This report contains the collective views of an
international group of experts and does not
necessarily represent the decisions or the stated
policy of the United Nations Environment Pro-
gramme, the International Labour Organisa-
tion, or the World Health Organization

Environmental Health Criteria 27

GUIDELINES ON STUDIES
IN ENVIRONMENTAL
EPIDEMIOLOGY

Published under the joint sponsorship of

the United Nations Environment Programme,
the International Labour Organisation,

and the World Health Organization

World Health Organization
Geneva, 1983




The International Programme on Chemical Safety (IPCS) is a joint
venture of the United Nations Environment Programme, the Interna-
tional Labour Organisation, and the World Health Organization. The main
objective of the IPCS is to carry out and disseminate evaluations of the
effects of chemicals on human health and the quality of the environment.
Supporting activities include the development of epidemiological, experi-
mental laboratory, and risk-assessment methods that could produce inter-
nationally comparable results, and the development of manpower in the
field of toxicology. Other activities carried out by IPCS include the devel-
opment of know-how for coping with chemical accidents, coordination of
laboratory testing and epidemiological studies, and promotion of research
on the mechanisms of the biological action of chemicals.

ISBN 92 4 154087 7
©World Health Organization 1983

Publications of the World Health Organization enjoy copyright protec-
tion in accordance with the provisions of Protocol 2 of the Universal Copy-
right Convention. For rights of reproduction or translation of WHO publica-
tions, in part or in toto, application should be made to the Office of Publica-
tions, World Health Organization, Geneva, Switzerland. The World Health
Organization welcomes such applications.

The designations employed and the presentation of the material in this
publication do not imply the expression of any opinion whatsoever on the
part of the Secretariat of the World Health Organization concerning the legal
status of any country, territory, city or area or of its authorities, or con-
cerning the delimitation of its frontiers or boundaries.

The mention of specific companies or of certain manufacturers’ products
does not imply that they are endorsed or recommended by the World Health
Organization in preference to others of a similar nature that are not men-
tioned. Errors and omissions excepted, the names of proprietary products
are distinguished by initial capital letters.

PRINTED IN FINLAND
83/5984 — VAMMALA - 6000

- y



CONTENTS

Page
PREFACE « ¢ &« o« & « o o o o o o o o o o o o o s o o o o = 12

1. INTRODUCTION . &+ . o o o o o o o s s o o o o o o o o 25

1.1 Interrelationships with toxicological studies . . 25
1.2 DeSigN v v o o o o o o o o = o o o s " oe oo+ e s 26
1.3 Enviroomental agents and assessment of exposures 28
1.4 Effects on health . . « ¢« ¢« « o v ¢ ¢« ¢« « o o & 30
1.5 Organization and conduct .« « « & ¢ « & ¢ ¢ o o & 32
1.6 Analysis and interpretation of results . . . . . 34
1.7 Uses of epidemiological information . « . . . . . 35

REFERENCES . . ¢ ¢ ¢« ¢ o ¢ v o o o o o o o o s o o o s o « 37

2, STUDY DESIGNS & & & o ¢ o o o o o o o o s o o o s o = 39

2.1 Introduction + & « ¢ 4 o o s e 0 e e s e 0 e e e 39
2.2 Preliminary review of state of knowledge . . . . 40
2.3 Descriptive studies and use of existing records . 40

2.3.1 Mortality statistics .+ « &« &+ o o « & » o » 4l

2.3.2 Morbidity statisticsS .« « & o s « o o o« o o 43
2.3.3 Populations at risk « « ¢ ¢ ¢« o o o o o o & 44
2.3.4 Geographical differences in mortality and

morbidity « ¢ v 4 ¢ v v e e e e e e e e e 44

2.3.5 Time trends . ¢ & ¢ ¢ v ¢ o 4 o s e . e e . 46

2.3.6 Associations with environmental indices . . . . 47

2.3.7 Case TeQISLETS v & o o o o o o o o o o o & 47

2.3.8 General SUTVEYS & « o o « o « o o« o o o o & 48

2.4 Formulation of hypotheses . . . « « « « ¢« « o « . 48

2.5 Cross-sectional studies . « « « ¢ v ¢ ¢ + o o . 49

2.6 Prospective and follow-up studies . + . + + « + . 55

2.7 Retrospective cohort studies .« . « « « « ¢ « o . 60
2.8
2.9
2.1
2.1

Time-series Studi€S o+ « « o o o o o « s o o s o & 61
Case-control studies . « o ¢ « « « « s o o o o o 62
0 Controlled exposure studi€s . « o« ¢ &+ « + o & o 66
1 Monitoring and surveillance . . . « « o« « ¢ « « & 67

REFERENCES & & ¢ ¢« v v ¢ ¢ o o o o o o o o o « o o v o o & 68




3.

ASSESSMENT OF EXPOSURE + + v v v v v & v o o o v o o

w w
DY

3.3

3.8

Introduction . . . & & v 4 v 4 v v e e e e . .
Exposure and dose . v « v ¢ 4 v 4 v e e e v e .
3.2.1 Systematic agentsS .« « o & « 4 4 4 o 4 o« o .
3.2.2 Local eXpoSUre v v « o 4 o & o « o 4 o o .
3.2.3 Physical factors .« « v v v v 4 4 4 4 . . .
Combined exposure, physical and chemical
interactions . . . ¢ i 4 v v i 4 44 e e ..
3.3.1 Same agent, vVarious SOUTCES .+ « « « o o o .
2 Various agents, same SOUTCE . . + . . . . .
3 Various agents, various sources . . . . . .
4 Tmpurities o v v v 4 4 e 4 e e e e e e .
5 Interactions .« ¢ « ¢ 4 ¢ s 4 e e e 0 o4 e .
alitative assessment of eXpOoSUre . + « & « o o
Environmental assessment of exposure . . . . . .
3.5.1 Quality of data . + v v v v v v ¢ o 4 & o .
3.5.2 Monitoring strategy for air pollutants . .
3.5.2.1 What to sample, how long, how
frequently? . . . . . . . . . . .
3.5.2.2 Representativenmess . . . . . o
3.5.3 Monitoring of pollutants in food and water
3.5.3.1 Overall assessment of dietary
intake of toxic elements . . . . .

3.3.
3.3.
3.3.
3.3.
Qu

3.5.3. Indirect assessment of intake . . .
3.5.3. Direct assessment of intake . . . .
3.5.4 Monitoring of physical factors . . . . . .

Vibration « o+ ¢ o 4 ¢ ¢« s o 4 4 . W
Ionizing radiation . « + o o o & &

3.5.4.4 Non-ionizing radiation . . . . . .
Personal sampling « « « o o o « o« ¢ ¢ s o o o & o
Biological assessment of exposure . . « . . .« o .
3.7.1 Advantages, disadvantages, limitations . .
3.7.2 Collection for future reference . . . . . .
3.7.3 Index specimens for various pollutants . .
3.7.4 Example of environmental versus biological

assessment of exposure: inorganic lead . .
3.7.4.1 Lead in blood (Pb-B) . . . . . . .
3.7.4.2 Llead in urine (Pb-U) . . . . . . .
3.7.4.3 Lead in faeces (Pb-F) . . . . . . .
3.7.4.4 Lead in deciduous teeth (Pb~T) . .

5.3.2
5.3.3
onito
Dbl NOISE 4 4 4 o ¢ 4 o ¢ o o o 4 8 o o
5.4.2
5.4.3

Assessment of the subjective environment . . . .
3.8.1 Agsessment of odour . . .« . . . . . . . . .
3.8.2 Assessment of taste + + « 4 ¢ 4 o ¢ ¢ 0 o o
3.8.3 Example of sensory assessment of drinking-

WALBT & & o o 4 & o 5 o o o » o o s o o o @

74

74
76
76

79

107

107
111
112
112
112
113
114
114

115



Page

3.9 Interindividual and intergroup variability in
exposure: population at risk . . . . . . . . . . 115

3.10 Outdoor/indoor exposure . « . « « « « « « « - o« o 116

3.11 Time-weighted exposure . . . + « « « « » » » . o 118

REFERENCES . &+ v « & o o s = o o o o o o o o o o o« o o o+ 121
4. HEALTH EFFECTS, THEIR MEASUREMENT AND INTERPRETATION . 130

4,1 Introduction « « « 4 o & o o o « 4 o o+ o « . . 130
4,1.1 General comments on effects . . . . . . . 130
4.1.2 General comments on measurements of

effects . & v v v v e 4 4 4 e e e« .+ . . 133
4.,1.2,1 1Inter— and intrainstrument

variation . . . + « 4 o 4+ . « . o 134
4,1.2.2 1Inter- and intralaboratory

differences . . « « . « . . « . . 135
4.,1,2.3 1Inter- and intraobserver

variations . . . . . « « « +» o o 135

4,2 Mortality and morbidity statistics . . . . . . . 136
4,2.1 Mortality statistics . + « & « « o o « « . 136
4,2.,2 Routine morbidity statisties . . . . . . . 137

4,3 CaNCer & 4 4 4 o o o o o o o o o o o o o o« « o 141
4.3.1 Cancer and environmental factors . . . . . 141
4.3.2 Measurements of cancer . . . . . . . . . . 141

4,3.2,1 Incidence and mortality rate . . 141
4.3.2.2 Variations of incidence with age 142
4.3.2.3 Geographical differences . . . . 142
4.,3.2.4 Cancer and life-style . . . . . . l44
4.3.2.5 Cancer in migrants . . . . . . . 144
4.3.2,6 Time trends . . . . . . . . . . . lb4
4.3.2.7 Correlation studies . . . . . . . 145
4.3.2.8 Hospital data . . . . . . . . . . 145
4.3.2.9 Cancer and occupation . . . . . . 146
4.3.2.10 Case reports . . . + « + & . » o l46
4.3.2.11 Epidemiological uses of

pathological findings . . . . . . 147

4,4 Respiratory and cardiovascular effects . . . . . 147
4.4,1 Symptom questionnaires . . . « ¢« « . . . . 148
4.4,2 Tests of system function . . . . . . . . . 151
4.4.3 Standardization of methods . . . . . . . . 153
4,4.4 Radiographic measurements . . . . . . . . 155
4,4,5 Hypersensitivity measurements . . . . . . 156
4,4.6 Example: Effects of manganese on

respiratory and cardiovascular systems . . 157




4.5

4,8

Effects on nervous system and organs of sense
4,5,1 Central and peripheral nervous systems

4,5.2 Ear: Effects of sound . . . . . . .
4.5.3 Eye and vision . . « 4« 4 « « o o o«
Behavioural effects « + « &+ ¢ 4 « o & « &
4.6.1 Effects of environmental exposure .

4.6.2 Indicators and measurements of effects

4.6.3 Interpretation of data . . . . . . .
Haemopoietic effects . . « « .+ « « o « . .

4.7.1 Environmental agents inducing direct toxic
" effects in the haematological system .
4.7.2 Environmental agents inducing indirect
toxic effects in the haematological system

4,7.3
4,7.4 Example: Effects of low lead
concentrations on workers' health .
ffec
8.1 Effects of environmental exposure .
8.2 Identification of effects . . . . .
8.3 Intrinsic liability . . . . . . . .
.8.4 Extraneous influences . . . « « .+ &«
8.5 Development states . . « o o ¢ + o
8.6 Example: Endemic fluorosis . . . . &
fects on skin « . + v ¢ v 4 v e 0 4 e .
9.1 Environmentally caused skin diseases
9.2 Epidemiological methods of study . .
eproductive effects .« . « ¢ ¢ ¢ ¢ ¢ o .o .
10.1 Effects on reproductive organs . . .
.10.2 Genetic effects . . . . « ¢« « « + &
4.10.2.1 Assessment of genetic risks
4,10.3 Fetotoxic effects .+ « + « o ¢« « o &

e

E
4.
4
4
4
4
4
E
4
4.
R
k4.
4

Measurements and their interpretation

. .

ts on the musculoskeletal system and growth

. .

4,10.3.1 Measurement of fetotoxic effects

4.10.4 Registries of genetic diseases and
malformations . « + « « o . P
4,10.5 Example: EEC study of congenltal
malformations . « « ¢ o « 4 o o o o
Effects on other major internal organs . .
4.11.1 Renal system e s 4 e e s e e e e
4,11.1.1 Detection of renal diseases
4,11.2 Bladder « & 4« ¢« o o o o o o o o o
4,11.3 Gastrointestinal tract . « « « . « .
4,11.3.1 Qesophagus . .« « « « « o«
4,11.3.2 Stomach and duodenum . . .
4,11.3.3 Intestines . « . o« & « o« &
4.11,4 LiVEr & v 4 v o 4 o o o o v e e o
4.11.5 Pancreas « . o v o o s o s o s o e s

REFERENCES . & v ¢ ¢ ¢ o o o« o o o o o o o o o o o o

Page

158
158
160
161
163
163
164
166
167

167

168
168

169
170
170
171
172
172
172
173
173
173
175
176
176
176
177
178
178

180

182
184
184
185
187
187
187
188
188
188
189

190
















- T WEFRReReETT T T

- 11 -

NOTE TO READERS OF THE CRITERIA DOCUMENTS

While every effort has been made to present information in
the criteria documents as accurately as possible without
unduly delaying their publication, mistakes might have
occurred and are likely to occur 1in the future. 1In the
interest of all users of the environmental health criteria
documents, readers are kindly requested to communicate any
errors found to the Manager of the International Programme on
Chemical Safety, World Health Organization, Geneva,
Switzerland, in order that they may be included in corrigenda
which will appear in subsequent volumes.

In addition, experts in any particular field dealt with in
the criteria documents are kindly requested to make available
to the WHO Secretariat any important published information
that may have inadvertently been omitted and which may change
the evaluation of Thealth risks from exposure to the
environmental agent under examination, so that the information
may be considered in the event of updating and re-evaluation
of the conclusions contained in the criteria documents.
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Clearly many different disciplines become involved at this
stage and a full discussion is beyond the scope of the present
monograph, but this very important facet, which should involve
the scientist as well as the administrator, is introduced in
Chapter 7.
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Table 2.1.

Major features of various study designs in environmental epidemiology

Study Population Exposure Health effect Confounders Problems Advantages
design are:
Descrip~ Various Records Mortality and Difficult Hard to establish Cheap, useful to
tive sub- of past morbidity to sort cause-result formulate hypothesis
study populations measure— statistics, out and exposure-
ments case regist- effect relationships
ries, etc.

Cross— Community Current Current Usually easy Hard to establish Can be done quickly;
sectional or special to measure cause-relationship; can use large popula-
study groups; current exposure may be tions; can estimate

exposed vs, irrelevant to current extent of problem

non-exposed disease (prevalence)

groups
Prospec— Community Defined at To be deter- Usually easy Expensive and time Can estimate incidence
tive or special outset of mined during to measure consuming; and relative risk;
study groups; study (can  course of exposure categories can study many

Retrospec-—
tive
cohort
study

exposed vs.
non-exposed
groups

Special

groups such

as occupa-
tional groups,
patients,

and insured
persans

change dur-
ing course
of study)

Occurred in
past - need
records

of past
measure-
ments

study

Occurred in
past -~ need
records of
past diagnosis
and measure-
ments

Often diffi-
cult to measure
because of
retrospective
nature (e.g.,
past smoking
habits)

can change;
high dropout rate

Changes in exposure/
effect over time of
study; need to rely on
records that may not
be accurate enough

diseases; can infer
cause-result
relationship

Less expensive and
quicker than cohort
prospective study
giving similar
response, 1f suffi-
cient past records
are available

- 16 -




Table 2.1.

(contd).

lance

Study Population Exposure Health effect Confounders Problems Advantages
design are:
Time- Large com- Current, Current, Often difficult Many confounding Useful for studies on
series munity with e.g., daily e.g., daily Lo sort out, facters, often acute effects
study several mil- changes in  variatioms in e.g., effects difficult to measure
lion people; exposure mortality of influenza
susceptible
groups such
as asthmatics
Case- Usually small Occurred Known at Possible to Difficult to Relatively cheap and
control groups; in past start eliminate generalize due to quick;
study diseased and deter- of study by matching small study group; useful for studying
(cases) vs. mined by for them some incorporated rare diseases
non-diseased records or biases
(controls) interview
Experi~ Community Controlled/ To be measured Can be measured; Expensive; Well accepted resulcs;
mental or special known during course caan be control- ethical consideration; strong evidence for
(inter~ groups of study led by randomi- study subjects' causality
vention) zation of compliance required;
study subjects drop-outs
Monitoring Community Current Current Difficult Difficult to Cheap when using
and or special to sort out relate exposure data existing monitoring
surveil~ groups with effects and surveillance data

s -



















Table 2.2. Progress and development of the pneumoconiosis field research

1953 1958 1963 1968 1973
l1st surveys 2nd surveys 3rd surveys 4th surveys 5th surveys
24 collieries 24 collieries 24 collieries 10 collieries 16 collieries®

31 629 miners 21 849 (69%) 14 888 (47%) 4 077 (13%) 5 709 <18%)
of original group of original group of original group of original groupl

(+477 others from (+8 463 others) (+11 649 others) (+6 311 others) (+5 755 others)
a 25th colliery)

From: Jacobsen (1981).
Including some ex-miners seen in the "Follow-up'" surveys. Complete radiological and dust exposure data available

for 2 600 (8%) of the original group at 10 collieries.

| o'

Note: 1. Radiography and interviews on previous occupational history at all surveys.
2., Records of attendance in occupational groups kept throughout.
3. Spirometry, anthropometry, and questionnaire on respiratory symptoms and
smoking habits at 2nd and subsequent surveys.
4., More complex lung function measurements in sample at 4th and 5th surveys.
5. Dust sampling in occupational groups:
1952 With Thermal Precipator.
1965 With Gravimetric Sampler.
6. 1971 Study of mortality in a (56%) sample of men seen at the lst surveys.
7. 1974 Start of follow-up surveys of survivors in the same sample (miners and ex-miners).
8. 1977 Extension of mortality study to include all (31 629) miners seen at lst surveys.

L 4
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as far as possible, investigators categorizing the population
with respect to disease should not be aware of the particular
exposure category of any subject.

(e) Confounding factors

The important point is to consider and record necessary
information on any confounding factors. A review of the
etiological factors should be carried out before starting the
study and a thorough check of the protocol should be made to
ensure that information on important potential confounding
factors has not been omitted.

One particular problem in prospective studies, liable to
affect the assessment of both exposure and effects, is the
tendency for methods to change as technology progresses.,
Changes may have to be resisted if bias is to be avoided. At
least the effects of such changes must be investigated in
carefully designed comparative trials.

(f) Exposure/effect

With a carefully performed prospective study it will be
possible to establish relationships between exposure and
effect. If measurements are made early enough in life, a
study of this kind provides perhaps the best estimates of risk
based on lifetime exposures. The study of effects of air
pollution on the health of children carried out by Douglas &
Waller (1966) is a good example. Had this been directed
initially at air pollution instead of ingeniously exploiting a
set of data as an afterthought, the exposures might have been
better measured.

(g) Advantages

Prospective studies, if properly conducted, may provide
measures of incidence, estimates of relative risk and
inference about cause/effect relationships with greater
confidence than most other types of epidemiological
lnvestigations.

(h) Disadvantages

Prospective studies are wusually very expensive and
time-consuming. Loss of study participants in a follow-up is
another serious problem. A follow-up of persons who left an
industry can usually be done only with considerable effort.
Changes in the quantity and quality of exposure over time have
to be taken into account.
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1 (b) The occupational environment. The subject may spend a

Targe part of his/her life in occupational environments

: such as coal mines, steel works, etc., where there may be
specific environmental problems. Periods spent in schools
or other educational establishments might also be
considered under this heading.

(c) The local or community environment. In the immediate area

in which the subject lives he/she may be exposed for

| example to ambient air pollution, aircraft and traffic

noise, or drinking water containing particular
constituents.

(d) The regional environment. The subject lives in a
particular climatic zone, at a certain geographical
longitude, latitude, and altitude, etc.

A few examples of exposure to the same environmental
factor at various levels of operation are given in Table 3.1.

Table 3.1. Examples of exposure to environmental factors
at various levels of exposure

Level of Carbon uv Noise Solvents Ionizing
operation monoxide radiation radiation
Miero smoking, therapeu- music, cleaning, medical
or cooking, tics, hammering, hobbies diagnosis
domestic heating gardening, noise from and therapy,
sunbathing neighbours emissions
from struc-
tural

materials

Qccupa—~ traffic laboratory construction workers in x-ray

tional policemen, workers, workers, solvents techni-
metallur- agricul- military manufac— cians;
gical tural service turing, workers
workers workers painters, in nuclear

dry cleaners plants

Local traffic sunlight aircrafe, emissions tubercu-
exhaust town from losis mass
traffic industry screening

examination

Regional high storm, - fallout
altitude, hurricane from atomic
tropics weapons

test,

altitude
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- incidental additives: present in original raw food or in
water; pesticides, fertilizers, fungi (e.g., aflatoxins),
naturally-occurring chemicals, fall-out, etc. 1In the case
of breast milk the mammary excretion of pollutants, such
as polychlorinated biphenyls, has to be considered.

Various approaches are being followed in the assessment of
exposure.

3.5.3.1 Overall assessment of dietary intake of toxic
elements

Information is collected about the types and quantities of
food/beverages consumed, so that it 1is representative of
national consumption patterns or those of subgroups within the
population. National data have been obtained by surveys based
on:

- The total amount available per person, as an annual
average, from information on the amounts of food and
beverages produced, after adjustment for imports and
exports (FAO, 1971; OECD, 1973). Correction is necessary
for food wastage, subsistence food production, use of food
for animal production, and non-food uses.

- The purchase of food or the amount of food entering a
representative sample of homes in a given week, during
each season of the year (FAO, 1962). This again only
allows calculation of average food purchases, and requires
a knowledge of the wasted amount associated with culinary
preparation and the amount of left—over food.

- Questionnaires, interviewing, or weighing all the food,
beverages, and water being consumed over several days
(Marr, 1971; Haring et al., 1979). This is the only
approach by which information on individual consumption
can be obtained and which therefore provides the most
accurate account. Exposure to specific chemicals can then
be assessed, 1f data are available on the overall
concentration of the substance wunder discussion in
foodstuffs and beverages.

In their review of studies on the relationship between
organic chemical contamination of-drinking water and cancers,
Wilkins et al. (1979) discussed the pitfalls to avoid in such
studies. Amongst the pitfalls are: the chosen indicator
agents (e.g., chloroform), which may not necessarily represent
potential carcinogens; non-uniform distribution of
contaminants in place and in time; no data available on levels
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Table 3.3. Time-weighted exposure (TWE) in urban dwellers

t(h per S0/ Pb Mn

Type of exposure week) c3 Ct c ct C ct

Home 110 89 9790 2.5 275 0.04 4.4
Occupation, office 42 8 336 0.3 12.6 0.02 0.84
Street F 10 600 6000 6.0 60 0.80 8.0
Street B 4 180 720 3.5 14 0.12 0.48
Countryside 2 25 50 0.1 0.2 0.01 0.02
Total 168 16896 361.2 13.74
wweD 101 2.2 0.08

C = concentration in ).\g/m3.

a
b WWE = weighted weekly exposure in pg/m3.

Table 3.4. Individual weighted weekly exposures (pg/m3) of five
urban dwellers spent an average of 14 h/wk outdoors and 2 h/wk out of town

subject sulfur lead manganese
dioxide
1 33 1.0 0.05
2 101 2.2 0.08
3 108 1.5 0.10
4 55 1.0 0.06
5 177 2.6 0.25

Subject number 5 was a traffic policeman.

This example shows the large interindividual variatioms in
exposure that may occur. Moreover, the time spent 1in the
polluted outdoor environment (streets) was only an average of
14 h in a week (168 h). These data refer solely to
concentrations in air, mostly measured by means of personal
sampling, without taking account of variations in respiratory
volume, in absorption, or in exposure through food (for lead
and manganese). Therefore, although the time-weighted average
concentration through inhalation is better estimated in this
example than in most exposure assessment, it only improves the
measurement of respiratory exposure in the general sense; the
data are still far from giving a measurement of the actual
dose, as such. Biological monitoring of lead and manganese
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would have provided indices of total exposure in a far easier
way, including those through food and water.

No fixed rules can be laid down for computing
time-weighted exposures, since the relative importance of the
different contributions varies with the pollutant under

consideration, and it may change also from place to place or
from time to time.
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Fig. 4.1, Some of the common cancer age-incidence patterns observed in

man. The incidence scale is logarithmic; the age scale is
arithmetic.

A. The most common pattern, believed to be due to an exogenous
agent acting continuously throughout a major proportion of
the lifespan, e.g. carcinoma of the lung.

B. This curve can be interpreted as either representing
diminished exposure among older groups (i.e., a cohort
effect), serious underreporting, elimination of a

susceptible population group, or host changes occurring in
middle age, say around the menopause.

C. The bimodal curves seen in breast cancer suggest possible
differing stimuli before and after the menopause.

D. A plateau curve of the type observed for primary liver
cancer in Africa suggests a strong stimulus operative in
childhood with either reduced exposure or diminished
susceptibility in later life.

incidence of primary cancer of the liver found among African
negroes does not appear in US negroes and is therefore not a
purely racial character. Hence the prevalence of this form of
cancer in Africa may be due to some extrinsic factor which
should be studied".

Higginson (1960) concluded that these differences were due
to environmental factors. Extending this concept, he examined
the differences in cancer incidence by site reported in the
first volume of Cancer Incidence in Five Continents. Assuming
that the smallest recorded rate represented a level that
should be considered as due to genetic factors, he postulated
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Table 4.1. Clinical manifestations of organic
damage to the central nervous system (CNS)

Predominantly

CNS response Generalized Focal

Acute Confused states(1) Epileptic siezures,
Other neurological
manifestations

Chronic Korsakov-type psychosis(2) Frontal lobe syndrome(3)
Dementia(4) Temporal lobe syndrome(5)
Parietal lobe syndrome(8)

(1) Disorientation, excitement or stupor, incoherent speech,
hallucinations, acute anxiety or euphoria.

(2) Memory disturbance, confabulations.

2 Personality change, loss of control over own behaviour.

4 Los§ of learning ability, intellectual deterioration, apathy,
social withdrawal.

Language difficulties, apraxia, emotional instability.

(5)
(6 Reading difficulties, arithmetic difficulties, disturbance of body
image.

Until recently, knowledge about the mental health effects
of envirommental agents was derived mainly from clinical
studies, following short- or long-term exposure to agents,
such as lead, mercury, organic mercury compounds, manganese,
thallium, methylbromide, tetraethyl lead, and carbon
monoxide. A synthesis of such knowledge has been provided by
Lishman (1978). Many behavioural toxicology studies have been
focused on the effects of heavy metals or chemicals that are
common in industry, such as petroleum distillates, jet fuel
(Knave et al., 1978), organic solvents (H#nninen et al., 1976;
Lindstrom, 1973), and carbon disulfide (H#nuninen, 1971). A
review of recent research in such areas is provided by Horvath
(1976). Environmental pollutants of a physical nature have
also been the subject of studies, for example, the
investigations of the mental health effects of aircraft noise
around airports (Gattoni & Tarnopolsky, 1973; Jenkins et al.,
1979; Shepherd, 1974).

4.6.2 Indicators and measurements of effects

The epidemiological approach requires suitable indicators
and the application of some standardized measurement of
effects, though cruder methods based on clinical records and
hospital admission data have been of use as well (Edmonds et
al., 1979). The indicators of behavioural effects of noxious
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environment agents fall into two broad groups as shown in
Table 4.2,

Psychological tests have proved to be effective in the
detection and assessment of organic brain damage, and relat-
ively simple techniques, such as Raven's progressive matrices
and vocabulary and memory tests, can be both reliable and
practical in field studies involving the screening of a large
number of individuals. A concise guide to the most widely-
used psychometric tests is included in Lishman's review (1978).

Table 4.2. Indicators of behavioural cffects
of noxious environmental agents

Indicators Examples of wethods of measurement
1. Measures of psychological Psychological and psychophysiological
and psychophysiological tests (e.g., performance, verbal,
functioning learning tests; skin conductance
changes in response to standard
stimuli)
2. Measures of mental state Psychological and psychiatric
and behaviour screening questiounaires;

standardized psychiatric interviews

Note: Meurological effects must be clarified ficrst, using methods
previously descrihed (section 4.5)

Instruments, used in the standardized assessment of mental
state and behaviour, fall into two groups:

(a) Screening instruments

Most of these are relatively short questionnaires that can
be self-administered or used as an interview by a research
assistant, for example, the General Health Questionnaire (GHQ)
developed by Goldberg (1972), which is now available in
several languages. In a modified form, this has been used in
several WHO coordinated cross—cultural psychiatric studies.
The scoring of the '"yes/no" responses of the subject to a
number of questions is simple, and cut-off points are provided
for the sorting of respondents into a group of likely cases of
psychological disorder and a group of likely non-cases. The
GHQ and other similar instruments are not diagnostic tests, in
the sense that they do not lead to a subclassification of the
detected cases into diagnostic categories. Therefore, their
great usefulness is as first-stage screening tools for the
selection  of affected individuals for more detailed
investigation.
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4,10 Reproductive Effects

4,10.1 Effects on reproductive organs

A wide variety of environmental factors act directly on
the gonads, or indirectly by interfering with the complex
regulatory mechanisms of sexual and reproductive functions.
Physical agents most often mentioned in relation to genetic
disorders include ionizing radiation, non-ionizing
electromagnetic waves, vibrations, and high temperatures. The
chemicals most likely to produce genital disorders are heavy
metals and organic solvents.

(a) Female

The only common and easily detectable index in women, that
can be asked for by questionnaire, 1is the occurrence of
menstrual disorders such as dysmenorrhoea, oligomenorrhoea, or
amenorrhoea. Other more complex assessments are not suitable
for epidemiological studies.

(b) Male

Symptoms of decreased libido and functional disorders can
be revealed by simple questionning, but are not specific
enough to be of much value. Testosterone blood levels yield
more information about hormonal production. Routine
spermiograms for the early assessment of the influence of
environmental agents on reproductive function are not suitable
for environmental studies.

4.10.2 Genetic effects

Environmental factors such as ionizing radiation and some
chemical compounds may induce changes in human germ and
somatic cells, Evaluation of mutagenic effects in these cells
should be made separately, as methods of study for the two
types of cells differ significantly.

Mutagenic agents may induce different kinds of damage in
the genetic material., Methods for the detection of chemical
mutagens have been described by Hollaender (1971-1976),
Hollaender & de Serres (1978), and Kilbey and co-workers
(1977). The time between the origin of a mutation and its
manifestation depends on its mode of inheritance.

Mutations may be responsible for a sizeable fraction of
spontaneous abortions, congenital malformations, and mental
and physical defects, and it has been advised that sentinel
diseases known to be genetically determined or due to a
mutation should be monitored in human populations. Those
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Serum alpha 1-fetoprotein appears in the blood of patients
with primary hepatic tumours. The proportion of positives
varies from 30-80% depending on the area under investigation.

A great number of tests of hepatic function are available
and should be tailored to the particular objective of any
epidemiological study. Standard texts on the subjects should
be consulted (Schiff, 1975; Sherlock, 1975). Some of these
tests are simple and accurate while others require great
resources and are inherently dangerous.

Examination of the urine can be most useful in liver
disease. The presence of conjugated bilirubin or urobilinogen
is often an early index of disease. Faecal examination is
much less useful. Serum tests of liver function are widely
available and easy to perform. These include bilirubin,
aspartate (EC 2.6.1.1) and other aminotransferases (EC 2.6.1),
gamma-glutamyltransferase (EC 2.3.2.2), alkaline phosphatase
(EC 3.1.3.1), 5'-nucleotidase (EC 3.1.3.5), serum proteins,
blood cholesterol and ammonia.

4,11.5 Pancreas

Pancreatic cancer and pancreatitis have been often
implicated to be related to environmental factors such as
smoking and intake of alcohol and coffee (Wynder et al, 1973;
Lin & Kessler, 1981; MacMahon et al., 1981).

However, the pancreas 1is one of the least accessible
internal organs and 1is thus difficult to investigate. No
simple tests for epidemiological study are available, though
some pancreatic function tests may be used (Mottaleb et al.,
1973; Mitchell et al., 1977) and indirect evidence of
pancreatic disease may also be obtained from determination of
serum amylase and lipase levels.
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Fig. 5.1. General epidemiological thinking (From: WHO, 1982).
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Fig. 5.2. The use of epidemiology at the periphery of health care
(From: WHO, 1982).

informed participation, and to manage more effectively the
local health services.

The conclusions drawn from the epidemiological
interpretation of data by the peripheral health workers
themselves may be wused, first, to guide their practical
day-to-day activities in trying to solve local health problems
and health care demands. Second, the conclusions may be
presented in such a way that they can be conveyed directly to
community members and local government officials, Such
presentations will also be useful in communicating with other
levels of the health services and with other governmental
sectors that operate at the periphery, such as education,
agriculture, community development, and public works.

5.3 Ethical and Legal Considerations

Social and legal requirements vary from country to
country. In recent years, they have become an increasing
issue of concern. Many academic and research institutions and
government agencies use independent bodies to review research
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preparation of the flow diagram will help the team leader to
identify 1in advance potential bottlenecks and points of
obstruction, thus, the leader will have an opportunity to
adjust schedules, to redistribute assignments more equitably
and avoid delays; and (d) the preparation of a flow diagram
will enable the leader to identify the rate-limiting sequence
of events that determines the overall timing of the study,
when all tasks are performed at maximum efficiency.

The practical steps to be undertaken in the preparatory
phase include:

- negotiations with  local  authorities, community
leaders, local professional associations, etc., as
appropriate;

- advance contact with study subjects;

- recruitment and training of members of study team;

- pretest of questionnaires;

- preparation of all indispensable intructions for
field workers and recording forms including coding
instructions;

- testing of instruments and observers;

- purchase of equipment and other materials as required;

- renting premises for study as required; and

- preparation of basic computer programs for analysis
of data to be collected.

5.4.2 Pilot study

The pilot study should be an effective device for judging
the overall adequacy, feasibility, and appropriateness of the
proposed study, and for checking the accuracy of cost and time
estimates. While usually limited in scope to no more than 2
or 3 days' work in a single location, the pilot study should
be a full-dress operation on a similar population. An effort
should be made to capture the tempo and spirit of the actual
study. At the conclusion, the team leader must either abort
the main study, if it appears to be irremediably impractical,
or amend and adjust it as required. It 1s important that
sufficient time be allowed between the pilot study and the
main study to allow for any adjustments. The pilot study
should also provide an opportunity to test the adequacy of
training under controlled field conditions (see section 5.6.,5
for further discussion).

5.4.3 Main study
Two concepts must be central in the planning for, and

conduct of, the main study: (a) everything and every person
involved must be on site at the proper time; and (b) nothing
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this international study were: (a) preanalytical quality
assurance - use of the same equipment, reagents, etc. with
known contents of contaminants in question, and ultra-care for
avoidance of any contamination during the collection,
transportation, and storage of samples; (b) establishment of
criteria for acceptance of analytical results; (c) repetition
of quality assurance exercises until all the analytical
results by the participants have met the criteria for
acceptance; and (d) quality assurance checks during the
analyses of samples from an actual study - the analytical
results were to be adopted only when the checks met the
criteria for acceptance.

5.7.5 Reporting forms

The need for uniform recording forms depends mainly on the
arrangements for data processing and analysis. If all data
are to be processed and analysed together in one computing
centre, standardized reporting forms and coding sheets must be
used in each country.

If the study design provides for separate processing and
analysis of data for each country, the design of reporting
forms and coding sheets must be unified to an extent that the
same analysis of data and production of comparable tables and
indices are possible. These tables and indices will be
necessary for the preparation of a common final report for all
participating countries.

]
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Table 6.1, A frequency distribution. Estimates of cumulative exposures
to respirable ccalmine dust to time of survey; 2600 miners
from 10 coalmines (Data from the British National Coal
Roard's Pneumoconiosis Field Research)@

Cumulative dust e Xposure
(gram-hours per cubic metre of air samples, gh/mj)
0 80 120 160 200 240 280 360+  All
-79 -119 -159 -199 -239 -279 -359
Frequency 481 374 372 355 298 261 291 168 2600

% Frequency 18.5 14.4 14.3 13.7 11.5 10.0 11.2 6.5 100

a From: Hurley et al. (1982).

Notes: 1. The grouping intervals differ in width at the
extremes of the distribution, in order to
provide sensible numbers in each interval for
subsequent studies of the effect of exposure.

2. The width of the last interval is represented as
open—ended (360+). This draws attention to the
"tail"™ of the distribution (section 6.3.7.1).

3. In fact, the highest exposure recorded was less
than 500 gh/ma. For a graphical
representation of these data see Fig. 6.la and
6.1b.

available and also on whether a particular subrange 1is of
special interest. It is worthwhile specifying precisely where
the interval begins and where it ends: avoid labelling tables
or graphs for, say, age distributions as 15-20, 20-25, ...
etc., because this notation is ambiguous about which interval
contains the number of persons who were aged precisely 20
years. It is better to write: 15-19, 20-24, ... This is the
convention now widely adopted in the epidemiological
literature to aid comparison of results from different studies.

The number of observations in a particular interval,
expressed as a fraction of the total number in all intervals,
is referred to as the relative frequency. Usually, it is the
relative frequencies of observations, rather than the absolute
numbers that provide the easiest to assimilate picture of the
shape of the distribution. Note that the prevalence of a
disease in a group is the number of people in the group with
the disease. Usually, however, it 1is the relative frequency
of occurrence that is quoted, the prevalence rate. This is
the number of persons with the disease divided by the total
number of persons examined, for a given time and place,
conventionally expressed as a percentage. Relative
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Fig. 6.3. A graphical representation of an exposure/effect

relationship and a "confounding variable" (hours worked).
Data from Table 6.2.

Note: EvidenFly, both explanatory variable (cumulative exposure
and time contributing to cumulative exposure) affect the
response; both should therefore be taken into consideration
in any statistical modelling of the data.

Note: The percentages of men with pneumoconiosis are plotted
against the mean of the corresponding exposures. This gives
a rather better visual idea of the shapes of the curves
being represented than would be obtained by using the
mid-points of the exposure ranges, particularly at the
extremities of the exposure distribution.

scale (for instance the weights of tobacco consumed per week
by pipe—smokers). Discrete variables commonly encountered in
epidemiological work include sex, ethnic group, occupation,
smoking habit, geographical location, and Tresponses to
questions on symptoms. Adequate description often requires
tabulation of frequencies and relative frequencies
corresonding to such classifications. Graphical representa-
tion of discrete variable distributions should be distin-
guished from their continuous variable analogues by represent-—
ing the frequencies as proportional to the heights of vertical
lines or clearly separated rectangles, rather than by adjacent
rectangles depicting grouped data on a continuous scale.

Tables of multivariate discrete distributions of
frequencies are known as contingency tables. They may be
simple, perhaps involving only two variables (say sex and
current smoking habit) with each divided into only two levels
(male/female; smoker/mnon-smoker). Or they may be complicated,
hierarchial (or '"nested") arrangements of  frequencies
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experienced the study population's age-specific death rate?"
The approach is to calculate first the total equivalent deaths
in the standard population:

Total equi- _ standard population death rate for stud
valent deaths age in age group i group in age group i

The age~adjusted death rate is then defined as:

total equivalent deaths
total standard population

and the CMF as:

age-adjusted death rate for study group
crude death rate for standard population

x 100

total equivalent deaths for study group

total deaths for standard population x 100

In general, the SMR and CMF are similar, numerically. The
two factors that contribute to differences between them are
the age-specific mortality ratio and the age-specific
population distribution. For the SMR and CMF to differ
appreciably, the mortality rates must vary with age, and the
population distribution by age for the two groups must also
differ materially.

One advantage of the SMR compared with the CMF is that
calculation of an SMR does not require knowledge of ages at
death in the study group; all that is required is the age
distribution of those at risk of death, and, of course, the
corresponding standard death rates. Calculation of SMRs by
hand for a series of study groups or subgroups, but using the
same standard death rates, is also easier than calculation of
the corresponding CMFs, and this may be an important
consideration, if electronic computing aids are not readily
available.

In practice, the SMR is used mainly in occupational or
other cohort studies, when the number of deaths observed are
small relative to the size of the population being studied.
The CMF 1is helpful, when comparing national and regional
statistics and trends over time. Some statisticians argue
that the CMF may be preferred also for summarizing data from
prospective studies, if the main aim 1is to make comparisons
between subgroups within the population being investigated, or
if the length of follow-up results in relatively high observed
age-specific death rates.
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The instruments used in an epidemiological survey may
generate errors in the observations that are analogous to the
Type 1 and Type II errors familiar from the theory of
significance testing. Suppose that circumstances dictate that
it is not possible to use sophisticated clinical 1laboratory
equipment in the field, and that a simpler, but necessarily
cruder, instrument (or questionnaire) 1is used to classify
subjects into the dichotomy diseased/not-diseased. Suppose
also that a pilot study has been conducted on a sample
consisting of N subjects, all of whom have been examined by
both methods, and that the results are as shown in Table 6.3.

Table 6.3. TR UE STATUS

(based on full clinical investigation)

With disease Without disease Total

With a b a+B
Result disease
from simpler
test

Without c d c +d

disease

Total atc b+d N = a+b+c+d

A fraction [b/(b+d)] of those with no disease 1is
classified wrongly as having the disease ("false positives",
compare the probability of making the Type I error, a).
[1-b/(b+d)] = d/(b+d) is known as the specificity of the
simpler test.

Another fraction [c/(a+c)] is classified wrongly as having
no disease ('"false negatives" compare the probability of
making the Type Il error, B8). [l-c/(a+c)] = a/(a+c) is known
as the sensitivity of the simpler test.

The hypothetical pilot study referred to above might be
extended to help distinguish between two other types of error
that may be incurred in the survey procedures. Suppose that
not just one, but repeated measurements are made with the
simpler (survey) instrument on all N subjects involved in the
pilot study. The results from any one subject may be very
variable (a high coefficient of variation perhaps) but they
may average out to a value very close to the '"true" value for
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Fig. 6.4b Spurious correlation (2). Neither of the two clusters of
points show any sign of an association between X and Y.
—— (The points have been arranged symmetrically to give exactly
zero correlations within both groups). 1In the absence of
information on what happens in the central region of the
graph, the apparent correlation based on all 33 data pooled
(r = +0.86) is dangerously tendentious.
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Clear captions and legends and perhaps short explanatory notes
may be all that is required for the first informal reports, to
stimulate comments and suggestions that will be of help in the
subsequent more detailed statistical work.

Continuation of such useful interaction between various
parts of the study team may require additional papers and
notes, of increasing complexity, during the course of the
analysis. Placing results and ideas on paper in a form that
can be understood by others is a useful aid to clear thinking,
and the accumulated papers will be helpful in the preparation
of the main report.

6.5.2 Main scientific report

The funding agency or other organization that has
requested or supported the work may have specified the format
and amount of detail required for the final, as distinct from
the interim progress, reports. Some useful guidelines for the
documentation of epidemiological studies have been suggested
by the "Epidemiology Work Group of the Interagency Regulatory
Liaison Group" (1981). 1In any case, it is sensible to assume
that the sponsors will wish to receive a workmanlike
scientific document that states clearly how the resources were
used., The report should include:

- an explanation of the objectives of the study and comments
on why they were chosen;

- a description of how the work was carried out;

- presentation of the results; and

- discussion on their implications.

These elements and their sequence correspond to the four
familiar main headings in scientific papers: Introduction;
Methods; Results; Discussion.

6.5.2.1 Introduction

The introductory explanation as to why the study was
undertaken may refer to previously published material on the
same subject, to justify the new effort that is being
reported. Authors will wish to highlight gaps in existing
knowledge or new hypotheses that have been stimulated by
earlier work. However, there is no merit in prefacing the
report with a formal bibliography or mini-review article,
unless this has been specifically requested; it will tend to
obscure the main purpose of the section, i.e., a clear
statement of objectives.
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may not convey the essential message adequately to those
unaccustomed to reading scientific reports. It will often be
useful therefore, and sometimes it will be essential, to
prepare an additional short paper that recapitulates and
supplements the abstract without necessitating familiarity
with the various technical disciplines typically involved in
epidemiological studies of environmental problems.

The difficulty of preparing such a short document should
not be underestimated. A balance has to be struck between
providing all the information strictly necessary to sustain
the argument rigorously on the one hand, and oversimplifying
the issues on the other. The busy people who will want to
rely primarily on this paper will not wish to be blinded by
science; but neither will they wish to be patronized. It will
be helpful to seek criticisms of drafts not only from
professional colleagues, but also from others unconnected with
epidemiology.

The effort required is usually justifiable, since it is
better that an attempt to summarize the findings in
non-technical language should be made by someone thoroughly
familiar with the complexities and nuances of the particular
study, rather than by someone unconnected with the project,
however competent.

A report of this kind will often be the key document
informing public debate and for briefing policy makers. These
matters are discussed in Chapter 7.
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7. USES OF EPIDEMIOLOGICAL INFORMATION

7.1 Introduction

Epidemiological research provides a variety of
information, the main aim of which is to answer the hypothesis
as to whether there are associations between suspected

environmental agents and the health of those exposed to them.
The objectives of epidemiological studies of the effects
of environmental agents on health may be summarized as follows:

(a) to provide decision makers and health workers with
information needed for the establishment of Thealth
criteria and programmes for the control of pollution and
other environmental hazards;

(b) to assist in evaluating the efficacy of preventive and

control measures in protecting human health from
environmental hazards and to improve the quality of life;
E and

(¢) To improve scientific knowledge of the effects on health
; of environmental conditions.

Thus, epidemiology is expected to provide the bulk of the
answers that the scientist, workman, employer, citizen, or
= government needs about the relationship between various
aspects of environment and human health,

The objective of this chapter 1s to present guidance on
g the practical application of epidemiological information in
' the identification, management, and solution of some of the
principal health problems related to environmental pollution
by chemical and physical agents. The use of such information
could be different from one situation to another, 1in
particular, 1in vrelation <Lto the social, economical, and
cultural differences of communities, but some  general
principles may be advanced.

7.2 Communication with the Public

As discussed in Chapter 6, a report of the results of a
study has to be prepared in precise and accurate scientific
language on the one hand, but on the other hand, there will
frequently be a need for a simplified presentation of results
that can be addressed to policy makers, the public and, in
some cases, the mass-media., The second type of presentation
cannot tell the story with all the technical details, and this
frequently brings in a risk of misinterpretation. it is
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There are differences of opinion about the role of an
epidemiologist in relation to political, economic, and other
spheres of activity. It would appear that two positions are
possible, and these are not, in fact, incompatible. In the
first place, the epidemiologist is responsible for analysing
and studying the available scientific evidence and arriving at
as many definite conclusions as possible, Any reservations
that may be held about the firmness of the inferences should
be included in the statements. If the scientific position is
incorrect, everything else that follows will be incorrect also.

Once a statement has been prepared about the relation of a
measurement of biological effect to a quantum of exposure, the
broader dialogue wmust proceed. In this dialogue, the
epidemiologist has a role as an expositor, recognizing,
however, that the evidence being presented 1is only one
factor. When there are discussions outside the realm of
epidemiology, such as those on economic or social factors, the
epidemiologist can speak only as a citizen with no more
authority than any other citizen. A failure to recognize this
difference has led undoubtedly to friction in the past,

Unfortunately, non-scientific political factors can lead
to a blurring of scientific evidence, and wunreal and
unjustified alarm can possibly arise. It would appear that
the only way of dealing with these problems, systematically
and correctly, is by a declared policy of openness on the part
of the scientific community and by as much exchange of
scientific information as can be arranged effectively. It
must be hoped that there is a scientific integrity among those
responsible for measurements, assessments, and interpretations.
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