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1. Introduction 

Human exposure field studies rep
resent a new and practical method of 
directly monitoring the exposure of 
human beings to environmental pol
lutants. Exposure information, in 
turn, is an important part of any as
sessment of the risks to human health 
posed by pollutants. 

This brochure explains some of the 
key concepts and components in
volved in the design of a human ex
posure field study, particularly with 
respect to survey methods and statis
tical sampling. The brochure also 
contains ' a brief description of the 
monitoring and information collec
tion activities conducted during 3 

human exposure field study. 

Background 

Although environmental pollution 
has been of growing concern in many 
parts of the world for many years, 
most monitoring studies in the past 
have been directed at measuring 
levels of pollutants in food and in the 
ambient environment, including the 
surrounding air, water, and soil. It 
was assumed that if the concen-

trations of pollutants in ambient 
media could be sufficiently control
led, human exposure to such pol
lutants would be minimized and 
public health would be protected. 

However, over the last twenty 
years, it has been recognized that ac
tual human exposures to pollutants, 
i.e., the amounts of pollutants that 
people breathe, ingest, or come into 
contact with, may differ significantly 
from estimates of exposures, based 
on concentrations measured in food 
and in the surrounding air and water. 

Recently, health officials have also 
become aware of the seriousness of 
indoor sources of exposure to pol
lutants. In most countries, people 
spend a significant portion of their 
time in residences, stores, and work
places. A variety of pollutants can be 
found in almost any indoor location. 
For example, various organic com
pounds are released from paints, 
glues, varnishes, and adhesives, as 
well as furniture polish, carpets, and 
building materials. Cigarette smoke, 
cooking, and unvented stoves are 
also very important sources of in
door air pollution. Relatively high 
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exposures can be involved, because 
the pollutants occur at such close 
quarters to people, without being 
diluted in air. 

New Monitoring Methods 

Thus, a critical need existed for 
feasible, accurate, and affordable 
methods of monitoring actual human 
exposures, including indoor expo
sures. Over the last decade, several 
such methods have been developed. 
These breakthroughs in measuring 
human exposure were achieved by 
combining well-established survey 
research methods with new methods 
for measuring exposure at the level 
of an individual (e.g., personal 
monitors for airborne particles, and 
the collection of duplicate diets for 
measuring exposure through food). 

Benefits of Human Exposure 
Studies 

Direct monitoring of human expo
sure offers several benefits: 

• It focuses directly on the 
main target of public health 
~oncern - the actual 
exposures of people to 
environmental pollutants. 
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• It is comprehensive, since it 
can encompass all major 
routes of exposure by which 
a pollutant may reach a 
person. 

• It is practical; by randomly 
sampling relatively few 
individuals, the results can 
be extrapolated to an entire 
population. 

Who Should Read This Brochure? 

This brochure is a guide for govern
ment agencies and research institu
tions that are considering com
missioning a human exposure field 
study, as well as for individuals who 
are interested in learning more about 
how such studies are designed and 
conducted. The brochure is written 
in non-technical language to provide 
an understanding of the various steps 
in a human exposure field study and 
an appreciation of some of the scien
tific requirements and logistic issues 
that are involved. 

The brochure was prepared by the 
US EPA Collaborating Center for 
the World Health Organization 
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(WHO) and the United Nations 
Environment Programme (UNEP). 
WHO and UNEP wish to foster the 
consistent use of accepted survey re
search principles and procedures, 
whenever human exposure field 
studies are designed. 

For more detailed information, 
readers should consult the WHOI 
UNEP report, Guidance on sample 
selection and data analysis for Human 
Exposure Assessment Locations 
(HEAL) studies. Readers may contact 
WHO for a copy of this report, at the 
address shown on the last page of this 
guide. 

2. Designing the Study 

A human exposure field study con
tains two components: 

• Monitoring of exposures of 
individuals to pollutants over 
a specific length of time and 
at specific places; and 

• Collection of information 
through diaries kept by 
study participants and/or 
through questionnaires 
administered in interviews 

with participants. The 
information collected is then 
analysed along with the 
monitoring data to produce 
the study results. 

These two components are dis
cussed in sections 4 and 5 below. But 
first,.in order to design a human ex
posure field study, two preliminary 
steps are needed: 

• A study plan, in which the 
objectives that will guide the 
study are set out; 

• A sampling plan in which 
the method(s) of sample 
selection are described. 

These two plans are discussed in 
this, and the following sections. 

The Study Plan 

The study plan forms the basis for 
designing the study. It contains the 
answers to the all-important ques
tion: 

What are the overall objectives of 
this study? 
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As an example, a simple state
ment of the overall objective of a 
human exposure study might be the 
following: 

To cktennine the levels of airbome par
ticles to which women are exposed when 
using wood, coal, or kerosene as cooking 
fuels. 

Researchers should be as specific and 
unambiguous as possible in defining 
and planning each element of the 
study: What is the "target popula
tion" for the study? Which pollu
tants are of concern and what are the 
routes of exposure? What informa
tion about these people is needed? 

Defining the Target Population 

The target population is the human 
population of interest to the re
searchers within a particular area of 
coverage. This may include people 
who are considered to be at the 
greatest risk or whom it is thought 
should be protected for other 
reasons. 

An example of a definition of a tar
get population might be: 
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The target population for this study in
cludes all non-institutionalized, non
smoking residents of the urbanized 
portion of the City of Poona, India, who 
are at least 18 years old at the time of the 
study. 

The target population can be 
defined as individuals or as groups of 
individuals (such as "all adult mem
bers of a household"). Often, the tar
get population will consist only of 
people with very specific characteris
tics. For example, in a study carried 
out in the Philippines, the sample 
consisted of people from households 
containing 2-6 members, with not 
more than one snioker, who used 
charcoal or kerosene as fuels and did 
not have exhaust fans or gas heaters. 

Although defining the target popu
lation appears to be a simple step, it 
is often difficult. It may not be clear, 
for example, which group in the 
general population is at greatest risk 
and should be studied first. Defining 
the target population is crucial to the 
success of the study and should be 
done only after careful evaluation. 
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Defining the Pollutants and Routes 
of Exposure 

Typically, in a human exposure 
field study, only one class of pollu
tants is monitored, such as pesti
cides, or metals (e.g., lead and 
cadmium), or combustion by
products. The pollutant(s) may be 
released into the environment con
tinuously from natural sources or 
building materials (e.g., radon, for
maldehyde) or as a result of human 
activity (such as cooking or industrial 
emissions). 

Human exposure to pollutants can 
occur through ingestion (consuming 
food and water), skin contact, or in
halation (breathing). The potential 
routes of exposure that need to be in
vestigated should be specified in the 
study plan. In designing monitoring 
protocols, researchers should also 
take into account seasonal and week
day/weekend changes in activity pat
terns that are likely to yield different 
exposure levels. 

Defining the Information Needed 

The type and extent of information 
sought in a human exposure study 

will depend on the purposes of the 
study. For example, researchers may 
be seeking a general exposure assess
ment of the population as a whole. 
Alternatively, they may be seeking 
much more detailed information to 
help pinpoint specific sources of pol
lutants or to determine the charac
teristics of people who are exposed 
to high levels of particular con
taminants. In each case, researchers 
must define at the outset the informa
tion needed to satisfy their research 
objectives. 

The procedures for selecting a 
sample of the target population for 
the study are discussed below. 

3. Selecting a Population 
Sample 

Sampling involves selecting and 
studying a portion of the population 
that is representative of the entire 
target population. With a properly 
selected sample, researchers can 
study the exposures and activities of 
a small fraction of the target popula
tion with a vastly reduced expendi
ture of time and money, while still 
obtaining information that applies to 
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the entire target population. 

What are the scientific require
ments that enable statistically valid 
inferences drawn from a sample to 
be applied to a larger population? 

First, such inferences are possible 
only if a reasonably-sized sample 
with known probabilities is selected 
from the target population. Techni
cally, a probability sample is re
quired. This means that the mem
bers of the population are selected at 
random using an objective method of 
selection. With probability sam
pling. every unit in the population 
has some chance of being included in 
the sample, and the likelihood of 
being selected is known to the re
searchers. For example, each adult 
in a village may have a 5% chance of 
being included in the sample. In ad
dition, a valid and reliable study 
depends on achieving a satisfactory 
participation rate, as explained fur
ther below. 

Sampling Plan 

In conducting a human exposure 
field study, researchers should 
develop a sampling plan that 
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specifies the following four elements: 

• the "sampling frame" - the 
source or list that contains 
all units of the population 
from which a sample of 
study subjects can be drawn; 

• the method of selecting the 
sample from the frame; 

• methods for ensuring the 
highest possible participation 
rate from the sample; and 

• the sample size. 

Sampling Frame 

The first step in selecting a sample 
is the constructing of a sampling 
"frame". To understand the concept 
of a sampling frame, imagine a direc
tory that lists the names of all the 
people in the target population. In a 
simple random sample, each person 
on the list would have an equal 
chance of being selected for the 
sample. 

The sampling frame ideally 
contains each person in the target 
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population once, not leaving anyone 
out. However, a sampling frame is 
rarely complete. The important 
issue in designing a study is to make 
sure that the frame is reasonably 
complete, and that it does not un
intentionally exclude any particular 
group of people that is of interest for 
the study. 

Method of Selecting a Sample 

In most cities or urban areas, even 
a reasonably complete list of the 
members of the target population 
rarely exists or can be developed. 
Instead, multi-stage sampling pro
cedures will often be appropriate. 
Using these procedures, researchers 
begin by selecting relatively large 
units, working their way down to 
smaller and smaller units until the 
population is reduced to a practical 
number from which a sample can be 
selected. Fig. 1 illustrates this 
process. 

MUI:n-STAGE 
SAMPLING PROCEDURES 

r'T---r-.--.------\ Neighborhood 

Participant 

Ag. 1. Multistage .ampllng prooedur ... 
(Adapted from "Interviewer. manual", Survey Re •• arch 
Center. University of Mlohlgan) 
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As an example, in selecting a 
sample of adults living in a large city, 
researchers might: 

• randomly select 10 neigh
bourhoods; 

• within each neighbourhood, 
randomly select 2 urban 
blocks; 

• within each block, select 10 
households. 

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

Using this technique, a population 
of several hundred thousand can be 
reduced to a sample of 200 adults (10 
neighbourhoods x 2 urban blocks x 
10 households x 1 adult). 

In arriving at the final sample, it is 
often necessary to conduct a short 
screening interview in the field to 
identify households with the appro
priate characteristics for the study 
(e.g., those that use certain types of 
fuel or those without household 
members who smoke). 

HEAL 

Any sampling method that does not 
result in a probability sample is a 
non-probability sampling method 
and cannot legitimately be used to 
draw conclusions beyond the sample 
members. Examples of non-prob
ability sampling include: 

• sampling that relies on con
venience (for example, using 
volunteers or people con
gregated in a convenient 
location); and 

• judgment samples, where 
researchers or village lel;lders 
pick the subjects using their 
own subjective judgments. 

These types of samples cannot be 
considered to be representative of 
the larger target population. 

Participation Rates 

Unless a large proportion of the 
people selected for the sample agree 
to participate in the study, the study 
results may be biased. The reason is 
that, 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 
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participate. Thus, those who do 
participate will tend to have a greater 
influence on the final results than is 
warranted by their numbers. 

Researchers generally hope for par
ticip'ation rates of 75 per cent or 
more. However, because of the bur
den of participating in an exposure 
monitoring study, participation rates 
between 40 and 60 per cent are not 
unusual. To maximize the participa
tion rates, follow-up visits to non
participants are essential. 

In addition, every effort should be 
made to minimize the burden im
posed on people who agree to par
ticipate. For example, researchers 
should keep the q1,lestionnaires as 
short as possible and schedule home 
visits to cause the least possible dis
turbance. Researchers should also 
pay careful attention to persuading 
people to participate. This could in
clude promising participants a small 
gift for their efforts, after completion 
of the study. 

Sample Size 

Ideally, the sample size chosen for 
a field study should be based on how 

accurate and reliable the final es
timates must be. This, in turn, 
depends on how the results will be 
used. Whenever a sample is taken, 
the' results will differ from those ob
tained had all members of the target 
population been surveyed. The ques
tion is how much variation can be 
tolerated in a particular study. 

For example, in some studies, re
searchers may be satisfied with broad 
estimates of the numbers of people 
with elevated exposures to certain 
pollutants. They may not care if the 
estimates are out by 5 or even 10 per 
cent. 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. 

In practice, there is a further trade
off between the ideal sample size and 
the expected cost of the study. Con
sequently, there is no simple rule for 
selecting a sample size that can be 
used for all field studies. However, 
analysts usually find that a moderate 
sample size is sufficient for most 
needs. 
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For a human exposure study, the 
total sample should contain at least 
50 people from the target population. 
But suppose researchers wish to 
focus the study only on people who 
have high exposures to a specific 
pollutant (perhaps because of their 
occupations or use of cooking fuels). 
If 10 per cent of the overall popula
tion is highly exposed to this pol
lutant, then a sample of 50 people 
would be expected to include about 
5 people with high exposures. This 
would not be a large enough group 
to draw valid conclusions about their 
characteristics. In this example, a 
sample of 500 would be needed to 
yield 50 highly exposed individuals. 

As with all elements of designing 
the sampling plan. it is helpful to con
sult an expert in survey design when 
selecting the sample size. 

4. Monitoring Exposure 

Historically, exposure determina
tions were based on estimates made 
from ambient levels of pollutants at 
fixed monitoring sites. However, 
though this method provides esti
mates of potential or likely human 
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exposure to pollutants, it does not 
measure an individual's actual ex
posure or intake. Exposure occurs 
when a person comes into contact 
with a pollutant that is present 
in the environment at a particular 
concentration. 

Several types of monitoring of in
dividual human exposure are pos
sible. They include: 

(a) Air monitoring. With the advent 
of microelectronics, considerable 
progress has been made in develop
ing reliable, compact air quality 
monitoring instruments that can be 
worn by individuals or set up in the 
home. The .personal exposure 
monitors (PEMs) that are now avail
able are lightweight, portable, and 
quiet. There are different types of 
PEMs; some are passive badges worn 
on clothing; others are active, 
battery-operated monitors (Fig. 2). 

(b) Food and beverage monitoring. 
Sampling and analysis of the food 
supply and water quality are well es
tablished in many countries. 
However, to measure an individual's 
actual exposure to pollutants via food 
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FIg. 2. A woman wearIng II personal monItor that 
mealurel r.aplrabl. luapend.d partlcl.a. 

and beverages, researchers use a 
"duplicate diet" technique. In this 
procedure, duplicate portions of all 
foods and beverages consumed by a 
study participant are collected and 
stored in suitable containers, and 
then analysed in the laboratory. 

(c) Dennal and biological monitoring. 
Other types of monitoring are also 
possible, e.g., monitoring for dermal 
(skin) contact with pollutants. Bio
logical monitoring involves analysing 
samples of blood, tissue, urine, or 

faeces collected from study par
ticipants. This type of monitoring 
measures the amount of a pollutant 
that is actually in the body; as such, 
it provides a link between exposure 
estimates and likely health effects. 
However, biological monitoring is 
likely to be a burden to participants 
and may affect participation rates. 

A full description of monitoring 
techniques and protocols is beyond 
the scope of this brochure. Further 
information about monitoring meth
ods can be obtained from the 
Manager, Prevention of Environ
mental Pollution, World Health 
Organization (see the address on the 
last page of this brochure). 

5. Diaries and 
Questionnaires 

Additional information about the 
participants and their likely sources 
of exposure to pollutants is usually 
collected in human exposure studies. 
As noted earlier, people can be ex
posed to pollutants from a variety of 
sources at home, at work, when 
travelling, and during recreational 
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activities. It is therefore important to 
get as complete a profile as possible 
of the participants' patterns of 
daily activity and their potential 
sources of exposure. 

Diaries and questionnaires are two 
useful methods for collecting this in
formation. Researchers then corre
late this information with the 
monitoring data, to identify sources 
of pollution and to explain the 
various levels of exposure found in 
different locations. As a last resort, 
diaries and questionnaires in con
junction with models can be used 
without exposure monitoring when, 
for one reason or another, exposure 
monitoring is not feasible. 

Keeping a Diary 

A diary is essentially a record, kept 
during the period of exposure moni
toring, in which participants note 
where they are, what they are doing, 
and how much time is spent on each 
activity. 

Diaries work best when the par
ticipants are highly motivated and 
literate. If this is not the case, the 
diary information can be provided in 
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a face-to-face interview, with the 
interviewer asking the participant 
to recall .as much information as 
possible. 

When food and beverage monitor
ing is done, diaries of the kinds and 
amounts of foods and beverages con
sumed will usually be needed. These 
data can be combined with data on 
the concentrations of substances in 
the foods and beverages in the food 
supply or in samples of the foods and 
beverages actually consumed. 

Questionnaires 

The questions asked in a question,. 
naire for a human exposure study 
will usually depend on the specific 
pollutant under study. For example, 
in a study of an air pollutant, it is 
more important to investigate poten
tial airborne exposure than food. In 
general, however, most human ex
posure questionnaires will deal with 
the following types of information: 

• occupational classification, 
including the nature and 
type of work, the length of 
the working day, and the 
exact hours of work; 
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Tips on Designing a Good Questionnaire 

• Use short questions whenever possible. Use simple, easily understandable 
language. 

• Listen to the questionnaire over and over again, hearing it as the interviewer 
actuaUy delivers it. Remember that respondents will NOT have the printed 
text in front of them. 

• Time the questionnaire to make sure it is not too long. 

• Use close-ended questions. that is. provide all possible responses for each 
question. 

• Arrange and group the questions in the most logical manner. Begin with the 
easiest and least sensitive questions first. 

• Develop a short and non-threatening introduction to the questionnaire. This 
should stress the importance of the survey. who is sponsoring it. the 
organization conducting it. the name of the interviewer. a pledge of 
confidentiality and anonymity. and an explanation of the use of the data and 
why it is important for the respondent to participate. 

• potential sources of pollutants, 
including the presence or 
absence of structural 
pollutants or consumer 
products that may be sources 
of pollution; 

• tobacco smoking, i.e., whether 
there is a tobacco smoker in 
residence and how much 
tobacco is smoked; 

• cooking and heating fuels, fuel 
types, emissions and 
ventilation patterns are 
significant in characterizing 
indoor air pollution; 

• travel patterns, travel modes 
and routes of the 
participants; and 
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• demographics - information, 
such as gender, age, social 
status, and family size. 

In human exposure field studies, 
questionnaires are administered in 
personal, face-to-face interviews. 
This requires field staff to be trained 
and supervised during the data col
lection period. For example, inter
viewers must be instructed to 
administer the questionnaire exactly, 
and in the same order, as it is written, 
to be sure that all participants are 
asked a consistent set of questions. 
Interviewers should also receive 
training on good interviewing techni
ques, how to make initial contacts, 
and how to avoid influencing the 
responses. 

Pretesting 

Once the questionnaire and diary 
have been drafted, it is important to 
test them prior to the actual study, in 
order to be sure that they are effec
tive in obtaining the information 
beingsought. The questionnaire and 
diary can be tried out on a limited 
number of people (say, 10) who are 
members of the target population. 
The people need not be randomly 
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selected, and their responses cannot 
usually be included in the study; 
however, their involvement can help 
researchers revise and improve the 
wording of the questionnaire and 
diary. Pretesting ultimately saves 
time and money, and avoids un
foreseen mishaps in the field. 

Finally, when designing and for
matting a questionnaire, it is impor
tant to work closely with those who 
will be handling the tabulation of the 
completed questionnaires. Much 
time can be saved by formatting the 
questionnaire in advance in a way 
that makes tabulation as easy as 
possible. 
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A Closing Word 

In designing and conducting a human exposure field study, taking shortcuts 
can invalidate the results of the study and badly mislead anyone using the 
results for practical purposes. Here are four types of short-cuts that are 
tempting, but should be avoided: 

• failure to use a proper sampling procedure - the temptation, 
which must be t:esisted, is to use a sample that is convenient to 
obtain (simple and cheap) rather than one based on a 
probability design. 

• skipping the pretest - a pretest is the ONLY way of finding out 
if everything works. It is virtually impossible to foresee all 
possible misunderstandings and problems and to correct them 
without a pretest. 

• failure to follow up non-partIcIpants - without a sufficiently high 
participation rate, there is no reliable way to infer information 
about the non-participants. 

• inadequate quality control - quality control, including checking 
sample selection, verifying interviews, and checking the tabulation 
of responses, is essential because there are so many opportunities 
for errors to occur. 

For more Information, contact: 

Manager, Prevention of Pollution, World Health Organization. 
1211 Geneva 27. Switzerland 

Telephone- (22) 791-3758: Telefax- (22) 791-Q746:Telex- 415-416 
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