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1. INTRODUCTION

1.1  Purpose of This Document

This document provides guidance on designing human exposure monitoring studies
as part of the Global Environment Monitoring System (GEMS) Human Exposure
Assessment Locations (HEAL) programme of the World Health Organization (WHO) and
the United Nations Environment Programme (UNEP). The guidance is intended to assist
GEMS/HEAL participants in designing studies using accepted survey procedures and
principles.

It is not expected that HEAL countries will design human exposure field studies
based solely on the guidance provided in this document. Rigorous and defensible
statistical studies must be designed by qualified specialists with an expert knowledge of
survey statistics. WHO and UNEP encourage HEAL members to retain the services of
experts in surveys and statistics when designing human exposure field studies. These
experts will be able to handle the numerous exceptional circumstances that are typicaily
encountered in translating statistical methods from the textbook to the field.

The purposes of this document are twofold:

(1)  to assist officials in participating countries in understanding the
basic principles of 2 HEAL study, including the need to specify
study objectives at the earliest planning stages, the need to conduct a
pilot test, and the need for and implications of probability sampling;
and

(2)  to provide the survey and research statisticians who are designing
key technical elements of the study with a consistent set of ground
rules to be followed.

1.2 Background on the HEAL Programme

The overall objectives of the HEAL programme are:

(I)  To provide comparable assessments of human EXposures to
environmental pollutants around the world and to identify trends.

(2)  To improve, test, coordinate, and demonstrate methods for human
exposure monitoring,

3} To prbmote human exposure assessment as a basis for
environmental control strategies to protect human health.




(4)  To improve national exposure monitoring capabilities, especially in
developing countries. (WHO/UNEP, 1990)

These broad objectives were formulated because of the need for more accurate
human exposure data. They are also intended to improve the ability of participating
countries to describe and understand the degree to which humans are exposed to
pollutants, to coordinate human exposure monitoring activities among them, and to foster
international cooperation in exposure monitoring.

HEAL studies will attempt to assess the existing exposure either of the general
population living in a specified area or of selected target population groups (e.g., highly
sensitive or potentially highly exposed people).

Exposure to a given pollutant occurs when a person comes in contact with it in the
environment at a finite concentration. Human exposure can occur through multiple routes
-~ inhalation, ingestion, and dermal contact — during muitiple activities at varied
locations. Human exposure can be studied by either a direct approach, an indirect
approach, or a combination of the two.

With the direcr approach, pollutant concentrations taken in by an individual
through food, water, and air are measured directly. Dermal intakes are estimated from
measures of skin contact. Field studies using personal monitors, questionnaires, and
diaries provide the exposure data. Survey sampling techniques are used to select a
sample of people that is statistically representative of the population of interest.

The indirect approach uses a mathematical model to estimate exposure.
Information about how much time people spend in "microenvironments” (i.e., relatively
homogeneous locations, such as outdoors, in homes, office buildings, and motor vehicles)
is combined with data on pollutant concentrations in these microenvironments in order to
estimate human exposure to airborne contaminants (see, e.g., Duan, 1982). Similarly,
diaries of food and beverage consumption can be used with data on contaminant levels in
food and beverage products to estimate exposures.

An important facet of the GEMS/HEAL programme is the close collaboration
among UNEP, WHO, and participating countries. WHO/UNEP provide an international
framework for conducting human exposure assessment studies, using harmonized
methodologies and promoting the comparability of results between different countries
participating in the programme. The programme also provides technical expertise,
cquipment, training, and documentation to develop and maintain the project. Participating
countries contribute monitoring data and collaborate in the analysis of the data generated.

WHOQ/UNEP implement each HEAL protocol in two phases: a pilot phase and a
full-scale phase. The pilot phase is intended to demonstrate the HEAL concept and make

2




technology available to participating countries. Seven countries -- Brazil, China, India,
Japan, Sweden, Yugoslavia, and the United States -- participated in the first pilot
projects, The projects monitored personal exposures using non-randomly chosen subjects
for the pesticides hexachlorobenzene (HCB) and DDT, the trace metals lead and
cadmium, and the combustion by-product nitrogen dioxide (NQ,). Several reports on
these pilot studies have been published and are available from WHO/UNEP, (Vahter and
Slorach (1990), Matsushita and Tanabe (1991), Williams (1992)). At present, more than
20 countries are participating in HEAL.,

1.3  Overview of This Document

This document provides guidance on survey sampling techniques and procedures
that will enable inferences to be drawn from each HEAL study. Appropriate methods for
selecting samples, for obtaining high response rates, and for analyzing and presenting the
survey data are discussed.

The primary objective of 2 HEAL study is to estimate the distribution of human
¢xposure to one or more environmental pollutants for a specific population of interest.
Desigring a successful HEAL study begins by specifying the study’s objectives and
analysis plans in as much detail as possible, as discussed in Chapter 2. The target
population should be precisely defined, and any subpopulations that are of special interest
or concern should be identified as well. At this early stage, it is important to specify the
key types of analyses and estimates that the study is intended to produce and to determine
what level of precision associated with these estimates will be considered acceptable,

Defensible inferences from a sample to a larger population of interest are possible
only when scientific probability sampling methods are used to select a reasonably large
sample from the population, and a high proportion of the people selected into the sample
agree to participate in the study. Therefore, as discussed in Chapters 3 and 4, each
HEAL study must be based on a probability sample, and every effort must be made to
achieve the highest possible response rate. o

An important element for the success of a HEAL study is a pilot test, as discussed
in Chapter 5. The pilot test ensures that all survey and monitoring procedures have been
tested sufficiently prior to conducting the full-scale effort. Human €Xposure monitoring
studies are too complex, time-consuming, and expensive to be conducted without
thorough pilot testing,

Finally, appropriate statistical analyses should be performed on the human
exposure study data and the results should be presented in clear and useful reporting
formats, as discussed in Chapter 6. Recommended references regarding survey sampling
methodology are presented in Chapter 7. Appendix A contains a glossary of statistical




terms. Appendix B presenis an abbreviated case study of a human exposure study
conducted in the United States, illustrating many of the points raised in the guidance

document. Appendices C and D provide additional technical details on statistical issues.

This document does not include quality assurance guidelines for environmental
measurements and analytical laboratory procedures, nor does it provide technical
information on conducting exposure monitoring or biological monitoring. For readers
wishing an introductory guide to the material covered in this document, a short, non-
technical brochure on survey methods and statistical sampling for human exposure field
studies is available from:

Unit for Prevention of Environmental Pollution
World Health Organization
CH-1211 Geneva 27 Switzerland
Tel: 41-22-791-3729
Fax: 41-22-791-0746
Telex: 415-416
Cable, UNISANTE GENEVA




2, PLANNING A SURVEY

This chapter discusses the steps involved in planning a HEAL study, focusing
primarily on the information that needs to be assembled. Specifically, it describes -~

- study objectives that need to be defined:

- population of interest
- parameters of interest
- levels of precision

- information needed to construct a "sampling frame”
- information typically collected in carrying out an exposure study:
- activity patterns
- demographi¢ information
- characteristics of the home
- ambient environmental information
- pollutant concentration levels
- special considerations in designing a study in less developed nations

2.1  Preparing a Study Plan

HEAL studies may be undertaken for a variety of reasons and in different
circumstances. Often a human exposure study will be undertaken in response to evidence
that a particular population is at high risk. For example, medical officials might notice a
high incidence of respiratory problems in a community.

Whatever the source of the interest in an exposure study, a properly designed
research study begins by explicitly delineating its specific research objectives in the form
of a study plan. Specifying the objectives of the HEAL study involves identifying three
major elements: the population of interest, the population parameters to be estimated, and
the level of precision needed for at least the most important parameter estimates.

(1) The population of interest, or the target population, is the set of individuals
for whom the study will attempt to make inferences regarding exposure levels. For
example, the target population might be the general population residing in a certain city
or region. Or, the target population might be a subset of this group, such as individuals
who may be highly exposed and/or susceptible to health effects.




Thus, the target population in a city or other geographical area might be defined as
those people residing in City X who (a) smoke cigareties, (b) cook with or otherwise use
natural gas in their homes, (¢) have a chronic respiratory ailment, or (d) are lactating
mothers. In some studies, each of these groups (smokers, lactating mothers, etc.) might
be considered subpopulations of special interest as part of a survey of the general
population of an area.

In any exposure study, it is important that the definition of the target population be
given a precise and unambiguous formulation. Specifying the population of interest is
necessary so that a proper sample can be selected from that population to enable
inferences to be drawn to the population,

(2} Knowing the parameters of interest is necessary 10 identify the measurements
to be performed and the questions that need to be asked of the study participants,
Population parameters that are typically of interest in human exposure monitoring studies
include percentiles (such as the 95th percentile) of the distribution of exposures, or the
mean exposure for the population, or the percentage of the population at risk due to high
exposure, Planning for the analyses that will be performed at the end of the study will
help to identify the parameters and subpopulations of interest, thus ensuring that the
necessary data will be collected to support the analyses.

(3) Specifying levels of precision for the statistics that will result from the study is
a technical way of determining in advance how confident one will be in the accuracy of
the study’s statistics, The levels of precision associated with various parameters indicate
how closely the results obtained from a sample of the population approximate the results
that would have been obtained had all the members of the target population been
surveyed. Precision requirements thus determine how large a sample 1s necessary.
Generally, the higher the level of precision desired, the larger the sample required.
Various measures of precision are possible (e.g., standard errors, confidence intervals),
as discussed further in Section 3.3.

Thus, in defining population parameters and precision requirements, the designers
of a HEAL study are in effect asking themselves:

(1)  What information about the population is needed from the sample?
and

{2) How precisely must this information be known?

Then, working with statisticians, the study design team can specify the appropriate
stalistical measures of precision that the study must achieve. It is usually not possible to
identify in advance all the parameters and subpopulations of interest, (i.e., all the analyses
that the researchers will want to perform), and the type and extent of information sought
will depcnd on the purposes of the study. However, formulating the study’s objectives
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and the plans for analyses in as much detail as possible is a necessary first step in
planning a successful study.

The study plan will also typically specify which of the potential routes of EXposure
need to be investigated in the study, which pollutants will be measured, and how
measurements will be conducted. In designing monitoring protocols, researchers should
also take into account seasonal and weekday/weekend changes in activity patterns that are
likely to yield different exposure levels, Planners should also plan in advance what type
of feedback they will provide to participants in the study about the results of the study
and about measures that can be taken to reduce health risks.

Questions often arise as to whether a HEAL study can reuse statistical data
collected for other purposes in other surveys. The answer is that all available information
can be used in designing the survey, to assist in making choices among design options,
and to define as accurately as possible the target population and the data to be coilected.
However, previously-collected information cannor be combined and analyzed along with
data collected in the study since the two sources of information will not be comparable in
any statistical sense,

2.2 Ioformation Needs for Selecting a Sample

In order to conduct a statistical sampling study, one must start with a sampling
frame that either directly or indirectly lists all (or nearly all) the people in the target
population. A sampling frame must either (1) list all the people in the target population
or (2) list areas and the approximate number of people linked to each area,

If most people in the target population have a permanent residence, people can be
listed by their address. If the people in the target population are more mobile, they may
have to be linked to the areas where they eat or sleep (see Kalsbeek, 1986).! Developed
countries usually have a central statistical bureau in their governments that maintains
registries or conducts censuses of the population. An up-to-date registry of the population
may form an ideal frame for sampling people from the general population.

Itis, however, rare to find a complete listing of the people in the target
population. As a result, sampling frames usually need to be conducted in stages (see
Chapter 3 for a detailed discussion of multi-stage sampling procedures). If the
government conducts periodic censuses and publishes data for geographical areas, these
data may be ideal for creating sampling frames for the initial stages of a multi-stage
sample. When this is not the case, as in developing countries where census data are not

! If these Hnkages change during the period of data collection, the survey must determine the number of differcat arcas

{mampled or not sampled) to which cach person in the sample is finked during the period of data collection, and the statistical
anulysis becomes more complex.
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available or where squatter settlements exist, special efforts may be needed to determine
appropriate geographical areas and estimate the population linked to the areas in order to
construct a sampling frame (see Kalsbeek (1986), Kish (1952), or Sunter (1989)).

If the target population of a HEAL study consists only of people with specific
characteristics, lists of these people may be available for use as sampling frames. For
example, if the target population consists of lactating mothers in a specific area, then
hospitals and clinics in the area may be able to provide lists of mothers who have recently
had deliveries. If such lists contain virtuaily all members of the target population, they
may be sufficient for sampling the population of lactating mothers, Separate lists can be
combined into a single list from which a probability sample can be selected.
(Alternatively, a two-stage sampling procedure can be used, with hospitals and clinics
selected at the first stage and a sample of mothers with recent deliveries selected at the
second stage.)

If available lists do not provide nearly complete coverage of the target population,
samples from the lists must be supplemented with samples from other (possibly less
efficient) frames that provide more complete coverage of the target population. For
example, if lactating mothers constitute a subpopulation of special interest in a study of
the general population, samples from lists of the subpopulation members can be used to
supplement an area probability sample. When both an area frame and a list frame are
used, the survey will have to determine if each member of the subpopulation
in the area sample also appears on one or more of the special lists so that unbiased
estimates can be computed for the overall population. The quality of supplementary lists
must be given careful examination so that the study can yield reliable statistics for
precisely defined population groups.

If no supplementary lists are available, or if members of the target population
(e.g., smokers) are commonly found in the general population, then a reasonably large
sample of the general population may yield a sufficiently large sample of peopie who
belong to the target population.

2.3 Information Needs for Analysis

Human exposure field studies collect data on the exposures of people to pollutants
via the air they breathe and the foods and beverages they consume. In some cases,
dermal exposures also need to be considered.

To measure exposure to airborne substances, participants can wear Or carry
personal monitors as they perform their normal daily activities. Where direct
measurement is not feasible (due to cost, availability of instruments, or other reasons),
personal exposure can be estimated by combining participants’ time and activity logs




showing the amount of time spent in specific microenvironments, with measurements of
concentrations in those microenvironments.

For time and activity logs, simple activity logs will be sufficient if the exposure
measurements are integrated over fixed time periods (e.g., 12 hours). More detailed
activity data may be needed if continuous exposure monitors are used (see Akland et al.,
1985). The primary microenvironments of interest for measuring concentrations of
pollutants will generally be indoors (at home and at work), outdoors, and commuting.
The primary activities of interest will generally be those involving “sources” (the point of
entry or generation of a contaminant, such as a cooking stove) and "sinks" (places where
contaminants are removed from indoor air, such as filters and exhaust vents) for the
compounds of interest.

When exposure via foods and beverages is of interest, duplicate diets can be
collected for analyses or diaries of the kinds and amounts of foods and beverages
consumed can be used. These data can be combined with data on concentrations of
substances in the foods and beverages in the food supply (market basket survey) or in
samples of the foods and beverages actually consumed.

Although people may also be exposed to environmental contaminants through skin
contact, suitable methods such as those used for commercial pesticide applicators do not
yet exist for measuring the low levels of dermal exposure likely to occur in a study of
exposures in the general population.

Questionnaires will usually be used to collect other kinds of relevant information
in an exposure monitoring study. For example, researchers may be interested in the
characteristics of participants’ residences (e.g., when constructed, presence of sources or
sinks for the compounds of interest, etc.) and in various demographic characteristics
(e.g., age, sex, general health status of participants, etc.).

Questionnaire design and construction is beyond the scope of this document. For
further assistance in designing questionnaires, please consult the references at the back of
this document or contact the WHO Unit for Prevention of Environmental Pollution, CH-
1211 Geneva 27, Switzerland.

In addition to exposure measurements and questionnaire data collected for the
people in the sample, the environmental surveillance component of HEAL studies will
provide relevant data on ambient environmental conditions. When airborne contaminants
are momtored, the environmental surveillance component will provide data on ambient air
concentrations. Data on temperature, humidity, precipitation, wind patterns and other
weather characteristics may also be important for properly interpreting data collected on
human exposures to airborne contaminants. Data on the ambient levels of compounds in




foods and beverages in the geographical area of interest may be very important when the
contaminants of interest appear in the food chain.

If a human exposure assessment is conducted at a HEAL site in multiple seasons,
seasonal comparisons will be of interest. Interpretation of seasonal comparisons will be
enhanced if the target populations are essentially identical and probability samples are
selected for all seasons. The best way to make seasonal comparisons is to monitor the
same sample of people from season to season. Often, however, a supplemental sample is
needed for new members of the target population (e.g., people who have recently
migrated into the HEAL site).

In the end, the data that need to be collected for a specific HEAL study are
the data needed to support the inferences planned for the study. If detailed survey
objectives and analysis plans are developed, the researchers will know exactly what
data are needed. Again, this type of detailed planning is strongly encouraged
because it will ensure that the data important to the study will be collected and that
resources will not be wasted collecting data that are not needed. A useful sense of
the types of information and analyses involved in human exposure studies can be
gained by examining the case study summary presented in Appendix B.

2.4 Special Considerations for Designing IIEAL Studies

for Less Developed Participating Countries

In designing a population-based survey for a less developed HEAL country,
it is usually not advisable to simply transplant survey plans that have worked in
devcloped states. A variety of differences must be identified and taken into
account in adapting survey plans to less developed states, including cultural and
economic differences as well as geographic and logistical constraints.

Many of the activities involved in constructing a sampling frame --
identifying, counting, and listing dwellings in sample areas - and subsequently,
sclecting samples, may be more difficult to complete because of problems with
definitions, location, and Jogistics. In developed countries, sampling frames are
often easily constructed from census tracts or population listings, which are readily
available. In less developed countries, or in squatter areas, no such central lists
may be available. The planning of the field effort may thus require innovative
thinking. The sampling frame at each level may have to be developed specifically
for each country, or even each region. Researchers are advised to consult with
local officials who know what data are available or what other resources might be
substituted for conventional data sources.
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After the participating country, in consultation with HEAL Technical
Coordinating Centers (TCCs) determine the target population for the individual
studies (either the general population or a special subpopulation), close consultation
with local experts and community leaders will be required to develop operational
definitions of the population groups. Then, after the definitions are established, a
plan can be designed -- with continued local input -- to implement a statistically
rigorous and defensible sampling plan.

Researchers must continue to be aware of cultural and societal differences
when developing plans to create sampling frames. For example, a conventional
sampling unit is the housing unit, which ultimately yields a list of persons available
for inclusion in the sample. In certain areas of both developed and less developed
states, however, fixed housing stock may not be the sole or most common
mechanism by which the population is linked to a specific area. For instance, the
target population may contain a large number of homeless people, or migrant
workers, or closely linked extended families, any of which factors might impede
the use of housing stock as sampling units.

Other cultural and economic differences may become strongly apparent at
the point at which contact with potential respondents begins. To limit unintentional
lapses or misunderstandings, all study plans should be reviewed by national
cultural/physical anthropologists, and by other persons knowledgeable about the
local culture and economy. Numerous questions should be considered in the early
planning stages:

-- Are there local customs or attitudes that might affect whether a
survey research study will be accepted? How can high
participation rates be encouraged?

- What might be the impact on the local economy of offering
cash or in-kind incentives? How will these incentives be
interpreted? What is an appropriate incentive?

- Can respondents be asked to provide duplicate food and water
samples in situations where the food supply and potable water
may be insufficient for adequate health and nutrition? When a
study calls for obtaining mother’s milk, how should the survey
be adapted in an area where there is no replacement source of
nutrition for infants?
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- Are the leaders of the community informed about the objective
of the study? Are they in agreement? What are the ways they
could encourage people to participate?

-- How many qualified people are available in the area to
undertake the study (e.g., interviewers)? How many human
and financial resources are required for it?

Logistical questions should also be addressed during the planning of the
study, although many logistical issues can be resolved only when the researchers
have a better local knowledge of the site. Examples include:

-- How will respondents be re-contacted to resolve problems or to
validate interview information?

- What levels of physical logistical support (roads, electricity,
telephone lines) will be available for the monitoring equipment
in rural areas of the country?

- How will measurements of exposure in the population be
affected by an outdoor agricultural economy?

- How will the survey results be presented to the community
when the survey is completed?

All of these issues affect the design of the study and the results it will
produce. It is essential in embarking on a human exposure study in a less
developed country to consult a varicty of experts from other disciplines, and to
: confer early on with local officials. The carlier this involvement begins and the

more regularly such consultations occur throughout the field work, the more likely
it will be that the study achieves high participation rates and a successful outcome.
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3. SELECTING A SAMPLE

Each full-scale HEAL study must be based on a probability sample, scientifically
selected from the study’s target population. This chapter covers several key aspects of
probability sampling --

multi-stage sampling
sampling frame problems

Stratified sampling

ensuring adequate sample size

3.1  Probability Sampling

A probability sample is one in which every member of the target population has a
known, positive probability of being included in the sample. Probability sampling
methods are required for full-scale HEAL studies because such methods permit
statistically valid inferences to be drawn from a sample to the larger target population (see
Hansen et al., 1983 and Williams et al., 1983), :

Any sampling procedure that does not result in a probability sample is a
nonprobability sampling method. Haphazard sampling, convenience sampling, and the
use of volunteers are examples of nonprobability sampling methods. Methods that select
samples that are only subjectively believed to be "representative” of the target population
(e-g., quota sampling) are also nonprobability sampling methods. The weakness of zll
nonprobability samples is their subjectivity, which precludes any defensible basis for
drawing inferences beyond the sample members themselves to the larger population (see
Kalton (1983), Ch. 13). Nevertheless, it is recognized that in environmental statistics it
may sometimes be infeasible to obtain a probability sample from a complete list of names
of all people in the target population, and the next best method may consequently need to
be used,
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3.2 Multi-Stage Sampling

All probability sampling methods require the use of a sampling frame from which
clements of the target population can be selected for the sample. As discussed in Section
2.2, a simple list of population members is rarely available. As a result, multi-stage
sampling procedures are usually employed, with each stage of sampling typically using
different sampling frames and sampling procedures. However, each stage of probability
sampling will make use of (a) a sampling frame, and (b) random numbers to select
clements from the frame.

In multi-stage sampling, researchers begin by sampling relatively large units,
working their way down to smaller and smaller units. Exhibit 3.1 provides a visual
representation of this process. Usually, geographical areas are listed at the first stage.
Using estimates of the number of people residing in (or otherwise associated with) each
arca, a sample of the geographical areas is selected. At the next stage, either the people
can be listed or smaller geographical areas can be listed within each area selected at the
first stage of sampling. At the final stage of sampling, a list of the people residing in (or
otherwise linked to) each sampled area is prepared, and a sample of the people is selected
from the lists.

At the first stage of area probability sampling, the geographical area where
members of the target population reside or to which they are linked {e.g., by the places
where they cat or sleep) is subdivided. The subdivisions are enumerated and the number
of members of the target population linked to each area (by residence or otherwise) is
estimated. The areas are then selected into the sample with probabilities proportional to
their estimated population counts.

Within each area selected into the first-stage sample, a list of smaller areas may
then be constructed for the second stage of sampling. This process continues until small
enough areas are selected that all the dwellings (or people) can be listed for the selected
areas. With multi-stage area sampling, the people (or dwellings) in the target population
only have to be listed for the smallest area units selected into the sample.

As an example, to select a sample of adults living in a large city, researchers
might:

(1) randomly select 10 neighborhoods;

within each neighborhood, randomly select 2 urban blocks;

within each block, select 10 households.

within each of the households, select one adult for the study.

14




Exhibit 3.1.

Multi-Stage Design for a National Household Survey

(Reproduced from U.S, EPA, 1983 and "Interviewaer's

Manual,® Survey Research Center, University of Michigan)
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All members of the population will have approximately the same probability of
selection if:

- areas are selected with probabilities proportional to estimated
population counts, and

-- the same fixed number of people is selected at random from each
sampled area in the final stage of sampling.

At the final stage of sampling, simple random sampling or systematic sampling can
be used to select individuals. Methods for implementing simple random sampling and
systematic sampling are discussed in Appendix C. (See also Chapters 9 and 10 of Kish
(1965) for a thorough discussion of multi-stage area probability sampling. See Chapter 7
of Kish (1965) on sampling with probabilities proportional to size.)

3.3 Sampling Frame Problems

The sampling frame ideally contains each person in the target population exactly
once. Often, however, frame problems arise. There may be some members of the target
population who are not included in the sampling frame. The population covered by the
sampling frame is referred to as the survey population. Differences between the survey
population and the target population can cause undercoverage bias. The survey
population must closely approximate the target population to ensure that this bias will be
small.

Another common frame error is that members of the target population may be
included on the sampling frame more than once. For example, if homeless people are
linked to the areas where they eat or sleep, they may be linked to more than one area
during the time that the survey is being conducted. Multiple linkages to the frame result
in multiple chances of selection into the sample. To obtain unbiased results, one must at
least have an estimate of the total probability of being selected into the sample.
Therefore, when multiple linkages to the frame are possible, one must attempt (o
determine the number of linkages of each sample member 1o the sampling frame during
the course of the study.

A final common frame problem is that the sampling frame often contains units that
do not belong to the target population. For example, the target population may only
include people between the ages of 18 and 55. If a household sampling procedure is
used, some households may not contain any age-eligible people. Those households would
simply be ineligible and not contribute any people to the sample. If the target population
is a subset of the general population (e.g., people who smoke cigarettes), many sample
households may not contain any survey-eligible people. Substitutes cannot be used 10
replace ineligible households in the sample! Instead, a sufficiently large probability

16




sample must be selected to compensate for the occurrence of ineligibles so that the
probability of selection can be computed for all people in the sample,

3.4 Stratified Sampling

A sampling technique that is often used in multi-stage human exposure monitoring
studies is stratified sampling. Frequently, the sampling frame contains additional
information about the target population that is related to important survey variables (i.e.,
human exposure). Such information can contribute to a more efficient survey design
when it is used to partition the population into subgroups (or "strata"). Stratified
sampling consists of selecting samples independently from each of these subgroups.

The criteria used to form strata depend upon the objectives of the stratification and
of the study as a whole. Stratified sampling is commonly used to ensure that a
sufficiently Jarge sample is selected from a subpopulation of special interest. For
example, suppose that in addition to assessing the exposure of the general population,
there is particular concern about the exposure of people aged 60 and above. The people
in this age group may then be treated as a scparate stratum and sampled at whatever rate
is required to produce a large enough sample for the planned analyses. Usually the
members of the special-interest subpopulation will be sampled at a higher rate than the
remainder of the population in order to obtain sufficiently precise results for that group.

Another common reason for stratification is to control the distribution of the
sample to be sure that certain elements are represented in the final results. If important
population subgroups (e.g., outlying regions of a country) are defined as separate strata,
then sampling from all the strata at the same rate will guarantee proportional
representation of these subgroups in the sample.

Stratifying the sampling frame will improve the precision of the results if the data
(e.g., exposure measurements or survey responses) are more alike within strata than
across the population as a whole. As long as proportional sampling rates are used for
each stratum, stratifying cannot decrease survey precision,

Standard survey sampling textbooks, such as Cochran (1977), Kalton (1983), Kish
(1965), and Raj (1972), will be useful references when planning the statistical sampling
design for human exposure monitoring studies. Guidance specifically focused on
statistical sampling designs for human exposure monitoring studies is provided by
Whitmore (1988), Cox et al. (1988), and Chapter 4 of WHO (1986).
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3.5 Ensuring Adequate Sample Size

The sample size needed for a HEAL study is determined by the objectives of the
study and how the study resuits will be used. Determining an appropriate sample size for
a full-scale HEAL study requires balancing precision and cost constraints. Whenever a
sample is taken, the results will be somewhat different than if all members of the target
population had been surveyed. This difference is called sampling error and it can be
measured and controlled.

The question is how much sampling error can be tolerated in a particular study.
For example, in some studies, researchers may be satisfied with broad estimates of the
numbers of people with elevated exposures o certain pollutants. They may not care if
the estimates are off by 5 or even 10 percent. In other cases, researchers may need much
more precise and reliable information. Generally, the way to obtain more accurate and
reliable results is to increase the size of the sample.

The detailed objectives of each HEAL study should be carefully considered to
identify one or more population parameters for which the precision of the estimates is of
fundamental importance to the success of the survey. For example, estimating population
parameters such as the mean, median, or 95th percentile of the exposure distribution may
be of fundamental importance, Alternatively, estimating the proportion of the population
whose exposure exceeds a given threshold may be of primary importance.

After identifying one or more population parameters for which sufficiently precise
estimates are crucial to the success of the survey, specific precision requirements should
be formulated for the estimates of these parameters. Precision requirements are usually
formutated not only for overall population estimates but also for the estimates to be
computed for important subsets of the population. For example, a HEAL study may need
to estimate the proportion of the target population whose exposures exceed a given
threshold plus the proportion exceeding the threshold who (1) smoke cigarettes, (2) have
long commutes to work, or (3) live in homes with a gas range.

Technically speaking, precision requirements can be formulated in several ways:
() bounds on the variance or standard error of a statistic;

maximum width for a confidence interval estimate of a statistic with
a specified level of confidence;

maximum relative standard error for a statistic; or

minimum power for a hypothesis test with a specific level of
significance.




The precision requirements applicable for a given HEAL study may be of all four
types, or only one type may be sufficient. Once the precision requirements have been
specified by a statistician, to determine the appropriate sample size, an estimate of the
sampling variance is needed for each statistic of interest. Precision constraints are often
formulated in terms of estimates of population proportions because the mathematics is
simpler for proportions. Guidelines for calculating sample sizes for population proportion
estimates are given in Appendix D,

Unfortunately, the sample size initially calculated for achieving the desired
precision constraints is often infeasible for human exposure monitoring studies because of
the high costs associated with collecting and analyzing environmental samples. The
precision constraints driving the sample size can be relaxed incrementally until a feasible
sample size is determined. Eliminating or greatly relaxing the precision constraints for
subpopulation estimates may greatly reduce the required sample size without substantially
affecting the precision for overall population estimates.

Even if the final sample sizes are determined primarily by cost constraints, it is
essential to calculate the precision that is expected for important parameter estimates and
the power expected for important hypothesis tests, If the expected precision is
inadequate to support policy decisions or other desired inferences, serious consideration
should be given to modifying the study to reduce unit costs and increase the sample size,
or to postponing the study until adequate funding is available. Irrespective of specific
precision constraints, certain minimum sample sizes are needed for reliable scientific
inferences from a sample to 2 population, as discussed in the next section.

3.6 Minimum Sample Sizes

Participating countries with very limited resources may feel that they can only
afford small sample sizes that may not meet specific precision constraints. Therefore,
this section provides some guidance regarding minimum standards for reliability of
inferences. In general, a sample of size of 50 is the minimum acceptable, although a
sample in the range of 250 or more people is considered desirable for exposure
monitoring studies.

In truth, though, there is no general rule for determining the minimum sample size
needed for reliable inferences because the term “reliable” must first be defined precisely
(e.g., in terms of variance or coefficient of variation), and as soon as it is, we are
brought back to specific precision requirements that help us define the minimum sample
size. Small sample sizes present at least three kinds of problems regarding inferences to
the target population;
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(1) unreliable point estimates,
(2) unreliable estimates of precision, and
(3) lack of normality for interval estimates and hypothesis tests.

Each of these problems is discussed further below, along with suggestions regarding the
minimum sample size needed to overcome the statistical problems.

(1) Unreliable point estimates. Small sample sizes (e.g., less than 100 people)
result in large standard errors for estimates of proportions. Estimates of mean exposures
may be even more severely affected because of the typically skewed distributions of
exposure, A small sample simply cannot adequately represent the variability present in
the population.

Suppose, for example, that 5 percent of the population experience unusually large
exposures. A simple random sample of 100 people would be needed in order to be 99
percent sure that one or more of these unusually large exposures was included in the
sample. (See Table D-2, d=1, n=100). If a smaller sample is selected from the
population, it will tend to greatly over- or under-estimate the population mean depending,
respectively, on whether the sample does or does not contain any of the unusually large
values. Therefore, although a sample of size of 50 is the minimum acceptable, a sample
of 250 or more people would be much more likely to satisfy the need for minimum
representation of the population of exposures.

These same considerations apply to the first stage of a multi-stage sample. The
first-stage sample must be large enough to adequately represent the areas (or other units)
selected at the first stage of sampling. However, first-stage sampling units usually
contain a great deal of variability and are more alike than individual people. Therefore,
as few as 30 to 50 first-stage sampling units may be sufficient to represent the population
of all first stage units. If there is considerable variability among first-stage units (e.g.,
areas distributed across a nation, instead of a city), a larger first-stage sample (e.g., 100
or more units) may be necessary.

(2) Unreliable estimates of precision. $mall sample sizes also result in unreliable
estimates of precision (e.g., standard errors) for survey statistics. The greatest danger is
that statistics computed from a small sample will ofien appear to be more precise than
they really are. Continuing the above example, suppose again that 5 percent of the
population have unusually large exposures. If a small sample contains none of the large
values, then the sample estimate of the standard error of the mean will be much less than
it would be for a sample of the same size that happens 10 contain a few of the very large
values. Thus, the sample mean would appear to be more precise than it really is in the
first case, and less precise in the Jatter case, when, in reality, the precision is the same
for both (given the same sample size and sampling design).




(3) Lack of normality for interval estimates and hypothesis rests. Finally,
reasonably large sample sizes are needed to perform confidence interval estimation or
hypothesis testing on the results. In particular, interval estimates and hypothesis tests for
means and proportions generally assume that the sampling distribution of the mean or
proportion is approximately the normal probability distribution (sec Section 2,15 of
Cochran, 1977). Because the distribution of human exposures are generally skewed,
large sample sizes of 250 or more are desirable for human exposure monitoring studies.
Smaller sample sizes are likely to result in confidence interval estimates that do not attain
the nominal level of confidence and hypothesis tests that do not attain the nominal level of
significance.

In conclusion, although a sample size of 50 may be acceptable under rare ideal
conditions, samples of 100 or fewer people are likely to result in unreliable inferences to
the target population. These sample sizes are simply insufficient to represent the
variability present in the population because of the typically skewed distributions of
exposure. Therefore, for safety, probability samples of 250 or more people are
recommended for human exposure monitoring studies.
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4. ACHIEVING HIGH RESPONSE RATES

To be reliable, statistical inferences from a probability sample fo a target
population require that the study achieve a high response rate (or participation rate). This
chapter covers the following methods of achieving high response rates:

-~ minimizing respondent burden
- appropriate interactions and follow-up

- statistical methods

— — — — — — —

The response rate is essentially the proportion of survey-eligible people selected
into the sample who agree to participate. For a multi-stage survey, the (overall) response
rate is the product of the proportions of sampled units (households, individuals, etc.) that
agree to participate at the individual stages of the survey.

The importance of a high response rate is simple: Unless a large proportion of the
people selected for the sample agree to participate in the study, the study results may be
biased. For example, the reason for refusal to participate may be associated with a
characteristic that influences exposure. No matter how carefully the sample is drawn,
there is no reliable way of inferring information about the members of a sample who do
not participate. Thus, those who do participate will tend to have a preater influence on
the final results than is warranted by their numbers.

Typical face-to-face surveys of household opinions and attitudes tend to achieve
response rates of 80 to 90 percent in the United States (Marquis, 1987). However,
response rates may fall to between 40 and 60 percent during a monitoring phase of a
study because of the burden of participation. (One of the crucial purposes of the pilot
study is to estimate the participation rate.) Lower response rates areé cause for concern in
that they may introduce a bias into the survey results. This type of bias, called
"nonresponse bias,” is the difference between the mean value of a characteristic for
respondents and that for the total survey population.

4.1 Minimizing Respondent Burden

The only way to ensure that nonresponse bias will be minimized is to achieve a
high response rate. Regarding this objective, a response rate of 75 to 80 percent or more
is usually recommended. Many human exposure monitoring studies may not be able to
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achieve these rates, but every effort should be made to achieve the highest possible
Iesponse rate. Towards that end, procedures for collecting environmental samples should
be designed to minimize the burden imposed on people who agree to participate.
Following are some factors to consider in designing these procedures:

® Monitoring instruments that must be carried throughout the day should
be lightweight, quiet, unobtrusive, and convenient to carry. This
includes air monitoring devices; containers for collecting food and
beverages (if necessary); and diaries of activities, food consumed, etc.

® Microenvironmental monitors left at the home for several hours must be
safe, unobtrusive, self-contained, and quiet. The monitoring devices
and procedures must be designed so as not to interfere with normal
activities (work, play, eating, sleeping, etc.).

® Home visits. Human exposure monitoring studies usually require survey
staff to visit the homes of participants to administer questionnaires,
Place monitoring instruments, record observations about the home (type
of construction, approximate volume, efc.), change filters or cartridges
in instruments, etc. The visits of the monitoring team to the home must
be scheduled to cause minimal disturbance to the normal household
routing. The number of visits to the home should be minimized and not
occur more frequently than at 12-hour intervals,

® No workplace visits. The study protocols should not allow visits by the
monitoring team to the participant’s place of employment. Asking
people to do more than carry a personal exposure monitor to the
workplace may result in decreased participation because of the
difficulties in getting permission for microenvironmental monitoring in
workplaces.

® Eliminate duplicate food specimens, if possible. Direct monitoring of
exposure for contaminants borne by food and beverages can be too great
a burden for many participants. Collecting exact duplicate portions of
all food and beverages consumed through one or more days is
unreasonable for communities in which food or water are scarce
commaodities. A less burdensome means for monitoring the food route
of exposure is often required. For example, food consumption diaries
can be used with data from a food monitoring network to estimate
individual exposures (see Lewis, in prep.).

Requiring duplicate portions of all food and beverages consumed can affect normal
cating habits in general (the *Hawthorne effect”). For example, eating in restaurants or
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on-the-go would be a major problem, Flexibility is thus necessary when surveys monitor
the general public engaging in normal activities, even if the statistical analyses may be
more complex and less precise.

Biological monitoring can provide data for estimating the relationship between
exposures and body burden, Biological monitoring can be included in a study if it 1§
important to the success of the study, if it is culturally acceptable, and if it is not overly
burdensome o respondents.  Biological monitoring that presents an extreme response
burden by itself (such as collecting all urine and feces for a day or more) cannot be
included routinely in a HEAL study. If local or ethnic mores make collection of certain
biotogical specimens, such as blood or mother’s milk, impossible for major population
subgroups, then those specimens cannot be collected in a study of the general population.

One type of biological monitoring, collection of mother’s milk, can sometimes be
regarded as exposure monitoring.  Although it is biological monitoring for the mother, it
is exposure monitoring for the infant. Therefore, collecting mother’s milk may be an
important part of the exposure monitoring program for certain compounds when infants or
nursing mothers are either the target population or a subpopulation of particular interest.

4.2  Interactions and Follow-Up

In addition to using environmental monitoring procedures that minimize the burden
on people who agree to participate, response rates can be enhanced in a number of other
ways.

First, an adequate follow-up of nonrespondents is essential for achieving a
satisfactory response rate in almost all surveys. In most face-to-face surveys, the most
time-consuming pursuit of interviewers (up to 40 percent of their time) is traveling and
locating respondents. Each study must define the follow-up rules that it will employ to
avoid non-responses. If the initial population sample is an area (or telephone) sample of
houscholds, several visits on different days and at different times of day should be
required before a household receives a final classification of "no one at home" (or "ring,
no answer").

Second, monetary incentive payments can be used to underscore the importance of
the study and to reimburse people for their time, electricity, food samples, etc. Providing
the people who participate in the study with reports of their exposure monitoring results
and suggestions for reducing their exposures may also be a useful incentive for
participation (Iachan et al., 1986).




If possible, advance letters should be sent to households and individuals selected
for participation in the study to let them know that they will be contacted and that the
study is an important scientific investigation. Assurances of the confidentiality of their
responses may be required and appropriate; issues of confidentiality should be examined
and addressed in detail at an early stage in planning the study.

Finally, all interactions with potential respondents should be conducted in a
fashion to encourage participation. The researcher should present a positive, pleasant,
relaxed, professional image, and offer the respondent proper credentials and well-
informed explanations. Screening and other questionnaires should be carefully edited to
ensure that no extraneous or needless personal information is requested. Last but not
least, if a person refuses to participate, the reason for refusal should be recorded and
some mmimal information gathered (such as occupation and smoking status).

4.3 Statistical Methods for Improving Response Rates

Statistical techniques that may be useful for improving the effective response rate
are nonresponse subsampling and double sampling. Nonresponse subsampling involves
selecting a sample of nonrespondents and using more expensive techniques (e.g., higher
monetary incentives) to achieve a higher response rate among the members of the
subsample. This technique is useful primarily when a major increase in response rate can
be achieved, but only at considerable increase in cost per person (see Section 13.5C of
Kish, 1965).

Double sampling involves using two methods for measuring the same
characteristic: one with lesser burden and one with greater burden. The method with
lesser burden is applied to all members of the sample. The higher-burden method (such
as one requiring additional monetary incentives) is applied only to a randomly selected
subsample. If a strong correlation occurs between the two types of measurement, the
resulting statistical analyses using difference estimators or double sampling estimators
may be almost as precise as if the method presenting the greater burden were applied to
all sample members (see Section 12.2R of Kish, 1965). The greatest disadvantage of this
type of methodology for HEAL studies is that the analyses are more complex.

Finally, even using the best survey sampling techniques, some nonresponse is
inevitable in any survey of the general population. Nonresponse and the resulting
potential for nonresponse bias are likely to be significant for human exposure monitoring
studies. In performing statistical analyses, the sampling weights are usually adjusted for
each observation to partially compensate for nonresponse bias (see Madow et al., 1983).
However, these weight adjustment procedures can only reduce nonresponse bias to the
extent that nonrespondents can be placed in categories in which their unknown responses
are more like those of the respondents in the same catepory than those of the total
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population of respondents. Oversampling can be done to ensure a sufficient number of
observations, but it will nor eliminate bias in the results. Thus a high participation rate is
more important than a large number of completed interviews. The best approach is to
conduct an aggressive follow-up program in order to keep the response rate high.




3. PILOT PHASE OF A HEAL STUDY

The purpose of a HEAL pilot study is to test all the procedures that will be used
in a full-scale HEAL study to increase the chances that the full-scale study will be
successful. Human exposure monitoring studies are too complicated, expensive, and
time-consuming to be conducted without a pilot study!

This chapter covers the following topics:

— pre-testing individual components:
- equipment and monitoring procedures
- survey instruments
- other field measurement procedures
- conducting the pilot situdy:

- selecting an appropriate sample

-- assessing pilot study results:

information for refining instruments and procedures
useful information on costs, burden
preliminary data on human exposure
report formats

#m===

Individual components of an exposure monitoring program can be tested separately
during the pilot study phase. For example, survey instruments (questionnaires, diaries,
etc.) and monitoring instruments are often tested early on as they are developed. Other
study instruments and/or procedures that may pose problems can also be tested
individually (e.g., procedures for measuring the air exchange rate in a home).

After all the individual components of a monitoring program have been
successfully pre-tested, they can be tested together in an actual pilot study. Ideally, all
the procedures and instruments for the survey are tested exactly as they will be used in
the full-scale study. If all the procedures and instruments work satisfactorily (or require
only minor modifications), then the full-scale study can be conducted with some assurance
that it will be successful. This pilot study process is illustrated in the flow chart in
Figure 5.1.
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5.1  Pre-Testing Individual Components

Pilot testing of the monitoring procedures for direct measurement of human
exposures and for measuring fixed-site concentrations will usually involve answering the
following types of questions:

(1) Do the equipment set-up and take-down procedures work
satisfactorily?

(2) Do the procedures for field storage, cleaning and recycling of
instruments work properly?

3) Do the procedures for shipping sample materials to the laboratory
work satisfactorily?

(4) Do the monitoring instruments operate reliably under field
conditions?

(5)  If the study includes equipment for directly monitoring personal
exposures, are the people in the target population willing and able to
either wear the personal exposure monitors or keep them nearby
throughout their monitoring period?

(6) Do the instruments work in the field with acceptable precisioh?

Survey instruments that may need to be tested for a human exposure monitoring
study include questionnaires, diaries, activity logs, and the script used by interviewers to
recruit people to participate in the study. Questions that need to be investigated regarding
these survey instruments in a pilot test include:

(1) Is the recruitment script effective in convincing members of the
target population to participate in the study?

(2) Do the members of the target population understand the questions
that they are asked and the activities that they are requested to
perform (e.g., carry a monitor with them or keep a diary)?

(3)  Are the members of the population able to answer the questions
asked of them and to perform the requested activities?

(4) Do the questions elicit the desired information from the people in
the sample?

29




(5)  Can the questions or other instructions to participants be stated more
clearly?

Alternative versions of questionnaires and/or participant recruitment scripts may
need to be tested in a pilot study. However, such tests may only be effective with
relatively Jarge pilot study sample sizes.

If the HEAL study involves other field measurement procedures, these need to be
field tested in the pilot study phase as well. For example, if data must be collected for
eslimating air infiltration rates, the data collection procedures must be field tested to see
if they yield the desired information and are not too invasive for the people in the target
population.

Another important question to be investigated in the pilot testing phase of a human
exposure monitoring program is whether or not participating in the study alters the usual
daily activities of the participants. For example, do people agree to participate only on
those days that they do not have to go to work? Or, do people alter their normal diet
(e.g., not eat at restaurants) because they have to collect a sample of all the foods they
eat? To the extent possible, the HEAL studies should use monitoring procedures that do
not significantly affect the normal daily activities of the participants because the primary
goal of the studies is to estimate the distribution of human exposures in the target
population as people go about their normal routines.

5.2  Conducting the Pilot Study

If resources permit, it is preferable to test all components of the study at the same
time in an actual pilot study. Since the purpose of the pilot study is to determine how
well the survey instruments and procedures will work in the full-scale study, the
pilot study must be conducted with a sample that is representative of the target
population. An important purpose of the pilot study phase is to estimate the participation
rate that can be expected in the full study, For example, the pilot study is intended to
determine if the people in the target population (a) will be willing and able to participate
in the full-scale study and (b) will understand and be able to answer the questions in the
questionnaires, activity logs, diaries, etc. The pilot study cannot be performed using
peaple who work for or are associated with the organizations designing or conducting the
study! (The first HEAL pilot projects used HEAL laboratory personnel to test the
analytical procedures only and should not be taken as examples of a HEAL pilot study as
described here.)

Although the subjects in the pilot study sample must be representative of the target
population, they need not be selected using probability sampling. However, if difficulties
are foreseen with the probability sampling procedure to be used in the full-scale study, the

30




potentially troublesome aspects should be tested in the pilot study. For cxample,
developing sampling frames (e.g., listing the people living in or otherwise associated with
specific areas) could be a problem. Or, the methodology for selecting a person at random
from those residing in a sample home could present some implementation difficultics.
Once again, any difficulties that are anticipated in the full-scale study should be tested in
the pilot study.

Even though probability sampling procedures may not be necessary for the pilot
study, to the extent possible the pilot sample should include important population
subgroups and avoid bias with respect to age, sex, or socioeconomic status.’ If the study
is expected to be particularly difficult to implement for certain population segments (e. £.,
people of certain ages or with certain ethnic or occupational profiles), the pilot study
should be sure to include those population segments.

It is also helpful to use the pilot study to investigate in depth the reasons for
nonparticipation in order to evaluate whether there is a potential for nonresponse bias, and
to identify improvements in the protocol which could improve the participation rate.

5.3  Assessing Pilot Study Results

The goals of a pilot testing program are primarily methodological. Therefore, the
most important results are the outcomes of the tests of the monitoring instruments, survey
mstruments, and other survey procedures. This includes reporting the results of tests of
population sampling procedures, survey procedures, questionnaires, activity logs, food
consumnption diaries, field measurements such as home volume or ajr infiltration rate, and
environmental measurements such as personal exposures and micro-environmental
concentrations. Discussions of these results can be brief if the procedures and
instruments appeared to work well. If problems were encountered with the procedures or
instruments, the report should discuss both the problems encountered and the solutions
proposed to overcome the problems for the full-scale study,

Tests of the reliability and validity of the environmental moniloring equipment and
procedures should also be reported. This includes tests for precision and bias of the
measurement processes. In addition, the feasibility and reliability of the field protocols
associated with the environmental monitoring should be discussed, including fiekd

T The pilot sample size will depend directly on the objectives of the pilot study. White primarily methodological, these
objectives may include estimating certain characteristios of the distribution of human exposures (¢.2,, the mean and variance of
the exposure distribution) or environmental concenttations. In such cases, or if survey methodologics must be tested and
compared, then the meihods discussed in Scction 3.5 and Appendix D are applicable for determining the sample size necded o
achicve satisfactory precizion for the estimates. Unfortunately, unless rather imprecise extimates will he sufficient, the sample
size needed may be so large that the pilot study would conseme much of the funds necded for the full-seale study . B the cost of
the desired pilot study is prohibitive, cost-precision tradeoffs must be considercd. Section [1.2 in Appendix D provides
additional guidance on sample size determination for pilot studies.
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calibration of instruments; field storage, cleaning and recycling of instruments; and set-up
and take-down of instruments in the homes of participants.

The pilot study can also provide important information on the cost of the study.
Cost per participant can be estimated from data on the time required (1) for technicians to
schedule calls to participants, set up and take down equipment, and ship samples to the
laboratory and (2) for interviewers to schedule appointments and administer
questionnaires.

Some pilot studies can also yield useful analytical results. For example, the time
and resources that people must expend to participate in the study may be of interest.
Pilot data can provide a rough estimate of the time required to complete the
questionnaires and other activities required for participation. The total burden placed on
people who agree to participate should be examined to se¢ if it is reasonable for people
selected at random from the target population.

One analytical result of interest for environmental pilot studies is the rate of
occurrence of measurable concentrations for each analyte in each medium (e.g., air,
water, food, breath, etc.). Numbers of detections are often more meaningful than
percentages of measurable amounts because the sample sizes are usually small. The
numbers of detections are of interest primarily for determining whether the environmental
monitoring procedures are sufficiently sensitive to measure the concentrations that will be
encountered in the full-scale study.

if a pilot study yields few measurable results for a target compound, serious
consideration should be given to either using a more sensitive measurement technique or
choosing a different target compound. In either case, additional pilot testing may be
necessary. Similarly, if the pilot study shows little or no differences in exposure to a
specific substance across households, the study design team may decide to drop the
substance from further investigation.

Because the pilot study will not usually be based on a probability sample, the
summary statistics generated for the pilot study will be descriptive of the pilot study
participants, but cannot legitimately be extrapolated beyond the sample. Analytical results
presented for pilot studies usually include some basic summary measures of central
tendency and dispersion for the distribution of exposures. The mean and median of
measured concentrations are often reported for each analyte by medium combination.
Ranges are often presented as summary measures of dispersion.® The sample sizes are
generally too small to calculate reliable measures of precision (e.g., standard errors) for

3 Inferences that use an assumed sampling distribution for the survey statistics (such as confidencs interval eatimates and
hypothesis tests) arc aot legitimate for small or non-probability pilot samples because the typical sampling distributions {normal,
etc.) for survey sintistics arc bascd on asymptotic large sample results,
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these statistics, Examples of tabular formats for the types of results discussed in this
section are given in Wallace et al. (1982), Ziskind et al. (1982), and Lewis et al. (1988).

Pilot studies are sometimes designed to provide additional information on the
variability of environmental measurements. For example, the variabilily between days or
between rooms within a home may be investigated to determine the number of days and
reoms to be monitored at each sample home. Variability between personal measurements
and between outdoor home measurements at different homes on the same day may be
investigated to help determine the number of people to be sampled and whether outdoor
measurements are needed for every sample home,

If no other sources of information are available, pilot study data on the variability
of measurements or the proportion of measurements above a threshold may be used in
determining appropriate sample sizes for the full-scale study. Pilot studics intended to
produce such data may require larger sample sizes than other pilot studies.

In conclusion, the pilot testing phase of a human exposure monitoring program can
address a great variety of issues, with an overall objective of ensuring the success of the
full-scale study. The planning and care taken in conducting a high-quality pilot study will
be well rewarded when it comes time to conduct the full-scale study.
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6. DATA REPORT FORMATS

This chapter discusses the following topics --

r:_ ——r —— —— — —

]

-- preparing data files for proper data management:

- review and code questionnaires
- resolve discrepancies
- personal identification numbers (PIDs)

- statistical methods:

- sampling weights
- estimating standard errors

- reporting results of the HEAL study:

- tabular and graphic presentations

- means

- percentages above defined thresholds
- 25th to 95th percentiles

- box plots

- seasonal comparisons

- comparisons across HEAL sites

6.1  Preparation of Data Files

Several laboratory analysis and data processing activities are necessary prior to
conducting the statistical analyses. Physical specimens collected (e.g., air samples, food
and beverage samples) will undergo various physical and/or chemical analyses in the
laboratory. The questionnaires must be prepared for computerized data entry. If a
computer is not available, manual data processing could also be performed but this is not
advised. In general, questionnaires must be reviewed for completeness, for clarity, to
establish computer codes for open-ended items, and to resolve inconsistencies. This
editing and coding process may involve recontacting, if possible, some of the people who
participated in the study to resolve discrepancies or ambiguities.

After data files have been created for the questionnaires and for the chemical
analysis results, all data for each participant must be linked to form an integrated analysis
file. It is highly recommended that each participant be associated with a single participant
identification number (PID) that appears on the sample selection files, the questionnaire
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files, the chemical analysis files, and all other person-level data files. The PID will then
reliably link all portions of each participant’s data. Because the role played by the PIDs
is crucial, they should include a check digit that can be used by a computer routine to
assure that they are properly keyed whenever they are entered into a computer file.

6.2  Statistical Methods

Statistical analysis of data from a full-scale HEAL study will provide unbiased
inferences to the target population only if each observation is weighted inversely to its
probability of selection. The sampling weights applied to each observation should be
adjusted to compensate for the effects of survey nonresponse. Procedures for adjusting
sampling weights to reduce the potential for bias due to survey nonresponse are reviewed
by Madow et al. (1983). Other features of the statistical sampling design (such as
stratification and clustering) must also be accounted for to obtain valid estimates of survey
precision {e.g., standard errors). Every estimate of a population parameter should be
accompanied by a valid measure of its precision based on the estimator’s sampling
distribution.

Proper statistical analysis of survey data depends on the sampling design of the
study. Most of the readily available computer software for statistical analyses produces
results that are correct only for simple random samples ("srs"). However, because srs
designs are based on the existence of a list of all population subjects, they can only rarely
be used in human exposure studies. Therefore, special-purpose software will generally be
needed for analyzing data from probability sampling designs because they use unequal
sampling weights, stratification, and clustering or multi-stage sampling.

One method for estimating standard errors of statistics calculated from large-scale
sample surveys is the first-order Taylor series approximation, or delta method {Tepping,
1968). Wolter (1985) reviews alternative methodologies (Taylor series, jackknife, and
repeated replication methods) and available software for analyzing data from complex,
multi-stage sampling designs.

The statistical techniques of correlation, regression, and analysis of variance are
also useful for analyzing relationships among data items in exposure assessment studies.
Typical correlation analyses include: (1) correlations between the concentrations in
different media (e.g., personal air, indoor air, food, etc.) for a specific compound and (2)
correlations between the concentrations of different compounds in a specific medium.
Regression and analysis of variance techniques are useful for analyzing the relationships
between compound concentrations and explanatory variables, such as data from direct
observation, questionnaires, activity logs, meteorological data bases, etc. Such analyses
are reported in Akland et al. (1985), Pellizzari (1986a and 1986b), and Wallace (1987).
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6.3 Data Formats for Full-Scale Studies

Each full-scale HEAL study should produce a rich data base for statistical analysis
and reporting. Two types of data will generally be produced by a HEAL study:

.- questionnaire data (including activity logs, food consumption diaries,
etc.), and

-- pollutant concentrations in various media (such as inhaled air, indoor
residential air, food, water, exhaled breath, mother’s milk, etc.).

Since the primary objective of each full-scale HEAL study is to estimate the
distribution of human exposures at the HEAL site, it is particularly important to present
these results in as clear a manner as possible.

For most questionnaire items, tabulations of the percentages of the target
population that belong to various categories of interest will be appropriate. Unweighted
tabulations that simply describe the individuals and dwellings in the sample may also be
of interest. Examples include demographic characteristics of the study participants (e.g.,
age, race, sex, education), types of housing stock occupied (e.g., rented/owned,
single-level/ multi- level), and variables potentially related to the environmental
measurements (e.g., type of heating/air conditioning system, length of usual daily
commute, frequency of household pesticide treatments, etc.).

Exhibit 6.1 provides an example of results from a U.S. EPA exposure study for
volatile organic compounds in Bayonne and Elizabeth, New Jersey. As shown in the
exhibit, a number of statistics may be of interest. In addition to the median, the
arithmetic and geometric means are useful measures of central tendency that can be
reported. The geometric mean is often of interest for the typically skewed distributions of
exposure measurements, (This does not imply that the measurements behave like 2
lognormal probability distribution.) Estimates of percentages of the population exposed to
a substance above particular thresholds (e.g., health advisory levels) are also
recommended (not shown in Exhibit 6.1).

Another useful format is to present exposure distribution statistics in percentiles
from the 25th to the 95th. The 25th percentile is an appropriate starting point because
there is usually less interest in the lower end of the distribution and because
concentrations below the "method detection limit" may be censored (not reported).
Although the 99th percentile is shown in Exhibit 6.1, estimates beyond the 95th percentile
are generally not recommended because the sample sizes for HEAL studies are unlikely to
be large enough to produce reliable estimates of higher-order percentiles.
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In addition to tabular presentation of the distribution of exposures, various
graphical presentations may be helpful. Box plots of the mean and median plus the 25th
and 75th percentiles are useful for summarizing and comparing exposure distributions.
Histograms of the exposure distributions and plots of the cumulative distributions of
exposures are also useful graphical representations. (Examples of both tabular and
graphic presentations of results are included in the case study summary in Appendix B.)

Interpretation of the exposures measured at a HEAL site may be enhanced by
reporting the meteorological conditions that prevailed during the time period when the
environmental samples were collected. For example, the mean, median, and range of
daily high and low temperatures plus the frequency and average daily amount of
precipitation might be useful. Comparisons between seasons and between sites would also
be enhanced by knowing the associated meteorological conditions. Other factors may also
be useful to enhance the analysis of the exposure data.

If essentially the same target population is monitored at different HEAL sites,
comparisons between HEAL sites will be of interest. If probability sampling techniques
are used at all sites, weighted estimates of the population characteristics can be compared
across sites, which can be treated as strata in the statistical analyses. Of course,
differences in exposures may be related to differences in climates, lifestyles, types of
housing, socioeconomic conditions, etc. between the HEAL sites. Note that if
the HEAL. sites are cities, only the individual cities can be compared. The comparisons
cannot be statistically extrapolated to the country(ies) as a whole.

In summary, the rich data produced by HEAL studies are amenable to a wide
variety of statistical analyses. To ensure that the conclusions reached are accurate and
reliable, it is essential that the analyses conducted be appropriate to the design of the
study. Because of the objectives of the HEAL project, it is particularly important that the
distribution of human exposures at each HEAL site be presented as clearly as possible.
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APPENDIX A

GLOSSARY OF STATISTICAL TERMS

alternate hypothesis - a hypothesis that differs from the null hypothesis that is being
tested. -

bias - the difference between the expected value of a sample statistic and the
corresponding population parameter.

census - survey of all elements of the target population,

coefficient of variation - the ratio of the standard deviation of a population of values
divided by the population mean,

confidence interval - a random interval such that a specific proportion, «, of the
intervals resulting from a given sampling desiga contain the population parameter of
interest. The specified proportion of intervals containing the parameter is known as the
level of confidence, and « is usually set at 5 to 10 percent,

confidence interval estimate - the realization of a confidence interval for a specific
sample, a range of numbers that contains the parameter of interest for (1 - a) percent of
all possible samples generated by the sampling design.

correlation coefficient - a measure of the interdependence between two variables,

design effect (for a statistic) - the ratio of the variance of the statistic under a given
sampling design divided by the variance that would be achieved with a simple random
sample (srs) of the same size. By definition, the design effect is unity for all statistics
calculated from an srs. It will generally be greater than one but it may be less than one
with a properly stratified sample,

double sampling - a sampling procedure that selects a sample of units, collects some data
for all those units, and collects additional data for only a subsample of the units. Also
referred to as two-phase sampling,

expected value (of a sample statistic) - the average value of the statistic over all possible
samples.

Hawthorne effect - a change in the subject’s behavior as a result of participation in a
study.

hypothesis test - a statistical procedure for ascertaining the relative validity of two
hypotheses, called the null and alternative hypotheses, regarding one or more
characteristics of a population.

mean (arithmetic) - the sum of n values divided by n (ordinary average).
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mean (geometric) - the nth root of the product of n values.

measurement error - error that occurs because the measurement process (environmental
sampling and analysis; or population sampling, questionnaire administration, and data
entry) yields an incorrect result for the characteristic being measured.

median - the middle value of a distribution, such that half the values are larger and half
are smaller. Equivalent to the 50th percentile.

multi-round survey - a survey conducted at multiple points in time with essentially the
same target population (e.g., in two seasons).

multi-stage sampling - a sampling procedure that begins by sampling relatively large
units at the first stage, then smaller and smaller units at subsequent stages, until a sample
of people is selected from the smallest units at the last stage.

nonrespondent - a sample unit that is an eligible member of the target population for
which no data are collected.

null hypothesis - the hypothesis being tested in a study. A usual formulation of the null
hypothesis is the statement that there is no difference between the means or proportions
from two populations (e.g., the cancer rate in group A is the same as in group B).

percentile - the xth percentile of a distribution is the value such that x percent of the
values of the distribution are smaller and (100 - x) percent are larger.

population parameter - a characteristic based on or calculated from all units in the target
population.

power (of a hypothesis test) - the probability that the null hypothesis is accepted in a
hypothesis test when the alternative hypothesis is true.

probability sample - a sample for which every unit on the sampling frame has a known,
positive probability of being selected into the sample. The terms "probability sampling”
and "random sampling" are sometimes used interchangeably.

relative standard error (of a statistic) - the ratio of the standard error of the statistic to
the statistic.

regression - a statistical technique for describing the relationship between variables.

sample - a set of units selected from the target population.

sampling design - the sampling method, usually a probability sampling method, used to
sclect a sample of units from the survey population. '

sampling distribution (of a statistic) - probability distribution of the statistic across all
possible samples resulting from a given sampling design.
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sampling error - error that occurs because inferences are made from a sample rather than
a census of the entire population.

sampling frame - a list from which a sample is selected. An ideal sampling frame
contains each member of the target population exactly once. In practice, the sampling
frame usually misses some members of the target population and includes some
individuals who are not members of the target population.

sampling variance (of a statistic) - the variance of the sampling distribution of the
statistic under a given sampling design.

significance level (of a hypothesis test) - the probability that the null hypothesis is
rejected in a hypothesis test when it is actually a true statement. The significance level is
usually denoted by o and set at 5 or 10 percent, :

sintple random sample (of size n) - a sample of n elements selected from the sampling
frame in such a way that all possible samples of n elements have the same chance of
being selected.

skewed distribution - a probability distribution that is not symmetrical (e.g., has a longer
tail extending toward larger values).

standard error (of a statistic) - square root of the sampling variance of the statistic.
statistic - a sample-based estimate of a population parameter.

stratified sample - a sample in which the sampling frame is partitioned into disjoint
subsets, called "strata," and a sample is selected independently from each subset, or
“stratum.”

subpopulation - a subset of the target population.

survey population - the set of elements of the target population that can be accessed
through the sampling frame, including all stages of a multi-stage sampling design.

systematic sample - 2 sample selected by choosing one of the first k elements on the
sampling frame at random and then including every k-th element thereafter.

target population - the set of units or elements about which a sample survey is designed
to provide statistical inferences. The target population is sometimes simply referred to as
the population or universe of inferential interest.

unbiased estimator - 3 statistic whose expected value is equal to the corresponding
population parameter,

undercoverage error - error that occurs because the survey population does not include
all elements of the target population,




variance - a measure of the spread or dispersion of a distribution of values from the
mean. Specifically, the average of the squared differences between the individual values
and the arithmetic mean.

variance (analysis of) - separation of the total variation displayed by a set of observations
into components associated with defined sources of variation,

Source: Adapted from Kendall and Buckland, 1971.
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APPENDIX B

CASE STUDY: U.S. EPA’S
NONOCCUPATIONAL PESTICIDE EXPOSURE STUDY




United States
Environmental Protection
Agency

Atmaspheric Research and Exposure
Assessment Laboratory
Research Triangle Park NC 27711

Research and Development

EPA/BOO/S3-90/003 Apr. 1930

Project Summary

Nonoccupational Pesticide
Exposure Study (NOPES)

Fraderick W. Immerman and John L. Schaum

The Nonoccupational Pestlcide
Exposure Study was tha first attempt
to develop a methodelogy for
measuring the potential exposure of
specified populations to common
pesticides. In this study, as in other
studies utilizing the Total Exposure
Assessment Methodology (TEAM),
the exposures were related to actual
use patterns. A selected list of 32
household pesticides were evaluated
in two differeant cities during this
study.

Air samples were collectad over a
24-hour period In indoor, outdoor and
persanal microenvironments. In
addition, limited water and dermal
contact samples were collected for
selected homes. The study
househalds were selected from
stratifted random poputation samples
in two urbanized areas. The samples
were collected over several s2asons
in areas contrasting a relativety high
and low use of pesticides. Dietary
recall, activity pattern, and pesticide
use data were collected through
survey questionnaires. '

The report discusses the results of
the study with an emphasis on the
various routas of exposure (air,
water, dermal, and indirectly, food)
and their relative contribution to total
human exposure.

Thiz Profect Summary was
developed by EPA's Atmospheric
Research and Exposure Assessment
Laboratory. Resaarch Triangle Park,
NG, to announce key findings of the
research project that is fully
documented in a separata report of
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the same title (see Project Aeport
ordaring information at back).

Introduction

in 1984, Congress appropriated FY83
monies to the U.S. Environmental
Protection Agency (EPA) w0 assess the
lavel of pesticide exposure experienced
by the gensral population. Occupational
exposure of specific groups of pesticide
users, such as farm workers and pest
control operators, had been examined
and characterized by previous studies.
However, littla was known about the
general distribution of nonoccupational
exposuras to household pesticides. To
begin to overcome this lack of knowi-
edge, NOPES was designed to provide
initial estimates of nonoccupational axpo-
sure levels and to address the nature of
the variability in exposures.

NOPES was based on the Total
Exposure Assessmant Methodology
(TEAM) approach to exposure astimation.
The Agency began devaloping the TEAM
approach in 1979 for measunng human
axposure to various environmental
contaminants, In a TEAM study, proba-
bility-based survey sampling procedures
ara combined with guestionnaire data
collection and modern personal
monitoring techniques ta oabtain
statistically defensible sstimates of
axposure levals in the general population.
The initial application of this innovalive
approach (Wallace, 1987) was in the
estimation of exposures lo volatile
organic compounds (VOG3).

NOPES had both methodological and
analytical objectives, NOPES sought to
apply the TEAM approach to a class af
chemicals not previously addressed Dy




TEAM. Tharefore, the primary
methodological abjective :.of NOPES was
1o develop monitoring instrumentation,
laboratory procedures. and survey
questionnaires for a TEAM study of
pesticides. The overall analytical
objective of NOPES was ito estimate the
levels of nonoccupational exposure to
selected household pesticides through
air, drinking water, food. and dermal
contact.

Procedure

Work on the design phase of NOPES
began in 1985. Southwest Reszearch
Institute (SwRl), of San Antonio. Texas,
developed the methodology for coflecting
ar samples and analyzing them for 32
selacted pesticides and pesticide
degradation products. Emphasis was
placed on both identitying and
gquantitating the target compounds,
Research Triangle Institute (RTH of
Research Triangle Park, Morth Carolina,
developed the probability-based
sampling design and the questionnaires
needad to collect information about
pesticide use and activity patterns. The
guestionnaires and maaitoring and
analysis procedures were tested in a pilot
study conducted in Jacksonville, Florida
1w August and September 1985.

To permit assessment of regional and
seasonal variations in exposure lavels,
the main NOPES data coliection was
conducted in three phases:

# Phage I Surnmer 1986 in Jacksonville,
Flarida.

® Phase l: Soring 1987 in Jacksonville,
Florida, and Springfiedd and Chicopeea,
Massachusetts.

Phage [l Winter 1988 in Jacksanville,
Florida, and Springfield and Chicopee,
Massachusetts.

he findings of EPA’s Ngtional Urban
Pasticide Applicator Survey and earlier
Fludies were uged to select two study
greas. Jacksonville was selected as
epresantative of an area of the country
ith relatively high pesticide use, and the
froringfield region was selected to
epresent an area of low to moderate
pesticide use. In both study areas, some
ample members wera asked to
participate in ali seasons of the study,
hereas others were recrutted only for a
ingle season. Monitoring some people in
ore than one season permiited
gsessment of whether the overall
iferences observed between seasons
ere due fo tue seasonal: variations or

due 1o random sampling variations.
Short-term temporal variations weare
addreszed by monitoring some
respondents twice in the same season.

The following activities were performed
for each sample mamber who agreed to
participate in the study:

® A study questionnaire was admin-
istered.

®* A personal air sarmpler was given to the
participant to wear or keep in close
proximity for 24 h,

* Two or more fixed-site air samplers
werg set up and run for 24 h, At least
one sampler was run in the
respondent's home, and at least one
Wwias run outside the home.

® At the end of the 24-h monitoring
period, an activity log gquestionnaire
was administered.

In some households, drinking water
samples were collected for analyses.
Dermal exposure during pesticide
application events was estimated for a
smail number of respondents by
analyzing cotton gloves worn during
typical application svents foflowing the
régular monitoring period,

' all phases, RTI recruited the sampie
households. administered the
questionnaires, and statistically analyzed
the questionnaire and chemical data.
SwRl performed the anvironmental
monitoring and laboratory analyses. iIn
Phases | and !, Environmental Monitoring
and Services, Inc. (EMSI), of Camarillg,
California, provided overall program
management and quality assurance. EPA
assumed these functions in Phase L,

Results and Discussion

The second-stage (household
screening) sample size was 1,501
housing units in Jacksonvills and 2,472
housing units in Springfield/Chicopes.
Screening information was obtained from
1,005 Jacksonville households and 1,774
Springfield housshalds. Second-stage
response rates, computed as the number
of respondents divided by the number of
eligible sampla mambers, were relatively
low for face-to-face household sCreaning,
ranging from 66% for the Jacksonville
spring season to 84% for the
Springfield/Chicopee winter season
(Table 1). Second-stags nonresponse
was due more 1o inability to contact
household members during the time
period allotted for screening (56% of
nonresponding eligible sample
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members) than to refusals (32% of
nonresponding aligible sample
mambers).

Third-stage (personal monitoring)
response rales varied by study srea)
season, and whether sample members
were single-seagon or muitiseason
subjects. Nonresponse in the third stage
was primarily due to refusals to
participate (73% of nonfresponding
eligible sample members). The two most
commonly cited reasons for refusing to
participate were the amount of time
required and the perceived buyrden
associated with keeping the personal
sampler nearby,

The overall response rates prasanted
in Tabie 1 (45% for Jacksonville and 40°%
for Springfield/Chicopee) are comparable
to the 44% responss rate experienced in
the New Jersey segment of the TEAM-
VOC study (Wallace, 1987). Although
these response rates are low relative to
those experienced in traditional area-
household surveys, they are typical of the
rates experienced in personal monitoring
studies. Low personal-monitaring
response rates are beliaved to be
primarily due 1o the respondent burden
imposed by the monitoring systems and
proceduras,

Tables 2 and 3 present estimated
arithmetic means for indoor, outdoor, and
personal air concentrations for each
season in Jacksonville and Springfiaia/
Chicopee. respectively. Figures 1 and 2
present estimated cumulative frequency
distributions as log-normal probability
plots for personal air exposures for two of
the study pesticides. chlorpyrifos and
Propoxur.

Mean cutdoor air concentrations wera
almost always lower than mean indoor
and personal concentrations. Mean
personal air and indoor air concentrations
warg usuaily similar. Seasonal patterns
wera somewhat inconsistent. However,
the pesticides found at higher
concantrations in Jacksonville wera
highest in summer. fallowed by spring
and then winter. For Springfield;
Chicopee, the majority of the pesticides
found 2t higher levels had higher
concentrations in the spring than in the
winter. For a majonty of the pesticides.
indoor and personal air concentrations
wera higher in Jacksonville than in
Springfield/Chicopes, as expected.
Differences between the sites were less
consistent for ouidoor air concentrations.

To assess the magnitude of short-term
varability relative to measuwement error
and seasonal variations, absolute
differences between pairs of indoor air




Table 1. Response Aates

Jacksonville SpringfieldiChicopee
Summer  3pring Wirtter Spring Winter
‘86 ‘BT ‘88 Total ar ‘88 Total

Second Stage
Sample Size 401 S50 550 1501 1432 1050 2472
Eliguble 363 510 168 1372 13617 4978 2339
Respondents 267 336 402 1005 a66 atd 1774
Rasponse rate 74% 66% 81% 73% 0% B4% 76%
Third Stage
First-tima sampla:

Selected 125 79 a5 299 22 73 165

Eligitie 120 73 S0 283 &89 72 161

Respongems 65 53 55 173 49 37 a5
Rasponse rate 54% 73% §1% §1% 55% 51% 53%
Overall Responsa 40% 48% 49% 25% 39% 43% 407
Ratag
Foflowup sample:

Selected - 29 19 1B - 20 29

Eligible -- 29 19 48 - 20 20

Respondents - 9 18 35 - 15 18
Response rate e &6% B4% 73% am 75% 75%
Total:

Seiected 125 108 114 347 a2 93 185

Eligible 120 102 09 331 ag a9z 181

Raspondents 85 72 71 208 48 52 167

aCwarall response rate = (Second-stage response rate) (third-staga response rate) for first

hme members of the sample.

measurements were computed for the
five most prevalant pasticides. The mean
absolute differences in replicate indoor
air concentrations wera computed for
gach study area and season and
campared lo the mean absolute
differencas between duplicate indoor air
readings (Table 4). The mean absolute
differences between seasans in multi
season respondant indoor air
concantrations were algo computed and
ars presented in Table 4. The magnitude
of the differences between estimated
measurement errar variability
{(duplicates), estimated short-term
variability (replicates), and seasonal
varigbility (multiseason respondents)
varied considerably both within and
batween analytes. Because of the small
sample size devoted to this aspect of the
study and the magnitude of the variability
obsarved, only qualitative conclusions are
supported regarding the reiative
magnitudes of these components at
variation. Measurement error variability is
generaily less than short-term variability.
which itself is usually lass than seasonal
variabiiity. Moreaver, short-term and
seasonal variability are generally more
comparable than short-term and
measuremeant error variability. The fact
that the short-term and seasonal
variations weare generally comparable in

magnitude suggests that the factors
contributing to short-term variations may
alsc be major componants of seasonal
vanations,

Conglusions and
Recommendations

wWater sampling was by design only a
small component of NOPES. Bouwtine
sampling of public water supplies by
Jacksonville and Springfield prier to
NOPES had not identified any
contamination by the target campounds,
and water samples collectad and
analyzed during the NOPES pilot study
also did not contain detectable levels of
any analytes. Therefora, a minimal
sampling offort was believed to be
sufficient for estimating water axposure {0
the target compounds.

The small sampie sizes prevent
estimation of weighted population
exposure estimates from these data.
However, the lack of detectable levels for
most analytes and the relatively low
lavels occasionally detectad tor others
suggest that exposure to the NOPES
target compounds from water is minimal
in the two study areas,

The dermal exposure component of
NQPES was primarily a pilot study of
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a method tor guantifying dermal
gxposure levels during acute OXPOSUr ag
gvents. Chronic dermal axposure was notl
addrassed. The number of evenisy
monitored was small, and events weref
not randomly selecled, so estimated
population exposure lavels cannot
developed. Howeaver, analysis of the
glove data does permit assessmert O
the method, and provides an initiag
impressian of the relative imporance of
acute dermal exposure, |

Carmal dose was estimated for all 18
target compound applications monitored
in NOPES. It was computed b
multiplying the glove concentration by
the appropriate absorplion factos antdj
ranged from 0.02 ug to 16,000 pg. Dait :
air exposure doses were calcuiated ag
the mean personal air concentration
estimates (ng/m3) from Tables 2 and ¥
multiplied by 20 m3 per day of rospirad
air. In only three of the 16 cases was thd
dermal dose less than the estimated dailg
air dose. The dermal dose was more thag
an arder of magnitude greéater than Ihd
daily zir dose in more than hall the casesy

Qualitative compariscns of the relativi
exposure contributions of ar and foof
were possiple for some of the targq
compounds. The relative air and foof
contributions were computed for dail
exposurgs. Mean daily exposure frod
inhalation was estimated by muitiplying
the mean personal air concentraticy
estimates (ng/m3) for each seasoy
(Tables 2 and 3} by 20 m? air raspirey
per day. These daily air exposu 'ﬂ
estimates wera then compared to daif
distary exposure @stimates. Onf
qualitative comparisons were supporicy
by the data,

The NOPES air exposure data weg
evaluated with regard to potential chror
heaith effects. Both cancer and nof
cancer risks were evaluated, No risks §
major concern were identified. '

Evaluation of NOPES rasults, §
addition to providing important insigry
about the nature and magnitude §
nonoccupational pasticide exposuf
suggests a number of possible avenug
for further research. Specilic recof
mendations are: N

1. Develop guidance for conductif
axposure monitoring studies o
associated methodologies
assassing human non-diet
exposure to pesticides in residens
settings. These foliow-up studp
wilt be designed to permit a M
comprehensive analysis of [§
health risks associated




Table 2. Weighted Arithmetic Mean Concentrations in Jacksonville Aire (ngim3)
indoor Outdoor Personal
Analyta Summer Spring Wintar Summer Spring Winter Summoer Sprng Wintar
Dichiorvos 134.5 88.2 24.5 0 a 3.2 147.6 40.2 214
alpha-BHC 1.2 1.2 17 0.0 0 Q.0 0.9 0.8 oz
Hexachiorobenzone 1.3 0.4 0.3 a2 0 0 09 0.4 0.4
gamma-8HC 20.2 134 6.0 1.3 0.5 0.6 229 7.0 a5
Chiorathatonil 5.3 22 6.7 0.2 0.3 06 0.5 0.0 25
Heptachior 1834 154.9 72.2 30.2 1.7 2.8 129.1 133.7 64.2
Ronnel 0.2 0 0 at 0 0 0.1 a 0.0
Chiarpyrifos 366.6 208.4 120.3 16.7 is 25 280.4 182.8 118.2
Aldrin 31.3 6.8 6.9 0.2 a 0.1 9.9 385 6.9
Dacthat 0.2 0 0.3 0 a o 0.6 0 0.2
Heptachior epoxide 0.5 0.8 0.8 07 Q.1 g 06 a.5 a1
Oxychlordane 52 0 6.5 0 0 0 0 0 o
Captan 1.9 22 o1 0 0 a 0 Q201 ar
Folpet 0.5 07 0.8 0.3 0.4 0 0.4 0.4 0.8
2.4-0 astart 13 0 a5 0.0 a 0.8 Q7 0 3.5
Dieidirin 14.7 8.3 7.2 o7 0.0 0.8 0.1 5.4 4.8
Methoxychlar a2 0.3 0.2 0 0 o1 0.3 Q.1 0.5
Dicofot 0 11.0 i) 0 o 0 0 4 a
cis-Farmethan ' 0.5 19 1.3 0 0 0 .1 1.3 0.8
trans-Parmethrin 0.4 1.1 a.8 0 o] o] Q1 0.3 0.5
Chiordane 324.0 245.5 220.3 384 9.5 27.3 212.0 190.7 194.8
4,4"-DOT - 1.0 0.5 - 0 0 - 0.5 0.4
4.4-000D - ] 0 - 0 0 - o 0
4,4"-DDE - 0.6 0.2 - 0 a - 05 0.8
ortho-Phanyiphanol 96.0 70.4 59.0 1.2 0.0 Q.1 79.7 55.6 97
Proposur 528.5 222.3 162.5 10.2 0.8 2.5 3156 1477 142.8
Bandiocart 857 55 3.4 0 0 0 514 4,4 3.5
Atrazing 0 0 0 o] 0 a 0.3 0 a
Digzinon $20.7 109.2 857 12.6 .1 13.8 321.6 112 89.0
Carbaryl £8.1 .4 Q [ 0 0 28.3 08 a
Majathion 208 14.9 20.4 a3 o 0.2 8.2 1.1 16.8
Resmathrin 0.1 Q a o o Q 04 a i}
A weighted mean of “0" means no defactable levels wera ohserved, A waighted mean of “0.0" means that the weighted mean was jess than
gdggrw @ster in summer, butoxyethyl aster in spring and wintar.
exposure to pesticides from required for quantifying dermal compounds of interest, and prepare
different routes, exposures and the estimation of quality assurance standards on
acute and chronic pesticide PUF media.
- gonduct pr?is?c?ecﬁ;:ceitttrj:ti'eﬁs L‘: Bxposures. These studies will
hzmahtglgedsugt in order t0 oxplore 222&2&3& Datwaen tsfﬁ?fiff; - Conduct similar NOPES studies
the ralationship between pesticide applications and the dermal and following revision of the population
use and exposure, and the relative inhalation routes of exposure. survey instruments. These revisions
importance of the dust pathway 1o would incorporate improvements to
total human exposure, espacially ) the original survey design, develop
tor infants and toddlers. 4. Improve the PUF sampiing more appropriate stratification
technique to reduce variability in variables, and permit the
- Refine the dermal exposure matrix spike recoveries, eévaluate davelopment of & survey data base
sampling and analytical methads analytical methodology for new with a larger regional or national
B-5




Yabie 3. Waighted Arithmetic Mean Concentrations in SpringfieldiChicopee Aire (ngim3)

indoor Outdoor Parsonsal

Angiyta Spring Winter Spring Winter Spring Winter
Dichionosg 4.3 1.5 0 0 3.7 21
aipha-BHC .2 [1] 4] o 0.0 0
Hexachlorghanzrane 0 0.1 0 0 0 0.0
gamma-8HC a.5 9.5 o o 0.7 5.4
Chiorothaionil a1 o.1 0.4 0.8 0.5 0.1
Haptachlor 31.3 36 .3 0.1 34,7 4.6
Ronnel 0.2 0.0 o 0 0.7 0.0
Chiorpyrifos 9.8 5.1 13.5 0.0 7.5 5.9
Aldrin 0 (1) ] o 0 o 0.2
Dacthal 1.6 0.3 0.9 [¢] 2.6 0.3
Heptachior spoxide 0 o 0 0 0 0
Oxychlordane o a 0 0 [ 0
Captan 0.1 00 o o o1 1]
Folpet 0.7 0 0.5 o 0.7 0.0
2.4-0 hutoxyathyl ester 21 0 0 1] 0 0
Diaigrin 1.0 4.2 4] o 0.8 o7
Maethoxychior o o 0 o 4] 0
Dicofol 4] (4] 1] o 7.0 [
cigs-Parmathrin 4] (4] o o 0 0
trans-Parmeathrin o v} 0 0 0 0
Chiordane 199.3 34.8 3.1 2.0 252.9 5.8
4,4-00T7 0.0 0.5 4] 0.2 0.9 07
#4,4'-DO0D o] (1 X1] o o 0 0
4,4'-DDE .5 0.6 4] [ 4.8 0.5
ortho-Phenylphenol 44.5 22.8 1.6 [ 43.4 27.3
Proparur 26.7 77.0 0.8 0.7 16.2 11.3
Bendiocark o2 04 o v 0.2 0.2
Atrazine 0 0 o [ 0 0
Diazinon 48.4 2.5 8.2 9.2 10.1 1.4
Carbary! 0.3 0 o 0 0.1 a
Malathion 8.0 [¢] 0.8 0 0.5 o
Reasmethrin 0 o [ 0 o )

* A weighted mean of “0" means no detactable levels were observed. A weighted mearn of
"0.0" means that the weighted mean was less than 0.05,

application. The survey instrumeants
would incorporate more detailed
activity pattern information and
pesticide use applications. The data
would be combined with limited
monitoring data and used to
validate a proposed human
exposure modai spacifically
designad to astimate exposuras to
saveral of the NOPES pesticides.

References

Wallace, L. A, 1987, The Total Exposure
Assessmant Meathodology (TEAM)
Study: Summary and Analysis: Volume
1. EPA/BOD/G-B7/002. U.S. Environ-
mental Protaction Agency, Washington,
DC 132 pp.




5.000 E

3.000¢ Legend

——JAX Summer
—m—JAX Spring

1,000 |- == JAX Winter
F - ®-~3P/CH Spring
HE L =&~ SPICH Wintor
g& 300
E ;
g 100 ’
& ! 1o
S s f
- /
e !
¢
L S -
3%

25% 50% 75% 90%  95% 29%
JAX 72.500 T45.000 217,500 261,000 275500 287.100
SPCH 33,750 67,500 101,250 121.500 128,350 133.650

Percent of Population Below Concentration Shown

Figure 1. Chiorpyrifos weighted cumulative frequency distribution far personal
&r concemtrations.

5.000
3.000 Lageng
——_JAX Summer
——JAX Spring
1,000 —h— JAX Winter
Y - 9-8P!CH Spring
- - A—SPICH Winter
[y} b
|3 200
&h
£
5 100 i
= : -——
P
= [ -
ot
& [
8 10+
37 |
! ’
10 b | :"
b !
af |
|
!

25% 50% 75% 9% 95% 99%
JAX 72,500 145,000 217,500 261,000 275.500 287.100
SFCH 33,750 67.500 101.250 121,500 128,250 133,650

Percent of Population Below Concentration Shown

qure 2. Propoxur weighted cumulative frequency distribution for personal air
conceantrapons,

B-7




Tabie 4. Duplicate. Replicate and Seasonal indaor Air Concentration Differences {ng/m3)

Duplicates Replicatas Multiserson Respondents
Mean Maan
Mean Mean Conc. Abs. Diff.
Maan Abs. No. of Mean Abs, No. of Over Betweaon No. of
Conc.a Diffe Pairs Conc.® Diff. ¥ Pairs Seasonsc Seasonsd Pairs
Chlordane
Jacksonville
Summer 55 2 & 271 98 8
Spring 505 40 10 249 55 10 J69 343 15
Wirnter 145 &0 9 129 22 g 242 114 16
Springfield
Spring 51 as a8 64 43 10
Winter 54 12 7 140 az -10 a2z 29 15
Chiorpyrifos
Jacksonvilie
Summer 247 as [ 362 169 8
Spring 268 [ 0 162 10 10 259 276 79
Winter 187 i7 9 152 198 9 122 114 16
Springfield
Spring 62 16 B a4 14 10
Winter 18 1 7 5 2 10 13 11 15
Haptachior
Jacisonville
Summaear 13 3 [ 157 47 a
Epring 142 14 10 114 75 70 218 223 19
Winter 43 3 9 &4 22 8 124 108 16
Springfield
Spring 5 8 20 11 10
Winter 7 <] 7 26 3 10 10 15 15
artho-Phenyliphencl
Jachsonville
Summer a1 29 q -} 46 5
Spring 101 33 10 96 145 10 75 72 17
Winter 57 [ 9 82 a7 L) 80 117 16
Springfield
Spring 107 39 8 26 22 10
Winter 54 12 7 46 23 10 34 38 15
Propoxur
Jacksonville
Summer 142 28 4 289 138 5
Spring 378 13 10 168 137 10 529 629 17
Winter g2 10 9 51 30 2] 197 184 16
Springfrald
Spring 48 a6 8 64 18 2
Winter 10 4 7 17 12 10 52 77 15

# Unweiphted mean of all malchea pair data.

bunwerghted mean of the absolute differences belween matched pairs. i

¢ Unweighted mean of data far w0 seasons from multiseason respondents, Values on the rows labelled ‘Spring’ are means for combined s:.:mme
and spnng dats; rows labelied ‘Winter® are for combined spring and winter data. y

dVajues on rows labelled ‘Spring’ are the unweighted mean absclute differences between Summer and sprng concentrations; values on rows
labelied ‘Winter' are for mean apsolute differences between spring and winter concentralions.

Fraderick W, Immerman is with Research Triangle Institute, Research Triangle
Park, NC 27709 and John L. Schaum is with the Office of Heaith and
Environmental Assessment, U.S. Environmental Protection Agency, Washington,
DC 20460,

Andrew E. Bond is the EPA Projact Officer (see below) .

Tha complete report, entitfed “Nonroccupational Pesticide Exposure Study
(NOPES),” (Order No. PB 90-152 224/AS; Cost: $31.00, subject to change) will be
available only from:

National Technical Inforrmation Sarvica
5285 Port Royal Road

Springfield, VA 22161

Telephona: 703-487-4650

Tha EPA Project Officar can ba contacled al:

Atmospheric Research and Exposure Assessment Laboratory

L1.5. Environmental Protection Agency

Research Triangle Park, NC 27711
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APPENDIX C

BASIC PROBABILITY SAMPLING METHODS

Two essential ingredients of any probability sampling method are: (1) a frame or list
(of geographical areas, hospitals, people, etc.) from which units are selected for the
sample, and (2) a randomization procedure that assigns a positive probability of selection
to every unit on the sampling frame. Simple random sampling and systematic sampling
are often used to select population elements at the final stage of a multi-stage sample.
These procedures, as well as stratified sampling and multi-stage sampling methods, are
presented in more detail in this appendix.

C.1 Simple Random Sampling

Simple random sampling is conceptually the simplest method of probability sampling.
A simple random sample (srs) is a sample selected so that all possible samples of the
same Size are equally likely to be chosen. Sampling methods are often designed to
produce equal overall selection probabilities - if not for the total population, then at least
for specific subgroups. Unequal selection probabilities usually result in a loss of
precision for the survey statistics,

A table of random numbers or a computerized random number generator can easily be
used to select a simple random sample. Simply generate or assign an unique, random
number n to each unit on the sampling frame. Then sort the units in order by the random
numbers. The n units with the smallest random number values (or equivalently with the
largest n values) constitute a simple random sample of size n.

C.2  Systematic Sampling

Systematic samples are also very casy to select. To select a systematic sample from a
frame, use a random number table or a computerized random number generator to select
one unit at random from the first k units on the frame, for a suitably chosen value of k.
Every k-th unit on the frame following the randomly selected unit is also 2 member of the
systematic sample,

A single systematic sample is not sufficient to compute the precision of the survey
statistics because the sample is based on only a single random number, Multiple
systematic samples would be needed to compute the precision of survey statistics.
However, a single systematic sample is satisfactory for the last stage of a multi-stage
sample (unless variance component analyses are planned for all stages of sampling).




C.3  Stratified Sampling

Stratification refers to partitioning the sampling frame (at any or all stages of sampling)
into subsets, called strata, and independently selecting a sample from each subset (or
stratum). If information is available in the sampling frame on a variable that is related to
important survey variables (i.e., human exposures), the precision of the survey estimates
can be increased by forming strata that are more homogeneous in terms of the survey
variables than the population as a whole.

Stratification is helpful when a survey seeks to produce statistical results for relatively
small population subgroups (e.g., nursing mothers or smokers). Each subgroup is usually
treated as a separate stratumn and sampled at the rate needed to produce a sufficiently
large sample.

C.4 Cluster Sampling

The sampling frame for a survey can sometimes consist of a list of groups of elements.
For example, a sampling frame may be composed of a list of households grouped by their
geographic area. One way to approach such a frame is to select a sample of the groups
for inclusion in the survey. Such groups are referred to as clusters.

—— If all the elements in the selected clusters are included in the survey, the
method is known as cluster sampling.

-~ If only a sample of elements is surveyed within each selected cluster, the
method is known as multi-stage sampling.

Often a hierarchy of clusters is used. First some large clusters are selected, next some
smaller clusters are chosen within the selected large clusters, and so on until population
elements are sclected from the final-stage clusters (as shown in Figure 2.1). Thus, for
instance, a survey of individuals might be chosen by first selecting geographical areas that
contain 20 to 100 households, then households within the selected geographic areas, and
finaily individuals from within the selected households.

C.5 Design of Strata and Clusters

Although strata and clusters are both groups of population elements, they serve very
different survey design purposes. Since all strata are represented in the sample, it is
advantageous if they are internally homogeneous in terms of the survey variables.
Alternatively, since only a sample of clusters is included in the survey, clusters should be
internally heterogeneous to avoid a loss in precision. In actuality, clusters are often
homogeneous so that cluster sampling yields a loss in precision when compared to a
simple random sample of the same size. This is because homes in a neighborhood cluster
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are often of the same age, the water supply is identical, the ambient air is relativel Y
uniform, and people shop in the same food stores and have similar incomes. However,
cluster or multi-stage sampling may often be necessary because of the unavailability of
simple lists of population elements and because it is less expensive to survey people
located in similar geographic areas than to survey people who are randomly dispersed.







APPENDIX D

SAMFLE SIZE GUIDELINES FOR ESTIMATES OF PROPORTIONS

This appendix provides technical guidelines on selecting an appropriate sample size
for estimating population proportions. The actual calculation of sample size must be done
by someone knowledgeable in survey statistics.

D.1  Sample Size Guidelines for Full-Scale Studies

The variance of a sample proportion depends on (1) the population proportion
being estimated and (2) the sampling design used to select people for the study. The
effect of the sampling design can be summarized by a single quantity called the design
effect. The design effect for a statistic is the ratio of the sampling variance for the
statistic under a given sampling design divided by the variance that would be achieved for
the statistic with a simple random sample of the same size.

By definition, the design effects for statistics computed from a simple random
sample are unity. Design effects are generally between one and three for overall
population estimates for the types of complex, multi-stage sampling designs typically
employed for human exposure monitoring studies. They are usually closer to one for
Population subgroups that have been sampled at a higher rate than the rest of the
population. They may be closer to three for population subgroups that cross strata
sampled at different rates,

The design effect of a statistic can usually be factored into components associated
with the effects of: (1) stratification, (2) multi-stage or clustered sampling, and (3)
unequal probabilities of selection. Stratification tends to decrease the design effect (and
Increase precision), whereas multi-stage sampling and unequal sampling rates increase the
design effect. Mulfi-stage sampling is often necessary, however, in the absence of a
simpler sampling frame. Moreover, muiti-stage area sampling helps to control survey
costs because it costs less to interview people grouped by geographical area than people
who are randomly dispersed throughout a city. Although unequal sampling rates increase
the design effect and reduce precision for overall population estimates, they enable more
precise estimates for the subpopulations to which the higher sampling rates are applied.

Table D.1, Parts (a)-(h), provide more specific guidance regarding the choice of a
sample size for a full-scale human exposure monitoring study. This table provides the
standard error for estimates of population proportions from 0.02 to 0.98 for sample sizes
from 25 to 5,000 and design effects from one to three. If the sample estimate of the
population proportion, P, is denoted by p, then the standard error of the estimate can be
expressed as
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SE(p = < I[PA-P))/[n/d],

where n is the number of people who participated in the survey and d is the survey design
effect for the estimate, p. This formula is equivalent to the one found in introductory
statistics textbooks for a simple random sample, except that the denominator is the
"effective sample size," n / d, rather than simply being the raw sample size, n.

The standard errors in Table D.1 can be conveniently interpreted in terms of
confidence interval estimates and relative standard errors. If the sample size, n, i3
sufficiently large that the sampling distribution of the estimator, p, is approximately the
normal probability distribution (e.g., n > 100), then the following interval

p & 2SE(p)

is an approximate 95 percent confidence interval estimate of the population proportion, P.
Moreover, the relative standard error (RSE) of the estimator, p, is given by

RSE(p) = SE(p)/ P.
The estimator, p, is often considered to be reasonably precise if the RSE is 0.10 or less

for overall population estimates and Q.30 or less for subpopulation estimates. In practice,
the precision required depends on the objectives of each individual survey.
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Table D.1 Standard Error for the Estimator of the
Population Proportion, P, for Various Sample Sizes, n,

and Design Effects, d

Population Design Effect
Proportion 1.000 125 150 200 250 3.00

(@ n =25

0.02 0.0280 0.0313 0.0343 0.0396 0.0443 0.0485

0.05 0.0436 0.0487 0.0534 0.0616 0.0689 0.0755

0.10 0.0600 0.0671 0.0735 0.0849 0.0949 0.1039

0.20 0.0800 0.0894 0.0980 0.1131 0.1265 0.1386

0.50 0.1000 0.1118 0.1225 0.1414 0.1581 0.1732
(b)n =50

0.02 0.0198 0.0221 0.0242 0.0280 0.0313 0.0343

0.05 0.0308 0.0345 0.0377 0.0436 0.0487 0.0534

0.10 0.0424 0.0474 0.0520 0.0600 0.0671 0.0735

0.20 0.0566 0.0632 0.0693 0.0800 0.0894 0.0980

0.50 0.0707 0.0791 0.0866 0.1000 0.1118 0.1225
(¢yn = 100

0.02 0.0140  0.0157 0.0171 0.0198 0.0221 0.0242

0.05 0.0218 0.0244 0.0267 0.0308 0.0345 0.0377

0.10 0.0300 0.0335 0.0367 0.0424 0.0474 0.0520

0.20 0.0400 0.0447 0.0490 0.0566 0.0632 0.0693

0.50 0.0500 0.0559 0.0612 0.0707 0.0791 0.0866
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Table D.1 Standard Error for the Estimator of the
Population Proportion, P, for Various Sample Sizes, n,
and Design Effects, d (cont.)

Population Degign Effect
Proportion 1.00 125 150 200 250 3.00

(d)y n = 250

0.02 0.0089 0.0099 0.0i08 0.0125 0.0140 0.0153

0.05 0.0138 0.0154 0.0169 0.0195 0.0218 0.0239

0.10 0.0190 0.0212 0.0232 0.0268 0.0300 0.0329

0.20 0.0253 0.0283 0.0310 0.0358 0.0400 0.0438

0.50 0.0316 0.0354 0.0387 0.0447 0.0500 0.0548
(&) n = 500

0.02 0.0063 0.0070 0.0077 0.0089 0.0099 0.0108

0.05 0.0097 0.0109 0.0119 0.0138 0.0154 0.0169

0.10 0.0134 0.0150 0.0164 0.01%0 0.0212 0.0232

0.20 0.0179 0.0200 0.0219 0.0253 0.0283 0.0310

0.50 0.0224 0.0250 0.0274 0.0316 0.0354 0.0387
() n = 1000

0.02 0.0044 0.0049 0.0054 0.0063 0.0070 0.0077

0.05 0.0069 0.0077 0.0084 0.0097 0.0109 0.0119

0.10 0.0095 0.0106 0.0116 0.0134 0.0150 0.0164

0.20 0.0126 0.0141 0.0155 0.0179 0.06200 0.0219

0.50 0.0158 0.0177 0.0194 0.0224 0.0250 0.0274
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Table D.1 Standard Error for the Estimator of the
Population Proportion, P, for Various Sample Sizes, n,
and Design Effects, d (cont.)

Population ___ Design Effect
Proportion 100 125 150 2.00 2.0 3.0

(g) n = 2500
0.02 0.0028 0.0031 0.0034 0.0040 0.0044 0.0043
0.05 0.0044 0.0049 0.0053 0.0062 0.0069 0.0075
0.10 0.0060 0.0067 0.0073 0.0085 0.0095 0.0104
0.20 0.0080 0.0089 0.0098 0.0113 0.0126 0.0139

0.50 0.0100 0.0112 0.0122 0.0141 0.0158 0.0173

Mn= 5000
0.02 ~ 0.0020 0.0022 0.0024 0.0028 0.0031 0.0034
0.05 0.0031 0.0034 0.0038 0.0044 0.0049 0.0053
0.10 0.0042 0.0047 0.0052 0.0060 0.0067 0.0073
0.20 0.0057 0.0063 0.0069 0.0080 0.0089 0.0098

0.50 0.0071 0.0079 0.0087 0.0100 0.0112 0.0122

The entries in the above table were computed as:

SE(p) = V[P(1-P)]/[n/d].
Since the standard errors of p and (1 - p) are identical, i.e,,
SE(p) = SE(1 - p),

the entries in the above table also provide standard errors for
the sample proportion, p, when p is 0.80, 0.90, 0.95, or 0.98.




To illustrate the use of Table D.1, suppose that we are considering the possibility
of surveying 1,000 people and that the design effect for the survey is expected to be two.
The fourth column of Part (f) of Table D.1 could then be used to evaluate the precision
expected for estimates of overall population proportions based on the survey. Using the
figures in that column, we would obtain the following confidence interval half-widths and
relative standard errors:

P 0.02 0.05 0.10 0.20 0.50
2SE(p)  0.0126 0.0194 0.0268 0.0358 0.0448
RSE(p) 0.313 0.195 0.134 0.089 0.045

Suppose, for example, that we wanted to estimate the proportion of the population
whose exposure exceeded a specific threshold and that the true (unknown) proportion, P,
was two percent. A sample of 1,000 people would then yield a 95 percent confidence
interval estimate of approximately

0.02 + 0.0126

and a relative standard error of 0.313, If that were sufficiently precise, then a sample
size of 1,000 would be sufficient. If less precision would be acceptable, smaller sample
sizes could be considered. If more precision were needed, a larger sample size would be
necessary.

Table D.1 can also be used to determine the sample size needed for subpopulations
of special interest, For example, suppose that the sample of 1,000 people is expected to
yield 500 people who belong to the subpopulation of people who smoke cigarettes, If
smokers are not sampled as an individual stratum, a design effect of two might also be
appropriate for the subpopulation analyses. Thus, the following confidence interval
half-widths and relative standard errors would be obtained from Part () of Table D.1:

P 0.02 0.05 0.10 0.20 0.50
28E(p) 0.0178 - 0.0276 0.0380 0.0506 0.0632
RSE(p) 0.443 0.276 0.190 0.127 0.063
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