
































































































































plots, for detection of potential publication bias are routinely used in meta-analyses (Greenland, 
1998). 

The process for selection of studies in the WOE analysis for atrazine or more generally for 
incorporation in risk assessment begins with a comprehensive literature search to identify the full 
array of available studies. In conducting a WOE analysis the investigators should be assured that 
they have accessed the complete body of relevant epidemiologic literature available from peer­
reviewed sources. A plan for the literature search should be developed that incorporates second 
and third level searches in the published literature as well as using the standard approaches of 
literature searching such as PUBMED (http://www.ncbi.nlm.nih.gov/pubmed/ ). 

Careful evaluation of the findings should be performed by trained epidemiologists. For example, 
if drinking water studies are under evaluation, then epidemiologists experienced in conducting 
these kinds of studies, and scientists with expertise in water modeling and drinking water 
exposure assessment should be asked to review them. Similarly, review of occupational 
retrospective cohort studies should be conducted by researchers familiar with the issues of 
occupational exposure assessment and the statistical methods used for analysis of this form of 
cohort study. The field of epidemiology is diverse; therefore, those who conduct reviews and 
make expert judgment regarding inclusion of studies and eventual use of the data should have the 
training and experience required to do so. 

Epidemiologic studies of reproductive outcomes have substantial strengths as summarized 
previously (Savitz and Harlow, 1991 ). As widely recognized, the fetus represents a susceptible 
subset of the population that may be exquisitely sensitive to the effects of environmental 
contaminants. The events that encompass conception and gestation and the exposures that may 
affect the processes of implantation, development and growth of the fetus occur in a relatively 
short time frame of one year or less. Thus, in the evaluation of potential adverse effects of in 
utero exposures to atrazine and other pesticides, epidemiologic studies focus attention on the 
critical temporal windows of exposure for each outcome; for example a single birth defect, 
spontaneous abortion or growth retardation. The truncated time frame of interest provides 
opportunity for more precise exposure assessment and reduces the probability of recall error 
when questionnaires are used to obtain information from parents. In studies of reproductive 
effects of disinfection byproducts, investigators were able to focus the analysis on exposures 
during specific months and weeks of late gestation in assessing associations with low birth 
weight, intrauterine growth retardation and pre-term birth (Hinckley et al., 2005). 

When animal data show that a pesticide affects pathways essential to human reproduction and 
thereby establish biological plausibility for an effect, the Agency should examine the full suite of 
endpoints that may be perturbed (Moses, 1994 ). Epidemiologists have studied human fecundity 
by using time to pregnancy as a marker of success (Baird et al., 1986). This marker has been 
applied to pesticide exposures (Thonneau et al. , 1999) and was described in early studies of 
agricultural workers exposed to dibromochloropropane on banana plantations in Costa Rica 
(Whorton et al., 1979). 

Spontaneous abortion is an endpoint frequently examined in human studies of chemical 
exposures. For example, Arbuckle et al. (200 1) studied the effects of pesticide exposures on the 
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risk of spontaneous abortion in a Canadian farm population. Studies of spontaneous abortion can 
be limited by the introduction of selection and reporting bias (Wilcox et al. , 1984) and by the fact 
that in 20 to 25% of reproductive failures fetal loss is not manifested clinically (Wilcox et al., 
1988). Late fetal loss, after 20 weeks of gestation can be assessed using data on stillbirth and 
neonatal mortality. Perturbations in fetal growth incorporate studies ofbirth weight (continuous 
variable), low birth weight(< 2500 grams), very low birth weight(< 1500 grams) and preterm 
delivery (37 weeks of gestation). Intrauterine growth retardation or small-for-gestational-age is 
assessed by comparing the infant's birth at a specific week of gestation to the norms for that 
racial/ethnic group using the 5th or 1Oth percentile as the basis for designating each birth. 
Examination of fetal growth parameters is frequently performed by analysis of birth certificate 
data that can be accessed readily and linked to environmental exposure data for the cohort or 
case and control samples. 

The hormonal control of processes such as the onset of menarche, the patterns of menstrual cycle 
activity and the menopause provide the biologic framework for epidemiologic studies of these 
endpoints vis-a-vis pesticide exposure. Examples of studies which assessed associations with 
atrazine are available in the scientific literature (Farr et al., 2004; Farr et al. , 2006). These 
studies should be incorporated into the WOE analysis. 

Finally, it is widely recognized that approximately 50 percent of impaired fertility in humans is 
attributable to the male. Therefore, studies that assessed exposure to atrazine and semen quality 
(sperm concentration, percent motility, percent abnormal sperm) are important components for 
the WOE analysis. In particular, the study of Swan et al. (2003) should be informative. Some of 
the studies of reproductive outcomes that were not included in Case Study A should be relevant 
to the Agency's review of atrazine later this year. 

Several issues in analysis and interpretation of findings from epidemiologic studies are often the 
source of discussion among epidemiologists, biostatisticians and others. First is the 
consideration of the interpretation of statistical significance and the sole reliance on the use of 
the p value for decision making (e.g.< 0.05). A series of papers exists in the literature in which 
epidemiologists and others have made a strong case for interpretation of the precision of risk 
estimates using confidence intervals in lieu of a strict interpretation of the p value (Savitz, 2003; 
Rothman and Greenland and Lash, 2008). It is important to evaluate all findings that show an 
elevated or reduced risk estimate or an exposure-response relationship regardless of statistical 
significance. Reviewers should consider the likelihood that the study lacked adequate statistical 
power and if needed, conduct the appropriate power calculations to assess the magnitude of risk 
that could have reasonably been expected to be detected if a true association existed. 

A second issue that has been widely discussed by epidemiologists is that of multiple comparisons 
and the possibility that some findings in epidemiologic research may be due to chance as a result 
of multiple statistical tests. Epidemiologists warn against making adjustments top values or 
confidence intervals that are inappropriate, overly conservative and wasteful of information 
(Rothman, 1990; Savitz and Olshan, 1995; Savitz, 2003; Rothman, Greenland and Lash, 2008). 
In considering this issue, reviewers should distinguish between analyses that incorporate multiple 
exposures and or outcomes in searching for any and all associations from those that explore a 
priori hypotheses in databases that permit multiple analyses to be conducted. The results of a 
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study should not be discounted simply because it efficiently and comprehensively evaluates 
multiple outcomes and multiple exposures (or multiple exposure indices). Several approaches to 
the multiple comparisons issue are discussed in detail in the literature (Steenland et al., 2000; 
Rothman, Greenland and Last, 2008). Multip le inference procedures involving hierarchical 
models are useful if the research interest concerns a joint hypothesis (i.e., a "family" of similar or 
"exchangeable" exposure-disease associations) or the purpose is simply exploratory (e.g., to 
answer the question, "Which, if any, of a "family" of exposure-disease associations should be 
followed-up in future investigations?"). However, in most instances the research question 
concerns a separate, single exposure-disease comparison or hypothesis. In the latter case, each 
comparison should be evaluated as if it were the only comparison in the study (this approach is 
also appropriate when there is doubt about whether the research interest is in a joint comparison 
or single comparisons - see Rothman, Greenland & Lash 2008, page 237). 

Epidemiologists recognize the problems inherent in such analyses and the possibility of chance 
findings. Epidemiologists are cognizant of the inherent problems in conducting multiple 
statistical analyses and are trained to interpret these findings carefully and to employ many of the 
guidelines suggested in the Bradford Hill criteria discussed elsewhere in the report. The strength 
of an association, presence of a dose-response relationship, consistency of the finding across 
studies, coherence with available biologic information and other criteria are routinely employed 
in interpretation of data. Reviewers should also consider the reproducibility of observations 
among studies in terms of the direction of the effects observed, the magnitude of the effect and 
the concentrations at which these effects occur. The latter consideration is often ignored. In 
addition, the criterion of specificity of effect in the original Bradford Hill criteria has largely 
fallen into disfavor due to the systemic effects of many environmental exposures. Furthermore, 
the lack of evidence regarding biologic plausibility is not sufficient reason to discount or ignore 
that the remaining criteria may constitute sufficient weight of evidence in assessing an exposure­
outcome relationship. 

Epidemiologists often categorize exposures categorically, using tertiles or quartiles to evaluate 
potential dose-response relationships. Cutpoints for such analyses are typically developed from 
exposure data from the unaffected members of the cohort, or in case-control studies from the 
distributions among controls. Incorporating these studies in the WOE analysis will require 
considerable thought since the model departs from the traditional examination of linear dose­
relationships. The shape of the dose-response curve in humans may not be linear if a threshold 
exists below which the chemical has no effect. The Agency should examine dose-response 
models and human data for other chemicals (non-carcinogens) to determine the optimal methods 
for integration of categorical exposure data from human studies into the WOE analysis. 
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Agency Charge 

3. Case Study C: Human Incident Data- Retrospective Case Study UsingDiazinon 

EPA is undertaking an effort to more systematically and transparently review and use human 
incident data in risk assessment/characterization or in problem formulation than has been done 
previously. As part of this effort, a case study using human incident data on diazinon is 
included. 

Question 3.1 Case study C describes various analyses and evaluations that can be conducted 
when evaluating human incident data. Please comment on ability to use incident data for the 
following types of analyses: trend of incidents over time, frequency of reported symptoms, 
common product clusters, frequency of repeated exposure scenarios, and assessment of children 
vs. adult symptom profiles), in the diazinon case study and suggest alternative and/or additional 
analyses, if appropriate. 

Panel Response 3.1 

The majority of the Panel members agreed that little weight should be placed on self-reported 
incident data in routine risk assessment. Although human incident data can sometimes be useful 
in providing information on trends or differences in the frequency and severity of symptoms and 
whether human effects are consistent with those observed in toxicologic experiments or 
epidemiologic studies, the limitations of using human incident data for risk characterization and 
risk assessment outweigh the advantages. The major limitations include: 1) likely under­
reporting of cases due to the lack of mandatory reporting other than for registrants; 2) uncertainty 
regarding the exact exposure conditions; 3) capture of largely only acute events and not events 
with long latent periods or events associated with long-term exposures; and, 4) the applicability 
of self-reported human incident data only to pesticides with notable acute toxicity. 

The diazinon case study, as presented by the Agency, is unique because of the distinct symptoms 
resulting from cholinesterase inhibition and because of the risk mitigation measure of removing 
diazinon from residential use and the consequent reduction in incidents. Other pesticide groups, 
such as the triazine herbicide family, that do not produce symptoms of acute toxicity would 
probably not generate usable incident data for the following analyses. 

Trend of Incidents over Time 

Incident data have value in assessing effects resulting from changes in use patterns and 
implementation of use restrictions, and thus can serve as a good measure of the success of risk 
management procedures for minimizing acute toxicities. For diazinon, the reduction of reported 
incident cases appears to reflect its restricted access to the general public. It is unclear, however, 
whether exposures at lower levels would trigger incident self-reporting and whether these 
incidents would also have been reduced. For pesticides that do not pose marked acute toxicity 
potential, incident data are presumed to be sparse and inconclusive and of limited use in risk 
characterization/assessment. 
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It is worth noting that the different incident reporting systems seem to be generally reliable, 
particularly for evaluating frequency of incidents over time, such that all five systems showed a 
relatively similar decrease in incidents over time with the removal of diazinon. The data are also 
collected in a relatively uniform manner (e.g., product information, severity rankings and 
symptoms) among the different data sources. However, increased communication and 
coordination among the different reporting systems to make the data collection instruments more 
uniform could improve the collective data generated. 

Frequency of Reported Symptoms and Frequency of Repeated Exposure Scenarios 

The reporting of similar symptoms following exposure to a particular pesticide product by 
different individuals within a defined time period should raise concern for the use pattern of this 
particular product. Reporting of common symptoms by exposed persons may also indicate a 
pattern of acute toxicity previously undetected in experimental studies or in reports by individual 
registrants. Under circumstances in which incident data reveal a health outcome that was not 
previously observed in toxicology or epidemiologic studies, such human incident data could be 
valuable in terms of exploring biologic plausibility associated with specific pesticide exposures. 
However, it is very likely that although these incident reports can be effectively collected, the 
available data may not adequately discriminate between high and low level exposures. 

Common Product Clusters 

Common product clusters resulting from incident reports occur, but are more important as an 
immediate public health concern, rather than serving a risk assessment purpose. For instance, 
methyl parathion poisoning cases in the southeast in the 1990s resulted from misapplication of 
the product. Such incident data would be inappropriate for consideration in risk analysis. This is 
also true for cases of abuse or suicide in which the data would not be relevant for risk 
management or risk assessment because the exposures for those abuse/suicide cases would be 
expected to exceed label recommendations or be by ingestion. If clusters of incidents point to a 
risk management failure, then certainly incident data should be used to protect those individuals 
who might be at unanticipated elevated risk. 

One Panel member thought that a cluster is likely to indicate a more severe problem than an 
isolated case, but not more severe in proportion to the number of persons reported. This is 
because reporting by one individual is likely to stimulate reporting by others, so that a cluster is 
artificially created in excess of what would happen if reporting were independent. However, the 
reporting of clusters has contributed to the risk assessment process, for example in the aldicarb 
contaminated watermelon episodes in California (Goldman et al., 1990). In this instance, the 
reported cluster played an important role in the risk assessment for this particular pesticide. 

Assessment of Children vs. Adult Symptom Profiles 

Comparisons of the distributions of symptoms in children and adults can provide supportive 
evidence of similarity of effect, but lack of similarity does not necessarily mean that the 
mechanisms are different because they could reflect: 1) different levels of sensitivity of reporting 
(e.g., effects in children may be more likely to be reported than similar effects in adults); 2) 
different routes of exposure; and 3) different sizes of populations exposed (e.g. , small numbers 
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exposed persons might result in less certainty in the distribution of symptoms). It is also likely 
that the magnitude of exposure (or dose) to certain pesticides that would trigger the reporting of 
the incident would be very different between adults and children. 

Other limitations of using human incident data for risk characterization and assessment further 
reduce its utility. For instance, follow-up on these incident reports is typically minimal, limiting 
the information on possible long-term consequences. Since more subtle, long-term effects are 
typically more difficult to detect in animal studies, better follow-up of reported incidents may be 
beneficial in that regard. It is also very likely that self-reported incident data may consist of 
anecdotal or emotional observations that have limited factual evidence of connection to a 
specific exposure. Because the quality of the self-report incident data is extremely difficult to 
determine, it will no doubt introduce bias and uncertainty in future analyses. 

Overlap of self-reported cases among the five different incident databases is also a concern. It is 
unknown whether the overlap is concentrated on severe poisoning cases or in certain geographic 
areas. It appears that these sources of data are studied independently until the later stages of 
analysis, when results are compared across databases to identify signals of a problem. It is, 
therefore, necessary to consider how these five sources might be used in combination at earlier 
stages, not necessarily by matching cases, but at least by organizing the data in ways that draw 
on the strengths of the various sources. This might be accomplished by focused study in one or 
two areas where three, four, or even all five reporting systems operate. 

One Panel member recommended that the Agency should clarify the presentation of human 
incident data contained in Attachment C with respect to how the data were compiled for the 
tables in Appendix B. In addition, several other Panel members suggested that before further 
considering the utility of human incident data, potential confounders or other exposures that may 
have been responsible for the symptoms reported should be identified and controlled in the 
analysis. 
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Question 3.2 OPP plans to conduct analyses of human incident data like that described in Case 
study C for other pesticides undergoing registration review. In light of scientific issues discussed 
in Questions 3.1, OPP requests input from the Panel on factors to consider when evaluating the 
reliability of human incident data and determining the relative weight that should be placed on 
such data in risk assessment/characterization or in problem formulation. 

Panel Response 3.2 

In general, very little weight should be placed on incident report data in routine risk assessments 
because of their diverse nature with regard to estimated dose levels, product characteristics, and 
the ability of the observer to assess symptoms accurate! y. If the numbers of incident reports are 
large, the exposures are well-estimated and the symptoms are highly consistent, then perhaps 
incident data would be useful. If incident clusters point to a risk management failure, then 
certainly incident data should be used to protect those individuals who might be at unanticipated 
elevated risk. In cases of abuse or suicide, the data would not be very helpful for overall risk 
management because these exposure levels would be well beyond label recommendations or by 
another pathway such as ingestion. Reports that contain vague or subjective information, 
including flu-like symptoms or those that could arise from physiological stress should be 
interpreted with caution. These reports could represent general symptoms from a variety of 
illnesses or conditions including infectious diseases or stress. It may be impossible to distinguish 
pesticide effects from other conditions that could mimic those due to exposure to the product. 
Fear of poisoning could lead to neurobehavioral symptoms, with the typical reactions associated 
with stimulation of the sympathetic nervous system. The diazinon case study was uniquely 
suited for such an analysis because of the well-defined set of acute symptoms due to its 
anticholinesterase activity. The availability of data before and after introduction of risk 
mitigation in removing diazinon from residential uses and the consequent reduction in incidents 
were also relatively unique. Most other pesticides would probably not be adaptable to such a 
clear presentation. 

The incident reporting systems described in Attachment C seem to be generally reliable. This is 
particularly clear when evaluating frequency of diazinon incidents over time, such that all five 
systems showed a relatively similar drop in incidents over roughly the same time period. 
Considering the lack of specific training for persons recording information and the non-specific 
nature of some symptoms, relatively good reliability was observed among the reporting systems 
for different classes of signs/symptoms associated with reported diazinon exposure. The 
recognized strength of this type of data, in contrast to information from animal toxicity studies, is 
that responses in humans are detected under real-life situations, with conditions of differential 
individual sensitivity, modifying factors and other influences possible in the human population. 
A major weakness of this type of information, however, is the uncertainty regarding the exact 
exposure conditions, concentration, or amount of the chemical to which the individual was 
exposed. Even the specific chemical may not be known with certainty, and it is likely that no 
information exists on inert ingredients or co-exposures that may have been involved. Follow-up 
for these incidents is typically minimal, limiting the information on possible long-term 
consequences. As more subtle, long-term effects are typically more difficult to detect in animal 
studies, better follow-up of reported incidents may be beneficial in that regard. As noted in the 
draft framework, the various incident reporting systems may report different symptoms and signs 

66 



(or the same signs called something else), or differential severity rankings for symptoms of 
toxicity. Considering the weaknesses of this type of information, the weight given to use of 
incident data in risk assessment process should be low, with a more qualitative than quantitative 
influence on the process. Surveillance for unanticipated effects in incident reports could be 
useful in suggesting alternative mechanisms of action or toxicities not previously described for a 
pesticide. 

The limitations of the incident data for diazinon out-weigh the possible benefits of the use of 
such data for risk assessment/characterization. One possible enhancement to the self-reported 
incident data would be to implement the collection of appropriate specimens or samples, where 
feasible, from individuals who call in to report symptoms in the future. Laboratory analyses of 
such specimens and sample would serve to validate the reported human incident data and also 
provide critical information about the levels of exposure (dose) that are responsible for 
symptoms among exposed individuals. Such data would also be useful in differentiating 
symptom profiles and exposure levels in children versus adults. Although logistic issues, costs 
and feasibility of implementing specimen collection may be currently beyond the Agency's 
capability, the idea could be discussed further among the agencies collecting human incident 
data. Perhaps a limited pilot study may be feasible. 

Although reliable data are generally lacking for most case studies, the Agency is encouraged not 
to overlook the rare cases with sufficient documentation, or clinical case reports published in the 
open literature with extensive follow up after poisoning. Some of these reports may uncover 
new toxicity endpoints of concern and should be added to risk assessment. For example, chronic 
neuropsychological sequelae were manifested among those who appeared to recover from 
cholinergic signs and symptoms after acute organophosphate pesticide poisoning which involved 
a different mode of action (MOA) than cholinesterase inhibition. 

The Panel concluded that incident reporting data such those considered in the diazinon Case 
Study (Attachment C) have some value for problem formulation and hazard identification in the 
risk assessment process, but their application in risk characterization is very limited unless 
follow-up information and or laboratory data from individual incident cases become available. 
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Agency Charge 

4. Case Study B: The Agricultural Health Study Comparison o(Exposure Assessment 
Approaches 

The Agricultural Health Study (AHS) is a large long-term prospective epidemiological study that 
is collecting data on the health and work practices of licensed pesticide applicators in Iowa and 
North Carolina. The AHS is focusing particularly on the exposure of applicators to 50 
chemicals, including many of the most widely used pesticides. The study also collects 
information on other possible agricultural exposures, and many lifestyle factors. Investigators 
with the AHS have published over 100 publications on a variety of topics including 
characteristics of the cohort and cancer and non-cancer health outcomes that have been observed 
in the cohort (http://aghealth.nci.nih.gov/). 

Question 4.1: The Agency believes prospective epidemiology studies with robust exposure 
assessment, like the AHS, have the greatest potential for use in risk assessment especially for 
enhancing problem formulation and risk characterization. Please comment on appropriate ways 
to use of these types of epidemiology studies in risk assessment. 

Panel Response 4.1 

General Considerations 

The Agency is urged to review other situations where epidemiological data have been used in 
risk characterization, e.g., arsenic, as these may prove useful in developing the framework. 
Considerations and review of data in risk assessment of chlorpyrifos (SAP, 2008) may provide a 
case study of how epidemiological data can be used in risk characterization. In this evaluation, a 
weight-of-evidence approach was used in the fmal determination. In the case of developmental 
neurotoxicity from chlorpyrifos exposure(s), prospective epidemiologic studies, with individual 
measures of chemical exposure, suggested that the dose-response relationship may be much 
different in humans than in animals. These prospective studies suggested neurodevelopmental 
effects may occur in humans with early exposures to chlorpyrifos, but with possibly different 
types of neurodevelopmental outcomes, and at potentially much lower levels of exposure, than in 
animal studies. The Panel concluded overall that data from both epidemiologic and animal 
studies suggested a connection between chlorpyrifos (and possibly other chemicals with 
anticholinesterase activity) and neurodevelopmental outcomes, but that dose-response 
relationships, and even mode of action, may not agree between these different ways of "looking" 
at end effects. One caveat to the conclusions was that the several anticholinesterase agents 
would have been acting on the same target enzyme, so sorting out the impact of any single 
compound would have been extremely difficult. This same concern also is present for the AHS 
in that any one pesticide may be present concurrently with one or more others acting on the same 
target system, so conclusions need to take the mixture into consideration. 

The eventual resolution of large discrepancies between epidemiologic and animal studies in 
apparent dose-response relationships, or substantial differences in types of responses between 
animal and epidemiologic studies, is unclear from the draft framework. How does the weight-of-
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evidence concept rationally weigh-in on decision making in this type of situation? On page 31 of 
the draft framework, it is stated that "when animal and epidemiological data do not provide a 
consistent toxicological picture ... more weight would likely be given to those studies with robust 
study design and availability of replication or confirmatory data". Further, it asserts that " in 
most situations, the epidemiological study may not be sufficiently robust for deriving 
quantitative risk assessment values". If epidemiologic data are used to derive quantitative values 
in risk assessment, determining a process for decision-making in cases in which wide differences 
are observed in dose-response relationships between animal and epidemiologic studies could 
clarify the framework and its implementation. At present, it can be argued that in most cases 
animal studies can more "robustly" describe dose-response relationships, using the least amount 
of time/resources, etc., and therefore may currently provide a more reasonable approach for 
characterizing dose-response relationships, for evaluating mode of action, and for quantifying 
points of departure. That does not rule out the possibility that in specific situations, either 
epidemiological data or possibly even incident data (e.g., aldicarb intoxications from watermelon 
consumption) could play an important role in either defining or directly contributing to estimates 
of departure points. 

Clarification of Study Designs 

In an attempt to simplify the task of assessing the utility of epidemiologic studies for risk 
assessment, the EPA has grouped these studies into ecologic, retrospective and prospective 
designs. The SAP discussed design features of different types of epidemiologic studies, methods 
to qualitatively evaluate them, their potential limitations, and how to make efficient use of the 
information that is obtained from these studies in the risk assessment and/or risk management 
process. Although prospective cohort studies can offer many advantages, it is typically not 
possible to generalize about what study design is best or most appropriate. 

A clear description of different study designs and their strengths and limitations for testing 
hypotheses or evaluating the weight of evidence for a particular cause-effect association is 
needed. A presentation of study designs from weakest to strongest could include a description 
of: case reports (i.e., acute poisoning incidents, physician case reports), case series, ecologic 
studies over time and/or place, clusters, case-control studies, retrospective or historical cohort 
studies, prospective cohort studies, and mixed designs (e.g., nested case-control, case-cohort, 
case-crossover). The most appropriate study design will depend on the question being asked and 
the data requirements (e.g. , need for cross-sectional biomonitoring data, historical data on 
changes in exposures over time, risk estimates for known carcinogens, hypothesis generating 
studies in populations where cancer incidence has increased, investigation of clusters of potential 
occupational or environmental origin). 

The EPA draft framework should provide additional clarification on the different types of 
retrospective studies, with a distinction made between case-control studies and retrospective (or 
historical) cohort designs. Historical cohort studies offer many of the same advantages of 
prospective cohort studies, with the added advantage of providing much quicker answers to 
research questions. Further, nested case-control studies offer many advantages and because of 
the smaller sample needed, they are much more cost-efficient than cohort studies in studying rare 
outcomes. Recognizing this, it is typically assumed that the prospective cohort is the strongest 
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observational study design. This is in part because they provide the "opportunity" to collect the 
most valid and reliable exposure and/or absorbed dose data and because the characterization of 
exposure occurs prior to the development of disease or other outcome, thus clearly establishing 
the temporal sequence. 

In research on the health effects of exposure to pesticides, regardless of the health outcomes, the 
methods of ascertaining cases, classifying diseases, selecting controls etc., exposure assessment 
is and will remain the most challenging aspect. The Agricultural Health Study (AHS) is an 
example of a prospective cohort study that has set the standard for future investigations, bas 
developed and evaluated innovative methods of exposure assessment, and will be producing data 
for many years that are extremely relevant for the assessment of health risks associated with 
pesticide exposures. 

Prospective Epidemiologic Studies and Use in Risk Assessment 

The main advantage of prospective cohort studies is that individuals are followed forward in time 
and exposure is determined prior to the development of disease. This presents advantages and 
opportunities for data collection relevant to the risk assessment process. These include: 

a. Single and multiple/mixtures exposures that represent environmentally relevant 
concentrations (and associated absorbed doses) .can be measured prior to the development of the 
outcome. 

b. Changes in exposures and/or dose can be measured over time. Cumulative exposures can be 
estimated as well as peak exposures and variation within and between individuals over time. 

c. Biologic markers of exposure can be evaluated in relation to measured and/or predicted 
exposures using alternative methods, models, records or questionnaire data. 

d. Dose validation studies are possible. 

e. Biological markers of susceptibility (gene-environment interactions) can be measured that 
may modify relationships between pesticide exposures and health risks. This information can 
help to characterize risk. 

f. Early biomarkers of effect, which may be precursors to clinical disease, can be measured; this 
information will be relevant for evaluation of the proposed mode of action/mechanisms in 
humans. 

g. Quantitative exposure data and biomarkers that are intermediate on the pathway from 
exposure to disease can be collected. 

h. Information on lifestyle, other behavioral factors, and other occupational or environmental 
exposures that may modify exposure response relationships or act as confounders can be 
obtained prior to the outcome. 
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Although prospective study designs have several clear advantages, they may have limited power 
to look at rare outcomes and can take many years to obtain results. Further, even though 
biomonitoring is considered the preferred approach (gold standard) to obtain valid and reliable 
dose estimates in these studies, these types of measures are often collected at only one point in 
time, and may be available only in a subsample of a cohort. Most often a spot sample (as 
compared to 24 hour samples) of urine or a single sample of serum is collected. Depending on 
the characteristics of the pesticide, the concentration may reflect only the most recent exposures. 

The AHS Study: Considerations for Risk Assessment 

Several important considerations were explored with Dr. Michael Alavanja, principal 
investigator of the AHS, after his presentation and later during the Panel's deliberations. These 
topics are relevant to exposure assessment and exploration of potential effects of pesticides on 
cancer and reproductive outcomes. 

Exposure Assessment 

Exposure assessment for the AHS is substantially improved over many previous epidemiologic 
studies of pesticide exposure. As part of the joint efforts of the EPA and AHS investigators, the 
PHED (Pesticide Handlers Exposure Database) data will be used to estimate exposures for 
cohort members (occupational exposures of licensed applicators) and compared with exposure 
assessments (i.e., intensity scores) for the AHS. As the Agricultural Handlers Exposure Task 
Force accumulates data over the next few years, these should be employed. These newer data 
are designed to replace the PHED to reflect changes in the equipment and newer protections of 
present day agricultural practices. However, in terms of estimating lifetime exposures, the more 
historical residues would have been accumulated with the conditions prevalent during the PHED 
data accumulation. Therefore, there should be consideration of the appropriate database for 
long-term exposure estimates. Caution is urged in the use of self-reports for historical exposure 
assessment when the length of recall is very long since memory may not be accurate. 

Additional refinement of AHS exposure assessment may be feasible depending on the 
availability of banked samples and resources to analyze these samples that may be collected in 
the future. Biologic and envirorunental sampling and laboratory analyses can be conducted on 
population subsets (i.e., occupational groups or bystanders including spouses, farm workers and 
children) and to ensure cost-effective and representative data (Bakke et al. , 2009). 

A second issue explored during the discussion involved collection of water samples from farm 
residences for assessment of pesticide contamination. Although it is not clear to what extent 
such samples are currently available or could be collected in the future, they could be used to 
ascertain exposure through the drinking water pathway which does not appear to be taken into 
account in the current exposure assessment. Family farms typically rely on private wells for 
domestic consumption. Because many agrichemicals are known to contaminate superficial 
aquifers in regions of heavy pesticide application, this pathway should be evaluated as a 
potentially significant contributor to exposure. 
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Refinement of exposure assessment to include domestic exposure to water and house dust, along 
with occupational exposures may improve exposure assessment and reduce misclassification. 
The domestic water and/or dust pathway may be particularly important for the female members 
of the cohort in considering potential adverse reproductive outcomes. For women who work 
outside the home or do not participate in farming activities these pathways could be significant 
sources of exposure to pesticides. 

Reproductive Outcomes 

Prospective studies of the nature of the AHS may take a long period of time to compile results 
(cohort studies of cancer may run for 20-30 years or longer). This can substantially delay the 
usefulness of these data for current risk assessments. However, there are short term 
opportunities for evaluation of reproductive outcomes. 

Although a substantial number ofwomen is included in the cohort (approximately 31,000 
enrollees), these women are now an average of 56 years of age and therefore beyond the age of 
childbearing. However, for a portion of the female cohort members who delivered an infant 
during the study, data linkage with the birth certificate files in the states of Iowa and North 
Carolina may provide an opportunity to explore hypotheses relating pesticide exposures to 
outcomes such as birth weight, low birth weight, intrauterine growth retardation and premature 
birth. Data linkage may also facilitate comparison between self reported reproductive outcome 
data and self reported data for women who gave birth during the study. 

Many adverse reproductive outcomes are prevalent among live births, affecting 5 to 20 percent 
of women and their children. Therefore, although the numbers of women who gave birth during 
the follow-up period will be substantially smaller than the total number of enrollees, sufficient 
statistical power may exist to evaluate these outcomes for specific pesticide exposures. Further, 
because the relevant period of exposure for reproductive events is likely to be no more than one 
year, reducing the likelihood of information bias, further analyses of reproductive endpoints is 
recommended. 

Conclusion 

Overall, the use of data from a well-designed and carefully executed prospective cohort study 
such as the AHS should provide the best opportunity for reaching the ultimate goal of 
incorporating epidemiologic data into risk assessment. These data may eventually be useful for 
the risk characterization stage of the process. Further, they also may be useful in comparing 
dose-response data between humans and laboratory animals for some outcomes. Other 
epidemiologic designs such as mortality analyses and case-control studies, have already 
identified farmers and agricultural workers as high risk groups for specific cancers and other 
disorders. These early studies can be used to inform the problem formulation stage of risk 
assessment. The AHS has the potential to extend the use of epidemiology to risk 
characterization for agricultural chemicals. Such advances in risk assessment methodology 
could enhance the usefulness of the risk assessment paradigm for the eventual protection of 
public health. 
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The importance of involving relevant stakeholders and experts from all of the appropriate areas 
in both the planning and assessment stages was stressed. This would provide greater confidence 
in the proposed work plans, and in the validity and utility of conclusions. The use of 
interdisciplinary collaborations in this work would add value to the deliberations and would 
provide an opportunity to establish a sound way of operating when assessing the reliability and 
relevance of risk assessments in which both epidemiologic and classical toxicologic information 
bases are combined. The joint assessment of data sets by experts from different areas would help 
to ensure objectivity of the interpretations, and the quality of the data used. 
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Question 4.2: The Agency uses a predictive, scenario-based approach to calculate risks 
associated with the registered use patterns of pesticides. Estimates of risk based on varying 
levels of protective equipment, application methods, and use conditions are presented. The 
results of these assessments are used to specify label conditions that are required to support the 
new registration or continued registration of pesticides. In contrast, the goal of epidemiologic 
exposure assessment within the AHS is to develop a relative exposure ranking of individuals 
who are actual pesticide users within a cohort. It is not feasible to directly measure actual 
exposure in observational analyses such as the AHS. The AHS exposure information is 
ascertained from questionnaires completed by individual cohort members. Because the AHS and 
the Agency have different purposes for evaluating pesticide applicator exposure, there are 
inherent differences in the occupational handler exposure methodologies between the AHS and 
Agency. How to reconcile these differences in order to make optimal use of the AHS in 
developing regulatory policy is under investigation by a collaborative effort between EPA's OPP 
and investigators involved with the AHS. Case study B details a three step analysis plan for 
accomplishing this goal. Please comment on the proposed plan for comparing the exposure 
assessment approaches between the Agency and the AHS. Please include in your comments the 
scientific value of this comparison along with additional and/or alternative analyses which could 
be conducted. 

Panel Response 4.2 

The Panel recognized the merit of finding commonalities between the Agency' s exposure 
assessment methodology and the AHS exposure metrics. The Agency's method results in 
estimates of workers' exposure as an input into risk assessment that form the basis for setting 
exposure limits for workers. Finding commonalities to the AHS exposure metrics would provide 
a way to extend the usefulness of this large and growing data base for the protection of pesticide 
users. 

The Agency presented a single illustration for a step 1 comparison between the ground boom and 
air blast application. The comparison between the Agency and AHS methods is reasonable as 
they share a similar goal of characterizing the external exposure, and both can assess the relative 
exposure between work tasks. Some common grounds for the two approaches were recognized, 
e.g., use ofPHED data, reduction of exposure by PPE. The Panel agreed with the Agency that 
extensive scenario-by-scenario comparisons are needed to characterize more fully the similarities 
and differences between the two methods before bridging methodologies for the two methods 
can be achieved. 

The Panel suggested that the document be revised and streamlined. The AHS exposure metrics 
and scores, and methods of calculating these ordinal values are transparent and available in the 
published literature (Dosemeci et al., 2002). However, the Agency' s method is less clear. The 
calculation of exposure (dermal, as expressed in mg a.i./day) using the PHED database could be 
clarified. Further discussion of the unit exposure parameters can also be added. 

The Panel recommended that discussions of the variability and uncertainty associated with the 
foundational databases be included for each method, e.g. , PHED, AHS's self-reporting and input 
parameter values. As far as possible, distributional analyses, not merely the point estimates 
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could be added to the comparison and exposure models. It is difficult to compare the two 
methods in that both have a series of steps. Thus, it is anticipated that the elements of the two 
metrics have to be "picked apart" to identify which of the elements measure the same or similar 
facets of exposure. 

The second step involves using biomonitoring datasets from the AHS to compare the exposure 
metrics of both methods. This step can further elucidate factors that contribute to the differences 
between the two exposure estimation methods. In general, evaluation based on biomonitoring 
data would be less complex for shorter-term than long-term exposures. Attempts to compare 
exposure predictions from the AHS and the PHED generated models will be most fruitful if a 
common measure is used to cormect the two. For example, a biologic monitoring validation 
study could be conducted to obtain by questionnaire PPE information and application activities 
(to feed into the AHS algorithm), pesticide application information (i.e., volume used and active 
ingredient) and other required variables for the PHED model. Exposures can be calculated using 
both methods and compared with the "gold standard" urinary metabolite values. The 
uncertainties associated with the biomonitoring data are likely to be large, and it is important that 
they are well-defined because this dataset is to be used as the link between the two exposure 
models. Measurement error, and/or bias can be assessed. When assessing the biological 
significance of the biological data it would be more helpful to think in terms of the coefficient of 
determination (R2

) that is interpreted as the proportion of variation explained, rather than the 
correlation coefficient (r) and its associated level of significance. Sensitivity analysis can be 
performed at each step. However, this will be more readily achieved for the AHS model than the 
PHED model. However, it would be worthwhile, because it would allow the identification of 
major discrepancies and align the focus for further investigations. 

In comparing the two sets of metrics, it is not necessary to classify each of the thousands of 
subjects. A proper random sample (not necessarily a simple random sample; stratified random or 
other variations might work) could be used to get at the general structure of the relationships, 
including individual correlations. Even when concern is focused on a small group with some 
specified outcome, a random sample should be adequate if it is supplemented by 100% sampling 
of the affected subgroup. It was recognized that classifying the subgroup at a later time might 
raise difficulties of consistency, but the savings in time and effort could be great. Truly random 
sampling of some kind will be critical to the use of any sampling approach. 

The proposed third step involves a larger comparison of the exposure metrics as applied to 
atrazine and alachlor users in the AHS database. Additional complexity can be anticipated in 
this step. Thus, the Panel is supportive for the Agency' s feasibility analysis before proceeding to 
this step. 

Overall, the Agency sets out to achieve two goals. One is the evaluation of exposure and risk for 
specific chemical(s). The other is to strengthen the Agency's current method to estimate the 
exposure using PHED data. It may be necessary for the Agency to establish the priority for these 
two goals should the task for achieving both become unattainable within the Agency's 
operational timeline. The Agency indicated that a plan is underway to update PHED. 
Accordingly, the latter goal of strengthening the Agency's exposure assessment approach may 
need to be modified or re-defined in the future. 
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Question 4.3: The Agency has a long-term goal to understand the extent to which fmdings from 
the AHS are generalizable to other populations, such as pesticide applicators in states other than 
North Carolina and Iowa or those who may be exposed to pesticides through other pathways and 
under different use conditions. Please provide suggestions for analyses which could be 
conducted to make best use of the results of AHS in a broader regulatory context. 

Panel Response 4-3 

Direction from EPA staff was provided to include a discussion on the generalizability for 
pesticide applicators and handlers from other states and post application workers. Further, a 
discussion of the generalizability of results for bystanders such as farm family members and 
children and the general population was requested. 

Although the states of Iowa and North Carolina were deliberately selected for the AHS to 
provide some diversity of pesticide use patterns across the United States, other agricultural 
environments may not be adequately represented in the exposures found in the AHS. Therefore, 
great caution needs to be exercised in generalizing the health risk findings of this study to other 
agricultural populations, or even more so to the population at large. 

That said, certain standard epidemiologic analyses can be performed to ascertain potential 
applicability of findings to other populations or population segments. These include analyses of 
the same pesticide between Iowa and North Carolina as well as comparison of findings across 
racial and ethnic groups when the data are available to make such comparisons. Analyses by 
gender, age group and by type of applicator (commercial, private) also may be informative and 
are likely to be conducted by the AHS investigators during their analyses. 

The range of human biologic responses to a chemical agent in affecting a specified demographic 
subgroup in State A is likely to be virtually identical to the range, at the same doses or exposures, 
in State B. Therefore, extrapolation from state to state must focus mainly on exposure. Further, 
state boundaries are, for this purpose, artificial and almost irrelevant to exposure, though they 
may be important for such things as data sources, local customs (e.g. , use ofPPE) and possible 
state or local regulations (e.g., aircraft spraying), types of workers (e.g. , education, supervision) 
but not types of work. 

Results should be generalizable to "pesticide applicators" in other states if populations 
(racial/ethnic composition) and socio-demographic factors are similar. Factors that may modify 
the relationship between exposure and outcome are important (e.g., genetic factors that influence 
susceptibility, carcinogen activation/metabolism and other factors that may act synergistically 
such as smoking and other behavioral characteristics). It was recommended that a clear 
understanding of these and other geographic factors (such as local weather conditions and 
pesticide use patterns) is needed and that generalization of results to other states, based on 
geopolitical boundaries only, may not be appropriate. 

The Panel considered exposure via other pathways and under different use conditions. Because 
of the broad nature of this question, which is beyond the applicator exposure scenarios, it would 
be clearer if the Agency presented a set of schemes and metrics for the exposure scenarios for 
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which the Agency is planning to apply the knowledge learned from the AHS. The AHS Intensity 
Level metric may have the flexibility to handle multiple exposure pathway and use conditions. It 
appears that if novel situations arise, it would be feasible to modify or add to the determinants of 
the Intensity Level calculation, but this is relevant primarily for occupational exposures. 

It may be difficult to generalize the occupational exposures and associated health risks to the 
environmental/residential setting where exposures may be primarily via drinking water, dust, or 
bystander exposures. It would certainly be necessary to invest in expensive biologic assessment 
programs to check on the reliability of exposure models modified to use with "bystander" 
populations. The sample sizes need not be too large providing that the samples are 
representative of the strata within the general population. 

Analyses to Make Use of the AHS Data in a Broader Regulatory Context 

Quite early in the document a clear, succinct statement should be made about how analysis for 
regulatory purposes differs from analysis for scientific purposes. This matter comes up 
repeatedly (especially in the addendum to Case Study B), but it is never explained in a way that 
is clear for a non-scientist. 

The Panel considered uncertainty associated with extrapolation of animal data to humans in 
comparison to the uncertainty associated with extrapolation from one human population to the 
next. National Toxicology Program (NTP) and International Agency for Research on Cancer 
(IARC) classifications do rely on human as well as animal data to determine categories of 
carcinogens, whereas EPA will on occasion use only animal data for quantitative risk 
assessment. EPA scientists indicated that the default, of using animal data only is not preferable 
to using human data. These comments prompted a discussion on the relative uncertainty of dose­
response assessment based on toxicologic vs. epidemiologic studies. It is important to 
distinguish between qualitative and quantitative aspects in discussing the utility of epidemiologic 
data for risk assessment. While epidemiologic data are frequently weighted in classification 
systems, such as those of International Agency for Research on Cancer (IARC) which are based 
principally on hazard identification, their contribution to risk characterization is determined by 
the extent to which they inform dose-response relationships. As a result, the extent to which 
epidemiologic studies contribute to risk characterization varies as a function of this aspect. 
Uncertainty associated with characterization of dose-response relationships in human 
populations will depend on the differences in exposures between the populations studied and 
other characteristics of those populations. 

One potential opportunity for analysis was described by Dr. Alavanja. HPEE, or high pesticide 
exposure events, have been reported by a number of applicators, and approximately 20% had 
symptoms (chronic neurologic, respiratory (wheeze) and detached retina), but less than 5% were 
reported to health care providers. It would be of interest to see how many of these events were 
captured in the incident databases described in question 3. 

Overall, to achieve the goal of generalization, it will be necessary to use interdisciplinary teams 
of experts and end users at both the planning and evaluation stages. Further, the success of the 
process will depend on the establishment of transparent frameworks for evaluating the quality of 
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all data (including animal toxicological, human incident, and epidemiologic data). Poor quality 
information can add to the noise, and reduce the ability to discern real effects and to make 
accurate predictions. 
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