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FOREWORD

A WHO planning meeting for the development of "manuals for epidemiological invcstigaﬁdﬁs of health
cffects of environmental chemicals and other agents” was held in Geneva in 1982 (reported in document
WHOQ/EFFP/83.42). It was recommended that the emphasis in the manuals "should be on effects thal: arize in
the general population in the outdoor and indoor environment through air, water, food, consumer, products or
soil", This may include exposure at work as well as in other day-to-day activities. It was stated that the first
manual should deal with epidemiological methods for the conduct of “effect-oriented” studies, mcludmg in
particular studies of new health problems where there is little to indicatc what kind of ageit might be
responsible. :

The manual should describe practical methodology that is applicable in countries with limited resources.
The advantages and disadvantages of different epidemiological approaches should be described, and there
should be reference to more detailed sources of information. The language should be clear and not oo
technical in order to make the manual a useful resource document for public health officers in the field, who
may not have received training in epidemiology. In the preparation of the manual we have endeavoured to
follow these Tecommendations as closely as possible. This manual is one of several WHO materials on the
application of epidemiology to environmental health problems. Of particular interest to the reader would be
the WHO text Basic Epidemiology (WHQ, in press) and the more advanced Guidelines on studies in
environmenial epidemiology (WHO, 1983) (will be referred to in the text as "Environmental Epidemiology").
The relevant sections in each of these materials are referred to in the text of this manual, in order to avoid
duplication,

The text has been developed on the basis of a number of informal working papers dealing with different

"cnvironmental diseases” and kindly prepared for WHO by researchers in several countries. Dr Y. Hasegawa
started the editorial work at WHO which was completed by Dr T, Kjellstrém. The preparation of the final text
and editing of the "boxes” with information on the individual diseases examples was made by Dr C. Heath,
Dr N. Hicks, Dr H. Stockbridge, Mr G. Torelli and Mr R. Waller. '

Financial assistance of the Governments of Japan and Sweden in carrying out this project is gratefully
acknowledged.
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1. INTRODUCTION

1.1 The challenge to public health ")

When the "Toxic Qil Syndrome” (Boxes 1, 5, 17)' appeared in Spain, it required rapid public health
action 1o determine its cause and to institute controls. A difficult public health crisis ensued because of the
urgency of the situation, coupled with the lack of an apparent cause. An essential element in dealing with this
crisis was the use of epidemiological methods: disease definition, case surveillance, descriptive epidemiology,
analytic investigations, and ultimately public health interventions based on epidemiological conclusions.

Public health officers everywhere are faced with a wide range of community diseases arising from many
different causes. For infectous diseases, when the problem is easily identified, the officer is usually familiar
with well-established procedures for epidemiological evaluation, outbreak control, and population protection.
The situation, however, can be very different when the officer is faced with a disease for which no infectious
or genetic origin is clearly evident. Public health environmental problems are of two types: those coming 10
attention because of concern about illness cvents, and those arising because of potential exposure Situations.
Since illnesses will always exist in communities (cancer, etc.), exposure sitnations will inevitably become
linked 1o perceived (or real) illness patterns, even though the links may, in reality, be non-existent or at best
very lenous. Public concern or alarm necessitates that any relationships between environmental conditions and
illness patterns be evaluated. How should the officer proceed in assessing whether or not the disease'is caused
by ecnvironmental factors? How should the problem be brought under control?

The procedures by which environmentally caused diseases can be evaluated and controlled follow the
same basic epidemiological principles as are used in the investigation of infectious diseases. In practice,
however, they call for familiarity with basic knowledge of environmental hazards, related clinical fcam rcs, and
tecchnical laboratory procedures, ‘

There is a growing need for widespread knowledge of how to recognize, investigate, and control
environmental heaith hazards in public health practice. For example, population-wide ¢hemical eXpOSUes, or
the potential for such exposures, arise from industrial and marketing activitics and from increasingly diverse
consumer uses of chemicals. Such exposures can involve a wide spectrum of materials producing a variety
of effects in exposed people (see Appendix). They can act upon different organ systems, and the effects may
be expressed as obvious acute clinical disease, subclinical disturbances, premature death or other 111ness along
time after the exposure, depending upon dose and intensity of exposure. Each ycar, pew chemicals are
introduced for human use, and this leads to the possibility of new or increased hcalth effects. To be
adequately prepared for such possibilities, health professionals must maintain a working knowledge of
potentially hazardous environmental chemicals, an understanding of how such materials may affect human
health, and familiarity with how best to employ epidemiological and toxicological techniques when
investigating and managing potential environmental diseases.

Acquaintance with all aspects of environmental health hazards is essential not only in industrialized
countries but in developing countrics as well. In developing countries, industrialization and the introduction
of new consumer products often proceed rapidly and may outdistance local public health capacity to monitor
and control the potential impact on health. Even in developed countries, despite clear recognition of
environmental pollution, new manifestations of environmentally-caused illness may be overlooke:d or
misinterpreted.

1 - The examples in boxes will be referred to repeatedty in the text, therefore, they are included in nurﬁéll'ical order
at the end of the text. S
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1.2 What is an "environmental disease"?
(Basic Epidemiology Chapter 9; Environmental Epidemiology Sections 1.3 and 1.4%)

All illness can in theory be caused by either genetic factors or environmental factors. Environmental
factors arc of different types: chemical, physical, biological, psychological and safety factors (Figure 1).
The concept of "environmental disease” is usually applied to illnesses from chemical exposures due to
cnvironmental pollution, but it could be used for any health problem which is cansed by an environmental
factor. Environmental diseases vary greatly from acute, explosive epidemics, such as the Spanish Toxic Oil
Syndrome (TOS) epidemic (Boxes 1, 5, 17) or the Japanese Yusho epidemic (Box 2), to endemic disease
problems, where long-term increases in disease frequency may reflect environmental causation (Box 3). In
addition, there are illnesses that may be associated with known environmental exposures, but the causal
association i uncertain (local clusters of cancer cases, for instance) (Box 4). Health effects associated with
cnvironmental factors are modified by a number of individual characteristics. Some examples are given in
Figure 2. The health effects of environmental factors may be influenced by genetic factors. Physiologic
functions, detcrmined by genetic factors, may increase the susceptibility of an individual to environmental
hazards. For instance, a person may have a slow lung clearance, which lengthens the time toxic dust particles
stay on the mucosal lining of the airways; a person may have a high gasuointestinal absorption of lead
because his/her absorptive capacity is higher than normal; or a person may have a low renal clearance
reducing the amount of a toxic chemical excreted. These individual characteristics are the basis for the concept
of a "sensitive group" for a particular environmental exposure,

Figure 1. Envirohmental factors that may affect health
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Light, Radiztion

CHEMICAL FACTORS
Chemicals, Dust, Drugs, Skin irritants, Food additives

1.3 Audience and uses of the manual

This manual is written for public health practitioners, e.g., area health inspectors, public health nurses,
district and national medical officers, and other people interested in how environmental diseases can be
investigated. At national and regional levels, the material presented will assist public health officials in
selecting and coordinating the many resources required in the course of environmental health investigations,

2 - With its focus on practical epidemiological procedures, the manual does not contain any detailed descriptions of
particular statistical techniques or laboratory procedures. References are provided to readily available texts and journals
which deal with these aspects. With respect to basic epidemiological principles and statistical techniques the reader may
refer o the recent WHO text Basic epidemiology (WHO, in press). More details on the methods of environmental
epidemiology are included in the Guidelines on studies in environmental epidemiology (WHO, 1983) (will be referred
to in the text as Environmental Epidemiology). Reference will be made to these publications throughout this manual,
While the sections referenced may not deal directly with the specific topic being discussed, they will provide the student
with general information pertinent to the topic,
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Figure 2. Individual characteristicss that modify
the effact of environmental factors
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with particular attention given to epidemiological approaches. For public health workers at the local Jevel, the
manyal will help (i) in recognizing more common forms of environmental toxic exposure and disease in
communities, (i) in undertaking initial epidemiological investigations of Jocal environmental health problems,
and (iii) in knowing how and when to seck specialized assistance for complex situations, ;

Quite deliberately, the manual focuses or investigations of disease occurrence rather than on assessment
of environmental exposure, Although these two topics are clearly related, and investigation of environmental
illness always requires consideration of the levels of exposure, the point of entry into this public health area
for the public health officer is principally by way of disease or questions which come to local attention. The
manual gives examples of procedures by which such diseases are best investigated, studies of exposurc 10
environmental hazards being one aspect of that process.

1.4 Structure of the manyal

To describe the best approach to the epidemiological procedures used for environmental health problems,
the manual discusses epidemiological principles with brief descriptions of past investigations where those
principles were applied. The descriptions are drawn from many countries, involving 2 wide rangg of toxic
exposures in each of the three environmental disease categories under consideration: acute epidemic pmblems.
chronic hyper-endemic problems, and perceived increases in local morbidity.

The manual provides a framework of epidemiological concepts and techniques whereby env1romncma1
health investigations (whatever the pature of the disease) may logically be pursued (Figure 3). ‘As with
gpidemiological inquiries of any kind, this framework entails an initial phase of descriptive ePIdemmlogy,
followed, if circumstances require, by the design and performance of analytic epidemiological mvesugauons
All such work, whether "descriptive” or "analytic”, aims to detect adverse environmental factors asso(:late.d
with the occurrence of the outcome, Once the adverse environmental factor is establlshed by the
epidemiclogical findings, public health intervention is indicated. As a part of these mtewentmns
epidemiological studies may be needed to ascertain if the control of a suspected environmental hazard will lead
to reduced morbidity. The manual, thus, moves from considerations of descriptive cpldemlology, through
analytic epidemiological approaches, to pubhc health action and associated intervention cpldemlology, ending
with a discussion of resources which must be available as such investigations proceed.

Although the manual describes epidemiological procedures in their logical conceptual sequence (define
a case, define population at risk, measure excess risk, consider possible causal factors, develop surveillance,
etc.), it should be noted that, in real life, the various components of an epidemiological inquiry may well come
into play all at once, or in a different sequence. If that occurs, it is important that the public health officers
undertaking the inquiry have the conceptual sequence of epidemiological reasoning clearly in mmd to avoid
overlocking an essential component.

Although various resources may be required for environmental epidemiological mvcsuganons those
which are most commonly needed and which are of particular importance in reaching conclusions on disease
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Figura 3 - Logical development
of epidemiological field investigations
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causation are the resources for collecting disease occurrence data, recording epidemiological observations, and
performing statistical analyses; such resources are usually inexpensive and are readily available within existing
public health structures. Special laboratory tests (chernical analyses, etc.) are also usually needed, and can be
expensive if large numbers of such tests are undertaken. However, the aeed for such tests can be reduced by
the choice of epidemiological approach and by the choice of exposure and effect indicators.

In the past, an internationally accepted terminology for epidemiological terms was not available, and this
has somctimes caused difficulties in interpreting epidemiological reports. In this manual we will use the terms
as defined in the International Epidemiology Association publication A dictionary of epidemiology (Last, 1988).

The Appendix (reproduced from Kimbrough et al., 1989) provides convenient and simple cross-references
between common symptoms or signs and particular environmental exposures and should assist the public health
officer in gaining an initial orientation towards relationships between illnesses and specific hazards. Tt will
also guide the officer to seek more detailed and authoritative reference sources if particular etiologies require
closer attention. When using the Appendix, the officer should consider the predominant symptom/symptoms
exhibited by the cases. A quick review of the Appendix will relate the syndrome to specific chemicals/
compounds which have been reported to produce such symptoms. Because several chemicals/compounds will
probably be identified initially, the officer should proceed to consider which one/ones are most likely to be
implicated in the episode under investigation, The opinion of other investigators involved in the exposure
episode will have to be taken into consideration. In most cases, the officer should be able to reduce a list
containing several possible chemicals down to a few most likely to be implicated. He/she may then proceed
1o sclectively gather more in-depth information on the targetted chemicals for further consideration. For more
information, the student should consult the original publication, Chapter 3 "Signs and symptoms and their
possible environmental etiologies".




2. INITIAL RESPONSE TO REPORTS OF A DISEASE OUTBRE:EEAK

Reports of outbreaks come from a variety of sources (e.g., a primary care physician, a panenl or a
concemed member of the community). The initial report may come in the form of a telephone call, a private
conversation, or a written statement. What are the first steps that must be taken to respond to the report and
1o determine if an epidemiologic study is warranted? i

2.1 Collect information about index cases from the person(s) reporting the outbreak
‘When the outbreak is first reported, information should always be gathered on:

1) the person(s) initiating the report, (s
2) characteristics of the suspected outbreak, and i
3) the persons directly affected by the outbreak. 5

An example of an Initial Response Form is given in Figure 4. Specifically, information, from the
individual reporting the outbreak should include the following: name, address, telephone number, and
organization affiliation. Information on the suspected outbreak should include: the suspected health event, the
suspected exposure(s), number of cases, geographic area of concem, time period of concern, and how the
outbreak was first discovered, Information on the persons affected should include: name, sex, birthdate,
address, telephonc number, contact person and method for contact, and physician contact (Figure 5).

Regardless of the source of the report, the initial contact is very important. The individuat should be
referred promptly to the responsible unit or persen if one has been designated. The report should never be
dismissed without consideration. A number of organizational steps can be taken to facilitate the. response.
First, if not already done, one individual should be designated as the identifiable point of responsibility or the
lead person for this outbreak. The reporting process should be structured in such a way that the responsible
individual is reached regardless of where and how the first contact is made.

2.2 Gather information on additional cases and conduct preliminary eévaluation

Before assuming that a true outbreak has occurred, information on at least a handful of cases,should be
gathered (including those cases initially reported, Figure 5). Figure 6 gives an example of a form that could
be used for surveillance purposes if the decision is made that surveillance is indicated. At this stage, it is not
yet necessary to obtain detailed medical records to verify a diagnosis. The information should be used to make
a quick, rough estimate of the likelihood that an important ¢xcess has occurred.

This rough estimate can be made by taking the following steps:

1) Determine the appropriate geographic area and the time period in which to study the
outbreak.,

2)  Determine an appropriate denominator (e.g., population of a community, number of
children in a school) and calculate occurrence rates (see Section 3.5).

3)  Compare the occurrence rate with an appropriate reference population.

If it is determined that an important excess has occurred, the health agency should consider, as a second
organizational step, the establishment of an advisory committee to oversee the decision-making proccss for
evaluating the outbreak. Such a committee should consist of multi-disciplinary professionals, and might well
include representatives from concemed citizens’ groups and the media. Thirdly, a written protocol for
evaluating the outbreak should be established and all personnel should be instructed in its use. (The imitial
working protocol can be revised as more information is obtained conceming the outbreak).

Additionally, the health agency should meanwhile maintain a daily updated log of all cases reported from
the surveillance activity. If possible, the log should be cross-referenced and computerized so that all ‘personmnel
concemed will have the same information, Also, this may be a good time 1o conduct a review of the medical
literature to search for additional evidence that there is (or is not) a true outbreak taking place. (See Section
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6.3 for information on sources of specialists and referral cenires where WHO has distributed toxicological
information).

2.3 Assemble more detailed medical data to verify the diagnoses

If the rough cstimates of occurrence rates indicate that further evaluation is warranted, the next step is
to verify the diagnoses. This usually involves contacting the patient or family, to get permission to contact
the treating physician (if the patient has sought medical care) and examine medical records. If possible, copies
of relevant pathology reports or medical examiner’s reports should be obtained. It may be appropriate to
reccommend further testing at this time, (if appropriate and available) before the opportunity is lost to obtain
indices of exposure,

For more information on the initial response to reports of an outbreak, the reader may wish to consult
Guidelines for investigating clusters of health events, (Centers for Disease Control, 1990) and Principles of
Studies on Diseases of Suspected Chemical Etiology and their Prevention, (WHO, 1987). At all times,
principles of confidentiality issues vary between countries, but some level of regulation usually exists, and
should be known and adhered to.

If the diagnoses are verified and there is still good reason to think that there is an excess occurrence, the
investigators should proceed to the Descriptive Stage of the evaluation.




Initial response

Figure 4

INITIAL RESPONSE FORM FOR DISEASE OUTBREAKS
Today's date: Name of person filling cut form:

INFORMATION ON PERSON REPORTING OUTBREAK

L ast name; First name: Initial
Address
Street No. Phone:
Town Province Postal Code

Other information {organization affiliation, request for anonimity, etc.)

INFORMATION ON DISEASE OUTBREAK

Health event {e.g., pneumoenia, cancer, or predominant symptoms):

Suspected exposure (if appropriate):

# of cases suspected so far: Geographic arga of conceim:

Date of first suspected case; Date when suspectad exposurs
first ocourred:

Date of most recent case: Is the suspected exposura still occurring ?
YES NO {circle one)

How was the outbreak first discoverad?

NOTE: Complete next page for each person affected.
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Figure 5

INITIAL INFORMATION ON PERSONS AFFECTED

Individual #:
NAME: (Last) {First) {Initial)
Sex; MALE FEMALE (circle one) Birthdate Raca
Qcoupation: ‘
Addrass
Street No., Phona;
Tawn Province Postal Code
Date of onsot Date of diagnosis: Date of death:

of symptoms:

Diagnosis:

Hospital name:

Doctor's name Doctor's phone ‘

Laboratory results:

Has the case been exposed to YES NO UNKNOWN (circle one)
sick animals (if appropriata)?
If so, state the disease of the sick aninal (if known):

Other information:

NOTE: Compiete this form for each case initially reported.

]




Initial response .. 9

Figure 6

SURVEILLANCE CASE REPORT FORMAT

Individual #:

NAME: {Last) ‘ {First) (Initial)

Sex: MALE FEMALE (circle one) Birthdate Race

,. Occupation;

Address

Stroat No. Fhone:

Town Province Postal Code

Date of onset Date of diagnoesis: Date of death:
of symptoms;

Diagnosis (or symptorn complex):

Laboratory tast results:

Comments:

REPORTED BY:
Name: Cate of raport;

Address:




3. DESCRIPTIVE STAGE

(Environmental Epidemiology Section 2.3)

The initial step in any epidemiological investigation involves the description of the problem at hand.
How does the disease present clinically? How does one define a case in terms of clinical observations and
laboratory tests? In what particular population is the disease occurring and is it truly occurring in excess?
What ctiologic posgsibilities may immediately present themselves in terms of clinical and population
observafions? The answers to such descriptive epidemiological questions, with appropriate examination of
notes or case distributions in time, place and person, may alone be sufficient to ascertain the cause of the
disease with reasonable certainty. Such questions are the necessary first step in any epidemiological
investigation. Decisions regarding analytic or intervention epidemiological studies must be based on a
thorough initial development of descriptive epidemiological data.

3.1 Define the illness
(Basic Epidemiology Chapter 2, "Definitions of health and disease™)

There is a logical sequence to follow in asking descriptive epidemiological questions. The first step is
to define the illness as precisely as possible. Without a clear, consistent idea of exactly what constitutes a case
of illness in an acute epidemic or in an endemic problem, it may be virtually impossible to develop useful
epidemiological data.

Case definition may be an easy, straight-forward task if the illness is highly unusual and is confined to
particular locations, as with the epidemics of Lathyrism in India (Box 3). It may also be easy if the diseasc
is alrcady a well-recognized entity such as childhood leukaemia in the Wobum cluster situation (Box 4).

Difficulties arige, however, when several diseases occurring simultaneously share major features. In the
TOS epidemic it was difficult, at first, to distinguish cases of epidemic disease from sporadic cases of viral
or atypical pneumonia. As the epidemic grew, however, a case definition was developed which distinguished
the acute pulmonary infiltrations seen in TOS by their association with various combinations of accompanying
signs and symptoms; skin rash, severe myalgias, and peripheral blood eosinophilia (Box 5).

In the Yusho outbreak in Japan (Box 2), there was a similar need to distinguish skin lesions seen in cases
of poisoning from acne-like lesions arising from other causes. And in the endemic problem of Itai-itai disease
in Japan (Box 6) cases of osteomalacia associated with the local cadmium toxicity were at first not
distinguished from bone disease cause by vitamin D deficiency, long recognized to occur at a low prevalence
in rural Japan. Itai-itai disease was evenmally distinguished from vitamin D deficiency because of the
combined occurrence of the bone disease and kidney disease.

In developing case definitions, two particular aspects are of initial importance. First, one should
preferably define a case in objective terms, using data derived from clinical and laboratory findings (e.g.
pneumonitis on X-ray, altered liver function tests) and not relying totally on subjective symptoms reported by
ill persons or their families. When polybrominated biphenyl (PBB) food contamination occurred in Michigan,
USA, an illness complex known as "PBB syndrome” was variably reported. Epidemiological investigation of
this iilness in ne:latic_m to acutc PBE exposure was a difficult task since the "syndrome” consisted largely of
subjective symptoms (fatigue, sleep disturbance, joint pain, headache) (Box 7).

The second critical aspect is that illness definitions should not include items related to any etiologic
hypotheses which might later be subject to epidemiological analysis. It is obviously impossible to test the
relationship of illness occurrence to a particular toxic exposure if the fact of that exposure is inherent in the
case definition. In TOS, soon after early epidemiological findings suggested that the epidemic disease was
related to toxic oil use in food preparation, an official definition of "Toxic Qil Syndrome” was adopted which
required the history of use of the suspect oil (Box 1 and Box 5). This definition was principally used as a
basis for illness compensation and benefits afier the etiologic link to toxic oil use was well recognized.
However, epidemiological studies which adopted that official case definition were obviousty unable to continue
testing the hypothesis that the epidemic and oil use were related.

Case definition may be particularly difficult when public health concern is focused ecither on a wide
spectrurn of diverse diseases as possibly arising from the same environmental exposure source, or on particular
conditions such as cancer or birth defects which are expected 10 occur regularly in all communities at lower
or higher occurrence rates and which do not represent new or unique clinical disease entities. Studies in
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regions of Bulgaria, Romania, and Yugoslavia (Box 12) of nephropathy related to food toxins illustrate the
difficulty in case definiion as the renal disease of interest appears to be no different from similar diseases
occurring elsewhere under different environmental conditions. Such sitiations require a clear clinical definition
of the particular conditions to be studied, and they require strict application of the e:pidemiologlcal methods
for assessing causation. In such cases, a multi-discipline team approach with input from dlagnostimans and
epidemiologists is most effective for developing the case definition.

Whatever the situation, investigators should try to avoid including as requirements for case deﬁmuon any
clinical information which might not be uniformly available under the conditions of local medical practice
{(special laboratory or diagnostic tests, for example). The case criteria should be appropriate for the diagnostic
resources available to the community in which the problem exists. However, this may in some cases make
the case definiion less precise. Table 1 summarizes the important points in choosing a case definition.

3.2 Develop etiologic hypotheses
(Basic Epidemiology Chapter 5, "The concept of cause”; Environmental Epidemiology Sectmn 2.4)

As the epidemiological description of the problem proceeds, there will be suggestions from many sources
as o the cause of the disease. Ideas will come from the clinical features of cases, from the geographic or
seasonal setting in which cases occur, from the occupation, social conditions and genetic backgrounds of
patients, from existing data regarding environmental conditions, possibly from successful treatments, and so
on. All such facts deserve consideration early in the process of epidemiological inquiry, particularly if no
single cause quickly emerges. Hypotheses can be generated in a number of ways. For example, one may
consult tables which list a variety of symptoms and the toxing known to produce them (see Append1x already
discussed). .

Table 1. Important points ih choosing a case definition.

1. Choose a case detinition which distinquishes epidemic cases from sporadic cases of endemuc
illness ,
Example: epidemic case: TOS  sporadic case: atypical pneumonia
+ skin rash + rash
+ severe myalgias + myalgias
eosinophilia absence of eosinophilia

Weak definition: pneumonic infiltrate with fever
Better definition: pneumonic infiltrate with fever and eosinophilia

2. Chaose a case definition which specifies pbiective, documented criteria
Example of weak definltion: renal stones: history of presence of renal colic :
Example of better definition: renal calculi: renal stones documented by X-rax; |

evidence or removal by surgery.

3. Choose a case definition that does not include iterns related to aetiologic hypotheses which

might later be subject to epidemiclogic analysis :
Example of weak definition; TOS: requires a history of
consumption of the suspect oil.

4. Choose a case definition based on clinical information which is uniformly available under local

conditions

When cases of veno-occlusive liver disease were first reported in regions of India and Afghanistan, a
wide range of etiologic possibilities were considered with particular attention given to clues suggested by
pathologic findings in liver tissue. The cause of the liver damage was not clarified, however, until
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epidemiological investigations focused on the suggestion by a local fanmer that a particular plant might be
responsible (Box 8).

In similar fashion, a broad scarch for etiologic hypotheses accompanied the epidemiological investigation
of the original Legionnaire’s disease outbreak in Philadelphia (USA) (Box 9). Initial clinical impressions were
that the disease was caused by some infectious agent because of such featres as fever and pneumonitis. The
abscnce of secondary case occurrence (which might be expected under conditions of infectious disease spread)
and the early failure to identify any infectious agent led to consideration of other causes, The principal
allernate hypotheses focused on a variety of environmental exposures, but convincing epidemiological evidence
could not be found for any. The sitwation was dramatically resolved when the respensible bacterium was
finally discovercd. -

3.3 Consider exposure potential and dose
(Basic Epidemiology Chapter 9, "Environment and health”, "Exposure and dose”, "Dose-effect
rclationships”, and "Dose-response relationships”; Environmental Epidemiology Section 1.3
and Chaptcr 3)

In deciding if an etiologic hypothesis warrants investigation, one must consider whether there is merely
the potential for environmental exposure, or whether it is real and high enough to cause the disease. Many
cxposures are possible in any situation, but there is real concemn only for those which result in a sufficiently
high dose to affect sensitive individuals in the exposed population.

This concept is important when we consider, for instance, the possibilites of health effects in populations
located near to toxic waste disposal sites. In the Love Canal toxic dump area in the state of New York (USA)
{Box 10) potential for toxic exposures existed. However, in homes where the likelihood of high exposure
seemed greatest, environmental measurements indicated relatively low actual dose. Uncertainties conceming
cancer caused by cumulative exposure, and intense public concem led to extensive epidemiclogical
investigations regarding potential effects in populations living near the Love Canal site.

Similar considerations regarding potential exposure and actual dose arose in connection with
epidemiological studics of a toxic neurologic disease in Nigeria (Box 11). Here the assumed cause was dietary
consumption of cyanogenic plant food, such as cassava root. Observations of cyanide effects on tissucs, as
measurcd by thiocyanate levels in affecied patients in relation to frequency and mode of cassava consumption,
strengthened this particular ctiologic hypothesis and encouraged the investigators to pursue this idea with
descriptive and analytic studies.

As various etiologic hypotheses are being considered, it is important to keep in mind certain criteria
which have been proposed to establish chemicals ag a cause of disease.

Detailed criteria have been proposed by Kimbrough et al. (1989) to establish a chemical as a cause of
disease. These include:

1. All cases must have received a dose of the chemical.

i,  After acute exposure, onset of illness must occur within reasonable time afier exposure (hours 1o a few
days) except in the case of some chemicals which may induce nonspecific illness and subsequently a
spccific organ-oriented disease.

iii. Recovery should take place aficr exposure unless:

a.  the patient dies
b.  permanent damage to an organ has occurred
¢.  allergy has developed

iv. Symptoms/signs may not ordinarily include

fever

sudden lymphadenopathy

leukocytosis

persistent diarrhoea after exposure ceases
acute inflammatory exudation

opp g
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v. The pattemn of disease including symptoms and signs in different patients should be more or less
consistent throughout the affected population

vi. The suspect chemical should be known to produce the type of illness (and lesions) obscrv’e‘d and not

something vaguely similar [Editor’s Note: this assumes that the relationship has be:en repmtcd
previously.]

vil. The suspect toxic material should produce identical/similar lesions of toxicity in an appropnate animal
species

It is well to remember that these criteria are guides, not rules. Each makes a chemical causation more
likely, but any of the criteria may not be present in a particular instance. :

34 Define a population at risk ‘.
(Basic Epidemiology Chapter 2, "Population at risk"; Environmental Epidemiology Section 2.3.3)

Once a disease definition has been established, it is important to define the population ar risk. This is
the population group(s) (age, sex, area, ethnic group, etc.) in which the disease can potentially Eo«:cur. By
excluding population groups in which the disease can not occur (and does not occur) from our analysis, one
avoids "diluting” the evaluations with people "not at risk" (Figure 7). For exampie, if the disease only affects
children (Box 18), then the population "at risk” is the children living in the area of the outbreak. | When the
specific causal factor is known, the population at risk can often be limited to a small segment of the whole
population of the arca where the outbreak occurred. However, in order to compare disease occurrence in
groups with and without exposure to the causal factors, the definition of population at risk should be based
on general descriptive characteristics of a population but ret including a specific envxmmnemtal hazard
exposure.

Figure 7. The relevance of defining a population at risk

Definition
total = of
opulation population

ot risk

It
2308
brd

Without such a definition the response will be "diluted™. In the above diagram, the response
estimate will be diluted by the inclusion of a large number of persons not at risk, while in the diagram
below, limiting the "population at risk” to those inside the small circle results in a large response estlmate
(From Kjellstrdm, 1986)

Without defining both the disease and the population at risk, one can neither develop objective measures
of disease ocourrence nor measure the degree of risk. To measure occurrence and compare tisks, the
investigator must be in a position to estimate rares of the disease, which requires knowledge of the number
of cases and number of people in the population at risk (Figure 7). Lacking a definition of population at risk,
the investigator can only consider the epidemic or disease problem in terms of anecdotal reports. While such
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anccdotes may suffice in exceptional circumstances, to identify an acute epidemic or the emergence of a new
disease entity, they do not permit any formal judgement regarding increased occurrence of an endemic disease.
In TOS (Boxes 1, 5, 17), where epidemic features were obvious, the initial population at risk appeared to be
the people living in the province of Madrid. However, as the disease spread 1o adjoining areas, the definition
of population at risk expanded. Population data for affected provinces, sub-divided by age and sex categories,
enabled age- and sex-specific rates of disease occurrence to be calculated as the epidemic progressed.

For Legionnaire’s disease (Box 9), the population at risk seemed at first to be confined to war vetcrans
attending a convention at a particular hotel, but it was later extended to include other persons present in the
hotel and its environs., A similar need to expand the definition of population at risk was encountered in the
Japanese Yusho epidemic (Box 2) as the epidemic grew over time. Under such circumstances, although field
investigations may initialty focus on particular populations, the investigators and public health workers should
remain alert to the possibility of shifting disease patterns and be able 1o redefine populations at risk as
circumstances dictate. Several different population definitions can be used at once, of course, so that disease
rates can be compared between rtelatively small, highly selected groups of people and larger, more inclusive
populations.

Definition of populations at risk becomes more difficult in siniations where the illness of interest has a
chroni¢ nature, is indistinguishable from nomally observed endemic illnesses, or involves long periods of
latency between the presumed exposure and the onset of clinical disease. In such settings, rates of disease
occurrence may need to be studied in relatively large demographic population units (countries, districts) over
extended time periods. Wherever case characteristics suggest occurrences in particular populations, further
studics can focus on these pepulations.

In the case of nephropathy in regions of Bulgaria, Romania, and Yugoslavia (Box 12), populations at risk
appear 10 cncompass particular regional areas in which increased rates of disease have occurred for long
periods of time. A similar long-term prevalence of high disease among local populations is evident for
oesophageal cancer along the Caspian coastal areas in Iran (Box 13). In all such diseases, where increased
endemicity occurs within a defined region and over long time periods, the investigators must consider the
possible influence of local in-bred genctic factors in addition to hypotheses regarding regional environmental
hazards.

It will be evident from what has so far been said regarding definition of populations at risk, that in all
instances such definitions essentially flow from what is observed concerning the descriptive epidemiological
features of disease cases. Populations at rigsk are therefore defined in terms of when and where cascs occur
as well as in terms of the personal characteristics of ¢ases in general, their age, sex, social class, occupation,
dict, ctc. When the existence of excess disease occurrence is in doubt, but epidemiological investigations of
illness frequencies are indicated, populations at risk are defined solely from knowledge of potential exposure
paterns, In the Love Canal situation (Box 10), this meant defining populations at risk solely in terms of how
close people lived to the toxic waste site, In the PBB focd contamination incident (Box 7), however,
populations at risk could be defined both in terms of degree of occupational or dietary contact with the
chemical and in terms of tigsue levels of PBB. Since PBB is stored in fat tissue, and since exposure occurred
only once from a single source, serum or fat levels of PBB could be used to indicate the degree of exposure
and thus to define various levels of populations at risk in relation to dose.

Finally, it may be necessary to define populations at risk in situations where a cluster of cases such as
cancer has occurred, and where the clinical nature of the illness suggests an environmental cause but where
no clear evidence exists to confirm any particular exposure. Such case clusters may occur as a matter of
random grouping of cases unrelated to any shared exposure. However, the epidemiological investigation of
these clusters requires searching for possible environmental causes before accepting the explanation of chance
aggregation, Definition of populations at risk may be arbitrary, covering variable time periods, and ranging
from the total population of a town or village, to single city blocks, school districts, or other community
sub-units. If possible environmental exposure sources are suggested, as in the instance of well water pollution
in Wobum, Mass., USA (Box 4), population definitions can focus on people using those sources, Although
it is necessary to define a "population at risk" in such situations, so that epidemiological analysis can be
performed, it is important to recognize the arbitrary nature of the definition and the uncertainty of their
relationship 1o any actual environmental exposure.
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3.5 Measure excess occurrence of disease
(Basic Epidemiology Chapter 2, "Comparing disease occurrence” and Chapter 4;
Environmental Epidemiology Sections 6.3.7.5-6.3.7.6)

After defining the disease and the populations at risk, the number of cases and persons at risk can be
used to caleulate rates of disease occurrence.

When an acute epidemic occurs the excess disease risk may be immediately and intuitively apparent even
without rate calculations. But, t0 ascertain an increase of endemic diseases or chronic illnesses thought to have
a local environmental origin, the process of assessing increased risk may not be intuitive and will require
careful adherence to the epidemiclogical sequence of illness definition, population definition, rate calculation,
and rate comparisorn.

First, the observed incidence of the disease must be compared with disease incidence in some reference
(control) population. This comparison requires that appropriate adjustments first be made so that the rates
being compared are based on equivalent population distributions by age, race, and sex and on similar cage
definitions, Under most circumstances such comparisons use age-, race-, and sex-specific incidence or
mortality statistics data which are usually available on a national scale, or which can be developed from data
published in the scientific literature.

Once an appropriate soutce of comparison ("expected” rates) has been identified, the adjusted obscrved
and expected rates ¢an be compared, and an estimate of the extent to which the observed rate does or does
not exceed the expected rate can be calculated. This estimate is usually expressed as a ratio between the two
rates, and that ratio is called a risk ratio or relative risk (Figure 8). A ratio of 1.0 means that the rates being
compared are not different from each other and that the observed disease frequency is therefore not increased.
A ratio 1.0 indicates a positive association, or an increased risk among those exposed to a specific factor.
Analogously, a ratio <1.0 indicates a decreased risk (sometimes interpreted as a protective effect) among those
exposed. The statistical significance of the risk ratio is conventionally expressed in terms of a 95 percent
confidence interval. The width of the confidence interval depends on the number of cases observed, the size
of the population ynder study, and the stability of the comparison or expected rate.

An example of a risk ratio calculation is the comparison of the incidence of cerebral palsy i in children
of mothers with high consumption of methylmercury polluted fish in Minamata, Japan and in children in
general in southern Japan. There were 23 children with cerebral palsy among exposed mothers and only 0.5
cases were expected, a risk ratio of 46. These 23 cases were diagnosed as “fetal methylmercury poisoning”
{Box 14).

In situations where the dlseasc of concetrn is a relatively rare disorder apparently occurting in excess
numbers in a relatively small population (a cluster of cancer cases, for instance, see Box 4) comparison of
observed and expected rates may present special problems. Although the number of cases that might usually
be expected to occur in the community may be calculated without difficulty by reference to comparison rates,
that statistical comparison can be misleading for two reasons: (i) because the disease of concern is a rare
disorder, both the observed and expected number of events will usually be very small, and statistical tests are
more unstable in the presence of small numbers; and (i) because the small cluster of observed cases has
drawn attention to itself, merely because of its clustering, it cannot be considered to be a randomly occurring
event, Addiuonally, testing for statistical significance involves a test of probability and usually a probabitity
of one in twenty is used as a guideline for which risk increases are "significant.” It must be remembered that
if data from many small population groups are compared, extreme data outside the significance limit will occur
by chance in ohe out of twenty groups.

In addition to the techniques mentioned above, there are a number of more sophisticated: statistical
methods. For example, temporal clustering can be assessed using the Ederer, Myers, and Mantel approach.
To assess spatial clustering, the Grimson test may be appropriate. A number of these methods are summarized
in Guidelines for investigating clusters of health events (Centers for Disease Control, 1990).

Ultimately, "significance” in any epidemiological assessment is enhanced by biological plausibility (an
understanding of the mechanism of disease causation) and does not rely solely on a statistical test. Thercfore,
in assessing small clusters of cases in communities, it may be important to scan the cases individually for
shared clinical or exposure features which can be compared with known features of different kinds of
poisoning or infection. Such comparison may suggest biologically plausible hypotheses to account for the
clustering. However, the absence of a known biologically plausible mechanism does not exclude a causal
relationship, since what is considered biologically plausible at any given time depends on the current state of
knowledge. Investigators may also use such "anecdotal” case information in the process of judging whether
or not the occurrence of a particular disease deserves further analytic study. The outbreak of Minamata disease
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Figure 8. Definition and calculation of rates of disease
and risk ratios

RATE OF DISEASE: Number of cases of disease in population at risk
Number of persons in population at risk

EXPRESSED AS: Number of cases
100 or 1000, etc. persons at risk

EXAMPLE: 50 cases = 20
2500 persons at risk 1000
RISK RATIO: Rate of disease in population at risk

Rate of disease in population not at risk
(comparison population)

EXPRESSED AS: A numerical ratio (1.5, 3.0, etc) indicating that risk of disease
in the population at risk is 1.5, 3.0, etc. times greater than
that in the population not af risk

EXAMPLE: 20/1000
10/1000

2.0
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(Box 14) was analysed in this way by McAlpine & Araki (1958), who reviewed all the biologically plausible
hypotheses. He included organic mercury poisoning, but it took much further study of the disease before this
could be established as the cause.

3.6 Establish case surveillance

Once the conclusion has been reached that cases of illness are occurting more frequently than expected,
the next epidemiological step is to establish a system of case reporting by which the pattem of disease
occurrence can be assessed on an ongoing basis. Such surveillance will be different if the disease is an acute
one with short latency or a chronic illness with delayed onset. In either case, it is necessary to communicate
the findings regularly and promptly to public health professionals and others who require mformatlon
concerning illness patterns.

For acute illness, frequent, regular reports of newly diagnosed cases must be received at a central point
from all hogpitals or physicians likely to encounter new cases throughout the affected region. A standard
reporting form and system for completing forms and for processing data must be developed (Figure 6). The
surveillance form should be brief (one page maximum) and should record only essential data identifying the
patient’s address, the daie of diagnosis, and the major clinical features which establish the diagnosis. If
particular hypotheses regarding the etiology of the disease condition are being considered and such data are
easily and regularly available at clinical reporting sources, such information should be included. In general,
however, data collection for simple surveillance purposes should focus on rapid, complete case identification
and not on developing extensive and detailed case records. The data collection, editing and transfer may be
facilitated by the use of microcomputers, in situations where these are available, A special microcomputer
software, EPIINFO, has been developed by staff at the Centers for Disease Control (CDC), Atlanta, USA for
use in epidemiological studies. It is available from WHO.

Depending on the urgency of the public hgalth situation, case reports may need to be received at very
frequent intervals, perhaps daily by telephone. Under other conditions, report forms can be mailed at weekly
intervals. For the Toxic Oil Syndrome outbreak in Spain, listings of newly diagnosed cases were telephoned
daily to the National Ministry of Health during the several weeks when the epidemic was in its most acute
phase.

Once reports are received centrally, information from reporting forms must be promptly transferred o
a computer file or some other medium for storage and processing. At this stage microcomputers and the
softwarc EPIINFO can also be of great value. Once this transfer of data is complete and the data has been
verified for completeness and absence of coding errors, tabulations of case distributions should be made
according to time and place of case occurrence and according to demographic features of cases (age. race, sex)
(Figure 9). Charts and maps of case distribution (Box 1; Box 4; Box 7; Box 13) can be maintained and a
brief sutveillance report prepared for regular distribution to health professionals and w0 the imblic via
mass-media,

For diseases which are Jess acuote in nature, the process of surveillance can be more leisurely. Although
the same principles apply with respect to regular and complete collection of case information, collation of data,
and dissemination of surveillance analyses, reports may only be needed at monthly or yearly intervals. If
feasible, case reporting may come from established public health data collection systems (vital records, for
instance, if reporting is known to be accurate and complete) rather than from case reporting mechanisms
cstablished especially for the particular disease problem. It is most important that a sysiem be in place so that
patterns and trends in disease occurrence can be followed at regular intervals on a geographic basis.

Although initial case surveillance should focus on simple case identification and timely performance of
fundamental descriptive epidemiological tasks, a second phase of data collection may be needed to obtain
greater detail regarding the characteristics of the persons affected and the clinical features of their illnesses.
Usually this requires the development of a longer, more involved case record form, and more active
involvement of central public health staff in collecting data in the field (review of medical or hospital records,
interview of patients or the families of patients). At this stage, certain laboratory iests may be appropriate,
cither as part of a general medical evaluation (liver function tests, X-ray findings) or as measurements of
possible etiologic relevance (levels of certain chemicals in tissue, antibody levels in serum). Such additional
information can then be used for issuing more complete case surveillance reports describing in considerable
detail patterns of disease occurrence.
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case surveillance data

Figure 9. Tables useful in assembling and reporting

BLACK o QTHER RACTE; TOTAL
Males Females  Total Males Females  Tofal Males Females  Tolal
WEEK OF CASE DIAGNOSIS
Gfggfﬁmc JAN 1-7 JAN §-14 JAN 15-21 JAN 22-28 JAN 29-FEB 4
A
B
c
D
E
F
G
TOTAL
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4. ANALYTIC STAGE

4.1 State the hypothesis to be tested
(Environmental Epidemiology Sections 2.4 and 5.2.1)

The development of hypotheses and testing of these hypotheses is required to draw conclusions regarding
disease etiology from a formal analytic study. Such etiologic hypotheses should be explicitly and clearly
stated. For any particular situation several etiologic possibilities may exist. Although data can be used to test
several hypotheses at once, it is more productive if a study can test the most likely hypothesis, or a limited
rnumber of hypotheses.

In many cases, selection of an hypothesis to be tested may be simple because particular etmlogw
hypotheses may be especially prominent. This has been the case in such epidemic events as mercury
intoxication from consumption of treated seed grain in Iraq (see Box 15) and apparent arsenic dermatoses in
Antofagasta, Chile associated with elevated arsenic levels in drinking water (see Box 16). In each of these
instances, the cause of the disease occurrence was eventually strongly suggested by the clinical mamfestauons
of disease and the potential for exposure.

Hypothesis selection, however, has been much more difficult in other simations where clinical features
or other observations did not clearly implicaie a particular factor (see Box 12 and Box 13). In the particular
instance of oesophageal cancer, many environmental hypotheses have been suggested, including ones requiring
interactions between genetic, nutritional, and environmental factors. While such an interactive etiology may
yet prove correct for this disease in the so-called oesophageal cancer belt, such complex hypotheses are not
easy for analytic epidemiological studies to test. ‘

4.2 Choose a study design
(Basic Epidemiology Chapter 3; Environmental Epidemiology Chapter 2)

Having settled upon a particular hypothesis to test, the public health worker must next choose an
appropriate epidemiological study design by which to test that hypothesis. A number of epidemiological study
designs exist (Table 2) and the ones usually used for formal testing of hypotheses are prospective cohort
studies, retrospective cohort studies and case-control smidies, These study designs differ fundamentally by
approaching questions of causation from opposite ends of the cause-effect spectram. Cohort studies start from
the exposure end and assess cause-effect relationships by comparing frequencies of disease within exposed and
unexposed populations. Case-control studies start at the discase end and compare frequencies of exposure
among cases and non-cases. Naturally, in disease outbreak investigations where no clear etiologic hypothesis
exists or several hypotheses have been proposed a case-control design may be the first choice.

As indicated earlier, etiologic hypotheses can also be examined in the course of other ep:demmlemeal
activities (case surveillance, descriptive studies), especially when illness is acute and when latency between
disease onset and potential exposure is short. For most other situations, however, some type of formal analytic
epidemiological study, or a series of such studies, may be necessary to establish the cause of the disease.

The type of study chosen for a particular situation rests with a variety of factors, among them the nature
of the disease itself, its frequency in the population, the frequency of postulated risk factors, resources avallable
to support epidemiological studies, and the experience and preference of the particular public health worker
Details regarding how such factors may affect given study situations are provided in depth in various texis and
monographs (¢.g., Environmental Epidemiology). General, theoretical and practical advantages involved in
using either approach are summarized here (see Table 2).

Case-control studies can provide powerful and accurate estimates of risk ratios, and can be economical
in terms of both cost arid study duration. Case-control studies are useful and practical both in studying acute
epidemic disease situations and in examining chronic, long-latency, hyper-endemic problems.  Thus,
case-control methods were used not only in testing the association between Toxic Qil Syndrome cases and food
oil use in Spain (Box 1) but also in studying risk factors related to oesophageal cancer occurrence in northem
Iran (Box 13).

Cohort studies (comparison of exposed and non-exposed populations) have the theoretical advantage of
making direct measerements of disease risk because they count illness occurrences in defined populations and
80 can calculate actual population-based illness rates. Such rates can be calculated for past cases if the cohort
study is retrospective (counting cases from some point in the past to the present), or for case occurrence in
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Table 2. Major features of various study designs in environmental epidemniology

Study design Population Exposura Health effect Confounders ara  Problams Advantages
Descripfiva study  Various sub- Racords of past Mortality and Difficult w sortout  Hard to establish  Cheap, uselul to
popllations measurements morbidity cauge-esult and formulata
slatistics; Case axposure-offect hypothesas
ragistrias, atc. telatonships
Cross-sectional Community or Cumant Currant Usually easy to Hard to astablish Can ba done
study special groups; meastro causa relationship;  quickly;
Expasad v& non- currant exposure  Gan use large
axposad groups may be imalavant  populations;
to current diseace  Can astimate
axtent of problam
{pravalenca)
Frospective cohort ~ Community oF Dofined atoumet  Tobe determined  Usually easy to Expansiva, time Can estimate
Stuly spacial groups, of study (can during courze of messute consuming; incidence and
Exposed ve non-  change during study Exposad relative risk;
expoted groups course of study) categofias can Can study many
changs; diseases;
High dropout rate  Can infar case-
rémult relationships
Retrospattive Special groups Qecurred in past - Occurred in past - Ofien difficult 1o Changes in Lets expentive
cohor study such as need records of need reconds of measure because  exposure/otiect and quicker than
occupational past past diagnosls of retrospactive ovar time of sludy;  cohort prospective
groups, patients, measurements and nature (a.g. past need to raly on study giving
and insured maasuremants GMOKing habit) records that may  similar rasponses
persons not ba accurata if sufficient past
encugh racords are
available
Tima-serios study ~ Large community  Curentag. dally  Cumenteg. daily  Often difficult to Many confounding  Useful for studies
with several changes in variations in gort out, B.g. factors, oftan on adute effects
rillion peaple; anposura mortality offects of difficult to
Susceptivle influenza measura
froups such as
asthmatics
Case-control study  Usually small Occurred inpast  Knownatstartel  Possible v Difficult ¥ Ratativaly cheap
groups, and doterminad by study aliminate by goneralize duato  and quick;
Diseases {cases)  records of matching for them  small study Usetul for studying
vs non-diseases interview groups; rarg diseases
{controls) Soma incarporate
biases
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the future. Both retrospective and prospective cohort studies have the theoretical capacity to assess relative
risk despite relatively long intervals (latency) between exposure and clinical illness development For
prospective studies there may be a considerable time delay before any conclusions can be drawn.

For any form of cohort analysis, particularly for prospective studies, financial and other resource
requirements can be inordinately great if the disease under study is rare. Under such conditions, large
population groups may need to be studied so that statistically meaningful rates can be achieved. Because of
this limitation in cohort studies, case-control approaches are often preferable when disease frequencies are low.
However, from the viewpoint of assessing the influence of competing risk factors (risk factors other than the
one being tested), cohort studies, especially of the prospective type, have a distinct advantage over case-control
approaches. 'When information about exposure t© environmental factors is collected prior to disease
occurrence, as is usual in cohort studies, more complete and accurate exposure measurements may be made
than if these are made after the case has occurred. Information on exposure collected by interviewing study
subjects in a case-control study may be distorted because the subjects are aware that they do or do nnt have
the illness of interest.

Examples of cohont studies include Minamata disease in Japan (Box 14), mercury poisoning’ m Iraq
(Box 15), arsenic toxicity in Chile (Box 16), and PBB exposure in Michigan (Box 7). These studies examined
disease patterns among populations receiving differing doses of toxic agents. :

4.3 Planning the analytic study
(Basic Epidemiology Chapter 3; Environmental Epidemiology Chapter 2)

Once the disease is defined, populations at risk are identified, hypotheses formulated, and a smdy design
selected, the study itself must be carefully planned. Whether a cobort or a case-control approach is chosen,
a principal design concern is to determine at the start how large a study is required; how large a population
should be followed or how many cases of disease and how many controls need to be included? Such size
considcrations depend on how statistically powerful the health care worker wishes the smdy to be, i.e., what
degree of incrcased risk will the study expect t0 demonstrate and at what level of probability should the
hypothesis be accepted or rejected. To detect a small, subtle increase in disease occurrence (say, two-fold),
a study will need 1o be considerably larger than one designed to detect a large increase (say, ten-fold), given
particular parameters of background rates of disease occurrence and environmental hazard exposure.. Such
study size requirements need to be carefully specified and calculated as an initial step in study design. Table
3 provides an example of sample size requirements under given conditions of statistical power and disease or
exposure frequency. A detailed discussion of sample size can be found in Adequacy of sample size in: health
studies (Lemeshow et al., 1990).

After study size requirements have been defined, exact procedures for identifying the charactenmcs of
study subjects (populations at risk, or cases and controls) will need to be specified. How will appropriate
study subjects be recruited, from what source, and with what ethical safeguards? The latter consideration may
require using informed personal consent forms and committee reviews to ensure adequate protection.. Such
provisions are of particular importance if tissue specimens are collected for laboratory testing or if information
of a personally sensitive or confidential natare is required.

As cohort populations or case-control subjects are selected for study, it is crucial that comparabmty be
maintained among groups. For example, in case-control studies, the controls (persons without disease) should
be drawn from the same population groups as cases, so that the two groups of subjects are comparable as far
as possible in all respects except for the presence or absence of the disease being studied. ‘Similar
comparability requirements apply in selecting populations to compare in cohort smdies, except that the groups
then are defined by the presence or absence of exposure to the environmental hazard.

Comparability can be partly achieved by matching cases and controls or exposed and non—exposed
subjects with respect to certain variables, thereby guaranteeing comparability for at least those variables. In
matching cases to controls in this fashion, it is well to limit such matching to no more than two or three major
variables (age, race, and sex, for instance), leaving comparability on other points to be achieved by adjustmems
in the process of data analysis.

Once procedures for selecting study subjects are designed, methods for collecting disease or exposure
information regarding those subjects must be developed. Often this entails construction: of questionnaires, a
complex process for which expert advice might well be sought. The exact format and order in which questions
are asked or in which data are recorded can greatly enhance or hinder eventual analysis of the results.- Where
possible and appropriate, existing field-proven questionnaires or data forms should be used or adapted. Such
considerations are important not just from the viewpoint of how data are collected in the field but also with
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Table 3. Sample size for a hypothesis test of the Odds Ratio
{from Lemeshow et al., 1990)

(Level of significance: 5%; Power: 90%; Alternative hypothesis: 2-sided)

(Level of significance: Power: 80%; Altemnative hypothesis: 2-gided)

P*, = Anticipated probability of “exposure” for persons without the disease
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respect to how those data are subsequently processed for statistical analysis. The software EPIINFO (see
Section 3.6) is a useful tool in most epidemiological studies using microcomputers for data processing,

It can be of particular value, whatever form of study is undertaken, to incorporate in the study design
a capacity 10 assess potential dose-response relationships. For case-control studies, this means querying cases
and controls regarding exposure to environmental hazards in such a way that degree of exposure can be
assessed (number of cigarettes smoked, amount of cooking oil used, etc.). Conversely, in cobort studies
selection of study populations should be made in a manner which permits definition of degrees of exposure
within cohorts. With such data regarding gradation of exposure, risk estimates can later be made wﬂh respect
to potential gradation of health risk level. If it is found from such estimates that disease risk increases in
proportion to degree of exposure (dose-response relationship), the smdy results will be c0n$1derab1y more
convincing from the viewpoint of etiologic interpretation than if exposure-disease relationships were merely
assessed at a single level of exposure. However, it should be kept in mind that initial level of exposurc may
change among study subjects when they are followed for long periods of time. ‘

In addition to the scientific methodology of study design, one must not overlook practical considerations
when developing plans for an analytic epidemiological study. There are resources to be considered,
transportation arrangements if field visits are contemplated, personnel requirements, and laboratory resources
if environmental or biological specimens are to be collected and tested in the study. The health workcr must
also plan the time requirements for the study. How long will it take to collect and analyse T.hc data?
Arrangements will need to be made for checking data completeness and accuracy, for assembling data for
analysis, and for the actual process of data analysis. If laboratory quality control procedures are required or
are not already in place, these will need to be provided. Adequate provisions may also be needed for
designing and testing data collection forms and questionnaires. (See Environmental Epidemiology, chapter 5)

4.4 Perform the study and analyse the resuolts
(Basic Epidemiology Chapters 4 and 5; Environmental Epidemiology Chapters 5 and 6)

When all preparations for a study are complete, data collection can proceed, followed by assembly of
data and eventual analysis. Once data are collected, checked for completeness and accuracy, and assembled
for tabulation and mathematical testing, their actual analysis can begin,

Particular statistical procedures for assessing degree of risk and statistical significance of compansons
{when appropriate) are adequately described in other statistical and epidemiological texts available from WHO
(e.g., WHO, in press). The tests appropriate for a particular study design or data set should be chosen during
the process of developing the study, with consultation at that point with biostatisticians, as needed (for
example, some believe that it is not correct to apply a formal measure of statistical significance [p value] to

a "cluster” analysis sincc the choice brings itself to the investigator’s attention). Appropriatg tables, charts and
graphs should be used in displaying results of data analysis. Again, the software EPIINFO provides the ability
to produce such data displays and the associated statistical analyses.

In developing an analytic epidemiological study, and in evaluating the results of a study once completed
public health workers should recognize that answers to questions of etiology may not be reached in a single
epidemiological effort. Commonly, and especially in situations where disease etiology has long remained
obscure (see Box 13 and Box 12), multiple studies will be necessary to establish etiology. If different studies
produce similar or consistent results, especially with evidence of dose-response relationships, conﬁdence in
the collective epidemiological findings will be stwengthened.
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5. INTERVENTION STAGE

(Basic Epidemiology Chapter 7, "Management and control"; Environmental Epidemiology, Chapter 7)

The objective for epidemiological investigations is to provide a knowledge of cause-effect and
dose-response relationships which can be used for public health interventions designed to prevent, control or
climinate the health problem. Such actions, interrupting the chain-of-causation which produces the disease,
can themselves provide further epidemiological evidence regarding disease etiology. If the public health
action, sugpesied by prior descriptive or analytic epidemiological observations, does indeed eliminate or
substantially control the disease problem, then the suspected cause-effect relationship gains strong support.
In the Spanish TOS situation the epidemic had already begun to decline, and the national recall of suspect food
oils probably contributed to the abrupt disappearance of the acute epidemic (Box 17).

Although the epidemic appeared to subside even before the oil recall began, the close time relationship
remains a dramatic public health event. In the epidemic of haemorrhagic illness among Vietnamese children,
removal of coumarin-contaminated talc produced a similar dramatic disappearance of epidemic disease
(Box 18). A similar cffect was seen in the cases of mercury poisoning in Iraq (Box 15). And in Jamaica,
when parathion-contaminated flour was removed from rural food supplies, epidemics of parathion poisoning
ceascd (Box 19).

To discover the environmental cause of a health problem and then to eliminate that disease by removing
its cause is, of course, the ideal outcome of public health practice. In most situations, however, especially
when environmental exposures are associated with long-latency illness (cancer, nephropathy, etc.), the
outcomes of epidemiological studies are rarely so dramatic and satisfying. Instead, the public health officer
may necd to take some form of action based on inconclusive epidemiological findings. The appropriate action
may be 1o undertake further studies or to call for the advice of an expert advisory group with respect to what
further steps should be taken. If the data show no indication at all of a significant disease problem (as with
a cancer cluster judged 1o be the result of chance case aggregation), it should be tentatively stated that no
chivironmental health problem exists. The problem, its possible causes, and the results of epidemiological
studies must be carefully and fully explained to the news media and to concemed community groups. This
is particularly important when an investigation fails to confirm a suspected environmental health hazard since
negative conclusions are usually more difficult to communicate convincingly than positive findings (even
false-positive findings). In this process of public health action through public communication, clear, frank,
and consistent discussions of the problem under study and the results of epidemiological studies are essential.
The effects of faltering communication leading to public misunderstanding are difficult to overcome when
community concern over potential environmental hazard is high. (See section 6.4)




6. RESOURCES AND SUPPORT NEEDED

(Basic Epidemiology Chapter 11, "Further reading" and “Further training";
Environmental Epidemiology sections 5.2.3 and 5.2.2)

Resources needed for epidemiological evaluation of environmental bealth problems vary wn;h the nature
and extent of the problem. They can be considered under five general headings: :

(1) epidemiological resources
(2) laboratory resources

(3) informaticn resources

(4) communication resources
(5) funding rcsources

6.1 Epidemiological resources

Excluding technical resources needed for special laboratory testing or environmental measurements,
epidemiological studies can usually be conducted within the framework of existing resources in a normal,
functioning Health Department. Unless the disease problem is very extensive and disruptive, epidemiological
data can be collected by existing staff as an extension of regular duties. Data management and analysis needs
are relatively simple and involve personmel and supplies routingly available except when large and complex
epidemiological studies become necessary. Because of the convenience of modem microcomputers, it is well
worth considering using such for storing and analysing data even in small studies. The software EPIINFO,
available from WHO, has been specially designed to facilitate small and medium size epidemiological studies.

Collaboration with other researchers can sometimes facilitate an investigation. In order to locate scientists
who have an interest in the type of disease being studied, it may be helpful to contact the WHD Global
Environmental Epidemioclogy Network (GEENET) at the following address: b

Environmental Epidemiology

Division of Environmental Health

World Health Organization

CH - 1211 Geneva 27 Telefax: (022) 791 07 46.
Switzerland

6.2 Laboratory resources

Some epidemiological investigations require some form of laboratory testing. Hypotheses: regarding
particular chemicals as possible etiologic agents will require measurements to detect the presence and
concentration of such chemicals either in the environment to which persons are exposed, or in tissue, serum,
or other biologic materials obtained from exposed or diseased persons themselves. These laboratory tests can
provide descriptive, exploratory data as a background for the design of appropriate epidemiological, studies or
can be incorporated directly into analytic epidemiological studies as one form of information: regardmg
populations or cases and controls being compared (see Boxes 1, 4, 6, 14, 15, 16, etc.).

The circumstances of each health problem will dictate how to search for possible chemmal causes. In
some settings it may be a matter of searching for the presence of a limited variety of chemicals, in Wh.lCh case
specific laboratory techniques and technical resources can be defined relatively quickly (see the problem of
mesotheliomas and zeolite exposure in Turkey, Box 20),

For most discase problems, however, where an environmental etiology is suspected, a w:de range of
diverse materials may be suggested as potential etiologic agents. Designing joint epidemiological-laboratory
studies or conducting laboratory tests alone then becomes a matter of selecting which particulari chemicals
deserve priority attention. That decision process will obviously be affected by practical considerations as well
as theoretical hypotheses about possible etiology. Some laboratory testing is simpler and less expensive to
perform than others, with more accessible laboratory facilities in a given region and with fewer uncertainties
with respect to technical methodologic limitations (accuracy and precision of test procedures). In contrast, the
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detection and identification of some chemicals may require expensive and time-consuming laboratory work,
with necessary equipment and analytic resources being available only at a few research referral centers. Choice
of laboratory tests to be conducted for particular disease problems in particular geographic locations will
obviously be greatly influenced by such considerations. Eventually, if initial laboratory and epidemiological
studies do not resolve etiologic questions, specimen testing in special referral laboratories with expert
consultation from outside sources may become necessary.

There may be a strong lemptation, in situations where disease etiology is unclear and where many
hypotheses are proposed, to apply laboratory testing very widely, searching for the possible prescnce of a great
number of different chemicals all at once. Since this course of action can be very expensive and
time-consuming and since it stands a good chance of being non-productive in the end, decisions regarding
which laboratory tests to run must be approached with caution. Aside from considerations of expense,
technical difficulty, and laboratory precision, attention must be given to likelihood of human exposure o
particular chemicals, route of exposure and tissue absorption, metabolic alteration of chemicals in tissue if
absorbed, and persistence in tissue over time if exposure is not recent or sustained, For many chemicals,
persistence in the environment (soil, water, air) or in tissue may be very short-lived, in which case tests 10
detect such chemicals may be futile and wasteful. On the other hand, as illustrated in the Michigan PEB
situation (Box 7), if a unique and biologically persistent chemical is involved and if laboratory techniques can
be developed to measure its concentration with reasonable accuracy and consistency, laboratory test results can ./
become a central and indispensable component in epidemiological investigations.

6.3 Information resources
(Basic Epidemiology Chapter 11, "Further reading”; Environmental Epidemiology, References at end of
each chapter)

Since potential sources of environmental toxins, synthetic or natural, are very numerous, and since our
knowledge of such toxins and how they act is increasing rapidly, it is important for Public Health Officers to
have access to cumment toxicologic and environmental health information. For the bulk of common toxic
materials (lead, mercury, common pesticides, etc.), information available from the International Programme
on Chemical Safety JPCS) (Table 4) or information in existing textbooks in toxicology and environmental
health will answer most questions that arise. These reference materials should be available in Jibraries at local
ot regional levels. To strengthen the local availability of information materials WHO distributes the maierials
listed in Table 4 to more than 2000 libraries wortldwide.

More specialized information can be obtained by consultation with selected specialists or special referral
centers. It is a good idea to keep a list of local resources of this type available in each public health office.
One approach to identifying specialists would be to contact members of the GEENET (scc Section 6.1).
Through such specialists and centers, access 1o numerous computerized data files can be arranged. These files ,/
offer comprehensive synopses of environmental health and toxicologic data on a large number of particular
chemicals and environmental diseases. Many information files are now available on CD-ROM (compact disk
read only memory) accessible via a microcomputer. Additional general references are listed in the References
scction of this manual.

6.4 Communication resources
{Environmental Epidemiology Section 7.2)

A large degree of public concern is usually an intrinsic feature of health problems for which the etiology
is obscure but for which some form of environmental chemical exposure may be responsible. The extent of
that concem is determined both by the severity and extent of disease in the population and by the degree of
public exposure to postulated risk factors. Public concern may be intense only for a short time if the epidemic
is short-lived and without residual disability or chronic clinical sequelac. However, public concem can become
a determining factor in the design and implementation of epidemiological studies if the health problem persists
and if etiologic questions are not easily answered. Pressure can build rapidly, forcing hasty public health
investigations and laboratory studies without sufficient time and resources being allowed for proper study
development,

To achieve a proper balance between the scientific requirements of suitable epidemiological-laboratory
studies and responsiveness to public concern and interest, public health authorities must be prepared to deal
openly and actively with the public information aspects of the situation at hand. During the earliest phase of
the developing problem, it is important that full information be available to the public and that responsible
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Table 4. List of referance matarials with information on
specific environmental hazards from agencies in
the International Programme on Chemical Safety (IPCS)

IPCS is a joint programme of the World Health Organization, the International |.abour Organlsatlon
(ILO) and the United Nations Environment Programme (UNEP}. .

Material published by WHO:
Environmental Health Criteria (EHC) Senies issued by the WHO/ILO/UNEP International Programme

oh Chemical Safety (IPCS) [¢.90 fitles]
Health and Safety Guides (HSG) [c. 90 titles] and
International Chemical Safety Cards (ICSC) [c.400 titles) ;
Technical Report Series (TRS) covering environmental health or occupational heakth issues.
IARC monographs (IARC = International Agency for Research on Cancer)
Speciat monographs on environmental and occupational health
Guidelines for Drinking Water Quality (3 volumes)
Air Qualty Guidelines for Europe

Materials published by ILO:
Encyclopaedia of Qccupational Health and Safety
CIS datahase (CIS = International Occupational Safety and Health Information Centre)

Materials published by LUNEP:
IRPTC toxicity profiles and legal files

(IRPTC = International Registry for Potentially Toxic Chemicals)

public officials be kept completely abreasti of medical developments and the progress of E.,scie:ntiﬁc
investigations. While information should be made fully available at frequent intervals both to public officials
and to concemed citizens and citizen groups, at the same time great emphasis must be placed on maintaining
as calm and controlled a public viewpoint as possible. Precipitous public statements using overly dramatic
expressions and terminology can easily encourage unwarranted public alarm. On the other hand, anything
short of full, prompt, and open information about current knowledge will also lead to public concemn and
distrust, It is essential to have a public information plan by which public announcements are fully coordinated
with public health workers engaged in field studies and which provides prompt, frequent, and open mports on
the current statug of disease occurrence and on current progress in disease investigations, :

6.5 Funding resources

There are many govemmental and non-govemmental sources for funding epidemiological studies. It is
beyond the scope of this manual to provide extensive details on the process of applying for th;e,se. funds.
Readers may refer to a number of sources of lists of funding institutions. For example, The Directory of
International Grants and Fellowships in the Health Sciences lists over 100 funding sources. It can be obtained
free of charge by writing to International Research and Awards Branch, Fogarty International Center, National
Institutes of Health, Building 31, room B2C21, Bethesda, Maryland 20892 (telephone: 301-496-1653).

The International Foundation Directory (H.V, Hudson, Consultant Editor; Europa Publications, London)
is another list of funding institutions and is available in the reference section of many libraries. In addition,
a list of funding sources for environmental epidemiology is currently being compiled by the World Health
Organization (Environmental Epidemiology, Division of Environmental Health, World Health Orgamzatmn
CH - 1211 Geneva 27, Switzerland)

The process of funding an investigation can sometimes be facilitated by collaboration w1th other
researchers. In order to locate scientists who have an interest in the type of disease being studied, it may be
helpful to contact the WHO Global Environmental Epidemiology Network, (see Section 6.1).




7. EVALUATION STAGE

Once the outbreak is under control and appropriate interventions have been inidated (e.g., closing a
rcstaurant, withdrawing a contaminated product, or placing a bag filter atop an industrial silo), the atention
of the study team should focus on how the outbreak investigation was handled, with the objective of
identifying how it may have been handled better, and whether an appropriate infra-structure exists within the
community for responding to environmental emergencies.

Because of inter-country differences, no specific guidelines can be given, but the following evaluative
questions should be considered by the evaluation team:

How was the initial outbreak information received?

Was it referred to the appropriate person/persons?

Have appropriate persons been designated to receive outbreak information and initiate a proper response?
Was investigation into the outbreak initiated without delay?

Were the appropriate non-health administrative officials notified?

Did these persons provide appropriate support to allow heaith officials to investigate the outbreak and
recommend intervention?

Was there smooth cooperation between local, regional, national and inter-national health professionals?
Did health officials have sufficient expertise to deal with the outbreak?

Were appropriate resource materials available?

Were appropriate resource persons available?

Do designated health officials need to receive further training in order to deal with similar environmental
emergencies?

Do appropriate standards exist to prevent similar outbreaks from occurring again?

If standards are in place, are they sufficiently enforced?

Is special legislation needed to implement standards?

Are there sources of contamination that are not covered under the umbrella of exishng standards?
Were the media properly used to disseminate information conceming the outbreak to the public?
Were the media, community, and other officials kept appropriately informed as the outbreak investigation
proceeded?

If indicated, do health education programs for prevention exist for reaching appropriate target groups?

As these and other questions are addressed by health, environmental, and other community
representatives, strengths, inadequacies and gaps in the overall infrastructure for dealing with environmental
outbreaks should be readily ideniified. It is important that community planning initially be multi-disciplinary
in scope, involve multi-community agencies, as well as representatives from citizens’ groups and the mcdia.
(Involved in this way, hopefully media representatives become a strong asset during the emergency phase of
the outbreak and Iater when public education programmes may be developed). Once the overall strategy has
been agreed upon, responsibilities designated, and guidelines for collaboration between agencies established,
individual agencies should form intra-agency advisory/planning groups to refine appropriate strategies to meet
their designated responsibilities,

At all levels, attention should be given to identifying areas of expertise at local, regional, and national
levels within country that can be called upon when the needs arises. The WHO Global Environmental
Epidemiology Network (GEENET) (see Section 6.1) can be helpful in this regard. Furthermore, professional
discipline-specific networks should be established in each country to provide peer review, collaboratiom and
support for outbreak investigations managed by its members,

During the evaluation and planning stages, community health workers should plan to identify
systematically nearest sources of environmental information, and procedures for accessing that information.
As mentioned previously, WHO is secking to meet environmental information needs of both developing and
developed countries by strenghtening selected libraries in Member States to promote the transfer of important
technical and scientific information. These libraries will receive key materials and will make them available
to scientific and public health personnel. In addition, WHO envisions that training programmes will be
available in the near future to train health workers to conduct emergency outbreak investigations.
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BOX 1 - TOXIC OIL. SYNDROME (TOS)* IN MADRID, SPAIN

In May 1981, an epidemic of acute lung disease struck in Madrid, Spain. Qver the next 3 months
more than 20 000 cases occurred in central and northwestern Spain, straining hospital and pubhc health
resources and creating great public alarm. The cause of the illness was obscure. An infectious eticlogy
was at first suspected, but this could not be confirmed. The disease showed several unusual immunologic
features, including high eosinophilia, with subsequent vasculitis, neuromuscular inflammation, and features
of Sjdgren’s syndrome. By early June 1981, there was strong epidemiologic evidence linking the dusease
to consumption of a particular food oil, suspected to contain some toxic material. Although it was not
pessible to isolate a specific toxin, the sale of suspected oil was stopped. The epidemic had already
begun to subside, but about 10 percent of affected persons were left with residual neuromuscular
impairment and 340 of the cases died. ‘

* For all "box" examples, citations for original reports are provided in the Reference section.

New cases and readmissions of TOS by week
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BOX 2 - YUSHO IN JAPAN

In October 1968 a newspaper in Fukuoka, Japan, reported an apparent epidemic of a strange
disease, characterized by severe acne-like skin eruptions. In the report, the ingestion of a certain brand
of rice oift was suspected as the cause, and a research team was established at a local university to
develop clinical and epidemiological studies and to do detailed chemical analysis of the suspected rice
oil. The clinical studies showed the patients had not only acne-like skin eruptions, but also dark-brown
pigmentation of the skin, nails, and mucous membranes, increased eye discharge, swelling of the upper
eyelids, a feeling of weakness, numbness of the limbs and severe headaches. Laboratory examinations
showed no systematic abnormalities except for markedly elevated serum trigiyceride, and the eventual
diagnosis was chloracne caused by the ingestion of some organc-chlcrine compound. Soon after the
epidemic was announced, a researcher reported that the rice oil used by the patients contained arsenic,
and immediate withdrawal of the rice oil from the market was made. This was not confirmed by the
ragearch team, however. It took the team about ten days to identify large amounts of polychlorinated
biphenyls (PCBs) in the suspected rice oil which was consistent with the clinical diagnosis.

Even after PCBs was found in the rice oil, the epidemiological investigations were continued,
demonstrating very unigue characteristics of the distributions of patients, that is, their distinct familial
aggregation and their marked temporal clustering. A case-control study as weil as an extensive cohort
study demonstrated that only consumption of a specific brand of rice oil produced on a special date was
associated with the epidemic. This specific rice oil contained a large amount of PCBs. The disease was
narned Yusho which literally means "cil disease” in Japanese.

BOX 3 - LATHYRISM IN INDIA

Lathyrism is an example of a disease associated with a natural chemical component of a plant
species (Lathyrus sativus, the chickling pea, or vetch) rather than a contaminant. The specific agent has
not been identified, but current attention is focussed on a neurotoxic amino acid, beta-(N}-oxalyl-amino-L-
analine. The condition may be of actite onset, with muscle spasms and an ungainly gait initially, leading
to paralysis of the lower limbs and a complete inability to walk. Although years ago it was endemic in
many areas, today it sufaces as more specific outbreaks in poor populations, notably atter drought
periods when other crops have failed. The association with the Lathyrus species has been demonstrated
in & number of surveys, examining local populations for symptoms and enquiring into dietary habits, with
parallel biochemical and toxicoksgical studies in the laboratory supporting the role of the plant. Thus
investigations of local outbreaks of disease where dietary habits are unusual may need to take into
account the possibilty that a natural component of some foodstuff could be implicated. The
epidemiological approach then requires close attention to the types of food eaten by affected people,
comparing thase carefully with the habits of non-affected segmeants of the population. In principle this
approach is similar to that required when a contaminant is suspected, attention being given to the broad
types of food eaten rather than fo specific supplies of any one item.
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BOX 4 - CHILDHOOD LEUKAEMIA, WOBURN, MASS., USA

In late 1979 public attention focused on an apparent cluster of childhood leukaemia cases in the
town of Woburn, Massachusetts, USA. Since 1972, six such cases had been diagnosed in families living
in a six-block residential area. Concern regarding these cases was heightened by simultaneous concem
about water poliution in the town as well as past local practices of industrial toxic waste disposal. The
neighbourhood in question {see map) was located near a former industrial area (chemical and pesticide
production) and near two of 11 wells which provide the town's water supply. Both wells (Wells G and H)
were found to be contaminated with organic chemicals (trichloroethylene and other related organic
solvents) on several occasions between 1967 and 1979. “

Epidemiological investigation of childhood leukaemia occumence in the town began with
surveiliance and diagnostic confirmation of all cases diagnosed in residents of the town for the titme period
1969-79. Death certificates and medical records in hospitals and physicians' offices were the sources
of surveillance information. The resulting observed number of cases were compared with expected
numbers calculated on the basis of national leukaemia incidence rates in individual census tracts. The
observed number of cases (6) was 7.5 times the expected number (0.8) in census tract 3334 (see map
helow).

To investigate the possible relationship of this apparent case cluster to local well pollution or to
other local environmental factors, a case-control questionnaire study was conducted. Interviews were
carried out with one or both parents of each of the 12 Woburn leukaemia patients and of 24 control
children, selected from current public school enrollment lists and matched by age and sex, two ito each
leukaemia case. No significant differences were found in this comparison with respect to a wide range
of potential environmental exposures and to family histories of cancer. It remains uncertain whether this
occurrence of childhood leukaemia reflects an etiologic relationship to potentially cancer-causing
chemicals in local water, or was merely the result of a random time-space clustering of such cases.

Wilmington

Map of Woburn showing residence
location of chilldhood leukaemia cases
at time of diaghosis: 1969-1979

C.T.3336

Burlington

C.T. 3334

Winchester
A/ = tormer industrial area
X = wells ‘
. = case of childhood leukaemia
C.T. =census tract
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BOX 5 - TOS: CASE DEFINITION

National surveillance of TOS case occurrence was established by the central Ministry of Health
soon after the first week of the epidemic. Hospitals reporied newly admitted cases by telephone on a
daily basis. lliness early in the epidemic was defined as preumonic infiltration associated with fever and
myalgia, with rash and eosinophilia usually present. Unfortunately (see Section 3.1), the consumption
of the suspected oil was also included as one of the criteria for a case. This made later epidemiological
studies on the causation of TOS more difficult.

BOX 6 - ITAKITAI DISEASE IN JAPAN

The first cases of this disease were reported by a local general practitioner in a rural Japanese
area in 1955. He noted an unusually high occurrence of a severe painful bone disease (often with
multiple bone fractures) which resembled osteomalacia. "ltai-itai” disease in Japanese means "ouch-
ouch” disease. The clinical diagnosis was given as osteomalacia in most cases. The doctor believed that
the local increase in osteomalacia was due to the iocal occurrence of a new disease and therefore gave
the disease a new name. Epidemiological studies showed that this type of disease could not be found
in neighbouring areas.

in the beginning the case definition was not well established, and one of the main features of the
disease, tubular kidney damage was not present in all cases given the diagnosis Hai-itai disease, but it
was common. When analytic apidemiclogical studies were carried out in the 1960s, all known features
of cadmium poisoning (including kidney damage) were included in the case description. Thus some
cases unrelated 1o the main causal factor, cadmium exposure vig food and water, may have been
included in the first acknowledged cases.
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BOX 7 - POLYBROMINATED BYPHENILS (PBB)
FOOD CONTAMINATION IN MICHIGAN, USA

In the summer of 1972, a chemical factory mistakenly distributed ten 25-kg bags of PBB (a flame
retardant with carcinogenic potential) to dairy farms throughout Michigan for use as a cattle feed additive
(see map below). The chemical caused widespread cattle deaths, calf loss and decreased milk
production, but the mix-up was not identified until 9 months later. Since PBB persists in tissue; it was
possible to measure levels of contamination in cattle and dairy food products. Such surveillance led to
widespread quarantining and destruction of animals and products in which PBB levels exceeded set limits.

Raports of various illnesses in families on affected farms led to epidemiological studies designed
to detect possible PBB-caused human health effects. Cases of illness ("PBB Syndrome”) consisted
largely of subjectively reported symptoms: headache, joint pain, loss of appetite, skin rash, etc. Studies
of illness occurence in PBB-exposed families {families on quarantined farms or receiving food products
directly from those farms) failed to show relationships between reported illness and serum PBB levels
(see table below). Low levels of PEB were demonstrated throughout the whole population of Michigan,
but not in Canada or nearby states. The chemical was found to concentrate in mother's milk. Continuing
surveillance of possible health effects in exposed farm families was established. No evidence of
increased illness, including cancers, has yet been seen, but it should be emphasized that it ofters takes
20 years or more before cancer can be detected in people exposed to an environmental carcinogen.

Distributlon of quarantined
livestock pramisas in Michigan,
3 May 1975

PERCENTAGE INCIDENCE OF REPORTED SYMPTOMS AND Caunmows*
SiMcE 1973 BY Semum PBE4+ Lever
{(MicHiGan, PBB Stupy, 1974-77

Symptoms and

Conditions 1] 1 2-3 4.9 16-19  20-99 100+ Mecan
Fatifuc 46,5 40.1 40.7 381 378 28,7 214 38.3
Rashes 9.0 L) 8.4 7.2 8.3 6.3 4.1 78
Joint pains 429 327 298 264 28.4 218 17.1 28.6
Hepatitis 4.5 1.4 1.8 t4 1.3 0.0 0.0 L4
Dizbetes . -

mellitus 4.7 29 2.4 1.8 1.9 33 0.0 24
Benigr tumors 2.1 1.5 56 4.3 53 18 2.6 5.3
Cancer-all

sites Ki] 0.9 .5 0.5 1.0 0.4 1.3 0.6

Mutmber of ‘ _

subjects* a9 76 41 892 36 176 126 3,356

e ———— T T T

*Excludes volunteer subjects.
TPBB concentrations in parts per bitlion (ppb).
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BOX & - VENO-OCCLUSIVE DISEASE
IN AFGHANISTAN AND INDIA

In May 1973, information was received of an outbreak of liver disease in a small group of villages
in Central India characterized by the acute onsat of continuous pain in the right upper quadrant of the
abdomen, rapidly filling ascites, and a drop in urinary output. The mortality was reported to be high. The
affected area was a partly rocky terrain with very poorly developed communication and medical facilities,

During the preliminary study, no clue could be found as to the nature of the disease or the
etiology except that acute viral hepatitis appeared to be most unlikely since jaundice was very rarely seen
in any of the patients. Several of the patients were known to have shared a common source of food, but
they had eaten nothing unusual and had not been exposed to any toxic chemical or toxic herbal medicine.
The biopsies of the liver done on all patients showed centrizonal areas of acute hemorrhagic necrosis.

In March 1975, information was received of a massive outbreak of liver disease in northwestern
Afghanistan. The outbreak had already been studied by two independent teams who had submitted
conflicting reports ascribing the disease to malnutrition or some waterborne infection. Because of the
suspicion that some hepatotoxin was the cause, a botanist, an epidemiologist, and a nutritionist were
included on the new team, in addition to the pediatrician, gastroenterologist, and pathologist already
involved.

The field study team toured the 98 villages in a jeep. In some villages up to 90% of the people
who had been affected by the disease had already died. An interesting observation was that the villages
which were located next to streams did not have any cases. The staple food of the people is wheat,
which they make info unfermented bread which is soaked and eaten with tea or with vegetables,
occasionally meat. After detailed questioning of the people, no clue was obtained. They had never used
artificial fertilizers or pesticides. There was a distinct clustering of cases in tamilies.

After several days, a farmer walked up 1o the team to suggest that the cause of the disease was
a plant which was growing among wheat in the whole region. Seeds of this plant had got mixed with the
harvested wheat. He mentioned his own family (which had had no cases), in contrast with the family of
his neighbour, who had not cleaned the wheat and had succumbed to the iliness. The farmer had fed
the ieaves and the seed pods of this plant to his sheep, and the sheep started dying. When he
slaughtered them for meat, he found that the liver was shrunken and granular. In the fields of wheat,
there was luxuriant growth of a ptant which was identified by the botanist as belonging to the Heliotropium
species, which was known to contain pyrrolizidine alkaloids capable of producing veno-occlusive disease.

The seeds were analysed for alkaloid content, and as expected, pyrolizidine alkaloids were
confirmed fo be present. The wheat stocks of the people were exchanged with uncontaminated wheat,
and the outbreak was brought under control.

— ]
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BOX 9 - LEGIONNAIRE'S DISEASE, PHYLADELPHIA, PENN. USA

A sharp outbreak of pneumonitis with high montality (182 cases, 28 deaths) occurred in
Pennsylvania, USA, over a 2-3 week period in July and August 1976. Disease principally atfected
persons who had attended a convention of the American Legion (a war veteran’s organization) held at
a panicular hotel (Hotel A) in the city of Philadelphia over the four day period July 21-24.

Epidemiologic investigation began by establishing a case definition: fever with cough or with X-
ray evidence of pneumonitis, developing between July 1 and August 18, and affecting any person who
had attended the American Legion convention or who had entered Hotei A between July 1 and'the time
of itiness onset. Case survaillance systems were promptly established both through passive recording
of cases (reported by physicians and hospitals and from an adventised telephone "hot-line") and by active
daily searches for newly diagnosed cases at hospitals throughout the state. Special epidemiologic
surveys and case control studies were performed to assess pneumonitis frequency in guests in other
Philadeiphia hotels over the same time period, pneumonia mortality patterns among Philadelphia residents
in prior years, and patterns of illness and convention activities among all state Legion members who
attended the conventicn.

The outbreak was confined to persons who had been in Hotel A, or who had at least been oh the
sidewalks or street outside the hotel. There had been no parallel increases in pneumonia mortality in the
two previous summers. Incidence was somewhat higher in older persons and in cigaretie smokers.

Although clinical features of the epidemic strongly suggested that the outbreak was caused by
bacterial infection, extensive laboratory studies failed to identify an agent. Because of this initial failure
and because no evidence was seen 1o suggest infectious disease spread by person-to person contact
(ho secondary cases were observed in case roommates at the hotel or in case family members),
considerable attention focused on possible environmental etiologies. Paricular interest centered on
possible air or water-bome exposures 1o heavy metals (especially nickel) ot to toxic fumes. Extenswe
environmental studies, however, failed to develop support for these ideas.

Eventually, the bacterium later named Legionella was discovered and was convincingly shown
to have caused not only the American Legion outbreak but alse previous respiratory disease outbreaks
elsewhere in the world for which etiology had been obscure.
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Box 10 - TOXIC CHEMICAL WASTES, LOVE CANAL, NEW YORK, USA

The so-called Love Canal was a 3000 foot-long man-made channel southeast of Niagara Falls,
N.Y., originally dug in the nineteenth century as part of a plan for producing water-geherated electricity.
From 1942 to 1953 it was filled with waste chemicals (Chlorobenzene and related compounds) generated
frem production of organic pesticides by a local chemical company. The full waste site was sealed but
was later used as part of a site for residential community development. By 1975, it began to be apparent
that chemicals were escaping from the site by seepage in soil. Public concem grew regarding possible
human health effects, and in 1987 epidemiological studies wara begun to assess health risks, at the same
time as engineering work was started to contain the site and eliminate further exposure.

Since a wide range of illnesses were suggested to have resulted from exposure to Canal
chemicals, a broad community health survey was conducted among a sample of household located at
different distances from the site. The communily as a whole had a population of about 4000 persons,
of whom 300 lived in homes directly adjoining the Canal. No consistent patterns of increased morbidity
were seen. Paricular attention focused on reproductive abnormalities because of presumed heightened
sensitivity of the developing foetus to chemical injury. Results of these particular studies showed no clear
evidence of elevated risk for spontaneous abortion, neonatal congenitai matformations or low birth weight.
Cancer incidence in the census tract containing the Love Canal was compared to incidence in other parts
of New York State. No consistent differences were seen for cancer as a whole or for cancers at particular
tissue sites, especially leukaemia and hepatic cancer. Frequencies of chromosomal aberrations were
measured in former residents of selected homes adjoining or nearby the Canal and in matched controls
from a comparable census tract elsewhere in Niagara Falls. Again, no differences were seen which might
suggest genetic damage from exposure to Canal chemicals.

In all of these studies, of course, interpretation was severely hampered by uncertain information
regarding exposure and by the relatively small size of the exposed population.
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BOX 11 - CASSAVA POISONING IN NIGERIA

Since 1934 there have been reports of a degenerative neuropathy in Nigerians. Now referred
to as Tropical Neuropathy (TN), the main features are numbness and tingling in the distal parts of the
limbs, bilateral perceptive deafness, myelopathy, girdle and joint pains, stomatoglossitis, orogenital
dermatitis, gatt disturbance, and bilateral optic atrophy. The peak incidence is in the fifth and sixth
decade of life, and it affects males and females equally.

In searching for a cause of TN, it was noted that the disease occurred among poor laberere living
entirely on gari, which is a culinaty derivative of cassava (Manihot utifissima). It was postulated that TN
resulted from chronic ¢yanide intoxication from hydrocyanic acid (HCN) released on enzymatic or acid
hydrolysis of linamarin, a glycoside found in high concentration in the root of cassava. -

To determine the actual dose of hydrocyanic acid to which these Nigerians were exposed, their
diet was studied in great detail. 1t was learned that an adult consumes at least 750 g of cassava daily
in areas where it forms the staple diet. This quantity generates about 35 mg of HCN (about hatf the lethal
dose of the acid}. It was estimated that tubers and tuber-products of Manihot are extensively lnmrporated
in the diets of well over 300 million people who live in the tropics and sub-tropics.

Cooking and fermentation are known fo remove some cyanogens from cassava. Therefore
another step was essential before pursuing the hypothesis further. measurement of the agent in various
tissue in cases and controls. Tests of blood, urine, and liver offered support to the hypothesis (see table
below). With these data on actual exposure and tissue effects, researchers proceeded with deta:led
epidemiologic studies. ‘

Plasma concentrations of cyanide, thiocyanate (micro-moles/100 ml), urinary excrelion of
thiccyanate (micro-moles/kg body weight/24hrs), hepatic rhodanese activity (micro-moles of thiogyanate
formed per minute/mg of protein in liver homogenate), plasma concentration of methionine and cyetlne
{mg/100 mi) in Nigerian patients with TN (within 48 hrs of admission to hospital).

PATIENTS CONTROLS

No. mean + SEM* No. mean + SEM
Plasma SCN dp4 113 + 02 206 24 + 015
Plasma CN 177 0.1+ 0.0004 106 0.03 + 0002
Urinary SCN 138 24 4+ 04 40 06 + 0.05
Hepatic rhodanese agtivity 25 018 + 0.2 25 0.24 + 002

No. mean + 5D No. mean + SD
Plasma Methionine 17 020 + 03 25 043 + 004
Plasma Half-Cystine 17 031 + 05 25 118 + 04

* SEM = Standard error of the mean




BOX 12 - BALKAN NEPHROPATHY

Balkan endemic nephropathy is a fatal human kidney disease affecting the rural population in
circumscribed areas of the Central Balkan peninsula. First recognized in the 1950s, this disease is known
to affect at least 20 000 persons. In some villages of Yugoslavia the prevalence rate is 2 to 4%. The
population at risk in the three countries is over 100 000 persons. Bulgaria, Romania and Yugoslavia are
the only countries where this kidney disease has been identified in the endemic form.

The disease starts without an acute episode. Eardy signs are very mild proteinuria and
normochromic anemia. The progression of the disease is very slow. The disease is most common
between the ages of 30 and 50.

Today Balkan endemic nephropathy is considered to be a specific entity. Howeaver, there are no
clear-cut clinical criteria for the recognition of early stages of the disease. Therefore, data on its
prevalence and incidence are based on repetitive tindings of proteinuria, creatininemia, anemia and a
positive family history of the disease.

In the past 30 years many hypotheses have been raised trying to explain the etiology of this fatal
disease. Water was frequently considered o be an etiologic factor, but apart from the fact that the
endemic villages are located mostly along big rivers, no other relationship has been established between
water and andemic nephropathy.

Analyses of water, soil and food for composition of trace elements and other nephrotoxic agents
{&.9.. lead, silicium, cadmium, uranium, aluminium, arsenic, selenium, aristolochic acid, et¢.) showed no
difterence between endemic and non-endemic areas. Numerous microorganisms have been associated
with the disease, but no strong evidence has been found to support these hypotheses. In 1967 it was
suggested that this nephropathy might be caused by fungal metabolites. Based on similarities between
porcing nephropathy in Scandinavia, which is known to be caused by ochratoxin A, it has baen proposed
that the eticlogy of Balkan endemic nephropathy may be related to ochratoxin A as well,




BOX 13 - OESOPHAGEAL CANCER IN IRAN

Oesophageal cancer, more than most cahcers, shows great variations in incidence (200 foid or
greater) between different countries or regions in the world. This marked variation in frequency is
particularly apparent as one progresses from west to east along the southern littoral of the Caspian Sea
in northem lran (see map). Data from a registry established in 1968 showed that oesophageal cancer
incidence rates (per 100,000 population) rise from about 20 for males and 5 for females in some areas
of the western province of Gilan to about 200 for males and 260 for females in parts of Mazandaran
province to the east. Such striking variations in incidence within a restricted geographic area strongly
suggest the influence of environmental factors. That idea is reinforced by the presence of wide variatians
in climatoiogic, geographic and sociologic conditions in the area.

To examine the possible origins of oesophageal cancer in this setting, an epidemiologic study was
developed whereby regions of low incidence were compared to high incidence regions. Demographic,
economic and agricultural details of each village were assembled. A sample of households was then
randomily selected to provide 50 adult males and 50 adult females for a questionnaire survey in; each
village. The questionnaire recorded a wide array of information regarding ethnic background,
consanguinity, occupation, personal habits (use of fobacco, opium, alcohol, etg.), diet, agricultural
practices and family history of oesophageal cancer. Food stuffs were analysed for a variety of toxic
materials (nitrosamines, aflatoxins, etc.), and water was tested for nitrate/nitrite levels.

For most potential carcinogenic risk factors examined in this extensive survey, no correlatlon was
seen in relation 1o the survey's gradient of oesophageal cancer risk. Despite the known relationship of
alcohol and tobacco use to oesophageal cancer risk elsewhere in the world, neither of those two factors
showed any relationship in this particular setting. Likewise no correlation was seen for use of local plants
or herbs in cooking, for cooking practices themselves, or for any particular occupational risk. Use of
opium, however, showed some relationship to the cancer risk gradient, perhaps especially with respect
to local habils of eating tarry residues from opium pipes after smoking. A strong correlation was also
seen for dietary nutritional deficiencies in areas of highest cancer risk. These findings have suggested
that future investigations might focus on the role of restricted diets in enhancing sensitivity to carcinogens
potentially present in materials such as opium residue tars.

Age-standardized incidence rates of oesophageal cancer !
in the Casplan littoral of lran 0
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BOX 14 - FETAL METHYLMERCURY POISONING, MINAMATA, JAPAN

In April of 1956 a 6-year-old girl entered a hospital in Minamata, Japan with gait disturbance,
speech disturbance, and delirium. Every week new cases occumred in all age groups. Investigations of
infections and other causes were started, but initially no cause was found. By late 1956 there were 52
others with a similar condition. After several years of investigation it was determined that methylmercury
was the cause of this outbreak. Water poliution by different mercury compounds from a chemical factory
led to a buildup of mercury in the sediments and in fish of Minamata Bay. Aliogether several hundred
families involved in commercial fishing in Minamata Bay were poisoned by methylmercury in fish caught
locally.

In some families, pregnant women were exposed, and 23 of them gave birth to children with
severe cerabral palsy, giving an estimated incidence of 6% of all births, which is much higher than the
reporied background incidence of 0.1-0.6%. Many of the pregnant women had poigoning symptoms
themselves, and in the families where the pregnant women were not poisoned, other family membaers
were poisoned. Scientific review groups later drew the conclusion that the cerebral-palsy affected children
had been poisoned from their prenatal exposure to methylmercury in fish.

In an outbreak of methylmercury poisoning in irag due to contaminated bread, there were also
a number of pregnant women exposed. Most noteworthy was the increased prevalence of abnormal
neurclogic tests and delayed development in the children, whose mothers were exposed to less
methylmercury than those who suffered severe poisoning in Japan. Thus, the cerebral palsy cases were
only the “ip of the iceberg” of the intrawuterine poisoning problem. Furthermore, studies have revealed
cases of intrauterine exposure to methylmercury in other countries, including Canada and New Zealand.

BOX 15 - SEED POISONING IN IRAQ

In Iraq an outbreak of poisoning due to the consumption of fungicide-ireated seeds occurred in
1971-72. A total of 6530 cases were admitted to hospital; of these, 459 died. Fungicide-treated grains
werg distributed o farmers between September and December 1971, On 26 December the first report
of poisoning cases reached the Ministry of Health. The patients’ symptoms were typical for organic
mercury poisoning. Seed grains were suspected at an early stage because of similar poisoning incidents
which had previously occurred in Iraq on a smaller scale. Descriptive studies showed that all age groups
and both sexes were affected, but the poisonings occurred mainly among farmers in rural areas.

Analytical epidemiological studies showed a definite link between the consumption of bread made
from fungicide-treatad seeds and the mercury concentration in hair and blood. There was also a clear
link between consumption of the bread and occurrence of poisoning symptoms. Both cohort studies and
case-contral studies were carried out.

As soon as the cause was identified, public health actions were taken 1o stop consumption of the
contaminated grains. The effect of these actions could be seen clearly in a rapid decrease of cases
admitted to hospital.




BOX 16 - ARSENIC IN DRINKING WATER, ANTOFAGOSTA, CHILE

Inthe city of Antofagasta, Chile, the water supply contained high concentrations of arsenic during
the period 1958-70. This area is a desert and the water had 10 be brought from the Andes Mountains
300 km away. In the mountains there is a high natural concentration of arsenic in the surface waters due
to the type of mingrals in the hills, Furthermore, there is a possibility of arsenic contamination from
copper mining activities. In the beginning of the 1960s, abnormal skin pigmentations were noted in an
unusual number of people {particularly children) in the city. Clinical investigations showed that the
patients with pigmentation alse often had other symptoins such as chronic cough, chronic diarrhoea,
abdominal pain, and blocd vessel changes (Raynauds syndrome and acrocyanosis).

Arsenic in hair and nails was used for biological monitoring of the dose in analyhcal
epidemiological studies that were started in the middle of the 1960s. They showed a clear association
between arsenic dose and symptoms and also a much higher prevalence of abnormal skin plgmematlon
in the Antofagasta population than in a control population.
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BOX 17 - TOS: INTERVENTION EPIDEMIOLOGY

In early June 1981, as the epidemic was at its peak, clinical observations in childhood TOS cases
suggested that some element of diet, perhaps food oil, might be associated with the disease.
Pediatricians at the Nino Jesus Hospital carried out a case-control study, obtaining food histories from
families of 100 TOS children and from families of 100 children from the same neighbourhoods but with
different diagnoses. The resulis showed a strong case association with cheap food oil purchased from
a particular source of street vendors. Within the next several weeks, five other case-control studies in
other parts of Madrid and the provinces confirmed this particular food oil association. Distribution; of the
oil was stopped, and in late June a national recall of suspect oils was begun through exchange for pure
olive oil. Actually, the epidemic appeared to subside even before the oil recall began, but followmg the
oil recall, the epidemic declined rapidly.

Laboratory studies of case-associated oils have to date failed to identify a specific. toxin.
Contamination of oils with trace amounts of aniline dye and aniline derivatives was at first thought to be
related to oil toxicity. Such contamination was later found to be also present in many other cheap food
oils in Spain, nohe asscciated with TOS.

BOX 18 - HAEMORRHAGIC DISEASE, HO CHI MINH CITY, VIET NAM

An outbreak of haemorrhagic syndrome (blood clotting disorders) in young babies was recognized
in August 1981 in Ho Chi Minh City (Viet Nam). The new and characteristic nature of the syndrome, the
rapid development of an epidemic (with a total of 741 known cases within 3 months, including 177
deaths), the closely defined age range affected (15 days to 3 months), the lack of fever and the inability
to grow any organism from blood samples, pointed collectively to a toxic agent in some preparation to
which infants were likely to be exposed. A questionnaire approach among a sample of families in.which
cases had occurred was then used, enquiring into a wids range of items concerning living conditions and
the use of insecticides, househokl products and certain foods. The one common factor that emerged was
the use of talcum powder for infant hygiene, which is relatively uncermon in Viet Nam. Analysisiof the
talcurn powder revealed contamination with warfarin, a chemical used to prevent blood clots in humans
and sold to the general public as rat poison. The bulk stock of the manufacturers was found fo be
similarly contaminated. An experimental study using baboons replicated the effects and showed that
warfarin could pass through the skin. The epidemic was halted within a few days by stopping the sale
and use of this talc.
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Box 19 - ORGANOPHOSPHATE POISONING, JAMAICA

An epidemic of organophosphate poisoning occurred in Jamaica in January 1976. A total of 79
cases occurred, 17 of them fatal. lliness diagnoses were confirmed by the presence of typical symptoms
(blurred vision, increased salivation, muscle fasciculations, dyspnea, conwvulsion) and by laboratory
evidence of depressed plasma and/or red cell cholinesterase activity. The severity of iliness suggested
poisoning with parathion, one of the more potent organophosphate pesticides. The source of the poison,
however, was not immediately apparent. Use of parathion in Jamaica had been banned some years
before.

Intensive epidemiological investigations, undertaken at the end of January when a flurry of
poisoning deaths brought the epidemic abruptly to attention, revealed three discrete poisoning episodes
in three separate villages along the south coast of the island, east of Kingston, during three separate 24-
hour periods. In each episode cases occurred immediately after ingestion of flour dumplings, as
confirmed by food histories obtained from affected an unaffected persons in the three villages. Severity
of illness seemed roughly to correspond with numbers of dumplings eaten.

The tiour from which the dumplings were made was traced in each instance to a single lot of
coarse grade bulk flour which had been produced in West Germany and shipped by sea to Jamaica in
November 1975. Upon inspection in the villages, individual sacks from this lot of flour were found 1o be
contaminated with splashes of liquid parathion. These sacks has been inadvertedly distributed, with other
food stuffs, to the three villages. lliness occurred shortly after the flour from these particular sacks began
to be sold to local families. Although the exact source, mechanism, and location of parathion
contamination was never determined, it clearly occumed either during shipment to Jamaica or in the
process of transport or dock-side loading in Europe. When the cause of the epidemics became apparent,
Jamaican authorities confiscated the contaminated flour, and no further organophosphate illness occurred.

BOX 20 - MESOTHELIOMAS IN TURKEY

Certain areas in Turkey have rich deposits of fibrous minerals called zeolite, similar to asbestos.
Mining of the minerals is camied out in the open air and fiber-containing materials from the mines are
used for construction purposes in the local fowns and villages.

In the late 1970s it was noted that there was an apparent increase in the mortality rate of lung
cancer in this region and epidemiological studies were started. As zeolite-induced diseases (pleural
plaques, lung fibrosis, lung cancer, mesothelioma) were immediately suspected, it was easy to define the
type of diagnostic resources necessary. Chest X-rays are essential for the early diagnosis of these
diseases, and pathology laboratory resources are needed for the identification of mesotheliomas.

One study (Baris et al., 1979) found prevalence of chronic fibrosis or calcified pleural plaques
between 2 and 24% in exposed villages, and in one village 5% of the 600 inhabitants had pleural
mesotheliomna.







