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Introduction

Throughout geologic time, plants and animals have altered
and ihaped conditions for fife on earth. Some 2 billion years
ago, green plants began adding oxygen to the atmosphere, a
product of their use of sunlight to transform raw materials

into food. This oxygen was deadly to the many organisms of the time
that had evolved without it, which prompted British scientist James
E. Lovelock to call its release the "worst atmospheric pollution inci-
dent that this planet has ever known." Fortunately, the oxygen
buildup occurreJ slowly, and though many species undoubtedly
were extinguished, the planet's ecosystems gradually accommodated
the changed chemistry of the environment.'

Over the last two centuriesa mere instant of geologic timehuman
activities have altered the earth's chemistry in ways that may cause
staggering ecological and economic consequences within our life-
times or those of our children. Three stand out as particularly threat-
ening and costly to society: risks to food security, to forests, and to
human health. These risks arise from everyday human activities that
collectively have reached a scale and pace capable of disrupting natu-
ral systems that evolved over millions of years.

Scientists now expect that a buildup in the atmosphere of certain
carbon, nitrogen, and chlorine compounds will change the earth's
climate more over the next 50 to 75 years than it has changed over the
last 15,000 years. The most worrisome compounds are released from
the combustion of fossil fuels (coal, oil, and natural gas), the clearing

I sincerely thank Gretchen Daily for her research assistance, and Dieter Deumling,
Andrea Fella, Maureen Hinkle, William Kellogg, Justin Lancaster, Gene Likens, Alan
Miller, Ralph Ratty, and Arthur Vander for their helpful comments on drafts of themanuscript.



and burning of forests, some intensive agricultural practices, and a
few consumer products. In the atmosphere, these chemicals trap heat
radiated from the earth that would otherwise escape more rapidly
into space. The anticipated result is a global warming that will shift
temperature and rainfall patterns worldwide, making crops in some
key food-producing regions more vulnerable to heat waves, drought,
and the loss of water supplies for irrigation. Maintaining food secu-
rity under such an altered climate could require as much as $200
billion to adjust irrigation patterns alone. According to some esti-
mates, though highly uncertain, the annual cost of climate change
could approach 3 percent of the world's gross economic output, per-
haps cancelling the benefib uf economic growth.2

In m ly industrial countries, pollutants from fossil-fueled power
plants, metal smelters, and automobiles are now stressing forests
beyond their ability to cope. Trees covering at least 10 million hectares
in European area the size of East Germany, or the U.S. state of
Ohionow show signs of injury linked to air pollutants or acid rain.
While most exhibit the early stages of yellowin_g or foliage loss, mil-
lions are dead or dying. Researchers in West Germany project from
current trends that forest damages in their country over the coming
decades will average $2.4 billion per year. These damages include not
only losses to forest industries but of water quality and recreational
values that healthy forests 1' maintain.3 In some areas, including
much of the eastern United States, fossil fuel pollutants may be di-
minishing the growth and productivity of trees while causing no
visible damage at all.

People suffer from the same pollutants injuring forests. Despite im-
pressive z ir quality gains made in industrial countries over the last
two decades, many people are still exposed to harmful pollution
levels. Fossil fuel pollutants may cause as many as 50,000 premature
deaths in the United States each year.4 Metals, which occur naturally
in soils and also are released to the air during combustion, smelting,
and other industrial processes, are of growing concern. Some are
toxic to humans when ingested or inhaled in large enough amounts.
Moreover, recent findings suggest that acid rain could magnify these
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"By the time researchers document a
marked change in climate, it will be

irrevocable, and the consequences
unavoidable."

risks by r leasing some potentially harmful metals that would other-
wise remain bound up in soils.

Risks to health have also emerged with the thousands of synthetic
chemicals created in just the fast few decades. Exposed to these
compounds through air, water, and food, the human body has had
insufficient time to evolve special mechanisms to cope with them.
Though many are linked to serious health effects, the total risks
synthetic chemicals pose are unknown: Most have scarcely been
tested for toxicity.

Much scientific uncertainty surrounds each of these threats, and
more research is urgently needed. Yet waiting for a definitive picture
of how each threat will unfold invites costly consequences and poten-
tial disasters. By the time researchers document a marked change in
climate, it will be irrevocable, and the consequences unavoidable.
Scientists know of no practical way to reverse the damage to forests
and soils now spreading in Europe. Birth defects or cancer may only
appear decades after exposure to the offending chemicals, and by
then the health damage cannot be undone. Such irreversibility re-
quires citizens and political leaders to act before the consequences of
chemical pollution fully emerge.

An unsettling element of surprise also pervades environmental
threats. Natural systemsincluding climate, forests, and the human
bodymay absorb stresses for long stretches of time without much
outward sign of damage. A point comes, however, when suddenly
conditions worsen rapidly. Scientists may anticipate such sudden
changesvariously called "jump events," "thresholds," or "in-
flection points"but rarely can they pinpoint when they will occur.
As the scale and pace of human activities intensify, the risk of over-
stepping such thresholds increases.

Time figures prominently in assessing the risks of human-induced
changes in the earth's chemistry. Given sufficient time to adjust, the
earth and its organisms exhibit remarkable resilience in the face of
change. Yet during that period of adjustmentwhether to higher
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global temperatures, a blanket of air pollutants, acidic rain, or toxic
chemicalsmuch suffering, economic-loss, and social disruption may
occur. As a dominant agent of change, humanity must confront the
adverse consequences of that change, and protect this and future
generations from them.

Agents of Change

In scarcely two centuries, industrial societies have altered basic chem-
ical cycles that evolved gradually over many millennia. Just six
elementscarbon, oxygen, nitrogen, hydrogen, phosphorus, and
sulfurcomprise 95 percent of the mass of all living matter on earth.
Since the supply of these elements is fixed, life depends on their
efficient cycling through the atmosphere and the rocks, soils, waters,
and organisms of the biosphere, a process called biogeochemical
cycling. In recent years, researchers have learned that human activi-
ties have significantly disrupted these cycles, notably those of carbon,
nitrogen, and sulfur.5

Since 1860, the combustion of fossil fuels has released some 185
billion tons of carbon to the atmosphere. Annual emissions rose from
an estimated 93 million tons in 1860 to about 5 billion tons at present,
a 53-fold increase. The bulk of these emissions occurred since 1950 as
carbon releases from the rapid rise in oil-use added substantially to
those from coal. (See Figure 1.) Earlier in this century, the clearing
and burning of forests to make way for cropland and pasture con-
tributed even more carbon to the air each year than fossil fuels did.
Scientists estimate that between 1860 and 1980 forest clearing released
to the atmosphere more than 100 billion tons of carbon. Today, land
conversionprincipally deforestation in the tropicsis estimated to
cause a net release of between 0.6 billion tons and 2.6 billion tons of
carbon annually, or between 12 and 50 percent of that released each
year from fossil fuel combustion.6

Scientists voiced concern about this addition of carbon to the atmos-
phere as long as a century ago. Until fairly recently, many assumed
that the oceansthe biggest reservoir in the carbon cyclewould
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Figure 1: World Carbon Emissions from Fossil Fuels, 1950-84

remove this carbon added by human activities. Then in the late fifties,
researchers atop Hawaii's Mauna Loa began to measure the con-
centration of atmospheric carbon dioxide (CO2), and found that it was
rising. Between 1959 and 1985, the annual average CO2 concentration
increased from 316 parts per million (ppm) to about 345 ppm, or 9
percent. With CO2 levels prior to 1860 estimated at 260-270 ppm,
human activity has increased the concentration of carbon dioxide by
about 30 percent in just 125 years. About half of the CO2 emitted to
the atmosphere has been absorbed by the oceans and the biosphere.
The release of carbon from combustion and deforestation thus ap-
pears to outpace the natural carbon cycle's ability to keep CO2 levels
constant.7

11
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Scientists have long suspected that carbon dioxide plays a central role
in regulating the earth's temperature. Like a one-way filter, CO2 lets
energy from the sun pass through it but absorbs the longer wave-
length radiation emitted from the earth's surface. Researchers have
mathematically modelled this phenomenon, dubbed "the green-
house effect," to predict how the earth's climate would respond to
higher concentrations of CO2. From the models' results, a consensus
has emerged that should the concentration of atmospheric CO2 reach
double preindustrial levels (which under existing trends will occur
around the middle of the next century) the earth s average tempera-
ture will rise between 1.5 and 4.5 degrees centigrade. Such a change,
while seemingly small, would have profound effects on the world's
climate. During the last Ice Age, When vast sheets of ice covered
much of Europe and North America, the earth's average temperature
was only about 5 degrees colder than it is today. The predicted
change from a doubling of CO2 would make the earth warmer than at
any time in human history.8

Recently scientists have begun to raise concerns about another carbon
compound: methane. Studies of ancient air trapped in polar ice show
that the atmospheric concentration of methane remained constant for
many thousands of years, but then began rising around the year 1600.
It has since more than doubled, and is now increasing at a rate of 1 to
2 percent per year. The exact cause of this increase remains uncertain.
Most gaseous methane is produced by bacteria that decompose or-
ganic matter in oxygen-deficient environments. Bacteria in the di-
gestive tracts of cows and the soils of rice paddies worldwide produce
on the order of 140 million tons of methane annually, perhaps double
the amount released from natural swamps and wetlancis. Like carbon
dioxide, methane acts as a greenhouse gas, trapping heat from the
earth. Researchers estimate that methane's buildup in the atmos-
phere by the year 2030 could increase the global warming expected
then from carbon dioxide by between 20 and 40 percent.9

Only a partial picture exists of the global nitrogen budget, but human
activities clearly have altered the cycling of this key element as well.
The combustion of fossil fuels releases oxides of nitrogen (NO) to the
atmosphere through the oxidT2 of nitrogen in fuel and in the air of
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food demands, farmers have applied large amounts of nitrogen-based
fertilizers to the land and have stepped up meat production by raising
cattle in feedlots. Scientists believe that the fertilization of soils, the
concentration of animal wastes, and to a lesser degree, fossil fuel
combustion, release substantial quantities of nitrous oxide, known to
many people as laughing gas. Unlike the NO,1 compounds, which
settle or rain out after a relatively short life in the atmosphere, nitrous
oxide may remain for a centuri or more. Concern about this com-
pound has intensified with the discovery that it, too, is a greenhouse
gas. Scientists estimate that the projected concentration of nitrous
oxide in the year 2030 will increase the global warming by between 10
and 20 percent of that expected by then from carbon dioxide."

Unlike nitrogen and carbon, sulfur maintains no major reservoir in
the atmosphere, yet a portion of it cycles through the air as it moves
between the land and sea. Each year volcanoes, sea spray, wetlands,
and tidal flats release 90 to 125 million tons of sulfur to the atmos-
phere.12 The $reatest human influence on the cycle comes from in-
dustrial activitymainly the combustion of coal and oil and the
smelting of sulfur-bearing metallic ores. These sources emit the com-
pound sulfur dioxide (SO2). (Every two tons of sulfur dioxide emitted
adds one ton of sulfur to the air.)

Worldwide, humanity's annual contribution of sulfur to the atmos-
phere now roughly equals that of all natural sources combined
about 100 million tons, essentially doubling the annual cycling of
sulfur through the biosphere. In the United States alone, SO2 emis-
sions increased by 40 percent between 1950 and 1973, peaking at
nearly 30 million tons. (e Figure 2.) As a result of oil price increases
and the enactment of air pollution standards, SO2 emissions declined
through the late seventies and early eighties, though data for 1984
show a reversal of that trend. Nevertheless, emissions remain high:
In eastern North America, sulfur oqput from human activities ex-
ceeds that from natural sources by a factor of at least ten."

Once aloft, NO and SO2 react with other chemicals in the lower
atmosphere. NO and hydrocarbons, for example, are both emitted
by the combustion of oil in automobiles. Under intense sunshine,
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"In eastern North America, sulfur
output from human activities exceeds

that from natural sources by a factor
of at least ten."

they help form ozone, a principal ingredient in the "photochemical
smog" that blankets many urban areas. These pollutants can migrate
from cities to the countryside, sometimes carned great distances by
prevailing winds. In many rural areas of Europe anid North America,
summer ozone concentrations now measure two to three times
higher than natural background levels."

Similarly, acid deposition forms from a complex set of reactions in-
volving sulfur and nitrogen compounds. In the mid-1800s, English
chemist Robert Angus Smith studied the precipitation falling around
Manchester, England, and found higher sulfuric acid levels in town
than in the surrounding countryside. Over the last several decades,
however, acid rain has spread widely throughout rural areas in in-
dustrial countries. The increase in emissions of acid-forming pol-
lutants, along with tall smokestacks designed to disperse them away
from cities, converted acid rain from a localized urban problem to one
regional and continental in scale.15

Monitoring of precipitation chemistry in Europe began in the 1950s
and shows that the area receiving highly acidic rain and snow has
spread from a central region of Belgium and the Netherlands to
include nearly all of northwestern Europe. Long-term data are lacking
for Eastern European countries, but the heavy burning of sulfur-rich
brown coals likely has increased precipitation acidity there to levels
higher than elsewhere in Europe. In North America, throughout a
broad region extending across eastern Canada, south to Tennessee
and the Carolinas, and west to Iowa and Missouri, the acidity of
rainfall now averages at least ten times greater than would be ex-
pected in an atmosphere free of industrial pollutants."

Industrial activities have also turned metals into troublesome pol-
lutants. Metals occur naturally in soils and rock, and in the forms and
concentrations found in nature, pose little hazard. However, with the
growth of fossil fuel combustion, smelting, incineration, and other
high-temperature processes, metal concentrations in the environ-
ment have increasecl markedly. For nearly a dozen metals, releases to
the atmosphere from human activities now greatly exceed those from
soils, volcanoes, and other natural sources. (See Table 1.) Emissions
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Table 1: Estimated Annual Global Emissions of Selected Metals to
the Atmosphere, circa 1980

Metal
Human
Activity

Natural
Activity

Ratio of Human
to Natural Activity

(thousand metric tens)

Lead 2,000 6 333
Zinc 840 36 23
Copper 260 19 14
Vanadium 210 65 3
Nickel 98 28 4

Chromium 94 58 2
Arsenic 78 21 4
Antimony 38 1 38
Selenium 14 3 5
Cadmium 6 0.3 20

Source: James N. Galloway et al., "Trace Metals in Atmospheric Deposition: A Review
and Assessment," Atmospheric Environment, Vol. 16, No. 7, 1982.

of cadmium have been increased 20-fold, and of zinc 23-fold. The use
of lead in gasoline, which began in the twenties, has boosted lead
emissions worldwide to 2 million metric tons annually-333 times
greater than estimated releases from natural sources.17

Like emissions of acid-forming pollutants, metals return to earth and
are deposited in soils, streams, and lakes. While lead concentrations
in uncontaminated soils typically range between 10-50 ppm, scientists
have measured levels in urban areas of the northeastern-United States
ranging between 100-800 ppm. Similarly in Taiwan, which has one of
the highest traffic densities in the world, lead concentrations in some
areas exceed natural levels by 25 times. Scientists do not know the
regional or global extent of metal deposition, since it has not been
monitored extensively. But after studying the accumulation of metals
in forests of the Soiling mountains in central Germany, two German

.16



scientists concluded that "since the Soiling is a typical rural mountain
area, far from large industrial settlements and major traffic
lines...there is probably no land surface in central Europe where the
local balance for most heavy metals on the ecosystem level is not
strongly influenced, or dominated, by atmospheric pollution."I8

Moreover, a team of North American researchers found from a litera-
ture survey covering nearly 300 sites worldwide that metal deposition
rates in rural areas were 10 to 100 times greater than in the remote
North Atlantic. In urban areas, deposition rates were between 100
and 10,000 times &reater. They concluded that mercury and lead "are
now being deposited in some areas at levels toxic to humans" and
cadmium, copper, mercury, lead, and zinc "at levels toxic to other
organisms."19

Besides altering the cycling of natural elements such as carbon, nitro-
gen, sulfur, and metals, society has introduced to the environment
over the last half-century thousands of substances that have no natu-
ral counterparts. Their early creators probably never imagined that
the use of these chemicals might severely damage natural systems.
Yet in the early seventies, scientists warned that one family of syn-
thetic compoundsthe chlorofluorocarbonscould destroy the life-
protecting layer of ozone in the upper atmosphere.

Ironically, ozonethe same chemical that in the lower atmosphere
forms irritating urban smogin the upper atmosphere performs a
vital function. It absorbs ultraviolet (UV) radiation from the sun,
which if allowed to reach the earth would cause skin cancers, crop
damage, and other harmful effects. Once aloft, the chloro-
fluorocarbons (CFCs) migrate to the upper atmosphere, where the
sun's intense rays break them down, releasing atoms of chlorine. This
chlorine in turn drives a series of reactions that destroy ozone.
Largely as a result of worldwide CFC emissions, stratospheric con-
centrations of chlorine are now more than twice natural levels.20

Production of CFC-11 and CFC-12, the most worrisome members of
the CFC family, rose steadily from the early thirties to the early
seventies as demand grew for their use as propellants in aerosol cans,
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as foam-blowing agents, and as coolants for refrigerators. Production
declined from the mid-seventies through 1982 after a number of in-
dustrial nations responded to scientists warnings by banning or re-
stricting aerosol uses of CFCs. Yet because of increasing demands for
CFC products in Third World countries and for unrestricted CFC uses
in inclustrial countries, this downward trend appears to have re-
versed. Estimated production (excluding the Soviet Union, Eastern
Europe, and China) rose 16 percent between 1982 and 1984.21

Projections of the potential effect of CFC releases have varied widely
over the last six years. Assuming modest emissions growth-rates for
related atmospheric gases and a 3 percent per year increase in CFC
emissions, the U.S. National Aeronautics and Space Administration
has projected a 10 percent depletion of the ozone layer by the middle
of the next century. According to a study by the U.S. Environmental
Protection Agency (EPA), such a depletion could result in nearly 2
million additional skin cancer cases each year, damage to materials
such as plastics and paints worth as much as $2 billion annually, as
well as incalculable damage to crops and aquatic life. Studies also
show that exposure to IN rays may suppress the human immune
system, potentially making people more vulnerable to disease. The
higher doses of LW radiation resulting from ozone depletion would
likely magnify this damaging effect. Moreover, concern about the
pace and predictability of ozone depletion has heightened recently
with findings of roughly a 40 percent decrease in the ozone layer
above Antarctica during October, shortly after sunlight reappears
following the continent's cold, dark winter. Scientists had not antici-
pated such a loss, and whether it portends a more-rapid-than-
expected depletion of the ozone layer globally remains unknown.22

Chlorofluorocarbons also add to the threat of climate change, both
indirectly by their attack on the ozone layer, and directly, because
they act as greenhouse gases. The expected ozone depletion will alter
the energy budgets of the upper and lower atmospheres, tending to
warm the earth. Since CFCs themselves effectively trap heat radiated
from the earth, their buildup in the atmosphere will add substantially
to the greenhouse warming. In October 1985, scientists from 29
nations meeting in Villach, Austria, concluded that the climate-
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"A 10 percent depletion of the ozone
layer could result in nearly 2 million

additional skin cancer cases each
year."

altering potential of greenhouse gases other than CO2which in-
clude methane, nitrous oxide, and the CFCs"is already about as
important as that of CO2." Taken together, the rising concentrations
of carbon dioxide and all other greenhouse gases could lead to the
equivalent of a doubling of CO2 over preindustrial levels by "as early
as the 2030s."23

The long-term effects of the thousands of other synthetic chemicals
applied to croplands, emitted from factories, and dumped as waste
onto the land are largely unknown. In 1962, Rachel Carson's Silent
Spring alerted the world to the dangers posed by the proliferation of
these compounds. She wrote that they "come from our laboratories in
an endless stream; almost five hundred annually find their way into
actual use in the United States alone. The figure is staggering and its
implications are not easily grasped-500 new chemicals to which the
bodies of men and animals are required somehow to adapt each year,
chemicals totally outside the limits of biologic experience."24

As with many industrial products, the benefits of using chemicals are
easier to quantify than the costs. Pesticides, for exam*, have helped
control such dreaded diseases as malaria, bubonic plague, typhus,
and sleeping sickness, saving many millions of lives. They kill insects
that can devastate crops, and thus have arguably helped reduce hun-
ger and avert famine. Initially, concerns about their dangers were
limited to acute toxic effects of the sort that killed the unwanted pests.
Yet research has since revealed that pesticides and other chemicals
pose serious and often insidious long-term risks. Many degrade
slowly, lingering in soils or water for years after their release. Many
are volatile, and are transported great distances through the air. They
may increase in concentration as they work their way through the
food web, possibly reaching toxic concentrations in higher-level con-
sumers. Most disturbing, many may harm both ecosystems and peo-
ple exposed to minute concentrations of them for extended periods of
time. Z5

Findings on the long-term effects of pesticides took society by sur-
prise. Few people could have known when the pesticide DDT came
mto widespread use in the early forties that it would interfere with
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the formation of normal eggshells in peregrine falcons, bald eagles,
and other predatory birds, thus nudging these species toward rarity
and extinction. Still fewer would have guessed that DDT would find
its way to penguins in the Antarctic; that within three generations,
most Amencansincluding unborn babieswould have measurable
quantities of DDT in their blood and fat; or that more than a decade
after its ban from use in the United States, DDT would still be found
in carrots and spinach sold in San Francisco supermarkets.26

How extensively changes in the earth's chemistry will affect people
and natural systems remains unknown. With built-in mechanisms of
checks and balances, the biosphere tends toward a steady state, much
as the human body maintains a constant internal temperature regard-
less of the temperature outdoors. Yet any self-regulating system can
be so perturbed by external stresses that it destabilizes and loses its
ability to function. Walter Orr Roberts of the National Center for
Atmospheric Research expresses the well-grounded fear that hu-
manity, "through the advancing power of science and technology,
can overwhelm the curative and restorative forces at play...."27

Risks to Food Security

Over the centuries, farmers have geared their cropping systems to
nature's normal offering of rain and warmth. Departures from these
seasonal conditions can severely undermine crop production, farm-
ers' livelihoods and, ultimately, food security. If current trends con-
tinue, agriculture's battle with the weather will intensify over the
coming decades. Because of the rising concentrations of carbon di-
oxide, chlorofluorocarbons, and other greenhouse gases in the at-
mosphere, scientists expect a marked change in the earth's climate
over the next 50 to 75 years. Existing models cannot capture all of the
complexities of the world's climate, nor can they predict precisely the
changes in temperature and rainfall that will occur in specific regions.
Yet they clearly indicate the need for some major and costly adjust-
ments to maintain global food security.28
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"Any self-regulating system can be
so perturbed by external stresses that it

destabilizes and loses its ability to
function."

Although the climate will change gradually as the com entrations of
greenhouse gases increase, most modelers focus their predictions on
what will occur from the equivalent of a doubling of carbon dioxide
over preindustrial levels. They generally agree that temperatures will
rise everywhere, though by greater amounts in the temperate and
polar regions than in the tropics. Since a warmer atmosphere can
hold more moisture, average precipitation worldwide is expected to
increase by 7 to 11 percent. In many regions, however, this additional
rainfall would be offset by higher rates of evaporation, causing soil
moisturethe natural water supply for cropsto decrease.29

Recent model results indicate a substantial summertime drying out of
the mid-continent, mid-latitude regions o! the Northern Hemisphere.
Soil moisture for summer crop production would diminish in large
grain-producing areas of North America and the Soviet Union. To-
gether Canada and the United States account for more than half of the
world's cereal exports, and the United States alone accounts for 72
percent of the world's total exports of corn. (See Table 2.) In large
portions of these areas, lack of water already limits crop production.
A drier average growing season, along with more frequent and severe
heat waves and droughts, could cause costly crop losses in these
major breadbaskets. As a rule of thumb, for example, yields of corn in
the United States drop 10 percent for each day the crop is under
severe stress during its silking and tasseling stage. Thus, five days of
temperature or moisture stress during this critical period, which
would likely occur more frequently in much of the U.S. Cornbelt with
the anticipated climate change, would reduce yields by half.3°

While some key food-producing regions may dry out, prospects for
expanding production in other areas could improve. Warmer and
wetter conditions in India and much of Southeast Asia might increase
rice production in these areas. The picture remains unclear for Africa.
But reconstructions of the so-called Altithermal period some 4,500 to
8,000 years ago, when summertime temperatures were higher than at
present, suggest that northern and eastern Africa could get sub-
stantially more rainfall. If so, average flows of the Niger, Senegal,
Volta, and Blue Nile rivers would increase, possibly aiding the expan-
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Table 2: Share of World Cereal Exports from Major Countries
Where Summer Moisture Is Expected to Decrease, 1984

Country Corn Rice Wheat All Cereals
(percent)

Canada 1 0 19 11

Soviet Union 0 0 2 1

United States 72 17 37 44

Total 73 17 58 56

Source: United Nations Food and Agriculture Organization, 1984 FAO Trade Yearbook
(Rome: 1985); see text for sources on climate change.

sion of irrigation. In northern latitudes, higher temperatures and
milder winters might open vast tracts of land to cultivation. Agri-
cultural production in Canada, northern Europe, and the Soviet
Union might expand northward.31

Unfortunately, shifting crop production to areas benefiting from cli-
mate change will not only be costly, but will meet with some serious
constraints. Thin, nutrient-poor soils cover much of northern Min-
nesota, Wisconsin, and Michigan. A northward shift of the U.S.
Cornbelt in response to higher temperatures would thus result in a
substantial drop in yield. Poor soils will also inhibit successful north-
ward agricultural migrations in Scandinavia and Canada. It would
take centuries for more productive soils to form. Though during the
Altithermal period the present desert regions of North Africa were
savannas suited for grazing, these lands also would require a long
time to regain their former fertility.32

Low-lying agricultural areas face the threat of a substantial rise in sea
level from the altered climate. Since water expands when heated,
oceans will rise with the increase in global temperature. Warmer
tempetatures will also melt mountain glaciers and parts of polar ice
sheets, transfering water from the land to the sea. From the global
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warming expected by the middle of next century, sea levels could
increase as much as one meter, threatening large tracts of agricultural
lowlandswhere much of the world's rice is grownwith in-
undation. Of particular concern are the heavily populated, fertile
delta regions of the Ganges River in Bangladesh, the Indus in Pakis-
tan, and the Yangtze in China.33

The productivity of major food crops will respond not only to changes
in climate, but directly to the higher concentration of CO2 in the
atmosphere. Carbon dioxide is a basic ingredient for photosynthesis,
the process by which g, reen plants transform solar energy into the
chemical energy of carbohydrates. Experiments suggest that as long
as water, nutrients, and other factors are not limiting, every 1 percent
rise in the CO2 concentration may increase photosynthesis by 0.5
percent. Greenhouse operators have long taken advantage of this
fertilizing effect by setting the CO2 concentration in greenhouse air
two to three times higher than that in today's natu al atmosphere.
Plants in a CO2-enriched atmosphere also use water .aore efficiently
since the leaf openings through which they transpire water narrow.
Though few field studies have tested how major food crops would
respond to higher CO2 levels, researchers expect that, other things
being equal, slight yield increases would occur.34

Other factors, however, could offset potential gains in yield. Crops
might need more nitrogen and other nutrients to achieve the greater
productivity made possible by higher CO2 levels. Damage from insect
pests could increase, since the warmer climate would laely enhance
insect breeding. Yields of cornthe crop probably most vulnerable to
the anticipated climate changescould suffer from greater com-
petition from weeds. Corn differs from wheat, rice, and most other
major food crops in the way it carries out photosynthesis and, as a
result, will not Innefit as much from the fertilizing effect of higher
CO2 concentrations. Many weeds, however, will sobenefit, and their
greater ability to compete for water and nutrients could reduce corn
production.35

Whatever the outcome for individual regions, adapting to climate
change will exact heavy costs from governments and farmers. The

23



expensive irrigation systems supplying water to the 270 million hec-
tares of irrigated cropland worldwide were built with present climatic
regimes in mind. These irrigated lands account for only 18 percent of
total cropland, yet they yield a third of the global harvest. Irrigated
agriculture thus plays a disproportionately large role in meeting the
world's food needs. Shifts in rainfall patterns could make existing
irrigation systemsincluding reservoirs, canals, pumps, and wells
unnecessary in some regions, insufficient in others. Moreover,
seasonal reductions in water supplies because of climate change
could seriously constrain irrigated agriculture, especially where com-
petition for scarce water is already increasing.36

A look at one key food-producing regionthe western United
Stateshighlights how costly climate change could be. Though by no
means conclusive, climate models suggest that much of the western
United States could experience a reduction in rainfall along with the
rise in temperature. Since rates of precipitation and evaporation
largely determine any region's renewable water supply, supplies in
the West would diminish. Assuming a 2 degree increase in tempera-
ture and a 10 percent decrease in precipitation, Roger Revel le and
Paul Waggoner show that supplies in each of seven western river
basins would be reduced by 40 to 76 percent. Such reductions would
create severe imbalances in regional water budgets. (See Table 3.)
Projected water consumption for the year 2000 would exceed supplies
available under the current climate only in the Lower Colorado re-
gion. With the assumed climate change, however, consumption in
the year 2000 would exceed the renewable supply in four regions,
with local shortages likely occurring in the other three. The supply
would fall 73 percent short of demand in the Rio Grande region, 64
percent in the Lower Colorado, 39 percent in the Upper Colorado,
and 15 permnt in the Missouri region.37

Since agriculture is by far the biggest consumer of water, balancing
regional water budgets would likely require that irrigation cease on a
substantial share of cropland. Such a trend is now under way in
portions of the Lower Colorado region, where consumption already
exceeds the renewable supply. Correcting the large imbalances result-
ing from such an altered climate could require that as many as 4.6
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Table 3: Water Supplies unOer Present and Postulated Climate,
Western United States

Water Resources
Region

Average Annual Supply

Change

Ratio of Demand
in Year 2000 to
Altered Supply

Present Altered
Climate Climate'

(billion cubic meters/year) (percent)

Missouri 85.0 30.7 64 1.2
Arkansas-White-Red 93.5 43.2 54 0.4
Texas Gulf 49.2 24.7 50 0.7
Rio Grande 7.4 1.8 76 3.7
Upper Colorado 16.4 9.9 40 1.7
Lower Colorado 11.5 5.0 57 2.7
California 101.8 57.1 44 0.7

All 7 Regions 350.92 165.32 53 0.9

'Assumes a 2 degree centigrade temperature increase and a 10 percent reduction in
precipitation. 'Does not equal sum of cohimn because a portion of Lower Colorado
flow is derived from Upper Colorado.

Source: Roger R. Revelle and Paul E. Wa)3goner, "Effects of a Carbon Dioxide-lnduced
Climatic Change on Water Supplies in the Western United States," in National
Research Council, Changing Climate (Washington, D.C.: National Academy
Press, 1983).

million hectares be taken out of irrigation in those seven western U.S.
regionsroughly 35 percent of their existing irrigated area.38

A reduction of that magnitude would have high costs, measured
either by the capitai investments in dams, canals, and irrigation sys-
tems rendered obsolete, or by the replacement value of that irrigation
infrastructure. Investment needs for expanding, irrigation vary
widely, but assuming a range of $1,500 to $5,000 per hectare, re-
placement costs could total $7 billion to $23 billion in the United
States alone. Worldwide, maintaining food security under the altered
climate would likely require new irrigation systems beyond those that
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would be added anyway as world food needs increased. If such
additional systems were needed for an area equal to 15 percent of
existing irrigated area,. climate change Wald carry a global price tag of
$200 billion for irrigation adjustrnent5 alone.39

The need for new drainage systems, flood control structures, crop-
ping t3atterns, and crop varieties woo!d greatly magnify the costs of
adapting to a changed climate. Accorchrig to some ballpark estimates,
the annual cost of a greenhouse gas.ificlaced warming of 2.5 degrees
centigrade could ainconnt to 3 percent of the world's gross economic
output. Much of this cost woad resolt,from the loss of capital assets
in agriculture. Poorer countries wouid_nave the most difficulty adapt-
ing, and since food Production typicOHY comprises a relatively large
share of their incornes, their people iwould suffer disproportionately.
Moreover, as climate expert VVilliam W. Keno% points out, the need
to adapt to climate Change will arise 1/Against a ackdrop of increased
world population, increased demanós for energy, and depletion in
many places of soil, forests, and other natural resources.' The dis-
ruptions wrought bY a changing climate may thus bring new pockets
of famine, losses of mcome, and the .need1 for huge capital invest-
ments that many countries will fMd cliffkult to finance.40

While no other homan-induced altetation of the earth's chemistry
poses risks to agricolture as great as d"ate change, at least one other
exacts substantial costs as well. Scientist% have documented that air
pollution causes significant losses in crop output. By far the most
destructive pollutant to crops is ozone, causing an estimated 90 per-
cent of the crop damage linked to aif Pollution in the United States.
Highly toxic to plants, and not alway5 causing visible injury, ozone is
quietly reducing WV Yields in many agricultural regionoi

Ozone levels in many rural areas of the United Statesincluding the
Cornbelt, the Appalachian states, the Southeast, and the Southern
Plainsnow average between 1.5 ancl 2 times greater than natural
background levels. Peak concentrations climb several times higher.
Using county-level data on crop Production and ozone con-
centrations, a 1984 st.udy by the U. Office of Technology Assess-
ment estimates that in 1978 ozone caused a $2 billion loss in U.S.
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imate change could carry a global
price tag oi 11200 billion for irription

adlustnwnts atone."

&pICU$tUral productivity. Yields oat corn were reduced by 2.5 percent,
Wheat by 6 percent, soybeans by 13 percent, and peanutsa crop
highly sensitive to ozone--by 24 percent. An analysis by the EPA
suggest that reducing current ozone levels by 40 percent would yield
economic benefits to crop producers and consumers totaling $2.8
billion per year."

Damp to crops from air pollutants is not as well documented else-
where. Substantial looses undoubtedly occur in Europe, where much
farmland lies within west hundred Inlometers of major urban and
industrial areas. Toirrovide a rough estimate of potential damages,
one study for the European Economic Community reasonably as-
sumes that air pollutants are at levels harmful to plants in 40 percent
of the agricultural area, and that as a result, yields of
winter wheat and potatoes are reduced by 10 percent. Based
on the 1981 crop output valued at 81 Mat would be lost
annually. Even less data la available for Third World countries. With
pollution control efforts there lagging behind those in industrial
countries, however, damages from-air pollutants are no doubt occur-
ring, and are bound to worsen if emissions from the growing num-
bers of power plants, factories, and automobiles are not controlled."

LOOS of Forests

threats to forests from changes in the chemistry of the
another set of potenda costly consequences dur-

23:4co4edecades. In the autumn of 1983, the West German
of Food, Agriculture and Forestry galvanized both scientists

and the citizenry with an unsettling finding:34 percent of the nation's
trees were yellt.losimidenceuedles or leaves, or showing other signs
of damage. pointed to air pollution and acid
rain as contii-u---11 not the leading, causes. A more thorough
survey in 1984 confirmed that the unusual tree disease was spread-

ZForesters found that trees covering half of the nation s 7.37
ion hectares of toasts were damaged, including two-thirds of

those in the southwestern state of Baden Warttemberg, home of the
fabled Black Forest."
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Spurred by West Germany's alarming discovery, other European
nations took action to assess the health of their own forests. Different
methods of surveying and estimating damage were used in various
countries, so the results are not strictly comparable. Nonetheless, the
assessments collectively show that trees covering 8 percent of
Europe's 136 million hectares of forest exhibit signs of injury. (See
Table 4.) The key symptoms for the conifer speciesthe hardest
hitparallel those found in West Germany: yellowing of needles,
casting off of older needles, and damage to the fine roots through
which trees take up nutrients. Forest injury pervades the band of
central Europe bounded by latitudes 46 and 53 degrees North. In at
least a half-dozen countriesAustria, Czechoslovakia, Luxembourg,
the Netherlands, Switzerland, and West Germanya quarter to half
the forested area is damaged.45

National estimates in some cases belie the extent of damage in specific
regions. Total damage in Sweden is placed at about 4 percent, but an
estimated 20 percent of the forested area in the south is affected. In
1984, foresters in France surveyed portions of the French Jura and
Alsace-Lorraine, adjacent to West Germany's Black Forest, and found
that more than a third of the trees were injured, at least 10 percent of
them severely. Indeed, the alpine region spanning portions of Aus-
tria, France, Italy, Switzerland, and West Germany exhibits the worst
damage. Swiss officials have warned that avalanches and landslides
resulting from the loss of tree cover will damage houses and farms,
and may force people to evacuate some areas. Estimates for the East-
ern European countries include severely damaged and dead trees,
but probably not all those exhibiting early stages of needle loss and
yellowing. Unfortunately, no forest damage data are available for
Greece, Fre land, Portugal, and Spain.46

Unusual tree injury in North America appears much less extensive
than in central Europe. In the high-elevation forests of the eastern
mountain ranges, red spruce trees are undergoing a serious die-
backa progressive thinning from the outer tree crown inward. On a
closely studied peak called Camels Hump in Vermont, researchers
found that half the sprtice trees have died. A 1982 survey indicated

28



Table 4: Estimated Forest Damage in Europe, 1985

Country
Total Forest

Area
Estimated

Area Damaged
Portion of Total
Area Damaged

(thousands of hectares) (percent)

Austria 3,754 910 24
Belgium 616 111 18
Czechoslovakia 4,600 1,250 27
East Germany 2,900 503_1 12
France 15,075 _1

Hungary 1,600 176 11
Italy 6,363 400 6
Luxembourg 82 42 51
Netherlands 309 138 45
Norway 8,330 400 5

Poland 8,677 600 7
Sweden 26,500 1,000 4
Switzerland 1,200 408 34
West Germany 7,371 3,824 52
Yugoslavia 9,500 1,000 11

Other 39,087

Total 135,964 10,609 8

'Surveys covered selected regions; see text.

Sources: Allgemeine Forstzenschrift, No. 46, Munich, West Germany, November 16,
1985; West Germany figures from Federal Ministry of Food, Agriculture and
Forestry, "1985 Forest Damage Survey," Bonn, West Germany, October, 1985;
Italy figures from U.N. Food and Agriculture Organization, Forestry Depart-
ment, "Long-Range Air Pollution: A Threat to European Forests," Unasylva,
Vol. 37, 1985.

that red spruce are declining in a variety of forests throughout the
Appalachian Mountains.47
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More subtle signs of ill health come from the U.S. Forest Survey's
discovery that pine trees in a broad region of the Southeast grew 20 to
30 percent less between 1972 and 1982 than they did between 1961
and 1972. These pines are important commercially, and sustained
growth declines will reduce the amount of timber available for future
harvests. In a November 1985 report, Forest Service analysts state
that the net annual growth of softwood timber in the Southeast "has
peaked and turned downward after a long upward trend." Though
less well documented, unexpected growth declines appear to have
occurred throupout the Appalachians, extending north into New
England. In wntten testimony presented to the U.S. Senate in Feb-
ruary 1984, soil scientist Arthur H. Johnson draws an unsettling
parallel by noting that similar growth reductions preceded the
"alarming incidences" of forest damage in Europe.48

Hundreds of scientists in the affected countries continue to search for
the cause of this unprecedented forest decline. Collectively they offer
a bewildering array of hypotheses, attesting to the difficulty of un-
raveling a mystery within a complex natural system. Most agree,
however, that air pollutantsprobably combined with natural fac-
tors, such as insects, cold, or droughtare a principal cause. Ex-
planations focus on acid rain, gaseous sulfur dioxide, nitrogen
compounds, heavy metals, and ozone, which singly or in com-
bination cause damage variously through the foliage, forest soils, or
both."

A key symptom of tree injuryyellowing of needlestypically re-
sults f-rorn a deficiency of one or more nutrients. Among the most
vital to a tree's health and productivity are calcium, magnesium, and
potassium. Any one of these can become deficient in a tree either
because the soil is lackinjg that particular element, the tree's roots
cannot absorb it, or it is being leached from the tree's foliage faster
than the tree can take it up from the soi1.5°

Both direct attacks to the foliage by air pollutants and acid rain, and
indirect damage through changes m forest soils can alter the balance
of nutrients and other critical metabolic functions within trees. In
combination with natural stresses, both pathways probably con-
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"Changes in the soil pose the most
troubling prospects for the future."

tribute to the tree disease and death spreading throughout central
Europe. Changes in the soil, however, pose the most troubling pros-
pects for the future. A reduction in pollutant emissions would im-
prove air quality and curb acid rain almost immediately, thus
allowing trees suffering from direct attacks on the foliage to recover
fairly quickly. Damage to soils from acidification, however, would be
irreversible for the near future, since soils would take decades or
centuries to recover.51

Evidence from a severely damaged forest in Eastern Europe suggests
that alterations in the soil are indeed taking place. Large portions of
the Erzgebirge mountains northwest of Prague, Czechoslovakia,
now resemble a wasteland. Near the industial city of Most, where
power plants burn high-sulfur coal, sulfur dioxide concentrations
average 112 micrograms per cubic meter, much higher than in most
industrial areas, and 13 times higher than in a seemingly undamaged
rural forest about 160 kilometers to the southeast. Peak con-
centrations register several times higher than the average. The nu-
merous dead and dying trees in this industrial region may thus be
succumbhig to the "classic smoke injury" known to occur near large
sources of uncontrolled pollution.52

Det-iled measurements of the chemistry of runoff from the Erz-
gebirge mountain forest also suggest, however, that acidification has
profoundly altered the soil's ability to support a forest. Czech geo-
chemist Tomas Paces found that losses of the nutrients magnesium
and calcium from the damaged forest averaged, respectively, 6.8 and
7.5 times greater than from the undamaged rural forest. (See Table 5.)
Less than half of these increased nutrient losses can be explained by
the higher rates of precipitation and thus of atmospheric chemical
inputs in the damaged forest. Runoff of aluminum, which normally
remains bound up in soil minerals, was 32 times greater than from the
undamaged forest. With the loss of calcium and other elements that
can buffer incoming acidity, aluminum mobilizes to serve as the
buffering agent. Scientists have learned that soluble forms of alu-
minum can be toxic to trees, damaging their roots and preventing
them from picking up vital nutrients from the soil. Finally, outputs of
nitrate from the damaged forest exceeded those from the undamaged
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Table 5: Chemicals in Runoff from Forested Watersheds,
Czechoslovakia, 1976-1982

Undamaged Damaged Ratio of Damaged
Chemical Rural Forest' Forest' to Undamaged

(kilograms/hectare/year)

Potassium 1.9 6.8 3.6
Magnesium 3.8 26.0 6.8
Calcium 9.9 74.0 7.5

Sulfate 9.0 96.0 10.7
Nitrate 0.6 12.0 20.0
Aluminum 0.1 3.2 32.0

'Average for 7 years, 1976-1982. 'Average for 5 years, 1978-1982.

Source: Tomas Paces, "Sources of Acidification in Central Europe Estimated from
Elemental Budgets in Small Basins," Nature, May 2, 1985.

forest by a factor of 20. Paces believes this reflects the damaged
forest's inability to properly recycle nitrogena loss of basic eco-
system function.

Forests in the industrial regions of Eastern Europe have borne inor-
dinately heavy pollutant loads over the last few decades. Few forests
outside these regions have so drastically collapsed. Yet ecological
theory firmly supports the possibility of more widespread destruction
as chemical stress on forests accumulates over time. According to
CS. Holling of the University of British Columbia, natural systems
may so successfully absorb stress that for long periods change occurs
very slowly. Eventually, however, systems may reach a stress point,
and "a jump event becomes increasingly likely and ultimately inevi-
table." Paces of Czechoslovakia believes such a threshold effect may
occur with forests subject to soil acidification. Where and when this
"inflection point" will be reached is not known, yet Paces says "its
existence is suggested by the fact that the acidification of soils in
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Central Europe has proceeded for decades whereas the die-back of
forests is a relatively fast phenomenon which takes only a few
yea rs."53

Substantial economic losses already are occurring from the existing
level of pollution stress on forests, and they will magnify greatly if the
prospects of large-scale forest decline become reality. The Czechoslo-
vakian Academy of Sciences estimates the cost of acid pollution at
$1.5 billion annually, with forest damage accounting for much of the
total. In West Germany, foresters are now harvesting dead and dying
trees before their time, which both increases forest management costs
and leads to timber surpluses that depress market prices. Professor
H. Stein lin of Albert-Ludwigs University in Freiburg sees little poten-
tial for West German forest industries to stabilize the market by
increasing exports, especially if forest damage simultaneously creates
wood surpluses in Austria, Switzerland, and other neighboring coun-
tries. With domestic markets saturated and several countries trying to
increase exports, lumber prices could drop sharply, causing severe
economic losses to forest owners.54

Sometime in the future, when trees cut prematurely would otherwise
have been harvested, a period of shortages and rising wood prices
could occur. Projecting from current trends, one study by researchers
at the Technical University of Berlin estimates that German forest
industries will suffer monetary losses averaging $1 billion annually
through the year 2060. Yet besides supplying timber, healthy forests
help protect the quality of streams and groundwater supplies, control
the erosion of soils, and provide recreational enjoyment for both
Germany's citizens and tourists. Adding in these projected losses, the
Berlin researchers estimate that the total cost of forest damage over
the next several decades will average $2.4 billion per year.55

In the United States, field and laboratory experiments, combined
with the findings of greatly reduced tree growth, strongly suggest
that ozonealready known to be diminishing crop yieldsis re-
ducing the productivity of some commercial forest species. Research-
ers at Cornell University subjected four specieswhite pine, hybrid
poplar, sugar maple, and red oakto a range of ozone concentrations
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spanning those typically found in the United States. In all four
species, net photosynthesis, which is a measure of a tree's growth,
decreased linearly with increasin& ozone concentrations. This held
true even at ozone levels now typical of rural areas..In no case were
the reductions in photosynthesis accompanied hy visible damage to
the foliage. Thus, even with no outward sign of injury, trees covering
large regions are very likely losing vigor and groWing slower. As
researchers Peter B. Reich and Robert G. Amundson point out,
growth reductions of just 1 to 2 percent per year amount to a sub-
stantial loss of timber over a tree's lifetime.56

In the Third World, uncontrolled clearing of forests is presently a
much greater cause for concern than forest (damage front air pollution
or acid rain. Yet the health and productivity of forests in developing
countries are bound to diminish in the future if polltion from power
plants, industries, and motor vehicles continues to increase. Damage
may first appear in the vicinity of large polluted urban centers, as it
did, for example, surrounding West Cermany's Ruhr Valley during
that nation's earlier stages of industrialization. Indeed, trees re-
portedly are dying alono heavily travelled corridors in Mexico City.
As in industrial countries, however, damage may spread to rural
areas as pollution emissions increase, as trees remem exposed to
pollutants for longer periods of time, or as soils acidify.57

Chronic pollution stresswhether from ozone, acid rain, sulfur di-
oxide, nitrorn compounds, or metalsnow places a substantial
share of the industrial world's forests at risk. In just one year, forest
damage in West Germany jumped from 34 percent to 50 percent. The
1985 damage survey showed just a slight increase, to 52 percent,
perhaps because of weather conditions favorable for the forests.58 No
one knows how much the forest damage in all of Europenow at
least 8 percentwill increase. Nor does anyone know how many of
the injured trees will eventually die, or when thresholds may be
reached beyond which forest damage rapidly worsens. Whether the
unexplained growth reductions in eastern U.S. forests portend a
similar decline there also remains unknown. Meanwhile, with each
passing year of continued pollution stress, the costs of lost forest
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"The same fossil fuel pollutants
damaging forests and crops also harm

people."

productivity mount, as do the risks of more extreme forest decline
and death.

Threats to Human Health

In 1775, during England's "industrial revolution," epidemiologist
Percival Pott identified the first environmental carcinovn. He found
surprisingly high rates of scrotal cancer among British chimney
sweeps, and uncovered the cause to be their unusually high exposure
to soot, a byproduct of combustion.59 Since then, the health hazards
of environmental pollutants have spread widely to the general popu-
lation. The same fossil fuel pollutants damaging forests and crops
also harm people. Metals released into the environment have become
a growing cause for concern. Most recently, the proliferation of syn-
thetic chemicals applied to crops, dispersed into the air, and disposed
of on land, has added new dimensions to environmental health risks.
Sacrifices of human health comprise part of the price of altering the
earth's chemistry.

With the growth of cities and industries over the last century, pol-
lution from the burning of fossil fuels amassed in ever greater quan-
tities. Many cities became cloaked in a persistent pall of smoke and
haze. Intense pollution episodes in the Meuse Valley of Belgium in
1930, in Donora, Pennsylvania, in 1948, and in London in 1952 drove
home the acute health hazards of severely polluted air. During these
periods of high sulfur dioxide and particulate concentrations, thou-
sands of people were suddenly stricken with heart and respiratory
problems, and scores died. Alarmed by such incidents, industrial
countries enacted air quality laws designed to keep urban pollution at
safer levels. While better protected from pollution's acute toxic ef-
fects, many people remain exposed to pollution levels that can cause
insidious chronic effects.6°

Just as scientists cannot unequivocally prove that air pollutants cause
forest damage, health researchers rarely can prove that pollution
causes specific cases of human illness and death. Factors such as
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occupational exposure to chemicals, cigarette smoking, and other
health hazards confound the picture. Yet as an added stress on the
human body, air pollutants reduce the productivity and lifespans of
susceptible people, just as they do with trees. The U.S. Office of
Technology ,kssessment estimates that the current mix of sulfates and
particulates in ambient air may cause 50,000 premature deaths in the
United States each yearabout 2 percent of annual mortality. Espe-
cially vulnerable are the more than 16 million people already suffering
from emphysema, asthma, and other chronic respiratory disorders.61

Ozonethe same pollutant damaging crops and treesposes one of
the most persistent air pollution problems in industrial countries. The
maximum hourly ozone levels recommended by the World Health
Organization are exceeded frequently in many large cities of Europe,
Japan, and North America. As many as four out of every ten Ameri-
cans are exposed to high ozone concentrations during the spring and
summer, when weather conditions favor ozone's formation. Ex-
posure to high levels of ozone, as with most other air pollutants,
increases the number and severity of respiratory problems.62

In growing Third World cities, uncontrolled emissions from power
plants, factories, and automobiles have added substantially to those
from the burning of firewood and coal in homes. Between 1976 and
1980, annual sulfur dioxide concentrations in Sao Paulo, Brazil, aver-
aged 25 percent higher than the U.S. standard set to protect human
health. In the late seventies, Bombay and Calcutta were among the
Indian cities registering levels of particulate matter far exceeding
recommended limits. Similarly, in Beijing, China, sulfur dioxide con-
centrations for 1982 averaged eight times higher than the nation's
primary standard; levels in the southwest city of Chongquing aver-
aged 21 times higher. Health officials in Shanghai reportedly hold air
pollution primanly responsible for a higher rate of lung cancer deaths
there than elsewhere in the country.63

Heavy metals released to the environment during combustion, smelt-
ing, incineration, and other industrial processes have received much
less attention than sulfur and nitrogen oxides and the other so-called
conventional pollutants. Yet they are an increasing cause for concern.
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Some metalsincluding copper, iron, and zincare essential nutri-
ents needed by the body in small amounts. Others such as lead,
cadmium, and mercury, serve no nutritional function. If introduced
to the body in large enough quantities, either type can cause varying
toxic effects, including cancer, and damage to the liver, kidneys, and
central nervous system."

Scientists have long known that high levels of lead in a person's blood
can cause serious health damage. Several published papers on lead's
toxic effects appeared in the mid-1800s. Since the 1920s, when petro-
leum refiners began adding lead to gasoline, people's exposure to this
heavy metal has increased greatly. Over this same time, advances in
biomedical technologies have caused health officials to lower the level
of lead in blood considered safe. Lead is especially hazardous to
children, since their bodies may absorb up to ten times more of a
nonnutrient metal than an adult's will. An estimated 675,000 young
children in the United States have high concentrations of lead in their
blood. The effects vary with the quantities of lead present, but in-
clude damage to the kidney, liver, nervous system, and reproductive
system; impaired growth; and interference with blood synthesis.
With the burgeoning use of automobiles over the last few decades,
millions of children worldwide have become exposed to potentially
toxic amounts of lead.65

Risks from some metalsincluding cadmium, lead, and mercury
amplify with their ability to increase in concentration as they move up
the food chain. Probably the most publicized disaster from such
bioaccumulation occurred in the early fifties around Japan's Min-
amata Bay. There, the release of industrial mercury compounds ac-
cumulated in fish and shellfish. At least 700 people eating the bay's
seafood acquired toxic levels of mercury, resulting in damage to their
central nervous systems. In the United States, dangerous levels of
mercury led the Wisconsin Department of Natural Resources to issue
a warning in April 1985 against eating certain species of fish from 15
Wisconsin lakes. Similarly, in Poland's Gdansk Bay, quantities of
mercury found in herring, cod, and flatfish have considerably ex-
ceeded permissible levels.66
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In recent years, scientists have found that acid rain may magnify
health risks from metals. Surveys of regions receiving acid pre-
cipitation, along with experiments in which lakes are purposely acid-
ified, show that several metalsincluding aluminum, cadmium,
mercury, and leadbecome more soluble as acidification progresses.
Acidic water can thus leach metals from soils and lake sediments into
underground aquifers, streams, and reservoirs, potentially con-
taminating edible fish and water supplies. It can also dissolve toxic
metals from the pipes and conduits of municipal or home water
systems, contaminating drinking water.67

Studies in Sweden have shown that concentrations of zinc, copper,
lead, and cadmium in acidic groundwater may be 10 to 100 times
greater than backgro..nd levels. So far, the measured concentrations
do not exceed safe limits for drinking. In the United States, by con-
trast, drinking water samples in Isrew York's Adirondack Moun-
tainsa region receiving high rates of acid precipitationhave had
lead concentrations up to 100 times higher than standards set to
protect human health. At greatest risk are the millions of rural res-
idents who draw water from private wells, since their drinking water
is not routinely monitored for contaminants.68

Acid rain's ability to mobilize aluminum, the most abundant metallic
element in the earth's crust, appears particularly disturbing. Alu-
minum normally remains bound up in soil minerals and is thus harm-
less to living organisms. Rendered soluble by increasing acidification,
however, its concentration in lakes ani streams has risen to levels
harmiul to aquatic life, and in some soils may be damaging to trees.
Until the early seventies, the metal was thought to pose little or no
hazard to human health. Then a strange syndrome that developed in
kidney patients was traced to high concentrations of aluminum in the
water supplies of some kidney dialysis centers. The large quantities of
water used during dialysis treatment apparently allowed aluminum
to accumulate to toxic levels in some patients' bodies, leading to
death.69

Recently, some researchers have suggested a possible link between
aluminum and Alzheimer's disease, a pervasive, degenerative dis-
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"Acid rain may magnify health risks
from metals."

order causing severe loss of memory and mental function. The asso-
ciation came to light from studies of the abnormal clumps of
nerve-cell fiberscalled neurofibrillary tanglesthat characterize the
brains of Alzheimer's victims. Using sensitive X-ray techniques, Dr.
Daniel Peri, a neuropathologist at the University of Vermont, found
significant accumulations of aluminum in the tangles, which were
absent from normal control samples. Corroborating evidence comes
from Perl's studies of native populations in Guam and two other
locales of the western Pacific. All three populations have exhibited
unusually high incidences of neurodegenerative disorders; all three
regions have soils rich in bauxite, an ore of aluminum.70

Just how aluminum gets into the damaged nerve cells of Alzheimer's
victimsand whether its presence is a cause or an effectremains
unknown. The destructive effects of aluminum on fish and trees
suggest that these organisms have not adapted successfully to the
altered chemistry of their environs. Accord to Peri, we can only
speculate at this point as to whether humans will find themselves "in
a similar vulnerable state."'"

A third set of health hazards, along with fossil fuel pollutants and
metals, stem from the introduction of synthetic chemicals to the envi-
ronment. A chemist first pi.pared an organic compound without
using a living organism more than 150 years ago. Over the last four
decades, however, the number and types of chemicals created have
proliferated almost beyond belief. The vast majority never leave the
laboratory. Yet an estimated 70,000 chemicals presently are in every-
day use, with between 500 and 1,000 new ones added to the list each
year.72

By some measures, public fears raised about toxic chemicals appear
incommensurate with the known risks these chemicals pose. Esti-
mates of the share of cancer deaths caused by synthetic chemicals
vary, but the most widely accepted range from 1 percent to as many
as 10 percent. Compared to tobaccowhich in the United States
causes an estimated 30 percent of cancer deaths and nearly one-fifth
of all deathsknown risks from synthetic chemicals pale in impor-
tance. Nonetheless, some investigators believe these compounds ac-
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count for tens of thousands of deaths each year in the United States
alone. Because of the long lag timeoften 20 to 40 yearsbetween
exposure to a cancer-causing chemical and the appearance of the
disease, the number of cancers induced by synthetic substances may
increase markedly over the coming decades.73

Moreover, perhaps the greatest risks posed by manufactured chemi-
cals derive not from what is known about their health effects, but
rather from what is not known. So little data exists on the toxicity of
chemicals now in use and on the extent of human exposure to them,
that estimates of the total health risk they collectively present can
only be educated guesses at best. The U.S. National Research Council
(NRC) estimates that about 53,500 chemicals are used commercially in
the United States. From available listings, chemicals fall into five
categories: pesticides and pesticide ingredients, cosmetics, drugs,
food additives, and a broad category of "chemicals in commerce"
comprising compounds listed in the EPA's inventory of toxic sub-
stances. This latter category includes most industrial chemicals. They
and the pesticides present the greatest threats to the general popula-
tion through inadvertent exposure. Pesticides may leave resiclues in
food, leach to underground water supplies, or spread through the air.
Similarly, industrial chemicals may be released to the air, or when
stored or disposed of on the land, may seep into drinking water.74

Despite the potential for widespread human exposure, most syn-
thetic chemicals have received little or no testing for toxicity. No
information on toxic effects is available for an estimated 79 percent of
the chemicals in commerce. Less than a fifth have been tested for
acute effects, and less than a tenth for chronic (e.g., cancer-causing),
reproductive, or mutagenic effects. Moreover, the NRC found that
chemicals produced in large volumes were tested no more frequently
or thoroughly than those produced in smaller volumes.75 Given how
little is known about the extent of people's exposure to these sub-
stances, their introduction to the environment is akin to playing
Russian roulette with human health.

Pesticides have generally received more extensive testing, but serious
gaps remain. Charles Benbrook, executive director of fhe Board on
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"Most synthetic chemicals have
received little or no testing for

toxicity."

Agriculture of the National Academy of Sciences, estimates that be-
tween 60 and 75 percent of the pesticides used on food and put on the
market within the last decade have met the EPA's current standards
for toxicity testing. Some products registered prior to the mid-
leventies art now being evaluated, but hundreds of inadequately
tested chemicals remain in use. Since these older pesticides typically
cost less than the newer ones, they remain especially widely used by
farmers in Third World countries. Moreover, following an EPA re-

2=t for toxicity data, chemical manufacturers recently removed
the U.S. market at least 50 active pesticide ingredients, pre-

sumably because the required tests would suggest toxicity. While a
wanWing sign that regulators can weed out hazardous substances,
this response also suggests that millions of people may have been
exposed to unsafe chemicals during recent decades. ln countries
where these compounds remain in use, the potential hazard
persists?"

In the absence of adequate testing, knowledge of adverse chemical
exposure may come only after serious health consequences arise. A
classic example involved diethylstilbestrol (DES), which caused vag-inal cancer in daughters of women given this compound during acritical period of their pregnancy. Men reportedly have suffered re-
productive effects from occupational exposure to a variety of chemi-
cals, including vinyl chloride, kepone, lead, and some common
pesticides. Indeed, at least 20 chemicals have been associated with
adverse reproductive effects in men or women, typically through
exposure in the workplace. Harm to the general population is much
more difficult to detect and prove."

Recent findings of widespread humancontamination, however, raise
concerns that pervasive hazards may exist. Some investigators now
believe, for example, that dioxinsamong the most toxic chemicals
knownare present in virtually everyone living in industrial coun-
tries. They may enter the food chain through use of the compound
pentachlorophenol as a pesticide, through soil and water con-
WWnation around chemical manufacturing sites, and from the fallout
of municipal and industrial incinerators burning certain organic
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chemicals. Analysts have found dioxins in such common foods as
fish, eggs, chicken, and pork chops.78

Once ingested, dioxins are stored in the body's fat. The levels de-
tected in the general population are far below that known to cause
acute toxic effects in humans, but the lon13-term effects of low-level
contamination remain unclear. Dioxins have produced tumors in
animals and have been linked with certain rare cancers in people.
Recent evidence also suggests that dioxin may damage the immune
system, which would weaken people's ability to fight disease. Breast-
feeding babies appear especially at risk from any toxic effects. Re-
searchers have calculated that through the dioxin-contaminated fat in
breast milk, an infant nursed for one year could acquire 18 times the
"allowable" lifetime exposure estimated by the federal Centers for
Disease Control."

Additional evidence of widespread chemical hazards comes from
research at Florida State University that points to environmental
chemicals as contributing to a decline in male fertility. In U.S. males,
sperm densitya measure of fertilityhas apparently diminished
significantly since mid-century. A 1979 study of 132 university stu-
dents showed that nearly one out of four men had sperm densities
low enough to reduce their reproductive success. Each sample of
seminal fluid contained synthetic chemicals, including pentachloro-
phenolwidely used as a wood preservative as well as a pesticide
Folychlorobiphenyls (PCBs), and metabolites of DDT. According to
the researchers, toxic substances accounted for more than a quarter of
the variation in sperm density found among the students.8°

Chemicals that diminish sperm density also stand a good chance of
being mutagenic, carcinogenic, or both. Chemically reduced sperm
counts maybe caused by DNA dama,ge that slows the process of cell
division involved in sperm creation. Damage to DNA is believed to be
a crucial step in the development of cancer. Interestingly, since 1950,
testicular cancer rates have doubled among white males and tripled
among black males. Michael Castleman, managing editor of Medical
Self-Care, writes that "a century ago testicular cancer was virtually
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"Virtually all chemicals present in
a mother's blood will get into her milk,

which an infant may then ingest."

unheard of in men under 50...; today it is one of the most common
cancers in men between the ages of 15 and 34."81

Even if scientists could thoroughly test each of the tens of thousands
of chemicals in use, uncertainties would remain about their effects on
human health. Whether through drinking water, the air, or food,
people typically are exposed to more than one chemical at a time.
Combinations of chemicals can pose different degrees of hazard than
the same chemicals in isolation. The body's primary defense against
foreign agents is a chemical network known as the microsomal en-
zyme system, or MES. It evolved to regulate the amounts of certain
hormones, vitamins, and other substances in the body, and works to
detoxify chemicals or prepare them for excretion. The presence of a
foreign substance usually induces MES activity. However, many en-
vironmental chemicalsincluding some pesticidesinhibit the MES.
Moreover, tests have shown that more than 50 environmental chemi-
cals yield metabolites in the body that are more toxic than the parent
chemical itself.82

Arthur J. Vander, a professor of physiology at the University of
Michigan, points out that when considering how the body meta-
bolizes environmental chemicals, "we must never assume that chil-
dren are simply little adults." The MES is not fully mature in newborn
babies and very young infants. Babies may have limited access to the
environment, but they are exposed to environmental chemicals
through their mothers. Virtually all chemicals present in a mother's
blood will get into her milk, which an infant may then ingest. Also,
since the placenta that nourishes a developing fetus is designed for
diffusion, chemicals in a mother's bloodstream may pass, in varying
amounts, into her baby. The concentration of DDT in fetal blood, for
example, is typically almost half that in maternal blood.83

With advances in medical technologies and more sophisticated epi-
demiological studies, evidence linking chemicals to adverse health
effects seems likely to grow. Researchers are now investigating the
possibility, for example, that Parkinson's disease is associated with
exposure to environmental chemicals. The disease usually develops
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late in life, is of unknown cause, and involves the degeneration of
neurons in certain portions of the brain. Its victims suffer tremors and
partial or complete paralysis. A team of researchers in Montreal,
Canada, has found a very strong correlation between the incidence of
Parkinson's disease and the level of pesticide use in nine regions of
Quebec Province. Quebec's principal agricultural region had the
highest rural incidence of Parkinson's-0.89 per thousand people,
compared with 0.13 per thousand in areas with little pesticide use.
Paraquat-like pesticides closely resemble a chemical known Lo induce
a parkinsonian-like state in humans and animals. While controversial
and by no means proven, the suggested link between Parkinson's
disease and common chemicals raises some profound implications
both for human health and society's use of synthetic substances."

Just how extensive and serious the health consequences of chemical
exposure may become is impossible to judge. More research is
needed to unravel the complex and sometimes subtle ways in which
chemicals affect the human body. Since many toxic effects appear
several decades after exposure to the offending chemical, the full
implications of the chemical age will take time to realize. Given the
thousands of chemicals introduced into the environment and the lack
of knowledge about their health effects, some unpleasant surprises
may lie in store.

Minimizing Risks

Industrial societies have spawned multiple and rapidly increasing
changes in the earth's chemistry. The resulting threats to food secu-
rity, forests, and human health pose substantial risks over the coming
decades. Unfortunately, powerful barriers exist to effectively limiting
these threats: Much scientific uncertainty surrounds them; their full
consequences may not appear for several decades; and many of their
future economic and social costs remain unquantifiable. Taking no
action, however, invites potentially irreversible and disastrous
effects. A strategy of minimizing riskswhere possible, through
measures that remedy several problems simultaneouslydeserves
immediate support.
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Because of society's past and present dependence on fossil fuels, a
change in the world's climate is already inevitable. Yet since carbon
dioxide is the key variable in the climate equation, the magnitude of
climatic changeand the pace at which it unfoldswill depend
greatly on the future use of coal, oil, and natural gas. If worldwide
carbon emissions from fossil fuels return to their pre-1973 rate of
growthmore than 4 percent per yearthe atmospheric con-
centration of CO2 will reach double preindustrial levels in about 40
years. (See Table 6.) On the other hand, holding that growth to 1
percent per year would delay a CO2 doubling for more than a cen-
tury.

A goal of limiting the annual growth of carbon emissions to 1 percent
may have seemed utterly unrealistic ten years ago. Now, however, it
appears entirely feasible. For the decade following 1973, worldwide
carbon emissions grew at an encouragingly low average rate of 1.1
percent per year, Just one-quarter the pre-1973 rate. Carbon emis-
sions actually fell for four consecutive years, 1980 through 1983. Yet
preliminary data for 1984 show an increase over 1983 emissions. This
suggests that an upward trend could resume, a possibility enhanced

Table 6: Projected Dates for a Doubling of CO2 over Preindustrial
Levels for Different Rates of Growth in Fossil Fuel Emissions

Annual Worldwide Growth
in Fossil Fuel Emissions Projected CO2 Doubling Time

(percent) (year) (years from present)

4 2026 40
3 2036 50
2 2054 68
1 @2100 @114

Source: Adapted from William W. Kellogg and Robert Schware, Climate Change and
Society (Boulder, Colo.: Westview Press, 1981).
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by the recent drop in oil prices. Maintaining a 1 percent worldwide
rate of growth will require a virtual cap on carbon emissions from
industrial countries to allow for needed growth in energy use in 'the
Third World.85

At the October 1985 gathering in Villach, Austria, scientists from 29
nations concurred that the rate and degree of future warming could
be "profoundly affected" by government policies that curb the use of
fossil fuels. No nation, however, has yet taken steps exrlicitly geared
toward this end. Reducing fossil fuel combustion wou d also reduce
acid rain and air pollution, thereby relieving threats to forests and to
human health. Incleed, without West Germany's 8 percent decline in
total energy consumption between 1979 and 1984, air pollution dam-
age to the nation's forests might have progressed even further than it
has. By focusing only on pollution control technologiessuch as
scrubbers for power plants and catalytic converters for automobiles
virtually all nations are neglecting opportunities to limit acid-forming
pollutants and the COrbuildup simultaneously.86

Commitments to increase energy efficiency, to recycle more materi-
als, and to meet new energy needs from sources other than fossil
fuels, could cost-effectively reduce fossil fuel emissions and all their
associated risks. The rise in energy costs during the seventies trig-
gered some impressive efficiency gains, but vast potential remains for
evittIfig energy use in industries, automobiles, and homes. In Swe-
den;houses with heating requirements one-seventh that of an aver-
age Swedish home are now on the market. Legislation there calls for a
30 percent energy savinp in buildings over ten years, which if
achieved, will cut the nation's total energy consumption by 15 per-
cent. Federal and state governments in West Germany jointly pro-
vided nearly $2 billion between 1978 and 1982 to promote efforts to
reduce energy used for heating. The program continues to support
new technologies, such as heat pumps, solar designs, and hook-ups
to district heating systems. Projections indicate a 30 percent drop in
the amount of energy needed for space heating by the year 2000.
Because of these and other efforts to boost efficiency, West German
analysts now expect no increase in the nation's total primary energy
needs through the year 2000.87
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"Virtually all nations are neglecting
opportunities to limit acid-forming

pollutants and the COrbuildup
simultaneously."

Setting standards for residential appliances, which in the United
States account for about a third of all electricity needs, could also cut
energy use substantially. In the absence of federal initiatives, several
states have taken the lead. California's standards call for a 50 percent
increase in the efficiency of refrigerators and freezers by 1992, which
would eliminate the need for one large power plant. Prospects for
federal standards improved in the summer of 1985 when a federal
appeals court ordered the Department of Energy to reappraise stan-
dards for common appliances. Analyses show thateven conservative
standardsones ensuring a payback of any added consumer costs
within the time period allotted for credit loan repaymentswould
reduce the nation's energy needs in the year 2000 by 10 percent. Such
savings, which do not include those induced by market forces, would
eliminate the need for 15 large power plants. More stringent stan-
dards, of course, could achieve much more.88

Stepping up recycling efforts for aluminum, glass, paper, and other
materials would further reduce energy needs and power plant emis-
sions, as well as pollution directly resulting from materials manu-
facturing. Making paper from recycled wastepaper rather than from
new wood cuts energy use by a third to half and air pollutants by as
much as 95 percent. Producing a ton of aluminum from virgin bauxite
ore takes the energy equivalent of 8.1 metric tons of coal. Producing
the same amount fi-om recycled scrap takes the equivalent of 0.4 tons,
95 percent less. Worldwide recycling rates are far below their
potentialsless than one-third for aluminum and about one-fourth
for paper. By eliminating waste, recycling also reduces t' .e need for
landfilling and incineration, lessening the corresponding risks of
groundwater and air pollution.88

Shifting energy sources away from those that emit larg,e qLantities of
carbon, sulfur, nitrogen, and hydrocarbon compounds can also help
reduce simultaneously the costs of air pollution, acid rain, and cli-
mate change. Selected use of natural gas in place of coal ani uI could
reduce pollution fairly quickly and economically, and proviGe a prac-
tical bridge to an energy economy less dependent on all fossil fuels.
Per unit of useful energy output, natural gas emits 30 percent less
carbon than oil, and 42 percent less than coal. (See Table 7.) Tf. leases
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Table 7: Carbon Emissions per Unit of Energy Produced from
Fossil Fuels

Fuel Carbon Emissions
(kilograms/gigajoule')

Emissions as Percent
of those from Coal

(percent)

Natural Gas 13.8 58
Oil 19.7 82
Coal 23.9 100
Synthetic Fuels2 35.8 150
Coal-fired Electricity 68.3 286

'One gigajoule equals one billion joules or 949,000 Btu. 20i1 and gas.

Source: John A. Laurmann, "The Role of Gas in the Emission of Carbon Dioxide and
Future Climate Change," Gas Research Insights, July 1985.

fewer nitrogen oxides than either coal or oil, and virtually no sulfur.
On the other hand, use of synthetic fuels, which some see as an
eventual replacement for dwindling oil supplies, results in a sub-
stantial increase in carbon emissions compared with any of the natu-
ral fossil fuels.9°

A few nations have begun to shift away from fossil fuels. In West
Germany, alternative sources are expected to produce 17 percent of
primary energy in the year 2000, up from 11 percent at present and 4
percent in 1960. Nuclear power dominates this non-fossil-fuel con-
tribution. Yet where concerns about radioactive waste disposal, high
costs, or safety lead energy planners to shy away from the nuclear
option, other sourcesinclucling solar, wind, and hydro power
could greatly expand the share of energy generated without fossil
fuels. In the United States, nearly 1,300 small-scale power projects
using a mix of alternative sources have been planned since 1980.
Their combined capacity will equal that of 25 large coal or nuclear
plants. Sweden's energy policy includes reducing dependence on oil,
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"A commitment among industrial
countries to cap emissions of carbon

now appears essential."

while also phasing out nuclear power. Along with increasing energy
efficiency, Sweden plans to meet a greater share of its needs from
wind, water, and solar power.91

Achieving meaningful reductions in fossil fuel emissions will require
concerted- efforts by many nations. One promising sign of cooper-
ation is the commitment of 21 countries to reduce emissions of sulfur
dioxide by at least 30 percent of 1980 levels by 1993. (Unfortunately,
the United States and Great BritainNorth America and Western
Europe's largest SO2 emittersare not among .thern.) Yet a com-
mitment among industrial countries to cap emissions of carbon, while
substantially reducing those of sulfur and nitrogen oxides, now ap-
pears essential to minimize the risks that have arisen from fossil fuel
combustion.92

While measures to curb the use of fossil fuels wouid reduce risks most
broadly, at least three other actions relating to specific threats appear
warranted. The synthetic chlorofluorocarbons damage the earth's
protective layer of ozone and also contribute greatly to clima tic
change. Lessening these threats requires substantial reductions in
CFC emissions, and a worldwide ban on nonessential aerosol uses of
CFCs would be a cost-effective first step. A few nations have already
restricted or banned such uses. This action actually proved beneficial
to the U.S. economy, with readily available substitutes saving con-
sumers an estimated $165 million in 1983 alone. Under the auspices of
the United Nations Environment Program, international negotiations
regarding CFCs are in progress, but so far have resulted only in a
framework for adopting control measures if they are deemed neces-
sary.93

Preserving forests, essential for a host of reasons, plays a dual role in
minimizing risks of climate change. The clearing and burning of
tropical forests contributes substantially to the annual release of car-
bon to the atmosphere. Trees also remove carbon dioxide from the air
during photosynthesis. Protecting natural forests and planting trees
can thus do much to minimize the threat of climate change. In
mid-1985, a promising development emerged with the unveiling of
an ambitious tropical forest protection plan. Designed by an interna-
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tional task force coordinated by the Washington, D.C.-based World
Resources Ins( 'tute, and supported by leading aid agencies, it calls for
investments LsJtalling $8 billion over five years in tree-planting proj-
ects and efforts to arrest deforestation. If adequately funded and
implemented, the plan may help begin a much-needed reversal of
deforestation trends."

Threats to health from the increased presence of lead in the environ-
ment could be reduced cost-effectively by phasing .-t the use of lead
in gasoline. Studies in the United States suggest diat gasoline ac-
counts on average for about half of the lead in people's blood. In 1973,

the United States initiated regulations controlling lead in fuel, and
they have effectively reduced the amount of lead in ti,r environment.
Measurements show that between the mid-seventies and early
eighties the amount of pollutant lead carried to the Gulf of Mexico by
the Mississippi Riverwhich drains 40 percent of the contiguous
United Statesdeclined by 40 percent.95

Through a detailed cost-benefit analysis, the EPA determined in 1985
that a further reduction in the allowable lead content of gasoline from
1.1 grams per gallon to 0.1 would yield health benefits far exceeding
the added costs petroleum refiners would incur. The agency esti-
mated net benefits of at least $1.3 billion (1983 dollars) for 1986 alone.
That new lower limit is now in effect. Most countries, however, lag
behind the United States in controlling lead in gasoline. Many Euro-
pean nations are just introducing unleaded fuel, and standards are
minimal or nonexistent in most Third World countries. Besides re-
ducing health risks, use of unleaded fuel is essential for catalytic
converters, the state-of-the-art technology for controlling the carbon
and nitrogen compounds emitted by automobiles.96

Lessening the risks posed by synthetic chemicals may require a fun-
damental rethinking of the way these substances are commercialized,
used, and discarded. Setting priorities and increasing funding for
more extensive toxicity testing is urgently needed. Thorough testing
of a chemical using mice or rats can take as long as five years and cost
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up to $500,000. At such high costs, little hope exists of fully testing
the tens of thousands of chemicals already on the market. Adequately
testing the 500 to 1,000 new chemicals created each year for use in the
United States could require as much as $500 million annually.97

Short-term tests costing only a few hundred dollars offer a useful
screening mechanism for setting priorities for additional testing. Ad-
equately protecting the public, however, will require that industries
profiting from the sale of chemicals take more rcwonsibility for ensur-
ing chemical safety. Under the amended U.S. Law regulating pesti-
cides, manufacturers must show that new products do not pose
unacceptable health risks. Laws governing other categories of chemi-
cals, however, place the burden of proof on government regulators.
In such cases, a public agency must demonstrate that a chemical
poses an unacceptable risk before taking action to restrict or ban it.
Besides creating backlogs and requiring large expenditures of tax
dollars, such a policy can allow harmful chemicals to remain in use for
many years. J. Clarence Davies of the Conservation Foundation
points out that additional toxicity testing, though expensive, in most
cases amounts to a small share of the total cost of producing a chemi-
cal."

Introducing chemicals to the environment without knowledge of
their health effects implicitly presumes that the benefits of these
chemicals outweigh their costs. In addition to the fact that these costs
are rarely known, this presumption does not always hold. Since
mid-century, for example, farmers have greatly increased their de-
pendence on chemicals to kill insects and other pests. Yet the share
of crops lost to pest damage has diminished little, if at all. Besides
killing pests, chemicals often kill the pests' predators, thereby elimi-
nating effective natural controls. Furthermore, pests rapidly become
resistant to the chemicals created to kill them, placing farmers on a
costly "pesticide treadmill.""

More effective use of biological pest controls could greatly reduce
agriculture's dependence on chemicals and the associated threats to
health. Over the last two decades, researchers have developed tech-
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niques collectively known as "integrated pest management" (IPM),
which seeks to reduce pest damage while minimizing pesticide use. It
may include, for example, introducing natural predators to prey on
pests, monitoring pest population levels and applying chemicals only
when necessary, or applying pesticides at the most vulnerable point
of a pest's life cycle. By reducing chemical costs, IPM usually benefits
farmers economically. In the Texas High Plains, for example, IPM
programs to control the cotton boll weevil increased farmers' annual
net profits by $27 million.w°

In the United States, IPM efforts over the last 10 to 15 years have been
directed intensively at cotton, grain sorghum, and peanuts. For each
of these crops, insecticide use has declined markedly. Between 1971
and 1982, the amount of insecticide applied per hectare fell by 40
percent for sorghum, 75 percent for cotton, and 81 percent for pea-
nuts. (See Table 8.) In contrast, insecticide use per hectare of corn and
soybeanscrops that did not receive intensive IPM effortsslightly
increased. Support for research and development of IPM in recent
years has not been commensurate with its potential benefits to ag-
riculture and the environment.un

Incentives are also needed to reduce the volume and toxicity of haz-
ardous chemicals requiring disposal. Many countries would benefit
from Europe's experience in this area. Detoxification of wastes is
standard procedure in at least a half-dozen European countries. The
Netherlangis' Chemical Waste Act of 1976 prohibited land disposal of
many toxic substances, spurring the development of a thriving waste
detoxification industry. In 'Denmark, a large centrally located
facilitythe Kommunekemi plant in Nyborgaccepts wastes from
any community in the country that cannot treat or safely dispose of
them. Twenty major stations around the country collect toxic chemi-
cals for transport to Nyborg. The plant destroys or recycles the waste,
and if that proves impossible, the waste is stored until technologies to
treat it are cleveloped. West Germany's approach is similar, but more
decentralized: 85 percent of its hazardous waste is sent to 15 large
treatment plants for detoxification or recycling. 102
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Table 8: Effects of Integrated Pest Management on Insecticide
Use, United States, 1971-1982

Insecticide Use
Crop Use of IPM 1971 1982 Change

(kilograms/hectare) (percent)

Corn minimal 0.38 0.41 + 8Soybeans minimal 0.15 0.17 +13
Grain Sorghum intensive 0.30 0.18 40Cotton intensive 6.63 1.68 75Peanuts intensive 4.48 0.86 81

Source: R. E. Frisbie and P. L. Adkisson, "IPM: Definitions and Current Status in U.S.
Agriculture," in Marjorie A. Hoy and Donald C. Herzog, eds., Biological Control
in Agricultural IPM Systems (Orlando, Fla.: Academic Press, Inc., 1985).

In contrast to these strategies designed to keep toxics out of theenvironment, 80 percent of the hazardous waste generated in theUnited States is dumped on the land. Land disposal typically costs atleast 20 to 30 percent less per ton of waste than safer alternatives. To
narrow this cost differential and generate funds for waste manage-
ment, several statesincluding California and New Yorkhave be-
gun to tax toxic waste disposal. Yet a fee levied at the federal level
could more readily and effectively move the nation away from the
hazards of dumping, while providing much-needed funding forcleaning up abandoned hazardous waste sites.w3

No nation acting alone can avert the costly consequences of altering
the earth's chemistry. Air pollutants and acid rain waft easily acrosspolitical boundaries. Carbon dioxide emissions anywhere contributeto climate change everywhere. Pesticides produced in one country
may freely be traded for use in others. Yet translating shared risks
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into cooperation aimed at minimizing them is no easy task. A deci-
sion to place a hefty tax on fossil fuel combustion, for example, would
have serious political and economic repercussions. Few nations
would view it in their interest to adopt such a preventive measure
without guarantees that others will do likewise.

Attaining the sustained cooperation needed to deal with global envi-
ronmental change will be an arduous process, one that cannot begin
too soon. Strong international ties within the scientific community lay
a helpful foundation. A proposed "International Geosphere-
Biosphere Program" directed by the International Council of Scien-
tific Unions would engage scientists from many nations in a
coordinated effort to further unravel the nature and magnitude of
global change, and humanity's role in it. The program may begin
around 1990, and would likely last at least ten years. Yet political
action need not and should not await more conclusive scientific re-
sults. At the October 1985 conference in Villach, Austria, scientists
from 29 nations agreed that the prospects of climatic change are
understood sufficiently that "scientists and policy-makers should be-
gin an active collaboration" to explore policy options.104

Many different institutions can help build the cooperation needed
among governments. The United Nations Environment Program, the
U.N. Economic Commission for Europe, the European Economic
Community, the World Meteorological Organization, and others
have in vanous ways been instrumental in achieving progress toward
global environmental management. But only with leadership) from
individual nations will concrete measures result. Sweden's efforts to
make acid rain a top priority on the international environmental
agenda, and West Germany's call for stricter pollution controls on
European power plants and automobiles are just two examples of the
kind of leadership needed. Action by just a few countries can lead to
action by many. Ten nations initially made the commitment in March
1984 to reduce their sulfur dioxide emissions by 30 percent within a
decade; at present, 21 nations have so committed themselves. Mean-
ingful reductions in worldwide carbon emissions would begin with
concerted measures by just three nationsChina, the Soviet Union,
and the United States, the world's three largest users of coal.
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Fouil fuels and chemkals have figured prominently in society's pur-
suit of economic growth and higher standards of living. Yet changes
in the earth's chemistry wrought by their use threaten the integrity of
oatural systems upon which future growth and human well-being
depend. Alternatives to the present course exist. By failing to act, we
thrust upon ourselves and the next generation potential crises we
have the capacity to avert.
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