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1. INTRODUCTION

The Nationa Human Exposure Assessment Survey (NHEXAS) was devel oped by the Office of
Research and Development (ORD) of the U.S. Environmental Protection Agency (EPA) early inthe
1990s to provide critical information about multipathway, multimedia population exposure distribution
to chemical classes. Thefirg phase conssted of three pilot studies with the objectives of (1) evauating
the feasibility of NHEXAS concepts, methods, and gpproaches for the conduct of future population-
based exposure studies; (2) evauating the utility of NHEXAS data for improved risk assessment and
management decisions, (3) testing the hypothesis that the distributions of exposure given by modeling
and extant data do not differ from the measurement-based distributions of exposure; (4) defining the
digtribution of multipathway human exposures for ardatively large geographic area; and (5) simulating
exposure research and forging strong working relationships between government and nongovernment
scientists. NHEXAS began before the enactment of the Government Performance and Results Act
(GPRA), which was written to ensure accountability in the use of resources. Thus, we add a“new”
objective in the form of a hypothess: NHEXAS approaches can be used to develop a“GPRA Report
Card” on the efficacy of EPA’s regulations to reduce exposure.

As described in the overview (Section 2), NHEXAS is a unique and complex study of
approximately 550 people in three areas of the United States. The data collection phase of NHEXAS
was completed recently, the initial data analyses will be published shortly (see October issue of the
Journd of Exposure Andyss and Environmental Epidemiology (JEAEE), Appendix 1), and the
principa investigators have additiona anayses under way (Appendix 1). During a September 1998
review, the Integrated Human Exposure Committee (IHEC) of EPA’s Science Advisory Board (SAB)
(U.S. EPA, 1999) praised the NHEXAS pilots and recommended severa actionsto ensure that as
much benefit as possible is derived from this very rich database. One such action wasto develop a
drategy for completing the analysis of the NHEXAS pilot data. To those ends, a workshop was
convened with the god of obtaining awide range of expert opinion on which research projects best
would ensure the utility of the NHEXAS data. Section 3 provides an overview of the workshop, and



as described therein, the workshop projects will be used as information in developing the ORD dtrategy
for andyss of the NHEXAS pilot data.

The workshop was successful in developing and suggesting arelative priority for research
projects that covered the range of potential data analyses, including those that will support future
exposure assessments, advance the science of exposure analysis, demondtrate lessons learned, and
become part of the development of multimedia, multipathway exposure models. The project
descriptions, categorized within the four research areas, are provided in Section 4.

Supplementary information is provided in the appendixes.

2. OVERVIEW OF NHEXAS

2.1 BACKGROUND ON EXPOSURE TO CHEMICAL POLLUTANTS

To assessthe risks posed by chemica pollutants in the environment, EPA must be able to
estimate the number of people exposed to these chemicas and the intengity of exposure. In the padt,
most studies have focused on exposure to one chemica at atime by one route of exposure. For
ingtance, a study might look a how much of aparticular chemicd isfound in outdoor ar. In many
cases, these studies have relied on very indirect measures to estimate exposure to the chemicas. An
example would be to sample emissions from a smokestack and then apply air trangport modelsto
predict exposure to resdents in the surrounding area.

Although such studies are important, looking a chemicals and sources in isolation does not reflect
actua patterns (distributions) of human exposure to chemicas in the environment. In redlity, people can
be exposed to chemicals from avariety of sourcesthat contaminate water, food, air, dust, and other
media. Exposure to asingle chemica may occur from contact with severa environmenta media (e.g.,
ar, water), via severa pathways (e.g., hand-to-mouth transfers, food), and through severd routes (i.e.,
inhdation, ord, dermd). Additional complexities arise when condgdering an individud’ s exposure to
multiple chemicals a any point in time or over extended periods. The fact that different people dso
gpend varying amounts of time indoors and outdoors or otherwise engage in activities that can have
important impacts on chemical exposure adds to this complexity. More accurate assessments of risks,
therefore, must take into account exposure to multiple chemicas from various routes and media
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By undergtanding tota or aggregate exposure, it also will be possible to identify those pathways and
routes respongble for the greatest exposure, thereby providing direction for decisions on the most
effective strategies to reduce risks.

2.2 THE PURPOSE OF NHEXAS

NHEXAS in itsfullest sense is a conceptua design, which, on implementation, will have long-
term implications to exposure research and assessment. The ultimate god is to document status and
trends of nationa distributions of human exposure to potentidly high-risk chemicasto improve the
accuracy of exposure (and risk) assessments and to evauate whether exposure (risk) is deteriorating or
improving over time with the gpplication of risk management steps. However, such an extengve
program requires much preparation, including making improvements in the state of exposure science.
The Phase | pilot projects, which are the topic of the workshop, are the beginning. Based on the
scientific advances from thisfirst phase of NHEXAS, two follow-up phases are envisoned. One
encompasses specid studiesto test particular hypotheses rdated to issues, such as characterization of a
pathway of concern for a pecific subpopulation or a chemica of concern at specific geographic scales
(community and regiond) or an uncertainty related to the effect of tempora variahility in an exposure
assessment model. The second is the design and implementation of a much broader nationd survey of
population-based exposures building on the foundation laid by the pilot-phase investigations.

Phase | of NHEXAS (heredfter referred to as just NHEXAS or pilot NHEXAS studies) is
perhaps the most ambitious study ever undertaken to evaluate total human exposure to multiple
chemicas on both community and regiond scales. 1t focuses on the exposure of people during their
daly livesto environmental pollutants. To accomplish this, hundreds of volunteer participants were
selected randomly from severd areas of the country to obtain a population-based probability sample.
NHEXAS scientists measured the levels of a suite of chemicals to which participants were exposed in
the air they breethe, in the foods and beverages they consume, in the water they drink, and in the soil
and dust around their homes. Measurements aso were made of chemicals or their metabolites in

biologicd samples (including blood and urine) provided by the participants. Findly, participants



completed questionnaires to help identify possible sources of exposure to chemicals and to characterize

mgor activity patterns and conditions of the home environment.

In addition to improving estimates of total exposure to chemicas, NHEXAS has the following
ams.

* |dentify subgroups of the generd population that are likely to be highly exposed (at least the 75th
percentile) to chemicasin their environment.

* Provide abasdine of the normal range of exposure to chemicalsin the genera population that can be
used to compare to the results of other investigations conducted at particular Sites of concern or
addressing specific routes.

» Compare the results of a one-week “sngpshot” of exposure to the results obtained from multiple
sampling cycles over ayear.

* Evaluate and improve the accuracy of models developed to predict or diagnose exposure of people
to chemicals.

* Test and evduate different techniques and design approaches for performing multimedia,
multipathway human exposure studies.

2.3 HISTORY AND PARTICIPATING ORGANIZATIONS

Currently, NHEXAS consigts of three interrelated projects, al of which were funded as
cooperative agreements and coordinated by EPA’ s Office of Research and Development:

(1) astudy of severd hundred Arizonaresidents by the University of Arizona, Battelle Memoria
Indtitute, and the Illinois Indtitute of Technology;

(2) adudy of severa hundred resdents from the states of 1llinois, Indiana, Michigan, Minnesota, Ohio,
and Wisconsin by the Research Triangle Indtitute and the Environmenta Occupationa Hedth
Sciences Indtitute, and, aso, a smdler scae study focused on children’s exposures to pesticides,
conducted with the participation of the Minnesota Department of Hedlth; and

(3) astudy of about 60 Maryland residents by Harvard University, Emory University, Johns Hopkins
University, Southwest Research Indtitute, and Wedtat.



Two other federal agencies, the Food and Drug Administration and the Centers for Disease
Control and Prevention (CDC), assisted EPA (under interagency agreements) with sample anaysis.
The Nationd Ingtitute for Standards and Technology (NIST) under an interagency agreement, provided
quality assurance (QA) support.

Within EPA’s ORD, scientists from the Nationa Exposure Research Laboratory (NERL),
Nationa Center for Environmental Assessment (NCEA), and the National Health and Environmenta
Effects Research Laboratory (NHEERL) participated. The first two organizations are engaged actively
in the conduct of the program by serving as project officers and principal collaborators in the research.

Sample collection began in mid-1995 and was completed for al of the projectsin late 1997, and
the planned andysis of the samples was completed in early 1998. Publications are beginning. Actud
databases are expected to become available to the public in 2001.

2.4 MAJOR DESIGN ELEMENTS

Table 1 summarizes the mgor design dements of NHEXAS. There were common fegtures
across the three consortia. All three consortia used the same basic set of questionnaires. Within
chemica classes selected by the consortia, each consortium andyzed for abasic set of chemicals
(primary andytes). However, by utilizing three consortia, aternative and innovative variaions on the
theme of multimedia measurements to estimate total human exposure were possible. For example, each
consortium was able to target some specific concerns or opportunities. Two of the consortia focused
on measuring potentia exposures of each participant once; one consortia studied fewer people but
repeated the measurements severd times over the year to enable estimates of temporal variability for
the exposures and activities of interest.

The participants were sdected through a probability sample to permit satistica inferences about
the larger population later. The only exception was a specia pand on children exposed to pesticides.
(This was based on oversampling households reporting more frequent applications of insecticides and
on acommercid lising of households with listed telephone numbers that were predicted to have age-
digible children.)



Chemicals to be andyzed by NHEXAS were chosen because they are known (or strongly
sugpected) to present mgjor environmenta health risks, had been found in two or more environmentd
media (air, water, soil, or food), and had been identified as being of importance to severd EPA
program or regiond offices or to other federd agencies. Chemicals were sdlected only if it wasfeasble

to collect and andyze them. The chemicdsfal into three categories:



TABLE 1. SUMMARY OF NHEXAS STUDIES

Consortium

University of Arizona/Battelle Memorial
Institute/lllinois Institute of Technology

Research Triangle I nstitute/Environmental and
Occupational Health Sciences Institute

Harvard/Emory/Johns Hopkins/
Southwest Research
I nstitute/Westat

Type of Study

Geographic
Region

Design
Approximate

Number of People
Analytes

Samples

Questionnaire

Exposure field study

Arizona

Representative sample of general population

179 (plus others in sampled househol ds)

Pb, As, Cd, Cr, Ni, Ba, Mn, Se, V, Cu, Zn;
benzene, chloroform, perchloroethylene,
trichloroethylene, methylchloroform, styrene,
toluene, xylene, p-dichlorobenzene,
formaldehyde, 1,3,-butadiene, methylene
chloride, carbon tetrachloride, plus 11 additional
volatile organic compounds (VOCs);
chlorpyrifos, diazinon, malathion, carbaryl

Air, water, food, and beverages; soil/dust and
surfaces; urine and blood

NHEXAS

Exposure field study

Dataanalysis and hypothesis testing (CAG-Pls
and ORD-PCs?); database integration (NERL and
NCEA)

Region V (lllinais, Ohio, Indiana, Michigan,
Minnesota, and Wisconsin)

Representative sample of general population

249 (plus 52 for pesticides) (no othersin sampled
househol ds)

Pb, As, Cd, Cr; benzene, chloroform,
perchloroethylene, trichloroethylene,
methylchloroform, styrene, toluene, xylene,
p-dichlorobenzene; chlorpyrifos, diazinon,
mal athion, atrazine, chlordane, dieldrin,
heptachlor, 4,4-DDE, -DDD, and -DDT;
B(@)P, anthracene, phenanthrene, pyrene,
B(a)A, acenaphthylene, fluoranthene,
B(g,h,i)perylene, indeno(1,2,3-c,d)pyrene

Children’ s Study (pesticides and PAHS)

Air, water, food, and beverages; soil/dust and
surfaces; urine and blood

NHEXAS

Special study: relation of short-
term datato longer term exposures

Baltimore and surrounding
counties

Representative sampleincludes
suburban, urban, and rural groups

53 people sampled six times over
1year

Pb, As, Cd, Cr; chlorpyrifos,
diazinon, malathion, atrazine (water
only), chlordane, dieldrin,
heptachlor, 4,4-DDE, -DDD, and
-DDT; B(8)P, anthracene,
phenanthracene, chrysene

Air, water, food, and beverages;
soil/dust and surfaces; dermal;
urine and blood

NHEXAS

3CAG-PIs = principal investigators of cooperative agreements; ORD-PCS = principal collaborators from ORD.



(2) volatile organic compounds (VOCs), such as trichloroethylene, benzene, and perchloroethylene; (2)
metals, such aslead, arsenic, and cadmium.; and (3) pesticides, such as the herbicide atrazine and the
insecticides chlorpyrifos, diazinon, and maathion. In some media, measurements of selected polycydlic

aromatic hydrocarbons (PAHs) were made.

2.5 SOURCES OF MORE INFORMATION

A specid issue of JEAEE (val. 5, no. 3, July-Sept., 1995) describes dl mgjor aspects of
NHEXAS in detail. At present, severa manuscripts have been submitted to JEAEE and will be
published in October 1999. Appendix 1 lists the papers in preparation and in press.

3. OVERVIEW OF THE WORKSHOP

On September 28 and 29,1998, EPA’s SAB IHEC reviewed the NHEXAS pilot studies and
provided an advisory to EPA. Their mgor findings are shown below.

« NHEXAS pilots are scientificdly “outstanding in both design and implementation....”

» The NHEXAS design “can help to identify serious human health risks, to decide what interventions
would be hdpful in reducing these risks, and to document the effectiveness of interventionsin actudly
reducing exposures.”

» The*NHEXAS pilot study is highly relevant to the Government Performance and Results Act
(GPRA) and SAB’s “integrated Environmental Decison-Making Framework,” which emphasize
performance eval uation as a key to effective environmenta health protection.”

» ORD should develop afeasbility study for a nationa-scale human exposure survey.

» ORD should publicize the sgnificance of NHEXAS framework and continue to build partnerships.

» ORD should provide additiona resourcesto strengthen analysis of NHEXAS pilot data or the
“expenditures incurred during the last five years would be of limited utility.”

« “The EPA should conduct a cost-benefit andysis of the various components of the study.”

« A database of the NHEXAS information (with appropriate QA) should be devel oped and made
widdy available.



* ORD should develop a gtrategy for the analyses of the NHEXAS data, and the SAB should review it.

ORD isinthe process of following-up on dl these recommendations. It was decided that a
workshop format would be used to begin the development of an analysis strategy. Appendix 2 shows
the workshop agenda. Input was sought from individuals with awide range of expertise so that
perspectives from practitioners of the science as well as users of the science would be represented;
from NHEXAS invedtigators and their peers; from measurement and modeing experts; and from
federal and non-federal experts (Appendix 4). The god was to define potentia analysis projects (with
priority rankings) as the centerpiece of aproceedings. Then this proceedings would become input into
ORD’ s development of a draft andyss strategy, with priorities. This draft will be made public at the
time of submission to the SAB (gpproximately November 1999, assuming that the SAB review will be
in December 1999; however, the date has not been set). After SAB review, ORD will revise the
drategy and use it as a guide to research planning. Research will be implemented, consstent with
resources available, by in-house tasks, contracts, or ass stance agreements (cooperative agreements
and grants), as gppropriate according to procurement regulations and laws.

Workshop participants were divided into four breakout groups (see Appendix 3) to enable
extengve interchange of ideas. Each group had a mixture of expertise to raise provocative idess. For
example, participants were from academia, independent research ingtitutes, EPA program offices, dl
ORD laboratories and centers, the Nationa Ingtitute of Environmental Health Sciences (NIEHS),
Centers for Disease Control and Prevention, the American Petroleum Ingtitute, and the departments of
hedlth of Minnesotaand New Y ork. The groups focused on the areas described bel ow.

» Assessment. Thiscovers andyses that would result in descriptive statistics for questionnaire and
measurement data, comparisons among the NHEXAS and other studies, tota exposure estimates,
cumulative exposure assessments, identification of relative contributions of pathways to exposure, etc.

» Exposure Analysis. This covers analyses that would study design hypotheses (plus those proposed
a thisworkshop), characterize tempord variability, identify factors that contribute to a high-end
exposure, characterize urban-rural differences, and describe relationships among various components
in the human exposure process (including sources, concentrations, exposures, human activities, and

dose).



» LessonsLearned. Thiscovers andysestha inform everyone about study dements that will be
generdly ussful in the future or that will require modification or deletion in follow-up research. This
includes descriptions of the achievement of data quality objectives and of response rates and survey
design effects; evauation of the ability of questionnaire environmenta and biologica data to predict
exposure and dose; a comparison of sampling and anayticd methods; the efficacy of communication
with gtates, locd public hedth departments, communities; etc.

» Exposure Modeling. This covers the gpplication of NHEXAS data to the development or
refinement of multimedia, multipathway exposure modds and the evauation of the rigbility of exising
modds. Thisincludes applicationsto other agency models such as the Totd Risk Integrated
Methodology (TRIM), Cumulative Exposure Mode (CEM), etc., and use in predicting exposures
from biomarker concentration and in predicting biomarker concentrations from exposure and
environmental concentration levels and in characterizing pathways, etc.

The workgroups were charged with identifying, writing, and prioritizing potentia analys's projects.
Before the workshop they received some background materia (Appendix 6), aswdl asaligt of the
SAB recommendations for analyses and key analyses questions to drive the discussion (see Sections
4.2.1 through 4.2.3, 4.3.1 through 4.3.3, 4.4.1 through 4.4.3, and 4.5.1 through 4.5.3). Within each
group, the participants discussed these and other related issues, developing a preliminary list of alarge
number of projects. Thislist was then prioritized, with the god of sdecting 10 to 15 high-priority
projects to be expanded according to a preestablished format. Project description formats were
developed that would be informative enough for strategic planning, without being so detailed asto
contain intellectual property or to provoke the need for recusals in later resource competitions.
Members of the workgroup were assigned to draft the project descriptions, which then were discussed
by the whole group. The group then created the prioritized lig, typicaly by applying multivoting
techniques. The preliminary lists and the ranked project descriptions are provided in Section 4.

The workgroups reported in plenary sesson on the last morning.  Limited discusson followed to
ensure the project descriptions covered al the NHEXAS objectives and mgor points.

The workgroup chairs and rgpporteurs and others on the organizing committee continued to work
to improve the clarity of the project descriptions, without changing their substance and to create the
proceedings, which are provided in Section 4. The handouts provided either a or prior to the
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workshop, as well as the overheads from the overview presentations on the first day, are provided in

Appendixes 5 and 6, respectively.

4. PROJECT DESCRIPTIONS
4.1 INTRODUCTION

Edited versions of the project descriptions developed at the workshop are presented according
to their workgroup. They al have the same format. The project name is preceded by a code that
consgts of an abbreviation of the group name (e.g., LL for lessons learned) and the priority assigned by
the workgroup. Pertinent information is provided (i.e., description, god, significance, approach). The
entry on data or input needs is valuable to identify pacing items; for example, adata or input need may
be a high-quality database or summary datistics, indicating what work would need to be done firg.
Also, the section on feasbility can be quite important. For example, some andyses will require a
certain level of data completeness. Most of these types of details were not available at the workshop,
meaking it necessary to identify them on the descriptions. The participants dso identified research
outputs and timelines, as well as an gpproximate leve of effort. Thisisimportant because the leve of
effort and timeline are mutudly dependent and can be interpreted as broad resource needs.

Each subsection to follow beginswith alist of the SAB recommendations, questions to the
participants, and discussion considerations that provided guidance to the workgroups. As mentioned,
al the groups began with brainstorming and then sorted out the highest priorities for development of
project descriptions. The modeling group had similar projects before and after this procedure. The
early braingorming lists for the other three groups are provided below. The last portion of each
subsection contains the project descriptions, in priority order. It must be emphasized that there are
minima differencesin priorities within groups. Basically, the priorities represent minor varigtions on a
class of high-priority projects with the exceptions noted in the Assessment Group. The criterion for
priority was very broad (value to science), and the participants (each with one vote) represented awide
aray of interests and perceptions. Therefore, the primary vaue of the prioritization is that it ensured
that only the highest priorities would emerge, rather than to compare the vaue of a project of rank 3

versusrank 6.
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As mentioned, each workgroup has a subsection. There was no time available (nor an attempt)
to prioritize among the groups because of the desire to focus effort on identifying analys's needs rather
than polishing suggestions. The reader will notice some actud and apparent overlaps across the
groups. Useful merging will be accomplished in the ensuing ORD drategy. The reader dso will see
that there are inputs (e.g., databases, questionnaire results) common to many projects.

4.2 ASSESSMENT GROUP

The assessment breakout group will focus on analyses that will result in descriptive statistics for
guestionnaire and measurement data, comparisons among the NHEXAS and other studies, aggregate
exposure esimates, cumulative risk estimates, and identification of relative contributions of pathways to

EXposure.

4.2.1 SAB Comments
In their review of the NHEXAS pilot projects, the SAB made severd comments regarding the
use of NHEXAS data in exposure assessment; these are presented below.

(1) Key dementsof the strategic plan for data andysis should include...critical evauation of the
potentid vaue of meta-andys's across the three subcomponents of NHEXAS, development of a
plan for any metaranalysis, and, findly, the identification of findings of consderable importance to
help EPA in some current risk management efforts (the early anadyss of the NHEXAS data
suggest that there may be findings of this nature) [3.2.2.3, items 6 and 7]*

(2) Once descriptive and summary statistics have been completed, concentration data should be
transformed into exposure data.... Further work needs to be done to integrate total exposures
from al media and to estimate long-term exposures from short-term measurements. [3.2.2.d]

(3) Inthe near term, prototypical anayses of exposure and assessments of intervention strategies
should be made for avariety of chemicas measured in the NHEXAS pilot program. [3.3.1.8]

INumbers in brackets are cross-references to section in the SAB report.
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(4)

Q)

The IHEC recommends the following to improve the quaity and utility of the databases from the

three pilot studies[3.3.1.b):

» the databases from Arizonaand Region V should be integrated in some fashion;

* the NHEXAS ressarchers should assess the implications of the Maryland study for the Arizona
and Region V dudies,

« the NHEXAS results should be integrated with information on criteria pollutants from fixed dte
monitoring gations; and

* the databases from NHEXAS and the Nationa Health and Nutrition Examination Survey
(NHANES) should be cross-referenced in afashion that fully takes advantage of the
complementarity of the data.

The EPA should use the NHEXAS data to assess source-to-dose trends for chemicals such as

lead, benzene, and PAHs. [3.5.1.¢]

4.2.2 Questions To Address

Asagarting point to identify, describe, and prioritize potentia projects, the breakout group

should congider the following questions and determine what additiond critical questions should be
added.

N

2

3

(4)

Q)
(6)

What exposure assessments should be done using combined data from two or more NHEXAS
studies or combining datafrom NHEXAS with data from other sudies? What comparisons of
results should be made between the NHEXAS studies and other studies, such asthe Total
Exposure Assessment Methodology (TEAM) Study and NHANES?

Wheat chemica-gpecific exposure assessments, identified by target chemicals and routes and
pathways of exposure, should be done? What multipathway assessments should be done?
What exposure assessments should be done for subpopulations represented in the NHEXAS
Study?

What multichemica cumulative risk assessments within chemica classes should be done?
What risk assessments should be done comparing risks across chemicas or chemical classes?
What exposure and cumulative risk assessments should be done to examine trendsin exposure

concentrations, estimated doses, body burden, and source contributions to dose?
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()

(8)

©)

What andyss of NHEXAS data should be done to provide distributions of exposure factors for
use in assessments?

What, if any, exposure assessments of intervention strategies should be done comparing NHEXAS
data with exigting preintervention data.

What exposure and risk assessments should be done to help prioritize EPA program activities?

4.2.3 Discussion Consider ations

@

)

3

(4)

Q)

(6)

()

(8)

What are the appropriate methods for combining NHEXAS data for different exposure pathways
and exposure routes? Consider methods such as exposure models, probabilistic assessment, and
physiologicaly based pharmacokinetic models.

How should the high end of digtributions such as an exposure concentration or an intake (above
about the 90th percentile) be treated, given that, at best, the samples are large enough to estimate
the 90th percentile? Can thislimitation be overcome by combining data sets?

Arethe datafor aparticular chemicd sufficient to support a given exposure or risk assessment? If
the data are not sufficient, what other data are available to fill data geps?

How should NHEXAS data across the consortia be treated in an exposure assessment of a
common target chemical, such aslead? Should data sets be combined or treated separately?
How does one conduct a multichemica assessment? How are the outcomes of the assessment put
on acommon basis so that they can be combined and compared?

How are biological data used in exposure and risk assessments?

How should tempora variability be treated in exposure and risk assessment? What isthe
appropriate exposure duration over which exposure can be assessed? How can NHEXAS data
be used to assess acute, subchronic, and chronic exposures, and what are its limitations?

How can uncertainty and variability in exposure and risk assessments be characterized using
NHEXAS data?
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4.2.4 Brainstorming List of Projects

The following is an unranked list of 29 assessment projects proposed by the Assessment Bresk-

Out Group on July 27, 1999. On July 28, the group combined thislist into 13 projects for

development; no areas were diminated from congderation. The numbers in parenthesis following the

titles are cross-references to the projectsin Section 4.2.5.

1.

10.

11.
12.

13.
14.

Investigate the use of food frequency data to complement such surveys as the U.S. Department of
Agriculture (USDA) food consumption surveys. (A10)

Compare exposure assessments from the duplicate diet study with assessments based on the
traditional diary/recall data and residue databases. (A10)

Develop population digtributions from NHEXAS data. Include distributions to the total population
and for selected subgroups. (A2)

Compare NHEXAS biomarker information to Smilar information from other sudies (eg.,
NHANES). (A2)

Look &t correlation between blood levels and air levels of contaminants from Arizona and Region
V gudies. (A5)

Use NHEXAS to assess risks, compare risks, and set priorities. Determine the contribution of
specific sources, pathways, and routes to risks (e.g., lead versus organophosphates). (A6a)
Comparison of questionnaire data to biologica data Use for factor andyss to determine the most
important determinants of exposure. (A5)

Use of questionnaire data to screen for highly exposed subgroups. (A11)

Usediary and time/activity data to assess the association between exposure and repested versus
infrequent activities. (A6b)

Where complete data for an individua exists, correate activities with exposure (look at space and
time). (A6b)

Does integrated persona inhaation exposure correlate with area compliance monitoring? (A9)
Determine the relationship between indoor and outdoor exposure. Develop a digtribution of retios
of indoor to outdoor. Compare ratiosto other studies. (A9)

Determine if there is a good tracer chemicd for tracking ambient to indoor exposure. (A11)
Determine highly exposad groups for specific and multiple chemicas. (A5)
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15.

16.
17.
18.

19.
20.

21.
22.
23.
24,

25.

26.

27.

28.
29.

Can exposure factors from NHEXAS questionnaires be generdized (e.g., incorporated into the
Exposure Factors Handbook)? Look at distributions and point estimates. (A2)

Identify behaviors associated with high exposures. (A5)

Corrdation analyss between activity/climate and weter intake. (A6b)

Compare Minnesota children to adults in Arizonaand Maryland. Are children more highly
exposed to metals and VOCs in Minnesota? (A8)

Corrdation of mercury in hair and fish consumption, air levels, etc. (A3)

Correation between biomarkers and environmental samples—identify important media, pathways,
etc. (A3)

Preemptive ligt of caveats, limitations, etc. Uncertainties. (A2)

Can NHEXAS data be used to develop behavior scripts (scenarios)? (A6b)

Comparison of methods among the three components of NHEXAS. (A11)

Compare a cumulative exposure (as measured by biologicad samples) to co-occurrence in media
(A1, A3, A63)

Tempora comparisons, geographic comparison, relationship to sources (indoor and outdoor).
(A4, Al12)

Appropriate averaging time—extrapolations usng Maryland study to build atempora modd and
extrapolation modd. (A4)

Tempord variability in tota exposure. (A4)

Tempora comparisons with attention to interventions implemented before NHEXAS. (A13)
Comparison of questionnaire results to past studies such as TEAM to seeif there are trendsin

activity (eg., what is causing increases in asthma?). (A13)

4.2.5 Project Descriptions

[Note: Projectsidentified with “a’ or “b” aretied for ranking (e.g., A6a and A6b), and the top five

projects are clearly of higher priority than the last three projects]
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Project Name:

A-1. Analysisof the Joint Distributions (Co-occurrence) of
Chemical Exposures

Short Project
Description:

Using data on individual chemical speciesin personal air, dust, dietary, and biological
samples (each analyzed separately), use multivariate statistical methods to determine whether
concentrations co-vary across subjects for different chemicals or not. If not, identify groups
of chemicals that vary together across the population and/or that cluster together in upper
percentiles of exposures (e.g., upper 10", upper 25", depending on availability of data), and
analyze the ability of questionnaire-based variables to predict whether a person fallsin the
upper tail of the joint distribution.

Goal/Objective:

(1) Where feasible, combine data on individual chemical species across the three NHEXAS
sites for personal air, dust, dietary, and biological samples.

(2) Test whether the distributions of individual chemical exposures correlate with one
another across the pooled popul ation.

(3) Using factor analysis and discrete multivariate methods (for measurements and strata,
respectively), identify groups of chemicalsthat vary jointly.

(4) Analyze whether there are questionnaire-based variables that can predict high-end, joint
multichemical exposures.

Significance of
Project:

A key question in assessing risks of environmental exposures iswhether distributions across
peoplein exposuresto chemicals A, B, C, ... areindependent of one another, or whether,
instead, the distributions are correlated? That is, are there individuals who fall in the upper
tails of more than one chemical exposure distribution, or, put another way, are there groups of
chemicals that tend to rise and fall together across the population? If so, thiswould have
important implications for risk assessments addressing cumulative exposures.

Suggested
Approach:

(1) Using pooled data (if possible) across NHEXAS studies, construct bivariate correlation
matrices for all chemicals analyzed. Construct separate tables for personal air, dust, diet,
blood, and urine data.

(2) Carry out factor analyses to identify groups of chemicals that vary together across the
popul ation.

(3) Dichotomize exposure distributions into $90" percentile or not. Analyze whether
assignments are correlated across chemicals.

(4) Characterize the chemical groupings, if any, and use regression analysis to identify
predictors of high joint exposures.

Data or Input
Needs:

Chemical-specific concentrations measured in personal air, dust, diet, blood, and urine
samples from the three NHEXAS pilots.

Feasibility
(of analyseswith
current

High feasibility. This analysis exploits the rich data on multiple chemical exposures provided
in the NHEXAS database. Each consortium will be developing summary statistics for its data,
which will be used in this project.

NHEXAS
databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0-6 () Initiate project: Assemble, combine, check datafrom three sites
Month 9 (2) Initial descriptive analyses including bivariate correlations
Month 18 (3) Complete multivariate analyses
Month 24 (4) Final outputs: Report and publish

17



Approximate % Time | Month Type of Expertise Needed
Leve of Effort: S

10-20 24 Principal investigator (exposure assessment/biostatistics)
100 24 Post-doc or doctoral student trained in exposure assessment and
biostatistics

* Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES: Many scientific issues must be dealt with (e.g., things may be correlated, but is there a causal
relationship?), and issues related to different sampling protocols may arise.

Project Name: A-2. Univariate Statisticsfor Usein Exposure and Risk Assessment

Short Project Develop univariate descriptive statistics (distributional information) for NHEXAS data that
Description: can be used broadly in exposure and risk assessment.

Goal/Objective: To provide risk assessors and other users with information for use in exposure and risk
assessment and in the design of human health effects studies and to compare NHEXAS
results to other existing relevant study results.

Significance of Exposure and risk assessors use estimates of various exposure concentrations and “exposure
Project: factors” in their calculations of exposure and risk. These are quite often point estimates or
distributions from very limited data sets. The data collected by NHEXAS can be used to
better define distributions of these concentrations and exposure factors (e.g., activities, time
spent in specific locations, dietary intake, product use). Thiswill reduce the uncertainty
associated with these assessments. Major users of thisinformation will be risk assessorsin
EPA, other federal agencies, industry, academia, and state and local governments, aswell as
epidemiologists and other health effects researchers who need to classify members of a
cohort based on exposure.

Suggested Work with EPA/NCEA to identify factors and point estimates that commonly are used in risk
Approach: assessment and for which data were collected in one or more of the NHEXAS pilots. Develop
summary statistics (including distributional information) for these data. These analyses
should include distributions for the total population and for selected subgroups where the
datawill allow. These should be suitable for inclusion in EPA guidance, such as the
Exposure Factors Handbook. These analyses should identify the appropriate caveats,
limitations, and uncertainties associated with the data and resulting statistics. The results
should also compare the statistics with similar information from other studies (e.g., NHANES,

TEAM).
Data or Input The activity and concentration data collected by all NHEXAS pilot studies.
Needs: Summary descriptive statistics.

Meta-data to understand caveats.
Other data sets (e.g., NHANES, TEAM, Exposure Factors Handbook).

Feasibility Thisishighly feasible with NHEXAS data. Each consortium will be developing summary

(of analyseswith | statisticsfor itsdata. It should be feasible to identify factors for inclusion in EPA guidance.
current
NHEXAS
databases):

Approximate Project Time Table and Level of Effort
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Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Scoping description and project plan
Month 12 (3) Provide statistics to EPA, including descriptions of the data and its
limitations for usein risk assessment
Month 24 (4) Revision of Exposure Factors Handbook
Approximate % Time | Month Type of Expertise Needed
Level of Effort: s
5 24 Principal investigator
10 24 Senior-level staff (“associate”)
100 24 Junior-level staff (“assistant”, technician), students
100 24 Senior statistician

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES: Significant ORD involvement will be needed on this project.

Project Name:

A-3. Aggregate Assessment

Short Project
Description:

This project will estimate aggregated exposures from all media and all pathways for asingle
chemical using environmental concentrations and biological testing results.

Goal/Objective:

(1) Identify theimportant media, pathway, and routes that contribute the most to total
exposure;

(2) Identify or develop methodologies (or models) to analyze the relationships between
biological testing results (i.e., blood and urine samples), environmental and personal
concentrations, and exposure/dose.

(3) Investigate correlation between exposure (dose) via single pathways and total exposure
(dose).

Significance of
Project:

(1) Addressthe important regulatory issues associated with single- and multimedia exposures
(e.g., air, water, and contaminated soil or food).

(2) Advance the exposure assessment methodology (multimedia and multipathways).

(3) Help EPA to prioritize resources to address the most important media or pathways and to
design intervention strategies to protect public health.

Suggested
Approach:

(1) Look at correlation between biomarkers (blood and urine concentrations) and
environmental concentrations (e.g., correlation between blood levels and air levels of
contaminants from Arizona and Region V studies—indoor, outdoor, personal (e.g.,
correlation of blood lead and concentrations in house dust and soil).

(2) ldentify or develop an aggregate model structure to assess the exposure for an individual
(multimedia, multipathways). The Department of Energy has developed several multimedia
exposure models for its dose reconstruction projects. It is suggested that those models be
reviewed for this project’s use.

(3) ldentify exposure factors from questionnaires (e.g., intake rates).

(4) Calibrate modelsusing NHEXAS data; therefore, the models can be used in the future.

(5) Evaluate uncertainties and limitations associated with methodologies, data, and models.
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Dataor Input (1) Environmental concentration datain all media.
Needs: (2) Total biological testing data.
(3) Exposure pathways and routes associated with each media.
(4) Coefficients (e.g., uptake rates, absorption rates).
Feasibility (1) Adequate environmental concentration data.

(of analyseswith
current NHEXAS

(2) Biological testing results.
(3) Knowledge about correlation between media concentrations and biological results.

databases): Therefore, this project can only be done for the chemical that has the above information.
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project: Identify NHEXAS target chemical to be studied,
conduct literature search, assemble data, and design study
Month 18 (2) Develop and calibrate probabilistic aggregate exposure model; develop
regression models to assess correlations between biological and
environmental measurements
Month 12 (3) Final outputs: Exposure assessment, including uncertainty analysis
and contributions of various pathways to total exposure
Approximate % Month Type of Expertise Needed
Level of Effort: Time s
60 30 Principal investigator
80 30(2) | Senior-level staff (“associate”)
100 30(2) | Junior-level staff (“assistant”, technician), students
Other (describe):

“ Duration = approximate time (in months) needed, from start of project, to compl ete each step.

Project Name:

A-4. Temporal Variability in Exposure Concentrations and Aggregate
Exposure Using NHEXAS Data

Short Project
Description:

Analysis of NHEXAS databases to determine the temporal components of variability in
various measures of exposure. The analysiswill include both single-medium, single-pollutant
class analyses, as well as total or aggregate exposure estimates over all media.

Goal/Objective:

To determine optimum strategies and designs for future NHEXAS national investigations.
Questions to be addressed include when is it possible to estimate exposure from a single set
of cross-sectional measurements, and what is the optimum number of such measurements that
must be made for each pollutant medium class and for total exposure? Of interest is an
understanding of the temporal span of the toxicological effect (i.e., what is the exposure
duration of interest and does variability occur over such time spans?).
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Significance of
Project:

A future national investigation of exposures must be designed to assess exposures to
members of the population that are accurate and reflect patterns and variability present in true
exposures. Improved understanding of temporal variability across days, weeks, and seasons
is necessary to ensure good estimates. This project has important implications for risk
assessment because it will help account for uncertainty because of statistical “compression”
of chronic exposure distributions compared to single-measure exposure distributions because
of intraindividual correlations of exposure over time. It also hasimplications for epidemiology
because it will help reduce uncertainty because of misclassification resulting from bias
introduced by failing to account for temporal variability in exposure indicators.

Suggested
Approach:

(1) Descriptive analysis of exposure concentration distributions by time period.

(2) Use statistical techniques to assess population variability and test whether the
popul ation means vary over the duration of the studies.

(3) Assessintraindividual temporal variability.

(4) Evaluate aggregate exposure by summing potential or absorbed doses, as appropriate
(with appropriate weighting for time, etc.), over individual pathways.

(5) Evaluate temporal variability in total exposure.

(6) Assessment of intraindividual variability versus temporal variability in total exposure.

(7) Assess statistical strategies for determining optimum sample number for temporal
variability.

(8) Implement chosen strategy to determine optimum number of exposure measures to
determine exposures of fixed length.

Data or |nput
Needs:

Repeated measurement exposure data for all studies, particularly the NHEXAS-Maryland
investigation, identified with specific individual identifiers and temporal spacing. Certain
questionnaire data to identify changes in exposure patterns attributabl e to other-than-usual
exposure variability (e.g., achangein job status or introduction of a new source into the
home).

Feasibility

(of analyseswith
current
NHEXAS
databases):

Dataexist inthe NHEXAS-Maryland study and, to alimited degree, in the other studies, that
would allow thisto be completed. Repeated measurement data are available for most mediain
the Region V study. Sample sizes of 2 to 6 repeated measurements are available.
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Project Name: A-4 (cont’d). Temporal Variability in Exposure Concentrations and
Aggregate Exposure Using NHEXAS Data

Approximate Project Time Table and Level of Effort

Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 3 (2) Prepare databases for analysis of temporal variability
Month 12 (3) Perform univariate temporal analyses of selected pollutant-class/-
medium combinations
Month 15 (4) Construct aggregate exposure estimates
Month 18 (5) Evaluate temporal variability in exposure estimates for target
chemicals
Month 18 (6) Construct optimum sampling strategy for target chemicals
Month 21 Final outputs:
24 Intermediate manuscripts on univariate temporal variability
M anuscripts on aggregate exposure variability and optimum sampling
strategy
Approximate % Time | Month Type of Expertise Needed
Level of Effort: S
10 24 Principal investigator
100 24 Senior-level staff (“associate”)
100 24 Junior-level staff (“assistant”, technician), students
Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES: Information on seasonal trendsin environmental concentrations (indoor, outdoor) might help to explain
temporal variability.
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Project Name:

A-5. Identifying Predictors of Exposure

Short Project
Description:

Toidentify primary predictors of exposure, using questionnaires and biological or
environmental measures for use in epidemiol ogy studies and other studies where individual s’
exposure levels are sorted into categories such as high, medium, and low.

Goal/Objective:

Classification of individuals (and populations) into exposure categories for usein
epidemiologic studies and risk assessment. Two products: (1)identify primary predictors of
exposure for epidemiologic exposure assessment and (2) identify potentially highly exposed
populations for future health effect studies or risk management.

Significance of
Project:

Epidemiologists, risk assessors, and risk managers need the ability to classify people into
exposure categories. EPA, ATSDR, CDC, NIEHS, and the National Institutes of Health all
could use thisinformation.

Suggested
Approach:

Using the available NHEXAS data, including questionnaire, biological marker, and
environmental data, prioritize chemicals based on the population prevalence or toxicological
importance. For the chemicals (or chemical class), construct regression models to identify the
predictors of exposure. These analyses should identify which questions predict measured
exposure, both biological and environmental. Factor analysis or principal components
analysis should be used to identify the most important questions that predict chemical
exposure. NHEXAS data should be analyzed to determine how well the environmental data
predict exposure and how well questionnaire and environmental measures predict exposure.
Predictive models should be developed that can be used in subsequent studies. Key issues
would be accurate separation of the population into low, medium, and high categories and
development of modelsto identify highly exposed individuals. Ultimately, efforts should be
made to attempt, on an overall basis, to identify which questions identify individuals who are
highly exposed to many chemicals and those that are specific for one chemical or one
chemical class. Risk managers and study designerswill be able to use the results of this
analysis to identify sample collection strategies by incorporating predictive ability of the data
from each source (questionnaire, biological, and environmental) and the cost to collect and
analyze data collected via these methods.

Data or Input
Needs:

NHEXAS datafrom all study sites (or each individually): questionnaires, biological samples,
and environmental and personal exposure samples. No additional data needed unless
external validation of questionnaire responsesis done.

Feasibility
(of analyses with
current NHEXAS

All data are currently available. Much of the questionnaire datais nominal or ordinal and
may not be well suited for the usual regression approaches.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 () Initiate project: Assemble data and priorities
Month 24 (2) Preliminary analyses by chemical/chemical category
Month 36 (3) Final outputs: Identification of potentially highly exposed
individuals and tools to identify them
Approximate % Time | Month Type of Expertise Needed
Level of Effort: S
20 36 Principal investigator
50 36 Senior-level staff (“associate”)
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100

36

Junior-level staff (“assistant”, technician), students (2 to 4)
(programmers, epidemiologists, environmental scientists, statisticians)

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

A-6a. Comparisonsof Pollutants and Pathways Driving Cumulative Risks

Short Project
Description:

Assess cumul ative risks of various health effects associated with aggregate exposures
measured in NHEXAS projects to compare the relative significance of various pollutants and
pathways.

Goal/Objective:

To prioritize pollutants and pathways as to their contribution to cumulative risk of various
health effects to focus pollution control and other public health activities on higher risk
contributors.

Significance of
Project:

The results of this project will assist public health agencies (national, state, and local) in
effectively and efficiently targeting resources to control pollutants and pathways of higher
risk. Thisproject, in conjunction with A1 and A3, will begin laying the foundation for EPA
effortsin cumulative (multistressor) risk assessment.

Suggested
Approach:

(1) Perform cumulative risk assessment of chemical exposures for individual study
participants measured in NHEXAS projects (Use existing EPA guidance and scientific
understanding for assessment of mixtures of stressors).

(2) Characterizerelative contributions to cumulative risk of individual pathways and
pollutants per participant and describe distributions across study populations. Report
relative contribution of individual pathways and pollutants for representative low-end,
average, and high-end NHEXAS subjects.

(3) Develop relative ranking of pathways and pollutants in terms of contribution to
cumulative risk; identify key driving pathways and pollutants.

(4) Compare across studies.

Dataor Input
Needs:

Exposure measurements from NHEXAS studies.
Popul ation descriptions (e.g., body weights, ages, food intakes, etc.) from NHEXAS studies.
Toxicity data.

Feasibility
(of analyseswith
current NHEXAS

Limitations include number of pollutants for which quantitative dose-response values are
available. Initially, the project probably would consider those chemicals with common health
endpoints or modes of action. Also assumptions on nondetects will have to be made (e.g.,

databases): evaluate using nondetects set to zero versus set to one-half the detection limit (DL) versus
omitting large nondetect chemicals from analysis). Cumulative risks would be assessed for
variety of health endpoints.
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 24 (2) Final outputs:
* Multipathway, multichemical assessments with estimates of
total risk
« Comparison of multichemical risk via single pathways, with total
risk for selected NHEXAS compounds
» Comparison of risk via single chemical with total risk from
selected NHEXAS compounds
Approximate % Time Month Type of Expertise Needed
Level of Effort: S
10 24 Principal investigator
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25 24 Senior-level staff (“associate”)

100 24 Junior-level staff (“assistant”, technician), students

Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

A-6b. Useof NHEXAS Data To Test Assumptions about Activity Pattern
Factorsand Other Exposure Factorsin EPA Risk Assessments

Short Project
Description:

This project encompasses a series of individual projects that will examine the use of activity
pattern factors and other exposure factors in EPA risk assessments as they are done in the
Air, Water, Hazardous Waste, Pesticides, and Toxics Programs. Examples of tasks under this
project areawere raised at the workshop and include the following: (1) examine NHEXAS
time/activity diaries and follow-up questionnaire data to determine the repetitiveness
(frequency) of behavior over a 6- or 7-day period and compare to existing time/activity
databases used to evaluate factors in EPA assessments, (2) examine the relationship between
climate, season, level of exertion, and drinking water intake, (3) prepare exposure scenarios,
evaluate scenarios with NHEXAS data, and compare those results to results obtained using
current exposure assessment methods, scenarios, and assumptions as they are used in EPA
programs, and (4) use NHEXAS datato design scripted sampling protocols for subsequent
model testing or trend monitoring.

Goal/Objective:

Current regulatory exposure modelsin the Air, Water, Hazardous Waste, Pesticides and
Toxics Programs often use default values that are based on limited and perhaps
unrepresentative data. Often, assumptions are used to fill data gaps. NHEXAS datawill be
used to test assumptions and scenarios used in current assessment procedures, to improve
the current EPA methodologies, and to identify factors where further study is needed.

Significance of
Project:

Theresults of this project areawill be useful to any program office that does assessments
that rely on factors on which data were collected in the NHEXAS study. Theseinclude all
EPA programs—Air, Water, Hazardous Waste, Pesticides, and Toxics.

Suggested
Approach:

These are examples provided by members of the Assessment Breakout Group: compare 6-day
sequences of individual time/activity patternsto 6-day sequences of daily patterns
stochastically chosen from multiple individuals to determine impacts and frequency of
repeated activities. Assess relationships of individual time/activity patternsto food and
water ingestion across subject classes (e.g., age, gender, race) and local climate conditions.
Compileindividual time/activity and exposure data for subjects with complete data sets as
input for exposure model testing and validation. Compile behavioral scenarios characteristic
of more highly exposed subjects for use in developing scripted sampling protocolsin
subsequent exposure model testing and analysis.

Dataor Input
Needs:

Individual time/activity data and exposure measurements from NHEXAS and other
appropriate comparative databases (e.g., time/activity, local meteorological data.)

Feasibility
(of analyseswith
current

Feasible. NHEXAS data set contains data on activity patterns, exposure factors, varying
climates, and the like that can be used to test and refine current EPA assessment methods.

NHEXAS
databases):

Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
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Y ear 2001 | (2) Initiate project: Identify issue to be studied, conduct literature
search, assemble data, and design study

Y ear (2) Conduct analysis

Years 2003 (3) Final outputs: Journal article comparing frequency and duration of
various activities over 1-day and 7-day periodsin NHEXAS with
data collected in other activity pattern surveys

18 mo
Approximate % Time | Month Type of Expertise Needed
Level of Effort: S
25 18 Principal investigator
25 12 Senior-level staff (“associate”)
50 18 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

A-8. Comparison of Children’sand Adults Exposuresto Pesticidesand
Other Chemicalsin the Region V, Arizona, and Maryland Studies

Short Project
Description:

Compare children’s and adults’ exposures to pesticides, VOCs, metals, and PAHSs, using
biomarker and environmental data collected in the Minnesota Children’s Pesticide Exposure
Study, Region 5 study, and Arizona and Maryland studies. Datafrom the children’s studies
in Arizona and Washington also may be compared as they become available.

Goal/Objective:

To determineif children’s exposures differ or do not differ from adults for pesticides and
other NHEXAS chemicals.

Significance of
Project:

Children have been identified as a potentially vulnerable subpopulation for exposure to
pesticides and other chemicals (e.g., lead). NHEXAS data may be used to better understand
differences between adults and children’s exposures and, ultimately, to determineif federal
and state regulatory policies adequately protect children.

Suggested
Approach:

(1) Determine what data may be compared (see limitations below).

(2) Develop aset of consistent procedures for analyzing the data across studies to take into
account between-study differences (e.g., methods for handling values below the
detection limit, methods for handling nonnormal distributions, methods for data sets with
alarge number of values below the detection limit).

(3) Compare children’s and adults’ exposures (where appropriate). Focus on biomarker data
(urine and blood) and then expand to diet, personal air, and other measurements.

(4) Assess health risksfor children and adults using appropriate toxicity values (e.g., RfDs,
RfCs, cancer potency slopes). Compare health risks for adults and children.

Data or Input
Needs:

Data may be used from the Minnesota Children’ s Pesticide Study, the Region V study, and
the Arizonaand Maryland studies. Datafrom the children’s studies that are being
conducted in Arizona and Washington also may be included (as the data become available).
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Feasibility
(of analyseswith
current NHEXAS

Data between these studies may not be comparable because of differences in types of
measurements (chemicals and media), detection limits, methods or strategies of collection,
methods of analysis, and spatial and temporal factors. Consistent procedures for data

databases): analysis must be developed for comparisonsto be valid. Data are available on children for
metals and VOCs as well as pesticides. Also need to consider the effects of regional
differences on differences between children and adultsin different regions. Child subjectsin
the Region V and Arizona studies possibly might be used to address this, but there may be a
limitation based on the number of children in those two studies (about 15%).
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 24 (2) Final outputs: Assessment comparing total exposure (dose) for
children in the Minnesota study to total exposure (dose) for adults
in Region V or other appropriate studies
Approximate % Months Type of Expertise Needed
Level of Effort: Time
25 24 Principal investigator
50 24 Senior-level staff (“associate”)
100 24 Junior-level staff (“assistant”, technician), students
Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

A-9. Indoor, Outdoor, and Personal Air Relationships

Short Project
Description:

This project will evaluate the relationships between indoor and outdoor air concentrations
and personal air exposure measurements. Results of these evaluations will provide
information to be used in modeling human inhalation exposures to indoor and outdoor
sources for usein air pollutant risk assessments (single- or multipollutant). These
assessment results will inform public health agencies in evaluating the need to reduce
emissions, aswell asin prioritizing air pollutants, with regard to relative risks posed by
various air pollutants and indoor/outdoor exposures, for the various agencies and offices
involved in communicating potential risks and protecting public health.

Goal/Objective:

(1) Evaluate indoor/outdoor air concentration relationships (categorized as appropriate
[e.q., urban versus nonurban, seasonal, regional, climatic]) for use in inhalation
exposure modeling.

(2) Characterize relationship between outdoor air concentrations and indoor air
concentrations and personal inhalation exposures and identify key variables affecting
these relationships.

Significance of
Project:

Assessments of human health risk from indoor and outdoor air pollutantsrely heavily on
inhal ation exposure modeling. Information on the outdoor contributions to indoor air
levels are sorely lacking; consequently, assumptions are made (e.g., extrapolation from
fixed monitors and air quality modelsto indoor air concentrations). Additionally,
characterization of indoor air pollutant exposures are needed for comprehensive inhalation
route risk assessments. Thisinformation also is needed to eval uate the uncertainty in
exposures in epidemiology studies implicating PM as a cause of adverse effects.
Information on the relationship between indoor, outdoor, and personal air concentrations
will be used to test assumptions about exposure levels based on fixed monitors.

Suggested
Approach:

(1) Perform pollutant-by-pollutant and multichemical pairwise analysis of outdoor and
indoor concentrations, outdoor concentrations and personal exposures, and indoor
concentrations and personal exposures.

(a) subdivide analyses via spatial/source considerations (e.g., urban/rural,
smoker/nonsmoker) that are key drivers of pairwise relationships.

(2) Develop pollutant-by-pollutant distributions of indoor/outdoor concentration ratios,
(a) subdivide distributions based on spatial/source considerations (e.g., urban/rural,
smoker/nonsmoker).

(3) ldentify fixed monitorsin study sites and evaluate correlations of study measurements
(outdoor, indoor air, and personal exposure) to fixed monitor measurements in each
study area.

(a) identify variables that may play arolein variation in these relationships (e.g.,
urban/rural, etc.).

Dataor |nput
Needs:

NHEXAS: Indoor air measurements
Outdoor air measurements
Personal exposure measurements
Some activity datato help understand personal exposure data (e.g., time
outdoors, time indoors, time near particular sources)
Sample dates, geographic locations, sampling protocols
Other: Fixed air monitor sites and data in study site

Feasibility
(of analyseswith
current NHEXAS
databases):

Good, assuming the availability of sets of measurements with sufficient percentage of
samples above the detection limit where the same particle size fraction was collected.
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Project Name: A-9 (cont’d). Indoor, Outdoor, and Personal Air Relationships

Approximate Project Time Table and Level of Effort

Time Table: Duration® Resear ch Outputs
Month 0 (1) Initiate project
Month (2) Relationships (e.g., pairwise analyses)
Month (3) ldentification of fixed monitors, categorization of datavia

important variables (e.g., smoker/nonsmoker, urban/rural, etc.)

Month (4) Final outputs: Pollutant-by-pollutant indoor:outdoor ratios
Month (5) Final comprehensive report/papers
Approximate L evel % Time | Months Type of Expertise Needed
of Effort:
10 18 Principal investigator
10 18 Senior-level staff (“associate”)
200 18 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

A-10. Comparison of Traditional Indirect Method of Estimating Dietary
Exposuresto NHEXAS Duplicate Diet Data

Short Project
Description:

Comparison of exposure datafrom NHEXAS duplicate diet measurements with exposure
estimates indirectly derived based on combining food intake rates and data on
concentrations of NHEXAS chemicalsin food from studies such as the Total Diet Study
(TDS). Also compare food intake rates from NHEXAS questionnaire surveys with those
from USDA and NHANES food intake surveys of comparable years, geographical regions,
and population subgroups

Goal/Objective:

Compare dietary exposure estimates from the dietary exposure model (i.e., concentration in
food x reported food consumption rates) with direct measures of dietary exposure obtained
from NHEXAS duplicate diet sampling.

Significance of
Project:

Dietary exposure based on the indirect method of combining food intake with residue data
has been the cornerstone of many pesticide regulations. In addition, estimates of human
exposure to metals and other chemicals through food consumption have been based on
thisindirect approach. Although this model approach to dietary exposure assessment is
widely used, validation of such estimates with real monitoring data have not been done.
NHEXAS data provided an opportunity for such validation to enhance the scientific bases
for decision making. Such validation would help to direct future effortsin dietary exposure
assessment.

Suggested
Approach:

(1) Codefood intake datafrom NHEXAS food diary or food checklist into formats that are
consistent with USDA food codes.

(2) Compare NHEXAS food intake rates with those from USDA and NHANES for
comparable time frames, regions, and population subgroups, including eval uation of
weighting for nonresponse, single-day intakes versus averaging intake over several
days (where data allow such evaluation).

(3) Estimate exposure based on consumption data and residue datafrom FDA TDS, USDA
Pesticide Data Program (PDP) data, NHEXAS Maryland minimarket basket survey, and
other existing residue data.

(4) Estimate exposure using NHEXAS food diary or checklist data and existing
concentration data from other sources and compare results with results obtained with
indirect method across population subgroups.

(5) Estimate exposure using NHEXAS duplicate diet measurements and compare these
results with results obtained from indirect method across population subgroups.

Dataor Input
Needs:

NHEXAS food diary and checklist data and duplicate diet data from each study. USDA
and NHANES food intake data and codes. USDA and Food and Drug Administration
(FDA) food contaminant data. Thefood diaries have not been coded and it may not be
possible to code to all the USDA codes. The food checklist islimited to 100 to 200 food
items. The big discrepancy between number of items that could make cross-coding
difficult.

Feasibility
(of analyseswith
current NHEXAS
databases):

The duplicate diet studies and diet questionnaires were administered to a sufficiently large
number of individualsin the Region V and Arizona studies to support these analysis. In
addition, the Maryland data obtained food intake longitudinally to allow an in-depth
comparison of short- and long-term average intake.
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Project Name:

A-10 (cont’d). Comparison of Traditional Indirect Method of Estimating
Dietary Exposuresto NHEXAS Duplicate Diet Data

Approximate Project Time Tableand Level of Effort

TimeTable:

Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Harmonizing food codes between NHEXAS, USDA, and
NHANES
Month 9 (3) Compare food intake rates between the various surveys
Month 12 (4) Estimate exposure based on intake rates and residue data
Month 18 (5) Compare exposure from NHEXAS duplicate diet studies with

those obtained from indirect method

Month 24 (6) Final outputs:

Report consistency or inconsistency between the two
approaches and identify approaches (if any) to improve the
indirect method of estimating dietary exposure

Approximate Level
of Effort:

% Time | Months Type of Expertise Needed
15 24 Principal investigator
35 24 Senior-level staff (“associate”)
50 24 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

A-11. Improved Methodsfor Collecting Data for Exposur e Assessments

Short Project
Description:

Compare or link methodol ogies and results between and within the NHEXAS studies to

determine potential improvements in techniques or procedures currently used in human

exposure studies.

Topicsinclude (but are not limited to):

(1) establish potential for NHEXAS chemicals to be used as tracers to indicate the
contribution of ambient air to indoor air concentrations,

(2) evaluate questionnaire implementation procedures,

(3) evaluate environmental and biological sampling, and

(4) evaluate food frequency survey methodology and compare to national food consumption

methodology.

Goal/Objective:

To improve current techniques or procedures used to measure human exposure and the
factors that contribute to exposure.

Significance of
Project:

Critical to designing future studies using more cost effective methods.

Suggested
Approach:

(1) For chemicalswith only outdoor sources, determine (model) how indoor concentrations
relate to outdoor sources. Establish potential for these chemicalsto be used as tracersto
determine the contribution of ambient air to indoor air concentrations.

(2) Compare across and within the NHEXAS studies, the study design, incentives,
procedures used to implement the questionnaire, and the like. Evaluate differences and
similaritiesin response rate and reliability of responsesin relation to procedural
differences. Evaluations should consider regional, socio-economic, education and other
demographic issues as appropriate.

(3) For contaminants or biological factors tested in more than one study, compare any
differences in methodology or implementation techniques and evaluate how these
differences may have positively or negatively impacted results.

(4) Investigate the use of the food frequency data from the NHEXAS study as a bridge with
the USDA food intake data and data from future surveys to improve the information
available for estimations of food intake.

(5) Inthe Maryland study, evaluate whether participantsimproved in filling out
questionnaires through repetition or deteriorated as a result of fatigue.

Data or Input
Needs:

(1) Basic distribution statistics of NHEXAS data.
(2) Full procedural descriptions of each study.

(3) Metadatafor NHEXAS (sampling and analytical protocols, study designs, etc.).

Feasibility

(of analyseswith
current
NHEXAS
databases):

High

Approximate Project Time Table and Level of Effort

TimeTable:

Duration” Resear ch Outputs

Month 0 (1) Initiate project: Identify issue to be studied, conduct literature
search, assemble data, and design study

Month 6 (2) Conduct analysis

Month 12 (3) Final outputs: Journal article (e.g., an article discussing the utility of
various NHEXAS analysis to serve as tracers to quantify the
infiltration of outdoor air to the indoor environment)
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Approximate
Leve of Effort:

% Time | Month Type of Expertise Needed
s
25 12 Principal investigator
Senior-level staff (“associate”)
100 12 Junior-level staff (“assistant”, technician), students
Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

A-12. Spatial Variability

Short Project
Description:

NHEXAS datawill be used to investigate spatial variability in concentrations, doses, and
activity patterns. Possible areas of investigation include different states and counties, rural
versus urban areas, locations near sources, and different climates and elevations.

Goal/Objective:

The goals of thisresearch are to identify spatial and geographic factors contributing to high
exposures for consideration in exposure assessment, to determine representativeness of
local/regional datafor use in assessments of other regions, and to identify geographically
defined point and area sources.

Significance of
Project:

These analyses will help assessors understand the geographic variability of pollutant
concentrations and exposures and the impacts of such things as population density, climate,
elevation, and local cultural factors. It also will examine the impact of identifiable,
geographically located sources on exposure levels. Information on spatial variability also will
contribute to more efficient design of future studies.

Suggested
Approach:

(1) Thefollowing isan approach for comparing different geographical areas: select variables
for comparison (e.g., a particular chemical/media combination), consider differencesin
sampling methodology that could account for differences between NHEXAS studies,
account for confounding factors, and make statistical comparisons of distribution
parameters.

(2) Thefollowing isan approach for analysis of sources: identify potential sources of
NHEXAS chemicals based on other data, such as datain the literature and the EPA Toxic
Release Inventory Data; and perform analysis of correlation of exposure concentrations
and locations of sources using geostatistical methods.

Data or Input
Needs:

(1) Sufficient number of peoplein each geographic group to make meaningful comparison.
Data set needs to have sufficient percentage of detectable levels of NHEXAS target
chemicals. Sampling protocols and equipment for each location need to be similar
enough so that differences are not attributable to the methods used.

(2) Independent database to provide latitude and longitude and perhaps some estimate of
emissions for target sources. Latitude-longitude and concentration/exposure data for
NHEXAS participants.

Feasibility

(of analyseswith
current
NHEXAS
databases):

(1) Thisstudy could be done for afew categories (e.g., state-by-state) in Region V. There
may be a problem comparing environmental samples between studies because of different
sampling methodologies. Parameters selected for comparison need to have similar
sampling protocols (e.g., blood, urine, drinking water, etc.).

(2) Dataon latitude and longitude of sourcesis critical asis data on latitude and longitude of
participants (may be available only for Arizona). There also would need to be some
method to protect the confidentially of respondents that could be compromised by
revealing the latitude-longitude of their residences.

Approximate Project Time Table and Level of Effort
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Time Table: Duration” Resear ch Outputs

Month 0 (1) Initiate project: Identify issue to be studied, conduct literature
search, assemble data, and design study.

Month (2) Conduct analysis

Month 24 (3) Final outputs: Comparison of measurements, activity pattern
duration/frequency, or total exposuresin different geographical areas.
Description of similarities and differences between sampling and
analytical methods of NHEXAS consortia and potential impact on
comparisons of results.

Approximate % Month Type of Expertise Needed
Level of Effort: Time S

10 24 Principal Investigator

25 24 Senior-level staff (“associate”)

50 24 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name: A-13. Analysisof NHEXAS Questionnaire and Activity Diary Data to
Identify Temporal Trendsin Behavior and Exposure Patterns

Short Project Comparison of NHEXAS activity pattern data to past studies such as TEAM, NHANES,

Description: and the National Human Activity Pattern Survey (NHAPS) to identify any temporal trends
in activity patterns that may be important predictors of changes in exposure patterns over
time.

Goal/Objective: To identify changesin behavior over time that can explain changes in exposure patterns.

Significance of Identifying temporal trends in behaviors that have an impact on exposure can lend insight

Project: into the success of intervention strategies (such as increasing public awareness of

environmental hazards). The SAB/IHEC recommended such evaluations. In addition,
studying temporal trends in behavior and exposure can inform the selection of future
intervention strategies and help to evaluate their performance and ultimate results.

Suggested (1) Usequestionnaire and diary datafrom all studies to develop activity specific

Approach: distributions.

(2) Compare activity distributions from the NHEXAS study to past studies, noting any
shiftsin important parameters.

(3) ldentify factors (qualitative) that could explain the shift in behavior (e.g., ahome use
pesticide product was removed from the market between the NHAPS and NHEXAS

studies).
Dataor Input Questionnaire and diary data from each of the studiesinvolved in the comparison.
Needs: Identification of the codes used for questions that are the same (or similar) in each study.
Feasibility Feasibility depends on the availability of similar questionnaire datain the historical studies.
(of analyseswith Availability of such data judged to be unlikely. There may be a problem with the timing of
current NHEXAS data collection.

databases):
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Approximate Project Time Table and Level of Effort

Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Build questionnaire databases and develop activity specific

distributions

Month 12 (3) Make comparisons between distributions and prepare analyses.
Month 18 (4) Identify factors contributing to shiftsin behavior
Month 24 (5) Final outputs: Produce report documenting temporal trendsin

activity patternsthat are important for changesin exposure

Approximate L evel % Time | Month Type of Expertise Needed
of Effort: S
10 24 Principal investigator
25 24 Senior-level staff (“associate”)
50-100 24 Junior-level staff (“assistant”, technician), Students

Other (describe):
e ——

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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4.3 EXPOSURE ANALYSIS GROUP
This group focused on research that advances the state-of-the-science of exposure andlysis. It
covers such issues as descriptive/demographic andyses, associations'models of internad dose,

associations/models of exposure, and methods.

4.3.1 SAB Comments
The SAB identified severd issues rdating to anadyses of exposures and the development of a

strategic plan for data andysis [3.2.2.8]° that are described below.

(1) Complete qudity assurance and quality control (QC) of the study data. [3.2.2.4]

(2) Conduct descriptive analyses.

(3) Test study hypotheses that can be addressed with the collected data. [3.2.2.€]

(4) Evauate questionnaires and activity diaries and the relationships between these data and
environmental, exposure, and biomarker measurements. [3.2.2(b,)]

(5) Ciritically evauate the potentia value of meta-analys's across the three consortia, given limitations
because of differencesin study designs and methods. [3.2]

(6) Integrate total exposures across al media, and assess the relative contribution of different sources,
pathways, routes to exposure, and body burden. [3.2.2(c,d,g)]

(7) Edtimate long-term exposures from short-term measurements. [3.2.2(d,g)]

(8) Identify factors related to high-end exposures and correl ate exposure to various chemicas/classes.
[3.2.24]

4.3.2 Questions To Address
Asagarting point to identify, describe, and prioritize potentia projects, the breakout group
should consder the following question and formulate alist of specific andyses for further discusson.
What anayses need to be done? These might be identified by the types of analyses (or intended

use of the results).

2Numbersin brackets are cross-references to sectionsin the SAB report.
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(1) Descriptive (in addition to those conducted by/for each study)
C Summary datistics
C Digributiond andyses (or fitting)
C Weighted and unweighted anayses
(2) Comparative
C Hypothesis testing (including study design hypotheses)
C Exploratory andyses (hypothes's generating)
C Results of analyses conducted by each study (combine data sets or results)
C Structural (model-based) analyses of exposure (or dose)
C Tempord andyss
C Within- and between-season (visit, cycle)
(3) Grouping or classfication andyses
C For future human exposure surveys and epidemiologica sudies
C Identification of factors related to the “high-end” of exposures
(4) Quedtionnaire anadyses
C Item andlyss (association between responses, reliability)
C Internd and externa consstency (vdidity)
C Cross-study comparisons
(5) Survey design results
C Estimates of variance components (e.g., geographic clustering, correlation between
chemicals/classes and measurements)
C Use of variance estimates and design effects to determine sample sizes for estimating median
populations and population subgroup exposures
(6) QA/QC data analyses
C Cdculation of data qudity parameters (eg., precison, bias, quantifiable limit, or method
detection limit)
C Identification of QA goas and performance measures
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4.3.3 Discussion Consider ations

In discussing and developing proposals for the analyses (or projects) identified above, consider

the following questions.

@

@)

3

What datistica approaches or techniques could (or should) be used to understand or explore

relationships among the following types of measurements or information?

 Environmenta/individua characterigtics (questionnaires)

* Environmental concentretions

* Humean activity patterns

» Human exposures measurements (or estimates) for multiple routes and pathways

 Estimates of intake or uptake (dose) that are derived from concentration or exposure
measurements and activity data or exposure factors

* Biologica markers of exposure (and total absorbed dose)

Which of these are feasible and gppropriate, given the understanding of the study and survey

designs?

C Types of samples and questionnaire data that were collected in the current NHEXAS projects

C Quantity and quality of these results (e.g., based on response and completion rates, and
proportion detectable/measurable)

C Limitations for combining data sets (or results) to permit meaningful joint (or metar) andyses

What are the top priority/most important analyses? These might depend on the intended

application.

C For exposure or risk assessments

C To advance our understanding of multi-pathway human exposure (and dose)

C For designing future human exposure studies
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4.3.4 Brainstorming List of Projects

Descriptive/Demogr aphic Analyses

Meta-analysis of exposure parameters and biomarkers of dose for children, adults, and elders
Comparing distributions of “total exposure” by population subgroups

Epidemiology of biomarkers, pathways, and media (compare distributionsin different subgroups)
Identification of susceptible populations (for high exposure) and comparison with other studies
Spatial and temporal variability in multichemical exposure and risk

Evaluation of upper percentilesin three exposure studies with chemical exposure levels associated with health
effects

Meta-analysis of heavy metal exposures from NHEXAS and other surveys

Comparison of NHEXAS exposure levels with other studies (creation of baseline or benchmark exposures and
reference ranges)

Consistency of demographic data with other representative population surveys

Principle component analysis for grouping biomarker, environmental concentrations, and questionnaire
information

Clustering of exposures from different media (concentrations and questionnaire information)

AssociationgM odéls of Internal Dose

Multivariate analysis of risk factors for internal exposure—demographics, questionnaire data, and measures of
external exposure

Health indicators for differences in exposure
Contribution of environmental mediato body burden and clearance of chemical pollutants

Relation of biomarkers of dose to reported illnesses

AssociationsM odds of Exposure

Association between exposure measurements and housing or activity factors (sources and removal)
Characterization of indoor dust and soil measurements (rel ationship to exposure)

Multivariate (logit) analysis and comparison of exposure to activity patterns and environmental concentrations
Questionnaire elements that predict high-end exposures

Long-term exposure related to short-term measurements

Multichemical exposures to chemicalswith similar mechanism of action and health endpoints

Aggregate exposure to pesticides-ranking of pathways

Population modeling analysis of high-end exposuresin Arizonaand Region V NHEXAS (for risk assessment)

Methods

Differences and similaritiesin dietary exposures estimated by the Maryland checklist, compared with the diet
diary and duplicate diet approach

Comparison of duplicate diet measurements with model estimates based on extant food contaminant data
combined with individual consumption

Relation between intra- and interindividual variability in exposure metrics and different time scales; implications
for risk assessment and environmental epidemiology

40



Methods (cont’d)

Comparison of the approaches used to collect longitudinal data, Region V, Maryland)—sel ection of future
methods

Modeling/estimation of THMsin NHEXAS from the chloroform measurements, based on data from other national
studies

Analysis of the impact of different measurement sensitivity DL or quantitation limit and censored data on
estimates of total exposure

Comparison of modeled to measured estimates of exposure
Critical pathway analysis (risk from exposure) for three studies—how to combine results, findings
Potential use of NHEXAS pilot study data to estimate national exposure distributions

Cost-benefit analysis of the value of alternative exposure measurements relative their costsin reducing
uncertainty in exposure models

Estimation of dermal exposure from NHEXAS data

4.3.5 Project Descriptions
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Project Name:

EA-01. Analysisand Comparison of NHEXAS Exposure Data to
Resdential Pollutant Sources and Activity Patterns

Short Project
Description:

Analysis of questionnaire, time/activity, environmental, and exposure data collected in the
three NHEXAS studies to determine the associations between measured exposures and
pollutant sources, housing characteristics, and human activities (e.g., the relationship
between the use of cleaning supplies and VOC exposures; the characterization of residential
dust and soil measurements; and the relationship to personal exposure monitoring).

Goal/Objective:

To evaluate and identify hypotheses about those residential pollutant sources, housing
characteristics, and activity patterns that contribute to human exposures, especially high-end
exposures.

Significance of
Project:

To provide policymakers with information to develop guidance for reducing exposures by
both modifying pollutant sources and housing characteristics and educating the public about
how their activities contribute to exposure. In addition, the project will help researchers
refine the questions to be asked and pollutant measurements to be made in subsequent
similar studies. ldentification of associations with questionnaire information also is useful for
classification of exposuresin epidemiological studies.

Suggested (1) For each of the NHEXAS pilots, explore associations between residential pollutant
Approach: sources, concentrations, and exposures; housing characteristics, concentrations, and
exposures; concentration measurements in different media; and human activities,
concentrations, and exposures.
(2) Compare these results among the three studies.
(3) Conduct multivariate analysis to determine the combined impact of residential pollutant
sources, housing characteristics, and activity patterns on exposures.
Data or Input For all three studies, measured concentrationsin all media, exposure activity information
Needs: (diaries and questionnaires), housing characteristics, and occupational data.
Feasibility Need to review availability of samples for some media, proportion of analyses above
(of analyses detection limits, and substitution of measurements obtained from nearby households during
with current the same periods of time (e.g., for outdoor air and soil measurementsin Region V study).
NHEXAS
databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration* Resear ch Outputs
Month 0 (1) Initiate project
Month 3 (2) Develop analysis plan
Month 12 (3) Complete multivariate analysis of individual NHEXAS pilots
Month 15 (4) Compare analysis among studies to help combined study analysis
Month 24 (5) Final outputs: Complete combined study multi-variate analysis and
final report
Approximate % Time Months Type of Expertise Needed
Level of Effort: o )
25 24 Principal investigator
25 24 Senior-level staff (“associate”)
100 36 Junior-level staff (“assistant”, technician), students
Other (describe):
1
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" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:
Classification: Association/Models of Exposure.
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Project Name:

EA-02. An Analysisof Media Concentrations, Exposure, and Biomarkers
by Population Demographics

Short Project
Description:

Descriptive analysis of media concentrations, exposure, and biomarker measurements for
population subgroups (age, gender, ethnicity, socio-economic status [SES], urban/rural, or
other important groupings) for each NHEXAS study.

Goal/Objective:

To provide adescriptive analysis of media concentrations and biomarker measurements by
population characteristicsin order to identify susceptibility factors and differences among
groups and to compare distributions with other studies.

Significance of
Project:

() Will serve as basis for planning and interpretation of NHEXAS data and to identify
subpopulations for further study.

(2)Provides baseline information for comparison to other locations such as Superfund sites
and to assess trends.

(3)Useful to EPA and others doing analysis of NHEXAS data and for planning further
studies

Suggested Statistical comparison of weighted distributions (frequency, means, etc.) by population
Approach: subgroups (from questionnaire data) for media concentrations, biomarkers, and exposure to
assess differences and similarities between or among subgroups.
Data or Input Questionnaires and time/activity data from each of the studies.
Needs: Biomarker and environmental measurements data from each study.
Detection limits for environmental chemicals from each study.
Population weights and stratification variables.
Feasibility Data currently exists, questionnaires are the same across groups, comparability of analytic

(of analyseswith
current NHEXAS

results will be assessed using information about detection levels. Thereisconcern over the
level of stratification (limited cell sizes) that can be achieved because of measurements below

databases): detection and incompl ete sampling of some media (e.g., subsampling of homes for outdoor
air measurements).
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 12 (2) ldentify those chemicals for which there is adequate data for
analysis; determine stratato be used in analysis
Month 24 (3) Final outputs: Manuscript, tables, and graphs of distributions by
strata, and completed statistical analysis and interpretation
ApproximateLevel % Time Months Type of Expertise Needed
of Effort:
15 24 Principal investigator
Senior-level staff (“associate”)
50 24 Junior-level staff (“assistant”, technician), students
50 24 Other (describe): Second student

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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NOTES:
Classification: Descriptive/Demographic Analysis.
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Project Name:

EA-03. Risk Factorsfor Biomarkersof Internal Dose: Demographics,
Questionnaire Data, Concentrations, and Exposures

Short Project
Description:

Analyses to determine the association of biomarkers of internal dose with (1) demographic
characteristics; (2) questionnaire information on behaviors, activity patterns, health indices,
etc.; and (3) measures of personal exposures and media concentrations.

Goal/Objective:

To develop simple methods of estimating internal dose that can be used in studies of health
outcomes.

Significance of
Project:

Analytic or epidemiologic studies of health endpoints need effective methods for estimating
internal dose, but direct measurement is often impractical. For example, studies of chronic
health effects may require estimates of long-term average or historical exposures. NHEXAS
provides arich source of information that allows inferences about internal dose based on data
collected from questionnaires, measures of chemicalsin external media, and other sources.

Suggested For appropriate chemicals and classes of chemicals:

Approach: (1) Bivariate analyses of the association of biomarkers of internal dose and risk factors,
including demographics, housing characteristics, questionnaire data, and measures of
exposure.

(2) Examine correlations among risk factors.
(3) Multivariate modeling of the association of biomarkers with risk factors.

Data or Input Biomarker concentrations, demographics, questionnaire data, and environmental media

Needs: concentrations and exposure measurements.

Feasibility These analyses will be feasible only for chemicals where biomarkers of internal dose exist at

(of analyseswith
current NHEXAS

detectable levels for asufficiently large sample. For agivenrisk factor, there also must be
sufficient variability. Also requires knowledge of biomarker characteristics (e.g., half-life) to

databases): relate measurements to time of exposures.
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Conduct bivariate analyses
Month 12 (3) Examine interrelationships of covariates
Month 24 (4) Final outputs: Results of multivariate modeling
Approximate % Time Months Type of Expertise Needed
Levd of Effort: S .
5 24 Principal investigator
50 24 Senior-level staff (“associate”)
200 24 Junior-level staff (“assistant”, technician), students

| | Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:

Classification: Associations/Models of Internal Dose.
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Project Name:

EA-04. Estimation of Dietary Exposure and Comparison of Methodologies
Utilized in NHEXAS

Short Project
Description:

Direct estimates of dietary intakes by duplicate diet for various contaminants will be analyzed
to describe, compare, and evaluate the validity, reproducibility, and cost effectiveness of the
collection methods relative to indirect estimates based on the combination of consumption
(reported in the diary or checklist) and extant data from other sources (e.g., TDS, NHANES,
etc.).

Goal/Objective:

To estimate thereliability and validity of the dietary intakes for several of the contaminants
included in NHEXAS and to evaluate the value added over estimates derived from extant
data. To evaluate alternative and less costly methods for measuring dietary exposure relative
to the duplicate diet approach.

Significance of
Project:

Addresses several issues related to analyses of exposures including testing of hypotheses
(adequacy of extant data and models to predict exposure), evaluation of survey instruments,
and prediction of dietary exposure as a component of total exposure. Comparison of dietary
measurement and estimation approaches may help to identify less costly alternatives for
dietary exposure monitoring, and to provide estimates of long-term exposures from short-term
estimates.

Suggested (1) Calculate dietary exposures using consumption data (diary or checklist) and extant food
Approach: contaminant data.
(2) Comparisons of calculated exposures with measured duplicate diets.
(3) Comparative analysis of dietary data from checklist, duplicate diet collection, and mini-
market basket approach in terms of validity, reliability, and cost effectiveness.
(4) Analyses of calculated dietary exposuresin relation to various demographic variables.
Data or Input Individual dietary consumption records, coding of food consumption to USDA or
Needs: EPA/Dietary Exposure Potential Model (DEPM) codes, duplicate diet measurements from
each consortia, existing food contaminant data for those target chemicals measured in diet
samples (from DEPM).
Feasibility High, as soon as the verified databases are available on each of the above parameters. May

(of analyseswith
current NHEXAS

be limited to quality/resolution of dietary consumption and duplicate diet measurement data.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (2) Initiate project
Month 3-6 (2) Determine the compatibility of the data sets
Month 6-12 (3) Formulate and test methods of statistical analyses
Month 18 (4) Final outputs: Reports/manuscripts of estimated dietary exposures
Approximate % Time | Month Type of Expertise Needed
Level of Effort: S
25 18 Principal investigator
100 18 Senior-level staff (“associate”)
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50 12 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:

Classification: Methods.

Project Name:

EA-05. Spatial and Temporal Variability in Multichemical Exposure

Short Project
Description:

Project will better characterize the magnitude and variability in exposure to multiple chemicals
measured in all environmental media by the three NHEXAS studies for different |ocations of
the country. Both within- and between-study variability will be examined, and analyses will be
conducted to determine whether exposure to one chemical in agiven classis predictive of
exposures to other compounds in that class or other classes.

Goal/Objective:

The goal of this project isto provide information that will improve the efficiency (e.g., cost-
effectiveness) of future exposure, risk assessment, and epidemiologic investigations of health
risks of cumulative chemical exposure. This study will provide some of the first information
on multichemical and multipathway exposures required for cumulative risk assessments.

Significance of
Project:

The need to assess risks of cumulative chemical exposuresiswell recognized within the
scientific and regulatory communities. Littleinformation isavailable for such assessments.
Analysis of the temporal and spatial aspects of the NHEXAS dataisimportant to reduce
uncertainty in the exposure estimates for these assessments.

Suggested
Approach:

The suggested approach is to examine multiple chemical exposure, first for each route of entry
and second for aggregate exposure. This approach should be limited to two or three chemical
classes, but utilize all of the NHEXAS data even if acompound was not collected in all media
(e.g., VOCs). Analyseswill be performed on measurements of environmental concentrations,
exposure, and biomarkers (related to internal dose). Investigators should determine the
appropriate chemical classes for study.

Data or Input
Needs:

Concentration, exposure, and biomarker measurements from each NHEXAS study.

Feasibility
(of analyseswith
current NHEXAS

The feasibility of the proposed project is high for analyses of data within the Maryland study.
Some limitations are anticipated in the types of samples available from the Region V study.
(Longitudinal samples were not collected for Arizona.)

databases):
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project: Identification of common variables across studies
Month 12 (2) Initiate investigations within each medium and combine data
across media where feasible for each study
Month 24 (3) Complete single-route and aggregate analyses of cumulative
exposure
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Month 36 (4) Final outputs:
» Compare findings between studies
« Report findings, write reports and manuscripts on cumulative
chemical exposure.
Approximate % Time Months Type of Expertise Needed
Levd of Effort:
10 36 Principal investigator
25 36 Senior-level staff (“associate”)
50 36 Junior-level staff (“assistant”, technician), students
Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:

Classification: Descriptive/Demographic Analyses.

Project Name:

EA-06. Comparison of Cross-Sectional and Longitudinal Variability in
Exposure Metrics: Implicationsfor Study Design

Short Project
Description:

This project will provide for the analysis of the variability in media concentrations, exposures,
and doses over space and time among and within the NHEXAS studies. It will examine the
variability of exposure distributions based on short-term measurements compared to those
based on long-term measurements or averages and determine the reliability of a short-term
measure of exposure for assessment of long-term exposure for populations and individuals.

Goal/Objective:

The goal of this project isto provide information that will improve the efficiency (e.g., cost-
effectiveness) of future exposure, risk assessment, and epidemiologic investigations. Such
information will allow for improved selection of sample size (number of subjects), sample type
(concentration, exposure, or dose), and number of repeated measurements per subject in
cross-sectional and longitudinal studies.

Significance of
Project:

Littleinformation is available to aid in the design of studiesintended to assess risk of acute
and chronic exposure to environmental pollutants. Analysis of the temporal and spatial
aspects of the NHEXAS datais anticipated to provide information suitable for this purpose.

Suggested
Approach:

Analyses will be performed on measurements of environmental concentrations, exposure, and
internal dose. This approach should be limited to two or three chemicals for which there are
measures of all three metrics (e.g., arsenic, chlorpyrifos, benzene). Between- and within-
person variability of exposure will be assessed and compared within and across NHEXAS
studies.

Data or Input
Needs:

Concentration, exposure, and dose measures from each NHEXAS investigation.

Feasibility
(of analyseswith
current NHEXAS
databases):

The feasibility of the proposed study is high for analyses of datawithin a NHEXAS study.
Some limitations are anticipated for analysis of data across the different NHEXAS
investigations.

Approximate Project Time Table and Level of Effort

Time Table:

Duration®

Resear ch Outputs
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Month 0 (1) Initiate project
Month 12 (2) Initiate investigations within a study and combine data across
studies where feasible
Month 24 (3) Complete within-study analyses and continue analysis of data
combined across studies
Month 36 (4) Final outputs: Report findings, write reports and manuscripts on
the implication of temporal and spatial variability for improved
study design
Approximate % Time Months Type of Expertise Needed
Levd of Effort: - . .
10 36 Principal investigator
25 36 Senior-level staff (“associate”)
50 36 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:

Classification: Methods.
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Project Name:

EA-07. Impact of Censoring and M ethod Sensitivity and Precision on
Multimedia Exposur e Distributions and Associations

Short Project
Description:

This study will examine how method sensitivity and precision, and the censoring of data
below detection limits, affect the estimation of distributions and means for exposure, media
concentration, and biomarker measurements; and the evaluation of associations among such
measurements. To the extent possible, intakes will be used in order to make the assessment
on atotal exposure basis.

Goal/Objective:

To investigate the degree to which the NHEXAS goal of measuring total exposure may be
limited by the method precision, sensitivity, and censoring of databelow DLs.

Significance of
Project:

A major goal of NHEXAS was to estimate exposure through multiple routes, especially for
those most highly exposed. This goal may be limited by the proportion of measurements that
are below DL s for some target analytes and media and because method sensitivities differed
across both media and studies. This project will be valuable in determining methods and
approaches for conducting future NHEXAS or other multimedia human exposure studies.

Suggested
Approach:

(1) Determine the percent of measurements above DLs, and the availability of health
thresholds and QC datain order to focus the study on the most relevant media and
chemicals.

(2) Use uncensored results where available and impose censoring on them (i.e., set values
<DL to missing or to some predefined value); compare distributions for the uncensored
and censored cases.

(3) Use QC (duplicates) datato estimate measurement error variability; generate simulated
data that one would expect using another method with more or less precision;
summarize/compare the distributions.

(4) To the extent possible, evaluate the impacts of steps 2 and 3 both in terms of intakes and
of total exposure.

(5) Investigate ways of assigning values to measurements that are below DLSs.

Data or Input
Needs:

Physical measurements from all three studies. (Summaries of distributions and DLs may be
used to conduct simulations for intake estimates and for eval uating uncertainties associated
with measurements <DLSs.)

QC data.

Feasibility
(of analyseswith
current NHEXAS

Will be practical and relevant only for some types of measurements (i.e., those with more
complete collection of exposures or environmental mediafor multiple pathways). The
sel ection of measurement and analysis methods for NHEXAS were based on quantifying

databases): exposures at the “high-end” of the distribution, which may limit the availability of
measurements above detection limits for all media.
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 3 (2) Evaluate scope/relevance of project with respect health
thresholds, availability of data, degree of nondetects, etc.
Month 9 (3) Perform analyses, simulations and prepare draft manuscript
Month 12 (4) Final outputs: Complete final manuscript
Approximate % Time Months Type of Expertise Needed
Level of Effort: 15 12 Principal investigator
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Senior-level staff (“associate”)

35 8 Junior-level staff (“assistant”, technician), students

Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:

Classification: Methods.

Project Name:

EA-08. Providing Improved Exposure M odels Using Cost-Effective
Approaches

Short Project
Description:

Comparison of uncertainty in exposure estimates obtained using different types of
measurements or other data (e.g., screening measurements or questionnaires) with those
based on the more intensive direct exposure measurements conducted in NHEXAS.

In addition, comparisons of costs and uncertainty will be made between direct exposure
measurements and indirect estimates based on existing data and models.

Goal/Objective:

To assess the cost and uncertainty differences between exposure models using screening
level measurements, questionnaire information, nonprobability samples (i.e., purposive
samples), and existing exposure-related datarelative to the NHEXAS measurements and
study designs.

Significance of
Project:

Clearly, multimedia, multipathway studies are needed. This study will help to identify the

incremental differencesin model performance associated with more detailed (sensitive and

accurate) methods, and with representative popul ation samples-relative to more focused

stratified or specialized substudies. Stratification can be based on SES characteristics,

inexpensive screening techniques or any other means deemed appropriate. Resources are

limited, and great care must be taken to wisely allocate them. This study will provide

information to help determine

(1) how to minimize exposure measurement costs for a national study,

(2) how to prioritize resource allocation, and

(3) approaches with the necessary utility and accuracy for specific exposure assessment
studies.

Suggested
Approach:

Build multiple models and compare them.

(1) Comparison of exposure models derived from existing measurement data (or
guestionnaire data) contrasted with models using new subject-specific chemical
measurements, characteristics, and activities (i.e., NHEXAS).

(2) Comparison of exposure models derived from data with different sensitivities (e.g.,
guestionnaires and screening measures with differences in analytical performance).

Data or Input
Needs:

Example for Approach 1: Use existing Aerometric Information Retrieval System datato
model residential concentrations and exposures, and compare with measured Region V
indoor/outdoor and personal air data; existing TDS concentrations used to model dietary
intake, and compare with duplicate diet measurements.

Examples for Approach 2: Comparison of Arizona X RF data compared with (ICP/mass
spectrophotometry) data (Arizona study); comparison of questionnaire-based models with

measurement-based contaminant models.

Exposure and intake models from each study.
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Feasibility Limitationsinclude equivalency in terms of temporal and geographic variability,

(of analyseswith SES/demographic/popul ation variability/representativeness, collection and analytical
current NHEXAS methods.
databases):
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Project Name: | EA-08 (cont’d). Providing I mproved Exposure Modes Using Cost-Effective

Approaches
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Identifying relevant data sets and obtaining data sets
Month 12 (3) Generating comparison-compatible data sets
Month 12 (4) Obtaining modelsfrom each NHEXAS study for comparison
Month 24 (4) Analysisand summary of results
Month 30 (6) Final outputs: Three or more published papers
Approximate % Time Months Type of Expertise Needed
Level of Effort:
20 30 Principal investigator
50 30 Senior-level staff (“associate”)
100 18 Junior-level staff (“assistant”, technician), students

| | | Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:
Classification: Methods.



Project Name:

EA-09. Analysisof Variable Groupingsin the NHEXAS Data Setsfor
Evaluating the Usefulness of Questionnairesfor Exploring Relationships
Between Exposure, Dose, and Risk Factors

Short Project
Description:

The NHEXAS databases include a wide spectrum of measurements: questionnaire
responses, exposure measurements, and dose/biomarker measurements. These datawill be
analyzed without a priori decisions about rel ationships among the variables to generate
new hypotheses regarding environmental exposures.

Goal/Objective:

Identifying and eval uating associations among the NHEXAS variables. Thisgoal isrelated
to the multivariate analyses called for in proposals EA-1 and EA-3 and understanding
differences and similarities among subpopulations (EA-2).

Significance of
Project:

Classification of NHEXAS data into variable groups will help focus future exposure
assessments in national surveys, epidemiological studies, and risk assessments. (It also
provides a comparison between the questions and the rationale for their use.)

Suggested
Approach:

The strengths and limitations of the data will be evaluated initially using univariate
analyses of individual variables. Next, amultivariate classification technique will be
selected and run (e.g., principal components, classification and regression trees [CART], or
factor analysis) to identify groupings of variables.

The groups will be evaluated in order to generate hypotheses, to guide in the design of
other studies, and to identify important questions and/or measurements for future
exposure assessments and risk assessments.

Analyses are to be conducted by pertinent subpopul ations because the variables may
group differently by subpopulation.

Data or Input
Needs:

Database of complete measurement data including all chemical measurements and
guestionnaire responses.

Feasibility
(of analyses with
current NHEXAS

Feasibility of the project will be limited by the number of observations within strata.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Univariate analyses
Month 12 (3) Final outputs: Final report and journal article
Approximate L evel % Time | Months Type of Expertise Needed
of Effort: 10 12 Principal investigator
50 12 Senior-level staff (“associate”)
25 12 Junior-level staff (“assistant”, technician), students
Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:
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Classification: Descriptive/Demographic Analyses.
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Project Name:

EA-10. Determinants of Dose M easur ements (Biomarkers) from the
NHEXAS Studies

Short Projeat
Description:

Absorbed dose may be estimated by questionnaire and measurement dataincluding air,
water, diet, and contaminated surfaces. Predictive associations between measurements of
exposure and dose will be evaluated. Questionnaire response datawill be considered as a
modifier of the exposure/dose association. This association will be evaluated further by
taking into account existing pharmacokinetic models and parameters. Methods and
approaches for assessing the dermal exposure contribution relative to the biomarker
measurements are of particular importance because dermal exposure methods are not well
developed. Measured biomarkerswill be related to potential exposure using algorithms
used to estimate aggregate human exposure.

Goal/Objective:

Toidentify and evaluate environmental and questionnaire determinants of dose and to
better understand the time course associations between exposure and dose. The dermal
contribution to exposure will be analyzed.

Rationale for
Project:

Study results will aid in the interpretation of exposure biomarker measurements and will help
in the efficient design of future exposure and epidemiologic studies. Further understanding
in the interpretation of biomarker levelsis valuable because they are believed to provide a
better predictor of health outcome than environmental concentration measurements that do
not account for contact, uptake/intake, and absorption processes.

Suggested
Approach:

Biomarker measurements represent the absorption and clearance of chemical contaminants
measured in the NHEXAS program. The predictive relationship between these
measurements will be evaluated with questionnaire responses, and with exposure and
environmental media concentrations using multivariate analysis methods. Pharmacokinetic
models will be applied in order to explain the relationship between exposure and dose
(biomarker) measurements. Contributions of contaminated media can be estimated using
exposure algorithms routinely used in exposure assessment.

Dataor Input
Needs:

Chemical measurementsin biological, exposure, and environmental media, questionnaire
data, exposure factors, and pharmacokinetic parameters.

Feasibility
(of analyseswith
current NHEXAS

Sufficient detectable results are needed in media of exposure relevance for biomarker
analytes. Need to consider timing of biomarker collection relative to exposure and
environmental measurements (e.g., Maryland study samples collected at beginning of

databases): sampling), and the availability and suitability of available pharmacokinetic parameters for

the subpopulations (e.g., children).

Approximate Project Time Tableand Level of Effort

Time Table: Duration” Resear ch Outputs

Month 0 (1) Initiate project

Month 12 (2) Multivariate statistical analyses; evaluation of short-term

clearance models

Month 24 (3) Final outputs: Journal article identifying predictors of dose
Approximate % Time Months Type of Expertise Needed
Level of Effort:

25 24 Principal investigator
Senior-level staff (“associate”)
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100 24 Junior-level staff (“assistant”, technician), students

Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:

Classification: Associations/Models of Internal Dose.

Project Name:

EA-11. Critical Exposure Pathway Analysisand Comparison of Findings
Among NHEXAS Studies

Short Project
Description:

This study will compare the results of analyses (or models) devel oped by each of the
NHEXAS studies that apportion the relative contributions of environmental media and
routes of exposure to “total exposure” or dose.

Goal/Objective:

To compare the approaches, data, and estimates used to apportion pathway-specific
exposures used in the NHEXAS studies—identify similarities and differences and compare
or pool results where possible.

Significance of
Project:

Determine how the results (parameter estimates) from the individual NHEXAS studies can
be systematically compared to each other, or pooled to provide combined estimates of
associations between pathway-specific measurements/estimates and “total” exposure or
dose.

Suggested
Approach:

For each study, examine the sampling and analytical methods to determine if the resulting
measurements are similar or different. Construct exposure distributions for each media.
Compile estimates for associations of media concentrations and route-specific exposures
(or surrogates) with “total” exposure or absorbed dose estimates from each study.
Compare results (parameters and error terms) among individual studies. Pool datawhere
measurements are similar to make generalized statements about exposure if reasonable.

Data or Input
Needs:

Summary information about sampling and analytical methods. Individual study results for
analyses of pathway-specific contribution to total exposure or dose.

Feasibility
(of analyseswith
current NHEXAS

Information (publications) and data should be readily available. Analyses may be limited
by nondetectabl e or missing measurements.

databases):
Approximate Project Time Tableand Level of Effort
Time Table: Duration® Resear ch Outputs
Month 0 (1) Initiate project
Month 12 (2) Individual distributions of exposure data, pooled data sets, and
comparative analyses
Month 18 (3) Final outputs: Report on the similarities and differences of
NHEXAS data and an assessment of linkages of activitiesto
pathways
Approximate % Time Month Type of Expertise Needed
Level of Effort: S
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25 18 Principal investigator

25 18 Senior-level staff (“associate”) statistician

50 18 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:
Classification: Methods.
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Project Name:

EA-12. Cumulative Exposuresto NHEXAS Chemicals Having Similar
Health Endpoints and Possible Additive or Synergistic Effects

Short Project
Description:

This project will calculate atoxic-equivalency weighted index of population “cumulative”
exposures for suites of chemicals that are associated with common health endpoints and the
exposure measurements from the NHEXAS studies. The NHEXAS target chemicals will be
reviewed, using existing toxicological or epidemiological literature, to identify suites of
chemicals having similar health endpoints (risks) and possible additive or synergistic effects.
Possible health endpoints include neurological, reproductive/developmental, cancer, and
immunological effects. Chemical classesinclude metals, VOCs, pesticides, and PAHSs.

Goal/Objective:

To assess cumulative exposure to multiple chemicals of similar action/toxicity.

Significance of
Project:

The Food Quality Protection Act calls for assessment of cumulative risk to pesticides (and
toxic substances) having common endpoints and mechanisms of effect. This project will
allow calculation of cumulative exposure indexes and their distributions, based on exposures
to more than one chemical.

Suggested (1) Using common health effects and additive or synergistic endpoints, and toxic
Approach: equivalency or potency factors.
(2) Examine the target chemicals and data from NHEXAS to identify chemicals that could be
combined to provide a common exposure metric.
(3) Calculate aweighted index of “cumulative” exposure using the absorbed dose estimated
from the NHEXAS study data.
Data or Input Data on selected chemical exposures and biomarkers from the three NHEXAS studies.
Needs: Toxicological information on chemicals with common health endpoints and mechanisms and
potency estimates (or toxic equivalency factors). Epidemiological information on possible
additive or synergistic effects.
Feasibility Toxicological data on potency should be readily available; information on “cumulative” risks
(of analyses (common endpoint and mechanism of action) may be limited to certain classes of chemicals
with current (e.g., pesticides). The NHEXAS data may be limited in providing measurementsin all
NHEXAS exposure mediafor contaminants and classes.
databases):
Approximate Project Time Tableand Level of Effort
Time Table: Duration® Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Collect toxicology dataon NHEXAS chemicals
Month 9 (3) Obtain NHEXAS measurement data for selected chemicals
Month 12 (4) Calculated exposure index for NHEXAS pesticides
Month 18 (5) Calculated exposure index for metals
Month 24 (6) Calculated exposure index for VOCs
Approximate % Time | Month Type of Expertise Needed
Level of Effort: S
20 24 Principal investigator
50 6 Senior-level staff (“associate”)
50 24 Junior-level staff (“assistant”, technician), students
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Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES:
Classification: Associations/Models of Exposure.

4.4 LESSONSLEARNED GROUP

The lessons learned breakout group will focus on analyses that identify study dements that will be
generdly useful in the future or that will require modification or deletion in follow-up research. This
includes, for example, a description of the achievement of data qudity objectives, a description of
regoonse rates and survey design effects; the ability of the questionnaire and environmenta and
biologica datato predict exposure and dose; a comparison of sampling and anaytical methods; and the
efficacy of communication with states and communities and local and public hedlth departments.

4.4.1 SAB Comments

(1) “The EPA should use the experience, lessons learned, and wisdom gained from the pilot studies to
guide the Agency and externd investigators on how to optimize the measurement and anaytica
approaches.” [3.4.2, 4]3

(2) “Another important issue to address is the amount and nature of the new knowledge derived from
the pilot studies as it reates to the methodol ogies implemented.” [3.4.1]

(3) “The Committee recommends that the EPA use the data from the NHEXAS pilot studies to build
the premises for anationa exposure survey. Planning for Phase 2, anationd surveillance plan,
should require a plan that uses the experience of the pilot study so that the most appropriate

multimedia measurements (including questionnaires) are used in Phase 2. [3.5.2.¢]

4.4.2 Questions To Address

3Numbersin brackets are cross-references to sectionsin the SAB report.
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Asagarting point to identify, describe, and prioritize potentia projects, the breakout group

should congider the following questions and determine what additiond critical questions should be
added.

(1) What arethe critical “lessons-learned” questions associated with

2
3

(4)

@

(b)

(©

(d)

(€

()

()

()
0]

Aspectsof overall program management including planning and conducting the sudy, and
documenting and reporting the results?

Representativeness of survey designs and effects rdated to probability sampling, sample size
and weghting, Sratification and oversampling, and demographics?

Recruiting participants and the possible impact of different procedures and incentives on
response rates?

Effectiveness and limitations of study designs for estimating multimedia, multipathway
exposures for the generd population, for susceptible subpopulations, and for the highest
exposed?

Useof field monitoring procedures (eg., questionnaires, sampling methods, sample
handling and tracking), their burden on participant, practicdity of application, and costs
versus benefits?

Effectiveness of questionnaires/diaries in collecting information to estimate or describe
exposures (e.g., burden, cooperation, compliance utility)?

Limitations associated with sample analysis—in sdlecting andytes; ataining appropriate
detection limits and QC; and holding, shipping, and storing samples?

Cresting and archiving databases?

Communiceting data to participants, state and loca hedlth agencies, and the scientific

community?

What are the most critical QA/QC anayses that must be conducted?

How are relative costs of each component of the study evaluated? How are the costs of one

approach evauated relative to another?

What analysis gpproaches can be used to predict exposure and dose from questionnaires and

environmental and biologica data? How are these gpproaches evauated?
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4.4.3 Discussion Considerations

(1) What satistica analysis can be conducted with the information obtained in the demongtration
studies to answer each of these questions? Which are feasible?

(2) Arethere other approaches to answering each of these questions?

(3) What andyses can be conducted to evauate the limitations of the studies?

(4) What analyses can be conducted to develop an efficient design for future studies—to messure
centra tendencies, to measure high upper percentiles of the exposure digtribution, to identify
digtributions for susceptible subpopulations?

4.4.4 Brainstorming List of Projects
The following is an unranked listing of the lessons learned project titles proposed by the Lessons
Learned Breakout Group as aresult of the brainstorming sessions held on July 27 and 28, 1999. The
projects are listed below each of the questions they address, in accordance with the organization and
format of the brainstorming sessons. Question 10 incorporates additiona questions and projects
consdered by the group. Following the brainstorming session, the group combined thislig into 14
project aress, of which 13 were further developed into the project descriptionsin Section 4.4.5 (the
14th was passed to the Exposure Assessment Group for consideration). None of the project areas
was diminated from consderation. The numbersin parentheses following the projects are cross-
referenced to the project descriptionsin Section 4.4.5.
1. Aspects of program management, including planning and conducting the study and
documenting and reporting the results?
(1) Document what has been learned to build for the future. (LL-3)
(2) Survey dart-up cods associated with NHEXAS, with the god of minimizing costs by and
across consortia:
* infrastructure costs,
* identify cost efficienciesin conducting NHEXAS projects. (LL-11)
(3) EPA should andyze coordination and communication within and across agencies, and across

consortia. (LL-11)
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(4) What isimpact of nonuniformity of methods and procedures across the consortia? (LL-10,
LL-11)

(5) Identify and evaluate appropriate QA/QC across |aboratories and data reporting formats;
include NIST evaluation and optimize for future studies. (LL-10)

. Representativeness of survey designs and effects related to probability sampling, sample size

and weighting, stratification, oversampling, and demographics?

(1) Anayzethe datafor variance components, including spatid, time, population and
subpopulation, activities by different pathways, and different pollutants for impact on future
NHEXAS survey designs. (LL-2)

(2) Anayzethe NHEXAS-generated data to address the qudity of assumptions about the design
effects and variables as presented in the paper by Cdlahan et a., 1995. (LL-1)

. Recruiting participants and the possible impact of different procedures and incentives on

response rates?

(1) Anayze datato compare Strategies and recommendations for recruitment, impact on response
rates, and incentives (utilize NHEXAS and data from other studies)—a retrospective look a
successes and failures. (LL-5)

(2) Identify key factors associated with recruitment and response rates. (LL-5)

(3) Anayze nonresponse bias for the population and various subgroups across consortia. (LL-5)

. Effectiveness and limitations of study designs for estimating multimedia, multipathway

exposures for the general population, for susceptible subpopulations, and for the most

exposed?

(1) Similar to analyses proposed to address question 2 and aso to include andysis of participant
and field team burden. (LL-7)

(2) Summarize experiences rdated to use of screening tools for future study by chemica and
media (LL-6)

(3) Anayze datato address strategies for designing NHEXAS studies rdated to time intervals of
concern and limits of detection and method sengitivity. (LL-6)



(4) Compile data and experiences across consortia to optimize future sudies across media,
pathways, pollutants, and pollutant classes. (LL-3)

. Use of field monitoring procedures (e.g., questionnaires, sampling methods, sample handling

and tracking), their burden on participant, practicality of application, and costs versus

benefits?

(1) Document fild monitoring logitics, including procedures (and recommendations for
improvement), shipping, sample preservation, etc. (LL-7)

(2) Document successes and failures. (LL-7)

(3) Evauate monitoring procedures across consortia, againgt various criteria, such as burden,
codsts, accuracy and precision, sensitivity, relevancy to study objectives, etc. (LL-7)

. Effectiveness of questionnaires and diaries in collecting information to estimate or describe

exposures (e.g., burden, cooperation, compliance utility)?

(1) Complianceissues. (LL-12)

(2) Consgtencies of response. (LL-12)

(3) Rdiahility and vdidity. (LL-12)

(4) Indicators of exposure (referred to the Exposure Assessment Group).

(5) Rdatethe questionnaire rationae used in the Office of Management and Budget (OMB)
approva with actual responses. (LL-12)

(6) Evauatethe effectiveness of dietary check-off list with food diary. (LL-12)

(7) Timelactivity pattern and video analys's with comparisons to exposure (referred to the
Exposure Assessment Group).

. Limitations associated with sample analysis, selecting analytes, attaining appropriate

detection limits and QC, and holding, shipping, and storing samples?

(1) Provide an interpretive report of the comparability experiment across consortia, including an
andyssof dataqudity. (LL-10)

(2) Evauate methods across media (equivaency, etc.). (LL-7)

. Creating and archiving databases?

(1) Document limitations of NHEXAS data. (LL-13)
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10.

(2) Standardize ways to document data across consortia. (LL-13)

(3) Creation and standardization of an information shell that includes field collection observations
and issues. (LL-13)

(4) Assessment of the processes used by each consortium. (LL-13)

(5) QC dataand coordination with EPA data quality indicator project. (LL-13)

Communicating data to participants, state and local health agencies, and the scientific

community?

(1) Develop auniform strategy for future studies thet is consstent with human subjects
Ingtitutional Review Board review requirements and participant confidentiaity issues. (LL-7)

(2) Participant interpretation issues—develop aplan for the future through interviews with
NHEXAS researchers. (LL-7)

Other guestions and projects proposed by the group:

(1) Timeintegration issues. acute verses long-term exposures. (LL-2)

(2) Anayssof variance (population versusindividud). (LL-2)

(3) Vadue of information and cost benefit of
* questionnaires,
* biomarkers,
* environmenta concentration, and
* personal exposures. (LL-8)

(4) Identify clugters, factors, and principal components associated with population distributions
resulting from NHEXAS. (LL-2)

(5) What have we learned and what do we till need to know? (LL-4)

(6) How can pilot information be analyzed to design the optimum national NHEXAS survey?
(LL-4)

(7) Define methods to optimize exposure management and reduction and the effectiveness of
regulations. (LL-4)

(8) Identify differences between NHEXAS and NHANES. (LL-4)

(9) Evduate hypotheses; what was testable, why or why not? (LL-1)
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Project Name:

LL-1. Survey and Statistical Aspects of the Design of an Exposure Field
Study: LessonsLearned from the NHEXAS Pilot Studies

Short Project
Description:

Thisproject isareview, revision, and updating of the discussions, analyses, and conclusions
in the Callahan et al. paper (JEAEE, 1995) in light of the NHEXAS experience. The hypothetical
calculations in Callahan would be replaced with cal culations based on actual NHEXAS data.

In addition, the analytical and statistical hypotheses that were generated in the design of the
NHEXAS pilots will be reviewed to determine which hypotheses were testable and which were
not.

Goal/Objective:

The objective of the project isto provide directly relevant and specific guidance for the sample
and survey design aspects of a national NHEXAS or other large multichemical, multimedia
exposure field study.

Significance of
Project:

The Callahan paper influenced the design of the NHEXAS pilots. Itsrevision will provide
scientifically relevant, specific, and current guidance for the design of afull national NHEXAS,
and also for other regional or national human exposure field studies, especially multichemical,
multimedia studies.

Suggested
Approach:

Callahan et al. (JEAEE, 1995) discussed the statistical and survey design issuesinvolved in
designing a population-based environmental exposure study. It made a number of design
recommendations — about the optimal selection of Primary and Secondary Sampling Units
(PSUs and SSUs) and households, about screening strategies, about the selection of target
household member, etc. Many of these recommendations were based on cal cul ations of
hypothetical intraclass correlations, design effects, and variances. There is now awealth of
data available from the three NHEXASS pil ot studies that is germane to these survey design
issues. This project would involve areview of the discussions, analyses, and conclusionsin
Callahan in light of the NHEXAS experience. The hypothetical calculations of design effects
and intraclass correlations would be replaced with cal culations based on actual data, and the
conclusions and recommendations revisited. These analyses would be repeated for different
pollutants and classes of pollutants to determine if different conclusions would be reached for
different pollutants. In addition, the analytical and statistical hypotheses that were generated
in the design of the NHEXAS pilots will be reviewed to determine which hypotheses were
testable and which were not. Testability would be measured through the cal culation of the
statistical powers of the tests. Tests with high powers would be deemed testable, whereas
tests with low power would be deemed not testable. Through areview of the data, the reasons
for the ultimately testability will be determined. These calculations will lead to conclusions
regarding the testability of the hypotheses, and the optimal design of future environmental
exposure studies.

Data or Input
Needs:

For each household in each of the three NHEXAS pilots, the following data are needed: the
PSU and SSU containing the household; the design stratum containing the household; and
the data on each pollutant/medium sampled.

Feasibility
(of analyseswith
current NHEXAS

The current NHEXAS data files have the necessary datato perform the calculations. At worst,
there are potentially small or empty cellsin the survey designs that might force combining cells
or qualifying the conclusions.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 1-3 (2) Gather data sets; plan, review, and approve the statistical analyses
Month 4-8 (3) Perform the statistical analyses
Month 9 (4) Draft the report
Month 9-12 (5) Review, revise, and finalize the report
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Month 12 (6) Final output: Report with recomendations for the optimal design of
a national-scale human exposure study

Approximate % Time | Months Type of Expertise Needed
Levd of Effort: Senior and mid-level survey statisticians, systems analysts,
programmers
25 12 Principal investigator
50 9 Senior-level staff (“associate”), senior survey statistician, database

manager/programmer, data analyst

100 6 Junior-level staff (“assistant”, technician) students, mid-level survey

statistician programmers

" Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name: LL-2. Characterization of the Variance Components of NHEXAS Data to
Optimize Future Designs

Short Project Characterize the variance components of NHEXAS data, including the inter- and
Description: intrapersonal, temporal (e.g., integration time, seasonal, weekly), activity-related, and spatial
variabilities by sample size for each of the pollutants by pathway/medium and by integrated
total exposure. Resultswill be used to optimize future NHEXAS design.

Goal/Objective: The primary goal of the proposed project isto usethe NHEXAS datato determine the

appropriate sampling strategies for the different pollutants and pathways. To achieve this

goal, the proposed project will characterize the variance components of the NHEXAS

exposure data to

« estimate the optimum sample size and number of repeated measures (SAB comments
I1.A.2 and 4);

« determine how exposure distributions vary across time and space and identify factors that
influence this variation (11.A.2);

« assess whether the variance components differ by subpopulation, including susceptible
and highly exposed subpopulations (I1.A.4); and

« investigate how the exposure characteristics of the various subpopul ations are influenced
by activity patterns, geographic area, and SES (I1.A.4).

Significance of The proposed project directly addresses SAB concerns and, as aresult, will improve
Project: substantially the ability to optimize the design of future NHEXAS and other exposure
studies. It will incorporate findings from each of the three NHEXAS consortia and will allow
the sampling plan of each consortium to be examined in a systematic and quantitative

manner.
Suggested Exposure data from each of the three NHEXAS studies will be analyzed to determine the inter-
Approach: and intrapersonal, temporal, and spatial variabilitiesin exposure distributions. Analysiswill

be performed by pollutant, both pathway-specific and as integrated total exposure, as well as
by subpopulation. Variabilities will be assessed using standard statistical approaches,
including the coefficient of variation and one-way analysis of variance (ANOVA) and mixed
model approaches. Graphical techniques will be used to evaluate and determine appropriate
pollutant- and media-specific sampling strategies. As possible, pollutants will be grouped
based on identified appropriate sampling strategies.

Data or Input From each pilot study (and primarily the Maryland NHEXAS study for temporal data), the
Needs: following datawill be needed:

« environmental concentration and exposure data,

 questionnaire data, and

« time/activity data.
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Feasibility
(of analyseswith
current NHEXAS

High, all the necessary data exists.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project: Compilation of the data from the consortia
Month 3-18 (2) Analyses of the data
Month 15-24 (3) Final outputs:
* Reporting of the optimized sampling strategies by pollutant and
pathway
* Publishing in peer reviewed journals
Approximate % Time Month Type of Expertise Needed
Level of Effort: S
10 24 Principal investigator
100 24 Senior-level staff (“associate”)
100 24 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

LL-3. Using LessonsLearned To Moveto a National NHEXAS or Other
Major Fied Study

Short Project
Description:

This project will capture and integrate the knowledge gleaned from the analysis,
interpretation, and evaluation of the experiences in undertaking the NHEXAS pilot studies
for assisting in designing and planning the next generation of NHEXAS or other major field
studies. Included would be an evaluation of the ability of each consortium to achieve the
objectives or hypotheses originally proposed for each type of investigation.

Goal/Objective:

(1) Tocompiletheresultsand conclusions from the analyses conducted by the NHEXAS
studies.

(2) To evaluate the successes and failures of the individual pilot studiesin achieving the
original hypotheses proposed by each consortium.

(3) To document the successes and shortcomings of the NHEXA'S pilot studies based on
the outcomes of implementing the entire strategic analysis plan.

(4) To synthesize a strategy to begin the process of designing the next generation of
NHEXAS based on the successes and shortcomings from the evaluation of the
NHEXAS pilot studies.

Significance of
Project:

The products and outcome of this effort are needed to provide justification and a defensible

scientific basis to begin designing a national-scale NHEXAS.
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Suggested
Approach:

(1) Obtain completed significant analyses on the databases and information content
obtained by each consortium, and from the implementation of the Strategic Analysis
Plan.

(2) Develop aplan to utilize amultidisciplinary team to undertake and complete
Goals/Objectives 1 through 3 for this project.

(3) On completion of Goals/Objectives 1 through 3, Goal/Objective 4 will be implemented by
EPA.

Data or Input
Needs:

The analyses conducted to achieve each study’s hypotheses and objectives and the results
from the implementation of the SAB-approved Strategic Analysis Plan. The project
initiation is contingent on having sufficiently completed products from other projectsin the
Strategic Analysis Plan.

Feasibility
(of analyseswith
current NHEXAS

High, if the Strategic Analysis Plan isimplemented, including the lessons | earned projects.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration® Resear ch Outputs
Month 1 (1) Initiate project:
Month 2-4 (2) Collect and compile from other project
Month 5-7 (3) Evaluate information and summarize findings
Month 12 (4) Final outputs: Final report
Approximate % Time | Month Type of Expertise Needed
Level of Effort: s
50 6 Principal Investigator
300 36 Senior-level staff (“associate”)
0 0 Junior-level staff (“assistant”, technician), students
100 12 Other (describe): Secretarial support

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

LL- 4. Optimizing NHEXAS Pilot Information and Methods To Achieve
Exposure Management, Exposur e Reduction, and Improved Effectiveness
of Regulatory Strategies

Short Project
Description:

A thorough evaluation will be performed of single- and multimedia pollutant issues and
regulatory initiatives for the purpose of designing the national scale NHEXAS. The
information obtained in the pilot studies and other source and effects information will be
utilized to prioritize the selection of pollutants and pathways leading to exposure.

Goal/Objective:

(1) To build aknowledge base on the current and emerging scientific and regulatory issues

associated with pollutants and their occurrence in multimedia.
(2) Tobuild aknowledge base on the prevalence of xenobiotics measured in biological

samples from human popul ations.

(3) Todevelop strategies for optimizing exposure information that permit effective
management and reduction programs.

(4) Tolink the accomplishments of objectives 1 through 3 to support moving forward, as part

of the input to the design of the national-scale NHEXAS.

Significance of
Project:

This project provides scientific and policy buy-in for justifying the implementation of a
national-scale NHEXAS.

Suggested
Approach:

The implementation of this project isan EPA initiative. It requires NERL to identify ateam of
scientiststo work with the program offices, other government agencies, states, and other
stakehol ders to acquire the knowledge base for selecting and prioritizing pollutants and
pathways and for identifying innovative exposure reduction strategies. Evaluate the success
and completeness of the above in workshops composed of EPA and extramural scientists,
other professionals, and stakeholders. Incorporate the output from the workshops to refine
and augment the knowledge base to be used for designing the national-scale NHEXAS. The
knowledge building should begin as soon as practical and be completed in atimely fashion to
be ready to support moving to the future NHEXAS.

Data or Input
Needs:

Information is obtained from the NHEXAS Strategic Analysis Plan results, program office
activities and initiatives, NHANES, other exposure and health-related studies (e.g., EPA/ORD
STAR Grant Program, NIEHS, National Cancer Institute, Health Effects Institute, National
Institute for Occupational Safety and Health, ATSDR), and state exposure data and pollution
reduction initiatives.

Feasibility
(of analyseswith
current NHEXAS

High, if initiated in atimely manner.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 1-4 (2) Building aknowledge base
Month 57 (3) Identifying strategies and conducting a workshop
Month 89 (4) Final outputs: Synthesis of information and transferring output
to support moving to the future NHEXAS
Approximate % Time Months Type of Expertise Needed
Level of Effort: 100 9 Principal investigator
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200 18 Senior-level staff (“associate”)
50 45 Junior-level staff (“assistant”, technician), students
100 9 Other (describe): Secretarial and other support staff

Cost of workshop

" Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

LL-5. Influence of Incentives, Response Rates, and Nonresponse Bias on
Survey Design

Short Projea
Description:

Analysis of NHEXAS recruitment procedures and incentives and their effects on response
rates for various subpopulations.

Analysis of potential biasresulting from NHEXAS nonresponse based on information
obtained from the Descriptive Questionnaire, and information/observations recorded by
interviewers on noncontacts or nonrespondents for each study and for various
subpopulations.

Goal/Objective:

Determine the recruitment procedures and incentives that should be recommended for a
national NHEXAS or other large field study.

Determine the extent of nonresponse bias that can be expected at each stage of these
studies.

Significance of
Project:

Projected participant incentives and response rates will be a major consideration for OMB
approval of anational NHEXAS. It will be necessary to project reasonably high response
rates and to justify the incentives and procedures proposed to achieve those response rates.

Suggested
Approach:

Contrast recruitment strategies, information provided to potential respondents, incentives,
and response rates across (and within, where feasible) the three NHEXAS pilot studies
for subpopulations of interest.

Compare NHEXAS recruitment procedures, incentives, and response rates with those from
other studies collecting comparable data (e.g., TEAM and NHANES).

Usethe NHEXAS Descriptive Questionnaire datato compare characteristics or respondents
and nonrespondents

» for each NHEXAS pilot study,

« for each stage of participation, and

« for subpopulations of interest (e.g., race/ethnicity; gender; urbanicity).

Data or Input
Needs:

Indicators from each NHEXAS pilot study of participation for each stage of the study:

Households contacted (no answer/refusal s/number of contacts)

Descriptive Questionnaire

Baseline Questionnaire

Core monitoring

Sampling for each matrix and pollutant

Documentation of the recruitment procedures (including information provided, informed
consent, approaches used for questionnaires and sampling, communications and
contacts with press/community, etc.) and incentives used by each NHEXAS pilot study

NHEXAS Descriptive Questionnaire data

Incentives, recruitment procedures, and response rates for other studies collecting

comparable data (e.g., TEAM and NHANES)

Quality Systems I mplementation Plans, protocols for survey sampling and training manuals
for survey teams
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Feasibility Must complete QC on Descriptive Questionnaire data for each NHEXAS consortium.

(of analyseswith Must complete NHEXAS chemical analyses, set respondent flags, and QC those flags.
current NHEXAS Must document all NHEXAS respondent sel ection procedures for each stage of each study.
databases):
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Project Name:

LL-5 (cont’d). Influence of Incentives, Response Rates, and Nonresponse
Bias on Survey Design

Approximate Project Time Table and Level of Effort

Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Secure necessary data; QA data
Month 12 (3) Final outputs: Impact of response rates on survey design
Approximate % Time Months Type of Expertise Needed
Levd of Effort:
10 12 Principal Investigator
50 12 Senior-level staff (“associate”)
50 12 Junior-level staff (“assistant”, technician), students
Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

LL-6. Application of Screening Toolsfor Large-Scale
Exposure Field Studies

Short Project
Description:

Analyze datafrom NHEXAS pilot studies to assess the reproducibility, accuracy (i.e., false
positive/fal se negative), limits of detection (LODSs), ranges, interferences, and costs of
screening methods rel ative to data obtained. From the analysis, identify methods that were
unsuccessful and other methods (i.e., questionnaires) that could serve as screening toolsin
large-scal e exposure studies to identify more highly exposed individuals and reduce costs.

Goal/Objective:

To evaluate the utility of low-cost screening methods
(1) foridentifying households or subjects requiring more intensive monitoring and
(2) for providing data useful for exposure assessment (e.qg., distributions).

Significance of
Project:

Multimedia, multipathway studies are expensive to implement. For some pollutants and
media, alarge proportion of the samples may have no detectable analytes. A study design
may require identifying highly exposed individuals for intensive study. Screening methods
are needed to provide alow-cost approach that can identify highly exposed individuals and
which samples or media should be analyzed. In addition, screening methods with sufficient
quantitative power may provide data adequate for exposure analysis. Assessment of
screening methods and concentration data obtained from the pilot studies will provide
valuable information to guide future NHEXAS studies.

Suggested
Approach:

(1) Identify screening methods, or methods that could be used for screening, from the
NHEXAS pilot studies.

(2) Assesstheranges, reproducibility, accuracy (i.e., false positives/false negatives) and
LODS for identified screening methods with more rigorous and expensive methods.

(3) Evaluate questionnaire data as a screening tool.

(4) Determine which methods were successful (or could be successful) and those that were
not.

(5) Assessthe cost and burden (participant and field staff) of methods that show promise
for usein future studies.

Data or |nput
Needs:

(1) A listing of field and analysis methods used by each NHEXAS pilot study consortium

with the applicable analytes, LODS, range, and associated QC data.

(2) Resultsfor paired low-cost/high-cost methods at homes where two adults were
employed.

(3) Information about the time and effort needed to implement each field collection or
measurement method and any associated laboratory and analysis costs.

Feasibility
(of analyseswith
current NHEXAS

There are sufficient data groups to allow the proposed analysis. Some examplesinclude, for
V OCs, photoionization detector and passive diffusion badges versus actively pumped
sorbent tubes; for pesticides, immunoassay methods and analyses by gas chromatography

databases): with various detectors; for metals, XRF versus inductively coupled plasma (I1CP) with
various detectors, atomic emission spectrophotometry and ICP/MS; for PAHs in air,
real-time PAH monitor.
Approximate Project Time Table and Level of Effort
Time Table: Duration® Resear ch Outputs
Month 0 (1) Initiate project
Month 4 (2) Compile listings of methodology and associated data (QC, range,

LOD) from databases

Month 12 (3) Statistical comparisons of paired sample results, assessment of
success and cost of potential screening methods
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Month 18 (4) Final outputs: Final report or manuscript describing screening
method assessment results
Approximate % Time | Months Type of Expertise Needed
Level of Effort: 10% 18 Principal investigator
25% 18 Senior-level staff (“associate”)
50% 6 Junior-level staff (“assistant”, technician), students
Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

LL-7. Lessons Learned from Field Sampling and Laboratory Experiencein
the NHEXAS Pilot Studies

Short Project
Description:

Actual experiences of NHEXAS pilot study personnel will document important lessons
learned from conducting field monitoring and laboratory analyses.

Goal/Objective:

Document field and laboratory procedures used in the NHEXAS pilot studies, identify
procedures that worked well, and provide recommendations for improvement. Pilot study
sampling and analysis outcomes will be compared with expected outcomes to assess their
applicability and utility for future NHEXAS studies.

Significance of
Project:

A great deal of the actual experience gained from the NHEXAS pilot studies has not been
documented formally and would be invaluable in the design and implementation of alarge-
scal e exposure study.

Suggested
Approach:

(1) Develop interview questions/issues.

(2) Interviews and/or aworkshop for pilot study field and laboratory personnel.

(3) Document procedures and practices not captured in standard operating procudures
(SOPs) that are critical for efficient implementation of large-scale multimedia and
multipathway studies.

(4) Compare actual QC (accuracy, precision, and LODS) and data range results with expected
results to assess the applicability of the procedures to large-scal e exposure studies.

(5) Evaluate process of administering questionnaires, sampling methods, sample handling
and tracking, laboratory procedures, participant training and burden (time and level of
understanding), field staff burden (time and training), etc.

Data or Input
Needs:

(1) Interviews with NHEXAS pilot study personnel (consortium, federal agencies, and federal
contract labs). Information collected from interviews will address procedures and
practices, including the effectiveness of administering questionnaires, sampling methods,
sample handling and tracking, laboratory procedures, participant training and burden
(time and level of understanding), field staff burden (time and training), etc.

(2) Quality control data and sample result ranges for each of the sampling/analysis methods
used in the NHEXAS pilot study.

Feasibility
(of analyseswith
current

Thisproject is currently feasibleif initiated in atimely manner because most personnel
associated with the NHEXAS pilot studies are available and able to recall anecdotal
information. It will be important to implement the interviewing portion of this project as soon

NHEXAS as possible to capture thisinformation. The other data needed for this evaluation is available
databases): now, or will be available asthe NHEXAS pilot study databases are compl eted.
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 3 (2) Develop interview questions
Month 6 (3) Implement interviews with NHEXAS personnel
Month 6 (4) Assemble QC and sampl e result ranges
Month 9 (5) Compare actual results with expected results
Month 12 (6) Final outputs: Report documenting field monitoring and
laboratory analysis experience and lessons learned. Report or
manuscript comparing actual to expected QC and data range
results
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Approximate
Leve of Effort:

% Time Months Type of Expertise Needed

5 12 Principal investigator
20 12 Senior-level staff (“associate”)
100 9 Junior-level staff (“assistant”, technician), students

Other (describe): Visitsto NHEXAS centers; travel needed

* Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

LL-8. Valueof Information and Cost-Benefit Analysis of Exposure
M easur es

Short Project
Description:

The proposed project will evaluate the cost-effectiveness of the various exposure measures
for each of the pollutants and pathways using decision analysis, value of information, and
cost-benefit analysis techniques. Specifically, the proposed project will compare the relative
cost effectiveness of questionnaires, environmental sampling, personal sampling, and
biomarkers to assess exposures to each of the pollutants. The proposed analyses will
include exposure assessment methods used in the NHEXAS pilot studies, as well as
assessment methods developed more recently.

Goal/Objective:

The primary objective of the proposed project is to compare the costs and benefits of
methods used to characterize multimedia exposures for each pollutant and examine their
implications on sample size needs, sampling costs and burdens to the study subjects.

Significance of
Project:

The proposed project directly addresses SAB concerns (Comments A, B, and C) and, as a
result, will improve substantially the ability to optimize the design of future NHEXAS and
other exposure studies. Findings from each of the NHEXAS pilot studies will be used to
design the most cost-efficient exposure data sampling strategy for the future NHEXAS.

Suggested
Approach:

For each pollutant and pathway, the proposed study will:

«identify the exposure assessment tools and methods (e.g., questionnaires, micro-
environmental and personal sampling, biomarkers) used in each of the three studies and
from other post-NHEXAS efforts;

« estimate the associated costs, data quality, and sample size requirements for each method;

« use value of information and cost-benefit analysis tools to determine the cost-effectiveness
of each method; and

« develop methods selection criteria.

Data or Input
Needs:

From each NHEXAS study, the following will be needed:

« concentration, biomarker, questionnaire, and time/activity data;

« methods performance data;

« the method-specific direct costs and other resource requirements; and
« relevant data from recent method development studies.

Feasibility
(of analyseswith
current NHEXAS
databases):

High, all needed data exist.

Approximate Project Time Table and Level of Effort

TimeTable:

Duration” Resear ch Outputs
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Month 0 (1) Initiate project: Data collection and compilation
Month 312 (2) Dataanalyses
Month 12-18 (3) Final outputs: Comparative analysis of different exposure
assessment methodol ogies, methods selection criteria, and peer-
reviewed publications
Approximate % Time | Months Type of Expertise Needed
Leve of Effort:
10 9 Principal investigator
100 18 Senior-level staff (“associate”)
100 18 Junior-level staff (“assistant”, technician), students
Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

LL-9. Assessments and Recommendations for Effective Communications

Short Project
Description:

The purpose of this project is to review the communications procedures put in place by each
of thethree NHEXAS pilot studies, as they shared individual results with respondents and
composite data or other datawith local, state, and federal officials and organizations.

Goal/Objective:

The goal of this project isto compare and contrast the participant communication strategies
implemented by the three consortia and to determine which strategies or components worked
well and which components need improvement.

Significance of
Project:

Participant communication is a component of human exposure assessment that oftenis
overlooked or given low priority by both project planners and sponsors, yet itisan
important component of the overall package of benefits that are provided to the respondents
and which serves as a significant component of the package of incentives used to promote
participation. In addition, timely reporting of values that exceed nominal thresholdsisa
mandatory component of all human exposure research.

Suggested
Approach:

* The processes used in the three pilot studies to share individual results with the
respondents will be reviewed and compared. The respondent may be recontacted for a
brief interview to determine how well the respondent understood the information that was
provided and to determine what questions were not answered for the respondent. As part
of the interview, or in afocus group setting, the same data information using each of the
processes used in the three studies will be shared. Thiswill allow direct comparison of
varying approaches and should determine the best means of sharing datain this setting.
Next, interviews with the local and state agencies that received notification from any of the
three studies for measured values exceeding state or local reporting thresholds will be held.
The process by which the data were shared, what each agency did after receiving the data,
and the range of thresholds reported by the states will be reviewed. Threshold values used
at the local, state, and federal level will be compiled.
Then, the reporting mechanismsin place for the three studies will be reviewed for common
approaches. A sample of the recipients of the reports will be selected and interviews or
focus groups will be conducted to assess the utility of the reports and will seek to
determine the information missing from the reports or the information that was provided in
amanner that minimized its utility. Attemptswill be made to determine what means of data
reporting are of value to different levels of users, and to develop a basic format to be used
in reporting composite data to subjects.
« Finally, meetings will be held with state and local government agencies to review their role
in release of data and dissemination of results. The ultimate product of these efforts would
be a communication evaluation manual.

Data or Input
Needs:

Copies of material used by each of the consortiato provide results to the respondents.
Copies of reports providing composite datato local, state, and federal agencies that
provided support or assistance during the survey design phase or during data collection

Feasibility
(of analyseswith
current NHEXAS

No database access isrequired. Thiseffort will require access only to copies of material
used by the consortiato share information with respondents and to the reports used to
provide composite data. Therefore, this project is feasible without access to current or

databases): future databases. Recontacting participants and state and local representatives may be
problematic.
Approximate Project Time Tableand Level of Effort
Time Table: Duration* Resear ch Outputs
Month (1) Initiate project
Month (2) Compare NHEXAS processes
Month (3) Complete local/state interviews
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Approximate
Level of Effort:

Month 12 (4) Final outputs: Document: Evaluation of approaches for
effective communication
% Time Months Type of Expertise Needed
25 12 Principal investigator
40 12 Senior-level staff (“associate”)
50 12 Junior-level staff (“assistant”, technician), students
25 12 Other (describe): Secretary

* Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

LL-10. Evaluation of NHEXAS Results To Derive an Optimal Set of
QA/QC Activitiesfor Human Exposure Fidd Studies

Short Project
Description:

This project will identify and evaluate the QA/QC across |aboratories and consortia. Thiswill
include an analysis of the NIST and comparability study data. The project will develop an
annotated inventory of recommended QA/QC activities needed to successfully conduct
|arge-scale human exposure measurement studies. Thiswill include all phases of the study
from planning to final database development.

Goal/Objective:

The goal of this project isto provide an optimum set of QA/QC activities for future human
exposure studies. Thisisneeded to assure that the studies produce data of the required
quality while keeping costs to a minimum.

Significance of
Project:

Effective QA/QC is essential to produce high-quality datafrom the fundsinvested in any
field exposure study. Because of the high cost of these types of studies, it is also important
not to include unnecessary QA/QC that might increase costs. By examining the QA/QC used
inthe NHEXAS studies, guidance can be developed for this critical study component.

Suggested
Approach:

(1) Identify the QA/QC activities performed by each consortium and laboratory, including
the NIST standards and performance evaluations studies, the interlaboratory
comparability study, QA documentation, reviews, audit reports, reviews of field
performance, and QA samples.

(2) Evaluate the success of each activity and the benefitsit provided to the study.

(3) ldentify areas where data quality could have been improved with additional QA/QC
activities or areas where excess QA/QC activities might have been employed.

(4) Develop an annotated inventory of the recommended QA/QC activities needed to
conduct alarge-scale human exposure study.

Data or |nput
Needs:

Access is needed to the complete sets of data and documentation, including all QA/QC
information of each consortium and laboratory and the NIST and comparability study results
and reports.

Feasibility
(of analyses with
current

The study is feasible given access to the data from all studies. A mixture of laboratory, field
and QA expertise is needed to evaluate information.

NHEXAS
databases):
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 12 (2) Review consortia documents
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Month 18 (3) Final outputs:
 Consolidate information from documents and devel op annotated
inventory
» Guidance document on optimal QA/QC for human exposure field
studies
Approximate % Time | Months Type of Expertise Needed
Leve of Effort:
20 18 Principal investigator
100 18 Senior-level staff (“associate”)
200 18 Junior-level staff (“assistant”, technician), students
Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name: LL-11. Effectivenessof Questionnaires/Diaries, in Collecting I nformation
To Estimate or Describe Exposuresfor Deter minants of Exposure

Short Project The NHEXAS pilot studies utilized questionnaires for various determinants of exposure.
Description: This project will analyze the questionnaire data obtained from the three NHEXAS pilot
studies for understanding the following aspects of exposure: compliance issues,
consistencies of response, reliability and validity of questions, effectiveness of dietary
questionnaires/check lists, and relationship of questionnaire rationale with response. This
analysiswill provide information needed to design better questionnaires/diaries for the
national-scale NHEXAS.

Goal/Objective: Determine the value of questionnaires for understanding various aspects of exposure and
the reliability and validity of the instrument for ascertaining these factors. This analysiswill
influence the design and expected participant burden costs associated with future NHEXAS
or similar exposure studies.

Significance of Therelative value of questionnaires and diaries for understanding public health and
Project: exposure, as well as the item-by-item value of asking each question, will be determined with
the overall goal of minimizing participant burden and costs.

Suggested Each study utilized the same OMB-cleared questionnaire and activity diary instruments.
Approach: The proposed analysis will evaluate the information content obtained from the
guestionnaires, the lessons learned from the administration and compliance issues, and
other attributes to estimate their relative value. Thiswill involve some comparison with
exposure and environmental measurements to determine the value of the questionnaire item.

Data or Input Databases, questionnaire information, and field observational datafrom each pilot study.
Needs: Monitor sensor datato evaluate activity pattern diaries (NHEXAS Region V study only).
Feasibility This analysis should be straightforward.

(of analyseswith
current NHEXAS

databases):
Approximate Project Time Tableand Level of Effort
Time Table: Duration® Resear ch Outputs
Month 0 (1) Initiate project
Month 3 (2) Obtain needed data
Month 12 (3) Final outputs: Guidance document on formulating effective
questions for future exposure studies
Approximate % Time | Months Type of Expertise Needed
Level of Effort:
20 12 Principal investigator
50 12 Senior-level staff (“associate”)
50 12 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

LL-12. Scaling Up: Evaluation of the NHEXAS Pilot Fixed-Costs,
Coordination and Degree of Standar dization

Short Projea
Description:

This project will evaluate the NHEXAS pilot start-up expenditures and cost implications for
various scales of coverage. The evaluation also will address the effectiveness of
coordination/communication approaches that were used and their application to afull scale
survey. A key component of the analysiswill be the evaluation of approaches that were
standardized explicitly and a determination of whether or not the degree of standardization
was adequate.

Goal/Objective:

To transfer the experience of the pilot to develop the most cost-effective full survey
possible.

Significance of
Project:

A full-scale survey will provide the data necessary to evaluate status and trends of human
exposures on a national scale. Using empirical datafrom the pilot ensures that the most
cost-effective approaches are used.

Suggested (1) Interviews will be conducted addressing coordination, communication, and degree of
Approach: standardization of management and staff from the involved agencies and consortia.
(2) Collect cost information.
(3) Review pilot documentation to determine where standardization occurred.
(4) Review NHEXAS database.
(5) Formulate recommendations for an optimum scale-up strategy.
Data or Input Cost data; available documentation; NHEXAS database.
Needs:
Feasibility Highly feasible; all information ultimately available.

(of analyseswith
current NHEXAS

databases):
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Collect needed data
Month 12 (3) Final outputs: Report recommending optimum scal e-up strategy
ApproximateLevel | % Time | Months Type of Expertise Needed
of Effort:
20 12 Principal investigator
33 12 Senior-level staff (“associate”)
100 12 Junior-level staff (“assistant”, technician), students
Other (describe):

e
* Duration = approximate time (in months) needed, from start of project, to complete each step.

85



Project Name:

LL-13. Cross-Studies Evaluation and Recommendations for
Standardization of Data Management Proceduresin a National NHEXAS
or Other Large-Exposure Fied Study

Short Project
Description:

This project will analyze the data collection and automated survey management procedures
developed for each NHEXAS pilot study from sampling, through sample analysis and to
inclusion in the final database. The data QA/QC procedures will be evaluated, and the
resulting database structures will be examined. The strengths and weaknesses of the three
approaches will be noted with respect to ongoing EPA data management initiatives.
NHEXAS pilot QC datawill be analyzed, and recommendations for current and future studies
will be developed. These recommendations will include areas that would benefit from
standardization; for example, data transfer from analytical laboratories, database elements,
QA/QC codes, information shells, etc.

Goal/Objective:

To have appropriate conventions and procedures for recording data and data quality and to
increase the efficiency of future data collection efforts.

Significance of
Project:

Management of large EPA databases as a valued resource is currently a high priority within
EPA. Procedures and conventions used to manage the integrity of data are evolving but are
essential to both primary and secondary data users. The NHEXAS studies are an excellent
opportunity to analyze the procedures used by three different organizations to develop and
populate study databases. Results of this project will be used for improving/optimizing data
collection and storage for future human exposure studies and other EPA primary data
collection efforts.

Suggested (1) Assessthe data management processes and conventions used in each NHEXAS pilot
Approach: study.

(2) Review the status of EPA efforts with respect to Reinventing Environmental Information
(REI), specifically current status of data standards (Chemical 1D, Location ID, etc.), the
Environmental Data Registry (EDR), the Environmental Information Management System
(EIMS) and any other relevant efforts to insure the quality and accessability of EPA
databases.

(3) With stakeholder input (EPA program offices, involved Federal agencies, etc.),
recommend application of EPA conventions and procedures for afuture national-scale
NHEXAS or other large exposure field database. Recommend conventionsin areas where
none exist. Conventions that document the limitations of the data are particularly
important.

(4 Analyze available quality control information (i.e., batch level laboratory QC information)
and develop Data Quality Indicators that can be stored with the data for the benefit of
secondary data users.

Data or Input Needed information includes the following for each consortium: data management

Needs: plan/procedures; field data collection procedures; procedures for transferring the field,
analytical, questionnaire/diary and related data into the final databases; data QA/QC
procedures; and final database design. Each consortium also will need to provide an analysis
of how well their procedures worked and problems encountered.

Feasibility Data collection and processing SOPs are available from each consortium. The analysis of

(of analyseswith
current
NHEXAS
databases):

how well the procedures worked in each consortium will need to be done in therelatively near
future, while the staff involved are still available. EPA-level initiativesin thisareaare active
and ongoing.
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Project Name: LL-13 (cont’d). Cross-Studies Evaluation and Recommendations for
Standardization of Data Management Proceduresin a National NHEXAS
or Other Large-Exposure Fied Study

Approximate Project Time Tableand Level of Effort

Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Collect and review NHEXAS SOPs and QA documentation
Month 12 (3) Final outputs: A data management strategic plan for future
exposure field studies
Approximate % Time | Month Type of Expertise Needed
Level of Effort: S
20 12 Principal investigator
50 12 Senior-level staff (“associate”)
50 12 Junior-level staff (“assistant”, technician), Students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

4.5 MODELING GROUP

The charge to the modeling breakout group isto consider anumber of multimedia and
multipathway exposure and dose modeing approaches that can be implemented with the NHEXAS
data collected. Specificaly, the group is asked to recommend a number of robust modeling strategies
for estimating pathway-specific and aggregate exposures and dose from avariety of NHEXAS
pollutants. The participants aso will suggest investigations designed to cdibrate, test, and evauate
multimedia and multipathway modds using the NHEXAS concentration exposure and biomarker data.

45.1 SAB Comments

Initsreview of the NHEXAS pilot study, the SAB recommended conducting modeling studies
with the NHEXAS data. Specific comments include the following.
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(1) Deveop physcad modds that integrate exposures from different mediain order to estimate long-
term exposures from short-term measurements[3.2, 3.2.2.d, 3.2.2.g).*

(2) Deveop modes for identifying factors related to high-end exposures [3.2.2.9].

(3) Addressmode validation and refinement [3.2.2.3, 3.2.2.9].

(4) Apply NHEXAS datato ongoing modeling projects such as TRIM and CEM [3.2.2.9].

4.5.2 Questions To Address

Asadarting point to identify, describe, and prioritize potentia projects, the breakout group
should congder the following questions and determine what additiond critical questions should be
added.

(1) In modeling population exposures, which sets of NHEXAS study measurements are expected to
provide representative population exposure digtributions in each of the study areas?

(2) For which pallutantsmedia, are the NHEXAS data sufficient to develop, cdibrate, and evauate
multimedia, multipathway exposure modds?

(3) What types of route and pathway-specific microenvironmental exposure models can be
developed or tested with the available NHEXAS demographics, concentration, questionnaire,
time/activity, and dietary data?

(4) What approaches or optima methodol ogies’models can be used to estimate pathway-specific
exposures and dose?

(5) What are some suggested dtrategies for integrating media and pathway-specific exposures and
dose estimates?

(6) What models best describe the relationship between the short-term NHEXAS measurements and
long-term exposures?

(7) What is the comparison of modeled dose estimates and biomarkers?

(8) What models should be developed and gpplied in order to identify factors related to high-end

exposures?

“Numbersin brackets are cross-references to sectionsin the SAB report.
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(9) What are the modd input uncertainties using the NHEXAS data, and what are the resulting
uncertainties in the exposure and dose modd predictions?

(10) What mode andyses should be used to determine how much uncertainty in exposure
measurements can be reduced by collecting more detailed measurements on exposures, pollutant
concentrations, and different exposure factors?

(11) What isthe influence of the spatia and temporal scaesin concentration and exposure
measurements based on NHEXAS data and model predictions?

(12) What is the comparison of the exposure and media-specific concentration distributions from the
initid (pre-NHEXAS) exposure assessments to the NHEXAS pilot results?

(13) How cantheinitia preNHEXAS study multimedia, multipathway models developed for lead,
benzene, and chlorpyrifos usng the NHEXAS study measurements be verified or extended?

(14) How can the multipathway exposure and dose models using the NHEXAS data and other data
sets be best calibrated and evaluated?

(15) What NHEXAS anayses will benefit ongoing modeling projects such as TRIM and CEM?

4.5.3 Discussion Considerations
In discussing and developing proposals for the analyses (or projects) identified above, consider

the following questions.

(1) Wha satigtical or andytica techniques should be used to address the analysi's or modeling issues
raised by the questions?

(2) What approaches are best suited for estimating averages and upper percentiles of the exposure
and dose digtributions for the different population subgroups (e.g., children, adults, elderly)?

(3) How should NHEXAS data across the consortia be treated in modeling exposures and dose?
Should the data sets be combined or treated separately?

(4) How can we mode exposures to multiple pollutants?

(5) What andyses or modding studies should be conducted in order to design future field studies that
will improve the current and new multimedia, multipathway modeing projects?
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4.5.4 Project Descriptions
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Project Name:

M-1. Review Format and Content of NHEXAS Databases for Modeling
Utility

Short Project
Description:

This project will examine the NHEXAS database and establish optimal format required for
exposure modeling projects. Other users should be included in this process to maximize
utility of the combined database.

Goal/Objective:

NHEXAS data must be available in aformat that isreadily accessible to potential users.
Data should be accessible for input to existing models to allow for model testing and
investigation of NHEXAS relationships (i.e., correlations among various dependent and
independent variables). Models that are being developed or expected to be developed in
the future are also likely to require standard database formatting, which should allow for
convenient access and inquiry.

Significance of
Project:

An essential first step prior to pursuing any other NHEXAS modeling project.

Suggested Review existing exposure models to assess model input needs and to compare with

Approach: available NHEXAS data. Confer with NHEXAS study data devel opers, exposure model
developers, and other potential NHEXAS data users to establish the optimal format for
NHEXAS database. Establish atask force (or committee) and/or hold aworkshop to set a
standard for the present and future NHEXAS databases.

Data or Input Datafrom all three NHEXAS studies including data code books, final databases, and

Needs: QA/QC data.

Feasibility This project is of the utmost importance since the availability and format of the NHEXAS

(of analyseswith
current NHEXAS

database will affect directly the success of interpreting the results of NHEXAS. Because
the preparation of the NHEXAS database is already underway, it is feasible and necessary

databases): to give this proposed project high priority. In particular, this project could benefit from the
ongoing database projects at the three NHEXAS consortia.
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 3 (2) Convene workshop
Month 12 (3) Final outputs: Report summarizing workshop findings and
conclusions
Approximate L evel % Time Months Type of Expertise Needed
of Effort:
30 12 Principal investigator/EPA Coordinator
50 12 Senior-level staff (“associate”)
50 12 Junior-level staff (“assistant”, technician), students
Other (describe): Task force of EPA and approximately 10 external
experts who will participate in at |east one workshop
————

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

M-2. Evaluation of Existing Multimedia Models Using the NHEXAS
Data Set

Short Project
Description:

High-quality and reliable multimedia monitoring data are virtually nonexistent in the
literature, and, as such, the opportunity to test existing models, even on a qualitative scale,
israrely available. Several multimedia models have been developed, or are under
development, that predict media concentrationsin residential environments based on inputs
such as source characterization and fate and transport, etc. Information available from the
NHEXAS questionnaires, particularly those related to local source characterization, fate and
transport, receptor characterization and activity patterns (supplemented by default values)
should be analyzed and used in these models to predict media concentrations and personal
exposures of the NHEXAS respondents. These predictions should be compared with the
individual’ s exposures and microenvironmental concentrations monitored in NHEXAS.
Examples of models that can be evaluated include, but are not limited to, TRIM, MEPAS,
CARES, LIFELINE, and CONSEXPO, as well as other linked and nested compartmental
models.

Goal/Objective:

« To improve the understanding of the strengths and limitations of existing multimedia

models and identify opportunities for improving current and future models.
« ldentify the usefulness of the data set and determine how future NHEXAS studies could

better meet the need for testing models.

Significance of
Project:

Multimedia models provide the basis for regulatory decision for pesticides, hazardous waste
sites, and the evaluation of releasesto air and water. Currently, there are very limited
opportunities to evaluate these models. NHEXAS provides a unique opportunity for such
evaluations.

Suggested
Approach:

This project would be performed in phases.

(1) Determine how the data set could be used (selection of pollutants, interim findings,
activity/dietary patterns, etc.).

(2) ldentification of the models, modeling strategies (e.g., linked and nested multimedia
models) and the development of the strategy for developing model inputs and relating
outputs to the dose measurementsin the NHEXAS data set.

(3) Model teams (preferably the developers of each multimedia model) perform the
evaluations.

(4) Analyzethe model’s prediction and NHEXAS findings to determine how and why the
models did or did not match with the survey.

(5) Develop recommendations on how future NHEXAS projects could be better designed to
meet the evaluation needs of multimedia modelers.

(6) Publish afinal report/peer review publication.

Tasks 1 and 2 could be performed by a panel of exposure assessment experts, through one

or more workshops. Where possible, model owners should be involved in these

workshops. A clear methodology should be established for the evaluation procedures. The
selected models should be divided into modules, if possible, for estimating intermediate and
final exposure results. Modules should include source characterization, fate and transport,
receptor characteristics, activity patterns, and exposure assessment (Task 3). A consistent
strategy for dealing with data gaps should be established. The model’s predictions of
interim findings (air and surface levels, hand wipe, dietary levels, activity patterns, etc.) also
should be compared to the NHEXAS data set.

Data or |nput
Needs:

The complete data set (including the data from the questionnaires) should be available prior
to the development of the specific model test sets. Models should be well characterized and
model devel opers should participate in the project.
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Feasibility The project should be feasible. Only existing modelswill be evaluated. Where appropriate,
(of analyseswith model developerswill be included in the project team. Models of many source terms cannot
current NHEXAS beincluded in this exercise because they were not included in NHEXAS.

databases):
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Project Name:

M-2 (cont’d). Evaluation of Existing Multimedia Models Using the

NHEXAS Data Set

Approximate Project Time Table and Level of Effort

Time Table: Duration® Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) Selection of models for evaluation, development of amodeling
strategy that addresses differencesin the type of models and
how data gaps will be addressed
Month 12 (3) Development of acharge to the individual running the models
Month 18 (4) Final outputs: Report/peer review publication
Approximate L evel % Time Months Type of Expertise Needed
of Effort:
40 18 Principal investigator
100 18 Senior-level staff (“associate”)
80 18 Junior-level staff (“assistant”, technician), students
Other (describe): Two to three workshops are anticipated

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

M-3. Develop Modd Parameters from Qualitative and Quantitative
NHEXAS Monitoring Data, Questionnaires, Time/Activity, and
Survey Data

Short Projea
Description:

Develop exposure model parameter (e.g., ingestion rates, emission rates, etc.) values,
ranges, and distributions making use of both quantitative and qualitative data generated in
NHEXAS. Exposure parameters should be developed in accordance with the current state
of the art in exposure assessment and corresponding model input requirements. Specific
emphasis should be placed on key exposure parameters common in multimedia exposure
assessment and those that are likely to contribute to high-end exposures.

Goal/Objective:

Generate deterministic values and stochastic distributions for exposure model parameters,
using available NHEXAS database. Exposure parameters that are selected should be
relevant to exposure assessments that are based either on mechanistic, statistical, or
empirical models.

Significance of
Project:

Improve exposure parameter values and the utility of questionnaires for quantitative
exposure analysis.

Suggested
Approach:

Develop methods to interface available selected exposure models with qualitative and
quantitative questionnaire data (e.g., time/activity patterns, identified sources and exposure
pathways) for the purpose of deriving magnitude, ranges, and distributions of exposure
parameters. The combination of artificial intelligence and statistical methodsis one
possible approach for the automated analysis of large data sets.

Data or Input

NHEXAS chemical monitoring datafor all media (where available) and

Needs: qualitative/quantitative data generated from questionnaires and other sources (e.g., local
survey of potential sources).
Feasibility The use of mathematical and computer methods to combine qualitative and quantitative

(of analyseswith
current NHEXAS

datafor the purpose of generating quantitative exposure parameters represent a new and
challenging approach. The proposed approach isfeasible given therich NHEXAS

databases): database and existing state-of-the-art mathematical methods of quantifying descriptive data
in the context of model development. Analysis may be limited by censored (e.g.,
nondetects) data for chemical measurementsin some media.
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 12 (2) Development of methodology and demonstration of general
test cases (Phase )
Month 24 (3) Final outputs: Final report and peer reviewed papers
Approximate Level % Time Months Type of Expertise Needed
of Effort: - . .
50% 24 Principal investigator
100% 24 Senior-level staff (“associate”)
50% 24 Junior-level staff (“assistant”, technician), students
Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

M-4. Quantify Uncertaintiesin NHEXAS Data and Assess Contribution
toModé Errors

Short Project
Description:

Provide uncertainty estimates within the NHEXAS database that are available to
researchers and the public, so that uncertainty is addressed consistently and does not |ead
to redundant effort by modelers. Identify how the data uncertainties may impact modeling
uncertainties and illustrate with case studies.

Goal/Objective:

« Provide consistent, understandable uncertainty estimates of the NHEXAS data within the

NHEXAS database
« Provide guidance/advice on applicability and use of various types of datain modelsto

minimize inappropriate model construction.

Significance of
Project:

The NHEXAS database will be used by many researchers and the public. Inclusion of
uncertainty estimates/descriptions will avoid duplication of effort in calculating these
values, will mean that the data uncertainties are treated consistently, and will alert the
public and regulatory community of possible limitations in the use of the data.

Suggested Analytical Measurements
Approach: (1) Ensurethat NHEXAS dataare QA’d and flagged appropriately.
(2) Ensurethat NHEXAS datainclude Limit of Detection information.
(3) Calculate standard errors for each analytical methodology (including sampling and
analysis).
(4) Tag uncertainty datato all NHEXAS data entries and provide a methodology for error
estimation with the public database.
Survey and Time/Activity Information
(1) Provide qualitative assessments of data and their applicability for modeling by
including meta data from field staff on reliability of individual household;
include expert panel judgment of uncertainties of the methodology in general, including
effects of sample size, inaccuracies of recall diaries, observer effects, time resolution
effects, etc.; and
compare survey results from NHEXAS with other data sources.
(2) Include qualitative assessments in database.
Assessment of Model Uncertainties
Convene workshop of modelers to evaluate impacts of uncertainties for variety of analytes,
with differing critical routes of exposure. Provide qualitative descriptions of uncertainties
and caveats for inclusion in the database. Provide case studiesto illustrate how errors
impact modeling uncertainties.
Data or Input Paced by the availability of the database, the NHEXAS data need to be quality assured to
Needs: flag/remove inappropriate data. Duplicate sample data, split sample data, blanks, and other
QA/QC information on the analytical measurements need to be included in the database.
A description of the sampling and analytical methods also must be included.
Feasibility Thefirst part of the effort is quite doable, and should build on normal QA/QC procedures.

(of analyses with
current NHEXAS
databases):

Thiswork isto insure that the synopsized uncertainty data also are made readily available
for researchers and the public. The impact on modeling errorsis much more likely to be
case dependent, varying with each analyte and model used.
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Project Name: M-4 (cont’d). Quantify Uncertaintiesin NHEXAS Data and Assess
Contribution toModd Errors

Approximate Project Time Table and Level of Effort

Time Table: Duration® Resear ch Outputs

Month 0 (1) Initiate project

Month 2 (2) Review NHEXAS databases now under development for
datato be included and make sure that QA/QC data and
metadata on QC are in database for both analytical and
survey data

Month 3 (3) NHEXAS database becomes available

Month 6 (4) Calculate synopsisinformation from data sets now
scheduled to be delivered in FY 01

Month 6 (5) Convene workshop or expert panel to provide qualitative
description of uncertainties associated with survey
information

Month 6 (6) Convene workshop or expert panel to evaluate impact of

uncertainties of modeling—prepare case studies for
specific analytes/major routes of exposure

Month 12 (7) Final outputs: Incorporate uncertainty estimates and case
studiesinto public database

Approximate Level % Time Months Type of Expertise Needed
of Effort:
n/a* 11 Principal investigator (PI)
n/a* 6 Senior-level staff (“associate”)
n/a* 6 Junior-level staff (“assistant”, technician), students
n/a* 5 Other (describe): Clerical

* Duration = approximate time (in months) needed, from start of project, to complete each step.
* NOTES: Level of Effort [FTE equivalent] estimates:

Review NHEXAS database:
0.5mo PI level * 6 PI (3 external experts +1 from each of 3 consortia) [3 mo]; 0.5 mo senior level at each of 3
consortia[1.5 mo]; 0.5 mo junior level staff at each of 3 consortia[1.5 mo]; 0.5 mo clerical staff at each of 3
consortia+ 0.5 mo general support [2 mo].
Calculate synopsis uncertainty data from database:
1 mo. senior level [1], 1 mo junior level [1].
Workshop on Survey uncertainties:
0.5 mo for 6 PI level experts[3.0]; 0.5 mo clerical support [0.5].
Workshop on modeling errors:
0.5 mo for 6 PI level experts[3.0]; 0.5 mo clerical support [0.5].
Develop case studies:
0.5 mo for 3 Pl level experts[1.5], 1 mo for 3 senior level [3], 1 mo for 3 junior level staff [3].
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Incorporation into database:
0.5 mo PI level, 0.5 mo senior level, 0.5 mo junior level, 2 mo clerical support.
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Project Name: M-5. Incorporation of Modeling Considerationsin the Design of Future
NHEXAS Studies

Short Project In conducting field studies, usually a study is designed, monitoring data and other related
Description: data are gathered and then statistical analyses performed to interpret the data. However,
from amodel development, model application, or model evaluation perspective, the data
gathered may be insufficient (particularly for inferential purposes). Future NHEXAS studies
should accommodate the needs of existing or modified multimedia models. To achieve this,
the model parameters should be understood and incorporated in the study design. Sample
parameters include those related to time/activity patterns, contact rates, dermal exposure
(e.g., surface coveringsin residences, time spent on these surfaces).

Goal/Objective: To establish a procedure wherein modeling considerations are accommodated in the early
stages of the design of future NHEXAS studies.

Significance of The power of any future NHEXAS study liesin interpreting the measurement results within
Project: the risk assessment/risk management paradigm used by EPA to select actions designed to
protect the public. Thisinterpretation can be done effectively only through modeling the
exposures and the changes resulting from the risk management actions. Itiscritical that
future NHEXAS field studies incorporate modeling considerations in their design from the
very inception to ensure their usefulness for protecting human health and the environment.

Suggested Theresults of the NHEXAS pilot studies can be used to identify a multimedia exposure
Approach: assessment methodology, either currently implemented in a model or that can be later
modified. This methodology can be used to establish the parameters to be monitored in
future studies.

Data or Input All available datafrom NHEXAS pilot studies.
Needs:
Feasibility This project isimmediately feasible and should be undertaken before any future NHEXAS

(of analyseswith studies.
current NHEXAS

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 3 (2) Determine model parameters to be monitored
Month 6 (3) Final outputs: Demonstrate use of poststudy data
Approximate % Time Months Type of Expertise Needed
Level of Effort: 50 9 Principal investigator
50 9 Senior-level staff (“associate”)
Junior-level staff (“assistant”, technician), students
Other (describe):

L  /}+|

* Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

M-6. ldentification of Factors Contributing to High-End Exposuresin the
NHEXAS Study

Short Project
Description:

Determine factors ( activities, sources, and housing or personal characteristics) that
contribute to the upper region of the exposure distribution, as well as to exposures received
by sensitive members of the population (e.g., children and the elderly). Ideally, factorswill be
revealed for pollutants each representing a chemical type (VOCs, metals, and pesticides). A
variety of statistical methods may be appropriate for investigating the complete range of the
NHEXAS data, including analytical, questionnaire, and time/activity data.

Goal/Objective:

Identify the major contributions, routes, and sources, to high-end exposures for different
classes of pollutants.

Significance of
Project:

Identification of the factors that influence or contribute to exposure is necessary for
interpretation of the NHEXAS data, applying the results to risk assessments and
identification of remedial actions. Analysis of the data could indicate which questionnaire
items or activities may be suitable for predicting high exposures or where additional targeted
guestions may be necessary.

Suggested There are avariety of methods that may be applicable to this project. Suitable methods

Approach: should be able to handle a variety of datatypes (binary, integer, categorical, ordinal, and
continuous), possibly after suitable transformations of the data. Potential methods may be
based on regression trees, neural networks, or factor analysis. Methods of order statistics
(i.e., statistics of extreme events), not previously used in exposure assessments, also may
reveal important relationships.

Data or Input Investigators will need to construct a distribution of exposure using environmental

Needs: concentrations and exposure factors, or biomarkers. The criteriafor identifying individuals at
the high end then will need to be determined.

Feasibility The proposed types of analyses will be applicable for only chemicals where a comprehensive

(of analyseswith
current

set of measurements for an adequate number of subjects exists. Some methods also may
require a substantial number of properly classified subjectsto “train” amodel. Potential

NHEXAS chemicals for which comprehensive data appear to exist are metals, chlorpyrifos, and benzene.
databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project: On availability of NHEXAS data; timeline
based on the analysis of three pollutants (metal, VOC, and
pesticide)
Month 3 (2) Obtain and merge databases
Month 9 (3) Develop estimate of exposure and fit a possible distribution
Month 12 (4) Identification of highly exposed individuals
Month 18 (5) Development or training of models
Month 24 (6) Final outputs: Draft manuscript detailing potential important
factors and sources of uncertainty in the identification
Approximate % Time Months Type of Expertise Needed
Level of Effort: 20 24 Principal Investigator
e
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50 24 Senior-level staff (“associate”)

50 24 Junior-level staff (“assistant”, technician), students

Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

M-7. Implementation of Existing M ultimedia/Pathway Exposure M odels
To Aid in thelInterpretation of NHEXAS Data

Short Project
Description:

Multimedia fate and exposure models have been constructed to represent the current state of
the science regarding chemical, environmental, and populations dynamics. These models are
powerful toolsfor investigating NHEXAS data. These investigations should help to identify
critical exposure pathways and factors that contribute to high-end exposures. In short, these
models can aid to better understand and explain results from the NHEXAS project and to
design future studies.

Goal/Objective:

Utilize existing multimedia/pathway exposure modelsto aid the interpretation of NHEXAS
dataand to help identify critical exposure pathways, processes, and factors that contribute
to high-end exposures.

Significance of
Project:

This project issignificant in that it will utilize existing tools that assimilate or represent the
current level of understanding of fate and exposure processes to extract relevant and useful
information from the NHEXAS results.

Suggested
Approach:

(1) Ideally this project should include at |east one pesticide, a semi-volatile compound (with
differing source characteristics than the pesticide, such as a PAH), and ametal.

(2) For each chemical class, identify specific case studies within NHEXAS that warrant
investigation (elevated concentrations in multiple media, elevated exposure, sensitive
populations [children]).

(3) Summarize and utilize available and appropriate data.

(4) Augment missing input data using a combination of alternative data sources, parameter
space analysis techniques, and expert judgment.

(5) Utilize various methods in forward model application and inverse modeling to identify
critical pathways, processes, and assumptions in the models.

(6) Develop plausible explanations for survey results.

(7) Prepare areport and/or peer review publication.

Data or Input
Needs:

« NHEXAS datato include monitoring results, time/activity data, food/water intake data, and
source data, when available and appropriate. The analysiswill benefit from including
information from other data sources.

« Other data sources may include the Toxics Release Inventory (TRI), population density,
local and regional pesticide use records and other information that might be useful in
approximating/constructing source term information.

Feasibility (of
analyses with
current NHEXAS

Several models are already available that can be used to aid in the interpretation of NHEXAS
data, and many of the methods that utilize these existing models are established. Effort will
need to be directed at identifying appropriate case studies within the survey results.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 6 (2) ldentify important case studies with input from EPA

102



Month 12 (3) Complete paramaterization of selected case studies and sel ect
models
Month 18 (4) Completeinitial evaluations and produce concept draft report
Month 24 (5) Final outputs: Submit final report or draft manuscript for peer
review
Approximate % Time Months Type of Expertise Needed
Level of Effort: 30 24 Principal investigator
100 24 Senior-level staff (“associate”)
50 24 Junior-level staff (“assistant”, technician), students
Other (describe):

e ——
" Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name: M-8. Investigate Stability of Individualsin Population Exposure Ranks
Over Time

Short Projea Temporal variability in measurements of individuals may have a significant effect on

Description: estimates of exposure factors and distributions. This project will investigate the effect of

using cross-sectional studies on estimates of exposure factor distributions. Cross-
sectional studies are cost efficient because they collect minimal observations per
individual, but provide no indication of temporal variability. Measures of intraindividual
temporal variability do not necessarily tell the complete story, asindividuals may vary in
concert, because of factors such as seasonal changes. It is also useful to examine the
stability of individual’s position or rank in the population exposure distribution to
determine how this stability influences predictive ability of various exposure distribution
parameters.

Goal/Objective: To examine the importance of temporal variability and evaluate sources of variability in
exposure factor measurements of an individual over time. To examine thisvariability on
stability of an individual’ s rank or position in exposure factor population distributions.

Significance of It isimportant to understand the temporal variability in individual’s measurements to
Project: assessment of potential bias of cross-sectional studies as estimates of exposure factor
population distributions. A clear understanding of temporal variability will be useful in
deciding when and where cross-sectional studies are appropriate for estimation of
population exposure distributions and what modifications may improve these studiesin a
cost-efficient manner. Thiswork also would provide highly relevant information on
estimating the upper tails of the distribution.

Suggested (1) ldentify feasible and relevant variables from NHEXAS for study.

Approach: (2) Develop/assess methods for examining temporal variability and stability of individuals.

(3) Use mixed modelsto develop repeated measure/temporal correlation estimates and
consider automation of methodology for examination of large numbers of variables.

Dataor Input The entire NHEXAS data set, especially the Maryland NHEXAS longitudinal data.

Needs:

Feasibility Feasible for variables where longitudinal data are collected for at least some individuals.
(of analyseswith Focusislikely to be on the Maryland study, with confirmation/validation use of Region V
current NHEXAS and ArizonaNHEXAS studies.

databases):
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Project Name: | M-8 (cont’d). Investigate Stability of Individualsin Population Exposure
RanksOver Time
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 12 (2) Develop methods for examining temporal variability and stability
of individuals
Month 18 (3) Apply mixed models to devel op repeated measure/temporal
correlation estimates
Month 24 (4) Final outputs
« Determination of factors influencing temporal variability in
individual s exposed to environmental pollutants
« ldentification of limitations of cross-sectional population
exposure surveys and recommendation of optimal spatio-
temporal survey designs for future NHEX A S-type studies
Approximate % Time Months Type of Expertise Needed
Level of Effort: S .
15-20 24 Principal investigator
Senior-level staff (“associate”)
50 24 Junior-level staff (“assistant”, technician), students
50 24
50 24
Other (describe):
.

* Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

M-9. Reconstruct Exposure and Dose Profilesfrom Biomarker Data
Utilizing Questionnaire and Environmental M easur ements

Short Project
Description:

The relationships among environmental measurements, time/activity data, and biomarker
levelswill be investigated with the goal of classifying exposure scenarios into steady-state
cases (e.g., from long-term average exposures) and intermittent events. There are several
assumptions regarding the route and timing of dose that need to be addressed in making
these estimates, and the questionnaires and time/activity datawill be used to make these
determinations. Thereisthe potential to focus on the exposures of children, in addition to
the general population.

Goal/Objective:

To develop and evaluate a methodol ogy that provides realistic estimates of the dose and
exposure associated with a biomarker measurement as a function of the types of exposure
that occurred.

Significance of
Project:

Biomarkers can provide an indicator of total absorbed dose. However, making quantitative
estimates of this dose requires several assumptions about the timing and route of the
exposures, as well as the suitability of the model being used. The estimates of total
absorbed dose may help to evaluate current exposure assessment model s and assumptions
(e.g., Office of Pesticide Programs' [OPP’s] Residential SOPs) and to develop and test
models describing residential exposure.

Suggested
Approach:

« The total absorbed dose from a steady-state exposure will be modeled by a mass-balance,
and the absorbed dose from discrete events will be estimated by an inverted
pharmacokinetic model (in the case of compact classical compartmental models) or
maximum likelihood optimization procedure (in the case of comprehensive physiologically
based models).

» These dose estimates will be linked to arange of possible exposures and environmental
concentrations and then compared with those measured in the NHEXAS study.
Differences will reveal areas of improvement for modeling methods and indicate additional
information that will be useful to collect in future studies.

Data or Input
Needs:

« Pollutant concentrations in solid-food, personal air, dermal rinse, surface press and wipe,
urine (pesticide metabolite), and measurements.

« Pesticide use from household screening, baseline, and follow-up questionnaires.

« Time/activity and food consumption diaries.

« Information on urine volume, creatinine concentration, time of last void, and body weight.

Feasibility

(of analysiswith
current NHEXAS
databases):

This project can be implemented in a 2-year time period assuming the availability of the

NHEXAS database. Likely candidate chemicals are chlorpyrifos, lead, arsenic, and

benzene.

* The food diaries may not be coded to link with ranges of pesticide residues (by food
type), which may limit the temporal resolution of the dietary data estimates.

* There are concerns about applying model parameters (e.g., absorption and elimination
rates) determined in a small number of individualsto the general population because of
differencesin personal characteristics such as age, gender, race, and health status.
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Project Name: M-9 (cont’d). Reconstruct Exposure and Dose Profiles from Biomarker
Data Utilizing Questionnaire and Environmental M easurements
Approximate Project Time Table and Level of Effort
Time Table: Duration® Resear ch Outputs
Month 0 (1) Initiate project: On availability of NHEXAS data; timeline
based on the analysis of a single pollutant
Month 3 (2) Obtain and merge databases
Month 6 (3) Analysis of questionnaire/activity datato group by types of
exposure
Month 9 (4) Review metabolite data by individual to identify intermittent
and steady-state patterns
Month 12 (5) Solving and programming the models
Month 18 (6) Incorporation of the model in an estimation methodol ogy
Month 21 (7) Uncertainty analysis
Month 24 (8) Final outputs: Draft manuscript on approaches to estimate
chlorpyrifos dose from a biomarker and exposure information
Approximate L evel % Time Months Type of Expertise Needed
of Effort:
10 24 Principal investigator
50 24 Senior-level staff (“associate”)
25 03
Junior-level staff (“assistant”, technician), students
10 2 Other (describe): Consultant (statistical)

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

M-10. Use NHEXAS Dietary and Activity Pattern Data to Develop
Predictive Relationships Between Single Day Observationsand Long-Term
Patter ns of Behaviors

Short Project
Description:

To use statistical techniques to determine the relationships between measurements of
exposure-related behaviors (e.g., dietary and activity patterns) on asingle day and subsequent
longitudinal measurements. Use the short-term relationships to develop predictive models of
longer term behaviors. The NHEXAS data set provides a unique source of information for this
study.

Goal/Objective:

To develop models of the relationship between short- and long-term measurements of
exposure-related behaviors that can be used in models of long-term exposures.

Significance of
Project:

Collection of longitudinal data on exposure-related activities are resource intensive and
subject to a number of technical difficulties. However, such data are critical to the accurate
estimation of dose rates over periods longer than asingle day.

Suggested
Approach:

Longitudinal data on exposure-related behaviors will be extracted from the data set. Statistical
techniques such as, but not limited to, random walk, Markov chains, correlation, and pattern
recognition will be investigated as potential toolsto identify relationships between short- and
long-term patterns of behaviors. It is anticipated that the relationships will vary greatly across
behaviors. No one method is likely to predict the relationship between short- and long-term
behavior. Attention should be given to devel oping methods of estimating the upper bound of
long-term behaviors as a function of short-term data. Patternsin time/activity datafrom the
Maryland NHEXAS study should be compared/contrasted with data collected in the Region V
and Arizona NHEXAS studies. Certain endpoints such as dietary records should be
compared to the results of other longitudinal dietary studiesto determine consistency across
different populations.

Data or Input
Needs:

The NHEXAS data set and other studies of long-term dietary patterns.

Feasibility
(of analyseswith

current NHEXAS

The datafor thistask are available. No limitations are anticipated.

databases):
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 4 (2) Extract data for data set
Month 4 (3) Obtain other dietary surveys
Month 4 (4) Reconcile differencesin dietary survey methods
Month 12 (5) Perform Statistical analyses
Month 18 (6) Final outputs: Develop final report
Approximate % Time Months Type of Expertise Needed
Level of Effort: 10 18 Principal investigator
30 18 Senior-level staff (“associate”)
20 12 Junior-level staff (“assistant”, technician), students
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Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES: Dietary studies may be performed using different recording methodol ogies.

Project Name:

M-11. Identify and Investigate Exploratory Data Analysis M ethods That
Are Appropriate for Providing Additional Insightsinto NHEXAS Output

Short Project
Description:

Several different methods are now available for analyzing complex data sets to identify
patterns, relationships, sociodemographic variables, important factors, and combinations of
factors that influence or affect exposure distributions.

Goal/Objective:

Identify useful and appropriate tools for investigating large and complex data sets such as
NHEXAS. Specifically, thereis aneed to identify the factors that contribute to high
exposures and establish relationships among these factors and exposure
magnitudes/distributions.

Significance of
Project:

It is essential that one understand the data prior to using it for model evaluation or
identification of significant exposure pathways/processes. Several data analysis methods
are available that are based on neural networks, principal component analysis, multiple
regression, CART, and other techniques. These various methods or approaches that are
designed to investigate complex data sets should be compared and contrasted in order to
determine the most appropriate approach for identifying important contributing factorsin
the NHEXAS data.

Suggested
Approach:

(1) Develop general case studies using NHEXAS data, as well asthat of other national
data-rich surveys (NHANES, NHAPS, CSFIl), and investigate the ability of various data
analysistoolsto identify characteristics of the data.

(2) ldentify strengths and limitations for each method in relation to the NHEXAS data.

(3) Recommend appropriate methods for analyzing NHEXAS data with special attention
paid to the upper tails of the distributions.

Dataor Input
Needs:

The fully compiled database containing results from each of the NHEXAS surveys,
including exposure, chemical, activity, dietary and socio-demographic variables.

Feasibility
(of analyseswith
current NHEXAS
databases):

The large number of qualitative and quantitative data typesincluded in the NHEXAS data
sets (ordinal, continuous and binary) require special consideration when identifying
appropriate methods or approaches used to analysis data. Attention should be given to
the upper tails of the exposure distributions.
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Project Name: | M-11 (cont’d). Identify and Investigate Exploratory Data Analysis
Methods That Are Appropriate for Providing Additional Insghtsinto

NHEXAS Output
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (2) Initiate project
Month 3 (2) Finalize list of models/methods to include in study
Month 10 (3) Complete baseline analysis/comparison
Month 10 (4) Submit concept draft for review
Month 12 (5) Final outputs: Final report or manuscript for submission to

peer review journal

Approximate % Time Months Type of Expertise Needed
Leve of Effort:

30 12 Principal investigator

100 12 Senior-level staff (“associate”)

50 12 Junior-level staff (“assistant”, technician), students

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES: Clearly the time and effort required for this project will depend on the model s/methods that are included
in the comparison and analysis. The number of appropriate methods can be reduced by the constraint introduced
by the wide range of datatypesin the survey data. This may need to be addressed in a preliminary 3- to 6-month
investigation designed to identify candidate models or methods for inclusion in the study.
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Project Name:

M-12. Investigate National Representativeness of NHEXAS Sampling
Results by Comparing Measurement and Exposure Results Acrossthe
Three Regions

Short Project
Description:

Very few national studies are available for use in development of national exposure
distributions; therefore, local or regional studies are used instead. The question thenis
raised about the effect of using thisrestricted information on national exposure estimates.
The three NHEXAS studies provide a method for comparing very similar studies to
determine the magnitude of regional differences for various exposure factors.

Goal/Objective:

To determine bias in estimates of national exposure factors and distributions by use of local
or regional sampling represented by NHEXAS pilot studies.

Significance of
Project:

The information provided by this project also will advance knowledge of uncertainty in
model parameters used in a variety of exposure models. Theinformation also will help to
ascertain the geographic scale at which variables may be collected in future studies.

Suggested Examination of sample population distributions for various measurements collected in all

Approach: three studies. Examination should be based on current methodologies as much as possible
to facilitate quick turnaround. Appropriate analysis methods used to determine
“similarity” between studies and quantification of uncertainty should be based on methods
that provide simple, robust measures as feasible.

Data or Input NHEXAS data from all three studies.

Needs:

Feasibility Study should be feasible. Possible difficulties may arise for some variables where

(of analyseswith
current NHEXAS

collection methods differ among studies.

databases):
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 2 (2) Collect and gain familiarity with study data
Month 8 (3) Develop/assess framework for comparing study measurements
Month 9 (4) Implement automation of comparisons
Month 10 (5) Run analyses for selected variables
Month 12 (6) Final outputs: Report on regional differences between studies,
suggested values for use in national exposure models and values of
uncertainty.
Approximate % Time | Month Type of Expertise Needed
Level of Effort: S
10 12 Principal investigator
25 12 Senior-level staff (“associate”)
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50 12 Junior-level staff (“assistant”, technician), students
50 12

Other (describe):

" Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

M-13. Evaluate Implications of NHEXAS Resultsfor Existing Chronic
Exposur e Assessments M ethodol ogies

Short Project
Description:

Screening models (sets of algorithms) are used widely to make preliminary decisions for
Superfund sites, pesticide regulations, and the evaluation of emissions to air and water.
However, high quality and reliable multimedia monitoring data to validate these models are
virtually nonexistent in the literature, and, as such, the opportunity to test screening models,
even on aqualitative scale, israrely available. This project will take the dose estimates from
personal monitoring or biomarkers and compare the estimates to those produced from EPA
screening methodologies (also referred to as Tier 1 or initial Tier assessments). Examples of
these methods include recommended exposure models under the Superfund program and the
residential SOPs.

Goal/Objective:

To improve the understanding of the strengths and limitations of existing screening models
and identify opportunities for improving future models.

Significance of
Project:

Screening models provide the basis for preliminary regulatory decisions for pesticides,
hazardous waste sites, and the evaluation of releases to air and water. NHEXAS databases
provide a unique opportunity to evaluate these models.

Suggested
Approach:

This project would be performed in phases,

(1) Determine how the NHEXAS data set would be used (selection of pollutants, interim
findings, activity/dietary patterns, etc.).

(2) Development of the strategy for developing model inputs and relating outputsto the
data set.

(3) Perform the evaluations.

(4 Analyzetheresultsto determine why the models did or did not match with the survey.

(5) Publish afinal report.

A clear methodology should be established for the evaluation procedure that will be reviewed

scientifically. A consistent strategy for dealing with data gaps should be established.

Dataor Input
Needs:

The complete data set (including the data from the questionnaires) should be available prior
to the development of the specific model test sets. Participation from the relevant EPA
program officesis desirable to confirm detail on how screening exposure models actually are
used.

Feasibility
(of analyseswith
current NHEXAS

The project is feasible with the indicated data resources.

databases):
Approximate Project Time Table and Level of Effort

Time Table: Duration” Resear ch Outputs

Month 0 (1) Initiate project

Month 6 (2) Development of a modeling strategy that addresses differencesin

the type of models and how data gaps will be addressed

Month 12 (3) Final outputs: Report/peer review publication
Approximate % Time | Month Type of Expertise Needed
Level of Effort: S

10 12 Principal investigator
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30 12 Senior-level staff (“associate”)

20 9 Junior-level staff (“assistant”, technician), students

Other (describe): Two meetings

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES: This project could be runin conjunction with Project M.

Project Name:

M-14. Development and Evaluation of Modelsfor Interpreting and
Quantifying Inter- and Intraindividual Variability in Pesticides
Exposure/Dose Using NHEXAS Data

Short Project
Description:

Analyze cross-sectional and longitudinal biomarker and exposure data for pesticides
considered in NHEXAS (such as chlorpyrifos and atrazine) to develop and test population-
based pharmacokinetic (i.e., pharmacostatistical) models that explicitly discern and quantify
intra- and interindividual variability in human doses.

Goal/Objective:

To develop, test/eval uate, and make available to EPA and the scientific community at large, a
mechanism-based computational tool for characterizing and quantifying inter- and
intraindividual variability (i.e., cross-sectional and longitudinal variability) in pesticides
exposure/dose of human populations.

Significance of
Project:

Quantitative characterization of inter- and intraindividual dose (and corresponding exposure)
to common pesticides will reduce the uncertainty in, and thus improving, relevant
dose/response studies and corresponding risk assessments. The mechanistic approach to be
developed and evaluated should be applicable to a wide range of exposure situations and
U.S. population segments.

Suggested
Approach:

(1) Develop general formulations for popul ation-based (pharmacostatistical) models of
selected pesticides considered in NHEXAS (primary candidates are chlorpyrifos and
atrazine) that explicitly incorporate/describe inter- and intraindividual variability of
biological uptake/distribution/fate. This step primarily should consider existing
“individual-based” “classical” (compartmental) models, aswell as the possibility of
formulating simplified population physiologically based models.

(2) Perform analyses of appropriate NHEXAS data components to develop parameterizations
for the above formulations (the Maryland study database being the primary candidate
because it contains extensive longitudinal data); assess and interpret magnitudes of
different types of variability.

(3) Test the population pharmacostatistical model, with parameterizations derived asin the
step above, with relevant independent data from other NHEXAS components to evaluate
its ability to reproduce variability observed in these studies.

(4) Review the available literature for other relevant data sets that may exist on dose
variability for the pesticides of concern and extend the model evaluation to include these
data sets.

(5) Finally, evaluate the new model/method for its applicability to children’s exposure to
pesticides (using the NHEXAS Minnesota study data) and derive recommendations for
appropriate model refinements/modifications and possibly additional data collection that
would help to extend the model to children’s exposure.

Dataor |nput
Needs:

Pesticide exposure- and dose-related datafrom all three NHEXAS studies; other
exposure/dose-related data from these studies (from both monitoring and questionnaires),
such as activity patterns and additional literature data
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Feasibility At aminimum, it should be feasible with the collected datato at least evaluate the
(of analyseswith | applicability of a population-based pharmacokinetic model for pesticide dose estimation to

current multiple regions and popul ation segments of the United States. In some cases, biological
NHEXAS half-life considerations may influence the modeling choices. Inthe best case, awidely
databases): applicable tool will be available; in the worst case, data needs for characterizing nationwide

variability to dose will be identified.
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Project Name: M-14. Development and Evaluation of Modelsfor Interpreting and
Quantifying Inter- and Intraindividual Variability in Pesticides
Exposure/Dose Using NHEXAS Data
Approximate Project Time Table and Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 12 (2) Dataanalysis/evaluation
Comparison and evaluation of existing approaches for individual-
based pharmacokinetic modeling of the selected pesticides
Month 24 (3) Final outputs:
Tested operational population-based model with explicit
descriptions of inter- and intraindividual variability
Peer-reviewed manuscript
Approximate % Time Month Type of Expertise Needed
Level of Effort: S
10 24 Principal investigator
75 24 Senior-level staff (“associate”)
100 24 Junior-level staff (“assistant”, technician), students

Other (describe):
e ————————

* Duration = approximate time (in months) needed, from start of project, to complete each step.
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Project Name:

M-15. Comparison of NHEXAS Findings with Cumulative Exposure
Project Estimatesfor Ambient Air Levelsand Exposuresfor Selected
VOCsand Metals

Short Project
Description:

Compare patterns and trends in monitored neighborhood ambient air levels of VOCs and
metals to the annual average estimates of the same compounds derived through the
Cumulative Exposure Project (CEP); evaluate the relevance of CEP predictions to the types
of exposure situations characterized in NHEXAS.

Goal/Objective:

To evaluate the relevance of CEP predictions to the types of exposure situations
characterized in NHEXAS; to identify gaps and potential improvementsin both screening
modeling methods for ambient air quality characterization and in data collection for
exposure characterization.

Significance of
Project:

The CEP study has attracted remarkabl e attention, including the media’ s and the general
public’s, aswell as some criticism regarding its relevance to exposures actually experienced
by individuals and populations. This project will help in understanding and characterizing
both the relevance and the limitations of CEP (and potentially of similar approaches), as
well asinidentifying specific stepsin improving exposure estimates to airborne
contaminants through screening modeling approaches.

Suggested
Approach:

(1) Extract ambient air concentration estimates from the 1990 CEP database (or from the
follow-up database utilizing more recent TRI emission data, depending on its
availability at the time of project implementation) for a set of selected airborne VOCs
and metals monitored in the NHEXAS studies and for the approximate locations of the
monitors.

(2) Incorporate both the CEP estimates and the corresponding NHEXAS observationsin a
Geographic Information System linked with appropriate statistical/geostatistical
software routines to ensure maximum usability, visualization, and analysis options for
these data and estimates.

(3) Perform qualitative and statistical comparisons of relevant ambient air concentration
estimates/data from CEP and NHEXAS, with focus on identifying general patterns and
trends.

(4) Perform screening calculations of exposure for selected subsets of the NHEXAS
components, using the CEP estimates as the starting point and utilizing partial
information from the NHEXA S databases (such as activity patterns and other
guestionnaire-based information). Compare these results to personal exposure
measurements and estimates that utilize additional NHEXAS data.

(5) Consider, evaluate conceptually, and, if possible, investigate through limited case-
specific studies, potential improvements in CEP-type methodologies for screening
ambient and exposure characterization.

Data or Input
Needs:

For phase | (steps 1 to 3 of the approach), NHEXAS monitored selected VOCs and metals
with corresponding geographical location information. CEP data are publicly available but
certain additional information may need to be provided by EPA. For phase Il (steps 4 and
5), access to more extensive information from the NHEXAS databases (e.g., activity
patterns and household attributes).

Feasibility
(of analyseswith
current NHEXAS
databases):

The study is straightforward and feasible, depending only on on-time availability of
NHEXAS datafor Phases | and Il (asidentified in the Data Needs).
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Project Name: M-15 (cont’d). Comparison of NHEXAS Findings with Cumulative
Exposure Project Estimatesfor Ambient Air Levelsand Exposuresfor
Selected VOCsand Metals

Approximate Project Time Table and Level of Effort

Time Table: Duration Resear ch Outputs

Month 0 (1) Initiate project

Month 12 (2) Report summarizing evaluation of the relevance of the CEP
estimates for exposure assessments

Month 24 (3) Final outputs:

» Evaluation of methodologies for screening exposure
assessments for airborne contaminants

* Specific recommendations for improving screening
modeling methodol ogies and data collection approaches

* Peer-reviewed manuscript(s)

Approximate L evel % Time Months Type of Expertise Needed
of Effort:
10 24 Principal investigator
50 24 Senior-level staff (“associate”)
100 24 Junior-level staff (“assistant”, technician), students

Other (describe):
e ————————

" Duration = approximate time (in months) needed, from start of project, to complete each step.

NOTES: Thisisatwo-phase project (Phasel - Year 1; Phase Il - Year 2). Critical results evaluating the relevance of
CEP estimates will become available from Phase |, whereas Phase |1 will focus on more exploratory aspects of the
problem, leading to recommendations for methodol ogical improvements in screening exposure assessments.
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Project Name:

M-16. Compare PreeNHEXAS Mode Resultswith NHEXAS
M easur ements

Short Project
Description:

Compare pre-NHEXAS model results for benzene, lead, and chlorpyrifos with NHEXAS
measurements. Update pre-NHEXAS models with information from the measurement data.

Goal/Objective:

Assess validity of pre-NHEXAS models by comparing with measurements. Improve these
model s based on data to better predict exposures.

Significance of
Project:

If models and data compare well, this provides a validated model for use in predicting human
exposures to these pollutants. Thisthen can be applied to populations outside of the
NHEXAS study region. Differences between measured and modeled results can be used to
improve model predictions and provide information on limitations in the use of disparate
studies. Overall, this comparison will provide confidence in using models to estimate
multimedia exposures.

Suggested
Approach:

(1) Compare environmental concentrations as predicted from pre-NHEXAS benzene, lead,
and chlorpyrifos models with corresponding measurements, with special attention to
high-end concentrations.

(2) Extend pre-NHEXAS modelsto go from exposure to dose and compare NHEXAS
biomarker measurements to this version with special attention to high-end measurements.

(3) Examine different parameters to determine possible reasons for discrepancies between
models and measurements. This should include comparison of measured and model ed
time/activity diaries and concentrationsin air, food, water, and other media. In addition,
algorithms for calculation should al so be examined.

(4) Determine if model predicts better/worse for a certain population subgroup, based on
location, age, race, sex or other factors.

(5) Improve model estimates based on results of tasks 1 through 4.

Data or Input
Needs:

Questionnaire and time/activity data, environmental concentration data, and analyte
concentrations.

Feasibility
(of analyseswith
current

Pre-NHEXAS model code, documentation, and their results should be made available.
Questionnaire data and concentration data that correspond to the pre-NHEXAS models will
be available.

NHEXAS
databases):
Approximate Project Time Tableand Level of Effort
Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 2 (2) Compare environmental concentrations from measured and modeled
results
Month 4 (3) Extend exposure model to dose and compare with urine/blood
concentrations
Month 10 (4) Determine which inputs/algorithms/popul ation subgroups are
responsible for discrepancies between model and measurements
Month 14 (5) Improve model based on results
Month 18 (6) Final outputs:
» Report on comparison between measured and modeled data
* Improve model based on results
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Approximate
Leve of Effort:

% Time | Month Type of Expertise Needed

S
15 18 Principal investigator

35 18 Senior-level staff (“associate”)

25 10 Junior-level staff (“assistant”, technician), students

Other (describe):

* Duration = approximate time (in months) needed, from start of project, to complete each step.

Project Name:

M-17. Construction of an Empirical Multimedia/M ultipathway Exposure
Distribution Mode Including Temporal Variability Based on
NHEXAS Data

Short Project
Description:

The NHEXAS study collects data that can be used for the development of
multimedia/multipathway exposure models and also can incorporate temporal variability in
exposure factor measurements. Pre-NHEXAS models were based on data from studies that
often were limited in scope to single media/single pathway. Using the NHEXAS data, the pre-
NHEXAS models can be extended to include multimedia/multipathway correlation between
variables, both between and within individuals. This project examinestheissuesinvolvedin
constructing this type of model based on the data available in the NHEXAS study.

Goal/Objective:

(1) Determine limitations of NHEXAS study design in construction of empirical

multimedia/multipathway exposure distributions that include temporal variability.

(2) Construct empirical multimedia/multipathway exposure distribution model, including
temporal variability, using NHEXAS data to the extent possible.

(3) Examine issues in constructing empirical models involving temporal variability, including

development of methodology for estimating multivariate distributions.

Significance of
Project:

Project would extend empirical exposure distribution models to include temporal variability in
individual exposure measures and development of multivariate joint and conditional
distributions for use in empirical exposure distribution models. It also will highlight the
limitationsin the NHEXAS study design for construction of such models and provide
information to improve future multimedia/multipathway exposure studies.

Suggested
Approach:

(1) Useof NHEXAS Maryland data.

(2) Assessment of datafor use in development of multivariate exposure factor distributions.
(3) Extension of pre-NHEXAS model framework to include multivariate distributions.

(4) Estimation of parameters for empirical model exposure factor distributions.

Data or Input
Needs:

NHEXAS study data.
Pre-NHEXAS exposure models.

Feasibility

(of analyseswith
current
NHEXAS
databases):

No feasibility issues beyond data and input needs.
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Project Name: | M-17 (cont’d). Congtruction of an Empirical M ultimedia/M ultipathway
Exposure Digribution Modd Including Temporal Variability Based on
NHEXAS Data

Approximate Project Time Table and Level of Effort

Time Table: Duration” Resear ch Outputs
Month 0 (1) Initiate project
Month 2 (2) Collection and familiarity with database
Month 9 (3) Development of methodologies for multivariate distributions
Month 12 (4) Estimation of distribution parameters from NHEXAS data
Month 12 (5) Development of framework for empirical distribution model
Month 15 (6) Running and analysis of model
Month 15 (7) Multimedia/multipathway exposure distribution model, including

temporal variability

Month 15 (8) Empirical multivariate distributions and associated uncertainties based
on NHEXAS data that can be used by other modelers

Month 20 (9) Report assessing results of model analysis
Approximate % Time | Month Type of Expertise Needed
Level of Effort: s
15 20 Principal investigator
50 20 Senior-level staff (“associate”)
100 20 Junior-level staff (“assistant”, technician), students
100 12

Other (describe):

“Duration = approximate time (in months) needed, from start of project, to complete each step.
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APPENDIX 1: LIST OF NHEXAS PAPERSIN PRESS OR
IN PREPARATION

In PressJournal Articles (Special October 1999 Issue of JEAEE)

NHEXAS Arizona

* “The Nationd Human Exposure Assessment Survey (NHEXAS) Study in Arizona—Introduction and
Priminary Results’

* “Spatid Didributions of Arsenic Exposure and Mining Communities from NHEXAS Arizona’

* “Regdentid Environmenta Measurements in the Nationa Human Exposure Assessment Survey
(NHEXAYS) Pilot Study in Arizonas Multimedia Results for Pesticides and VOCS’

* “Evdudions of Primary Metdsfrom NHEXAS, Arizona Methods, Didtributions, and Preliminary
Exposures’

NHEXAS Baltimore

* “A Longitudind Investigation of Dietary Exposure to Selected Elements’
* “A Longitudind Investigation of Selected Pesticide Metabolitesin Urine’
* “Long-Term Average Microenvironmental Time Budgetsin Maryland”

NHEXAS Region V

« “Sampling Design, Response Rates, and Nonresponse Compensation for the Nationa Human
Exposure Assessment Survey (NHEXAS) in EPA Region V”

« “National Human Exposure Assessment Survey (NHEXAS): Didributions and Associations of
Lead, Arsenic, and Volatile Organic Compounds in EPA Region V”

« “Population-Based Dietary Intakes and Tap Water Concentrations for Selected Elements in the EPA
Region V Nationd Human Exposure Assessment Survey (NHEXAS)”

 “Regponsesto the Region V NHEXAS Time/Activity Diary”

« “Anadyssof Mercury in Har of EPA Region'V Population”

« “Quantification of Children’s Hand and Mouthing Activities Through a Videotaping Methodology”

» “The EL Sampler: A Press Sampler for the Quantitative Estimation of Derma Exposure to Pesticides
in House Dug”

List of Manuscripts“In Preparation” Under EPA Contractsor Cooper ative Agreements

Arizona

« “Occurrence/Didributions of Pollutant Concentrations in Different Media, with Comparisons Across
Mediafor Each Pollutant” (1999)°

 “Exposure Modd Formulation and Vaidation for Pesticides using the Arizona NHEXAS Database”
(1999)

» “Tota Exposure Assessment Estimates and their Digtributions for Pesticides’ (2000)

SEstimated year of completion.
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» “Total Exposure Assessment: The 90th Percentile of Totad Exposure to Pesticides and Their Media
Components’ (2000)

Baltimore

* “Pedicide Resduesin Urine: Tempord and Population Variability and Associations with Activities
and Diet” (1999)

* “Population and Tempord Variability Andyses of Dietary Checklist Data’ (1999)

» “Pedicide Residuesin Urine Associaions with Questionnaire Data and Environmenta
Concentrations’ (2000)

« “Egtimated Chlorpyrifos Exposure in U.S. EPA Region V and Arizona’ (2000)

Region V

» “Anayssof Dietary and Other Exposure Pathways for Metas, with Comparisons Between Media
Concentrations and Routes of Exposure’ (1999)

* “Assessment of Data Quality for the EPA Region V NHEXAS Study” (2000)

* “Contribution of Activity Patterns to Persona Exposures of NHEXAS Participants’

 “Reaionship of Resdentid Sources and Residentid Conditions to Household Contaminant Levels’

* “Reaionship Between Pesticide Levelsin and Around the Home and Hand Rinse Measurements
from Children”

* “Reaionship Between Activity Pattern Data and Hand Rinse Measurements of Pedticidesin
Children”

 “Edimation of Pesticide Exposure from Biomarker Measurements Using Environmentd and Time-
Activity Data To Congrain the Solutions’
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APPENDIX 2: WORKSHOP AGENDA

National Human Exposure Assessment Survey (NHEXAS) Workshop

Analysis of Pilot Study Data

North Raleigh Hilton Hotel
3415 Wake Forest Road
Raleigh, N. C. 27609
(919) 872-2323
FAX (919) 876-0890

Tueday, July 27, 1999

8:30-845am.

Introduction (William Steen, NERL)

8.45-9:30 am.

NHEXAS overview, workshop goals (Judith Graham, NERL)

Overview of the hypotheses, design, and status of data analyses for each NHEXAS pilot study:

9:30-10:00am. The RTI-EOSHI consortia (Andy Clayton, RTI)

10: 00-10:30 am. Break

10:30-11:00 am. Arizonaconsortia (Mary Kay O’ Rourke, University of Arizona)

11:00-11:30 am. Harvard/Emory consortia (Barry Ryan, Emory University)

11:30-12:.00 am. Discussion of break-out session objectives, assignments, and charge (Judith Graham,

NERL)

12:00 am.-1:00 p.m.

Lunch

1:00-5:00 p.m.

Break-out sessions

5:15p.m.

Status meeting with session chairs, rapporteurs, and workshop organizers

Wednesday, July 28, 1999

8:30-12:00 am.

Break-out sessions continue—meet in designated rooms

12:00 am.-1:00 p.m.

Lunch

1:00 - 5:00 p.m.

Break-out sessions continue

515pm.

Status meeting with chairs, rapporteurs, and workshop organizers

Thursday, July 29, 1999

8:30-11:30am. Project presentations and discussion in plenary session (group chairs and rapporteurs)
11:30am. Final plenary session: “Next Steps’ (Judith Graham, NERL)
12.00am. Workshop adjourns
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1:00 p.m.

Status meeting with chairs, rapporteurs, and workshop organizers

APPENDIX 3: LIST OF WORKSHOP PARTICIPANTS

John Adgate, Ph.D
Assistant Professor
Universty of Minnesota
Box 807 6MHC

420 Delaware Street, SE.
Minnespolis, MN 55455
612-624-2681 Phone
612-624-0650 Fax
jadgate@cccs.umn.edu

Gerdd Akland

Principal Scientist for Exposure Research
Research Triangle Indtitute

P.O. Box 12194

3040 Cornwallis Road

Research Triangle Park, NC 27709-2194
919-217-2594 Phone

919-217-2591 Fax

Akland@RTI.org

Maurice Berry, Ph.D

Program Manager, Dietary Exposure
U.S. EPA/NERL

U.S. EPA MS-564

26 W Martin Luther King Blvd.
Cincinnati, OH 45268
513-569-7284 Phone
513-569-7757 Fax
Berry.Maurice@EPA .gov

Robert Buck, Ph.D

Assgtant Professor

Western Michigan University

Department of Mathemeatics and Statistics
Kalamazoo, Ml 49008

616-387-4569 Phone
robert.buck@wmich.edu
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Timothy Buckley, Ph.D

Assistant Professor

Dept. of Environmenta Health and Sciences
Johns Hopkins University, Room 6010
615 N. Wolfe Street

Bdtimore, MD 21205

410-955-3602 Phone

TBUCKLEY @JHSPH.EDU

Laureen Burton, M.P.H.
Chemig/Toxicologist
U.S. EPA

401 M Street, SW

Mail Code 66045
Washington, DC 20460
202-564-9032 Phone
202-565-2071 Fax
burton.laureen@epa.gov

David Camann

Staff Scientist, Statistics
Southwest Research Indtitute
P.O. Drawer 28510

San Antonio, TX 78228
210-522-2673 Phone
210-522-3649 Fax
dcamann@swri.org

Andy Clayton

Satigtician

Research Triangle Indtitute

3040 Cornwallis Road

P.O. Box 12194

Research Triangle Park, NC 27709-2194



919-541-6392 Phone
919-541-5966 Fax

clayton@rti.org

Robert Clickner, Ph.D.

Associate Director, Environmental Studies

Westat, Inc.

1650 Research Boulevard
Room RP4012
Rockville, MD 20850
301-294-2815 Phone
301-294-2829 Fax
clicknbl@westat.com

Y oram Cohen, Ph.D.

Professor

UCLA

Dept. of Chemica Engineering
5531 Bodter Hall

Los Angeles, CA 90095-1592
310-825-8766 Phone
301-477-3868 Fax
yoram@ucla.edu

Steve Colome, Sc.D.
Adjunct Professor

UCLA

5319 Univerdty Drive #430
Irving, CA 92612
949-786-0206 Phone
949-786-0206 Fax

scolome@pachel|.net

Larry Cupitt, Ph.D.

Director, Human Exposure and Atmospheric

Sciences Div.
U.S. EPA/ORD/NERL

79 Alexander Drive

MD-77

Research Triangle Park, NC 27711
919-541-2454 Phone
919-541-0435 Fax

cupitt.|larry @epamail .epa.gov

Michad Délarco, Ph.D.
Environmental Hedlth Scientist
U.S. EPA/NCEA-W

401 M Street, SW
Washington, DC 20460
202-564-3239 Phone
202-565-0079 Fax
delarco.mike@epa.gov

Julie Du, Ph.D.
Toxicologist

U.S. EPA

401 M Street, SW
Washington, DC 20460
202-260-7583

du.julie@epamail .epa.gov

Ying Feng, Ph.D.

Chief, Hedlth Assessment Branch

Ohio Department of Hedlth

Bureau of Environmenta Hedth and
Toxicology

246 N. High Street

Columbus, OH 43215-2412

614-644-6447 Phone

614-644-7740 Fax

Kenneth Fisher, Ph.D.
Senior Nutrition Consultant
ODPHP/DHHS

126



738-G Humphrey Bldg.

200 Independence Ave., SW.

Washington, DC 20201
202-690-5526 Phone
202-205-0463 Fax
kfisher@osophs.dhhs.gov

Natalie Freeman, Ph.D.
Adjunct Assstant Professor
EOSHI-RWIMS

170 Frelinghuysen Road
Piscataway, NJ 08854
732-445-0151 Phone
732-445-0116 Fax
nfreeman@eohd .rutgers.edu

Panos Georgopoulus, Ph.D.
Professor
EOHSI-RWIMS

170 Frelinghuysen Road
Piscataway, NJ 08854
732-445-0159 Phone
732-445-0915 Fax

Mdissa Gonzdes, Ph.D.

Post Doctorate Research Fallow

U.S. EPA - NHEERL
MD-58A

Research Triangle Park, NC 27711

919-966- 7549 Phone
919-966-7584 Fax

gonzalesmelissa@epamail .epa.gov

Syd Gordon, Ph.D.
Research Leader

Battdlle Columbus Laboratories

505 King Avenue
Columbus, OH 43201-2693
614-424-5278 Phone
614-424-3638 Fax
gordon@battelle.org

Judith Graham, Ph.D.

Associate Director for Hedlth

U.S. EPA-NERL

MD-75

Research Triangle Park, NC 27711
919-541-0349 Phone
919-541-3615 Fax
graham.judith@epa.gov

Zhishi Guo, Ph.D.

Environmental Scientist

U.S. EPA/NRMRL

MD-54

Research Triangle Park, NC 27711
919-541-0185 Phone
919-541-2157 Fax

guo.zhishi @epa.gov

Karen Hammerstrom
U.S. EPA

MC 8601D

401 M Street, SW
Washington, DC 20460

Mike Herman

Physcd Scientist

U.S. EPA - ORD/NERL/HEASD/HEAB
ERC Annex, 79 Alexander Dr.

MD-56

Research Triangle Park, NC 27709
19-541-0928 Phone

19-541-0905 Fax
herman.mike@epamail .epa.gov

Jane Hoppin, Sc.D.

Saff Felow

NIEHS

P.O. Box 12233

Research Triangle Park, NC 27709
919-541-7622 Phone
919-541-2511 Fax
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hoppinl@niehs.nih.gov

Matti Jantuneu, Ph.D.
Department Director

KTL - Environmenta Hygiene
P.O. Box 95

Neulaniemeutie 4

Kupio,

Fnland

358 400 587 816 Phone

358 17 201 1184 Fax
matti.jantuneu@jrc.it

Lora Johnson

Director, Quality Assurance
U.S. EPA MD-587

26 W. Martin Luther King Drive
Cincinnati, OH 45268
513-569-7299 Phone
513-569-7424 Fax
johnson.lora@epa.gov

Elizabeth dulian, Ph.D.

Exposure Andyst

Novigen Sciences, Inc.

1730 Rhode ISand Avenue, N.W.
Washington, DC 20036
202-293-5374 Phone
202-293-5377 Fax
bjulien@novigensci.com

FrgaKame, Ph.D., MPH

Staff Scientist

NIEHSEpidemiology

P.O. Box 12233

Research Triangle Park, NC 27709
919-541-1581 Phone
919-541-2511 Fax

kame @niehs.nih.gov

Wendy Kaye, Ph.D.
Chief, Epidemiology and Survelllance

Branch

Agency for Toxic Substances and Disease
Registry

1600 Clifton Road, NE, Mail Stop E-31

Atlanta, GA 30333

404-639-6203 Phone

404-639-6219 Fax

wekl@cdc.gov

Patrick Kennedy
Chemigt

U.S. EPA

401 M Street, SW
Washington, DC 20460
202-260-3916 Phone
202-260-0981 Fax

kennedy.patrick @epa.gov

Pat Kinney, Ph.D.
Columbia University
School of Public Hedlth
600 Haven, B-1

New York, NY 10032
212-305-3663 Phone

Steve Knott

Exposure Science Coordinator
U.S EPA

401 M Street, SW
Washington, DC 20460
202-564-3359 Phone
202-565-0066 Fax
knott.steven@epa.gov

Ann Kukowski

Minnesota Dept. of Hedlth
121 E. 7th Place

St Paul, MN 55164
651-215-0854

Jack Leiss
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Anaytical Sciences, Inc.
2605 Meridian Parkway
Suite 200

Durham, NC 27712
919-544-8500 Phone

Kely Leovic

Environmenta Engineer

U.S. EPA/NERL/HEAB

MD-56

Research Triangle Park, NC 27711
919-541-7717 Phone
919-541-0905 Fax

leovrc.kelly@epa.gov

Paul Lioy, Ph.D.

Deputy Director

EOHSI - UMDNJ

170 Frelinghuysen Street
Piscataway, NJ 08855
732-445-0155 Phone
732-445-0116 Fax
plioy@eohd.rutgers.edu

David Maclntosh, Sc.D.

Assgtant Professor

University of Georgia

206 Environmenta Hedlth Building
Athens, GA 30602-2102
706-542-5542 Phone
706-542-7472 Fax
dmac@arches.uga.edu

Randy Maddaena, Ph.D.

Scientist

Lawrence Berkeley Nationd Labs
1 Cyclotron Road

MD-90-3058
Berkeley, CA 94720
209-962-5680 Phone
209-962-5680 Fax
rimaddalena@lbl.gov

Scott Masten, Ph.D.

Saff Scientist

NIEHS

111 T.W. Alexander Drive
Research Triangle Park, NC 27709
919-541-5710 Phone
919-541-7666 Fax
masten@niehs.nih.gov

Suzanne McMaster

Assgant Director

U.S. EPA/NHEERL

MD-51A

Research Triangle Park, NC 27711
919-541-3844 Phone
919-541-1440 Fax
mcmaster.suzanne@epa.gov

LisaMenyk, Ph.D.
Dietary Exposure Scientist
U.S. EPA - NERL-C1
26 W. M.L. King Drive
Cincinnati, OH 45268
513-569-7494 Phone
513-569-7757 Fax

Deirdre Murphy, Ph.D.
Environmenta Scientist/Toxicologist
U.S. EPA/OAR/OAQPS

MD-13

Research Triangle Park, NC 27711
919-541-0729 Phone
919-541-0237 Fax

murphy.dei rdre@epa.gov

Larry Needham, Ph.D.
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Chief, Toxicology Branch

Centers for Disease Control and Prevention
NCEH/EHL (Mail Stop F17)

4770 Buford Hwy., NE

Atlanta, GA 30341-3724

770-488-4598 Phone

770-488-4546 Fax

lIn1@cdg.gov

Miles Okino, Ph.D.
Post-Doctoral Researcher
U.S. EPA

P.O. Box 93478

LasVegas, NV 89193-3478
702-798-2355 Phone
702-798-2261 Fax

okino.miles@epamail .epa.gov

Will Ollison, Ph.D.

Senior Scientist

American Petroleum Indtitute
1220 L. Street, NW
Washington, DC 20005
202-682-8262 Phone
202-682-8270 Fax
ollisonus@apl.org

Mary Kay O’ Rouke, Ph.D.
Research Assstant Professor
Univergty of Arizona

EOH, Box 210468

1435 N Fremont Avenue
Tucson, AZ 85721
520-626-6835 Phone

520-882-5014 Fax
maryk@hrp.arizona.edu

Haluk Ozkaynak, Ph.D.

U.S. EPA (MD-56)

Research Triangle Park, NC 27711
Ozkaynak.Hauk@epa.gov

Mulihan Pandian

2920 North Green Valley
Suite 524

Henderson, NV 89014
702-433-8843

Edo Pdlizzari, Ph.D.

Vice President for Research

Research Triangle Indtitute

P.O. Box 12194

Research Triangle Park, NC 27709-2194
919-541-6579 Phone

919-541-7208 Fax

edp@rti.org

Paul Price

129 Oakhurst Road

Cape Elizabeth, ME 04107
207-774-8263

James J. Quackenboss
Environmenta Scientist

U.S EPA

P.O. Box 93478

LasVegas, NV 89193-3478
702-798-2442 Phone
702-798-2261 Fax
quackenboss,james@epa.gov

Gary Robertson
Research Chemigt
U.S. EPA
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P.O. Box 93478
LasVegas, NV 89193
702-798-2215 Phone
702-798-2261 Fax

robertson.gary @epamail .epa.gov

Seumas Rogan

Field Coordinator and Data Analyst
Univergty of Arizona

EOH, Box 210468

1435 North Fremont Ave.

Tucson, AZ 85719

520-626-6835 Phone
520-882-5014 Fax
seumarsr@hrp.arizona.edu

Bary Ryan, Ph.D.

Dept. of Environmenta and Occupationa
Hedth

Rallins School of Public Hedlth

Emory Universty

1518 Clifton Road, NE

Atlanta, GA 30322

Chrigtopher Saint, Ph.D.
U.S. EPA

401 M Street, SW
Washington, DC 20460
202-564-6909 Phone
saint.chris@epa.gov

Susan Schober, Ph.D.

Epidemiologist

CDC/National Center for Hedth Statistics
6525 Belcrest Road, Room 1000
Hyattsville, MD 20782

301-436-7072 x171 Phone
301-436-5431 Fax

sus2@cdc.gov

Judy Schreiber, Ph.D.

Chief, Specid Invedtigations
New York State Dept. of Hedlth
547 River Street

Flanigan Square, Room 330
Troy, NY 12180-2216
518-402-7810 Phone
518-402-7819 Fax
jsO5@hedth.gtate.ny.us

Keith Schwer

UNLYV, Center for Business and Economic

Research
4505 Maryland Pkwy.
P.O. Box 456002
LasVegas, NV 89154-6002

Les Sparks, Ph.D.

Senior Chemicd Engineer

U.S. EPA/NRMRL

MD-54

Research Triangle Park, NC 27711
919-541-2458 Phone
919-541-2157 Fax

sparks.les@epa.gov

Chuck Stroebdl

Environmental Research Scientist
Minnesota Department of Hedlth
121 East Seventh Place

Suite 220

St. Paul, MN 55164
651-215-0919 Phone
651-215-0975 Fax

chuck.stroebel @hedth.state.mn.us

Helen Suh, Sc.D

Assistant Professor

Harvard School of Public Hedth
235 Lincoln &t

Newton, MA 02461
617-432-0647 Phone
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617-432-4122 Fax
suh@sparca.harvard.edu

Keven Teichman

U.S. EPA

401 M Street, SW (8104R)
Washington, DC
202-564-6705
202-565-2917

telchman@epamail .epa.gov

Kent Thomas

Physical Scientist

U.S. EPA - NERL

79 T.W. Alexander Drive

MD-56

Research Triangle Park, NC 27711
919-541-7939 Phone
919-541-0905 Fax
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APPENDIX 5. HANDOUTS&

Overview of NHEXAS Pilot Study
and Summary Tablesfor the
Data Analysis Planning Workshop

July 27 to 29, 1999
Raleigh, NC

8Handouts not already included elsewhere in the proceedings document.
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The ultimate god of the National Human Exposure Assessment Survey (NHEXAYS) isto
document status and trends of nationd distributions of human exposure to potentialy high-risk
chemicasto improve the accuracy of exposure (and risk) assessments and to eva uate whether
exposure (risk) is deteriorating or improving over time with the application of risk management steps.
The Phase | pilot projects, which are being discussed at this Workshop, are the beginning.  Based on
the scientific advances from this first phase of NHEXAS, anationd exposure survey is envisoned.

Phase| of NHEXAS (heregfter referred to asjust NHEXAYS) is perhaps the most ambitious
study ever undertaken to evauate total human exposure to multiple chemicas on acommunity and
regiond scae. It focuses on the exposure of people to environmenta pollutants during their daily lives.
To accomplish this, hundreds of volunteer participants were randomly selected from severa aress of
the country to obtain a population-based probability sample. NHEXAS scientists measured the levels
of asuite of chemicals to which participants were exposed in the air they bregthe, in the foods and
beverages they consume, in the water they drink, and in the soil and dust around their homes.
Measurements were dso made of chemicals or their metabolitesin biologica samples (including blood
and urine) provided by the participants. Findly, participants completed questionnaires to help identify
possible sources of exposure to chemicals and to characterize mgjor activity patterns and conditions of
the home environment.

In addition to improving estimates of total exposure to chemicals NHEXAS amsto:

* |dentify sub-groups of the genera population that are likely to be highly exposed (at least the

75" percentile) to chemicas in their environment.

* Provide abasdine of the norma range of exposure to chemicasin the genera population that
can be used to compare to the results of other investigations conducted at particular sites of
concern or addressing specific routes.

» Compare the results of aone-week ?snapshot” of exposure to the results obtained from
multiple sampling cycles over ayear.

» Evauate and improve the accuracy of models developed to predict or diagnose exposure of
people to chemicals.

» Test and evauate different techniques and design approaches for performing multimedia,
multipathway human exposure sudies.
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The NHEXAS pilots cons st of three interrelated projects, dl of which were funded as
co-operative agreements and coordinated by EPA’ s Office of Research and Development:

1) A study of severd hundred Arizonaresidents by the University of Arizona, Baitelle Memorid

Ingtitute, and the lllinois Ingtitute of Technology.

2) A dudy of several hundred residents from the states of 1llinois, Indiana, Michigan, Minnesota,
Ohio, and Wisconsin by the Research Triangle Indtitute and the Environmental Occupetiond
Hedth Sciences Indtitute. In addition, a smaller-scae study focused on children’s exposures
to pesticides, which was conducted with the participation of the Minnesota Department of
Hedth.

3) A sudy of about sixty Maryland residents by Harvard University, Emory University, Johns
Hopkins Univerdty, and Westat.

Two other federd agencies - the Food and Drug Administration and the Centers for Disease
Control and Prevention - are assisting EPA (under Interagency Agreements) with sample andysis. The
Nationa Indtitute for Standards and Technology (under an Interagency Agreement) is providing quaity
assurance support.

Within EPA’s Office of Research and Development, scientists from the National Exposure
Research Laboratory, Nationd Center for Environmental Assessment, and the Nationd Hedlth and
Environmenta Effects Laboratory participate. The first two organizations are actively engaged in the
conduct of the program by serving as project officers and principa collaborators in the research.

Sample collection began in mid-1995 and was completed for al of the projectsin late 1997.
Andyssof dmog dl of the samples was completed in early 1998, After satidtica andysis and
summary, initid publicationswill be available beginning in 1999. The Consortiawill be providing their
databases for the NHEXAS studies to EPA in late 1999/early 2000. We expect to make the data
available on the Internet by September of 2000. The two additiona studies, Minnesota Childrens
Study and the Arizona Border Study will be made available on the Internet as the data becomes
available, possibly late 2001 or early 2002.

The attached nine tables summarize the mgor design dements of NHEXAS and the target
anaytes'methods for metals, PAHSs, pesticides, and VOCs. There were common features across the

three consortia. For example, dl three consortia used the same basic set of questionnaires. Within
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chemica classes selected by the consortia, each consortium analyzed for abasic set of chemicals.
However, by utilizing three consortiag, dternative and innovative variations on the theme of multimedia
measurements to estimate total human exposure were possible. For example, each consortium was
able to target some specific concerns or opportunities. Two of the consortia focused on measuring
potential exposures of each participant once; one consortia studied fewer people but repeated the
measurements severd times over the year to enable estimates of tempord variability for the exposures

and activities of intered.

TABLE | CONTENTS
1 Study Design

Data Andyss

Environmental and Biologica Sampling

Objectives and Hypotheses

Quedtionnaires

Target AnalytesMethods for Metas

Target AndytesMethods for PAHs

Target AndytesMethods for Pesticides

Ol |IN]JOOjJO | WD

Target AnaytesMethods for VOCs

The participants were sdected through a probability sample to permit statistica inferences about
the larger population later. The only exception was a specia pand on children exposed to pegticides.
(This was based on oversampling househol ds reporting more frequent gpplications of insecticides and
on acommercid ligting of households with listed telephone numbers that were predicted to have age-
eigible children.)

Chemicals to be andlyzed by NHEXAS were chosen because they are known (or strongly
suspected) to present magjor environmenta hedth risks, have been found in two or more environmental
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media (air, water, soil, food), and have been identified as being of importance to several EPA program
or regiona offices or other federd agencies. Chemicaswere sdlected only if it was feasible to collect
and andyze them. The chemicdsfal into three categories: (1) volatile organic compounds (VOCs),
such as formadehyde, trichloroethylene, benzene, and perchloroethylene; (2) metals, such aslead,
mercury, arsenic, and cadmium.; and (3) pesticides, such as the herbicide atrazine and the insecticides
chlorpyrifas, diazinon, and maathion. In some media, measurements of selected polyaromatic
hydrocarbons (PAHs) were made.

SOURCES OF MORE INFORMATION

Abstracts of NHEXAS results presented at the last two annua mestings of the Internationa
Society for Exposure Andysis, dong with a Specid 1ssue of the Journd of Exposure Andlysis and
Environmental Epidemiology (vol.5, no.3, July-Sept., 1995) which describes all maor aspects of
NHEXAS, will be available for review at the Workshop.
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TABLE 1. SUMMARY OF NHEXAS STUDY DESIGN

Consortium Arizona/Battelle RTI/ECHSI Harvard/Emory/Johns Hopkins
Overview Popul ation-based personal exposure measurementBopul ation-based personal exposure measurementslnvestigate the relationship between shor}-
of metals, pesticides, & VOCs of metals & VOCs; MN children’s pesticide study term (1-7 day) and long-term (annual
included pesticides & PAHs average) exposure measurements for metalls
& pesticides

Study Design

Population
Selection and
Recruitment

Probability-based sample selection using multi-  Probability-based sample selection using multi-stagerobability-based sample selection using
stage sampling; phased data collection involving sampling; phased data collection involving varyingmulti-stage sampling; participants must

varying levels of participation in each phase levels of participation in each phase agree to participate in all phases of the
study

. Representative sample of general AZ * Representative sample of EPA Region 5 * Representative sampleincludes
population (IL,IN,MI, MN,OH,WI) suburban, urban, & rural groupsin

. Divide AZ into 15 regions each containinga  Select 32 PSUs (generally counties) with Baltimore and surrounding counties
number of “combined census block groups”  probability proportional to size (PPS) based on+  Study conducted in 5 political areasin
with similar populations 1990 Census Maryland: Anne Arundel County, City

. Of these 400-600 primary sampling units - stratified by size and racial makeup of Baltimore, Baltimore County
(PSUs), 50 selected and divided into area - four loops through Region with random starts  excluding the City, Queen Anne
segments *  Select ~24 households (HHs) per PSU (for County, and Talbot County. Stratify

. 5 area segments, containing 20-30 housing descriptive questionnaire), and one (or zero) U.S. Census block groupsinto 5
units each, selected as secondary sampling  participant per HH, to yield ~9 participants per categories: 1. Urban, predominantly
units (SSUs) PSU (for monitoring) white, 2. Urban, predominantly

. All housesin each SSUsrandomly listed & » Longitudinal follow up by mail for participants minority; 3. Suburban, predominantly
sequentially selected until 5 participating in thefirst 22 sample counties for 2 different 4. Suburban, predominantly minority,
househol ds obtained times and 5 rural. 5 block groups. Select 5

. Seventy seven percent of the households « Incentive scale, based on burden (e.g., $5 Census block groups from each stratufn.
eligible for intensive sampling agreed to baseline questionnaire, $15 for Core monitoring,  Select 20 households from each block
participate, of these 179 (43 %) were +%$40 aerosol monitoring, +$75 duplicate group. Holdholds called until 90
actually sampled due to resource diet+reimburse for foods); eligible for Raffle households recruited (9-10 per
constraints. Lower number of samples (1 ticket each for food monitoring and aerosol stratum). Goal to retain 50 household
anlyzed by Battellein last 3 countiesdueto  monitoring) through to end of study
resource constrains. » Response Rates (weighted) » Each participant/household received fyl

- Descriptive questionnaire ~ 72% sampling and questionnaire protocol §
- Baseline questionnaire ~ 74% times evenly spaced over one year.

- Visit 1 - Core monitoring ~ 80%
- Optional items: 50-70%

- Visit 2 - Core monitoring ~ 57%
- Personal VOCs ~ 41%

- Visit 3 - Core monitoring ~ 48%
- Personal VOCs ~ 38%
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TABLE 1 (cont’d). SU

MMARY OF NHEXAS STUDY DESIGN

Consortium Arizona/Battelle RTI/ECHSI Harvard/Emory/Johns Hopkins
Number of ¢ Collect baseline questionnaire data on » Administer Descriptive (n=555 households) and 62 randomly selected people sampled
Participants and 900-1250 households Baseline (n=326) questionnaires remained in the study through 6 sampl
Temporal ¢ Environmental sampling and additional * Monitor 249 participants; only 1 participant cycles

Monitoring questionnaires for 450 households (primary per household

Types of Data
Collected

respondent, plus other interested residents)
* |n 179 of the 450 households, intensive &
temporal sampling with re-evaluation for the
same pollutants using methods with greater
resolution & reliability
¢ Questionnaire data and intensive sampling

* Two longitudinal follow ups by mail
(101 participantsin first follow up and
86 participants second follow up)

conducted on an additional 85 households along

the Arizona/Mexico border using NHEXAS
protocols.

« Baseline questionnaire data collected in an
additional 200 homes and secondary sampling
conducted in approximately 50 households.

Human activity (questionnaires & diaries); guestionnaires & diaries: Personal and Human activity (questionnaires & diaries)

environmental concentrations (air, water, soil/dustenvironmental characteristics and activities; environmental concentrations (air, water,

surface residues); personal exposure concentratio@®re monitoring: Air-VOCs (indoor/outdoor, soil/dust surface residues); personal

(air, diet); human tissues/fluids (blood, urine) personal), Tap Water (metals, VOCs); exposure concentrations (air, diet, residue
Aerosol Monitoring: Air(Indoor, Personal Air), on hands); human tissues/fluids (blood,
House Dust, and Soil (metals); urine)

Duplicate Diet: solid foods and beverages (including
drinking water), diet diary and follow-up
guestionnaire;

Biomarkers: blood, urine, hair
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TABLE 2. SUMMARY OF NHEXASDATA ANALYSIS

Consortium

Arizona/Battelle

RTI/EOHS|

Harvard/Emory/Johns Hopkins

Journal Articles“In
Press’ (Special Issue
of JEAEE)

The NHEXAS Study in Arizona-
Introduction and Preliminary Results
Spatial Distributions of Arsenic
Exposure and Mining Communities
from NHEXAS Arizona

Residential Environmental
Measurements in the National Human
Exposure Assessment Survey
(NHEXAYS) Pilot Study in Arizona
Multimedia Results for Pesticides and
VOCs

Evaluations of Primary Metals from
NHEXAS, Arizona: Methods,
Distributions and Preliminary
Exposures

Population Based Exposure
Measurementsin AZ: A Phasel Field
Study in Support of the National
Human Exposure Assessment Survey

Sampling Design, Response Rates and
Nonresponse Compensation for the NHEXAS in
EPA Region 5

NHEXAS: Distributions and Associations of
Lead, Arsenic and Volatile Organic Compounds
in EPA Region 5

Population-based Dietary Intakes and Tap Water
Concentrations for Selected Elementsin the EPA
Region 5 NHEXAS

Responsesto the Region 5 NHEXAS
Time/Activity Diary

Analysis of Mercury in Hair of EPA Region 5
Population

Quantification of Children’s Hand and Mouthing
Activities Through a Videotaping Methodol ogy
The EL Sampler: A Press Sampler for the
Quantitative Estimation of Dermal Exposure to
Pesticides in House Dust

e A Longitudinal
Investigation of Dietary
Exposure to Selected
Elements

« A Longitudinal
Investigation of Selected
Pesticide Metabolitesin
Urine

« Long-Term Average
Microenvironmental Time
Budgetsin Maryland
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TABLE 2 (cont’d). SUMMARY OF NHEXASDATA ANALYSIS

Consortium

Arizona/Battelle

RTI/EOHS|

Harvard/Emory/Johns Hopkins

Manuscripts“In
Preparation” Under
EPA Contracts
(estimated year of
publication)

Occurrence/Distributions of Pollutant
Concentrations in Different Media, with
Comparisons Across Mediafor each
Pollutant (1999)

Exposure Model Formulation and
Validation for Pesticides using the AZ
NHEXAS Database (1999)

Total Exposure Assessment Estimates
and their Distributions for Pesticides
(2000)

Total Exposure Assessment: The 90th
percentile of Total Exposure to
Pesticides and their Media Components
(2000)

Analysis of Dietary and Other Exposure
Pathways for Metals, with Comparisons
Between Media Concentrations and Routes of
Exposure (1999)

Assessment of Data Quality for the EPA Region
V NHEXAS Study (2000)

Pesticide Residuesin Urine:
Temporal and Population
Variability and Associations
with Activities and Diet
(1999)

Population and Temporal
Variability Analyses of
Dietary Checklist Data
(1999)

Pesticide Residuesin Urine:
Associations with
Questionnaire Data and
Environmental
Concentrations (2000)
Estimated Chlorpyrifos
Exposurein US EPA Region
V and Arizona (2000)
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TABLE 2 (cont’d). SUMMARY OF NHEXASDATA ANALYSIS

Consortium Arizona/Battelle RTI/ECHS Harvard/Emory/Johns Hopkins
Proposed Total Exposure Assessment for Metals Contribution of Activity Patternsto Personal
Manuscripts (same as contract papers 2-4 for metals, Exposures of NHEXAS Participants

including Border data & comp)
Exposure Assessment for VOCs,
(including Border and comparisons)
Exposure Assessment for PM 10,
(including Border and comparisons)
Total Exposure Assessment for
Pesticides on the Border (similar to
contract papers 2-4, including
comparisons with the State)

Total Exposure Assessment for
Children (including Border, including
secondary respondents)

Total Exposure Assessment for
Hispanics (including Border, including
secondary respondents)

Complete Questionnaire Analysis. stat
models with exposures & biomarkers
Description of Time Activitiesin the
population and sub-populationsin
relation to exposures and demo. char
Use of Portable

Relationship of Residential Sources and
Residential Conditionsto Household
Contaminant Levels

Relationship Between Pesticide Levelsin and
Around the Home and Hand Rinse

M easurements from Children

Relationship Between Activity Pattern Dataand
Hand Rinse M easurements of Pesticidesin
Children”

“Estimation of Pesticide Exposure from
Biomarker M easurements Using Environmental
and Time-Activity Datato Constrain the
Solutions”
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TABLE 3. SUMMARY OF NHEXASENVIRONMENTAL AND BIOLOGICAL SAMPLING
(refer to Tables 6-9 for details)

Consortium Arizona/Battelle RTI/EOHS| Harvard/Emory/Johns Hopkins
Personal Air 1. Personal VOC passive badge sample (6-day 1. Personal VOC passive badge sample (6-day Active personal pump sample (24-hour
integrated). integrated). integrated).
2. Non-occupational personal VOC passive 2. Non-occupational personal VOC passive
badge. badge.
3. Active persona pump with Teflon coated 3. Active personal pump (6-day integrated).
filter (18-24 hour integrated).
Indoor Air 1. Indoor VOC passive badge sample (7-day 1. Indoor VOC passive badge sample (6-day Indoor active pump sample (7-day
integrated). integrated) integrated).
2. Indoor VOC active pump sample (24-hour 2. Indoor active pump sample (6-day integrated)
integrated).
3. Indoor active pump sample (Two 3-day
integrated, including weekend).
Outdoor Air 1. Outdoor VOC passive badge sample (7-day 1. Outdoor VOC passive badge sample (6-day Outdoor active pump sample (7-day
integrated). integrated). integrated).
2. Outdoor VOC active pump sample (24-hour 2. Outdoor active pump sample (6-day
integrated). integrated).
3. Outdoor active pump sample (7-day
integrated).
Water Drinking water sample. 1. Drinking water samples (2). Flushed Tap Water Sample.
2. Standing tap water sample.
House Dust 1. Vacuum Sampler (floors). 1. Dust wipe samples on surfaces (2). Vacuum Sample at Fixed Surface Area.
2. Surface wipes (surfaces). 2. Plate deposition dust sample.
3. Adhesive tape transfer (surfaces). 3. Carpet deposition dust sample.
Sail 1. Composite sample at foundation. Composite sample from yard area. Composite sample from yard area.
2. Composite sample from yard area
Dermal Dermal wipe sample. Dermal wipe sample. Dermal wipe sample.
Food One-day composite of duplicate diet and Composite of four day duplicate diet and 1. Composite of four day duplicate diet

b

everages.

beverage samples.

and beverage samples.
2. Mini-market Basket.
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TABLE 3 (cont’d). SUMMARY OF NHEXASENVIRONMENTAL AND BIOLOGICAL SAMPLING
(refer to Tables 6-9 for details)

Consortium Arizona/Battelle RTI/EOHS| Harvard/Emory/Johns Hopkins
Urine Onefirst daily void. Two first daily voids. Onefirst daily void.
Blood Personal Air 50ml venous puncture. 50ml venous puncture.
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TABLE 4. NHEXASOBJECTIVESAND HYPOTHESES

Objective/Hypothesis

Analytical Approach

Consortia

1

la

1b.

2a

2b.

2c.

2d.

TEST ADEQUACY OF INITIAL EXPOSURE
ASSESSMENTS

Exposure and/or concentration distributions from the
initial exposure assessment are/are not comparabl e to
the NHEXAS Phase | results.

Exposure and/or concentration datafrom NHEXAS
Phase | field studies can/cannot be used to improve
exposure assessment results.

IDENTIFY POSSIBLE SUBPOPULATION FOR WHICH
EXPOSURES ARE DIFFERENT

Biologically sensitive subpopulations have/do not have
total exposures similar to those of the general
population.

Exposures for certain segments of the population are/are
not different from those of the general population.

Biological measurementsfor certain segments of the
population are/are not different from those of the general
population.

Environmental media concentrations for certain
segments of the population are/are not different from
those of the general population.

IDENTIFY POSSIBLE CAUSES FOR DIFFERENCESIN
EXPOSURE

Exposures for segments of the population reporting
contact with certain sources are/are not different from
the general population.

Weighted dataanalysisis used to furnish population
estimates.

Models used to develop initial exposure assessment will
bererun using Phase | data.

Questionnaire datawill be used to identify
subpopulations and aweighted data analysis will be
used to furnish (sub)population estimates.

Questionnaire datawill be used to identify segments
and define the domains and aweighted data analysis
will be used to furnish (sub)population estimates.

Questionnaire datawill be used to identify segments
and define the domains and aweighted data analysis
will be used to furnish (sub)population estimates.

Questionnaire datawill be used to identify segments
and define the domains and aweighted data analysis
will be used to furnish (sub)population estimates.

Questionnaire datawill be used to identify participants
that report contact with potential pollutant sources and
aweighted dataanalysis will be used to furnish
(sub)population estimates.

RTI/EOHSI UA/Bat/IIT

HSPH/JHU RTI/EOHS| UA/Bat/lIT

RTI/EOHSI UA/Bat/II'T

RTI/EOHSI UA/Bat/IIT

RTI/EOHSI UA/Bat/II'T

RTI/EOHSI UA/Bat/IIT

RTI/EOHSI UA/Bat/IIT
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3b.

Environmental media concentrations for segments of the
of the population reporting contact with certain sources
are/are not different from the general population.

Questionnaire datawill be used to identify homes with

potential pollutant sources and aweighted data analysis
will be used to furnish (sub)population estimates

RTI/EOHSI UA/Bat/I1'T

TABLE 4 (cont'd). NHEXASOBJECTIVESAND HYPOTHESES

Objective/Hypothesis

Analytical Approach

Consortia

3c.

3d.

4b.

5b.

6b.

Personal exposure measurements do/do not correl ate
with measures of source intensity.

Environmental media concentration measurements do/do
not correlate with measures of source intensity.

TEST FOR ASSOCIATIONS

Personal exposure measurements do/do not correlate
with biological concentrations.

Personal exposure measurements do/do not correl ate
with environmental media concentrations.

APPORTION EXPOSURES AMONG MEASURED
PATHWAYS

All measured pathways contribute equally/unequally to
dose.

Pathway contributions are/are not independent.

PROVIDE DATA TO DEVELOP AND IMPROVE
EXPOSURE MODELS

Individual dietary exposures estimated by combining
consumption data with concentration data from the FDA
Total Diet Study are/are not different from those derived
from Phase | data.

Individual dietary exposures estimated using afood use
diary, coupled with amini-market basket data collection
procedure are/are not comparabl e to those derived from
aduplicate diet procedures.

Questionnaire datawill be used to define measures of
source intensity.

Questionnaire datawill be used to define measures of
source intensity.

Calculate correlations (Spearman and Pearson for
original and log-transformed data).

Calculate correlations (Spearman and Pearson for
original and log-transformed data).

Convert concentrations to average mass/day. Estimate
population means and percentiles of these measures

and compare corresponding estimates across pathways.

Calculate inter-pathway correlations.

Food diary data are used to provide consumption
estimates. Pollutant concentrations for food items are
derived from the FDA Total Diet Study and duplicate
plates.

Food diary data are used to provide consumption
estimates. Pollutant concentrations for food items are
derived from the mini-market basket survey and
duplicate plates.

RTI/EOHSI UA/Bat/IIT

RTI/EOHSI UA/Bat/I1'T

RTI/EOHSI UA/Bat/IIT
HSPH/JHU

RTI/EOHSI UA/Bat/IIT

RTI/EOHSI UA/Bat/lIT HSPH/JHU

RTI/EOHSI UA/Bat/I1'T

RTI/EOHS| UA/Bat/IIT HSPH/JHU

HSPH/JHU
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TABLE 4 (cont’d). NHEXASOBJECTIVESAND HYPOTHESES

Objective/Hypothesis

Analytical Approach

Consortia

6C.

6d.

Ta.

7b.

7c.

Distributions of long-term measurements (exposures,
doses, and environmental media concentrations)
can/cannot be estimated directly from short-duration
measurements

Questionnaire data are/are not sufficient to afford
prediction of exposures experienced by a study
population.

IMPROVE DESIGN FOR NHEXAS PHASE II AND I

Response rates are/are not sufficient to use the
NHEXAS Phase | methodology in NHEXAS Phaselll.

Respondents are/are not a biased subset of sample
subjects.

Variance- and cost-component estimates from Phase |
are/are not useful for optimizing Phase Il designs.

Extrapolate measurements to annual averages. Estimate
autocorrelation functions of exposure measurements by
grouping observations by months. Perform seasonal
adjustments. Other statistical tests such asthe multiple
t-test and analysis of variance will be performed.

Develop regression-type prediction models. Correlate
predictions with measured exposures and biological
markers.

Qx data are used to define domains with potentially
different response rates. Response rates are computed
for each stage of participation both overall and by these
domains.

For each level of participation, respondents and
nonrespondents are compared based on characteristics
known for all participants at the previouslevels

Cost- and variance-components from NHEXAS Phase |
(e.q, intracluster correlation for environmental and
biologica measurements) will be used to determine the
minimum sample allocations for Phaselll.

HSPH/JHU

RTI/EOHS| UA/Bat/IIT HSPH/JHU

RTI/EOHSI UA/Bat/IIT

RTI/EOHSI UA/Bat/II'T

RTI/EOHSI UA/Bat/IIT




TABLE 5 QUESTIONNAIRESUSED FOR NHEXAS

All three NHEXAS Phase | Fidd Studies used the same set of questionnaires. They were
developed by EPA in cooperation with a number of recognized experts in the collection analysis of
human activity pattern data, human exposure to contaminantsin air and non-air media, and
environmenta epidemiology. These questionnaires were developed to: 1) provide descriptive
information for the households and individuas included in the NHEXASS population sample compared
with the target population (e.g., Census data), 2) explain variability or predict differencesin
exposure/dose measurements, 3) identify the presence (and, possibly, usage patterns) for mgjor
pollutant sources in the microenvironments most frequently visted by individuas in the survey (eg.,
home and work place); and 4) characterize the distributions of “exposure factors’ which are needed to
compare and contrast exposure estimates made in the initial assessment with those derived from the
NHEXAS pilot studies.

To meet these objectives, the questionnaires are designed to dicit information about each of the
following topic areas. &) demographic characteristics of household residents and of sdlected
respondent(s), b) basic household characterigtics, ¢) activity and lifestyle factors related to pollutant
exposure for the selected respondents, d) occupationa factors, €) generd dietary patterns and f)
information hedth satus for use in identifying high risk subpopulations..

The NHEXAS pilot study questionnaires are organized into six modules for amplicity in
adminigration (to minimize respondent burden and maximize participation rates at each step) and for
collecting information that can be temporaly related to the exposure, concentration and/or biological
measurements collected in NHEXAS. The six modules are:

1) Descriptive Questionnaire - to enumerate individuas within a household for sampling
purposes (basis for selection of sample individua), to identify genera characteridtics of the
living quarters and occupants, and to provide a basis for assessing potentia bias due to
refusals in subsequent steps,

2) Basdline Questionnaire - to provide more detailed information on the characterigtics of the
sample individua and housing, and on the usud frequency of activities over alonger time
frame (i.e,, last month or year) relative to persstence in environmenta or biologicd medig;
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3)

4)

5)

6)

Technician Questionnaire - to identify and inventory the presence of pollutant sources and
document physicd characterigtics of the building (technician completed to minimize burden on
respondents);

Follow-up Questionnaire - to provide information on relatively infrequent (e.g., lessthan
daly) activities during the sampling period to explain variation in the sample (or differences
between sub-groups) for the monitoring results;

Time Diary and Activity Questionnaires - for collecting data on detailed (daily) time and
location information and activity patterns (for rdaively frequent activities when recalling
events over severd days would be more burden on the respondent); and

24-hour Dietary Diary - for collecting information on actua daily consumption patterns
from the participant for use in estimating dietary exposures. The NHEXAS Phase | Fidd
Studies will evauate two types of saf-completed food diaries. 1) an open-ended dairy and
2) achecklist of specified food categories. The main am of the food diaries and food sample
collection isto develop a suitable protocol for NHEXAS Phasell. Another am isto test the
need for making direct dietary measurements through comparisons with assessments using
existing data and approaches.
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TABLE 5. QUESTIONNAIRESUSED FOR NHEXAS

Desxcriptive  Baseline Follow-up Technician Activity
DEMOGRAPHIC
gender D5c B2
age (date of birth) D5d B3
race/ D5e, D5f
hispanic origin
education D5g B1
height B4
weight B5
income B44
location (county, city; censustract, block) cover cover cover cover
nearest major intersection T5
region, urban/rural T6a
distance to street T6b
HEALTH STATUS
current health B20
specific diseases, diagnoses, ages B21(aw)
medi cations F6(a-€)
pregnancy or lactation F8
BASC HOUSING CHARACTERISTICS
structure D6
floors T1,T2
rooms D7
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TABLE 5 (cont’d). QUESTIONNAIRESUSED FOR NHEXAS

Desxcriptive  Baseline Follow-up Technician Activity
carpeting/rugs T3
own/rent D8
farm/ranch B22
building age B23
tenure B24
remodeling, painting B25
water sources, treatment B26(a-€)
enclosed/attached garage B27(a-d)
gas-powered engines B28 F2(d,e)
air conditioning B29(a-c) Fl(a-b)
evaporative coolers (AZ only) B30(af) F1(c)
fans F1(d-f)
heating fuels, system B31, B32, B33 F1(h), F1(1)

space heaters (kerosene and gas)
wood/coal stove

wood/coal fireplace

air cleanerffilter

humidifier (ultrasonic)

pesticide treatments inside/outside
pesticide treatments lawn/garden

mothballs

B34(ac), B35(ac)  F(i)

B36(a-d) F1(g)

B37(a-d) F1(K)
F1(m,o0)
F1(n)

B38(a-i), B39(a-q)

B40(af)
B41
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TABLE 5 (cont’d). QUESTIONNAIRESUSED FOR NHEXAS

Desxcriptive  Baseline Follow-up Technician Activity
room deodorizers B42
pets B43(a-d)
flealtick treatments B43(e-f)
open doors/windows A26
dust level/control T4
exterior siding T6C
paint exterior/interior T6(d,e)
materials at entrance and in yard T6(f), T6(i)
drip line, roof T6(Q)
roof type/composition T6(h)
foundation T6(j)
swimming pool, hot tub, jacuzzi T7(ab), T8(ab)
EXPOSURE ACTIVITIES
duration of time spent inside and outside by location home
category work/school/other, or
in-transit
tobacco smoking D5h B6(a-c), B7(a-c)
smokel ess tobacco B7d
time near someone who was smoking B8(a-d) A20,A21
smoking at home D5i B9(a-c)
paint walls, furniture, cars, or other objects B10(a)
chemical paint strippers B10(b)




TET

other paint removal B10(c) F2(f) sander

TABLE 5 (cont’d). QUESTIONNAIRESUSED FOR NHEXAS

Decriptive  Basdline Follow-up Technician Activity
solder pipes, electronic repairs, stained glass B11(a)
lead-based oil paint (picturesor jewelry) B11(b)
paints or solvents F2(a)
glues and adhesives F2(b)
kerosene, fuel oil F2(c)
mold lead B11(c)
metal working/welding F3(g)
pump gas Al
spill gason skin A2
enclosed garage with parked car F5(a-c) A3
contact with soil or dirt A4
grass or leaves A5
fireplace or wood stove A6, A7
grilling, burning F4(a-d) A8
tobacco smoked in home A9
drinking water Al4
tobacco use A15,A16, A7
hand washing Al18
travel on roads A19

shower, bath A10, A1l
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TABLE 5 (cont’d). QUESTIONNAIRESUSED FOR NHEXAS

Desxcriptive  Baseline Follow-up Technician Activity
swimming A22
prepare/apply pesticides F2(0,01) Al12,A13
using cleaning supplies A23
vacuum, sweep, dust F3(a-C)
gardening F3(e)
woodworking F3(f)
lay/sit on carpet at home A24
timein enclosed workshop A25
vigorous and moderate exercise A27-A28
DIETARY AND NON-DIETARY
non-market foods. B12(a,b)
non-market fish
non-market game
cruciferous vegetables F9(a-d)
grapefruit Fo(e)
alcoholic beverages Fo(f)
grilled, flame broiled, smoked, or blackened foods Fo(g)
vitamins and mineral supplements F7 (a-d)
specia diet F10, F11
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TABLE 5 (cont’d). QUESTIONNAIRESUSED FOR NHEXAS

Desxcriptive  Baseline Follow-up Technician Activity
OCCUPATION
work full- or part-time away from home D5j B13
second job B15
time at work Bl4a Bl6a diary
working at home B14i, B16i
business type B14b, B16b
jobtitle Bl4c, B16c
activities/duties B14d, B16d
protective clothing B14(ef), B16(ef)
exposures to dusts, fumes, gas, or vapors Dép B14(g,h), B16(g,h)
exposures to pesticides D6o B14(i j), B16(i ),
attend classes as student Bl7a
time at school/daycare B17b diary
school/daycare outside the home D5k B18(a-b)
other time spent outside the home Dén
transportation to work/school B19




APPENDIX 6: COPIES OF OVERHEADS
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