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The spectrum of health-endangering environmental
problems has become wider, and potentially much
more serious, than was evident two decades ago. It in-
cludes greenhouse-related climate change, thinning of
stratospheric ozone, land degradation and topsoil loss,
depletion of groundwater, reduction in genetic and
ecosystem diversity, and acidification of waterways
and soils. These changes pose conceptual challenges to
public health professionals and new research
challenges to environmental epidemiologists.

These environmental problems reflect the systemic
overloading of the ‘carrying capacity’ of Earth’s
natural systems. They arise, essentially, from the un-
precedented combination of a huge and rapidly-
expanding population, resource-intensive industrial
practices and land-exhausting agriculture. The world
population, currently 5.5 billion, is going through its
third, and greatest, sustained surge, and is projected
by UN demographers to reach 9 billion in 2030 and
11-12 billion later next century.! Approximately 90%
of that growth will occur in the poor Third World,
where pressures on dwindling supplies of arable and
pasture lands are extending erosion, desertification
and other forms of land degradation.z Meanwhile, in
recent decades, energy consumption and gaseous waste
generation has reached vast proportions in the rich
First World, raising concerns over the global impact of
changes to the lower climate-mediating atmosphere
and of ozone depletion in the upper atmosphere. >

The risks to population health caused by these
global environmental changes are qualitatively dif-
ferent from those due to the direct-acting toxicity of
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‘conventional’ environmental pollutants. These risks
arise from impairment of the productivity (soil, forest,
oceans, biodiversity) or stability (climate, sea level,
ultraviolet filtration) of the biosphere’s natural
systems. Powles has recently said of them: ‘These ef-
fects are intrinsically difficult to predict and to counter
but this is now the main challenge facing those con-
cerned with the health of human populations.’*

These problems, whether in relation to health or
other social impacts, need to be understood within an
ecological framework. Their health consequences do
not fit within the prevailing toxicological model of en-
vironmental health; nor do their causes fit within an
economic model of the exhaustion of non-renewable
raw-material resources.’ Rather, we are straining
Earth’s ‘carrying capacity’ by overloading the life-
support ‘sources’ (e.g. soil and aquifers) and ‘sinks’
(e.g. atmosphere and oceans) of the ecosphere.

Among the earth sciences, biological and social
sciences there is increasing research into the nature,
causes and social consequences of global environmen-
tal changes.® The International Council of Scientific
Unions has proposed an Agenda of Science for En-
vironment and Development into the 21st Century.”
This agenda urges research into the human-made
causes and impacts of disrupted life-support
systems—and into the possible precautionary
responses ‘to avoid disturbing an inadequately
understood system.” The impact of these disruptions
of natural systems on human population health may be
profound.®!! Yet, we have paid surprisingly little at-
tention to this particular outcome. Perhaps this is
because we are unattuned to thinking ecologically; or
perhaps it is because most such population health con-
sequences will be displaced into the future.
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Despite the scientific uncertainty and conceptual un-
familiarity that permeates this topic, some national
governments have recently conducted scientific reviews
of the impacts of environmental degradation upon
population health and wellbeing.'?-14 The Commission
of the European Community has included the health
impact of stratospheric ozone depletion in its research
priorities.!* In 1990, the UN’s Intergovernmental
Panel on Climate Change (IPCC) predicted that
greenhouse-induced global warming would have
various effects upon human health. It stated:

‘Major health impacts are possible, especially in
large urban areas, owing to changes in the
availability of water and food and increased
health problems due to heat stress and spreading
of infections. Changes in precipitation and
temperature could radically alter the patterns of
vector-borne and viral diseases by shifting
them to higher latitudes, thus putting large
populations at risk.’'¢

This paper considers problems in identifying, study-
ing and quantifying the health effects of ecological
disruption. There are three main categories: firstly,
there is a range of possible effects due to atmospheric
changes, caused primarily by increased emissions of
heat-trapping carbon dioxide (primarily from fossil
fuel combustion and deforestation) and methane
(from irrigated agriculture, livestock and some other
sources), and ozone-destroying halocarbons; second,
there is likely to be reduced agricultural yield due to
land degradation caused by overuse, deforestation,
soil erosion, depletion of aquifers, irrigation-induced
salinity, climate change, and, later, rising seas; finally,
the accelerating urbanization of the Third World’s
burgeoning population is being exacerbated by rural
unemployment and by ‘ecological refugees’. Uncon-
trolled expansion of urban populations not only
imposes local and regional strain on ecosystems; it
promotes poverty, high birth rates, social disorganiza-
tion and infectious diseases. !’

These anticipated health impacts will be
geographically uneven. 301118 Weather instability, the
extended spread of infectious disease vectors, food
shortages due to land degradation, overpopulation and
urban congestion will probably impinge mostly on
poor countries. Climatic warming (and increased heat-
waves) and the direct effects of increased exposure to
ultraviolet radiation (UVR)—both maximal at higher
latitudes—will impinge most on developed countries,
as does ecological damage by acid rain. However, UV-
induced damage to terrestrial and marine food chains

would be wider spread. Rising seas and loss of
biodiversity will impinge, variably, on both rich and
poor countries.

The range of possible effects upon health is shown in
Table 1. Increased UVR exposure, climate-related
temperature changes and, perhaps, acid rain are the
only factors shown in the Table that can have direct
‘toxicological’ effects upon human biology. Most of
the other effects upon population health will be the
outcome of complex, feedback-rich, interactive distur-
bances of natural systems, and may not become evi-
dent for decades. Compared with the conventional
assessment of locally-acting toxic environmental
pollutants, it will be much harder for epidemiologists
to quantify the adverse health effects of these global
environmental changes.

DIFFICULTIES IN ESTIMATING HEALTH
IMPACT

An immediate difficulty is that there are few empirical
precedents for most of the ongoing or anticipated en-
vironmental changes. For example, we simply do not
know how a 3°C rise in average global temperature oc-
curring within a century would affect the frequency of
heatwaves, agricultural productivity or cyclonic activ-
ity. Such a rapid and substantial temperature rise has
not occurred in the several hundred thousand years of
existence of our species. Likewise, a sustained 10-20%
loss in stratospheric ozone is not within our (recorded)
experience.

Most quantitative estimates of future environmental
change and, in turn, of health impact must come from
computer modelling. Such modelling is inherently
limited by the amount and quality of the information
input. For example, to assess the impact of climate
change on agricultural production and human food
security, four stages of modelling could be envisaged:
first, the effects of greenhouse gas accumulation upon
heat retention, temperature and climate; second, the
interaction between the effects upon agriculture of
climate change and simultaneous changes in UVR,
levels of air pollution (especially tropospheric ozone),
and groundwater supplies; third, the patterns of
technical, social and political response by human com-
munities; and, fourth, the impact of altered food sup-
plies upon human nutrition and health. To date, the
models used have been simplistic, and have been con-
fined to the first stage.!® Even sophisticated models
may be unable to address unexpected events, such as
discontinuities in biosphere responses.® Great uncer-
tainty still besets the content of the second and third
stages. If and when the fourth stage were reached, pre-
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TABLE | Types of possible adverse effects upon health due to global environmental change.

GLOBAL ENVIRONMENTAL CHANGE AND HEALTH

Type (direct, indirect), timing® (early, late) of adverse health effect

Environmental change  Manifestation
Direct, carly Direct, late Indirect, carly Indirect, late
Enhanced Greenhouse  Global warming and Heatwave-related Altered distribution Reduced viability of
Effect climate change illness and deaths of vector-borne edible fish in warmed
infectious discases. oceans
Natural disasters: Food shortages due
cyclones, floods, to altered agricultural
landslides, fires productivity
Seg-leve! rise Increased risk of inundation: social Consequences of Destruction of
flash floods, surges dislocation, sanitation damage to foreshore wetlands—dectine in
breakdown, farm loss facilities, roads, etc. fish stocks

Stratosphenic ozone

Acid aerosols (from
combustion of
sulphurous fossil
fuels)

Land degradation:
over-intensive
agriculture and
excessive grazing

Depletion of plants
and animals; loss
of biodiversity

Oher effects of
overpopulation,
particularly in poor
countries

Increased UV-B flux
at Earth’s surfoce

Actd rain (and other
precipitation)

Erasion, sterility,
nutrient loss, salinity
chemicalization;
deserti{fication

Depletion of under-
ground aquifers

Destruction of
habitat

Laoss of genetic
diversity (species and
strains); weakening
of ecasystems

Proliferation of crowded

Sunburn, photo
keratoconjunctivitis
Suppression of
immune system—
increased risk of
infection, cancer

Possible effects on
respiratory system

Dechne in agricultural
productivity

Lack of well-water
for drinking and
hygiene

Deforestation:

disruption of local
culture and health

Infectious discases

urban stums and shanty  Malnutrition
towns (due to migration  Antisocial behaviours

and high fertility)

Skin cancer
Ocular effects:

pterygium

Rural depression—
migration to fringes of
cities (shanty towns)
(see also bottom row)

Decline in agricuttural
productivity

Shortage of edible
species

Effects of breakdown
of social organization.

Killing of aquatic life
—reduced food
Impaired crop growth

Exposure to higher
levels of pesticides
and fertilizers; may
also lead to toxic algal
blooms in waterways

Loss of medicinal
chemicals, and other
health-supporting

Impaired growth of
food crops and of
marine micro-
organisms (base of
aquatic food web)

Impairment of forest
growth—reduced eco-
system productivity

Consequences of
silting up of dams
and rivers

Deforestation—

enhancement

Greater vulnerability
of plants and live-
stock. Decline in
vitality of ecosystems

* the designations ‘early’ and ‘latc’ are notional only, indicating the relstive time of occurrence
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existing empirical data about dietary intake and health
would be used.

In contrast, although we have no documented ex-
perience of the health impact of increased exposure to
UVR from depletion of stratospheric ozone, we do
have epidemiological data about the incidence of
human skin cancers and ocular cataracts in relation
to geographical and interpersonal variations in UVR
exposure.2!'22 The health impact of increased UVR
exposure can therefore, and with due caution, be
estimated by extrapolation.

There are two major procedural problems for
epidemiologists in this general research area. First, one
has to rely on the assessments of experts in other
disciplines for information about the ‘environmental
exposure’. Often, the ‘exposure’ will be one of a set of
possible scenarios, not information-based predictions.
This is a very different circumstance from an
epidemiologist doing his/her own measurements of the
number of cigarettes smoked or the concentration of
benzene in the air. Second, there is much qualitative
uncertainty about the range of possible adverse health
impacts. For example, will the UVR-induced suppres-
sion of the immune system affect susceptibility to in-
fectious diseases or the effectiveness of vaccination?
Nevertheless, environmental epidemiologists must at-
tempt to answer these questions. Otherwise, other
biological scientists, without our collaborative input,
will attempt to work from animal models—or, worse,
may use epidemiological information and ideas
inexpertly.

THE GREENHOUSE EFFECT AND CLIMATE
CHANGE
The various adverse health effects shown in Table 1 for
climate change illustrate the complexity of this tapic.
An increase of several degrees in temperature sounds
tolerable—particularly for wealthy populations with
technical adaptive resources. However, while we may
ameliorate our own physical environment (indoor
cooling, cyclone-resistant buildings, protection against
rising seas, etc.), we cannot protect the other species
on which we depend for food. Indeed, there is sug-
gestive historical evidence that fluctuations of 1-2°C,
occurring over several hundreds of years and
associated with reductions in agricultural productivity
and viability of livestock, contributed to the downfall
of earlier civilizations in Mesopotamia (see also
below), Crete, and Greenland. 232

Climate change would directly affect human health
via thermal stress and by changes in the frequency of
‘natural’ disasters—cyclones, floods, bushfires and
landslides. Heatwaves, which would occur dispropor-

tionately more often in a warmer world, cause in-
creased illness and death, including via heat exhaustion
or heat stroke. %" Individuals with certain pre-existing
chronic diseases are also vulnerable; for example, as
the temperature increases above +25°C deaths from
heart disease and stroke increase.?® In Melbourne,
Australia, in 1959, there was a fourfold increase in
deaths attributable to a long heatwave.? In the US,
before air-conditioning, mortality rose several-fold
during heatwaves in Los Angeles,*® whereas subse-
quently in airconditioned New York and London,
England, heatwaves caused deaths in older people to
increase by 35-50%.3! In the extreme heatwave of 1980
heat-related deaths increased eightfold in southern
USA.3

Climate change will influence the distribution of
vector-borne infectious diseases—and the life cycle of
certain of those parasites. For example, the malarial
(Anopheles) mosquito can only breed at temperatures
over approximately 16°C.3* However, there is still
much uncertainty in modelling the timing and pattern
of changes in these distributions. In tropical countries,
vector-borne diseases are a major cause of illness and
death.? In eastern Africa a small increase in winter
temperature would extend the malarial zone
‘upwards’, to include the large urban populations that
are currently malaria-free because of the cooler
temperature at highland altitudes, e.g. Nairobi
(Kenya) and Harare (Zimbabwe). In Egypt, water
snails lose their schistosome infections during winter.
However, if temperatures increase, snails may spread
schistosomiasis throughout the year.?* St. Louis viral
encephalitis, dengue, leishmaniasis and rabies might
extend into the southern United States. 3¢

Various longer-term adverse health effects would
result from rising seas. The IPCC predicts that the sea
will rise by around 20 cm by 2030 and by 65 cm by
2100.% (That would be at least five times faster than
the rise since around 1800, and would be likely to over-
whelm many of our social and technical resources. The
sea level has risen by around 15 cm over the past cen-
tury.) A 1 m rise—the IPCC’s upper prediction—
would inundate one-quarter of Bangladesh, displacing
up to one-third of the population.8 It would inundate
12-15% of Egypt’s arable land; indeed, much of the
populous Nile Delta would be flooded if the seas rose
by just 50 cm.?” Worldwide, many other adverse
effects on sewerage, waste water disposal, coastal
transport, and wetland ecosystems (including natural
fish nurseries) are anticipated. As with estimates of
global warming itself, there is considerable statistical
uncertainty about these estimates. Some scientists
speculate that the increased evaporation caused by
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global warming will greatly increase snowfall at the
poles, and that this would withdraw some water from
the oceans.¥

The other, potentially great, indirect effect of
climate change on human health would be via effects
on agriculture—by modifying temperature, rainfall
and soil moisture and by increases in heatwaves,
droughts, floods, cyclones, and plant diseases. This is
an area of great uncertainty (and confounded by great
variations in the cultural, educational and technical
capacities of farmers in different countries to adapt),
and it is unlikely to become widely evident within the
next few decades. The IPCC predicted variable
regional impacts on agriculture over the coming
decades, with gains in some regions and losses in
others—including Brazil, Peru, the African Sahel,
South-East Asia, Soviet Central Asia and China. Mid-
continental drying in temperate zones (American
midwest, southern Europe and Ukraine) is predicted.
The IPCC concluded that ‘warming could lead to an
overall reduction of cereal production potential in
North America and in Southern Europe, but increased
potential in northern Europe.’ ¥ If warming trends per-
sist, the net global result would become increasingly
negative.

Poor countries are the most vulnerable to malnutri-
tion and starvation. If world food supplies were to run
short, today’s market realities would mean that the
poorest countries would be the first to go without.
Already in Africa, over 100 million people are ‘food
insecure’.2® The arid-zone Sahel region, where 35
million people live, could be badly affected by global
warming and reduced soil moisture. Other semi-arid
regions in Central America, eastern Brazil, western
and southern Africa and South-East Asia could ex-
perience further drying, and reduction of farm yi€lds.

DEPLETION OF STRATOSPHERIC OZONE
One global environmental change for which health im-
pact calculations have been made is that of increased
UVR exposure in relation to skin cancer and cataracts
of the eye. Since the ozone layer is being depleted most
at very high latitudes, the greatest exposure increases
will be predominantly in light-skinned populations liv-
ing in developed, temperate-zone, countries.
Consider skin cancer. In principle, the epi-
demiologist wants to estimate the increase in skin
cancer that will occur if ozone decreases by x% over y
decades. In practice, there is much that is still
unknown about the full causal chain. From estimates
(scenarios) of future atmospheric concentrations of
ozone-damaging gases, atmospheric scientists can
estimate their effect upon stratospheric ozone, and

therefore how much additional UVR will reach the
lower atmosphere. The predicted/estimated concen-
trations of tropospheric pollutants will further in-
fluence the intensity of UVR reaching Earth’s surface.
Epidemiologists can then estimate the resultant in-
crease in skin cancer incidence by using, cautiously,
the documented latitude-related gradient in skin
cancer rates. The precision of this exercise will be
enhanced by estimations of the wavelength profile of
UVR (especially the sub-bands of UV-B) reaching
Earth, and knowledge of the UV-B ‘action spectrum’
in relation to skin cancer risk.

From all the available data, the United Nations En-
vironment Programme (UNEP) has estimated that for
every 1% depletion of ozone the carcinogenic dose of
UV-B will increase by 1.4% (the so-called ‘radiation
amplification factor’, reflecting the action spectrum),
causing the incidence of basal cell carcinoma and
squamous cell carcinoma to increase by 2.0% and
3.5%, respectively.?® As with the IPCC’s estimates of
global warming, these estimates lie within a band of
uncertainty—approximately plus or minus one-quarter
of the point estimate. The figure for malignant
melanoma is even less certain, and is within the region
0.5-1.0%. Overall, UNEP estimated that a 1% loss of
ozone would cause a 2.3% increase in non-melanoma
skin cancers, and predicted that a 10% loss of ozone
sustained over three to four decades would cause at
least 300000 additional cases of non-melanoma skin
cancer worldwide each year and 4500 extra cases of
malignant melanoma—and possibly double that
figure.

UNEP concludes, from satellite observations, that
the UV-B dose reaching the lower atmosphere in-
creased by 5% during the 1980s, at around 30°N (e.g.
New Orleans, Cairo, Delhi and Shanghai) and 30°S
(e.g. Sydney, Buenos Aires and Durban). It increased
by 15% at 55°S (lower tip of South America) and by
40% over the Antarctic—compared to 10% over the
northern polar region. However, ground level
measurements indicate that much of the increased UV-
B exposure is being absorbed by anthropogenic air
pollutants over industrialized regions, particularly
sulphate aerosols and tropospheric ozone—whereas in
unpolluted regions the measured and calculated UV-B
increases are in good agreement. Surprisingly large
losses of ozone occurred in the early 1990s, particu-
larly in the northern hemisphere.3** The International
Agency for Research on Cancer (WHO) is currently
exploring ways of making early estimates of changes in
skin cancer risks due to changes in the stratospheric
ozone layer, since any consequent increase in skin
cancer incidence would be deferred several decades
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into the future. One possibility would be to use
biological markers (e.g. specific forms of macro-
molecular damage in skin cells), observable in either
humans or other animal species.

A substantial burden of UVR-induced morbidity
may come from effects on the eye. Senile cataracts are
strongly age-related and partially attributable to
UVR exposure. 2 Worldwide, they account for about
half of the approximately 30 million cases of
blindness.*'**>  Since there is little detailed
epidemiological information on the relationship of
cataracts and other ocular effects with UVR, estimates
of health impact are unavoidably imprecise. In 1987,
the US Environmental Protection Agency estimated
the additional numbers of cataracts that the existing
US population would experience in relation to six dif-
ferent global scenarios for chlorofluorocarbon emis-
sions—the estimates ranged from 10000 to 3 239000. 13
More recently, UNEP has estimated that a sustained
10% loss of stratospheric ozone would cause up to
1.75 million additional cases of cataract worldwide
each year.3®

These direct-acting health impacts of ozone deple-
tion may be small compared with effects upon the
biota in our food chains. Of more than 200 species and

strains of plants screened for tolerance to UVR, about .

two-thirds of them are sensitive.*? Particularly sen-
sitive are peas, beans, melons, cabbage and mustard.
Experimentally, yields of soybeans—the world’s fifth
most important crop—decline when UV-B exposure is
increased. UV-B also adversely affects the micro-
organisms (phytoplankton) that form the base of the
entire aquatic food web.* Phytoplankton are the most
important single group of primary producers
(photosynthesizers) in the world. Estimates of the
ecological consequences of this exposure range ffom
negligible to catastrophic.

OTHER PROBLEM AREAS

The health impact of climate change and of
stratospheric ozone depletion have been considered
first because they have attracted much of the scientific
attention to date. However, the following three prob-
lem areas, considered only briefly here, could each
have similarly great impacts upon human population
health.

Land Degradation

Topsoil is a fragile, limited, and only (very) slowly
renewable resource. It is crucial to our food supply.
However, soil erosion, dessication, salinity and
nutrient exhaustion are causing the appearance of a

patchwork of degraded, often desertified, land around
the world. An estimated 7% of the world’s two billion
hectares of arable land was rendered unproductive
during the 1980s, and much other intensively-farmed
land may be approaching exhaustion.>** The
worldwide per person production of cereals—the main
source of dietary energy—has plateaued over the past
decade and has actually declined slightly since 1985.%4
The preceding two decades of ‘Green Revolution’
gains, potentiated by laboratory-bred high-yield
grains, required good soils, accessible groundwater
and fertilizers. Today, there are concerns that we may
have pushed the productivity of much of the world’s
farmland near to its limit; supplies of fertile soil and
fresh water are receding widely.?2

This sort of thing has happened before, but always
on a local scale. Consider Mesopotamia, which around
5000 years ago, was a flourishing civilization along the
Tigris and Euphrates rivers (running through today’s
war-scarred Iraq). The irrigated agricultural system
supported the major cities of Akkad and Sumer. In-
itially, wheat was the basic staple, but, as soil salinity
increased, farmers switched to the more salt-tolerant
barley. The salinization is thought to have occurred
because of over-irrigation, causing cumulative deposi-
tion of river water salts in the soil after the water had
evaporated.*’ The salinity would have been exacer-
bated by nearby deforestation, causing the water table
to rise and thus enhance salt accumulation in the sur-
face soil. Uncontrollable runoff from those deforested
slopes caused soil erosion and silting of the irrigation
system. Eventually, by around 3500 years ago, it ap-
pears that the build-up of salt and silt overwhelmed
Mesopotamia’s agricultural heartland.*® This eco-
logical collapse is thought by historians to have hastened
the demise of that great civilization.

Loss of Biodiversity

Biodiversity concerns the loss of species, the loss of
genetic variation within species, and the loss of local
populations within local ecosystems (which may
themselves collapse, if key species are lost).? The ef-
fects on human population health are of several kinds,
and cannot easily be quantified. Wild plants are a
bountiful source of useful materials and chemicals, in-
cluding many of the mainstream drugs used in western
and other medicine.*? Our cultivated food crops and
livestock need continual artificial genetic reinforce-
ment from wild strains, to cope with changes in
predators, pests, diseases and environment. Otherwise,
being genetically homogeneous monocultures, they are
vulnerable to the fate suffered by infested Irish
potatoes last century or American maize in 1970.47-%
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Urbanization

The world’s expanding population, particularly in the
Third World, is becoming urbanized. By the first
decade of next century, over half of the human
population will live in cities of over 10000
inhabitants.? The population of Mexico City will then
exceed 30 million, while other large cities in India and
South America will approach 20 million. The average
level of health has usually been better in cities than in
rural areas. 5! However, within urban populations there
are stark contrasts in health between rich and poor, ex-
acerbated by the overwhelming of urban infrastruc-
tural capacity. Acheson has described the problem
thus:

‘Three quarters of the cities that contain more
than 5 million people are in developing coun-
tries. In these cities there are an estimated 100
million homeless adults and perhaps as many as
80 million homeless and, in many cases, aban-
doned children. Twenty-five percent of the
people in these cities have no safe water and
40% lack access to sanitation. . . . Children
brought up in these circumstances have 40 times
the mortality of other children. In many cities in
the developing world air pollution is a much
graver problem than it is in western cities. Pro-
stitution, of both sexes, and by no means ex-
cluding children, is rife.’!®

Very large cities are a recent, unplanned, experiment
in human ecology. The sheer scale, rapidity of growth,
and dimensions of poverty, misery and poor health
now evident in many Third World cities raise basic
questions about the sustainable healthy forms of urban
social organization. The fact that infectious diseases
thrive in urban populations> has been underscored by
recent surges in cholera, tuberculosis, HIV, and other
sexually transmitted diseases.

The ecological dimension of urbanization is
underscored by the fact that much of the urban growth
in poor countries results from in-migration from
depressed rural economies or collapsed agricultural
ecologies. Uncontrolled urbanization overloads local
ecosystems, alienates arable land, and often places the
fringe-dwelling human populations in contact with
forest- and scrub-dwelling insects and microbes. 3

CONCLUSION

Epidemiologists, who study the health and survival of
human populations, have generally not done so within
an ecological framework that relates population health
to the environment’s carrying capacity. Until recent

decades, the aggregate of human population size and
economic activity was—or seemed to be—within the
carrying capacity of the biosphere, and we therefore
have not much thought about human health in relation
to the sustaining of life-support systems. Rather, in
order to minimize human contact with specific en-
vironmental hazards (physical, chemical, or micro-
biological), we have legislated for air, water and food
that is free of pollutants and microbes, and have ap-
plied sanitary engineering and vaccination programmes.

Late in the 20th century, a set of global environmen-
tal changes is getting underway which has the ominous
potential to erode the biosphere’s carrying capacity for
the human—and many other—species. This category
of environmental health problem poses urgent and
challenging tasks for epidemiologists. The UN’s World
Commission on Environment and Development,
noting the major and unintended changes occurring in
our biosphere, concluded that ‘The rate of change is
outstripping the ability of scientific disciplines and
our capabilities to assess and advise.”* New
epidemiological research methods and strategies will
be needed to estimate the health impact of this still un-
familiar, global, category of health hazard. Inter-
disciplinary research, using modelling and forecasting
to estimate impact, and offering decision-makers best-
available judgements rather than empirical evidence,
will be central to the new mode of research applicable
to this public health problem area.
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