariate Regressions between Pesticide Use Variables and 
TCPY (ug per gram of creatinine) (Continued) 

.i!Varjable F(dO,df2) 

Area of the house pesticide used (TCPY higher if used in any area) 
Kitchen: .0001 .02(1, 165) .89 
Family room: .005 .79(1,165) .38 
Living room: .020 3.11(1, 165) .08 
Dining room: .020 2.46(1, 165) .12 
Bedroom: .030 5.63(1 ,165) .02 
Bathroom: .005 .86(1, 165) .36 
"Other" room: .020 4.09(1, 165) .05 
Floor: .007 1.23(1,165) .27 
Baseboards: .003 .44(1,165) .51 
Lower walls: .001 .20(1, 165) .65 
Upper walls: .010 1.65((1, 165) .20 
Ceiling: .002 .31(1, 165) .58 
Cupboards with 
dishes: .002 .41(1, 165) .52 
Cupboards with food: n too small to test. 
Cabinets: . 0 I 0 
Closets: .030 

2.09(1, 165) 
4.41(1, 165) 

a All pesticide use variables refer to use in the past six months only. 
b Pesticide users only. 
Abbreviations: pers=personally; prof=professionally. 

.15 

.04 

Bivariate Regression Analysis of Health and Smoking Characteristics on TCPY I ,eyels 

(Research questions: 19. Are there are significant differences in TCPY between people 
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with and without chronic illnesses or between people who self-report good or fair to poor 

health?; 20. Are there significant differences in urinary TCPY between smokers and non-

smokers? 
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In addition to socioeconomic and demographic characteristics of the subjects, a 

variety of health and smoking variables were tested for relationship with creatinine

corrected TCPY level. Several health characteristics were found to be significantly 

predictive ofTCPY. These conditions included ever having had an ulcer or ever having 

had intestinal disease. Ever having had asthma and allergies or diabetes were not 

significantly predictive of urinary TCPY. For other conditions, such as various types of 

liver and kidney disease, neurological disease, and diseases requiring chemotherapy, there 

were so few subjects who had had the conditions (usually less than seven) that statistical 

tests would have been of questionable utility. Self-reported health status (whether health 

was reported as "good" or either "fair" or "poor" was also not significantly predictive of 

metabolite levels (p < .66). Current smokers had significantly lower urinary TCPY, but 

exposure to second hand smoke showed no significant relationship with metabolite 

levels. Results of significant health and smoking characteristics are summarized in Tables 

16 and 17. 
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Table 16. Urinary TCPY: Means and Standard Deviations for Various Health 
and Smoking Categories 

Variable 
(n: yes/no) 

Current smoker? 
(35/132) 

Ever had ulcer? 
(22/145) 

Ever had ID? 
(13/153) 

ltTCPY for 
"yes" 

5.70 

5.38 

4.47 

Abbreviations: ID =intestinal disease. 

sn 

7.46 

4.52 

4.40 

bTCPY for ....sn 
"no" 

8.19 8.27 

8.01 8.52 

7.95 8.37 

3Creatinine corrected TCPY for people who answered yes to question described by 
variable; i.e., "do you now smoke?" bcreatinine corrected TCPY for people who 
answered no to question described by variable. See above note. 

Table 17. Regression of Smoking and Health Characteristics on Urinary TCPY 

Variable F(dfl,df2) 

Current smoker .04 7.07(1, 165) .009 

Ever had ulcer .03 50 14(1 ' 16 5) .02 

Ever had ID .05 8.72(1, 164) .004 

Abbreviations: ID =intestinal disease 



Bivariate Regression Analysis of Home Characteristics Type of Drinking Water, and 

(Research questions: 23. Are there are significant differences in urinary TCPY by 

selected home characteristics: age of house, type of cooling, presence of central 

heating?; 21. Are there significant differences in urinary TCPY between people who 

consume homegrown produce and those who do not?; 22. Are there significant 

differences in urinary TCPY between people who drink tap and bottled water?). 
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Of five home characteristics tested, none were significantly related to creatinine

corrected TCPY. The home characteristics tested were having air conditioning, 

evaporative cooling, or central heating, and two variables related to age of the house. 

Similarly, the consumption of homegrown fresh vegetables and the principle water source 

(tap vs. bottled water) were not significantly related to TCPY levels, although there was a 

trend for drinkers of bottled water to have higher levels (p < . 19, F = 1. 7 6, df = 1, 151). 

Two Methods of Predicting Risk of Chlorpyrifos Exposure Using 

Questionnaire Variables: Results of Multivariate regressions 

Method 1 Results of MuJtiple Regression With Pesticide I Jse Variables Combined in an 

(Research questions: 24. Does a pesticide use index (PUJ) significantly predict urinary 

TCPY; 25. Which of two methods of predicting TCPY based upon questionnaire variables 

explains more of the variation in TCPY; 26. Does stratifying the sample by pesticide use 
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(including only people who used pesticides both inside and outside in the past six months) 

improve the explanatory power of the questionnaire variables?) 

A pesticide use index (PUI) was constructed from pesticide use variables that were 

significantly related to creatinine-corrected urinary TCPY. These were selected from the 

original variable list (see Table 1, chapter 3). Variables showing a trend towards 

significance were also included but weighted lower (5 rather than 1 0). The two 

continuous variables, the number of times subjects had applied pesticides either inside or 

outside in the past six months, were weighted for frequency of use, with a high 

(respectively) of five or ten possible. Scores for pesticide exposure indices were then 

converted to a 0-100 scale. This yielded an approximately normal distribution with a high 

of 100 and a low of 0. Table 18, below, lists variables included in the PUI and their 

weights. 

Table 18. Factors Included in the PUI and their Maximum Ratings 

1. Subject personally applied pesticides INSIDE in the past six months 
(weighted for number of applications): 5 

2. Pesticides applied by anyone OUTSIDE the house in past six months: 5 
3. Subject personally applied pesticides OUTSIDE in the past six months: (weighted for 

number of applications): 1 0 
4. Pesticides applied in the following locations in the subject's home in the 

past six months: 
living room 5 
dining room 5 
bedroom 10 
room other than those listed above or 
bathroom, family room, or kitchen 10 
cabinets 5 
closets I 0 



The PUI was tested for significance against TCPY using bivariate regression and 

found to be significant at an alpha level ofp < .0042 (F = 8.41). The r2 and adjusted r2 

were .05 and .04. The PUI was then entered into a multiple regression using forward 

selection with the other independent variables that had been found to be significantly 

related to TCPY in bivariate regressions. 
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Only three non-pesticide use variables were significantly related to TCPY in 

bivariate analyses: current smoking, ever having had intestinal disease, and season of 

collection of urine (having ever had an ulcer was also significant, but this was excluded 

because it was significantly related to smoking in bivariate analysis, and because smoking 

is known to be an etiological factor for ulcers). Both smoking and intestinal disease were 

negatively correlated with TCPY. 

The regression equation was found to be significantly different from chance (F= 

8.82; p < .00001 ; regression and residual df= 4, 161 , respectively) . The R2 and adjusted 

R2 were .18 and .16, respectively. All four variables remained in the equation. 

Substituting actual values from the regression into the standard regression equation (Y'= a 

+ bX, where Y is the predicted value of the dependent variable, X is the value of the 

independent variable, a is the intercept constant, and b is the slope of the line, or 

regression coefficient), an equation was obtained which would predict an individual 



subject's TCPY. This constituted Method 1. The equation was: 

log(ccTCPY) = .64 + -.38(BD) + .003(PUI) + .15(SEASON) +

.17(SMOKE). 

144 

(The following abbreviations are used: BD =value of dichotomous variable for ever 

having had bowel disease; ccTCPY =creatinine-corrected TCPY; PUI =value of 

subject's PUI; SEASON= time of year of collection of subject's urine [spring/summer or 

falllwinter]; SMOKE= whether subject smoked, a dichotomous variable). 

Method 2 Results ofMultiple Regression with Separate Pesticide Variables 

Multiple regressions using the forward selection technique were carried out in order 

to examine the relationships between creatinine-corrected urinary TCPY and 

questionnaire variables, including pesticide use variables, health and lifestyle variables, 

and home characteristic variables. A total of seven items were used as independent 

variables. As in method 1, variables were selected for inclusion in multiple regressions 

based upon the finding of significance in bivariate regressions. Because of missing data 

for one subject, n was equal to 166. 

Summary 

Variables found to be significantly positively related to creatinine-corrected TCPY 

were time of year of collection of urine (levels were higher in spring/summer than in 

falllwinter ), number of personal applications of outdoor pesticides (a continuous 

variable), pesticide use in closets, in the bedroom, or in an "other" room (a room other 
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than the kitchen, bedroom, living room, bathroom, dining room, or family room; 

unfortunately, subjects were not asked what this "other room" was). All pesticide use 

variables referred only to the past six month period, and were positively related to urinary 

TCPY (i.e., more use was related to higher TCPY). In addition, having ever had intestinal 

disease and being a current smoker was negatively related to creatine-corrected urinary 

TCPY. 

The regression equation was found to be significantly different from chance (F = 

8.29; p < . 00001; regression and residual df = 5, 160, respectively). In the forward 

selection process, use of pesticides in closets and use in an "other room" were removed 

from the equation; the other five variables remained in the equation. The R2 and adjusted 

R2 values for the variables remaining in the equation were .21 and .18, respectively. The 

regression equation that would be used to predict the log of an individual subject1s urinary 

TCPYwas: 

log(ccTCPY) = -.07 + .027(PERSOUT) + .326(INT) + .169(SMOKE) +-

.136(SEASON) + .125(BEDROOM). 

(Abbreviations used in the equation are as follows : ccTCPY =creatinine corrected 

TCP.Y; PERSOUT = number of times the subject personally applied pesticides outside in 

the past six months; INT = whether the subject ever had intestinal disease [ 1 =yes/O=no]; 

SMOKE= whether the subject ever smoked [1 =yes; 0 =no]; SEASON= season of 
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collection ofurine [fall/winter or spring\summer]; BEDROOM= whether subject applied 

pesticides in the bedroom [ 1 = yes, 0 = no]). 

Stratifying the sample by selecting only subjects who had used pesticides both 

inside and outside (but not necessarily personally applied them) reduced the sample size 

to 71 and raised the variation explained by the regression; the R2 was increased to .35 and 

the adjusted R2 to .30; (F = 7.05, p < .00001, regression and residual df= 5, 65, 

respectively) . Only personal application outside, using pesticides in the bedroom, season 

of urine collection, using pesticides in an "other" room and ever having had bowel 

disease remained in the equation. The regression equation which could be used to 

calculate a pesticide-using subject's logged creatinine-corrected TCPY was: 

log(ccTCPY) = .426 + .020(PERSOUT) + -.305(INT) + .190(SEASON) + 

.246(BEDROOM) + .172(0ROOM) 

(Abbreviations are as above, and in addition OROOM =whether the subject used 

pesticides in a room other than the bedroom, dining room, bathroom, family room, living 

room, or kitchen, where 1 =yes and 0 =no). It can be seen that the subject's smoking 

status did not remain in the equation. 
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Two sets of data were examined in this study; chlorpyrifos exposure as measured 

by urine samples and pesticide use patterns as determined by questionnaire responses. 

The results suggest two main conclusions: ( 1) pesticide exposure in general, and 

chlorpyrifos exposure specifically, is not evenly distributed in the population and (2) the 

relationship between self-reported pesticide use and biological samples is not simple or 

easily characterized. 

The second conclusion requires some elaboration and can best be viewed within the 

context of general systems theory. Pesticide exposure is probably the result of multiple 

events occurring in multiple locations through multiple routes, and many of these events 

occur unbeknownst to the subject. Moreover, intrinsic physiological factors such as liver 

function and skin permeability, which are not easily characterized by questionnaire data, 

may affect the actual dose of pesticide received and the biological effects of the dose. 

It is the innate complexity of the human-pesticide-environmental system which 

produces this confusing scenario. To draw conclusions based on data about only a few of 

the system's components is to risk the errors of the proverbial blind men examining 

different parts of an elephant. Unfortunately, due to limitations in time and funding, that 



is exactly what most epidemiological studies (including this one) must do. Conclusions 

are stronger if studies take into account as many elements of the system as possible, as 

large multi-agent, multi-route investigations such as NHEXAS-Arizona have done. By 

comparing the results of such studies, researchers can identify patterns which will allow 

them to better understand toxic exposure and its attendant risks. 
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Until the human-pesticide system is more fully characterized, federal agencies, 

industry, health care practitioners, and the general public are in the unfortunate position 

of trying to control risks from toxic agents without fully understanding those risks. When 

counseling patients about environmental hazards, health care providers are faced with the 

difficulty of explaining the complex web of factors influencing toxic exposure and the 

resulting scientific uncertainty associated with predicting both exposure and risk. This 

presents a challenge in patient education but is not impossible. Further research should 

address ways in which patients can be given a better understanding of risk and 

uncertainty while empowering them to make their own choices, rather than confusing and 

frightening them. 

The following chapter discusses the results of this study, first examining pesticide 

use characteristics of various demographic groups, and then considering the relationship 

of questionnaire items to urinary TCPY data. The second section also evaluates the 

success of two methods ofusing questionnaire items to predict urinary TCPY. 

Implications of the results of this analysis and of other studies of pesticide exposure are 
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discussed in reference to nurses and other health care providers. A summary of the main 

findings of the analysis is given at the end of the chapter. 

Pesticide Use Characteristics 

Pesticide I Jse Characteristics of the Entire Sample 

In NHEXAS-Arizona, as in previous studies, a majority of respondents reported 

pesticide use. Greater than half of the 404 subjects had used pesticides indoors in the 

previous six months, and 58% had used them outdoors. The percentage of respondents 

using pesticides either indoors or outdoors in the previous six months was 71%. In 

comparison, the NHGPUS authors found that 85% of homes had at least one pesticide in 

storage (Whitmore, et al., 1992), and Davis, et al. (1992) found that 97.8% offamilies 

reported using pesticides at least once a year. The NHEXAS-Arizona results also make 

sense in light of previous studies of indoor environmental media, which have found 

pesticide residues in nearly 1 00% of homes sampled (see chapter two for a review of such 

studies). 

A significant proportion of pesticide users in this study had either had an unknown 

formulation applied or could report only the name of a pest service. Other studies, such as 

NHGPUS, have reported similar results (Whitmore, et al., 1992). These data are of 

concern because people who do not know the name of the product they used may also not 

know how to use it safely, although it could be argued that such users might still have 

taken general precautions or have read use instructions when they actually used the 
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pesticide. Knowledge of the name of the product applied is also important in case of 

accidental poisoning or the appearance of chronic or acute health problems related to its 

use. Lastly, lack of knowledge of the name of the product may correlate with a general 

lack of awareness of the dangers of toxic exposures. The relationship between knowledge 

about household pesticides and frequency of unsafe usage patterns is a subject that should 

be explored in future research. 

Wide interindividual variation was found in patterns of pesticide use in this study. 

For example, the frequency of personal application of pesticides indoors in the preceding 

6 months ranged from never to more than eight times a month. Similarly, subjects 

reported using professional pest services as often as twice a month. Many subjects who 

frequently used pesticides inside also used them in the garden. Some subjects reported 

using pesticides in practically every room and location in the house, including (rarely) in 

cupboards with food. In addition, children as young as six years old reported personally 

applying pesticides. Because much, if not most, toxic exposure is thought to occur in the 

home (Nigg, 1990), these data suggest that risks from toxic exposures are not evenly 

distributed and that certain individuals need to be targeted for education on the safe and 

moderate use of pesticides, and the use of less toxic alternatives to agents such as 

organophosphates. An interesting area of research which has apparently not been 

investigated in the literature would be the beliefs and attitudes of heavy pesticide users 
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towards toxic risk. The data from this study also suggest that it is important for primary 

care providers to take exposure histories along with the rest of the medical history. 

Pesticide use Features of Demographic, Geographic and Socioeconomic Sub-Populations 

A number of sex and age differences were found in pesticide use characteristics. 

Men were more likely to personally apply pesticides outdoors, and they were also more 

likely than women to mix pesticides. Since both these activities (personally applying 

pesticides and mixing pesticides) have been associated in the literature with very high 

exposures (for example, see Whitmore, et al. , 1994), this may serve to differentially 

increase men's risk of pesticide exposure. However, other factors not examined in this 

study, such as body size, pregnancy, and time spent indoors, may cause a differential 

increase in risk for women. 

The results of this study suggest that households with children do not attempt to 

reduce pesticide application compared to households without children. This is a 

somewhat troubling result, given than children may face greater risks from pesticide 

exposure. Furthermore, the fact that 19% of children personally applied pesticides outside 

is of concern, as is the age of some of these children (as young as six years old). 

However, these results should be cautiously interpreted, as the number of subjects under 

18 was small [58 children]). 

The respondents from the border were poorer and more predominantly Hispanic 

than those from the rest of the state. Perhaps because of the expense, they tended to use 
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professional pest control services less than non-border residents. Because the number of 

study participants living on the border was small, these results should be interpreted with 

caution. 

In contrast, no pesticide use differences were found between urban and rural 

populations. People falling into these two categories are probably demographically 

diverse, so this result is not surprising. Residence in a rural area should not be equated 

with residence on a farm or ranch; only 3% of the respondents reported that they lived on 

a working farm. 

Hispanic participants personally applied pesticides significantly more than non

Hispanics and made less use of professional pest services. They also were significantly 

more likely to be exposed to pesticides at their primary job. Hispanics used pesticides 

more in closets, and this was one of the few pesticide use variables significantly 

associated with higher creatinine-corrected TCPY levels. If pesticides are used in closets 

where clothing is kept, significant dermal and respiratory exposure could occur when 

clothing is worn. Overall, the results, though not providing a detailed picture of ethnic 

differences in pesticide use, indicate that Hispanics may face higher exposure because of 

several types of pesticide use behavior. The increased number of Hispanic migrant 

workers further increases exposure risk in this group. Because of the added environmental 

health risks faced by some minority populations (see chapter 2) this is reason for concern 

and should be further investigated in future studies. 
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In general, poorer and less educated subjects were less likely to report pesticide use, 

although they were more likely to have applied pesticides themselves and were less likely 

to have used professional pest control services. Poorer and middle class subjects (income 

below $50,000) were significantly more likely to report work exposure, and people with 

less than a college education also reported more work exposure, although there was only 

a trend for this relationship. It is important to keep in mind that a much higher percentage 

of subjects than actually reported work exposure were probably exposed on the job 

through pest control measures in their workplace of which they were unaware. The 

subjects that did report work exposure may include many people whose work involved 

actually applying pesticides or who had greater-than-average knowledge about pest 

control activities in the workplace, such as pest control workers, farm workers, building 

maintenance people, and employees of grounds keeping companies. 

Pesticide use variation by health and smoking categocy 

Of the maximum of 3 98 subjects who answered the questionnaire item on whether 

their overall health was "good," "fair," or "poor," 74.4% reported good health and 25.6% 

reported fair or poor health. Although it might be thought that personal application of 

pesticides would be avoided by people in poor health, this did not prove to be the case. 

Insects may be considered by most pesticide users to be more of a threat than pesticide 

exposure. People who reported poor or fair health did not use pesticides more inside than 

those who reported good health. However, they did personally apply them inside more 
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often, and used professional pest services less often; there were trends towards 

significance for both these relationships. The poor and fair health category also reported 

use outside significantly less often, although there was no difference in personal 

application outside. 

It should be remembered that the effects of age or income were not controlled in 

this analysis; people in poor or fair health may apply pesticides personally more often 

because they cannot afford to hire pest services. Still, whatever the underlying reasons for 

the behavior, the finding that people who are in poor health personally apply pesticides 

inside more often is somewhat troubling because this group may be particularly 

vulnerable to toxic exposures due to physiological alterations related to their conditions, 

such as decreased immunological, liver, or kidney function. In addition, past heavy 

pesticide use might actually have caused or exacerbated these subjects' conditions. 

In order to shed light on significant differences in urinary TCPY between smokers 

and non-smokers and between respondents who had or had not ever had intestinal 

disease, these two variables were examined in the subpopulation that provided urine 

samples (n = 167). Smokers in this category did not use pesticides inside the house 

significantly more or less often, nor did they personally apply them inside at a 

significantly higher or lower rate. However, smokers used pesticides outside the house 

less often than non-smokers (p <. 03), although there was no significant difference in the 

rate of personal application outside. No other significant differences between smokers 
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and non-smokers who provided urine samples were found. The segment of the 

questionnaire data examined in this study thus fails to provide a satisfactory explanation 

for the observed differences in TCPY between smokers and non-smokers. It is worth 

reiterating here that although there was a significant negative correlation between 

smoking and TCPY, the r2 was very small. This suggests that, while smoking is not an 

important explanatory factor for TCPY, at least in the group examined in this study, it 

may be a variable which researchers should examine and control in studies of 

chlorpyrifos exposure. 

Among people who provided urine samples, only 7. 3% (n = 13) reported ever 

having had intestinal disease. Because of this low n, only one pesticide use variable (use 

inside) could be statistically tested against intestinal disease. There was no significant 

difference in use of pesticides inside in the past six months between people who had or 

had not ever had intestinal disease. There were some differences between the two groups 

which are summarized in Table 12. The data on pesticide use variables thus did not 

provide even a theoretical explanation for the lower TCPY levels found in people who 

had had intestinal disease. Physiological explanations (which were not evaluated in this 

study) might include altered gastrointestinal absorption of toxins in people who have had 

intestinal disease. 
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Biological Marker Results 

I Jrinary TCPY concentrations in the genera) population 

Only a few large population-based studies have examined chlorpyrifos exposure 

using urine samples; none have examined this measure in Arizona residents. The best 

studies for comparison with the NHEXAS-Arizona data are the National Health And 

Environment Surveys (NHANES) II and III. A comparison of data from these three 

studies is presented in Table 19. 

Table 19. Comparison of NHEXAS-Arizona data with NHANES II and ill. 

Study Frequency aMean TCPY bMean TCPY 25°/o 50°/o 75tho/o 
of detection (uga,) .(££) 

CNHEXAS- 100% 8.26 7.70 3.40 
5.50 9.20 
Arizona 

ctNHANES II 5.8% NG NG NGNG 

eNHANES III 82% 4.5 3.1 1.3 2.2 

Abbreviations: NG=not given in reference publication; LOD =limit of detection; 
cc=creatinine corrected 
a micrograms per liter or parts per billion (ppb ). 
b micrograms per gram of creatinine 
eN= 166; LOD= 1 ug/L(1 ppb); data collected 1995-97. 
d From Kutz, et al. , 1992. N=6990, LOD = 5 ug/L. Data collected 1976-80. 
e From Hill, et al. , 1995. N=993 , LOD = 1 ug/1 (1 ppb). Data collected 1988-94. 

NG 

3.5 
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Before discussing the significance of the differences in TCPY values found between 

the three studies, it should be noted that their samples are by no means exactly 

comparable. NHANES II and III used random urine samples rather than first morning 

voids. Such samples may contain lower metabolite concentrations than first morning 

voids, which were used in NHEXAS-Arizona. NHANES III subjects did not represent a 

population-proportional sample, although they were taken from a broad cross-section of 

the U.S. population (Needham, et al. , 199 5; Hill, et al. , 199 5). In addition, the limit of 

detection (LOD) was 5 ug/L for NHANES II and 1 ug/L for NHEXAS-Arizona and 

NHANES III. Hill et al . (1992) pointed out that if the limit of detection for NHANES III 

had been 5 ug/L, the percent exposed would have fallen from 82 to 31%. The 

corresponding figure for NHEXAS-Arizona is 66%. A third difference between the three 

studies is the age range of the subjects. The NHANES III samples included only adults 

between the ages of20 and 59, the age range for NHANES II was 12-74 years, and the 

NHEXAS-Arizona subjects were between six and 83 years old. However, because no 

significant age differences in creatinine corrected TCPY were found in the present study, 

the differences in age ranges probably do not explain the observed differences in 

metabolite levels among the three studies (a completely different picture might have been 

obtained if infants had been included). Lastly, NHANES II and III data were derived 

from a nationwide sample, whereas the present study was confined to Arizona. 
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Even given these caveats, data from these three studies suggest that chlorpyrifos 

exposure in the general population is widespread and has increased in the past two 

decades. A comparison ofNHEXAS-Arizona and NHANES III data with NHANES II 

data shows that a larger percent of the sample population was exposed in the later studies, 

and the mean concentrations of urinary TCPY increased. Moreover, creatinine-corrected 

and volume-based TCPY are higher in the NHEXAS-Arizona data (collected between 

1995 and 1997) than in the roughly contemporaneous NHANES III (data collected 1988 

to 1994). 

If it is hypothesized that the results of these two studies are accurate reflections of 

chlorpyrifos exposure in, respectively, the general U.S. population and Arizona, this 

suggests that the Arizona population is exposed to higher chlorpyrifos levels than the rest 

of the country. Preliminary results on environmental samples from NHEXAS Arizona, 

showing higher maximum pesticide levels than previously reported, support this 

contention (Gordon, et al., in press). Although larger studies using multiple biological 

markers are needed to bolster this hypothesis, several possible explanations are available 

if it is true. The climate of much of Arizona may lend itself to more severe house and 

garden pest problems than other parts of the country, especially termite, cockroach, and 

cricket infestations. Also, Arizona1s reputation for dangerous arthropods (i.e. , spiders and 

scorpions) and high proportion of immigrant residents who may fear such pests may lead 

to higher pesticide use. The long growing season in the warmer areas of Arizona may 
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result in greater use of garden products containing chlorpyrifos; the relatively high levels 

of TCPY found in the urine of people who applied pesticides outside tend to support the 

hypothesis that home garden use may be a significant source of chlorpyrifos exposure. 

Another explanation may be that Arizonans consume a high proportion of Mexican 

produce, which may contain heavier pesticide residues. The effect of NAFT A on 

pesticide residues in produce and pesticide contamination in the environment should be 

examined in future research. Alternately, produce grown in Arizona itself may contain 

higher pesticide residues compared to other parts of the country. 

Higher TCPY levels found in the NHEXAS-Arizona subjects may also reflect a 

regional pattern of higher exposure. Stehr-Green (1989), reporting NHANES II data, 

found that blood samples of subjects living in the western and southern U.S. showed 

higher levels of five of six measured OC pesticide metabolites than samples from subjects 

living elsewhere in the country. 

The interaction of human behavior with climate variables may play a role in the 

higher chlorpyrifos levels found in this study. Higher metabolite concentrations were 

found in summer and spring, seasons when respondents reported that they used pesticides 

more frequently. The relatively high temperatures found in much of Arizona means that 

many houses are more tightly sealed in the summer months, leading to higher levels of 

many types of indoor air pollution. Compared with the average U.S. resident, Arizonans 

may spend more time indoors in the summer, just when pest problems and household 



pesticide use is increasing. Nigg, et al. (1990) suggested that in warmer climates, the 

volatilization of termiticides from the soil may be higher than in cooler weather, leading 

to higher levels of pesticides inside buildings in warmer months. Chlorpyrifos is widely 

used as a termiticide. 
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It must be acknowledged that the above explanations are only suppositions. The 

true reasons for the relatively higher TCPY levels found in the NHEXAS-Arizona 

subjects probably lie in a complex set of interacting social, biological, and physical 

(climatic) factors. However, while the reasons for these higher exposure levels are open 

to question, the public health implications are less ambiguous. Although chlorpyrifos and 

other organophosphates do not bioaccumulate as organochlorines do, their increasing use 

and presence in the environment is troubling because they are actually more acutely toxic 

chemicals than the organochlorines, which they have increasingly replaced (y/are, 1990). 

Health recommendations for chlorpyrifos exposure are given in ng/kg of body 

weight. Recommendations on levels of first-morning void or spot check urinary TCPY 

have not been set by any federal agency, partly because urinary TCPY is a relatively 

transitory metabolite, excreted within about 48 hours (Mary Kay O'Rourke, personal 

communication, July, 1998; Dept. ofHealth and Human Services, 1997). However, the 

higher TCPY values found in the NHEXAS-Arizona sample were not very much lower 

than values obtained from urine spot checks of a small sample of pest control workers in 

one study (Fenske & Elkner, 1990), which ranged between 5 and 71 with a mean of 43 
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(compared to a maximum of62 for NHEXAS-Arizona) . It is somewhat troubling that the 

higher percentiles of the NHEXAS Arizona values, taken from a population-based, 

sample of individuals, approached those of pest control workers who presumably had 

regular occupational exposure to chlorpyrifos. 

TCPY Variation by Demographic and I jfestyle Variables 

Urinary TCPY did not correlate significantly with the demographic variables tested

-age, sex, ethnicity (Hispanic vs . non-Hispanic), income, education level, population 

density (rural/urban), or residence on the border. Because of the small number of children 

(n=3 1) from whom urine samples were obtained, the results of the analyses by age group 

should be interpreted with caution. In particular, because the youngest child from which a 

urine sample was obtained was six years old, no firm conclusions can be drawn about 

chlorpyrifos exposure in the very young, a group which is especially vulnerable. 

In contrast to the findings of this study, both age and sex differences have been 

found in prior studies of pesticide exposure using biological sampling. Most notably, the 

blood data from NHANES II showed such differences (Stehr-Green, 1989). It is possible 

that biological samples indicative of long term exposure, such as blood samples analyzed 

for organochlorines, may more clearly indicate demographic differences in exposure than 

urinary samples, which necessarily reflect only short term exposure. However, sex 

differences were also found in urinary metabolites of PCP in NHANES II (Kutz, et al. , 

1992). 
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A note is in order about the data on TCPY concentrations in the two income 

groups. The average level for people with annual family incomes under $20,000 was 

much higher (10.24, versus 6.94 for people with income of$20,000 or higher) . However, 

the large variability (standard deviation = 13. 50) and the small number of subjects (3 5) in 

the lower income group precluded a statistically significant result (p < .32). The average 

TCPY concentration for the group with the lowest education level was also higher (9.34 

vs. 7. 76 for the higher education group), although these results also failed to reach 

significance (p < .44; n of lower education group= 53). Together, these results suggest 

that the findings in this study may have produced a type II error. Further studies should 

examine the possibility that chlorpyrifos exposure in lower socioeconomic groups may 

indeed be greater in the general population. The question of whether impoverished people 

are more highly exposed to organophosphates and other toxicants is especially important 

because this group probably has the lowest access to medical care and may thus be at 

greater risk from the consequences of toxic exposures. 

Similarly to income differences in TCPY, a non-significant difference was found 

between Hispanics and non-Hispanics. Non-Hispanics had a lower average TCPY (7.39 

versus 8.47 micrograms per gram of creatinine for non-Hispanics and Hispanics, 

respectively. The standard deviation of TCPY values was much higher for Hispanics 

than non-Hispanics (10.51 versus 6.87). Although the large majority of Arizonans 

claiming Hispanic descent are of Mexican background, Hispanics in Arizona are still a 
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diverse group in terms of income, education, and area of residence in the state (proximity 

to the border) . It is therefore likely that lumping all Hispanics into one group in this 

analysis may have obscured real differences in TCPY between Hispanics living in certain 

areas, or belonging to certain socioeconomic groups. For example, Hispanics of lower 

socioeconomic groups, especially those working in agriculture, may have higher exposure 

to chlorpyrifos. If this is true, a real ethnic difference in chlorpyrifos exposure may exist, 

although it may be based more upon socioeconmic differences than upon any genetic 

differences in pesticide metabolism between the Hispanic and non-Hispanic populations. 

In general, the lack of significant differences between demographic groups found in 

this analysis point to two mutually exclusive possibilities: either such differences really 

do not exist in the Arizona population, or the demographic groups chosen for this study 

were too broad to identify real differences that exist in the population. It seems likely, in 

light of some of the non-significant differences found, that a real class difference was 

obscured by the selection of census-based categories. Differences in TCPY exposure 

might emerge if new categories based upon income, ethnic group, and educational 

variables were examined. In any case, the lack of significant demographic differences 

found in the study sample cannot be assumed to generalize to other pesticides, other types 

of biological samples, or other populations. The fact that pesticide use characteristics 

varied significantly between demographic groups suggests that exposure differences for 
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some groups and some toxicants may exist. This is an important area for future study. In 

addition, the possibility of type II errors cannot be ruled out. 

Variables related to the dwelling such as age of the structure, the cooler type (air

conditioning or evaporative coolers), and the heating type were also not significantly 

related to TCPY concentrations. The literature suggests that factors relating to the type of 

heating system, the degree of ventilation, and the presence of crawl spaces or structural 

damage in conjunction with pesticide application patterns might relate most closely to 

pesticide levels in the indoor environment and thus to metabolite levels (Fenske et al. 

1990; Anderson & Hites, 1987; Fenske & Sternbach, 1987; see chapter 2 of this study). It 

is likely that although features of the house may be important determinants of exposure, 

the few questions on dwelling characteristics analyzed in this study were not those most 

explanatory of exposure levels. 

TCPY Variation by Pesticide I !se Variables 

The results of this study are in agreement with previous research showing that 

season is significantly related to pesticide exposure as measured by both biological and 

environmental samples (see chapter two). In Arizona and elsewhere, urinary TCPY may 

be higher in spring and summer because pests are more of a problem at this time and 

chlorpyrifos is applied more frequently. Both indoor and garden pests may be more of a 

problem in the warmer seasons. However, preliminary results on environmental samples 

from NHEXAS-Arizona show that indoor chlorpyrifos residues probably result from 
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indoor use, rather than outdoor use (Gordon, et. al. , in press). This result, coupled with 

earlier research showing that the majority of toxic exposure may result from indoor 

exposure, indicates that higher TCPY levels found in spring and summer may result from 

higher use of indoor chlorpyrifos-containing pesticide products during these seasons. The 

NHEXAS subjects did report more frequent use of all pesticides (as opposed to 

chlorpyrifos specifically) in these seasons. 

Alternately, or possibly in addition, climatic variables may affect chlorpyrifos 

exposure in the home by increasing levels of chlorpyrifos in indoor air or in the garden. 

For example, dust has been shown to be a significant source of exposure. If dust tends to 

be more airborne in spring and summer because of the effects of wind or fans and coolers, 

this could lead to higher exposure in these seasons. 

In general, personal application was associated with higher TCPY levels. This was a 

continuous variable, and the data show that people who apply pesticides more often 

tended to have higher urinary TCPY concentrations. This may appear strange, given that 

only a few subjects actually reported using chlorpyrifos. However, many subjects did not 

know what pesticide they had used, and some of these subjects probably did use products 

containing chlorpyrifos, which is a common ingredient of bug bombs, roach motels, and 

pest strips. In addition, personal application may be a proxy variable for heavy pesticide 

use inside or outside the home, which would increase the chances that chlorpyrifos-



containing products were actually used either by the subject or someone else, such as a 

professional pesticide applicator. 
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There was a trend for any use of pesticides outside to be associated with TCPY (p < 

.11 ). In contrast, the mean creatinine-corrected TCPY values were almost identical for 

subjects who reported they did and did not use pesticides inside in the past six months 

(TCPY = 7. 70 and 7.64 ug/g creatinine, respectively). The reason for this difference is 

unclear, although use outside may also be a proxy variable for heavy pesticide use. These 

results may also indicate that frequent personal application indoors may consist of non

chlorpyrifos products, such as Raid, Black Flag, or other pyrethroid-based products. In 

addition, much chlorpyrifos exposure indoors may result from sources unknown to 

residents, such as exterminations by previous residents. 

TCPY Variation by Health and Bebayjoral Variables 

Few health variables were related to TCPY levels. An exception were variables 

related to gastrointestinal disease. Both ever having had bowel disease and ever having 

had an ulcer were significantly negatively related to creatinine corrected TCPY. Ever 

having had an ulcer was not entered into the multivariate analysis because this variable 

was significantly related to smoking in chi square analysis, and smoking was also highly 

negatively correlated with TCPY. Smoking is also an important etiological factor for 

ulcers (Goroll, May, & Mulley, 1995). 



There was a trend towards a positive correlation between bottled water use and 

TCPY. Unless this finding is assumed to result from type I error, it is difficult to find a 

satisfactory explanation for it. A more extensive statistical analysis examining possible 

confounders might shed light on this result. 
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The observed significantly negative correlation between ever having had intestinal 

disease and urinary TCPY was not explained by pesticide use variables. For almost all 

pesticide use variables, people with intestinal disease applied pesticides Illlll:e often than 

those without. In fact, 25% of people with bowel disease engaged in what might be 

considered one of the riskiest behaviors, applying pesticides in cupboards used for food. 

The corresponding figure for the rest of the sampled subjects was 3.9%. 

These results should not be interpreted to mean that having gastrointestinal disease 

somehow confers protection against biological absorption of chlorpyrifos. The sample of 

people with bowel disease was small (only 32 subjects in the sample of 404 people who 

filled out questionnaires and only 13 people who provided urine samples). In addition, 

many other explanations could be invoked to explain these results, from type I errors to as 

yet unidentified behavioral characteristics of people with gastrointestinal disease which 

tend to reduce their chlorpyrifos exposure, such as lower consumption of fresh produce. 

Alternately, perhaps changes in the gastrointestinal tract in people with intestinal disease 

somehow affect pesticide metabolism or elimination. No firm conclusions can be drawn 

until further studies are done of the relationship between gastrointestinal pathology and 
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excretion of pesticides and other toxicants, but the results do point to an intriguing area 

for future study. 

The same is true of the data regarding pesticides and smoking, which were 

supported in both bivariate and mulivariate analyses. Few of the pesticide use results shed 

light on the lower TCPY levels found in smokers. The only result that might provide a 

partial explanation was the finding that smokers applied pesticides less often outside the 

house. Application outside the house was associated with a trend towards higher TCPY 

levels in the entire sample of subjects who provided urine samples. 

It is hoped that the beleaguered tobacco industry will not seize on these results as a 

way to extoll the benefits of smoking. Little could be found in a search of the literature 

regarding pesticide exposure and smoking. In unpublished epidemiological data on toxic 

exposure, smoking seems to be significantly associated with biological samples in a 

variety of unpredictable ways (Mary Kay O'Rourke, personal communication, June 

1998). Although smoking was significantly negatively correlated with urinary TCPY 

levels in this study, the fact that a subject smoked explained very little of the observed 

variation in TCPY. While smoking is perhaps not a strong explanatory factor for 

metabolite concentrations, it may be a potentially confounding variable that should be 

examined in studies ofbiological samples. 



Comparison ofTwo Methods ofEstjmatjng Exposure 

(Method I = multiple regression with pesticide use variables combined into an 

index; method II = multiple regression with pesticide use variables entered separately). 
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A few words about what the pesticide use index employed in Method 1 can and 

cannot do are in order. The PUI does not provide an explanatory model of why certain 

factors are related to pesticide exposure. It also does not rule out the possibility that 

another index based on answers to different questions might yield a better fit. No 

causative relationships were inferred between the variables included in the PUI and 

urinary TCPY; the purpose of constructing the PUI and comparing it to the urinary 

metabolite data was simply to determine whether subjects with the highest exposure to 

chlorpyrifos could be identified by looking at a combination of their questionnaire 

responses. The effectiveness of the PUI in predicting urinary metabolites of chlorpyrifos 

is thus limited by its preliminary nature and by the questions in the original NHEXAS 

questionnaires. 

It should be emphasized that the PUI represents an exploration of how 

demographic and behavioral variables will affect chlorpyrifos exposure, not a pre

validated instrument. The comparison between the PUI and urinary metabolite data is an 

exercise meant to explore the possibility that questionnaire data can be predictive of 

biological sampling data. It is hoped that future studies will explore the question of the 

relationship between questionnaire-derived indices and biological samples further, and 



perhaps also shed light on the emerging debate of whether environmental media or 

biological samples are better predictors of exposure. 
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Comparing exposure prediction methods I (using PUI) and II (no PUI), it can be 

seen that although the regression equation yielded by both methods significantly 

predicted urinary TCPY, method II explains slightly more of the variation in urinary 

TCPY. In other words, little explanatory power is gained by first combining the pesticide 

use variables into an index and using this index in place of separate pesticide use 

variables. This is true even though the index includes more pesticide use variables (both 

trend and significant variables were used in the index for method I, and only significant 

pesticide use variables were used in method II). The lack of gain in explanatory power 

when trend variables were used lends strength to the argument that there was not a tight 

relationship between questionnaire variables and urinary metabolites. 

Neither method provides a reliable way of predicting TCPY. The R2
, representing 

the variance explained, was .21 for Method II (without the index) and only .18 for 

Method I (index included). The R2's mean that neither of the two methods explains more 

than 20o/o of the variation in TCPY levels. If it is assumed that these pesticide use indices 

would predict TCPY in the same way in the general Arizona population as they did in the 

sample, it can be seen that many people with high TCPY would be missed. For method II, 

an increase in R2 was obtained by preselecting only those subjects who had used 

pesticides inside and outside in the past six months (71 subjects); with this sample group, 



171 

the R2 rose to .35 . The reason why selecting pesticide users led to such a great increase in 

the explanatory value of the independent variables is unknown. Obviously, this 

subsamp1e had different characteristics than the sample as a whole; the extent to which 

this would generalize to pesticide users in Arizona is also unclear. 

The question remains whether the more effective method (II, without the PUI) has 

any real-world use. Method II would not be an effective way to screen a population in 

order to identify people at elevated risk for pesticide exposure because too many cases of 

high TCPY would be missed. On the other hand, for selecting subjects from a general 

population in an attempt to study characteristics of highly exposed subjects, it would 

yield a better sample (i.e., higher average TCPY) than chance selection. Of course, the 

sample would then be biased for people with the behaviors/ characteristics used in the 

index, and against those with different characteristics and behaviors; i.e., the sample 

would leave out those subjects who used pesticides in the fall/winter, who smoked, who 

had intestinal disease, and who had not personally applied pesticides outdoors in the past 

six months. The problem would then be that the selected sample might have 

characteristics which would bias the results. 

The fact that the PUI used in method I explained so little of the variance in TCPY 

may at first appear surprising, given that it was constructed from selected items from a 

pool of over 3 0 pesticide use variables. Some of these variables, such as personal 

application, have been shown in exposure studies to increase the dose of pesticide 



absorbed (Whitmore, et al. , 1994). Moreover, only variables that were significantly 

related to urinary TCPY or showed a trend towards significance were included. 

The failure of the index to predict more than a small amount of the variation in 

TCPY can be explained by considering both the statistical results of this study and the 

chemical and biological characteristics of the interaction between humans and 

chlorpyrifos. First, although the separate pesticide use variables included in the index 

were all significantly related to urinary TCPY, none individually explained more than a 

tiny amount of variation, as demonstrated by their small r2s. Thus, although they were 

statistically related to TCPY, these variables individually provide little real explanation 

for the variation in metabolite level. 
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A further explanation for the lack of fit between the pesticide use variables and 

TCPY levels lies in a more general understanding of how chlorpyrifos exposure probably 

occurs. Chlorpyrifos is a widely used pesticide, and although it is excreted in a relatively 

short time, it may persist in indoor environments for months or even years (Mary Kay 

O'Rourke, personal communication, July, 1998). Thus, residents of a home or office may 

not be aware that it was used because it was applied either by earlier residents or by a 

professional pest service. Furthermore, chlorpyrifos may be brought into the home 

environment without residents' knowledge on produce, houseplants, or even in dust from 

other buildings that were recently sprayed. Ongoing exposure may also occur through 

ingestion of food . Alternatively, biological or behavioral variables that were not 
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measured in this study, such as frequency of hand washing or liver function, may explain 

a large portion of the variation. 

What of method II? Multivariate analysis showed that 5 variables--including three 

pesticide use variables--could explain 21% of the variation. In attempting to identify the 

individuals at the highest risk from pesticide exposure, this represents a slight 

improvement over method I. Unfortunately, most of the variables in the regression model 

are not useful for identifying individuals in a general population who are highly exposed. 

Although these variables are significantly related to TCPY, they are applicable to very 

few individuals. For example, few people in a general population have had intestinal 

disease, and the fact that these might be more likely to have lower TCPY is of doubtful 

significance. Although season of application is probably important, it is not a variable 

that can be used to select more highly exposed subjects; it merely suggests that biological 

samples from any subject would be likely to yield higher TCPY in summer and spring 

than in fall and winter. 

It cannot be concluded from the results of this study that the two methods used 

would not explain more variation in biological samples in another population. In addition, 

a closer relationship between reported pesticide use and biological samples might be 

found if metabolites of other pesticides were measured or if multiple pesticides were 

examined. Alternately, a different combination of pesticide use, lifestyle, and 



demographic factors might correlate more closely with exposure as measured by 

biological sampling. 
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However, given these caveats, this analysis of the NHEXAS-Arizona data should 

be viewed in the context of the small group of studies that have compared questionnaire 

and biological data, none of which have found that questionnaire data predicted exposure 

with any reasonable degree of success. The problem with using a questionnaire-based 

exposure index to identify those at risk or to get a reasonable idea of metabolite levels in 

the higher exposure strata is that the index must have very strong predictive power in 

order to avoid the pitfalls of missing some highly exposed subjects. Although biological 

sampling techniques are often expensive and may be burdensome to subjects, they are 

still a more reliable measure of exposure than questionnaire data. 

This does not mean that questionnaires have no value. For some studies, 

preliminary screening tools may yield a more acceptable subject pool than chance 

selection. However, as explained, such studies would have to take into account the 

characteristics of the subject pool yielded by such an index when drawing conclusions 

from the data. Also, questionnaires are useful screening tools because behaviors that have 

been shown to be related to higher exposure in experimental or observational studies 

(such as personal application) can be identified by questionnaires and respondents who 

report such behavior can receive counseling or testing. They should not, however, be used 



to rule out the need for biological sampling. Questionnaires can also help researchers 

explore the frequency of risky behaviors among demographic groups. 
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Perhaps if more were known about how biological and behavioral factors impact 

pesticide exposure, at-risk individuals could be reliably identified from questionnaires. 

However, a review of the literature shows that the science of exposure assessment is very 

far from this point. More studies are needed on how behavioral, biological, and 

demographic factors relate to exposure. Even with this additional research, it is 

questionable whether enough detail could be obtained from questionnaires to make them 

a reliable substitute for biological screening. 

Limitations of the Study and Recommendations 

for Future Research 

This study represents the analysis and presentation of only a small segment of the 

data collected for NHEXAS-Arizona. A more complete picture of demographic 

differences in exposure will be obtained when the data presented here are combined with 

data on other metabolites, and compared to blood and environmental samples. A more 

meaningful exposure index might have been obtained if the questionnaire used had been 

more detailed. The respondents actually did provide much more detailed information in 

the form of other survey instruments such as daily activity diaries, but these data were not 

available at the time of this analysis. The exposure index might also have explained more 

variation in TCPY levels if multiple agents had been examined and if data on pesticide 
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metabolites in blood samples were included. Again, data on the other agents measured for 

NHEXAS-Arizona will be presented in the future but were either not available when this 

study was done or their analysis was beyond the scope of the study. 

The analysis on pesticide use patterns presented in this study was preliminary in 

nature and utilized a simple bivariate statistical design that did not take into account 

confounding factors. A logical extension of this study would be a more detailed statistical 

analysis of pesticide use characteristics, utilizing multivariate techniques. Such an 

approach would permit the identification of co-varying and confounding factors. 

The biological samples were limited to urinary samples analyzed for urinary TCPY. 

The urinary data provides information only on recent exposure; a more complete picture 

would have been obtained if fat samples had been included, or if multiple urine samples 

had been obtained at different times. 

Only one type of pesticide was examined in the present study. Chlorpyrifos is a 

very widely used pesticide and has been found to be ubiquitous in the environment and in 

human biological samples collected in various studies (see chapter two) . However, other 

pesticides that have been found to be even more ubiquitous, such as PCP and DCB, were 

not tested. The results of this study thus cannot be assumed to apply to pesticide exposure 

in general. 

One of the strengths of the data is that they provide information about pesticide 

exposure among poorly studied groups such as Hispanics, border residents, the 
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chronically ill, children, and the aged. Other potentially vulnerable groups, such as 

African Americans and Native Americans, could not be included in the statistical analysis 

because their proportions in the sample were too low to allow meaningful statistical 

testing. Future studies should focus on these groups. 

Given these limitations, the study is valuable because the data presented represent 

a population-based measure of home exposure to a heavily used organophosphate 

pesticide, and provide information on several vulnerable sub-groups. The sample is also 

relatively large compared to most studies of home exposure. In addition, in the future the 

data presented here will be available for comparison with other information from 

NHEXAS-Arizona and other NHEXAS studies, including multi-media environmental 

sampling data. This will allow a more complete understanding of home exposure. 

Implications for Nurses and Other Health Care Providers 

Higher levels of urinary TCPY were found in this study than in previous studies. 

This may reflect the increasing ubiquity of chlorpyrifos in the environment since the use 

of most organochlorines has been federally restricted. The higher levels in found in this 

study may also indicate that Arizona residents are more heavily exposed to chlorpyrifos 

than the general U.S. population. In addition, the results of this and other studies suggest 

that toxic risk is not evenly distributed within populations; wide individual variation in 

metabolite concentration was found. Questionnaire data on patterns of pesticide use 

reported by subjects in this study also suggest that certain individuals and possibly certain 



demographic groups (such as Hispanics and men) are at greater risk for toxic exposure 

because of behavioral patterns such as self-applying and mixing pesticides, use of 

unknown formulations, and higher frequency of use. 
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Although no demographic differences were found in urinary TCPY, such 

differences cannot be ruled out based on one study. In addition, it should be emphasized 

that even though significant differences in urinary TCPY were not found between various 

groups, this does not mean that health risks resulting from chlorpyrifos exposure are 

equally distributed. For example, although age differences in creatinine-corrected 

metabolite levels were not found, exposure to organophosphates such as chlorpyrifos may 

still represent more of a risk to children and the elderly because of biological features of 

young and aging humans that increase their vulnerability (see Chapter 2). Regarding the 

age data in this study, it should be reiterated that the number of children from whom urine 

samples were collected was small, and that infants were not included in the sample. 

While chlorpyrifos and other organophosphates are sold over the counter with few 

restrictions, they are potent nervous system toxicants and as such have the potential to 

affect brain function and development. Moderate to high doses of some organophosphates 

cause an irreversible neurological syndrome, organophosphate induced delayed 

neuropathy (OPIDN), which has severe effects on motor and intellectual function. 

Whether chlorpyrifos doses likely to be received by humans would cause OPIDN is 

questionable, although high doses do produce the syndrome in laboratory animals (Pope, 



et al., 1992; Richardson, 1995; U.S. Dept. Health & Human Services, 1997). Acute 

exposure to chlorpyrifos has been associated with memory and cognitive problems and 

neuropathies (Kaplan et al. 1993). 
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Although chronic effects of organophosphates are not completely understood, they 

have been linked to multiple health problems and may affect neural development in 

children (Ecobichon, et al., 1990). Even low doses of chlorpyrifos have been found to 

affect neurological development in animal studies (Song, et al., 1997). Health effects of 

chlorpyrifos are thought to be similar in humans and laboratory animals because the 

mechanism of action (acetylcholinesterase inhibition) is identical, and its metabolism and 

excretion also appear to be similar or identical (U.S. Department ofHealth ofHuman 

Services, 1997). Chlorpyrifos administration has been shown to cause learning deficits 

and to interfere with brain development in animal studies (Campbell, Seidler, & Slatkin, 

1997; Cohn & MacPhail, 1997). Exposed individuals were found to have more 

immunologic abnormalities than a matched control group (Thrasher, Madison, & 

Broughton, 1993). Wargo (1990), reviewing the literature on cholinesterase inhibition, 

pointed out that chlorpyrifos and other organophosphates may affect certain segments of 

the population (such as pregnant woman and smokers) more severely because of 

differences in cholinesterase production. These findings, coupled with the likelihood that 

human exposure to chlorpyrifos is increasing, are reason for concern. 
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The dangers of non-occupational chemical exposure are not confined to pesticides, 

but result from the combined effects of a wide variety of environmental toxins. Many of 

these chemicals are indiscriminantly used when less toxic or non-toxic alternatives are 

available. A case in point is that of dichlorobenzene, which is widely used as a toilet 

deodorant (Hill et al. 1995). DCB, which can cause liver damage, dermatitis, and CNS 

depression, among other health problems, was found in the blood of 98% and the urine of 

96% of adults tested (Hill et al. 1995). 

Knowledge about the dangers of toxic chemicals is not widespread either among 

the general public or health care providers. In contrast, such chemicals are widely 

available. Many organophosphates, including chlorpyrifos (the active ingredient of 

Dursban), are key components in "do it yourself' pest control products, as a cursory 

inspection of the pest control section of any hardware store demonstrates. Precautionary 

statements are generally in tiny print and complete information on possible health effects, 

phrased in a way the layperson could understand, is usually not provided. 

Providers of medical care rarely receive training in the potential effects of 

pesticides and other environmental contaminants (Szneke, Nielsen, and Tolentino, 1994). 

Bellack, et al. (1996), who conducted ·a survey of nurse practitioner programs, concluded 

that environmental health education was insufficient. In addition, health care providers 

often do not ask their patients about exposure in the course of a taking a general medical 

history (Twining, 1995), and may not take the time to teach their patients about avoiding 
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environmental hazards or safer alternatives to toxic chemicals. Such education is an 

important component of both primary and secondary prevention (Henry, 1995). 

Changes in patterns of chemical use, like any behavioral changes, do not occur 

without changes in beliefs and knowledge. Primary care providers such as physicians, 

nurse practitioners, and others have a responsibility to educate themselves and their 

patients about toxic hazards in the environment and how these hazards can be minimized. 

Exposure histories should be routinely taken as part of general physical exams and 

whenever signs and symptoms suggest toxic exposure. Such histories need not take up 

scarce office time; patients can fill out short exposure questionnaires in the waiting room, 

which can be incorporated into general medical history questionnaires. 

Such questionnaires should furnish information on use of household products such 

as pesticides, solvents, paints, and cleaning products, as well as occupational hazards. 

Exposure to tobacco smoke is also a chemical exposure and should be included in the 

environmental health history. Patients exhibiting signs and symptoms of toxic exposure 

or who report unsafe practices should be carefully questioned and examined by the care 

provider. 

Patients should also be given verbal and written education about how to avoid the 

toxic exposures and the danger signs of such exposures. Lists of safe alternatives to toxic 

products, with local retail sources listed, are helpful and can be provided, along with lists 

of local resource organizations. Primary care practitioners have an obligation to be aware 
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of pollution point sources in the community that might affect their patients, such as 

incinerators and toxic waste disposal facilities. Providers should keep in mind, however, 

that much toxic exposure occurs in the home, and personal patterns of chemical use may 

be even more relevant to a complete environmental health history than local hazards 

outside the home. 

Although enough information on toxic risks is available to provide patient 

education, more research is needed to define the nature and magnitude of risks to the 

general public and to vulnerable groups. Besides clinical and lab research on the effects 

of toxic chemicals, more long term, population-based studies of toxic exposure are 

needed, especially studies like NHEXAS which take into account multiple chemicals and 

multiple routes of exposure, and combine environmental, biological, and questionnaire 

data. These studies should not exclude vulnerable groups such as children, the elderly, the 

poor, and people with chronic illnesses; indeed, studies are needed which specifically 

focus on such sub-populations. Such large epidemiological investigations are not cheap, 

and both the government and the public should support the allocation of necessary funds . 

An examination of the history of the EPA shows that such funding has not been a priority 

(see Wargo, 1990, for an excellent treatment of the history of environmental regulation in 

this country). As part of a broader definition of patient advocacy, nurses should support 

the funding of such studies. Furthermore, more research carried out by nurses should 

address environmental issues. 
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Although much needed, the results of epidemiological and laboratory studies on 

toxic exposure and health risks are not likely to produce scientific consensus on toxic 

hazards for years. Efforts to reduce or eliminate the use of toxic chemicals should 

therefore be ongoing and should not have to wait for some idealized future when toxic 

risk is completely understood. Instead, the government, industry, and the public should 

take a proactive attitude towards environmental risk. The history of pesticide regulation 

in this country shows that the opposite stance has usually been adopted. The recent 

enactment of the Food Quality Protection Act, which mandates particular caution when 

evaluating the effects of pesticides on children and considers the lack of data on pediatric 

effects, represents a welcome switch to a more prevention-oriented frame of reference. 

The basis upon which toxic exposure can be causally related to disease has been 

debated in the literature (Botti, et al., 1996). In the words of Grand jean and Kilburn 

(1992) "how much or how little evidence is sufficient to trigger precautionary actions?" 

The higher levels of chlorpyrifos exposure found in this study than in previous research, 

in combination with the literature reviewed, support the view that the evidence is 

sufficient but that the precautionary actions taken thus far are not. It is hoped that future 

research will continue to elucidate the extent and associated risks of toxic exposure in the 

general population, and that such research will support stronger measures to protect both 

humans and their environment from toxic exposure. 
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Summary of Main Findings 

• Wide individual variation was found in urinary concentrations of TCPY. 

• Higher levels of urinary TCPY were found than in other population-based 

studies; this may reflect an increasing exposure to chlorpyrifos over time 

in the general U.S. population, variation in population sampling or urine 

collection techniques between studies, or regional exposure differences. 

• A pesticide use index (PUI) was significantly predictive of urinary TCPY; 

however, the PUI, and other questionnaire variables, accounted for only a 

small amount of the total variation in TCPY. 

• Multiple regression of a combination of pesticide use variables and non

pesticide related questionnaire variables was slightly better at predicting 

urinary TCPY than a combination of non-pesticide use variables and the 

PUI. Stratifying the sample to include only people who reported using 

pesticides inside and outside in the past six months further improved the 

predictive ability of the questionnaire variables. 

• Currently smoking and ever having had intestinal disease were 

significantly negatively correlated with urinary TCPY. 

• House characteristics such as the age of the house, the cooling type, and 

the presence of central heating did not significantly predict urinary TCPY. 
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• Demographic variables such as age, gender, education level, income, and 

ethnic group, and area of residence did not significantly predict urinary 

TCPY. 

• Urinary TCPY levels were significantly higher in the spring and summer 

than in the fall and winter. 

• Over 3 0 pesticide use variables were tested to determine whether they 

significantly predicted urinary TCPY. Only four pesticide use variables 

were significantly predicted TCPY. 

• In agreement with previous studies, a majority of subjects reported using 

pesticides in the past six months. 

• Demographic variables such as age, gender, education, and income were 

significantly related to a variety of pesticide use variables. Poor, Hispanic, 

and male subjects tended to self-apply pesticides more often and use 

professional exterminators less often than richer, non-Hispanic, female 

subjects. Significantly more female than male subjects did not know what 

pesticide had last been used. Significantly more males than females 

personally mixed outside-use pesticides. Less educated subjects used 

professional exterminators less often, also applied pesticides inside less 

often. More Hispanics than non-Hispanics personally mixed pesticides, 

but these results could not be statistically tested due to small sample sizes. 



• There were no significant differences in pesticide use characteristics 

between current smokers and current non-smokers, except that smokers 

used pesticides outside the house less often than non-smokers. 

• There was no significance difference between frequency of pesticide 

application between households with and without children. 
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APPENDIX A 

HUMAN SUBJECTS APPROVAL 



THE UNIVERSITY Of 

Human Subjects Committee ARIZONA. 

13 June 1995 

Michael D. Lebowitz, Ph.D. 
Department of Internal Medicine 
Division of Respiratory Sciences 
Arizona Health Sciences Center 
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1621 E. Mabel St. 
Tucson. Arizona 8572-t 
(602) 62MJ721 

RE: HSC #95-86 (NATIONAL) HUMAN EXPOSURE ASSESSMENT SURVEY 
(NHEXAS) 

Dear Dr. Lebowitz: 

He received Dr. Carol Baldwin's 5 J"~.:u'>'le 1995 letter and acco~panying 
revised consent and minor assent forms for your above referenced 
project. All of the conditions as set out in ·our 23 May 1995 letter 
to you have been met. Therefore, full Committee approval for this 
subjects-at-risk project is granted effective 13 June 1995 for a 
period of one year. 

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 
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. 

Sincerely yours, 

c~B:r-rvc1 
William F. Denny, M.D. 
Chairman 
Human Subjects Committee 

WFD:rs 

cc: Departmental/College Review Committee 
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APPENDIXB 

PERMISSION TO ANALYZE NHEXAS DATA 



~·~~-: -~. 

:;:· ~~~-

College ofNursing 
University of Arizona 
Tucson, Arizona 85724 

To whom it may concern: 

5 February 1998 

Phone (520) 882-585:! 
FAX (520) 882-501-+ 

I am a Co-Principal Investigator on the National Human Exposure Assessment Survey 
funded by EPA CR821560. The project has been subject to federal approvals by the 
Office of Management and Budget (#2080-0053), the Centers for Disease Control 
(needed for the Olvffi approval) and the University of Arizona Human Subjects Committee 
(95-86) . 

Jeanne Krinsley has my permission to use biomarker and questionnaire data generated 
from this project for her MS thesis. 

Mary Kay O'R rke, Ph.D. 
Research Assistant Professor 
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