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Chapter 5∗ 
 

ASSESSMENT OF EXPOSURE AND HEALTH EFFECTS 
 
 
5.1     Introduction 
The goal of environmental epidemiology is to understand the health effects of 
environmental factors that are outside the immediate control of the individual 
(Rothman, 1993). As such, it encompasses the processes and effects of expo-sures to 
physical and chemical pollutants not only in the open environment, but also in 
occupational environments, together with the study of the spread of infectious agents 
through environmental media such as the air, water and food. Moreover, 
psychosocial factors and the public’s perception of environmental health risks are 
increasingly important in environmental epidemiology.  
     Typically, the exposures that are beyond individual control affect many people 
simultaneously. Measurement of individual exposures is thus difficult and costly. As 
a result, environmental epidemiological investigations often have to rely on the use 
of existing data, and to analyse these at the aggregate rather than individual level. It 
is also important to appreciate that epidemio-logic studies require more than data on 
exposure and health. Equally important are data on other known or possible risk 
factors which may confound the health outcomes of interest. Environmental 
exposures often have small effects that may be masked or distorted by the effects of 
confounding. Observed health effects of air pollution, for example, may be 
confounded by risk factors such as smoking or occupational exposures. Socio-
economic factors act as confounders for many environmental health effects. The 
assessment of effect modification (i.e. the change of the strength of the association 
between exposure and health outcome according to some other factor) is also 
important for generalizing observed exposure-effect relationships to other 
populations. In environmental epidemiology, problems connected with ecological 
analyses (i.e., problems with inference based on grouped data) call for further 
methodological work. For example, by obtaining individual-level data on the 
exposure and certain covariates in samples of selected groups, it might be possible to 
determine the limits of ecologic bias in estimating the health effects (Morgenstern 
and Thomas, 1993; Prentice and Thomas, 1993). 

                                                
∗    This chapter was prepared by T. Nurminen, M.Nurminen, C. Corvalán and      
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     The health effects of pollutants found in the environment can be divided into two 
broad classes: acute (i.e. short-term) and chronic (i.e. long-term) effects. Each of 
these can range in severity from death to minor illness or discomfort. 
Microbiologically contaminated water or food, for example, can have an intense 
health effect a few hours after a short exposure, but with no detrimental long-term 
effects on health. Arsenic in water, on the other hand, may have a severe longer-term 
effect at low but constant exposure levels (e.g. leading to cancer). Lead 
contamination provides an example of an environmental hazard which can have 
either acute or chronic effects. Thus, some pollutants may have an almost immediate 
effect after exposure and other substances may require accumulation in the target 
organ before causing any detectable adverse health effects. For some pollutants there 
may be a threshold level, below which no health effect is evident. For others there 
may be no threshold, and some effect may occur at even the lowest exposure levels. 
Moreover, some health outcomes may require a period of latency before the effect is 
observed.  
     People are not affected equally by the same environmental hazard. Substantial 
variations in sensitivity to an exposure may thus occur within a population. These 
differences may derive from a number of factors, including differences in 
characteristics of the individual. In this context, recent advances in the 
understanding of the role of genes has been particularly important, though problems 
may exist in determining whether the marker for sensitivity being examined is a 
measurement of the genotype itself, some host characteristic, or family history 
(Hatch and Thomas, 1993). 
     Age, nutritional status and state of general health are also important determinants 
of individual vulnerability. Exposure hazards for the normal “healthy” population, 
therefore, do not necessarily apply to all sectors of the population, and separate 
assessments may need to be made for particular high-risk groups such as infants and 
young children, the elderly, pregnant women and their foetuses, the nutritionally 
deprived, individuals suffering from some disease (de Koning, 1987).  Such groups 
can often be identified by assessing the degree of effect modification which occurs 
for each specific group compared to the "normal" population. It is especially 
important to identify these high-risk groups because they will usually be the first to 
experience adverse health outcomes as the level of the pollutant increases. A study 
in Romania, for example, showed higher values of lead in blood in children living 
near a lead smelter than in adults in the same area; these results indicated that 
biomonitoring should be extended at least to children in other parts of the city 
concerned (Verberk et al., 1992).  
     Vulnerability of populations to hazards is also evident in the different abilities of 
individuals or groups to mitigate their exposure to, and effects of, environmental 
threats. For example, if microbiologically contaminated water leads to cases of 
morbidity, the effect of the contamination will depend in part on the ability of an 
individual or a group to gain access either to alternative water sources or to 
therapeutic treatment. Ability to cope with the effects of environmental hazards is 
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very often limited by economic circumstances. Thus, while high rates of mortality in 
an area may be in part due to the existence of an environmental hazard, they are not 
necessarily a direct indication of pollution levels. Instead, the severity of the effect 
of the hazard may be more closely related to variations in the ability of individuals 
to protect themselves from exposure or to treat the effects of the hazard. 
 
5.2     Exposure patterns and processes 
The assessment of exposure is clearly fundamental to environmental epidemiology, 
and methods of exposure assessment have consequently been the focus for much 
attention in the literature (e.g., AIHA, 1988; ACGIH, 1989; HSE, 1990; 1991; CEN, 
1991; 1992; Hawkins et al., 1992; ISO, 1992; Rappaport and Smith, 1991). 
However, environmental exposures can occur in many different ways. Exposure may 
take place as a result of inhalation, ingestion or dermal absorption to pollutants 
which have been carried or stored in the air, water, food, biota (vegetation and 
animals) and soil. In many cases, exposure may occur simultaneously from many 
sources and through multiple routes. Pathways of exposure to lead, for example, 
include air pollution from traffic and industrial emissions, drinking water, food, 
tobacco smoking, dusts, paints and other industrially produced commodities and soil 
(IARC, 1982). Valid exposure assessment therefore typically requires detailed 
knowledge about the geographical distribution of the pollutants of concern, the 
temporal variations in pollution levels, the processes of exposure, and pathways of 
exposure, and the time activity patterns of the exposed individuals. 
 
5.2.1   Geographical distributions 
The geography of environmental contamination is complex. Different pollutants may 
be derived from a wide range of different sources, including localised point sources 
(e.g. industrial chimneys), line sources (e.g. roads) and diffuse sources (such as 
agricultural activities). Release from any of these sources may also occur either 
through controlled pathways (e.g. from a stack or discharge pipe) or as fugitive 
emissions, which leak inadvertently into the environment. Once in the environment, 
they may be transferred by many different processes and pathways. On the way, 
they undergo a great variety of changes as the result of dilution, deposition, chemical 
reactions and physical decomposition. Rates of these processes depend upon the 
pollutant species and the environmental medium concerned. As a result, patterns of 
pollution differ markedly in their magnitude and extent. Some pollutants may be 
widely and relatively uniformly distributed, due either to the ubiquitous distribution 
of their source activities, or the effects of long-distance transport. Other pollutants 
show more localised patterns, reflecting the localised distribution of emission 
sources and the limited extent of transport.  Atmospheric pollutants emitted 
primarily from tall stacks (e.g. sulphur dioxide from power stations and other major 
combustion plants), for example, may be widely dispersed. Nitrogen dioxide, which 
is derived primarily from low-level traffic sources, often shows marked variations 
even within an individual street. Nitrate and phosphorus pollution of surface waters 
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is extremely extensive. Organic pollution of drinking water, in contrast, commonly 
occurs at the level of a neighbourhood or household. Food contamination can be 
specific to a particular product and affect all population groups consuming the 
product, or it can be specific to a household or neighbourhood where food storage 
hygiene is locally inadequate. Exposure to electromagnetic fields can vary strikingly 
over short distances.  
 
5.2.2   Temporal variations 
Temporal variations in pollution levels are equally important. Pollution levels 
typically show a number of different trends at different temporal scales. In many 
cases long-term trends exist, reflecting underlying changes in the rates of emission 
(e.g. as a result of technological or economic changes or due to policy intervention). 
Superimposed upon these there may be annual variations, reflecting year-to-year 
differences in climate or source activity. Many pollutants also show marked 
seasonal, weekly and diurnal patterns, due to cycles of activity and short-term 
climatic and other effects.  Major, short-term pollution episodes may also occur as a 
result of sudden, accidental releases. Measurements of exposure will therefore vary 
according to both when sampling is carried out and the duration of individual 
measurements (the averaging time). There are also many different ways of 
expressing the exposure level, e.g. as the average, peak, percentile (95 per cent and 
98 per cent are often used), frequency of exceedance of a specified level, or 
cumulative duration of exceedance. The time scale of interest and the specific 
indicator to be used will depend on the health outcome one wishes to study and 
existing aetiological knowledge about the exposure-effect process. Concurrent 
exposures are not always the main concern, but information on past exposures may 
also be needed  in the case of outcomes such as cancer, information may be 
needed for many years previously. 
     In order to model past or future concentrations, or to isolate the effects of specific 
pollution episodes, it may be necessary to unravel the effects of these different 
components of temporal variation. This is often extremely complex, for the different 
cycles are not easily identifiable and are often masked by considerable random 
variation in pollution levels. Time series analysis is often used for this purpose, but 
even this method must be used with care since it involves a number of assumptions 
and decisions on the part of the user which may significantly affect the results.  
 
5.2.3   Measurement issues 
Variations in individual absorption or metabolism of pollutants are also complex. 
Exposure assessment and dose estimation thus pose difficult problems for those 
investigating the health effects of environmental agents. Concepts of exposure were 
discussed briefli in Chapter 3. As noted there, the term "exposure" refers both to the 
concentration of an agent at the boundary between an individual and the 
environment and to the duration of contact between the two. Dose, in contrast, refers 
to the amount actually deposited or absorbed in the body over a given time period 
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(Hatch and Thomas, 1993). Internal dose is the ideal measure from the scientific 
standpoint, but limits and standards set by health and safety legislation usually relate 
to external exposures. Occupational exposure to lead, for example, is regulated and 
monitored on the basis of blood lead levels in workers. Blood lead, however, is 
inadequate either for monitoring organic lead compounds or as an indicator of 
amounts of lead in target tissues and temporal variations of exposure levels 
(Kazantzis, 1988).  While there is undoubtedly a need to improve externally derived 
measures of exposure, efforts are also needed to estimate internal dose using 
methods such as empirical dosimetric modelling, pharmacokinetic modelling and 
biologic markers (Hatch and Thomas, 1993). 
     The long latency time likely to occur between exposure and presumed health 
effect in many cases further exacerbates the difficulties of exposure assessment 
(Rothman, 1993). In these circumstances there is a need to link data on present-day 
health outcomes to data on past exposures. Estimation of past exposures, however, is 
often exceedingly difficult. Where good historical records are available, it may be 
possible to make generalised estimates of exposures, and examination of past 
patterns of pollution can provide a basis for modelling (Hatch and Thomas, 1993). 
Nevertheless, suitable historical data on exposures are often lacking.  Changes in 
pollution levels, place of residence and lifestyle may also mean that it is not realistic 
to extrapolate back from recent data. For unrecorded and imperceptible exposures 
(such as electromagnetic fields in particular) retrospective evaluation can be only 
approximate, at best.  
 
5.2.4   Pollutant combinations 
People are often exposed to different pollutants simultaneously. To isolate the effect 
of one requires that the others have been controlled for in the analysis.  Exposure to 
these may occur at different locations (e.g. in the workplace and/or at home) and at 
different times. Thus, it may be necessary to establish different sampling regimes or 
to use different sources of information to obtain exposure estimates.   
     The full range of factors which may need to be examined in any particular study 
is therefore potentially large. It may include many different environmental pollutants 
(including hazardous chemicals, radioactivity, dusts and particulates), from many 
different anthropogenic sources (including energy production, industry, pesticide 
use, transportation etc) and natural sources (e.g. geological release of radon), 
released either continuously or sporadically, and either under controlled conditions 
(i.e. deliberate discharges) or accidentally. Data on these pollutants may need to be 
obtained either from monitoring sites within or around the study area, or through the 
use of modelling techniques. In the latter case, additional data may be needed on 
levels of source activity (e.g. traffic density, industrial production), emission rates, 
meteorology and other factors which affect dispersion processes (e.g. topography). 
Different data sources, sampling regimes and analytical procedures may be needed 
for the different pollutants and sources involved. 
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5.3     Sources of exposure data 
 
5.3.1  Exposure sampling strategies 
Information on geographical variations in pollution levels may be derived from a 
number of sources. Often the most useful are the results of monitoring exercises. 
Almost all countries now run routine monitoring networks for a wide range of 
pollutants, and networks in many countries are being extended. New sampling and 
analytical technologies are being developed, including the use of automatic samplers 
and remote sensing. The development of low-cost sampling devices (e.g. passive 
samplers) for an increasingly wide range of pollutants is also facilitating the use of 
purpose-designed surveys. Gradually, improved awareness about the spatial and 
temporal variations in pollution is contributing to improved sample designs, so that 
monitoring is being undertaken more effectively (for example, by sampling the 
micro environment where exposure principally occurs) including indoor 
environments (e.g., bedrooms and living rooms in the assessment of radon and 
electric and magnetic fields). The use of total exposure monitoring, in which all 
potentially relevant micro environments are sampled, also offers opportunities to 
improve exposure estimates (Hatch and Thomas, 1993). In addition, personal 
exposure monitoring is being incorporated to some extent into environmental health 
assessment. Questions that form the basis of any sampling strategy include 
(Gardiner, 1995): 
§ What should be measured. 
§ How the sampling should be done. 
§ Whose exposure should be measured. 
§ Where the sample should be collected. 
§ When measurements should be made. 
§ How long sampling should go on for. 
§ How many measurements or readings should be taken. 
     Nevertheless, in many cases, it is not possible to obtain information directly on 
pollution levels for the locations or areas of interest. In these cases, models may 
have to be used to estimate exposures. Several approaches are available. Where 
suitable data exist, it may be possible to estimate pollution levels by interpolating 
data from nearby monitoring sites. With the development of GIS, a wide range of 
interpolation and mapping methods have become available (Briggs and Elliot, 1995). 
This approach is normally only feasible, however, where the distances involved are 
relatively small and the spatial variation in pollution levels limited. Alternatively, it 
may be possible to estimate concentrations in the areas of interest by using 
dispersion models. Again, a wide range of models have been developed over recent 
years, but their applicability is often limited by their relatively stringent data 
demands. Most air pollution models, for example, require detailed data on emission 
sources and rates and meteorological conditions Henriques and Briggs, 1998). 
Where neither of these methods are possible, it may be appropriate to use more 
empirical methods. Multiple regression techniques, for example, may be used to 
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construct predictive equations based upon environmental factors thought to 
determine pollution levels Briggs et al., 1997).     
     Obtaining reliable estimates of exposure at the individual or group scale is 
nevertheless extremely difficult, especially where routinely collected data are being 
used and variations in concentration are localised. In these cases, the measurement 
stations may not be representative of the environment in which exposure occurs. 
Within a geographically defined population, considerable variations in exposure may 
also occur, reflecting local variations in pollution level and individual behavioural 
patterns. The application of a single exposure score to the entire group, based for 
example on results from monitoring stations, is therefore likely to be erroneous and 
must always be undertaken with care. 
     One way of improving exposure estimates is thus to take account of people's 
movements through, and residence times within, the pollution field. This may be 
achieved either by using data on time activity patterns collected from purpose 
designed surveys of the tarket population (Silvers et al., 1994; Farrow et al., 1997) 
or by modelling time activity patterns (Ott et al., 1988).     
 
5.3.2   Routinely collected environment data 
Routine environmental monitoring provides one of the most important sources of 
exposure data. Most countries now undertake routine monitoring, and a number of 
international monitoring networks also operate. The advantages of routinely 
collected data are that they are likely to be relatively easily accessible (often through 
government departments) and widely available, to follow approved methods and to 
be available for a relatively long period of time. Nevertheless, routine data may not 
be optimal for exposure assessment and linkage with health data. Problems may 
include the relevance of the monitoring with regard to the population and the 
environmental health problems encountered, the frequency of the measurements, the 
spatial representativeness of the monitoring sites and the geographic and temporal 
completeness of the data. Examples of such problems include: 
§ Environmental data may be collected in areas which do not correspond to where 

the main exposures occur, or to where people live.  
§ Exposure data relevant to some important environmental health problems may 

not be collected.  
§ Data may be collected on a weekly or monthly basis, when more frequent data 

would be preferable, or data may be recorded on a more frequent basis but only 
summary data made available. 

§ Data may be collected for certain periods of the year (e.g. when exposures are 
assumed to be higher), but the excluded data would be relevant for comparison 
purposes. 

     Not all the data required can be obtained from government departments. 
Therefore additional information will often have to be sought, for example from 
industry or private research establishments. Typical examples of the data which may 
be available from these sources include information on the types of pollution and 
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waste treatment and control equipment, details of the manufacturing processes, raw 
materials usage, sales and data on emission rates. Difficulties with these data sources 
may include the confidentiality of the data, costs of data acquisition (there is an 
increasing tendency by many organisations to charge commercial rates for data), and 
lack of comparability. 
 
5.3.3   Previous field studies 
Data may be obtained, in some cases, from results of previous field studies. These 
are often conducted as part of research projects or as pilots for longer-term 
monitoring exercises. Large numbers of these studies have been carried out, 
especially in more developed countries. Commonly, they cover a restricted 
geographic area, but within these areas they often involve extremely detailed 
investigations. For this reason, they can be a rich source of environmental data. 
Problems may occur, however, in gaining access to results from such studies, for 
they may not be widely reported, and contacts with data holders may not be easy to 
arrange. Typically, also, they will not have been carried out specifically to 
investigate links between environment and health, so the survey design may not be 
optimal for such applications. In addition, the fact that the data are not routinely 
maintained means that they quickly become out of date. Problems of comparability 
may also occur, where there is a need to combine the data with results from other 
sources.  
 
5.3.4   Purpose-designed surveys 
For the reasons mentioned above, purpose-designed surveys would seem to provide 
the ideal source of data. These ad hoc surveys have the major advantage that they 
can be designed specifically to meet the needs of the study, so that the sampling 
framework, choice of exposure indicators and analytical techniques can all be 
optimised. In practice, however, they have two major drawbacks: they are likely to 
be costly and time-consuming.  In optimising the survey design to meet the 
immediate needs of the study, comparability with other data sources may also be 
sacrificed. Furthermore, the short-term nature of most surveys of this type means 
that their results may rapidly become redundant. For these reasons, purpose-
designed surveys should normally be undertaken only as a last resort, i.e. when 
suitable data are not available from other, existing sources. In these circumstances, 
use of rapid survey techniques and low-cost sampling devices may help to minimise 
costs and time-delays (WHO, 1982; Economopoulos, 1993).  
 
5.3.5   Finding environmental data 
The fact that environmental data are often collected not by official agencies but by 
private organisations and research groups means that searching for data can be a 
lengthy and frustrating task. This is especially so where data directories or 
metadatabases, listing available data sources, do not already exist. Even where 
directories are available, they may not be sufficiently informative, since they do not 
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necessarily record details of data characteristics, such as the method of 
georeferencing, spatial resolution and averaging time, all of which may be crucial in 
determining the utility of the data for environment-health linkage studies. In the 
absence of such directories, data availability can often only be established through 
direct contacts with potential data holders and by careful literature searches. 
     In recent years, several developments have occurred which have began to 
enhance access to data. One is general improvement in the recording and reporting 
of data, often as a part of Internet services. Associated with this, many agencies are 
now making their data publicly avialable via the Internet. A third development has 
been the work of national and international agencies to collate environmental data 
and establish central data repositories, archivies or databases. One international 
example is the WHO Healthy Cities Management Information System (AMIS), 
which provides data on monitored concentrations of air pollutants, wordwide.   
 
5.4     Environmental data quality 
5.4.1  Problems in environmental data 
The complexity of the environment, the high costs of monitoring, and the technical 
limitations of many environmental monitoring techniques, mean that environmental 
data are subject to severe problems of quality. Major problems typically include: 
§ Gaps in data coverage and completeness due for example to: 
§ equipment failure; 
§ detection limits (e.g. use of equipment which is unable to detect low 

concentrations of pollutants): 
§ failure to report or analyse data; 
§ gaps in the sampling network; 
§ cessation of sampling programmes; 
§ disruptions such as war, strikes or storms. 

§   Lack of data comparability, due for example to: 
§ changes in measurement techniques; 
§ changes in sampling design; 
§ changes in analytical, classification or reporting methods; 
§ changes in the parameters measured; 
§ administrative changes (e.g. in the administrative units for which data are 

collected). 
§   Bias and error, due for example to: 
§ non-representativeness in the samle design; 
§ measurement error (e.g. poor detection); 
§ analytical or modelling error; 
§ reporting or transcribing error; 
§ aggregation error (e.g. rounding). 

     The effect of all these factors is to introduce considerable uncertainty into many 
environmental data sets (Briggs, 1995; Elliott and Briggs, 1998). In the case of 
atmospheric emissions, for example, it has been suggested that current techniques 
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may have potential errors ranging from about 10 per cent for SO2 to per cent or more 
for volatile organic compounds, due primarily to uncertainties in the emission 
factors and source activity data used. Moreover, changes in the emission factors 
used mean that emissions data are often recalculated. In the UK, for example, there 
was a 40% change in the estimates of annual NO2 emissions between 1983 and 
1992, due to adjustments in methodology (Briggs, 1995).  
     As noted previously, national air pollution networks are often too sparse to detect 
local variations in pollution concentrations. Similarly, many national monitoring 
networks for stream-water quality collect samples on only a few occasions each 
year, so they give only poor estimates of the annual pollution level and provide little 
or no data on short-term variations. Estimates of waste generation and collection are 
typically based on only the most limited monitoring and in any case face severe 
problems of how to classify and quantify waste materials. As a result, estimates may 
have margins of error considerably in excess of 100 per cent (Briggs, 1995). For all 
these reasons, environmental data must be treated with considerable caution. 
 
5.4.2   Quality control 
In the light of all the problems inherent in environmental data sources, quality 
control is of the utmost importance. Poor quality exposure data can totally 
undermine attempts to analyse linkages between environment and health.  It is 
therefore vital to have good knowledge of the data collection procedures, so that the 
reliability of the data can be assessed (and, if necessary improved). This is 
particularly important where data were originally collected for purposes other than 
exposure assessment. Unfortunately, there is generally a lack of supporting 
information on the genealogy of environmental data sets. It is also often difficult or 
impossible to obtain independent measures of pollution or exposure against which to 
verify the data being used.  As a result, it is often difficult in practice to check the 
quality of the data, and there is an urgent need to establish standards for reporting 
and documenting data definitions and genealogy. In addition, the techniques 
available for quality assessment are as yet poorly developed. Equally important, 
therefore, is the development and application of improved methods for assessing and 
reporting data quality in environmental epidemiology (Hatch and Thomas, 1993). 
     It is particularly crucial to check the quality and consistency of information 
where data are obtained from different sources, for otherwise inherent 
inconsistencies may be overlooked. Among others, the following techniques can be 
used: 
§ Constructing scattergrams to examine the relationship between exposure 

indicators and to search for obvious outliers. 
§ Visually comparing data with other, independently published sources. 
§ Statistical comparison of data from different sources. 
§ Mapping individual indicators or use of trend surface analysis techniques to look 

for discontinuities which coincide with the boundaries between different data 
sources. 
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5.4.3   Data standards 
If valid comparisons between countries or cities are to be made, it is evident that 
environmental data standards need to be improved. The health-related programmes 
of urban air quality, water quality, and food contamination, carried out under the 
Global Environment Monitoring System (GEMS), have performed a valuable service 
in this respect by providing a framework for a standardized system of data collection 
for countries to follow. They have also provided advice on which exposures to 
monitor, and encouraged other countries to participate in this worldwide monitoring 
effort. In addition, the GEMS Human Exposure Assessment Locations (HEAL) 
program has provided resources directed to the collation of accurate and reliable 
data on human exposures (UNEP/WHO, 1993). Within Europe, both the European 
Environment Agency and Eurostat also have a major role in establishing standards 
and procedures for data collection, in conjunction with other inter-national agencies 
such as OECD and the United Nations Economic Commission for Europe (UN-
ECE).   
     Nevertheless, the adoption and implementation of common standards is not 
always feasible. The historic investment which many countries (especially in the 
developed world) already have in monitoring systems, for example, may make them 
reluctant to change to new, international norms. Local or national priorities and 
circumstances may mean that standards developed elsewhere are not considered 
relevant. To identify and analyse local problems may require the use of specific 
methods and indicators. Ensuring comparability with other areas or countries, 
therefore, is not always appropriate. Nevertheless, much useful information may be 
lost if cross-comparisons between results from different studies cannot be made (e.g. 
in order to obtain improved estimates of exposure-effect relationships from a wider 
range of areas). Even when developing specific, detailed studies, therefore, it is 
important to bear in mind the potential wider relevance of the results, and to design 
the study accordingly. 
 
5.5      Health assessment 
Adverse health outcomes due to environmental exposures represent a broad 
spectrum of effects. They range from premature death of many individuals to 
premature death of an individual, severe acute illness or major disability, chronic 
debilitating disease, minor disability, temporary minor illness, discomfort, 
behavioural changes, temporary emotional effects and minor physiological change 
(de Koning, 1987). 
     Traditionally, concern about environmental hazrds has tended to focus upon 
hazards believed to be contributing to excess mortality, in part because the relative 
ease of obtaining mortality statistics. Nevertheless, relatively few studies have 
shown associations between environmental pollutants and actual excess in deaths. 
Even where it would otherwise have been expected, investigation usually has not 
revealed gross excess mortality (Lancet, 1992). The main exceptions are severe 
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accidents or events which have resulted in release or accumulation of large amounts 
of toxic substances in the environment, leading to deaths due to poisoning. Long-
term effects on mortality are invariably even more difficult to demonstrate. 
Typically, only a small subset of the population experiences high levels of exposure, 
and the doses received by the general population are so low that only vulnerable 
high-risk groups are severely affected. As a consequenc, any excess mortality due to 
a pollutant is therefore restricted to a small section of the population, and mortality 
across entire populations is a weak and insensitive indicator of environmental health 
effects in most situations (Landrigan, 1992). Whether mortality is a reliable 
environmental health indicator, and if so for what groups, must be considered in the 
context of the particular circumstances.  
     Because of the general insensitivity of mortality, and because it would also be 
beneficial to detect the effects of exposure long before death, there are obvious 
advantages in having other, earlier measures of health outcome. One approach is to 
use data on morbidity.  In the case of diseases for which formal registers exist, such 
as cancers (Draper and Parkin, 1992; Swerdlow, 1992), relatively sound morbidity 
data are widely available. Otherwise, obtaining suitable data poses severe problems, 
due to the inadequacies of many health surveillance and recording systems, and the 
inconsistencies inherent in the data. Disease occurrence, for example, may be 
measured in many different ways: as number of hospital admissions, length of 
hospitalisation, drug sales, medical consultations, days-off-work, etc. Each of these 
measure different components of morbidity and all are subject to substantial 
differences in reporting rates. Disease prevalence may be influenced by variations in 
the duration of the disease and survival rates. Incidence data are generally less easily 
accessed and can be subject to artificial variations in ascertainment (e.g. as a result 
of screening programs). In order to avoid dilution of weak associations through 
inclusion of irrelevant cases, therefore, it may be desirable to focus attention on 
subgroups of disease which, on the basis of prior observation, can be considered 
specifically responsive to the exposure of interest (Hatch and Thomas, 1993).  
     Various more subtle indicators of health outcome may also be sought, such as 
reproductive and developmental outcomes or premorbid changes in the state of 
health. Routinely collected data on these effects are rarely available, and reliable 
data on baseline rates and normal ranges for subclinical end-points are often lacking 
(Hatch and Thomas, 1993). Questionnaires can provide an effective means of 
obtaining data on perceived health, but severe problems may occur in obtaining 
unbiased response rates across all sectors of the population. Biochemical or 
physiological changes in individuals or complaints to local health authorities 
regarding nuisance factors in the environment, may also beused as outcome 
measures. Whether these are indicators of adverse effects, however, depends largely 
on the accepted concept of the term “state of health” (de Koning, 1987). Despite the 
understandable desire to use earlier indicators of health effect, therefore, serious 
problems remain in obtaining the relevant data. 
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5.6     Health data 
Health data are clearly of primary importance in environmental health studies. In the 
context of the HEADLAMP approach, they perform two main roles. Firstly, they 
provide indicators of the effects of known exposures to environmental pollution on 
human health. As such, data on health outcome, when linked to appropriate 
environmental data, can be used to assess or confirm exposure-effect relationships 
within the study area, or to quantify the contribution of specific exposures to total 
mortality or morbidity. Similarly, monitoring of health outcome can show the effects 
of changes in exposure, due for example to policy interventions or the adoption of 
new technologies. Additionally, they can provide an indication of the possible 
existence of previously undetected exposures. Thus, variations in health outcome 
may be used to infer the existence of underlying variations in exposure which need 
to be further investigated. 
     As does environmental data, health data may come from a variety of sources, 
including routine monitoring, ad hoc surveys and purpose-designed studies. These 
provide data on a variety of indicators, including health status (e.g. infant mortality, 
progress in child development, blood pressure), disease (morbidity, hospitalization, 
incidence or prevalence of different signs and symptoms) and adverse effects (e.g. 
premorbid changes in the state of health and complaints to local health authorities 
regarding nuisance factors in the environment). 
     Results from routine health monitoring programmes generally provide the most 
appropriate source, for they tend to be available on a continuous basis for the whole 
of the area concerned, relatively easily accessible (at least at an aggregate level), and 
standardized in terms of procedure. Routine monitoring of health is undertaken for a 
variety of purposes: to provide management information on the performance of the 
health service, to monitor trends and detect changes in health status, to provide an 
early warning about health problems, and to monitor the need for and effects of 
health policy. It is these requirements, rather than any explicit need to link the health 
data with information on the environment, which consequently determine the design 
of the monitoring systems. As a result, routine monitoring does not necessarily 
provide ideal data for environment-health linkage studies. Moreover, like all health 
data, routinely collected information may be subject to errors and inconsistencies in 
diagnosis, reporting and georeferencing.  
 
5.6.1   Mortality data 
Data on causes of death are available in most developed countries and are the only 
health statistics for which comparatively long time series are available. Variations in 
diagnostic practice and coding will, however, affect the comparability of death 
certificate information between different regions within a country or between 
countries. Cause-specific mortality data may also be subject to misclassification. 
Each year WHO, receives mortality data classified according to cause from thirty-
seven developing countries and about the same number of developed countries. This 
information is readily available at WHO and published yearly in the World Health 
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Statistics Annual Report. Of the developing countries, only twenty-two consider that 
the reporting of deaths is complete (WHO, 1987). Therefore, very few developing 
countries are in the position to monitor changes in causes of death on the basis of 
complete and reliable data. 
     Data on infant mortality are considered to be an indirect indicator of the level of 
health in the population. There are, however, a number of conceptual and practical 
problems with this indicator. A particular problem relates to differences in the 
definition of "infant death" for registration purposes in the first few days of life. The 
coverage of countries and areas in developing regions of the world in which 
registration of infant deaths is at least 90 percent complete is much less than for 
those reporting total population births and deaths (United Nations, 1985). 
     Many studies of environment-health relationships rely on time series analysis. 
These consequently require short-term (e.g. daily) counts of mortality. Daily 
mortality data are likely to be available in many countries, but perhaps not always in 
a form that is useful for computer analyses. Extra data entry or data processing may 
therefore be required.   
 
5.6.2   Morbidity data 
Morbidity statistics are generally less readily available than mortality data even for 
developed countries. Typically, they are less complete and often refer only to 
specific subsections of the population. One exception to this is data on infectious 
diseases of significant public health importance. In most countries these must be 
recorded, and their reporting to a central health authority is often a legal 
requirement.  
     The accuracy of morbidity information depends on a number of factors, including 
the extent to which patients seek and obtain medical help, diagnosis practice and 
accuracy, the notification procedures, and treatment procedures. Variations in 
morbidity therefore do not necessarily reflect underlying differences in risk. When 
considering a small area, for example, it may be difficult to conclude whether a high 
prevalence of a disease is due to, say, a poor immunization rate or a good reporting 
of cases. Ongoing monitoring, instead of a cross-sectional assessment, is therefore 
desirable. 
     Disease registers are useful for obtaining incidence data on specific condi-tions. 
Most countries have registers of diseases, in particular of cancer. Other well 
organized registers include those of congenital malformations and mental disability. 
The utility of disease registers depends upon their level of completeness and quality 
of their records. Good registers may reach a completeness of 95 per cent or greater, 
but there may be significant unevenness in the level of completeness between areas 
(Swerdlow, 1992). Unfortunately, independent data against which to assess the 
completeness of disease registers are rarely available, though indirect measures 
(such as mortality to registration ratios) may be used to indicate discrepancies (Muir 
and Waterhouse, 1987). A register of a terminal disease such as cancer may 
therefore not be considered complete until data from death certificates is used to 
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complement those from referring hospitals and other regular sources. Other 
problems include duplicate registrations, differences in practice for dealing with 
multiple cancers, methods of georeferencing, and delays in registration (Swerdlow, 
1992). Moreover, not all registers are yet fully computerized. A considerable 
investment of resources may thus be necessary to capture the data in a form suitable 
for analysis.  
     Annual data on cancer incidence are reported to the International Agency for 
Research on Cancer (IARC) from registries in participating countries. Although 
more than twenty developing countries report to IARC, data refer to population 
subsections and in many cases there is a question as to their reliability. 
     Some countries keep specific registers for certain diseases, such as myocardial 
infarctions or congenital malformations. In other cases, information on specific 
diseases is collected through purposely designed health surveys of representative 
populations or specific high-risk groups. 
     Information on communicable diseases is also available in many countries, and 
routine monitoring has played an important role in disease control in developed 
countries. Data on these diseases may be collected in a variety of ways, including 
mandatory notification, surveillance, sentinel networks and laboratory networks. The 
task of assessing the health impact of different communicable diseases on the 
population is made easier in many cases, because (in contrast to chemical and 
physical agents) the health effects tend to be very specific for a particular exposure 
(e.g. hepatitis caused by hepatitis virus).  
     Monitoring of occupational diseases and accidents has proved to be effective in 
their prevention. Most industrialized countries have consequently established 
monitoring programmes for occupationally exposed populations, while developing 
countries are in the early stages of implementing such programmes. In recent 
decades, increasing numbers of countries have also linked mortality data with 
occupation and place of residence. This has brought to light several associations 
with potential aetiologic factors, although in most cases subsequent epidemiological 
analyses have been required to confirm the relations. Linkage of mortality data from 
health registers with exposure data can further enhance the detection of 
environmental risk factors. The effectiveness of such monitoring is increased with 
diseases specifically caused by environmental factors, such as pleural mesothelioma, 
lung cancer and asbestosis caused by the inhalation of asbestos dust. Similarly, the 
linkage of mortality and incidence data from cancer registers with information on 
occupation has provided a great deal of information on occupational cancers. 
     Additional sources of information exist in most countries which can be used for 
assessing disease and disability levels. These include hospital records, health service 
files, health insurance and physical payment systems, school records, work-day 
losses, and the sales of pharmaceutical agents. Although not ideal, these sources 
provide the basis for constructing indicators of certain aspects of health. Hospital 
morbidity data have the advantage of being detailed and fairly accurate, but detailed 
information is normally not coded; so, for many applications, data capture can be a 
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time-consuming process. Multiple admissions are also not always easily detected, 
while differential use of health services is a well recognized problem. Another 
problem is the difficulty in determining the denominator population for the 
calculation of rates.  
     Sources of data such as hospital admission or discharge records, cancer registers 
and records of congenital malformations, therefore, do not on average meet the same 
levels of exhaustiveness and standardization as mortality statistics (except in the 
Nordic countries). The potential value of these systems is nevertheless considerable, 
since they offer the opportunity to detect and monitor health effects in advance of 
mortality. It is therefore extremely important to improve these systems by increasing 
their accuracy, completeness and accessibility. 
     Health surveys also provide a valuable source of morbidity data. Surveys are 
routinely performed in many countries, while special surveys may be undertaken to 
investigate specific health issues. The utility of the survey results depends to a great 
extent upon the survey design. Many surveys are targeted deliberately at particular 
sections of the population (e.g. high-risk groups) and thus do not provide data on the 
health of the general population. Surveys may also be designed to give only national 
data; sample sizes may then be too small to provide reliable estimates at the regional 
level.  
     Specific local or regional surveys may also be carried out to supplement existing 
data. A detailed survey of the region of interest, for example, may be the best means 
of obtaining detailed morbidity data for a city or region. A census of a region's 
hospital or any other health agency will provide information on the major reasons 
for service utilisation.  
     The two main survey designs are the cross-sectional and longitudinal survey. A 
cross-sectional (prevalence) survey is probably the most practicable, as it provides a 
picture of the population at one point in time, making it a rapid and inexpensive 
method. Longitudinal surveys collect information over time, providing a useful 
moving picture of the population (measuring change of health status), but at 
considerable expense and requiring a long duration.  
     The quality of the results again depends upon the sample design. Probability 
sampling is often the most reliable way of ensuring that the survey can provide valid 
sample-to-population inferences. If the region to be surveyed is very large, areas 
within the region can be randomly selected using, for example, a multi-stage or 
stratified sampling technique. Determination of sample size is of great importance as 
it limits the precision of the survey estimates and thus constrains the analyses that 
can be legitimately carried out. The great advantage of a survey is that it can be 
designed to meet the specific needs of the study. Thus, it can be as detailed as 
necessary, and information on all the indicators of interest (e.g. morbidity, risk 
factors, and population characteristics) can be obtained simultaneously and within a 
consistent sampling framework. Although most surveys are designed to obtain data 
on morbidity, mortality data can be estimated by asking interviewees about deaths in 
the family. This is particularly useful, for example, in estimating infant mortality. 
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     General guidance on survey methodology can be found in textbooks on sampling 
techniques (e.g. Cochran, 1960). A number of specialized treatises are also available 
on survey sampling methods for the assessment of human health (e.g. Lutz et al., 
1992). 
 
5.7     Population and covariate data     
Interpretation of patterns in health outcome cannot be reliably carried out without 
reference to the underlying population or to variations in those factors which may 
act as potential confounders to the relationship between environment and health. For 
these reasons, most studies of environmental health rely on the availability of data 
on population and covariates, such as social conditions and lifestyle. Moreover, 
processes such as in- and out-migration create major difficulties in interpreting 
exposure-health relations on either a temporal or spatial basis (Hatch and Thomas, 
1993). 
 
5.7.1  Population data 
Data on population numbers are essential for most environmental health studies. 
Expressed merely in absolute terms, data on health have little meaning, for 
variations are likely to depend more on differences in the size of the population than 
on any underlying differences in health. For most purposes, therefore, it is more 
appropriate to express health outcome as rates — and this requires data on the 
population as a denominator. In some cases, simple population totals (by gender) 
may suffice for this purpose. These data are normally readily available from 
censuses, at least at the national level. Of the 218 countries or areas from which the 
United Nations Statistical Office requests demographic data, only fifteen have not 
reported an official estimate since 1979. Nevertheless, most countries carry out 
complete censuses on about a ten-year cycle, so at any one time population statistics 
may be considerably out of date. Estimates are therefore generally made, based on 
population projections. Although these may be reasonably reliable at the national 
scale, considerable errors may develop over time at the small-area scale. Projections 
also tend to become less reliable with increasing time since the base census. 
Moreover, errors in enumeration are common in censuses, while significant 
differences may occur in the definitions of the resident population (e.g. in how 
transients are classified) between different countries. Because these errors and 
discrepancies often affect specific sections of the population disproportionately, 
population data for certain social or age-groups may be particularly vulnerable to 
uncertainty.  
     For many applications, data are needed not merely on total population, but on 
population subgroups (e.g. by age and gender).  These are necessary, for example, 
where health effects are being studied within a specific age group (e.g. children), 
where disease rates may vary substantially between different age and gender, or 
where time-trends are being analysed. For this purpose, vital statistics are ideally 
required. These provide a demographic profile of the population under study, which 
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is essentially a count of persons cross-tabulated by age and sex and other personal 
characteristics. This information allows a computation of standardized rates as a 
basis for comparison both of the same population at other points in time, and with 
other populations.  
     To some extent, this information can be obtained from national censuses. While 
population by age is widely available for most developed countries, the number of 
developing countries for which reliable periodic estimates are available is much 
smaller than those with total population counts. Typically, data on population age 
structure are only available for census years, and the age classes used in different 
countries may differ, so that international comparisons may be difficult. 
Nevertheless, most countries also maintain some form of vital statistics which 
includes registration of births and deaths. Globally, reasonably complete registration 
of births and deaths occur in about 85-90 countries or areas (United Nations, 1985). 
This includes all the developed countries and about 40 developing countries. In 
about sixty developing countries, the registration of vital events is considered 
incomplete (WHO, 1987). 
 
5.7.2   Confounder data  
As already noted, control of confounding is an important element of most ecological 
studies. Rarely are the relationships between environment and health simple and 
unitary; instead, they are usually affected by a variety of confounding variables, 
many of which are only partially known. Rarely, therefore, will interpretations of the 
linkages between environment and health be wholly valid unless allowance for 
potential confounding is made. 
     The confounder data required will clearly depend on the specific relationship 
being studied. A wide range of potential confounders may exist, including social 
factors (e.g. ethnic origin, occupation, housing condition, income, education), 
lifestyle (e.g. diet, smoking, drug use) and physical environment (e.g. exposure to 
other pollutants, climate). Obtaining data on these confounders is often one of the 
most difficult aspects of ecological studies. Some data may be available from routine 
sources such as censuses and lifestyle surveys, but the scope of these is often 
severely limited. Data may also be obtainable from attitudinal surveys and market 
research studies. With the growing opportunity to use such information for the 
targeting of advertising and direct sales operations, a growing number of databases 
are being compiled. They can provide useful information on a wide variety of social 
and lifestyle factors, including diet, income, housing status, smoking, household size 
and leisure patterns. They may, however, be relatively costly to acquire and data 
quality may be uncertain. In addition, the possibility exists to acquire data on 
confounders through purpose-designed surveys. As with acquisition of 
environmental or health data, these have the advantage of providing better control 
over the data collection process, and thus ensuring that the data specifically meet the 
needs of the study. Typically, however, they are expensive to conduct and may 
cause considerable delay.  
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     Because of the limitations of data availability, it is often impracticable to obtain 
information on all the confounders of interest. In many situations, therefore, proxies 
need to be used, based on other, readily available, demographic or social statistics. 
Most covariates used in ecologic regressions are, in practice, either proxies or rather 
indirect or crude measures of the true confounder.  The use of proxies, however, is 
clearly only valid where they do in fact provide a reliable surrogate for the 
confounder of concern. Unfortunately, this is not always the case or, at least, the 
validity of the proxy is a matter of conjecture. In these circumstances, particular care 
is needed in interpreting the results.  
     Investigation of the lung cancer in cities provides an example. The causes of the 
higher incidence of lung cancer in many cities are insufficiently known, but are 
suspected to be related to smoking and socioeconomic status, among other factors. A 
study in Helsinki showed an apparent increase in cancer incidence with increasing 
mean sulphur dioxide (SO2) concentration (Pönkä et al., 1993). To interpret this 
correctly, however, clearly required the possible effects of confounding by smoking 
and other social factors to be taken into account. Information on smoking habits was 
not readily available so, instead, average education level was included as a covariate 
in the ecologic regression on the assumption that smoking levels were higher 
amongst the less-well educated. The analysis did, indeed, show a strong inverse 
association between education and cancer rate.  Use of education level in the 
analysis thus helped to allow for some form of social confounding effect.  
Nevertheless, to interpret the results as evidence that smoking is related to lung 
cancer in the study area relies on the assumption that education level is a valid proxy 
for smoking rate.  
     The problem of controlling for confounders is further compounded by the 
potentially large number of confounders which may be of relevance, and the 
complex relationships which may exist between them. In other words, confounders 
do not necessarily act individually or in isolation, but may operate in unison. There 
is consequently a need to measure the multivariate (joint) distribution of the 
confounders; univariate distributions of the covariates or use of a simple confounder 
score may not suffice to achieve full control of confounding. Bobak and Leon 
(1992), for example, carried out an ecological study in the Czech Republic to test 
the hypothesis that atmospheric levels of pollution affect infant mortality risk. The 
socioeconomic data available included mean income, mean savings, mean number of 
persons per car, proportions of total births outside marriage, and legally induced 
abortions per 100 live births. While these allowed for control of a number of 
potential confounders, they were clearly not comprehensive, and allowance could 
not be made for potentially important confounders such as smoking, indoor pollution 
from heating or cooking, and family size. The potential also existed for interactions 
between the various confounders. As the investigators themselves acknowledged, 
therefore, an unknown amount of residual confounding may have been left 
unresolved. The problem of missing or inadequate information on confounding 
factors is especially serious in studies using aggregate data. 
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5.8     Georeferencing 
A particularly important need in relation to almost all environmental health data 
(including data on exposures, health otcomes, population and confounders) is the 
method of georeferencing. This referes to the way in which individual cases or 
patients are related to a geographical location. Some form of georeferencing is 
clearly needed to allow data health outcome and other factors to be mapped. For this 
purpose, it may suffice simply to aggregate data on the administrative district or area 
in which they live. Often, however, it is more appropriate to map health outcomes on 
an individual level; for example rare diseases such as leukemias, or communicable 
diseases wherethe degree of local clustering may be of interest. In these case, 
individuals need to be referenced to a single point location (e.g. their place of 
residence). Accurate georeferencing may also be necessary in order to enable 
estimates of exposure to be made. Where exposures do not vary greatly over small 
distances (e.g. exposures to contaminants in piped water supplies), it may be 
sufficient to relate individuals to the area or district in which they live. Where 
exposures vary more locally, however, a higher resolution of georeferencing will be 
required. Exposures to road traffic pollution, for example, may be estimated by 
assessing the distance of the place of residence from the nearest main road (e.g. 
Nitta et al., 1993). More sophistigated estimates of exposure may involve locating 
the place of residence on a pollution map or by modelling the polution level at the 
place of residence (Pershagen et al., 1995). In each of these cases, point locations 
are required for the individuals in the study, although data may be subsequently re-
aggregated to an area basis for further analysis and mapping. 
     Most health, socio-economic and demographic data have some form of 
georeferencing. Commonly this allocates individuals to an administrative region or 
area, based on their place of residence, although some health data may be based on 
the location of the treatment centre to which the individual is referred (e.g. the 
hospital). More detailed georeferencing is also possible in many countries using the 
postal or zip code (where this is available). For an accurate point location, however, 
information is needed on the address of the place of residence, and a system need to 
be available for translating this to geographic co-ordinates. In countries which have 
cadastres, covering places of residence, this is straightforward. In some countries, 
GIS-based systems have been set up which provide an automatic conversion 
between the address and a point location (e.g. the AddressPoint system in the UK). 
Where such systems do not exist, georeferencing may need to be done manually, and 
this is a time-consuming process. Problems may also arise in relation to patient 
confidentiality, which may restrict access to address-based data. Caution is also 
needed in using any locational data based on the place of residence, because this 
may not provide an accurate indication of where the exposure occurred. Exposures 
may take place over a wide area, because people move around the environment. In 
the case of occupational expsosures it is the place of work, not the place of 
residence, which is most critical. Nevertheless, people may have moved house or job 
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since the expossures took place. Georeferencing thaus needs to be carried out 
carefully, and the method of georeferencing used should be appropriate to the 
question addressed. 
 
5.9     Conclusions 
Investigations of the relationships between environment and health, and monitoring 
of the environmental health situation as part of the HEADLAMP process, both 
require the ability to analyse and link environmental and health data. Information on 
exposures may be obtained from a wide range of sources, including ambient or 
personal monitoring and use of modelling techniques. Routinely collected health 
data are also often available, especially for mortality and for communicable diseases 
and cancers. Use of routine health data has many advantages, not least of cost and 
improved comparability. In many cases, however, health data need to be collected 
through special surveys and studies. Special care is needed to ensure that such 
surveys are rigorously designed and provide representative data on the populationof 
interest. Interpretation of patterns in health outcome also requires reference to the 
underlying population or to variations in other factors which may act as potential 
confounders to the relationship between environment and health. Data are therefore 
also required on population and covariates, such as social conditions and lifestyle. In 
all cases, accurate georeferencing of these data is essential, in order to allow for 
accurate mapping of the information, and to hepl draw valid inferences about the 
relationships between environmental condition and health. 
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