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"Environmental Management in Industry 
,a

by

Jack B. Carmichael

The goal of industrial development has been adopted through-
out the developing countries as a major solution to the problems
of poverty and underdeyelopment. However, industrialization has
often resulted in the generation of un-utilized waste and the re-
lease of these untreated wastes has affected the environment in
many ways.

A legitimate question is often raised in the developing
countries: How can an economically and socially advantageous in-
dustrial development programme also be tailored to protect the
natural environment and to maintain a desirable human environ-
ment? Countries on the threshold of economic development do not
wish to forego industrialization for the sake of the environment.
However, they can plan industrial development in such a way as to
avoid environmental disruptions that may cause serious hazards to
human health or the contamination or depletion of natural re-
sources. Each country must decide, in the light of its own geo-
graphical, economic and political circumstances, the role of en-
vironmental policy in development planning.

Consideration of the effects of industrial development on
the environment entails a technological assessment of these ef-
fects. As there is an increased scientific understanding of the
environmental disruptions associated with given industrial prac-
tices, there will be a greater appreciation among political lead-
ers of environmental problems, the technologies available to
solve these problems and their costs.

The minimum that is required includes:

(a) a survey of environmental problems associated with ex-
isting industry in the country; and

(b) a simple but adequate process of estimating environmen-
tal impact of new industry.

a A paper presented to the Interregional Symposium of Environmen-

tal Quality in the Policy and Planning of Developing Countries,
Geneva, 26 July - 1 August 1977; International Centre for Indus-
trial Studies, UNIDO.
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In the cases of both (a) and (b), effects o1 effluent discharge
upon the environment and the status of conditions within the
plant and effects on workers' health are required.

To illustrate the importance of the environmental survey of
existing industry, let us begin with case histories from both
developed and developing countries. The first example is a case
in which flagrant disregard for proper working conditions and
manufacturing procedures resulted in 70 cases of chemical poi-
soning and a water pollution disaster of major proportions. This
is the case of the Kepone disaster in the United States in which
a plant operated by Life Sciences Product Company produced a
pesticide called Kepone for Allied Chemical. Kepone is used
sparingly in the United States against ants and roaches. Over-
seas it enjoys much wider use against vegetable and fruit pests.
Because of shoddy manufacturing practices, including pesticide
dust inches deep on floors and equipment including the employee
lunch area, 70 of the firms 150 employees developed symptoms of
Kepone toxicity including tremors, slurring of speech, chest and
joint pain, liver damage and testicular damage that has left
several of the men sterile. Additionally, effluent from the
plant caused the closure of the city sewage treatment plant and
contaminated a large reach of the James River. The River, an
important oyster growing area, was closed to finishing in Decem-
ber 1975 and has remained closed. In October 1976, the US Jus-
tice Department informed Allied Chemical that it must pay for the
costs incurred by the Environmental Protecion Agency in survey-
ing the pollution incident. So far, the expenses have exceeded
$1m. The company will. also be responsible for the costs of
cleaning up the James River which may include dredging. Allied
Chemical was fined $13.2m. in October 1976 by a Federal Judge for
discharging Kepone into the James River. Several suits against
Allied and Life Sciences by former plant workers claiming injury
from unsafe plant conditions are still pending. Also pending are
claims by James River fishermen against Allied for loss of income
due to the closing of the River to fishing and oystering. III
January 1977, a Federal Judge accepted Allied Chemicals' offer to
put up $8m. to help correct problems caused by the Kepone manu-
facturing operation. This was subtracted from the fine levied in
1976 leaving a $5m. penalty. The environmental health problems
described above occurred during a period of only 16 months of
manufacturing of Kepone by Life Sciences.

Another dramatic pollution case study occurred in the United
States in February of 1977. The Environmental Protection Agency
laboratory in Corryville, Ohio, measured high levels of carbon-
tetrachloride in the raw water taken from the Ohio River for Cin-
cinnati drinking water. Concentrations measured in the samples
indicated that a batch of approximately 70 tons of carbontetra-
chloride was discharged in the River. Carbontetrachloride is a
known carcinogen to rats, mice, and hampsters and strongly sus-
pected human carcinogen. The impact of the carbontetrachloride
on the population of Cincinnati was mitigated by the fortunate
circumstance that the waterworks had started treating the city's
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water with activated carbon on 3 February for taste and odour
problems. The actual impact of the carbontetrachloride on the
health of those exposed to it would be very difficult to deter-
mine. After the incident, an evaluation team from the EPA
visited the FMC Corporation, a manufacturer of carbontetrachlo-
ride on the Kanawha, a tributary of the Ohio. The team dis-
covered that a recent carbontetrachloride spill had occurred al-
though FMC claimed a Spill of 6,000 pounds, much smaller than the
alleged 70 ton spill. However, the EPA discovered that this
plant had a history of 20 previous carbontetrachloride spills and
that the maintenance of the carbontetrachloride facility at the
plant was so poor as to virtually ensure future sp.ills. EPA then
sought and received a temporary restraining order shutting the
facility down. The Director of the Ohio River Valley Sanitary
Authority reported that "People are mad about this and they are
goiig to stay mad for a while".

Case histories of severe pollution are not limited to the
developed countries. In 1974, UNIDO carried out an environmental
survey of an integrated iron and steel plant in country A. The
plant is a severe polluter of air and water and there are severe
environmental health problems within the plant. The iron and
steel works is a severe air polluter because there is no aiir pol-
lution control equipment, the coke ovens are charged using cars
of old design and production exceeds the rated capacity of the
plant. About 12 tons of SO per day are emitted from the power
plant into the atmosphere aiong with heavy smoke. Copious brown
fumes of iron oxide are emitted from the plant. No air pollution
monitoring data are available but people who live in the direc-
tion of the prevailing winds complain about the bad smell of the
gases and the soiling of clothes and buildings from soot and
brown dust. Liquid effluent discharges into the river (average
floor of 300 cubic metres per second) have killed all fish life
for distances up to 50 kilometers dcwnstream from the plant.

Another major air pollution problem occurs in the working
en-ironment inside the steel plant. Serious air pollution occurs
in the production of casting during a process of shake-out in
which the sand is shaken loose from the casings. This is done in
an open space and the dust collector is inadequate to collect the
fine, very try SIO particles. As a result, an average of 7
workers working at the shake-out are absent each year from 3 to
12 months because of the lung disease silicosis.

In 1975, UNIDO carried out an environmental survey of a dye
manufacturing industry in country B. This company produces some
80 dyestuffs and several intermediates including aluminium chlo-
ride, sulphuric acid and anthraquinone. The highly coloured ef-,
fluents with pH ranging from 1 to 4 are discharged direct into a
nearby river. The Government has investigated the firm and re-
quested that a plan for effluent treatment be developed. A major
problem in this company is poor working conditions. As a result
of poor production techniques in various batch processes, all
kinds of liquids are split leaving the floors and equipment wet.
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In addition to this bad housekeeping, workers are constantly in
contact with tne products especially because the equipment in-
cluding filter processes is loaded and unloaded by hand. The
medical director of the firm reported that of a production and
maintenance work force of 1,200, about 300-400 workers at any one
time suffer from dermatitis owing to exposure to the chemicals.

Severe problems due to mercury discharge were discovered by
UNIDO in industries located in countries C and D. Both are
chlorine-caustic soda plants. In the industry in country C, one
ton of mercury is lost per year. Hydrogen is manufactured in the
process and about one-third is used in the manufacture of hydro-
chloric acid. The excess hydrogen could be used in the manufac-
ture of hydrochloric acid. The excess hydrogen could be used in
the hardening of edible oils but the mercury content is prohibi-
tive. The possibility of pollution of the bay by mercury dis-
charges has not been considered at all. The chlorine-caustic
soda plant in country D is presently discharging 4 to 5 tons per
year of mercury into the Mediterranean. Nearby there is a com-
pany which is producing salt for domestic consumption. Presently
the company is using raw material from salt beds but the beds
are nearly exhausted. The company had planned to take sea water
for future salt production near the discharge point of the efflu-
ents from the chlorine caustic soda plant. This would have meant
substantial mercury contamination of the salt. This potential
environmental health disaster was averted when UNIDO learnt of
the circumstances during a survey of industrial waste discharges
in the area.

In order to discover and document major sources of problems
to the environment and workers' health, a developing country may
wish to consider an industrial survey each 2-3 years. Such a
survey would uncover clear and present dangers. Cost estimates
could then be developed for means of alleviating these environ-
mental dangers.

UNIDO has developed a methodology of environmental analysis
for existing plants that could be utilized in such a survey. The
methodology is as follows:

1. Survey environmental effects with the plant.

(a) Working conditions: do any health hazards exist within
the factory?

(b) Document hazardous materials and processes in the
plant;

(c) How many workers are affected? What is the nature and
magnitude of each health effect?

(d) How much time is lost?
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(e) What economic loss results from time lost?

(f) Interview workmen to determine state of health.

2. Identify and characterize effluents leaving the plant.

(a) Physical analyses: try to obtain data on temperature
flow and on suspended solids; screen analysis (air);

(b) Chemical analysis - BOD, COD, toxic substances;

(c) Specify wastes per day and per ton of finished product;

(d) Describe treatment processes including dilutions and
mixing of waste streams.

3. Determine effects that plant effluents have on the external
cnvironment.

(a) Gather any relevant air and water pollution monitoring
data. For the example of a stream, try to obtain data
on water quality upstream as well as downstream from
the discharge point;

(b) Impact of the discharge on the ecology. What have been
the effects of the air or water pollutants on plants
and animals? For the example of heavy air pollution,
have there been noticeable declines in the production
of any crops since the factory has been established?
How have discharges of water pollutants changed the
ecology of the receiving stream?

(c) What has been the impact of the discharge on downstream
users of the water? Elimination of fishing owing to
water pollution, for example, would have a substantial
downstream effect which should be evaluated;

(d) Health effects: ascertain by discussion with physicans
and members of the community;

(e) What socio-cultural effects have occurred? The ex-
pected benefits will come from the saldries and wages
paid out to the work force. Social costs include all
negative effects on people owing to the presence of the
factory;

(f) Economic costs of pollution from damages external to
the plant. One example is the value of reduction of
the fish catch owing to water pollution discharges.

4. Determine economics of pollution control at the factory.

(a) What are the overall economics of the plant operations?
Can this plant bear the costs of pollution control?
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(b) Can this factory contribute to pollution control by
waste reduction practices within the plant? Are there
waste streams that could be processed for waste recov-
ery, for example? Can the economic costs and benefits
be estimated for waste recovery or reuse of certain
waste waters?

5. Establish the legal implications of the pollution problem at
the factory.

(a) What pertinent legislation exists at the local or fed-
eral government level?

(b) If, for example, water pollution control legislation
exists, is it enforced? By whom and how does the en-
forcement occur?

In addition to a periodic survey of operating conditions of
existing industry, a simple environmental impact analysis will
help assure that major environmental damage does not occur from
new projects. If the pre-project environmental analysis is begun
early enough, alternatives can be considered before important ir-
revocable decisions have been made. As an example, a river basin
survey would be conducted prior to making economic development
decisions. The survey would determine the present ecological
condition of the river, land uce patterns, human settlements,
water uses, the present level of water quality and the capacity
of the river to absorb wastes. Utilizing this information, a de-
cision could be reached on the site location, production capacity
and effluent treatment required for a proposed new industry, such
as a pulp and paper mill.

The most direct and easiest approach to the environmental
analysis of a project is to use a set of check-list questions or
statements that guide the analysis towards the key problem areas.
Guidelines of this sort have been developed by the World Bank.
The various sorts of information that shouid be obtained and
evaluated are listed under major project and environmental cate-
gories.

General methodology for environmental assessment /

A. Linkages between the environment and the resources under de-
velopment.

1. The current state of the eco-system at the site should
be reported, along with expected project effects upon
important eco-system components;

Adapted from Environment, Health and Human Ecologic Consid-
erations in Economic Development Projects (Washington, D.C.,
World Bank, 1974).
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2. When applicable, alternatives to the project or possi-
ble future amendments to the project should be dis-
cussed with the intent of minimizing adverse environ-
mental effects.

B. Project design and construction

1. Short-term effects are the major concern under this
category. The objective is a well-designed project and
consolidated construction plans that will protect the
flora and fauna and prevent erosion;

2. Proper considerations should be given to the health and
safety of workers during project construction. Health
screening of the work force and periodic examinations
are suggested.

C. Operations

1. Prior to the project approval and construction, there
should be assurance that the operations of the com-
pleted project will be adequately managed. The oper-
ations phase of the environmental analysis should in-
clude a plan with provisions for:

(a) Raw materials management;

(b) Wastes management;

(c) Installation and maintenance of environmental con-
trols and safeguards;

(d) Monitoring for environmental effects of plant

operations;

(e) Occupational health and safety.

D. Socio-cultural factors

This analysis should deal broadly with short-run construc-
tion effects and long.-run project operation effects on peo-
ple.

1. Project effects on persons indigenous to the area must
be considered:

(a) If relocation of people is necessary, a comprehen-
sive plan must be prepared;

(b) Any social disruptions to the indigenous people
from noise, air or water pollution should be iden-
tified.
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2. Project effects upon the work force. The socio-
cultural needs of the construction and operational work
force should be considered where appropriate. This is
especially important if workers live at the project
site.

E. Health effects

1. Proper consideration for health should include a suf-
ficient knowledge of endemic disease vectors, and con-
trols should be introduced where the development of a
project may cause the spread and increased influence of
a disease;

2. Health care services for workers during project con-
struction and operation should be described. Any occu-
pational health and safety programme should be pre-
sented;

3. Any potential for creation of new health hazards, such
as introduction of new pests or diseases, should be
recognized.

F. Long-term considerations

1. Indirect effects that might occur as a result of the
project are an important long-term consideration. if,
for example, a project will attract large numbers of
people to the area over a long period of time, this
should be recognized and reported. Such an indirect
effect will eventually require the provision of an
urban infrastructure with the need for health care and
other services;

2. Possible regional development effects may be a long-
term consequence of the project, either through project
expansion or the establishment of other related devel-
opment projects. These may have important environmen-
tal consequences for the region;

3. Possible occurrences of catastrophes and their conse-
quences for the project should be evaluated as part of
the section.

In conclusion, consider an actual water quality survey of a
river in country E prior to taking a decision on locating a large
pulp and paper mill on the river. The following terms of refer-
ence were established for the survey:

(1) A chemical, physical and biological analysis of river water
and water life were carried out from the proposed site to
the mouth of the river 160 kilometers away;
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(2) A survey of vegetation on the river shores was undertaken;

(3) A census was carried out on those wild life which were de-
pendent on the river for water;

(4) The present pattern of human consumption of the water was
determined along with estimates of present and future re-
quirements for such uses;

(5) Other projected water needs presently contemplated in the
development of the water shed were considered.

60 kilometers downstream from the site of the proposed pulp
and paper mill is the site of a large proposed sugar factory. In
considering the allowable water pollution load from the paper
mill, country officials were constrained to consider the raw
water requirements of the sugar plant. They concluded that
secondary treatment of the paper mill waste to remove 85 per cent
of the BOD would be sufficient to allow the stream to recover
completely by self purification so that river water at the site
of the sugar plant would be of high quality.
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"Human Population Growth" a

by

Russell F. Christmanb

No topic has ever been more important to the current inhabi-
tants of the earth nor more difficult to approach because of
deeply held personal beliefs than the need for population con-
trol. Beginning with Malthus' warning in 1816 that human ponu-
lations grow inherently faster than does their ability to produce
food, and continuing through the more current recommendations of
international study commissions, advice has been repeatedly given
and dismissed as "interesting, perhaps, but not sufficiently im-
portant" to move ordinary people to change life-long habits. A
wide range of "expert" opinion has been heard regarding the se-
verity of the populaticn threat. Not all the voices that have
been raised, however, have been in favor of population control.

Some experts view the population problem as nothing but a
mirage. They hold that growth is good and that a growing economy
is always a healthy one; that man is resourceful, has always
adapted to social and environmental changes in the past and will
continue to do so in the future. Unfortunately, this view is not
consistent with the observable facts. Certain countries (Taiwan,
for example) have slow growth rates and slow economies; others
(such as Japan) have slow growth rates and excellent economies;
and others (particularly India) have enormous growth rates in the
face of zebject poverty.

Others admit that a real problem exists, but maintain that
it is a solvable problem. Such ideologically diverse grcups as
the Marxists and the Roman Catholics share this view, but hold it
for different reasons. The Marxists consider that we do not have
a food' production problem, but only a food distribution problem.
The facts simply do not support this position. Much of the world
is currently hungry - perhaps as many as 20 million deaths each
year are attributable to starvation. If the world's food produc-
tion were spread evenly among the earth's present inhabitants, it

aFrom: The Natural Environment: Wastes and Control. Revised

Edition. Pa-ci"ic Palisades, California: Goodyear Publishing Com-
pany, 1974. Pp. 244. By R. F. CHRISTMAN, et al.

bR. F. CHRISTMAN, Dept. of Environmental Sciences & Engineering,

University of North Carolina at Chapel Hill
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is questionable whether any individual would be well nourished.
The Catholic view places great confidence in the ability of tech-
nology to solve the food shortage through the increased applica-
tion of fertilizer and pesticides to farmland. Most agricultural
experts, however, are not so optimistic. Others who place great
faith in scientific research believe that, although the popula-
tion problem is deadly serious, it can probably be resolved
through developing new hybrid grains that will greatly increase
farm yields, (the "Green Revolution") and through increased farm-
ing of the sea.

Finally, the:e are those who contend that it is already too
late to prevent global disaster. Regardless of new solutions,
the world's population is increasing too rapidly to prevent the
eventual onslaught of pestilence, famine, and social disorder be-
fore any critical breakthrough could be implemented.

Human population control for planet earth is inevitable in
one form or another, and nothing is more demonstrable in the ani-
mal world than the natural control of population. We may con-
tinue our present course of action and expand our numbers to the
finite carrying capacity of the physical environment. This would
ultimately mean emigration to other planets and a margin of
safety reduced to such precarious levels that a change of climate
or an occasional famine would permit. nature to control our num-
bers - effectively, but tragically. Alternatively, we may decide
in the future to control our numbers with a wider safety margin
and a broader selection of styles of life for those who do walk
the earth and coexist with the things they eat. A nice feature
of this alternative is the extra time it would give us to reach a
more accurate understanding of the earth's carrying capacity in
relation to h' w we live. And if it took us a long time to come
to understand our environment, while we tried to control our num-
bers, many millions of deaths from starvation and deprivation
might be avoided.

A HISTORY OF HUMAN POPU;,ATION GROWTH

Early data on man's population increase are speculative at
best, since sufficient historical information is available only
after 1650 A.D. Estimates of population size and density prior
to that time must be based on the archeological record and what
can be gleaned from studies of primitive cultures that exist to-
day. Demographers calculate that the total human population at
the time of Christ was slightly larger than the present popula-
tion of the United States, or approximately 200 to 300 million,
and that this number doubled by the middle of the seventeenth
century. However, it took only 200 years for that number to
double again, resulting in a global population of around 1.0 bil-
lion by 1850 A.D., and only another 80 years to reach 2.0 bil-
lion, by the late 1920s. This increase is graphically described
in Figure 10-1, from which it is clear that both the rate of in-
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crease and the total number of individuals are accelerating
rapidly. We are now expecting 4.0 billion inhabitants by the
mid-1970s (a 45-year doubling time), when the rate of increase
will produce another doubling in only 35 years. Although the
history of population growth is interesting, the important point
is that the time required for enormous changes in the numbers of
human beings (doubling from 4.0 billion to 8.0 billion, and so
on) is now so short that vast increases in population lie well
within
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the time required to devise and implement the means of control-
ling them. Even if we elected right now to control the earth's
human population, we would have to plan for an ultimate popula-
tion substantially larger than the present number.

Focusing on broad periods of time and global growth patterns
tends to mask important subpatterns in local population fluctua-
tions. In man's history, regional populations have risen and
fallen as a consequence of changes in climate, wars, famines, and
discoveries, although the overall result has been an explosive
increase. The natural biological characteristics of Homo sapiena
have had much to do with man's current population "success."
First, as a species, man is rarely specialized in his diet, per-
mitting him to adapt to sudden changes in food sources. Second,
he is an intelligent and resourceful being, which, when combined
with his opportunistic diet, assured him of a high probability of
survival in spite of the elements and tended to maximize his ter-
ritorial expansion. Third, he is socially oriented and has a
great propensity for storing his learning and passing it on to
yclnger generations. In fact, most of the habitable prehistoric
world may have been occupied by early man (erectus-sapiens) and
divided into huqing-gathering territories as long as 2 or 3 mil-
lion years ago. Advanced knowledge in weaponry and in the use
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of fire allowed these early populations to flourish at the ex-
pense of the wild game food sources. This period of human devel-
opment has been referred to as the "cultural revolution" and ul-
timately led to a depletion of food resources (known as "Pleis-
tocene Overkill"), which momentarily slowed population growth
rates. Perhaps 50,000 to 300,000 years ago, early man learned
that his numbers could be more safely supported by adopting a
primary consumer role and growing his food in managed agricul-
tural settings instead of chasing it on the hoof.

Freedom from the daily search for food gave man the time for
other pursuits, and his inventive nature responded by developing
metal tools, dividing labor, and creating a more sophisticated
social structure. Thus the "agricultural revolution" was the

second major level on the human population growth curve as de-

picted on a log-log scale in Figure 10-2. This new freedom from
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chasing one's dinner did not include immunity, however, from the

often tfagic impact of famine and disease. As the Ehrlichs have

stated:

Civilizations grew, flourished and disintegrated; peri-
ods of good and bad weather occurred; and those apocalyptic
horsemen, pestilence, famine and war took their toll. Al-

though the global trend . . . was one of accelerating in-
crease, a great many local population explosions and crashes
are concealed in that trend. For example, bubonic plague

(Black Death) killed an estimated 25 percent of the inhabi-
tants of Europe between 1348 and 1350. From 1348 to 1379
England's total population was reduced by almost 50 percent.

Many cities lost half or more of their inhabitants in

the second half of the fourteenth centu.ry.
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According to Boughey, the global outbreak of influenza in
1919 is conservatively estimated to have killed many more (10 to
15 million) than actually died in the battles of World War I.
More recently the Asian "flu" form of influenza virus is thought
to have killed 9 million people during the 1967 to 1968 period.
The threat of infectious and contagious disease is aggravated by
the increased close contact among people i.n modern city life. On
the other hand, immunization programs are easier to administer in
organized urban settings, and advances in our ability to control
contagious diseases tend to lessen the threat of epidemics. Wars
have often had dramatic effects on the populations of those ter-
ritories involved but have had apparently no significant effect
on world population growth. Bates has pointed out that the 300
years following 1650 were a period of almost continuous warfare
for the human community, and, at the same time word population
growth reached its first significant proportions. The United
States has lost about 1.0 million people in all of its wars, and
at present growth rates that number is replaced in about 4
months. The destructive potential of modern thermonuclear war-
fare, however, casts a different light on war's effectiveness to
control population growth.

Robert Malthus recognized in 1816 that human population
growth has a potential for increase greater than the increase
that actually occurs because of limited resources. He believed
that the checks on population growth that keep the potential from
being realized can be reduced to war, disease, and famine. At
present, it does not appear that war (short of nuclear disaster)
and disease (short of highly virulent forms of bronchial disease)
can be relied on as effective checks on population growth.

Famines are another matter. The Ehrlichs have stated:6

One study, by Cornelius Walford, lists more than 200
famines in Great Britain alone between 10 and 1846 A.D. An-
other counts 1,828 Chinese famines in the 2019 years preced-
ing 1911, a rate of almost one a year. Some of these fam-
ines, and similar ones in India, have been known to result
in many millions of deaths. Even in this century famine has
killed many. . . . perhaps 5--10 million deaths have been at-
tributable to starvation in Russia (1918-1922, 1932-1934)
• . . 4 million deaths in China (1.920-1921) and 2-4 million
deaths in West Bengal, India (1943).

Today we are faced with enormous demands on the world's food
resources. There are not only more people to be fed and more to
be planned for than ever before, but individual demand is accel-
erating because of expectations of affluence. Unlike any previ-
ous period in history, those who are hungry and impoverished are
more painfully aware, thanks to improved methods of communica-
tion, of the life styles of the more fortunate sectors of the
global community, and they certainly cannot be scorned for want-
ing to live the same way. In addition, even in the more well-to-
do sectors, social pressures often demand increased personal
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affluence. Before discussing the implications of these pressures
on population growth, we must examine some facts and figures on
population growth rates.

POPULATION ARITHMETIC

Birth rates are usually expressed as the number of births
per thousand members of the population per year. They are calcu-
lated by dividing the number of live births in a year by the pop-
ulation (expressed in thousands) at the midpoint of that year.

Example:

The population of the United States at the midpoint of
1969 (July 1) was estimated as 203,100,000, or

203,100,000 = 203,100 thousands
1000

If the number of live births for the year ending Sep-
tember 30 was 3,534,000 then the birth rate for the
year 1969 was

3,534,000 = 17.4 births per thousand.7

203,100

Death rates are calculated similarly. Additions to a popu-
lation can also come from immigration, and subtractions from emi-
gration. These must be considered as well in calculating overall
growth rates. In general, for any nation or territory,

Growth Rate = (Birth Rate + Immigration Rate) - (Death Rate
+ Emigration Rate).

The equation is simplified when applied to the growth rate
of the planet, since immigration and emigration rates are zero.
Population data for countries ranging from high growth rates to
low growth rates are shown in Table 10-1. A more extensive list
of countries would reveal a relative scarcity of birth rates in
the twenties and thirties per thousand and, as Boughey has
pointed out, this is not fortuitous. Those nations that have
adopted population control measures tend to have birth rates be-
low 20 and those that have not have rates reamaining in the for-
ties and fifties per thousand. There is no in-between.

When all available statistics on birth and death rates since
1750 are analyzed, several important trends appear. First, the
crude birth rate (not corrected for population age structures)
remained at about 40 for all nations until around the turn of the
twentieth century, when it began to fall (to 20 or fewer) for the
more advanced, industrialized nations. The less advanced, under-
developed (or developing) nations still tend to have birth rates
near 40 per thousand. Second, for all nations there has been a
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dramatic reduction in death rates from the low to mid-thirties
per thousand in 1850 to 15 or fewer in the 1950s (Figure 10-3).
This decrease in death rate is the most important single cause of
the current population explosion. It began in the industrialized
nations when man began to understand disease and improve sanita-
tion. World War II caused recent advances in medical research in
antibiotics and in controlling disease vectors with DDT and other
pesticides to be exported to all corners of the earth. Dramatic
declines in the death rates of underdeveloped nations followed -
plummeting in some cases from as high as 40 per thousand to a low
of 5 or 6 per thousand within a 20-year period. Finally, in the
more advanced nations, birth rates have generally declined during
the late industrialization period. This phenomenon, called the
"demographic transition," which slows overall growth rates, oc-
curred in Europe around the turn of the century and more recently
in North America.

Population Data for Selected Countries TABLE 10-1

POPULATION- BIRTH DEATH GROWTH
mid-1971 RATE RATE RATE

COUNTRY (in milions) per 1000 per 1000 (%)

Sudan 161 489 184 28
Japan 104 7 192 66 i 1
Colombia 21 8 44 6 106 32
Aigeria .4 8 49 1 169 35
India 5503 42 8 16 7 22
Guatemala 54 390 150 3 1
Mexico 508 43 4 9 9 3 2
Australia 12 7 21 7 8 7 I 9
United Kingdom 556 162 It 6 0.4
Unted States 2071 173 93 1
Sweden 8 1 14 1 t02 08
Belgium 9 7 145 124 0"1

Frio n 197'2 'hifrd .%Utrjow s tastiutlU 14'arlA.

It is hazardous to compare overall population growth rates
for different countries calculated from crude birth and death
rate data because of the significant influence of population age
structure on short-term population growth. For instance, identi-
cal death rates for two countries are comparable only when the
mortality is occurring in the same age group in each population.
Real populations vary considerably in age and sex distribution,
life expectancy and marriage ages, as wel as in the specific
mortality and natality of each age group. Developed nations
have experienced declining birth and death rates and tend to have
more uniform age structures than those whose birth rates remain
high. In the latter case, decreased infant mortality in addition
to lowered overall death rates have further inflated the popula-
tion of the younger age groups. The potential for explosive pop-
ulation increases is realized when these large blocks of young
people move upward in the age structure and reach their reproduc-
tive years. This is the case in most underdeveloped countries of
the world, where as much as 40 to 50 percent of the total popula-
tion is under 15 years of age (creating a high dependency load).
As Paul Ehrlich has pointed out, even if we were making great
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progress in reducing birth rates in these countries (and we are
not), 30 years would pass before population growth would be
slowed down.

The present world population is around 3.7 billion. Its
major regional contributions are listed in Table 10-2. It is
clear from inspecting the data in this table that the majority of
the world's present population lives in underdeveloped regions
and that this proportion of the tctal is increasing rapidly. At
present world growth rates we may exceed 7.0 billion by 2006.

RECENT TRENDS IN THE UNITED STATES

The population of the United States is still growing al-
though the rate has slowed. Some have suggested that the Uni..-4
States has reached zero population growth because of a consider-
able decline in birth rates since the 1960s. These notions tend
to be reinforced by occasional news items reporting even further
recent decreases in birth rates. It is simply untrue, however,
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AGE
GROUP

00+ AFRICA
75-79 4%
70-74

65-69
60-04
55-59
50-54
45.49
40-4454

35-39
30-34
25-29

15-19________

10-14

0.4

80+ EUROPE
7579 11%
7074

65.69
n064

55.59

45-49
40-44 63%

35-39
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20-24
15.19

10.14

59 26%
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to state that the United States has, in 1974, reached a zero-
growth plateau; our population was estimated at 203 million in
mid-1969, 207 million in 4nid-1971, and most recently passed 210
million in March of 1974. In 1972 alone, 1,630,000 individuals
were added to the U.S. population. What has happened is a re-
markable decrease in the birth rate since the 1960s, and a con-
current decrease in the fertility rate. The fertility rate is a
better index of birth trends because it measures the births per
thousand women in their reproductive years (ages 14 to 44). The
fertility rate in the United States fell from the 120s at the
turn of the century to a low of 75 during the depression years,
1932 to 1936. From then until the late 1950s, the fertility rate
rose again to about 120, but has steadily fallen since. In March
of 1974, a record low was reached of 67 bi6ths per thousand, and
indications are that it is still falling. This fertility rate
is at or below what would be required just to maintain our popu-
lation. Replacement fertility, or 2.11 births per woman, is the
rate that will just replace parents when they die. Why this rate
is not exactly 2.0 is due to the fact that our population is not
precisely divided 50-50 into males and females. Why then have we
not reached zero population growth?

The reason is that these low numbers are rates, that is,
birtls per thousand women. The rates say nothing about the
actual numbers of women, and there are significantly more women
entering their reproductive years because of the post-World War
II baby boom: 40.2 million in 1967, 42.3 million in 1970, and
46.9 million estimated for 1975. Furthermore, the subgroup of

TABLE 10-2
Prsent Status of Population In Major Regions

POPULATION- PERCENT PERCENT
MI-1971" GROWTH YEARS OF OF
ESTIMATES RATE TO PRESENT YEAR 2000

REGION (IN MILLIONS) (%) DOUBLE POPULATIONt POPULATION*

Africa 354 26 27 10 13
Asia 2104 23 30 56 58
Noimi Amenrica 230 I 3 54 6 5
Latin A met ica 291 29 24 8 10

466 08 8 13 9
1 245 " 11 64 7 5

Oceania 198 21 33 005 0.05

WORLD (Tctal) 3106 20 35 - -
"1965-i7t ave~a.oe rajtes

tDoes not sum tu 100 pet.ceni because of iounding
$Baseid on United N3hion, medium estimale fot year 2000 fot eac i Country end lot total watid
popiltion of 6 50Du"

Irw I"I usIWa so mliw

women aged 20 to 29 bear most of the children, and the numbers of
these will continue to increase through 1980, as shown in Table
10-3. If the trend toward decreased fertility continues, or even
holds constant, and if the death rate does not change, we may
well reach a no-growth plateau before the turn of the twenty-
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TABLE 10-3
Estimated Numbers of Women In the 20-29 Age Group In the United States

YEAR NUMBERS (in inlihons
1968 143
1975 183
1980 200

A II'(I.A IIt), RFt0 1(tS %\V) t \ II %%I l I# S I\ Ii %\ )(I (10 ;| I I V  0"10Jl .f(lr,h
itu~vu,u W" II Ir .j. 1ID.t p 3J

first century. Reaching this plateau is important even though
the United States will represent only 5 percent of the world's
population at that time. To persuade other countries to control
their populations, it will be helpful to have controlled ours
first.

POPULATION PRESSURES ON FOOD AND MINERALS

It would be valuable to know how many people the earth can sup-
port. Estimates have varied from somewhat fewer than we have now
(4 billion) to several times the present number (30 billion).
The simple truth is that we do not know the limits of our bio-
sphere. Our continued population growth in the face of this ig-
norance is something like tne foolhardy man who accelerates a car
down a highway at night, his headlights turned off, having good
reason to believe that something is blocking the road ahead.

It does seem clear that the ultimate safe number of the
earth's inhabitants will depend heavily on the style in which
they choose to live. There are currently tremendous variations
in the quality and styles of life among the earth's inhabitants.
The most demanding of these styles in relation to the use of re-
sources and the generation of waste products is that adopted by
the United States. We constitute roughly 6 percent of the
world's population but use over one.-half of the world's resources
in satisfying our desires for automobiles, electricity, recrea-
tional pursuits, and other amenities. This coyyumption may reach
80 percent of total world consumption by 1980.

It is difficult to speak of material or even of political
self-sufficiency when the United States is so highly dependent on
foreign supplies for most of its industrial raw materials. The
U.S. consumer received warning of his dependence on foreign sup-
plies during the 1973 to 1974 fuel crisis. Energy is not the
only substance we may run short of, and ironically, we may be
closer to self-sufficiency in relation to energy because of our
nuclear technology and enormous coal reserves than we are in re-
lation to basic minerals (Tables 10-4 and 10-5). At current
rates of use, known supplies of lead, zinc, copper, and tin will
be exhausted bpfore the year 2000, even with no additonal popula-
tion growth. Nickel, cobalt, manganese, and molybdenum will
last another century, and chromium And iron another 2000 years.
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TABLE 10-4

Consumption of Minerils In the United States

US
CONSUMPTION

AG % OF
WORLD % OF US

PRODUCTION U S IMPORTS CONSIJMPTION

MINERAL (1972) 1950 1Y60 1911 1972

Manganese Ore 12 95 122 98 95
Iron Ore 15 8 32 35 28
Copper 27 36 34 17 18
Zinc 24 48 50 56 52
Tin 30 104 66 71 77
Lead 38 44 36 19 26
Molybdenum 23 1 - 2 -

Adapted fls ,wnlt ,moon Mrnol'ts 001,y j 1973) V.111 T*J App"I.C

Clearly, we are not out of the woods with "crises" and shortages;
we are actually just entering them. Known reserves of minerals
often do not include low-grade deposits that are presently uneco-
nomical to mine and process, and of course they do not include
estimates for new discoveries. In trying t decide just how much
growth we can permit, we must allow for some reduced intensity in
life style and for an increase in recycling efforts (Table 10-6).
Just how much sacrifice we will be willing to make is uncertain,
but it seems obvious that known resources are simply insufficient
to permit even the present world population of 3.7 billion to
live at current U.S. standards. If this could be done it would
require "75 times as much iron as is now extracted annually, 100
times as much copper, 200 times as much lead, 75 times j much
zinc, and 250 timeb as much tin," as Ehrlich has noted. Te
increase in pollution load, waste by-products, and heat, in adei-
tion to extra energy demands, would be enormous.

Mankind faces a more basic but related problem--to supply
food for his growing numbers. In 1967, the Panel on World Food
Supply of the President's Science Advisory Committee issued a 3-
volume report containing a description of the world's food prob-
lem, including nutritional requirements and recorendations for
alleviating shortages in the next two decades. This study
estimated that in underdeveloped nations, or two-thirds of the
world, 20 percent of the individuals are currently undernourished
and 60 percent are malnourished. These and other studies esti-
mate that between 1 and 2 billion people of the present popula-
tion of 3.7 billion are not receiving an adequate diet. How many
are actually starving is unknown, since data tend to be unreli-
able where the problem is severe, but it is estimated that 500
million (0.5 billion) people are either chronically hungry or
starving. The Panel further reported that the current world
average for caloric need is around 2300 calories per person per
day. This requirement, when compared to the estimated (United
Nations FAO estimate) 2400 calories per person per day currently
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available at the world market place, makes the margin between
supply and need quite precarious. The problem is further aggra-
vated beyond what the margin implies by the uneven distribution
of food.

All practical solutions to this problem will require rapid
implementation of effective international population control pro-
grams, the production of more food, and improvements in our abil-
ity to distribute it. World food production must be increased by
at least half again as much as current production, if we are to
feed th 5 estimated 1985 population even at the insufficient 1965
levels.

The simplest way to produce more food is to put more land
under the plow, although this is not as easy as it would seem.
In the United States, we already use some 300 million acres of
our 350-million acre total. The remaining land is not our best
and is being eaten into by urban sprawl at the rate of 1.0 mil-
lion acres per year. On a global basis, there is probably 2 to 3
times as much arable land as has been either cultivated at some
time during the last few decades or has been harvested in any
given year. Unfortunately, most of this land (over 4 billion
acres) lies in the tropics, where our present agricultural pro-
duction technology is inadequate, at least for the humid and sub-
humid tropics. The President's Science Advisory Committee sug-
gested that developing this land should be a long-range project
to be met through increased research on new varieties of plants
and new methods of fertilization. Furthermore, this land, if it
could be made to produce food, is geographically removed from the
location of present and future food needs. The report summary
states: "The very large disparity between population size and
potentially arable land in Asia, on the one hand, and South Amer-
ica, North America and Africa on the other, suggests that very
large-scale intercontinental migrations, such as characterized
most of the nineteegth century, might well become important again
in times to come."

Table 10-5
Supply of Selected Mirerals

US HSLHVES YE AS
AS . (1 OF Sti'JPF Y
WORLO Al P'IL bErNI

RESLRVES FIATt OF
MINE IAL (1972) CONSUMPTiON

AnInmury 2 95

Caotnurn 29 74
Coppvr 24 53
Iron 4 40
Lead 35 62

lTlanlur 20 100
I urt slenI 6 26

Uranr6lr 32 21
Zinc 23 60

Adapled from M,,),ng and Mnetals Polcy (1973). Part Iwo. Appendces
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TABLE 10-6
Recycling of Selected Minerals in the United States

RECYCLING AS" OF
ANNUAI US .)NS:,MPTION

MINEHAL ( 1

,20

N' ktI 34
FItillil hoaf tlI',,*i.,'t U

M ,t ;.1 I I't .',

If the imminent'food problem is not to be met by introducing
new farmlands, it will have to be met by increasing yields on
present land and by more efficiently using available food by re-
ducing waste and spoilage. The problems with this proposal are
still enormous. The people and institutions of Asia are not
accustomed to thinking of farming as a business, and there are
limits to the effectiveness of directly transferring agricultural
technology to underdeveloped nations. Instead, adaptive re-
search, or developing new varieties of plants, should be carried
out in Asian fields, for example, and not flown in from Iowa.
Training programs, fertilizer and capital will be required on
massive scales; to bring fertilizer applications in India alone
up to the per capita level 7of Japan or the Netherlands will take
one-half the world output. An economic investment on the order
of $12 billion above the 1965 base wpld be needed to raise
Indian food production even 4 percent. Obviously, these pro-
posals imply unparalleled peacetime cooperation between developed
and underdeveloped nations.

Increasing farm yields in the underdeveloped nations through
applying agricultural techniques and improving fertilizers is
half od what is referred to as the "Green Revolution"--growing
more food to stay ahead of the population explosion. The other
half is developing new high-yield strains of food crops (rice,
wheat, and sorghum), which hold significant promise for increased
food production. Early results have been encouraging in Asia,
where over 34 million acres have been planted within 5 years of
introduction. In 1968, the Indian wheat harvest was 35 percent
above record19 and the Pakistani crop was 37 percent higher than
ever before. Some biologists are still skeptical, claiming
that these "miracle crops" may ultimately attract miracle pests
and that early harvest gains were actually due to better regional
weather. They contend further that risks are being taken by con-
verting substantial acreage to these new plant hybrids, thereby
hazarding unknown susceptibilities to plant disease and pests and
escalating pesticide requirements. Furthermore, it is still un-
known whether these plants will grow throughout Asia, and whether
similar plants can be developed for South America and Africa.
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Probably the best that can be said for the Green Revolution
is that the extra food it may generate (if these programs work)
will give us a little extra time to develop effective patterns of
international cooperation for controlling human population
growth.

THE HUMAN CHALLENGE

It is difficult to avoid pessimism about the future well-
being of the millions of needy individuals in the underdeveloped
nations when one considers the physical dimensions of the problem
and the efficacy of governmental and political actioi. Nor can
we afford the sanguinous notion that whatever happens to the
poorer countries will not seriously affect our own lives. The
political implications of rising pressures on resources are stag-
gering. Even if the United States made no further advances in
its "standard of living," someone would have to explain to a bur-
geoning group of have-not n;_Lions why they cannot live as we do,
and why they should continue to supply us with the raw materials
of our comfort. In the past, the United States has enjoyed a
relatively luxurious position in regard to technological develop-
ment and food production, but much of this well-being has come at
the ecological expense of the rest of the world. Our present
food surpluses, which used to be dealt with as "charitable" con-
tributions to the foreign needy, are now for sale on world mar.-
kets where those with money are all too eager to buy. Continued
escalation of food prices in the United States is unavoidable
because exporting our food surplus will become increasingly
necessary to pay for energy and other resources we cannot produce
ourselves (Table 10-5). Even the industrial technology and capi-
tal we send abroad may be worsening the problem if the biosphere
will not permit the pjz,!sent world community to live at Western
levels of consumption. Our science and technology are far from
providing an early solution and are in fact still trying to de-
scribe the problem adequately.

We are learning that previous efforts to help may have b:-en
counterproductive. Clearly, the underdeveloped nations will
profit most from managing their own resources and controlling
their own futures, but they will be unab2e to do this under the
economic thumb of massive Western industrial empires. At the
same time, these nations urgently need help from the West in the
form of training, guidance, materials, and economic underwriting.
The great challenge of the immediate future, then, comes down to
the question of how to help the hungry masses without destroying
their social structures, value systems, and sense of dignity.
Maintaining national boundaries or preserving any particular
governmental form becomes a less significant issue when con-
trasted with the tremendous challenge of ensuring human survival.

Can we restructure national aims? Can we separate foreign
aid from the special interests of business? Can we distribute
the fruits of industrializaton without further industrialization?
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Can we commit ourselves to a concept of growth based more on the
quality of life than on economic "root, hog, or die" prosperity
measures? If we could settle these questions wisely, we might
end up exerting some genuine leadership toward reaching humani-
tarian goals and be able to display meaningful, nondestructive
ambitions to the underdeveloped nations of the world instead of
displaying the automobile, the transistor radio, the electric
carving knife, and other so-called achievements of advanced
society. But, as in the case of population control, we will
first have to demonstrate our good faith by restructuring our owri
value system in order to be credible to the rest of the world.
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Man and His Environmenta

by

Ansley J. Coaleb

The way our economy is organized is an essential cause, if
not the essential cause, of air and water pollution, and of the
ugly and sometimes destructive accumulation of trash. I believe
it. is also an important element in such dangerous human ecoloqi-
cal interventions as changes in the biosphere resulting from the
wholesale use of inorganic fertilizers, of the accumulation in
various dangerous places such as the fatty tissue of fish and
birds and mammals of incredibly stable insecticides. We can
properly attribute such adverse effects to a combination of a
high level of economic activity and the use of harmful technolog-
ical practices that are inconsistent with such a high level.

The economist would say that harmful practices have occurred
because of a disregard of what he would call externalities. An
externality is defined as a consequence (good or bad) that does
not enter the calculations of gain or loss by the person who
undertakes an economic activity. It is ty)ically a cost (or a
benefit) of an activity that accrues to so.neone else. A fence
erected in a suburban neighborhood for privacy also affords a
measure of privacy to the neighbor--a cost or a benefit depending
on how he feels about privacy versus keeping track of what goes
on next door. Air pollution created by an industrial plant is a
classic case of an externality; the operator of a factory produc-
ing noxious smoke imposes costs on everyone downwind, and pays
none of these costs himself--they do not affect his balance sheet
at all. This, I believe, is the basic economic factor that has a
degrading effect on the environment: we have in general per-
mitted economic activities without assessing the operator for
their adverse effects. There has been no attempt to evaluate--
and to charge for--externalities. As Boulding says, we pay
people for the goods they produce, but do not make them pay for
the bads.

aReprinted from Science, 9 October 1970, Volume 170, pp. 132-136.

Copyright 1970 by the American Association for the Advancement of
Science.

bThe author is director of the Office of Population Research at

Princeton University, Princeton, New Jersey 08540. This article
is adapted from a talk given 19 March 1970 at a symposium devoted
to "Man and Environment" at the University of North Carolina,
Chapel Hill.
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To put the same point more simply: environmental deteriora-
tion has arisen to a large extent because we have treated pure
air, pure water, and the disposal of waste as if they were free.
They cannot be treated as free in a modern, urban, industrial
society.

There are a number of different kinds of policies that would
prevent, or at least reduce, the harmful side effects of some of
our economic activities, either by preventing or reducing the
volume of the harmful activity, or by inducing a change in tech-
nique. Other policies might involve curative rather than preven-
tive steps, such as cleaning up trash along the highways, if we
cannot prevent people from depositing it there.

Among the possibilities are steps that would make externali-
ties internal. An example that I find appealing, although it is
perhaps not widely practical, is to require users of flowing
water to take in the water downstream of their operation and dis-
charge it upstre3.m. A more general measure is to require the
recycling of air or water used in industrial processes, rather
than permitting the free use of fresh water and clean air, com-
bined with the unmonitored discharge of exhaust products.

Public authorities can charge for unfavorable external
effects by imposing a tax on operations that are harmful to the
environment. The purpose of such taxes is to reduce the volume
of adverse effects by inducing a shift in technique or by reduc-
ing the volume of production by causing a rise in price. Also,
the tax receipts could be used to pay for mitigating the effect.
An example of a desirable tax is one imposed to minimize the use
of disposable cans and bottles for soft drinks and beer. Not
long ago the majority of manufacturers produced these commodities
in containers that were to be returned. The producer offered a
modest price for returning bottles as an inducement. It has
proven cheaper to use disposable glass bottles and cans; recently
aluminum cans have rapidly increased in popularity, substituting
a container that lasts indefinitely for the tin cans that would
sooner or later rust away. Everyone is familiar with the resul-
tant clutter on beaches, in parks, and along the highways. If a
tax of 10 cents per unit were imposed on each disposable con-
tainer, it would clearly be cheaper to go back to returnables.
If some manufacturers found it advantageous to pay the 10-cent
tax, the receipts could be used to pay for cleaning up highways
and beaches.

Another approach that would induce people to give up eco-
nomic activities with harmful effects on others is to make indi-
viduals and corporations financially liable for any damage caused
by their operations. The resultant litigation would be an unwar-
ranted windfall for lawyers, but financial liability might be a
very potent factor in reducing pollution.

There is general agreement that our knowledge of what af-
fects the environment is wholly inadequate. Because of inade-

11-29



quate monitoring and measurement, we do not know what is happen-
ing to the atmosphere or the biosphere; we need research to keep
track of what is going on as well as to develop the techniques
that will produce the goods we want with fewer of the bads we do
not want.

An Economist's Review of Resource Exhaustion

One of the questions most frequently raised about the en-
vironmental effects of modern life is the rapid and rising rate
of extraction of raw materials. Are we running out of resources?

I would first like to note that the distinction between re-
newable and nonrenewable resources is not a clear one. There
are, of course, instances of nonrenewable resources in the form
of concentrated sources of energy, such as the fossil fuels.
These are reservoirs of reduced carbon embodying radiant energy
from the sun that accumulated over many thousands of years. When
these fuels are used, the energy that is released is to a large
extent radiated into space, and we have no way of reclaiming it.
The geological processes that are constantly renewing the fossil
deposits of carbon are so slow compared to the rate at which we
are burning the fuels that the designation "nonrenewable" is
appropriate.

On the other hand, when we think of our resources of such
useful materials as the metallic elements of iron, copper, nic-
kel, lead, and so forth, we should realize that spaceship Earth
has the same amount of each element as it had a million years
ago, and will have the same amount a million years from now. All
we do with these resources is to move them around. The energy we
use is lost, but the minerals we find useful are still with us.
It does not pay to recycle these minerals (that is to use them
repeatedly by reclaiming scrap) because the deposits of minerals
in the ground or in the ocean are still such a cheap source. It
must be noted that the mining of fresh ore is cheaper than the
use of scrap in part because miners are not charged for their
"externalities." If harmful by-products of mining could not be
discharged into streams, if mine tailings were regulated, and
erosion-producing or even unesthetic practices forbidden, miner-
als would be more expensive and recycling more attractive. In
the production of any metallic element, the easier sources are
exploited first. As mining gets more difficult, the ore gets
more expensive, and recycling becomes more nearly competitive.
It seems wholly probable that the technology of recycling will be
improved.

The surprising fact is that raw materials are not at the
moment very costly, and moreover their cost relative to the cost
of finished goods has not been increasing. The gross national
product in the United States is more than $4500 per capita and
the raw materials component per capita is less than $100. The
price of raw materials relative to the price of finished goods is
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no higher now than at the beginning of the century, and if we
were running out of raw materials, they would surely be rising in
relative expensiveness. A prominent exception is saw lumber,
which is substantially more expensive relative to the cost of
finished wooden products than it used to be.

The reason that the future of our resource situation always
seems so bleak and the past seems quite comfortable is that we
can readily construct a plausible sounding estimate of the future
demand for a particular raw material, but cannot form such a
plausible picture of the future supply. To estimate the future
demand, we need merely note the recent trends in the per capita
consumption of whatever it is we are concerned about, utilize
whatever plausible projection of population we are prepared to
accept, multiply the two together and project an astonishingly
high rate of usage 50 years in the future. If this demand does
not seem overwhelming, we need only make a projection 100 years
in the future. What we cannot so readily foresee is the dis-
covery of new sources and of new techniques of extraction, and,
in particular, the substitution of other raw materials or the
substitution of other raw materials or the substitution of other
industrial processes which change the demand away from the raw
material we are considering. Hence it can always be made to
appear that in the future we are going to run out of any given
material, but that at present we never have.

It is poscine to set plausible limits to the stores of fos-
sil fuels that we are likely to discover, and with the very rapid
rise in the use of these fuels they will surely become more ex-
pensive in some not too distant time. It should be noted, how-
ever, that we will not suddenly "run out" of fossil fuels. Long
before the last drop of oil is used, oil will have become much
more expensive. If gasoline were $5 or $10 a gallon, we would
utilize it much more sparingly, with small economical automobile
engines, or perhaps the substitution of some non-petroleum-based
fuel altogether. In fact, the principal user of our petroleum
deposits may be the petrochemical industries. I have given this
special attention to fossil fuels because there is no substitute
in prospect for such fuels in small mobile units such as automo-
biles. On the other hand, the supply of overall energy seems to
pose no problem. There seems to be ample fissionable material to
supply rising energy needs for many centuries, if breeding reac-
tors are perfected. If fusion proves a practical source, the
supply of energy can properly be considered limitless.

Another aspect of the relation of the United States economy
to resources that is much publicized today is the fact that we
are consuming such a large fraction of the current annual extrac-
tion of raw materials in the world. A much quoted figure is the
6 percent of the world's population is using 30 percent of the
resources. It is concluded from figures such as these that we
are robbing the low-income countries of the world of the basis of
their future prosperity--that we are using up not only our
resources, but theirs as well. Most economists would find this a
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very erroneous picture of the effect of our demand for the raw
materials extracted in the less developed parts of the world.
The spokesmen for the less developed countries themselves con-
stantly complain about the adverse terms of trade that they face
on world markets. The principal source of their concern is the
low price of raw materrials and the high price of finished goods.
The most effective forms of assistance that the developed cjun-
tries (including the United States) give to the less developed
countries are the purchases they make from the less developed
countries in international trade. A developing country needs
receipts from exports in order to finance the purchase of the
things they need for economic development. For example, in order
to industrialize, a nonindustrialized country must for a long
time purchase capital equipment from more advanced countries, and
the funds for such purchases come from exports--principally of
raw materials. Economists in the developing countries feel that
the demand for raw materials is inadequate. Perhaps the most
important adverse effect of slowing down the growth of the gross
national product in the United States would be that it would
diminish the demand for primary products that we would otherwise
import from the less developed countries. After all, if a devel-
oping country wants to retain its raw materials at home, it can
always place an embargo on their export. However, it would be a
policy very damaging to economic progress of that very country.

Note that the effect of our high demand for raw materials is
a different matter from the desirability of the domestic control
of mineral resources within the developing countries. Selling
oil on the world market provides immense economic advantages to a
developing country. Whether foreign interests should be repre-
sented in the extraction of raw materials is another question.

Population Growth in the United States

I shall begin a discussion of population with a brief de-
scription of recent, current, and future population trends in the
United States. Our population today is a little over 200 mil-
lion, having increased by slightly more than 50 percent since
1940. I think it is likely to increase by nearly 50 percent
again in the 30 years before the end of the century.

This rate of increase cannot continue long. If it endured
throughout the next century, the population would reach a billion
shortly before the year 2100. Within six or seven more centuries
we would reach one person per square foot of land area in the
United States, and after about 1500 years our descendants would
outweigh the earth if they continued to increase by 50 percent
every 30 years. We can even calculate that, at that rate of
increase, our descendants would, in a few thousand years, form a
sphere of flesh whose radius would, neglecting relativity, expand
at the velocity of light.
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Every demographer knows that we cannot continue a positive
rate of increase indefinitely. The inexorable arithmetic of com-
pound interest leads us to absurd conditions within a calculable
period of time. Logically we must, and in fact we will, have a
rate of growth very close to zero in the long run. The average
rate of incease of mankind from the inception of the species
until the present is zero to many decimal places. If we agree
that 10,000 years from now we can have no more than one person
per square foot, and that the population of the world will at a
minimum exceed that of Richmond, Virginia, we ran say that the
average annual growth of population will be within one per thou-
sand of zero.

The only questions about attaining a zero rate of increase
for any population is when and how such a rate is attained. A
zero rate of increase implies a balance between the average birth
and death rates, so the choice of how to attain a zero rate of
increase is a choice between low birth and death rates that are
approximately equal. The average growth rate very near to zero
during mankind's past history has been attained with high birth
and death rates--with an average duration of life that until re-
cently was no more than 30 or 35 years. I have no difficulty in
deciding that I would prefer a zero rate of growth with low
rather than high birth and death rates, or with an average dura-
tion of life in excess of 70 years, as has been achieved in all
of the more advanced countries of the world, rather than the life
that is "nasty, brutish, and short." The remaining question then
is when should our population growth level off.

A popular answer today is "immediately." In fact a zero
rate of increase in the United States starting immediately is not
feasible and I believe not desirable. The reason is the age com-
position of the population that our past history of birth and
death rates has left to us. We have an especially young popula-
tion now because of the postwar baby boom. One consequence is
that our death rate is much lower than it would be in a popula-
tion that had long had low fertility. That is, because our popu-
lation is young, a high proportion of it is concentrated in ages
where the risk of mortality is small. Therefore, if we were to
attain a zero growth rate immediately, it would be necessary to
cut the birth rate about in half. For the next 15 or 20 years,
women would have to bear children at a rate that would produce
only a little over one child per completed family. At the end of
that time we would have a very peculiar age distribution with a
great shortage of young people. The attendant social and eco-
nomic disruptions represent too large a cost to pay for the ad-
vantages that we might derive fror reducing growth to zero right
away.

In fact, a more reasonable goal would be to reduce fertility
as soon as possible to a level where couples produced just enough
children to insure that each generation exactly replaced itself.
If this goal (early attainment of fertility at a replacement
level) were reached immediately, our population would increase 35
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to 40 percent before it stabilized. The reason that fertility at
the mere replacement level would produce such a large increase in
population is again the age distribution we have today. There
are many more people today under 20 than 20 to 40, and when the
relatively numerous children have moved into the childbearing
ages, they will greatly outnumber the persons now at those ages,
and when the current population under age 20 moves into the old
ages, they will be far more numerous than the people now at the
old ages. Thus to move the population to replacement would be to
insure approximately that the number of children under 20 will be
about the same as it is today, but that the number above that age
will be substantially higher. The net effect is the increase of
35 to 40 percent mentioned just above. It is the built-in growth
in our age composition that led me to state earlier that I think
an increase in the order of 50 percent of the U.S. population is
not unlikely.

A sensible choice in reducing our growth rate to zero then
is between early or late attainment of fertility at the replace-
ment level. Is there any reason that we should not attempt to
attain a fertility at replacement as soon as possible? My own
opinion is that an early move in that direction is desirable, but
for the sake of completeness, I must point out that there is a
non-negligible cost associated with attaining a stationary popu-
lation--the popilation that will exist with fertility at replace-
ment after the age distribution left over from the past has
worked out its transitory consequences.

A stationary population with the mortality levels that we
have already attained has a much older age distribution than any
the United States has ever experienced. It has more people over
60 than under 15, and half the population would be over 37 rather
than over 27, as is the case today. It would be an age distribu-
tion much like that of a health resort.

Moreover, if we view the age pyramid in the conventional
way, with the number of males and females being drawn out as in
the branches of a Christmas tree (age representing altitude of
the tree) the pyramid for the stationary population is virtually
vertical until age 50 because of the small number of deaths under
the favorable mortality conditions we have attained. In con-
trast, the ace distribution of the United States to date has al-
ways tapered more or less sharply with increasing age. The sta-
tionary population with its vertical sides would no longer con-
form in age composition to the shape of the social structure--to
the pyramid cf privilege and responsibility. In a growing popu-
lation, the age pyramid does conform, so there is a rough conso-
nance of shape between diminishing numbers at higher ages and the
smaller number of high positions relative to low positions. In a
stationary population there would no longer be a reasonable
expectation of advancement as a person moves through life. I
have indicated that sooner or later we must have a stationary
population, so that sooner or later we must adjust to such an age
composition. I am pointing to this disadvantage to show that
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there is a choice between moving more gradually to a stationary
population at the expense of a larger ultimate population size in
order to continue to enjoy for a longer time the more desirable
age distribution of a growing population.

Connection between Population and Pollution

The connection between the current growth in our population
and the deterioration of our environment of which we have all be-
come aware is largely an indirect one. The problem has arisen
because we are permitting the production of bads (pollution, or
negative externalities) along with goods. There seems little
doubt that the rapid increase in the production of goods has been
responsible for the rapid increase in the production of bads,
since we have made no effective effort to prevent the latter from
accompanying the former. But per capita increase in producton
has been more important than population growth. It has been cal-
culated that if we were to duplicate the total production of
electricity in the United States in 1940 in a population enjoying
the 1969 per capita usage of energy, the population could be only
25 million rather than 132 million people there were in 1940.
Population has increased by 50 percent, but per capita use of
electricity has been multiplied several times. A similar state-
ment can even be made about the crowding of our national parks.
The population has increased by about 50 percent in the last 30
years--attendance in national parks has increased by more than
400 percent.

A wealthy industrial urban population of 100 million persons
would have most of the population problems we do. In fact,
Sydney, Australia, has problems of air and water pollution and of
traffic jams, even though the total population of Australia is
about 12 million in an area 80 percent as big as the United
States. Australia is actually more urbanized than the United
States, in spite of its relatively small population and large
overall area.

If we have the will and intelligence to devise and apply
proper policies, we can improve our environment and can do so
either with the current population of 200 million, or with the
population that we will probably have in another 50 years of 300
million. On the other hand, if we ignore environmental problems
and continue to treat pure air and water and the disposal of
trash as if they were free, and if we pay no attention to the
effects of the techniques that we employ upon the balance of
nature, we will be in trouble whether our population grows or
not. There is no doubt that slower population growth would make
it easier to improve our environment, but not much easier.

Policies That Would Affect the Growth of Population

We must, at some time, achieve a zero rate of population,
and the balance should surely be achieved at low birth and death
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rates rather than at high rates. If, as at present, only about 5
percent of women remain single at the end of the childbearing
span, and if 96 percent of women survive to the mean age of
childbearing, and if finally the sex ratio at birth remains about
105 males for every 100 females, married couples must have an
average of about 2.25 children to replace themselves. What kinds
of policies might be designed to assure such a level of fertility
or, more generally, to produce the fertility level that is at the
moment socially desirable?

I begin with a set of policies that are consistent with gen-
eral democratic and humanitarian principles, although a minority
of the population would oppose them on religious grounds. These
are policies that would, through education and the provision of
clinical services, try to make it possible for every conception
to be the result of a deliberate choice, and for every choice to
be an informed one, based on an adequate knowledge of the conse-
quences of bearing different numbers of children at different.
times. A component of such a set of policies would be the
development of more effective means of contraception to reduce
the number of accidental pregnancies occurring to couples who are
trying to avoid conception. These are policies that call for a
substantial government role and I think that an effective govern-
ment program in these areas is already overdue. I personally be-
lieve that education in the consequences of childbearing and in
the techniques of avoiding pregnancy, combined with the provision
of contraceptive services, should be supplemented by the provi-
sion of safe and skillful abortion upon request. It is clear
that the public consensus in favor of abortion is not nearly as
clear-cut as that in favor of contraception, and I know that the
extent and the strength of the moral objection to induced abor-
tion is much greater. Nevertheless, I am persuaded by experience
in Japan and eastern Europe that the advantages of abortion pro-
vided under good medical auspices to cause the early termination
of unwanted pregnancies are very important to the women affected,
as is evident in the fact that when medically safe abortion has
been made available at low cost, the number of abortions has
initially been as great or greater than the number of live
births. Later there is a typical tendency for women to resort to
contraception rather than repeated abortions.

The reason I favor abortion is that such a high proportion
of births that occur today are unwanted, and because a large num-
ber of desperate pregnant women (probably more than a half a mil-
lion annually) resort to clandestine abortions today, with high
rates of serious complications. In contrast, early abortion,
under skilled medical auspices, is less dangerous than tonsillec-
tomy, and substantially less dangerous than carrying a child to
full term.

In recent years the number of births that were unwanted in
the United States constituted about 20 percent of the total (an
unwanted birth was defined as one in which the woman said that
conception occurred either as a result of a failure of contracep-
tion or in the absence of contraception but without the intent to
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become pregnant as soon as possible, when at the time the concep-
tion occurred the husband or wife or both did not want anothet
child then or later). The rate at which women are having chil-
dren today would lead to a completed family size of slightly
under three children. If all unwanted births were eliminated,
the number of children born per married woman would be about 2.4
or 2.5 on average. This is very little above replacement, and
when allowance is made for the likely possibility that women
understated the proportion of births that were unwanted, it is
probable that the elimination of unwanted births would bring a
fertility at or below replacement.

If it is true that the elimination of unwanted pregnancies
would reduce fertility very nearly to replacement, it must be
conceded that this outcome is fortuitous. It is highly unlikely
that over a substantial period of time the free choice by each
couple of the number of children they want would lead exactly to
the socially desirable level of fertility. The erratic behavior
of fertility in America and in other advanced industrialized
countries in the last 30 or 40 years is ample evidence that when
fertility is voluntarily controlled, the level of fertility is
subject to major fluctuations, and I see no logical reason to
expect that on average people would voluntarily choose a number
of children that would keep the long-run average a little above
two per couple. In other words, we must acknowledge the probable
necessity of instituting policies that would influence the number
of children people want. However, there is no need for haste in
formulating such policy, since, as I have indicated, improved
contraceptive services combined with a liberal provision of
abortion would probably move our fertility at present quite close
to replacement, and a gradual increase in population during the
next generation would not be a major addition to the problems we
already face.

Policies intended to affect people's preferences for chil-
dren should be designed within the framework of our democratic
traditions. They should be desigied, for example, to encourage
diversity and permit freedom of choice. An average of 2.25
children does not require that 75 percent of couples have two
children and 25 percent three, although that would produce the
desired average. Another possibility is a nearly even division
of family size among zero, one-, two-, three-, four-, and five-
child families. The ideal policy would affect the decision at
the margin and not try to impose a uniform pattern on all. I do
not think that people who prefer to have more than the average
number of children should be subject to ridicule or abuse.

It is particularly difficult to frame acceptable policies
influencing the number of children that people want. While it is
still true that so many large families result from unwanted preg-
nancies, the unwanted child that is the most recent birth in a
large family already faces many deprivations. The psychological
disadvantages of the unwanted child cause some of our most seri-
ous social problems. In addition to these psychological disad-
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vantages, the unwanted child in a large impoverished family faces
an inadequate diet, much below average chances for schooling, and
generally inferior opportunities. I hardly think it a wise or
humane policy to handicap him further by imposing a financial
burden on his parents as a result of his birth.

When unwanted births have become negligible in number, we
could imagine trying to design a policy in which the couple is
asked to pay some part of the "externalities" that an additional
birth imposes on society. In the meantime, I suggest as a desir-
able supplement to better contraception and free access to abor-
tion the extension of more nearly equal opportunities in educa-
tion and employment for women, so that activities outside of the
home become a more powerful competitor to a larger family. We
should start now devoting careful attention to formulation of
policies in this area--policies that could increase fertility
when it fell too low as well as policies to induce people to want
fewer children.

Some aspects of the deterioration of our environment appear
to be critical and call for prompt action. We need to start now
to frame and apply actions that would arrest the careless de-
struction of the world in which we live. We also need policies
to reduce promptly the incidence of unwanted births. In the long
run we shall also need ways to influer-e the number of births
people want. To design policies consistent with our most cher-
ished social and political values will not be easy, and it is
fortunate that there is no valid reason for hasty action.
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The Strategy of Ecosystem Developme,ta

by

Eugene P. Odumb

The principles of ecological succession bear importantly on
the relationships between man and nature. The framework of suc-
cessional theory needs to be examined as a basis for zesolving
man's present environmental crisis. Most ideas pertaining to the
development of ecological systems are based on descriptive data
obtained by observing changes in biotic communities over long
periods, or on highly theoretical assumptions; very few of the
generally accepted hypotheses have been tested experimentally.
Some of the confusion, vagueness, and lack of experimental work
in this area stems from the tendency of ecologists to regard
"sucCession" as a single straightforward idea; in actual fact, it
entails an interacting complex of processes, some of which coun-
teract one another.

As viewed here, ecological succession involves the develop-
ment of ecosystems; it has many parallels in the developmental
biology of organisms, and also in the development of human soci-
ety. The ecosystem, or ecological system, is considered to be a
unit of biological organization made up of all of the organisms
in a given area (that is, "community") interacting with the phys-
ical environment so that a flow of energy leads to characteristic
trophic structure and material cycles within the system. It is
the purpose of this article to summarize, in the form of a tabu-
lar model, components and stages of development at the ecosystem
level as a means of emphasizing those aspects of ecological suc-
cession that can be accepted on the basis of present knowledge,
those that require more study, and those that have special rele-
vance to human ecology.

aReprinted from Science, 18 April 1969, Volume 164, pp. 262-270.
Copyright 1969 by the American Association for the Advancement of
Science.

bThe author is director of the Institute of Ecology, and Alumni

Foundation Professor, at the University of Georgia, Athens. This
article is based on a presidential address presented before the
annual meeting of the Ecological Society of America at the Uni-
versity of Maryland, August 1966.
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Definition of Succession

Ecological succession may be defined in terms of the follow-
ing three parameters (1). (i) It is an orderly process of commu-
nity development that is reasonably directional and, therefore,
predictable. (ii) It results frow modification of the physical
environment by the community; that is, succession is communiity-
controlled even though the physical environment determines the
pattern, the rate of change, and often sets limits as to how far
development can go. (iii) It culminates in a stabilized ecosys-
tem in which maximum biomass (or riiqh information content) and
symbiotic function between organisms are maintained per unit of
available energy flow. In a word, the "strategy" of succession
as a short-term process is basically the same as the "strategy"
of long-term evolutionary development of the biosphere--namely,
increased control of, or homeostasis with, the physical environ-
ment in the sense of achieving maximum protection from its per-
turbations. As I illustrate below, the strategy of "maximum pro-.
tection" (that is, trying to achieve maximum support of complex
biomass structure) often conflicts with man's goal of "maximum
production" (trying to obtain the highest possible yield). Rec-
ognition of the ecological basis for this conflict is, I believe,
a first step in establishing rational land-use policies.

The earlier descriptive studies of succession on sand dunes,
grasslands, forests, marine shores, or other sites, and more re-
cent functional considerations, have led to the basic theory con-
tained in the definition given above. H. T. Odum and Pinkerton
(2), building on Lotka's (3) "law of maximum energy in biological
systems," were the first to point out that succession involves a
fundamental shift in energy flows as increasing energy is rele-
gated to maintenance. Margalef (4) has recently documented this
bioenergetic basis for succession and has extended the concept.

Changes that occur in major structural and functional char-
acteristics of a developing ecosystem are listed in Table 1.
Twenty-four attributes of ecological systems are grouped, for
convenience of discussion, under six headings. Trends are empha-
sized by contrasting the situation in early and late development.
The degree of absolute change, the rate of change, and the time
required to reach a steady state may vary not only with different
climatic and physiographic situations but also with different
ecosystem attributes in the same physical environment. Where
good data are available, rate-of-change curves are usually con-
vex, with changes occurring most rapidly at the beginning, but
bimodal or cyclic patterns may also occur.

Bioenergetics of Ecosystem Development

Attributes 1 through 5 in Table 1 represent the bioenerget-
ics of the ecosystem. In the early stages of ecological succes-
sion, or in "young nature," so to speak, the rate of primary pro-
duction or total (gross) photosynthesis (P) exceeds the rate of
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community respiration (R), so that the P/R ratio is greater than
1. In the special case of organic pollution, the P/R ratio
is typically lass than 1. In both cases, however, the theory is
that P/R approaches 1 as succession occurs. In other words,
energy fixed tends to be balanced by the energy cost of mainte-
nance (that is, total community respiration) in the mature or
"climax" ecosystem. The P/R ratio, therefore, should be an
excellent functional index of the relative maturity of the
system.

So long as P exceeds R, organic matter and biomass (B) will
accumulate in the system (Table 1, item 6), with the result that
ratio P/B will tend to decrease or, conversely, the B/P, B/R, or
B/E ratios (where E = P + R) will increase (Table 1, items 2 and
3). Theoretically, then, the amount of standing-crop biomass
supported by the available energy flow (E) increases to a maximum
in the mature or climax stages (Table 1, item 3). As a conse-
quence, the net community production, or yield, in an annual
cycle is large in young nature and small or zero in mature nature
(Table 1, item 4).

Comparison of Succession in a Laboratory Microcosm and a Forest

One can readily observe bioenergetic changes by initiating
succession in experimental laboratory microecosystems. Aquatic
microecosystems, derived from various types of outdoor systems,
such as ponds, have been cultured by Beyers (5), and certain of
these mixed cultures are easily replicated and maintain them-
selves in the climax state indefinitely on defined media in a
flask with only light input (6). If samples from the climax
system are inoculated into fresh media, succession occurs, the
mature system developing in less than 100 days. In Fig. 1 the
general pattern of a 100-day autotrophic succession in a micro-
cosm based on data of Cooke (7) is compared with a hypothetical
model of a 100-year forest succession as presented by Kira and
Shidei (8).

During the first 40 to 60 days in a typical microcosm exper-
iment, daytime net production (P) exceeds nighttime respiration
(R), so that biomass (B) accumulates in the system (9). After an
early "bloom" at about 30 days, both rates decline, and they be-
come approximately equal at 60 to 80 days. The B/P ratio, in
terms of grams of carbon supported per gram of daily carbon pro-
duction, increases from less than 20 to more than 100 as the
steady state is reached. Not only are autotrophic and hetero-
trophic metabolism balanced in the climax, but a large organic
structure is supported by small daily production and respiratory
rates.

While direct projection from the small laboratory microeco-
system to open nature may not be entirely valid, there is evi-.
dence that the same basic trends that are seen in the laboratory
are characteristic of succession on land and in large bodies of
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water. Seasonal successions also often follow ti 'ame pattern,
an early seasonal bloom characterized by rapid - wth of a few
dominant species being followed by the development later in the
season of high E/P ratios, increased diversity, and a relatively
steady, if temporary, state in terms of P and R (4). Open sys-
tems may not experience a decline, at maturity, in total or gross
productivity, as the space-limited microcosms do, but the general
pattern of bioenergetic change in the latter seems to mimic na-
ture quite well.

These trends are not, as might at first seem to be the case,
contrary to the classical limnological teaching which describes
lakes as progressing in time from the less productive (oligotro-
phic) to the more productive (eutrophic) state. Table 1, as al-
ready emphasized, refers to changes which are brought about by
biological processes within the ecosystem in question. Eutrophi-
cation, whether natural or cultural, results when nutrients are
imported into the lake from outside the lake--that is, from the
watershed. This is equivalent to adding nutrients to the labora-
tory microecosystem or fertilizing a field; the system is pushed
back, in successional terms, to a younger or "bloom" state. Re-
cent studies on lake sediments (10), as well as theoretical con-
siderations (11), have indicated that lakes can and do progress
to a more oligotrophic condition when the nutrient input from the
watershed slows or ceases. Thus, there is hope that the trouble-
some cultural eutrophication of our waters can be reversed if the
inflow of nutrients from the watershed can be greatly reduced.
Most of all, however, this situation emphasizes that it is the
entire drainage or catchment basin, not just the lake or stream,
that must be considered the ecosystem unit if we are to deal suc-
cessfully with our water pollution problems. Ecosystematic study
of entire landscape catchment units is a major goal of the Ameri-
can plan for the proposed International Biological Program. De-
spite the obvious logic of such a proposal, it is proving sur-
prisingly difficult to get tradition-bound scientists and grant-
ing agencies to look beyond their specialties toward the support
of functional studies of large units of the landscape.

Food Chains and Food Webs

As the ecosystem develops, subtle changes in the network
pattern of food chains may be expected. The manner in which or-
ganisms are linked together through food tends to be relatively
simple and linear in the very early stages of succession, as a
consequence of low diversity. Furthermore, heterotrophic utili-
zation of net production occurs predominantly by way of grazing
food chains--that is, plant-herbivore-carnivore sequences. In
contrast, food chains become complex webs in mature stages, with
the bulk of biological energy flow following detritus pathways
(Table 1, item 5). In a mature forest, for example, less than 10
percent of annual net production is consumed (that is, grazed) in
the living state (12); most is utilized as dead matter (detritus)
through delayed and complex pathways involving as yet little
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understood animal-microorganism interactions. The time involved
in an uninterrupted succession allows for increasingly intimate
associations and reciprocal adaptations between plants and ani-
mals, which lead to the development of many mechanisms that

PN
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Fig. 1. Comparison of the energetics of succession in a forest and a laboratory micro-
cosm. Po, gross production; Pv., net production; R, total community respiration; B, total
biomass.

reduce grL&-ing--such as the development of indigestible support-
ing tissues (cellulose, lignin, and so on), feedback control
between plants and herbivores (13), and increasing predatory
pr essure on herbivores (14). Such mechanisms enable the bio-
logical ccmnunity to maintain the large and complex organic
t:'dre that mitigates perturbations of the physical environ-

men. Severe stress or rapid changes brought about by outside
forces can, of course, rob the system of these protective
mechanisms and allow irruptive, cancerous growths of certain
species to occur, as man too often finds to his sorrow. An
example of a stress-induced pest irruption occurred at Brookhaven
National Laboratory, where oaks became vulnerable to aphids when
translocation of sugars and amino acids was impaired by continu-
ing gamma irradiation (15).

Radionuclide tracers are providing a means of charting food
chains in the intact outdoor ecosystem to a degree that will per-
mit analysis within the concepts of network or matrix algebra.
For example, we have recently been able to map, by use of a
radiophosphorus tracer, the open, relatively linear food linkage
between plants and insects in an early old-field successional
stage (16).
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Diversity and Succession

Perhaps the most controversial of the successional trends
pertain to the complex and much discussed subject of diversity
(17). It is important to distinguish between different kinds of
diversity indices, since they may not follow parallel trends in
the same gradient or developmental series. Four components of
diversity are listed in Table 1, items 8 through 11.

The variety of species, expressed as a species-number ratio
or a species-area ratio, tends to increase during the early
stages of community development. A second component of species
diversity is what has been called equitability, or evenness (18),
in the apportionment of individuals among the species. For exam-
ple, two systems each containing 10 species and 100 individuals
have the same diversity in terms of species-number ratio but
could have widely different equitabilities depending on the ap-
portionment of the 100 individuals among the 10 species--for
example, 91-1-1-1-1-1-1-1-1-1 at one extreme or 10 individuals
per species at the other. The Shannon formula,

ni log 2 ni

where ni is the number of indLviduals in each species and N is
the total number of individuals, is widely used as a diversity
index because it combines the variety and equitability components
in one approximation. But, like all such lumping parameters,
Shannon's formula may obscure the behavior of these two rather
different aspects of diversity. For example, in our most recent
field experiments, an acute stress from insecticide reduced the
number of species of insects relative to the number of individ-
uals but increased the evenness in the relative abundances of the
-surviving species (19). Thus, in this case the "variety" and
"evenness" components would tend to cancel each other in Shan-
non' s formula.

While an increase in the variety of species together with
reduced dominance by any one species or small group of species
(that is, increased evenness) can be accepted as a general proba-
bility during succession (20), there are other community changes
that may work against these trends. An increase in the size of
organisms, an increase in the length and complexity of life his-
tories, and an increase in interspecific competition that may
result in competitive exclusion of species (Table 1, items 12-14)
are trends that may reduce the number of species that can live in
a given area. In the bloom stage of succession organisms tend to
be small and to have simple life histories and rapid rates of re-
production. Changes in size appear to be a consequence of, or an
adaptation to, a shift in nutrients from inorganic to organic
(Table 1, item 7). In a mineral nutrient-rich environment, small
size is of selective advantage, especially to autotrophs, because
of the greater surface-to-volume ratio. As the ecosystem devel-
ops, however, inorganic nutrients tend to become more and more
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tied up in the biomass (that is, to become intrabiotic), so that
the selective advantage shifts to larger organisms (either larger
individuals of the same species or larger species, or both) which
have greater storage capacities and more complex life historis,
thus are adapted to exploiting seasonal or periodic releases of
nutrients or other resources. The question of whether the seem-
ingly direct relationship between organism size and stability is

the result of positive feedback or is merely fortuitous remains
unanswered (21).

Thus, whether or not species diversity continues to increase

during succession will depend on whether the increase in poten-

tial niches resulting from increased biomass, stratification

(Table 1, item 9), and other consequences of biological organiza-

tion exceeds the countereffects of increasing size and competi-

tion. No one has yet been able to catalogue all the species in

any sizable area, much less follow total species diversity in a

successional series. Data are so far available only for segments

of the community (trees, birds, and so on). Margalef (4) postu-

lates that diversity will tend to peak during the early or middle

stages of succession and then decline in the climax. In a study

of bird populations along a successional gradient we found a

bimodal pattern (22); the number of species increased during the

early stages of old-field succession, declined during the early

forest stages, and then increased again in the mature forest.

Species variety, equitability, and stratification are only

three aspects of diversity which change during succession. Per-

haps an even more important trend is an increase in the diversity

of organic compounds, not only of those within the biomass but

also of those excreted and secreted into the media (air, soil,

water) as by-products of the increasing community metabolism. An

increase in such "biochemical diversity" (Table 1, iteil 10) is

illustrated by the increase in the variety of plant pigments

along a successional gradient in aquatic situations, as described

by Margalef (4, 23). Biochemical diversity within populations,

or within systems as a whole, has not yet been systematically

studied to the degree the subject of species diversity has been.

Consequently, few generalizations can be made, except that it

seems safe to say that, as succession progresses, organic extra-

metabolities probably serve increasingly important functions as

regulators which stabilize the growth and composition of the eco-

system. Such metabolites may, in fact, be extremely important in

preventing populations from overshooting the equilibrial density,

thus in reducing oscillations as the system develops stability.

The cause-and-effect relationship between diversity and sta-

bility is not clear and needs to be investigated from many

angles. If it can be shown that biotic diversity does indeed en-

hance physical stability in the ecosystem, or is the result of

it, then we would have an important guide for conservation prac-

tice. Preservation of hedgerows, woodlots, noneconomic species,

noneutrophicated waters, and other biotic variety in man's land-

:cape could then be justified on scientific as well as esthestic
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grounds, even though such preservation often must result in soit.
reduction in the production of food or other immediate consuneL
needs. In other words, is variety only the spice of life, or is
it a necessity for the long life of the total ecosystem compris-
ing man and nature?

Nutrient Cycling

An important trend in successional development is the clos-
ing or "tightening" of the biogeochemical cycling of major nu-
trients, such as nitrogen, phosphorus, and calcium (Table 1,
items 15-17). Mature systems, as compared to developing ones,
have a greater capacity to entrap and hold nutrients for cycling
within the system. For example, Bormann and Likens (24) have
estimated that only 8 kilograms per hectare out of a total pool
of exchangeable calcium of 365 kilograms per hectare is lost per
year in stream outflow from a North Temperate watershed covered
with a mature forest. Of this, about 3 kilograms per hectare is
replaced by rainfall, leaving only 5 kilograms to be obtained
from weathering of the underlying rocks in order for the system
to maintain mineral balance. Reducing the volume of the vegeta-
tion, or otherwise setting the succession back to a younger
state, results in increased water yield by way of stream outflow
(25), but this greater outflow is accompanied by greater losses
of nutrients, which may also produce downstream eutrophication.
Unless there is a compensating increase in the rate of weather-
ing, the exchangeable pool of nutrients suffers gradual depletion
(not to mention possible effects on soil structure resulting from
erosion). High fertility in "young systems" which have open
nutrient cycles cannot be maintained without compensating inputs
of new nutrients; examples of such practice are the continuous-
flow culture of algae, or intensive agriculture where large
amounts of fertilizer are imported into the system each year.

Because rates of leaching increase in a latitudinal gradient
from the poles to the equator, the role of the biotic community
in nutrient retention is especially important in the high-
rainfall areas of the subtropical and tropical latitudes, in-
cluding not only land areas but also estuaries. Theoretically,
as one goes equatorward, a larger percentage of the available
nutrient pool is tied up in the biomass and a correspondingly
lower percentage is in the soil or sediment. This theory, how-
ever, needs testing, since data to show such a geographical trend
are incomplete. It is perhaps significant that conventional
North Temperate row-type agriculture, which represents a very
youthful type of ecosystem, is successful in the humid tropics
only if carried out in a system of "shifting agriculture" in
which the crops alternate with periods of natural vegetative
redevelopment. Tree culture and the semiaquatic culture of rice
providle much better nutrient retention and consequently have a
longer life expectancy on a given site in these warmer latitudes.
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Table 1. A tabular model of ecological succession: trends to be expected in the developnenz
of ecosystems.
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Selection Pressure: Quantity versus Quality

MacArthur and Wilson (26) have reviewed stages of coloniza-
tion of islands which provide direct parallels with stages in
ecological succession on continents. Species with high rates of
reproduction and growth, they find, are more likely to survive in
the early uncrowded stages of island colonization. In contrast,
selection pressure favors species with lower growth potential but
better capabilities for competitive survival under the equilib-
rium density of late stages. Using the terminology of growth
equations, where r is the intrinsic rate of increase and K is the
upper asymptote or equilibrium population size, we may say that
"r selection" predominates in early colonization, with "K selec-
tion" prevailing as more and more species and individuals attempt
to colonize (Table 1, item 18). The same sort of thing is even
seen within the species in certain "cyclic" northern insects in
which "active" genetic strains found at low densities are re-
placed at high densities by "sluggish" strains that are adapted
to crowding (27).

Genetic changes involving the whole biota may be presumed to
accompany the successional gradient, since, as described above,
quantity production characterizes the young ecosystem while qual-
ity production and feedback control are the trademarks of the
mature system (Table 1, item 19). Selection at the ecosystem
level may be primarily interspecific, since species replacement
is a characteristic of successional series or seres. However, in
most well-studied seres there seem to be a few early successional
species that are able to persist through to late stages. Whether
genetic changes contribute to adaptation in such species has not
been determined, so far as I know, but studies on population
genetics of Drosophila suggest that changes in genetic composi-
tion could be important in population regulation (28). Certain-
ly, the human population, if it survives beyond its present rapid
growth stage, is destined to be more and more affected by such
selection pressures as adaptation to crowding becomes essential.

Overall Homeostasis

This brief review of ecosystem development emphasizes the
complex nature of processes that interact. While one may well
question whether all the trends described are characteristic of
all types of ecosystems, there can be little doubt that the net
result of community actions is symbiosis, nutrient conservation,
stability, a decrease in entropy, and an increase in information
(Table 1, items 20-24). The overall strategy is, as I stated at
the beginning of this article, directed toward achieving as
large and diverse an organic structure as is possible within the
limits set by the available energy input and the prevailing phys-
ical conditions of existence (soil, water, climate, and so on).
As tudies of biotic communities become more functional and so-
phisticated, one is impressed with the importance of mutualism,
parasitism, predation, commensalism, and other forms of symbio-
sis. Partnership between unrelated species is often noteworthy
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(for example, that between coral coelenterates and algae, or be-
tween mycorrhizae and trees). In many cases, at least, biotic
control f grazing, population density, and nutrient cycling
provide the chief positive-feedback mechanisms that contribute to
stability in the mature system by preventing overshoots and
destructive oscillations. The intriguing queston is, Do mature
ecosystems age, as organisms do? In other words, after a long
period of relative stability or "adulthood," do ecosystems again
develop unbalanced metabolism and become more vulnerable to
diseases and other perturbations?

Relevance of Ecosystem Development Theory to Human Ecology

Figure 1 depicts a basic conflict between the strategies of
man and of nature. The "bloom-type" relationships, as exhibited
by the 30-day microcosm or the 30-year forest, illustrate man's
present idea of how nature should be directed. For example, the
goal of agriculture or intensive forestry, as now generally prac-
ticed, is to achieve high rates of production of readily harvest-
able products with little standing crop left to accumulate on the
landscape--in other words, a high P/B efficiency. Nature's stra-
tegy, on the other hand, as seen in the outcome of the succes-
sional process, is directed toward the reverse efficiency--a high
B/P ratio, as is depicted by the relationship at the right in
Fig. 1. Man has generally been preoccupied with obtaining as
much "production" from the landscape as possible, by developing
and maintaining early successional types of ecosystems, usually
monocultures. But, of course, man does not live by food and
fiber alone; he also needs a balanced CO -O atmosphere, the
climatic buffer provided by oceans and massis 9f vegetation, and
clean (that is, unproductive) water for cultural and industrial
uses. Many essential life-cycle resources, not to mention recre-
ational and esthetic needs, are best provided man by the less
"productive" landscapes. In other words, the landscape is not
just a supply depot but is also the oikos--the home--in which we
must live. Until recently mankind has more or less taken for
granted the gas-exchange, water-purification, nutrient-cycling,
and other protective functions of self-maintaining ecosystems,
chiefly because neither his numbers nor his environmental manipu-
lations have been great enough to affect regional and global
balances. Now, of course, it is painfully evident that such
balances are being affected, often detrimentally. The "one prob-
lem, one solution approach" is no longer adequate and must be
replaced by some form of ecosystem analysis that considers man as
a part of, not apart from, the environment.

The most pleasant and certainly the safest landscape to live
in is one containing a variety of crops, forests, lakes, streams,
roadsides, marshes, seashores, and "waste places"--in other
words, a mixture of communities of different ecological ages. As
individuals we more or less instinctively surround our houses
with protective, nonedible cover (trees, shrubs, grass) at the
same time that we strive to coax extra bushels from our corn-
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field. We all consider the cornfield a "good thing," of course,
but most of us would not want to live there, and it would cer-
tainly be suicidal to cover the whole land area of the biosphere
with cornfields, since the boom and bust oscillation in such a
situation would be severe.

The basic problem facing organized society today boils down
to determining in some objective manner when we are getting "too
much of a good thing." This is a completely new challenge to
mankind because, up until now, he has had to be concerned largely
with too little rather than too much. Thus, concrete is a "good
thing," but not if half the world is covered with it. Insecti-
cides are "good things," but not when used, as they now are, in
an indiscriminate and wholesale manner. Likewise, water impound-
ments have proved to be very useful man-made additions to the
landscape, but obviously we don't want the whole country inun-
dated! Vast manmade lakes solve some problems, at least tempo-
rarily, but yield comparative little food or fiber, and, because
of high evaporative losses, they may not even be the best device
for storing water; it might better be stored in the watershed, or
underground in aquafers. Also, the cost of building large dams
is a drain on already overtaxed revenues. Although as individ-
uals we readily recognize that we can have too many dams or other
large-scale environmental changes, governments are so fragmented
and lacking in systems-analysis capabilities that there is no
effective mechanism whereby negative feedback signals can be re-
ceived and acted on before there has been a serious overshoot.
Thus, today there are governmental agencies, spurred on by popu-
lar and political enthusiam for dams, that are putting on the
drawing boards plans for damming every river and stream in North
America!

Table 2. Contrasting characteristics of young and
mature-type ecosystems.

Young Mature

Production Protection
Growth Stability
Quantity Quality

Society needs, and must find as quickly as possible, a way
to deal with the landscape as a whole, so that manipulative
skills (that is, technology) will not run too far ahead of our
understanding of the impact of change. Recently a national eco-
logical center outside of government and a coalition of govern-
mental agencies have been proposed as two possible steps in the
establishment of a political control mechanism for dealing with
major environmental questions. The soil conservation movement in
America is an excellent example of a program dedicated to the
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consideration of the whole farm or the whole watershed as an eco-
logical unit. Soil conservation is well understood and supported
by the public. However, soil conservation organizations have re-
mained too exclusively farm-oriented, and have not yet risen to
the challenge of the urban-rural landscape, where lie today's
most serious problems, We do, then, have potential mechanisms in
American society that could speak for the ecosystem as a whole,
but none of them are really operational (29).

The general relevance of ecosystem development theory to
landscape planning can, perhaps, be emphasized by the "mini-
model" of Table 2, which contrasts the characteristics of young
and mature-type ecosystems in more general terms than those pro-
vided by Table 1. It is mathematically impossible to obtain a
maximum for more than one thing at a time, so one cannot have
both extremes at the same time and place. Since all six charac-
teristics listed in Table 2 are desirable in the aggregate, two
possible solutions to the dilemma immediately suggest themselves.
We can compromise so as to provide moderate quality and moderate
yield on all the landscape, or we can deliberately plan to com-
partmentalize the landscape so as to simultaneously maintain
highly productive and predominantly protective types as separate
units subject to different management strategies (strategies
ranging, for example, from intensive cropping on the one hand to
wilderness management on the other). If ecosystem development
theory is valid and applicable to planning, then the so-called
multiple-use strategy, about which we hear so much, will work
only through one or both of these approaches, because, in most
cases, the projected multiple uses conflict with one another. It
is appropriate, then, to examine some examples of the compromise
and the compartmental strategies.

Pulse Stability

A more or less regular but acute physical perturbation im-
posed from without can maintain an ecosystem at some intermediate
point in the developmental sequence, resulting in, so to speak, a
compromise between youth and maturity. What I would term "fluc-
tuating water level ecosystems are good examples. Estuaries,
and intertidal zones in general, are maintained in an early,
relatively fertile stage by the tides, which provide the energy
for rapid nutrient cycling. Likewise, freshwater marshes, such
as the Florida Everglades, are held at an early successional
stage by the seasonal fluctuations in water levels. The dry-
season drawdown speeds up aerobic decomposition of accumulated
organic matter, releasing nutrients that, on reflooding, support
a wet-season bloom in productivity. The life histories of many
organisms are intimately coupled to this periodicity. The wood
stork, for example, breeds when the water levels are falling and
the small fish on which it feeds become concentrated and easy to
catch in the drying pools. If the water level remains high dur-
ing the usual dry season or fails to rise in the wet season, the
stork will not nest (30). Stabilizing water levels in the Ever-
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glades by means of dikes, locks, and impoundments, as is now
advocated by some, would, in my opinion, destroy rather than
preserve the Everglades as we now know them just as surely as
complete drainage would. Without periodic drawdowns and fires,
the shallow basins would fill up with organic matter and succes-
sion would proceed from the present pond-and-prairie conditon
toward a scrub or swamp forest.

It is strange that man does not readily recognize the impor-
tance of recurrent changes in water level in a natural situation
such as the Everglades when similar pulses are the basis for some
of his most enduring food culture systems (31). Alternate
filling and draining of ponds has been a standard procedure in
fish culture for centuries in Europe and the Orient. The flood-
ing, draining, and soil-aeration procedure in rice culture is
another example. The rice paddy is thus the cultivated analogue
of the natural marsh or the intertidal ecosystem.

Fire is another physical factor whose periodicity has been
of vital importance to man and nature over the centuries. Whole
biotas, such as those of the African grasslands and the Cali-
fornia chaparral, have become adapted to periodic fires producing
what ecologists often call "fire climaxes" (32). Man uses fire
deliberately to maintain such climaxes or to set back succession
to some desired point. In the southeastern coastal plain, for
example, light fires of moderate frequency can maintain a pine
forest against the encroachment of older successional stages
which, at the present time at least, are considered economically
less desirable. The fire-controlled forest yields less wood than
a tree farm does (that is, young trees, all of about the same
age, planted in rows and harvested on a short rotation schedule),
but it provides a greater protective cover for the landscape,
wood of higher quality, and a home for game birds (quail, wild
turkey, and so on) which could not survive in a tree farm. The
fire climax, then, is an example of a compromise between produc-
tion simplicity and protection diversity.

It should be emphasized that pulse stability works only if
there is a complete community (including not onily plants but ani-
mals and microorganisms) adapted to the particular intensity and
frequency of the perturbation. Adaptation--operation of the
selection process --requires times measurable on the evolutionary
scale. Most physical stresses introduced by man are too sudden,
too violent, or too arrhythmic for adaptation to occur at the
ecosystem level, so severe oscillation rather than stability re-
sults. In many cases, at least, modification of naturally
adapted ecosystems for cultural purposes would seem preferable to
complete redesign.

Prospects for a Detritus Agriculture

As indicated above, heterotrophic utilization of primary
production in mature ecosystems involves largely a delayed con-
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sumption of detritus. There is no reason why man cannot make
greater use of detritus and thus obtain food or other products
from the more protective type of ecosystem. Again, this would
represent a compromise, since the short-term yield could not be
as great as the yield obtained by direct exploitation of the
grazing food chain. A detritus agriculture, however, would have
some compensating advantages. Present agricultural strategy is
based on selection for rapid growth and edibility in food plants,
which, of course, make them vulnerable to attack by insects and
disease. Consequently, the more we select for succulence and
growth, the more effoit we must invest in the chemical control of
pests; this effort, in turn, increases the likelihood of our
poisoning useful organisms, not to mention ourselves. Why not
also practice the reverse strategy--that is, select plants which
are essentially unpalatable, or which produce their own systemic
insecticides while they are growing, and then convert the net
production into edible products by microbial and chemical enrich-
ment in food factories? We could then devote our biochemical
genius to the enrichment process instead of fouling up our living
space with chemical poisons! The production of silage by fermen-
tation of low-grade fodder is an example of such a procedure al-
ready in widespread use. The cultivation of detritus-eating
fishes in the Orient is another example.

By tapping the detritus food chain man can also obtain an
appreciable harvest from many natural systems without greatly
modifying them or destroying their protective and esthetic value.
Oyster culture in estuaries is a good example. In Japan, raft
and long-line culture of oysters has proved to be a very practi-
cal way to harvest the natural microbial products of estuaries
and shallow bays, Furukawa (33) reports that the yield of cul-
tured oysters in the Hiroshima Prefecture has increased tenfold
since 1950, and that the yield of oysters (some 240,000 tons of
meat) from this one district alone in 1965 was ten times the
yield of natural oysters from the entire country. Such oyster
culture is feasible along the entire Atlantic and Gulf coasts of
the United States. A large investment in the culture of oysters
and other seafoods would also provide the best possible deterrent
against pollution, since the first threat of damage to the
pollution-sensitive oyster industry would be immediately trans-
lated into political action!

The Compartment Model

Successful though they often are, compromise systems are not
suitable nor desirable for the whole landscape. More emphasis
needs to be placed on compartmentalization, so that growth-type,
steady-state, and intermediate-type ecosystems can be linked with
urban and industrial areas for mutual benefit. Knowing the
transfer coefficients that define the flow of energy and the
movement of materials and organisms (including man) between com-
partments, it should be possible to determine, through analog-
computer manipulation, rational limits for the size and capacity
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of each compartment. We might start, for example, with a simpli-
fied model, shown in Fig. 2, consisting of four compartments of
equal area, partitioned according to the basic biotic-function
criterion--that is, according to whether the area is (i) produc-
tive, (ii) protective, (iii) a compromise between (i) and (ii) or
(iv), urban-industrial. By continually refining the transfer
coefficients on the basis of real world situations, and by in-
creasing and decreasing the size and capacity of each compartment
through computer simulation, it would be possible to determine
objectively the limits that must eventually be imposed on each
compartment in order to maintain regional and global balances in
the exchange of vital energy and of materials. A systems-
analysis procedure provides at least one approach to the solution
of the basic dilemma posed by the question "How do we determine
when we are getting too much of a good thing?" Also it provides
a means of evaluating the energy drains imposed on ecosystems by
pollution, radiation, harvest, and other stresses (34).

Implementing any kind of compartmentalization plan, of
course, would require procedures for zoning the landscape and re-
stricting the use of some land and water areas. While the prin-
ciple of zoning in cities is universally accepted, the procedures
now followed do not work very well because zoning restrictions
are too easily overturned by short-term economic and population
pressures. Zoning the landscape would require a whole new order
of thinking. Greater use of 'egal, measures providing for tax re-
lief, restrictions on use, scenic easements, and public ownership
will be required if appreciable land and water areas are to be
held in the "protective" categories. Se'.peral states (for
example, New Jersey and California), where pollution and popula-
tion pressure are beginning to hurt, have made a start in this
direction by enacting "open space" legislation designed to get as
much unoccupied land as possible into a "protective" status so
that future uses can be plarned oi a rational and scientific
basis. The United States a5 a whole is fortunate in that large
areas of the country are in national forests, parks, wildlife
refuges, and so on. The fact that such areas, as well as the
bordering oceans, are not quickly exploitable gives us time for
the accelerated ecological study and programming needed to deter-
mine what proportions of different types of landscape provide a
safe balance between man and nature. The open oceans, for exam-
ple, should forever be allowed to remain protective rather than
productive territory, if Alfred Redfield's (35) assumptions are
correct. Redfield views the oceans, the major part of the hydro-
sphere, as the biosphere's governor, which slows down and con-
trols the rate of decomposition and nutrient regeneration,
thereby creating and maintaining the highly aerobic terrestrial
environment to which the higher forms of life, such as man, are
adapted. Eutrophication of the ocean in a last-ditch effort to
feed the populations of the land could well have an adverse
effect on the oxygen reservoir in the atmosphere.

Until we can determine more precisely how far we may safely
go in expanding intensive agriculture and urban sprawl at the
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expense of the protective landscape, it will be good insurance to
hold inviolate as much of the latter as possible. Thus, the
preservation of natural areas is not a peripheral luxury for
society but a capital investment from which we expect to draw
interest. Also, it may well be that restrictions in the use of
land and water are our only practical means of avoiding overpopu-
lation or too great an exploitation of resources, or both. In-
terestingly enough, restriction of land use is the analogue of a
natural behavioral control mechanism known as "territoriality" by
which many species of animals avoid crowding and social stress
(36).

Since the legal and economic problems pertaining to zoning
and compartmentalization are likely to be thorny, I urge law
schools to establish departments, or institutes, of "landscape
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law" and to start training "landscape lawyers" who will be cap-
able not only of clarifying existing procedures but also of draw-
ing up new enabling legislation for consideration by state and
national governing bodies. At present, society is concerned--and
rightly so-- with human rights, but environmental rights are
equally vital. The "one man one vote" idea is important, but so
also is a "one man one hectare" proposition.

Education, as always, must play a role in increasing man's
awareness of his dependence on the natural environment. Perhaps
we need to start teaching the principles of ecosystem in the
third grade. A grammar school primer on man and his environment
could logically consist of four chapters, one for each of the
four essential kinds of environment, shown diagrammatically in
Fig. 2.

Of the many books and articles that are being written these
days about man's environmental crisis, I would like to cite two
that go beyond "crying out in alarm" to suggestions for bringing
about a reorientation of the goals of society. Garrett Hardin,
in a recent article in Science (37), points out that, since the
optimum population density is less than the maximum, there is no

11-55



strictly technical solution to the problem of pollution caused by
overpopulation; a solution, he suggests, can only be achieved
through moral and legal means of "mutual coercion, mutually
agreed upon by the majority of people." Earl F. Murphy, in a
book entitled Governin5 Nature (38), emphasizes that the regula-
tory approach alone is not enough to protect life-cycle re-
sources, such as air and water, that cannot be allowed to deteri-
orate. He discusses permit systems, effluent charges, receptor
levies, assessment, and cost-internalizing procedures as economic
incentives for achieveing Hardin's "mutually agreed upon coer-
cion."

It goes without saying that the tabular model for ecosystem
development which I have presented here has many parallels in the
development of human society itself. In the pioneer society, as
in the pioneer ecosystem, high birth rates, rapid growth, high
economic profits, and exploitation of accessible and unused re-
sources are advantageous, but, as the saturation level is
approached, these drives must be shifted to considerations of
symbiosis (that is, "civil right's," "law and order," "education,"
and "culture"), birth control, and the recycling of resources. A
balance between youth and maturity' in the socio-environmental
system is, therefore, the really basic gQal.,that,must be achieved
if man as a species is to successfully pass through the present
rapid-growth stage, to which he is clearly well adapted, to the
ultimate equilibrium-density stage,. of which he as yet shows
little understanding and to which he now shows little tendency to
adapt.

11-56



References and Notes

1. E. P. Odum, Ecology (Holt, Rinehart & Winston, New York,
1963), chap. 6.

2. H. T. Odum and R. C. Pinkerton, Amer. Scientist 43, 331
(1955).

3. A. J. Lotka, Elements of Physical Biology (Williams and
Wilkins, Baltimore, 1925).

4. R. Margalef, Advan. Frontiers Plant Sci. 2, 137 (1963);
Amer. Naturalist 97, 357 (1963).

5. R. J. Beyers, Ecol. Monographs 33, 281 (1963).
6. The systems so far used to test ecological principles have

been derived from sewage and farm ponds and are cultured in
half-strength No. 36 Taub and Dollar medium [Limnol.
Oceanog. 9, 61 (1964)]. They are closed to organic imput or
output but are open to the atmosphere through the cotton
plug in the neck of the flask. Typically, liter-sized
microecosystems contain two or three species of nonflagel-
lated algae and one to three species each of flagellated
protozoans, ciliated protozoans, rotifers, nematodes, and
ostracods; a system derived from a sewage pond contained at
least threc species of fungi and 13 bacterial isolates [R.
Gordon, thesis, University of Georgia (1967)]. These cul-
tures are thus a kind of minimum ecosystem containing those
small species originally found in the ancestral pond that
are able to function together as a self-contained unit under
the restricted conditions of the laboratory flask and the
controlled environment of a growth chamber [temperature, 650
to 750F (180 to 240C); photoperiod, 12 hours; illumination,
100 to 1000 footcandles].

7. G. D. Cooke, BioScience 17, 717 (1967).
8. T. Kira and T. Shidei, Japan J. Ecol. 17, 70 (1967).
9. The metabolism of the microcosms was monitored by measuring

diurnal pH changes, and the biomass (in terms of total
organic matter and total carbon) was determined by periodic
harvesting of replicate systems.

10. F. J. H. Mackereth, Proc. Roy. Soc. London Ser. B 161, 295
(1965); U. M. Cowgill and G. E. Hutchinson, Proc. Intern.
Limnol. Ass. 15, 644 (1964); A. D. Harrison, Trans. Roy,
Soc. S. Africa 36, 213 (1962).

11. R. Margalef, Proc. Intern. Limnol. Ass. 15, 169 (1964).
12. J. R. Bray, Oikos 12, 70 (1961).
13. D. Pimentel, Amer. Naturalist 95, 65 (1961).
14. R. T. Paine, TE'hT 100, 65 (1966).
15. G. M. Woodwell, Brookhaven Nat. Lab. Pub. 924(T-381) (1965),

pp. 1-15.
16. R. G. Wiegert, E. P. Odum, J. H. Schnell, Ecology 48, 75

(1967).
17. For selected general discussions of patterns of species

diversity, see E. H. Simpson, Nature 163, 688 (1949): C. B.
Williams, J. Animal Ecol. 22, 14 (1953); G. E. Hutchinson,
Amer. Naturalist 93, 145 (1959); R. Margalef, Gen. Systems
3, 36 (1958); R. MacArthur and J. MacArthur, Ecology 42, 594
(1961); N.G. Hairston, ibid. 40, 404 (1959); B. C. Patten,

11-57



J. Marine Res. (Sears Found. Marine Res.) 20, 57 (1960); E.
G. LTeigh, Proc. Nat. Acad. Sci. U.S. 55, 777 (1965); E. R.
Pianka, Amer. Naturals-t 100, 33 (1966); E. C. Pielou, J.
Theoret. B---. 10, 370 (1966).

18. M. Lloyd and R. J. Ghelardi, J. Animal Ecol. 33, 217 (1964);
E. C. Pielou, J. Theoret. Biol. 13, 131 (1966).

19. G. W. Barrett, Ecology 49, 1019 (1969).
20. In our studies of natural succession following grain cul-

ture, both the species-to-numbers and the equitability in-
dices increased for all trophic levels but especially for
predators and parasites. Only 44 percent of the species in
the natural ecosystem ,ere phytophagous as compared to 77
percent in the grain ffeld.

21. J. T. Bonner, Size and Cycle (Princeton Univ. Press, Prince-
ton, N.J., 1963); P. Frank, Ecology 49, 355 (1968).

22. D. W. Johnston and E. P. Odum, Ecology 37, 50 (1956).
23. R. Margalef, Oceanog._ Marine Bol. Amer. Rev. 5, 257 (1967).
24. F. H. Bormann and G. E. Likens, Science 155, 424 (1967).
25. Increased water yield following reduction of vegetative

cover has been frequently demonstrated in experimental
watersheds throughout the world [see A. R. Hibbert, in
International Symposium on Forest Hydrology (Pergamon Press,
New York, 1967), pp. 527-543]. Data on the long term hydro-
logic budget (rainfall input relative to stream outflow) are
available at many of these sites, but mineral budgets have
yet to be systematically studied. Again, this is a prime
objective in the "ecosystem analysis" phase of the Interna-
tional Biological Program

26. R. H. MacArthur and E. 0. Wilson, Theory of Island Biogeog-
raphy (Princeton Univ. Press, Princeton, N.J., 1967).

27. Examples are the tent caterpillar [see W. G. Wellington,
Can. J. Zool. 35, 293 (1957)] and the latch budworm [see W.
Baltensweiler, Can. Entomologist 96, 792 (1964)].

28. F. J. Ayala, Science 162, 1453 (1968).
29. Ira Rubinolt, in discussing the proposed sea-level canal

joining the Atlantic and Pacific oceans [Science 161, 857
(1968)], calls for a "control commission for environmental
manipulation" with "broad powers of approving, disapproving,
or modifying all major alterations of the marine or terres-
trial environments..."

30. See M. P. Kahl, Ecol. Monographs 34, 97 (1964).
31. The late Aldo Leopold remarked long ago [Symposium on Hydro-

biology (Univ. of Wisconsin Press, Madison, 1941), p. 17j
that man does not perceive organic behavior in systems un-
less he has built them himself. Let us hope it will not be
necessary to rebuild the entire biosphere before we recog-
nize the worth of natural systems!

32. See C. F. Cooper, Sci. Amer. 204, 150 (April 1961).
33. See "Proceedings Oyster Culture Workshop, Marine Fisheries

Divison, Georgia Game and Fish Commission, Brunswick"
(1968), pp. 49-61.

34. See H. T. Odum, in Symposium cn Primary Productivity and
Mineral Cycling in Natural Ecosystems, H. E. Young, Ed.

11-58



(Univ. of Maine Press, Orono, 1967), p. 81; --- , in Pollu-
tion and Marine Ecology (Wiley, New York, 1967), p. 99; K.
E. F. Watt, Ecology and Resource Management (McGraw-Hill,
New York, 1968).

35. A. C. Redfield, Amer. Scientist 46, 205 (1958).
36. R. Ardrey, The Territorial Imperative (Atheneum, New York,

1967).
37. G. Hardin, Science 162, 1243 (1968).
38. E. F. Murphy, Governing Nature (Quadrangle Books, Chicago,

1967).

11-59



The World Bank, Industrial Development, and the Environment

by

The World Bank

Washington, D. C.

Introduction

The World Bank Group--the single largest economic develop-
ment institution in the world--follows a policy that calls for
every project proposed to it for financing in developing coun-
tries to be examined for its environmental implications and to
have appropriate safeguard measures incorporated. Industrial
projects undergo a searching evaluation of their pollution poten-
tial; that story, in brief, is presented below following a de-
scription of the World Bank Group as an institution.

THE WORLD BANK GROUP AND POLLUTION
CONTROL IN DEVELOPING COUNTRIES

The World Bank Group provides financial and technical help
for the development of poor countries.

The Group consists of the World Bank (International Bank for
Reconstruction and Development), IDA (International Development
Association) and IFC (International Finance Corporation).

The Bank and IDA are now lending more than $3,400 million a
year to help raise the standard of living in developing coun-
tries. This is well over one-fourth of the total frow all
official sources outside the developing countries themselves.
The IFC has the same purpose, but its role is more specialized;
helping to stimulate growth in the private sector, particularly
industry. It is now investing nearly $150 million a year.

Both the Bank and IDA have expanded rapidly in the last five
years as shown in the following tables:
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Table 1: Bank and IDA lending to current borrowers1  1964-73
(US$ millions. Fiscal years.)

Average Average
Number of Countries in ( ) 1964-68 1969-73 1973
Bank only (33) $ 516 $ 1,154 $ 1,241
IDA only (25) 16 205 384
Bank/IDA (35)

Bank 223 629 810
IDA 251 582 973

Totals $ 1,006 $ 2,570 $ 3,408

iMember countries which have borrowed since fiscal 1968 or which
are included in the fiscal 1974 lending program.

Table 2: Bank and IDA lending to current
borrowers by principal sectors, 1964-73
(US$ millions. Fiscal years.)

1964-68 1969-73 1973
Amount % Amount % Amount

Agriculture $ 124 12 $ 518 20 $ 938 28

Education 31 3 145 6 276 8

Industry1  120 12 364 14 377 11

Population Planning - - 13 1 22 1

Public Utilities2  346 34 706 27 849 25

Tourism - - 16 1 - -

Transportation 293 29 651 25 682 20

Urban Projects3  - - 10 - 36 1

Non-project4  91 9 146 6 229 7

Totals $1,006 $2,570 $3,408

iIncluding development finance companies.
2Communications, power, water supply and sewerage.
3Specifically to help with the "urbanization" problem.
4 Industrial imports, reconstruction and rehabilitation, technical
assistance, project preparation, planning.
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In fiscal 1973, the Bank provided more than twice as much
and IDA nearly four times as much financial help to developing
countries as in any year before 1969. These funds are helping to
support a wide variety of projects, large and small, public and
private chiefly in the following fields: agriculture, education,
electric power, industry, population planning, tourism, transpor-
tation, telecommunications, urban development, water supply and
sewerage.

The Bank Group has also committed itself to helping its 122
member countries with their many intractable development prob-
lems, including questions of income distribution, rural poverty,
unemployment, excessive population growth, rapid urbanization
and, of late, environmental rehabilitation.

Although legally and financially distinct, the Bank, IDA,
and IFC are a closely integrated unit. Using funds from differ-
ent sources and lending on different terms and arrangements, they
have become a highly flexible instrument for giving both finan-
cial and technical assistance to developing member countries at
virtually all stages of economic and social growth. Together,
they constitute a true development institution.

On a global scale, the World Bank was the first institution
to be established with the explicit purpose of helping less
developed countries raise their living standards.

Along with the International Monetary Fund (IMF), the Bank
was founded in 1944 at a United Nations Monetary and Financial
Conference of 44 governments at Bretton Woods, New Hampshire,
U.S.A. It began operations in June 1946. Membership in the Bank
is open to all members of the IMF, and 122 have joined. The Bank
is owned and controlled by its member governments.

The Bank's charter spells out certain basic rules which
govern its operations. It must lend only for productive pur-
poses, and only if there are reasonable prospects of repayment.
Each loan must be guaranteed by the government concerned. Except
in "special circumstances," loans must be for specific projects.
The Bank must assure itself that the necessary funds are unavail-
able from other sources on reasonable terms. The use of loans
cannot be restricted to purchases in any particular member coun-
try or countries. And the Bank's decisions must be based only on
economic considerations.

A unique feature of the Bank as an intergovernmental organi-
zation is the fact that it relies mainly on private investors for
its financial resources. Most of the money it lends comes from
the Bank's own borrowings in various capital markets. Although a
total of $25,197 million of its authorized capital of $27,000
million has been subscribed, members pay in only 10%. The re-
maining 90% serves as a guarantee of the Bank's debt. It can be
used only if required to meet obligations to investors in Bank
securities.
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Thus, investors who might otherwise never become involved in
the financing of projects in developing countries are contribu-
ting to their economic growth. The Bank has borrowed a cumula-
tive total of $15,764 million, of which $8,882 million is out-
standing in 15 different currencies.

Since the Bank obtains most of its funds on commercial
terms, it must charge its own borrowers a commensurate rate of
interest. On average, Bank loans are repaid over about 20 years,
and the current rate of interest is 8 percent. Table 1 shows how
Bank loans are used along with IDA credits, on unusually favor-
able terms, to help meet the needs of many of the poorest coun-
tries.

Aside from borrowings, paid-in capital subscriptions and
charges on its loans, the Bank has two other principal sources of
funds it can lend. Most important is the flow of repayments on
previous loans. These have amounted to $5,316 million. In addi-
tion, it often sells portions of its loans to other investors,
chiefly commercial banks, and uses these funds to make additional
loans. By this means, it has been able to raise $2,500 million.

The Bank earns a profit on its operations, but it has never
paid a dividend, since all shareholders agree that earnings
should be used to help developing countries. Part of the Bank's
net earnings have been placed in reserves which strengthen its
ability to borrow and most of which are also available for lend-
ing. Beginning in 1964, the balance each year has been given to
IDA, increasing its ability to help the poorest countries. These
grants to IDA have totaled $705 million, and net earnings applied
to reserves have amounted to $1,750 million.

IDA

Unlike the Bank, IDA gets virtually all of its funds in the
form of contributions. This makes it possible for the Bank Group
to help countries that are too poor to borrow from the Bank at
all, and to ease the average terms of lending to others that can
afford to borrow only a part of their legitimate needs on conven-
tional terms.

Nearly all IDA "credits," as they are called, have been for
a period of 50 years, without interest except for a small charge
to cover administrative costs. Repayment of principal does not
begin until after 10 years of grace.

The need for lending to many poor countries on much easier
terms than the Bank alone could give became apparent during the
1950s. On the initiative of the United States, endorsed by other
members of the Bank and by the United National General Assembly,
IDA was established in 1960 to help meet this need. It was made
an affiliate of the Bank, to be administered in accordance with
the Bank's own standards of efficiency.
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All members of the Bank are eligible for membership in IDA,
and 112 have joined. Nineteen of the wealthier members have con-
tributed 87% of all funds that have been available for the Asso-
ciation's use, or $6,094 million. Out of its net earnings, the
Bank has contributed $705 million, or 10%, including $3 million
earmarked for agricultural research grants. About $78 million
has been contributed or otherwise made available by developing
countries.

The annual amount IDA can lend has increased by more than
400% over the last five years. During the period 1964-68, the
Association was able to lend an average of only $267 million a
year. In fiscal 1973 its credits totaled nearly $1,360 million.

These funds are carefully rationed for use in the poorer
countries. There are four main criteria that a country must meet
in order to borrow from IDA:

1. It must be very poor. The "poverty ceiling" varies
from time to time, depending on circumstances; it is now roughly
$375 a year of income per capita.

2. It must have sufficient economic, financial and politi-
cal stability to warrant long term development lending.

3. It must have an unusually difficult balance of payments
problem, and little prospect of earning enough foreign exchange
to justify borrowing all it needs on conventional terms.

4. It must have a genuine commitment to development, re-
flected in its policies.

About 70 countries would now be eligible under the first
criterion. They include nearly four fifths of the population of
the 96 countries that are current borrowers from the Bank, IDA or
both. About 70% of them live in Asia, 24% in Africa, 3% in
Europe (Turkey), and 4% in Latin America and the Caribbean area.

Under the second criterion, four of these countries have not
been in a position to borrow from either the Bank or IDA. For
various reasons related to other criteria, another six have bor-
rowed from the Bank but not from IDA. Twenty five of the poorest
have borrowed only from IDA. And a "blend" of Bank loans and
IDA credits has been provided to another 35.

To the poorer countries, the importance of IDA as an inte-
gral part of the Bank Group can be seen in the record of lending,
as shown in Table 1. Without funds on IDA terms, any significant
help to the group of 25 very poor countries might well have been
impossible. Without the ability to reduce the average debt bur-
den by combining its loans with a rising volume of IDA credits,
the Bank could not have increased its own support to the 35
"blend" countries to the degree it has.
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Thus the scope and flexibility of Bank Group help to the
poorest of the poor depend upon the volume of IDA's resources.
This is determined chiefly by the level of contributions agreed
to from time to time by the wealthier member countries. The
amount from this source is now about $800 million a year.

Operating Methods

Whether large or small, every project financed by the Bank
or IDA is considered in the light of the country's total needs,
capabilities and policies. This is essential from the point of
view of the Bank and IDA, to assure the most efficient use of
their own resources. It is even more important to the people of
the borrowing country, whose hope for a better standard of life
depends upon the efficient mobilization and allocation of all
resources available.

The first step in response to each country's request for
assistance, therefore, is the conduct of a comprehensive study of
its economy. The resulting "country economic report" is used by
both the Government and the Bank, and is kept up-to-date. It
provides a basis for the Bank's own decisions on both financial
and technical assistance. It often serves also as a planning
tool for the Government, and as a basic document for the use of
other national and international lending agencies.

The report describes and analyzes the entire economy and the
country's development policies, organization and principal prob-
lems. On the basis of objective analysis, it outlines a general
order of development priorities among the various sectors. When-
ever necessary, the country study is supplemented by more de-
tailed analyses of individual sectors and relationships between
them, which help to throw light on the relative importance of
alternative projects in achieving the country's development
goals.

Chiefly on the basis of the economic report, and after con-
sultation with the Government, a program of Bank/IDA operations
in the country is drawn L; for a five-year period. This is re-
viewed and revised annually. It takes into account the likely
availability of other external finance, as well as the country's
own resources. The program provides a framework for concrete
proposals for action to help the country carry out an agreed
strategy of development. Each individual project is then con-
sidered within this framework.

There is no "application form" for Bank or IDA financing.
Sometimes a formal request is made by letter, perhaps to the
President of the Bank. Sometimes Bank staff members or missions
identify specific project possibilities, discuss them with the
Government and, in some cases, help with the detailed work re-
quired to describe and document them. More often, project pro-
posals arise out of the joint efforts of Government and Bank
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staff members in their search for solutions to common problems.
No matter how a proposal originates, however, the project is sub-
jected to careful analysis, including its environmental aspects,
and a detailed agreement is worked out with the borrower before a
loan or credit is approved.

Assume, for example, that technical staffs of the Government
and the Bank agree that improvements in the road system are a
priority need for attainment of the country's development goals.
Often in such a case, the Bank will recommend that consulting
engineers be hired to draw up detailed plans. After this prepar-
atory work is completed, the Bank will send a staff mission to
make a thorough appraisal of all aspects of the project.

When agreement is reatzhed on details of the proposed project
and on financing requirements, a formal loan or credit agreement
is negotiated. If this is satisfactory, the President presents
the proposal to the Executive Directors, who represent all member
countries, for their approval.

The approval of a loan does not end the Bank's involvement,
nor does the borrower walk away with cash in his pocket. In most
cases, the borrower seeks bids, on the basis of international
competition, for the goods and services required. The Bank re-
leases money only as needed to meet verified expenditures on the
project. Goods and services paid for by Bank loans or IDA cred-
its may be obtained from any member country or Switzerland. The
Bank pays in whatever currency is required, and the borrower re-
pays in the currency used by the Bank.

Bank involvement continues throughout the life of the
project. The borrower provides periodic progress reports and
Bank staff members visit the site from time to time, helping to
anticipate and overcome difficulties and to assure that the
project's intended benefits to the country are realized. This
close supervisio> is facilitated by the fact that the borrowing
country is a part owner of the Bank and shares in the control of
its policies and operations. As a cooperative multinational in-
stitution, the object of the Bank is to see that each project is
carried out at the least possible cost and that it makes its full
contribution to the country's development.

Table 2 shows how much has been lent to the current bor-
rowers for different purposes during the last 10 years, and how
the emphasis has been changing. Shifts in the geographical dis-
tribution of lending are reflected in Table 3 as follows:

11-66



Table 3: Bank and IDA lending to
current borrowers by region, 1964-73
(US$ millions. Fiscal years.)

1964-68 1969-73
Amount % Amount % __Amournt. 

Eastern Africa $ 71 7 $ 214 8 $ 342 10

Western Africa 60 6 178 7 17/

Asia 387 38 866 34 1,292 38

Europe, Middle
East, No. Africa 178 18 606 24 913 27

Latin America,
Caribbean 310 31 706 27 685 20

Totals $1,006 $2,570 $3,408

IFC

The International Finance Corporation (IFC), established in
1956, is the member of the World Bank Group that encourages the
growth of productive private enterprise in the developing coun-
tries, especially in the industrial sector.

Membership in IFC is open to all governments which are merrL-
bers of the World Bank, on June 30, 1973, the Corporation had 98
member countries.

IFC has total resources of approximately $616 million. That
amount is made up of the Corporation's capital of $107 million,
subscribed by its member countries, accumulated earnings of some
$76 million, ability to borrow up to $428 million from the World
Bank and a $5 million loan from the Netherlands. These resources
are augmented through repayments on IFC loans, which as of June
30, 1973, totaled $66 million, and sales by IFC of its own in-
vestments to other investors.

IFC can offer other resources to local and foreign entre-
preneurs, sponsors, technical partners and similar investors
associated with its projects. For example, the Corporation has
expert knowledge on financial, legal, technical and related
aspects of private enterprise in developing countries. IFC can
also draw on the World Bank's wide experience, as well as on its
own contracts with financial institutions, business concerns,
economic development agencies and governmental organizations.

The Corporation encourages private enterprise in the de-
veloping countries principally by itself investing in projects
that either establish new businesses, or expand, modernize or
diversify existing businesses.
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Besides making its own investments IFC can recruit capital
from other sources, local and foreign, and obtain managerial and
technical support for a project.

As of June 30, 1973, IFC had made 285 commitments totaling
$848 million to 203 private enterprises, located in 51 developing
countries. Other investors had invested approximately $3,372
million in these projects--making a total of over $4,200 million.

In addition to making its own direct investments IFC invests
in regional and local development finance companies which, in
turn, make smaller investments in the private sector in the
developing countries that it is practicable for IFC itself to do.

The World Bank Group and the Environment

As stated earlier, the basic function of the World Bank
Group is to prepare and finance projects for economic development
in the developing countries of the world.

That purpose is paramount today; it will remain so tomorrow.
It is also the policy of the Bank Group that careful and studied
attention must be given, in the planning and execution of its
development projects, for the consequences to the environment and
to the health and welfare of affected peoples.

Though the Bank Group had, prior to 1971, concerned itself
with the environmental implications of its developmental activi-
ties, no systematic procedure existed to identify and examine
those effects. More importantly, methods to prevent or mitigate
adverse environmental consequences had not, in all instances,
been devised.

Such an unsystematic approach was clearly seen as inadequate
in light of scientific data that has come to light in recent
years about the specific and collective effects of unplanned
development on environmental systems; and, the rapid growth of
control technologies.

In late 1970, the post of Environmental Adviser was estab-
lished and given a strong mandate to review and evaluate every
investment project from the standpoint of its potential effects
on the environment. That solo post has now grown into an Office
of Environmental Affairs which oversees the Bank Group's environ-
mental activities, including especially, ensuring that projects
proposed for financing are examined for their ecological, health,
and sociocultural effects, and appropriate measures taken to pre-
vent or mitigate seriously adverse consequences.

Important to this task has been the Bank Group's handbook,
Environmental, Health, and Human Ecologic Considerations in
Economic Development Projects. Prepared for use by its own staT!
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the handbook has found widespread use throughout the developing
world, including government planners, borrowing entities, engin-
eering and construction firms, consultant organizations, univer-
sities, etc. As environmental considerations have more and more
become a fixed part of Bank Group operations, these guidelines
and criteria now cover many different kinds of project possibil-
ities and settings and are used in the evaluation of environ-
mental impacts of virtually all projects.

Experience in environmental evaluations within the Bank
Group has given rise to a series of operations which are now
being followed for each project believed to have significant en-
vironmental/health/human ecologic impacts.

In brief these include:

In-house study of the proposed project utilizing the
Bank Group's technical staff.

On-site "environmental reconnaissance" to determine
likely impact of the project; the problems, if any,
likely to result; recommendations for preventing or
mitigating such problems; or recommendations for in-
depth studies of particular environmental responses.

In-depth studies are the subject of multi-disciplinary
investigations conducted under terms of reference care-
fully tailored to the conditions and requirements sur-
rounding the particular project, or component thereof.

Projects of such a nature that their environmental im-
pacts are of unique importance to a regional or global
audience, and wherein singularly unique and important
environmental values are involved must, of necessity,
be the object of comprehensive and detailed studies to
determine how or if the project can proceed.

Projects for which enviromental safeguards or controls
are to be included are examined during the construction
and pre-operation stages to determine their adequacy
and sufficiency in lighl of any changes which may have
occurred subsequent to final appraisal.

Projects in operation are examined periodically to
determine the continuing adequacy of environmental
safeguards, and the need, if any, for new or improved
controls.

Projects involving important ecological systems are
subjected to "environmental post-audits" at appropriate
points in their implementation to determine the accu-
racy of the pre-project impact assessment, and the ac-
tual consequences for such systems.
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In each and every project subjected to one or more of the
steps cited above, the environmental safeguards which may be
indicated are the object of cost/benefit analysis. Efforts are
continuing to develop a more suitable methodology for identifying
and quantifying the diseconomies, social .nd opportunity costs,
and benefits to be anticipated. The difficulties experienced in
this regard are many, and are the subject of increased research.

The environmental studies seen as being requisite to finan-
cing a project are, in most instances, financed by the borrowing
entity, in much the same manner as other aspects of project prep-
aration, such as engineering, geology, marketing, etc. In some
cases involving poor countries, the Bank Group may finance the
required studies. Increasingly, the borrowing entity is encour-
aged to make the necessary studies, while the Bank Group reserves
the right to approve the terms of reference and the qualifica-
tions of those employed in their conduct. The Bank Group does
assist, where appropriate, in preparing the terms of reference
and in defining the disciplines to be used in the studies. In
some instances, the Bank Group will conduct the required studies
being financed by the borrower. In any event, findings of envi-
ronmental studies are shared jointly with the borrower, member
country government, and the Bank Group.

Thus, while no formal "impact statement" on the environmen-
tal consequences of a development project is strictly required,
the Bank Group does require that major adverse effects be avoided
or mitigated and as indicated, has established systematic proce-
dures for accomplishing this. To date, all projects requiring
safeguard measures have been successfully negotiated with the
borrower and member country.

Industrial Projects

The guidelines for industrial projects given in the Bank
Group's handbook follow a progesssion of check points designed to
accomplish two main purposes: the prevention of deterioration of
natural resources so that they can continue to provide the basis
fo' further and sustained economic development; and, the provi-
cion of adequate warning of the side effects of project develop-
ment which may incur costs not identified in ordinary review pro-
cedures.

The first purpose, protection of the resource base for fu-
ture development, aims to identify opportunities in project
design which will facilitate the full utilization and renewal of
resources where possible or, the conversion of resource sites to
alternate subsequent uses where renewal is not possible. The
guidelines also seek avoidance of depletion and destruction in
the sense of leaving areas with no future uses or in a condition
to do harm to other related resources.
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The second purpose, to call attention to undesirable side
effects, aims to bring external effects or social costs not ordi-
narily calculated into the overall project evaluation. In this
case, the rate of return on the project and the economic return
to society may be different so that the total expected costs have
to be weighed against total expected benefits.

The objectives require a compilation of information in a
frame of reference of sufficient breadth of scope and time to
identify the relevant context for project evaluation. Nine dif-
ferent steps are outl-inea they serve to link the particular
project first to the natural resource origin of the raw material
to be handled and finally to its eventual resting place in a dis-
posal area. The steps call attention to the place of the project
being appraised in the context of the cycle from extraction to
disposition.

A second feature limits the concern of the analyst. In
order to incorporate environmental considerations into the con-
cerns of economics, the environment has to be treated as an eco-
nomic entity. It must be demonstrated to have scarcity, priori-
ties, and alternatives for action. Without an awareness of these
three characteristics, environmental evaluation reduces to asser-
tions which cannot be handled through economic analysis. Whether
or not these economic characteristics of the environment are
quantitatively expressed is not the only issue. Analysis can
proceed as long as there is a sense of scarcity, priorities and
alternatives.

Environmental considerations have often been excluded from
economic analysis because they could not be handled with current
analytical tools. The development of necessary concepts is still
in the early stages and the criteria articulated here are mini-
mally necessary to proceed.

The state of the art of incorporating environmental criteria
is not only complicated by conceptual difficulties, but also by
an absence or relative paucity of both the data necessary to
assess effects and the dynamic predictive models which employ the
data. Thus, the need to make difficult judgments, in order to
assess the risk of uncertainty of prediction as well as weigh the
costs and benefits. The difficulty is compounded by the fact
that many environmental judgments do not have to deal with the
imperatives of survival, but with differences in values of sub-
stance and timing. Thus, poor men may value jobs more than
aesthetics and may be willing to make short term gains now and
hope to repair the damage later. The guidelines point the way to
making these choices consciously, but they cannot make the
choices themselves. They are guides rather than absolute prohi-
bitions or assertions of certain fact.
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Environmental Guidelines*

The environmental guidelines for project appraisal include a
broad array of concerns designed to assess costs leading to im-
pairment of future productivity of a country's natural resource
base and the side effects of investments. As indicated in the
nine steps of analysis (presented below) the impact of invest-
ments on the human envirionment requires a systematic and inte-
grated view of projects which links them to materials flow within
production processes and throughout the economy and society.
This widening of the scope of concern is justified because
incremental change in particular cases has led to a broader
impact.

Proceeding through the nine steps from natural resource
linkage to optimization calls attention to the interrelation of
choice of process with recycling and reuse potential, of plant
location with urbanization issues, of waste management with pro-
cess design, and other such connections which make the integrated
project design sensitive to environmental needs.

There will be considerable variation of opportunity to make
an integrated appraisal for there is variation in the degree and
timing involvement by the economic development institution.
There will be variation in economics, natural conditions, and
interests in the issues addressed. Over time, it is increasingly
likely that t&e full range of interests expressed here, and per-
haps others, will play a significant role. The following outline
of environmentally sensitive target areas in current industrial
projects lending is intended to call attention to relevant
factors.

*Excerpts from Chapter 9, Guidelines for Estimatin! Industrial
Environmental Impact of the World Bank 1973 publication Environ-
mental, Health and Human Ecologic Considerations in Economic
Development Projects.
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Step 1. Natural Resource Linkage: This step includes envi-
ronmental considerations from the original extraction of the ore
or other resource to the time it enters the projected plant. If
the material is an import the linkage may start with its arrival
in the country. The natural resources would include (a) all or-
ganic material such as liquid, solid, and gas fossil fuels and
other organics not used for fuel including crude oil; (b) all
inorganic ores leading to the fields of fertilizer, ceramics and
cements, and other basic chemicals; (c) all metallic ores whether
complex or native metal; and (d) all primary and reusable materi-
als including agricultural and marine products for food and in-
dustry.

An example of this linkage can be seen in a decision to fund
a naphtha cracker to produce feedstock for polyethylene. The
linkage would begin with the drilling of a well or with the
arrival of the crude at the seaport, go through the refining pro-
cess to separate the naphtha fraction by distillation, and then
follow on to the actual building of the cracker, the project
under consideration. The particular problems to be considered in
this linkage would be oil spillage, oil storage and transporta-
tion, and the refinery operations. The refinery would produce a
range of gases, liquids, and solids, of which the naphitha feed-
stock would be only a small part. Plans for the full range of
waste materials should be formulated at the same time.

Step 2. Process: This step includes the decisions on basic
processes to be u.ed in the projected plant, the source(s) of
energy for power and heat, and the supply of air and water. The
environmental aspects of any projected plant start with the deci-
sion to use a particular process. An environmentally sensitive
decision includes a consideration of by-products and wastes and
their abilities to be either reused or assimilated. The source
of energy considers available materials in the area besides the
traditional supplies, whether there be waste gases or liquids, or
perhaps tree bark or other solids with potential heat content.

Air and water can be thought of as chemical inputs to the
system, their purity after use to be considered as carefully as
before use. To ensure more complete materials utilization, the
raw materials in each step can be chosen from the possibilities
in the area including by-products and wastes which might be
available but often are excluded by a centralized designing
source. The selection of the process or processes can be made
from a collection of all these facts.

Copper extraction suggests an example of an environmentally
sensitive decision. Although most copper is extracted from its
ore by smelting and then electrolytic refining, there are aterna-
tives. Depending on the particular ore to be processed, there
are roast and leach techniques or just leaching itself. The
leaching approach avoids the formation of sulfur dioxide and in-
stead produces a waste liquor which can regenerate the leaching
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solution. This process can provide an alternative to the forma-
tion of sulfur dioxide and subsequent production of by-product
sulfuric acid by extracting sulfur when this is a more convenient
by-product.

A similar line of reasoning can be made for flash smelting.
In this process the sulfur dioxide gas will be richer, thus
allowing a more profitable operation of a by-product sulfuric
acid plant for those cases where there is a sufficient acid mar-
ket. Oxygen enrichment is another method of increasing the sul-
fur dioxide content of the off gas and thus increasing the sul-
furic acid recovery or allowing the production of liquid sulfur
dioxide, another marketable chemical.

The decision to use one process instead of another is made
by considering the by-products as well as the product. In this
way, economic gains through reuse or resale of these wastes can
be made greater and environmental degradation through waste dis-
posal can be minimized.

Step 3. Site Assimilative Capacity: The ,purpose of this
guideline is to analyze and interpret a proposed site's natural
resource characteristics for its ability to sustain an industrial
project's environmental impact. It is assumed probable indus-
trial project stresses on the biophysical environment (scope of
impact) will be delineated during Step 2 project process guide-
line assessment. Environmental parameters relating to water,
land and air should be inventoried and interpreted to identify
those implicit and explicit characteristics indicative of project
impact/stress on the fragility of the local ecosystem. Direct
and indirect effects should be assessed within this guideline
framework to ensure least cost in natural resource degradation to
the local site as well as direct or indirect effects over time to
the regional environment.

Site assimilative capacity should not necessarily be con-
strained only to the environmental impact of an industrial pro-
ject. Local and regional natural resource characteristics should
be assessed for land use assimilative capacity. Proposed settle-
ment patterns generated by an industrial project should be com-
patible with the land and its related resource characteristics;
e.g., basic infrastructure such as water supply, sewage and solid
wa.-te disposal, road layout and design, land stability for hous-
ing construction and other land use settlement criteria should be
considered as part of the site assimilative capacity guideline.

The choice of site does not only imply constraints, but also
opportunities. Through the application of density controls for
land use, the costs of abatement technology might be eliminated
where the assimilative capacity is not exceeded and standards can
be maintained.
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A proposed coal mining operation site exemplifies site
assimilation guideline application. A major environmental pollu-
tion problem is created by acid mine drainage occurring when
pyrites--iron sulfides usually found in coal deposits--are
exposed to air and water. The pyrites--oxidized to sulfuric acid
and ferrous sulfate--leach through natural drainage waters and
trickle into streams creating major pollution problems. The sul-
furic acid not neutralized by receiving waters destroys vegeta-
tion, fish and other water biota rendering streams useless for
recreation, water and food supply. Therefore, attention should
be given to the hydrographic character of groundwater movements
and gradients in the vicinity of operations to determine the
natural capacity to neutralize drainage waters. Where site con-
ditions might lead to water pollution, alternative abatement tac-
tics should be considered. The alternatives for coal mining
include: (1) closing the mine to oxygen after use by filling
with an inert substance such as sand or by sealing, (2) neutra-
lizing the waste liquor after it is formed by means of lime or
limestone, (3) treating and recycling the chemicals in the
liquor.

Step 4. Waste Management: The most important consideration
in waste management is that the alternatives be planned to fit
with the process or processes and the site. Emphasis should be
placed on use or reuse of the materials whenever possible, and
assimilation back to the natural ecosystem as a last resort. In
this way treatment is not the complete pollution solution, rather
it is a part of the solution in making the material(s) fit for
reuse or for assimilation.

Step 5. Operation and Control: The objective of this
guideline is to develop and maintain a project administrative
framework capable of monitoring a facility within constraints
indicated by previous guidelines--especially the performance of
process and control devices. As a minimum, staff structuring
might include expertise in environmental engineering applicable
to the proposed industrial project. Environmental functions
include monitoring systems applicable to materials flow from raw
material input to final product output to eizu~ie that tolerances
are maintained according to design speciL-cations. In-house
research and development might be considered to ensure project.
efficiency and conservation of materials. Data compilation over
time can be analyzed to monitor deviation from baseline
(starting) conditions and the approaching threat of exceeding
thresholds of ecological carrying capacity. An environmental
engineering staff can serve in evaluating a change in process
technology or industrial project expansion. Where feasible,
simulation models can be developed and projected effects analyzed
for project efficiency and environmental impact. Project quality
control criteria could then include an active assessment of
accumulative effects of waste streams.
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Step 6. Social Aspects: This step previews social implica-
tions for the environment generated by industrial project invest-
ments. Social aspects, especially of those industrial projects
employing a large labor force, influence in-migration of popula-
tions thus affecting land use patterns.

Locational requirements attendant to the in-migration ot a
labor force and its families' impact on land use patterns should
be evaluated in the light of available food, water, shelter and
accessible transportation systems, based on localized institu-
tions, mores and customs. Medical and other public services
should be available or accessible.

The social implications of product output consider effects
on local land use patterns, e.g., cement manufacturing's effect
on localized construction or a fertilizer plant's influence on
agricultural techniques and the attendant changes in social,
economic and land use structures. The guideline can consider
such broad issues as the desirability of labor intensive technol-
ogies to aid in fulfilling employment and income distribution
goals. Consideration might also be given to the impact of popu-
lation movements on rural life.

Guideline assessments should generally preview the land and
its related resources, identifying the ability of the area to
sustain development pressures generated by habitation patterns
characteristic of local cultural preferences. Attention to these
potential problems can lead to desirable social cohesion and min-
imal social disruption. The effects on the push-pull of urban-
rural migrations need attention, for the instabilities of urban
life can be aggravated by adding industries to cities where the
fixed capital of the infrastructure cannot effectively handle
increased population loads and the tax base can tolerate little
or no expansion.

Cost calculations of social aspects might include many dif-
ferent aspects: some quantitative, such as the cost of the pro-
vision of adequate worker housing; some qualitative, such as cul-
tural change induced by relocating families or social tensions
induced by crowded conditions. The assessment of social costs is
not a simple engineering assessment and needs to be done in the
light of broader qualitative criteria than are traditionally con-
sidered in project appraisal. This broadening of the definition
of environmental assessment leads to linking project design with
overall economic development goals and may or may not be done at
the project level. However, specific project design in terms of
location and physical layout can be affected by the more qualita-
tive judgments, and attention would be usefully paid to dealing
with the social issues somewhere in the appraisal effort.

Step 7. Health Aspects: This step calls attention to the
need to monitor and consider maintaining the health and welfare
of project employees and local and regional populations adjacent
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to the project facility. In-house safety procedures can be
designed through employee education and clear and concise manage-
ment policy statements pertaining to operations. Job specifica-
tions can be communicated to ensure efficiency and safety opera-
tions. Product safety hazards, implicit and explicit, should be
clearly defined for consumer protection, notably in export indus-
tries to countries with high environmental standards. Attention
needs to be paid where chemicals, petro-chemicals, fertilizers
and other products for consumer use with possible cumulative con-
centrations have effects on human health and welfare. Pollution
vectors--water, land and air transport--should be closed or mini-
mized where local and regional health is affected by the trans-
port of disease.

Public health standards should be set and maintained through
regional or local institutions based upon ecological, economic
and human susceptibility criteria. Water quality, ambient air,
sewage and other waste water, land use and other standards as
they relate to human health, can be implemented with appropriate
flexibility to prevent environmental conditions capable of sus-
taining the growth and cumulative concentrations of germs,
viruses, particulate matter, toxic chemical emissions, haphazard
land disposal of toxic wastes, etc. For instance, air quality
criteria are affected where meterorological conditions are con-
ducive to inversions, such as in river valleys which trap emis-
sions with probable effects on human health and welfare; e.g.,
increased prevalence of chronic bronchitis and emphysema in
adults, diminished pulmonary function, increased frequency of
common colds and minor respiratory ailments.

An attempt to quantify health aspects which simply assesses
the economics of worker-days lost through absenteeism, or the
costs of medical clinics to provide cures would miss the most
important cost of human discomfort. An assessment of this cost
would have to be traded off against the illnesses associated with
non-productive economies having poor levels of health due to
poverty. The net cost calculated on this basis would then be
more inclusile, even though it was not associated with dollar
value.

Step 8. Final Resting Place: This step is considered in
the overall evaluation in a manner similar to the natural re-
source linkage, in order to complete the natural cycles. Every-
thing ends up someplace, there is no such thing as ultimate
disposal. The step can be as complicated as a mercury flow chart
locating every gram of the metal, or it can be as general as a
paper discussion showing the amount to be recycled into pulp, the
amount to be saved, and the amount to be dumped. The step must
be included, however, for every disposal technique has a cost
associated with it. In some cases, the cost may be high because
it is a non-degradable substance, or because it has an intermedi-
ary or final product which is toxic. All these costs require
evaluation.
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A plant producing poly vinyl chloride can serve as an exam-
ple. This is a non-biodegradable material which is resistant to
compaction and large amounts could not be handled in sanitary
land fills or compost heaps. Alternative means of disposal such
as salvage or high temperature incineration would have to be con-
sidered. Not only do the solid, liquid and gaseous wastes from
the project itself have to be considered, but the costs of
disposal of the product after use should be included. In the
case of poly vinyl chloride, it may necessitate a higher-priced
method of disposal.

It is not possible to identify the range of dollar costs
precisely because the cost of collection, the cost of the land
for disposal and the capacity to recover valuables from general-
ized waste varies considerably according to the character of
materials in an economy.

Step 9. Optimization: The analysis of costs of the various
alternatives for protecting environmental values and for protect-
ing natural resources will have to augment traditional costing
procedures in order to accomplish overall optimum project design.
The previous eight steps have called attention to information
requirements which are reviewed in the last step. Choices of
industrial processes or choices of techniques for mining and
harvesting forest products will all be associated with different
costs. There will be considerable variation from project to
project in terms of amounts and kinds of costs, and the aim in
this guideline is to establish concepts which guide the judgments
to be rendered. Environmental cost analysis can be conceived as
having two parts. The first deals with who bears the costs and
the second deals with determining amounts of costs.

There is already a body of literature on who bears the costs
and economists have made a convenient distinction between those
internal costs borne by the firm, which may affect the financial
rate of return, and those external costs absorbed by the society,
which may affect the economic rate of return. Guidelines cannot
determine who will bear the costs, for proper assignation of
costs is dependent on circumstances which vary from society to
society. However, the guidelines do need to consciously examine
total costs to avoid overlooking the full range of requirements
for project design and evaluation.

It would require a substantial theoretical treatment to
examine the alternative modes of assessing costs, for environmen-
tal costing techniques are not as well developed as other eco-
nomic guidelines. However, as a general rule, the information
gathered in the first eight steps should suffice to bring to mind
such factors as public health effects. For example, some of the
costs of air pollution from sulfur dioxide levels which exceed
the threshold of human tolerances can be noted in terms of man
days lost from work as well as public health facilities to effect
cures, as well as the qualitative judgment of the tolerability of
respiratory illness.
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For another example, the costs of river pollution, may be
the cost of a water treatment plant downstream to render water
potable, or the opportunity cost of using the ecological carrying
capacity of the river for a more productive enterprise, or for
public recreation, or for tourism or fishing. For another exam-
ple, forest management techniques used in a pulp mill project
might result in erosion and can severely limit the life of a
downstream dam through siltation, causing earlier amortization
than projected. Erosion can also deny a second use of the land
such as agriculture or can deny possible multiple uses of the
land which could help degray overhead costs. Forestry cutting
procedures create opportunity costs in terms of later benefits to
be derived such as satisfying a projected demand for construction
materials for public housing.

In each case the costs can be identified from calling atten-
tion to the information from the guidelines. Whether these costs
are borne by the project or by the society is a matter for dis-
cussion and negotiation in each case. It may often be the case
that the social benefits from a project will outweigh the social
costs so that the net judgment for the project is positive and
the assignation of the costs is accepted by the society. His-
torically, this has often been true, but recent changes in public
values and strategies of economic development require a reassess-
ment of the position.,

A framework for determining costs will evolve from exper-
ience. Before the environment can be handled by the tools of
economists, it must at least have the characteristics of scar-
city, priorities, and alternatives. The guidelines have been
designed to satisfy these needs with information bearing on each.
Scarcity arises from the fact that environmental assets such as
clean water and air, have a limited capacity to absorb materials
before they change state. The change of state may be through
destruction of water bodies due to excessive nutrients which sup-
port plant life in water. The cost may be aesthetic, such as the
loss of a lake, or it can be directly economic for such water
chokes intake filters and cooling mechanisms of machinery. The
change of state is due to the scarcity of carrying capacity for
pollutants which represent materials outside of natural cyclical
patterns. Such scarcity is the reason why the guidelines have
called attention to monitoring and standard setting in order to
know how much room for assimilation of materials is left before
adverse changes of state must be borne. This scarcity of assimi-
lative or carrying capacity also has led to emphasis on recycling
and efficient use of natural resources in Steps 1, 2, 3 and 8.

Nature is constantly changing state, with or without the
intervention of man, but industrial activity can hasten these
changes and can send them in unfavorable directions with result-
ing counterproductive costs. That is why priorities need to be
established. Whether or not changes of natural state are toler-
able depends on priorities in economic development strategy.
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Global survival may take first place and environmental damage
which threatens man as a species would therefore be intolerable.
However, the evidence that survival is at stake needs further
development and anything less than that is a relative matter sub-
ject to ordering of priorities. Thus, whether or not developing
countries want to repeat the public health costs borne by the
developed countries is a matter of priorities and trade offs.
rhe guidelines will indicate what the costs are, but how they are
weighed is a relative matter. Economic development includes a
mixed set of goals and the values of the environment impinge on
many of them.

In the sense that other non-economic decisions are taken as
parameters by growth economists, the environment is no different
than employment goals, or income distribution goals, or political
stability. The qualitative mix of economic development priori-
ties will just include one more element. This element will have
to seek its place in the priority schemes of planners, for allo-
cating assets for the future is their task.

To help determine the place of the priorities for environ-
mental and resource protection, alternative solutions have to be
sought. One of the major alternatives which may be open to pro-
ject designers is time. One can mortgage the environmental
future by destroying now and hoping it possible to clean up
later. This argument will have much currency in that it is the
path which developed countries have taken. However, cost analy-
sis will have to include some assessment of how much time is
available before diseconomies set in and how much the cost of
reversibility will be. In some cases reversibility will be so
costly, or biologically impossible, that there will be no choice.
The guidelines for site assimilative capacity in Step 3 include
information on threshold values and the possibility of reversi-
bility.

There are other alternatives besides time. Process selec-
tion as indicated in Step 2 is specifically designed to eve&uate
alternative methods of achieving the economic goals without in-
curring costs which must be paid, now or in the future. There
are different techniques for foresting on slopes which will
forestall erosion and avoid costs. Once again, however, whether
or not the costs are deemed to be serious or are outweighed by
the benefits, as indicated in pricing mechanisms is a matter of
relative priorities.

Some Case Studies

For illustrative purposes extracts of five selected case
histories are presented below. These project cases are drawn
from the period during which the Bank Group has made special
efforts to enlarge its project analysis; that is, early 1971 .

the present.
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Case Study No. 1: Iron Ore Project

The project provided for the exploitation of large quanti-
ties of high grade iron ore, and its rail transportation from the
country's interior to a marine terminal to be constructed on an
island located within the boundaries of a largely unspoiled
estuary. At the terminal site in the bay, large (300,000 -
500,000 tons) combination oil/ore boats would load the ore for
distant world markets.

The Bank's announced policy to pursue economic development
with studied regard for environmental quality was put to a test
by this large project which presented a number of apparent poten-
tial environmental problems. Expressions of concern were also
received in letters addressed to the Bank from individuals who
conceived of potential impairment of their respective interests.
The bay's aesthetic beauty and recreational opportunities caused
the population to swell from about 3000 permanent residents to
some 15,000 during the summer months. It also supported an im-
portant shellfish and fin fish industry. The apparent threats
therefore called for an immediate on-site study and the Bank
Group accordingly dispatched a multi-disciplined team of consul-
tants (marine biologist, fisheries and shellfish expert, and
oceanographer/marine ecologist) to identify likely problems and
recommend measures for their solutions.

The studies revealed inter alia a poor circulation pattern
around the island that woufF -oh_- Fh-t efficient dispersal of any
future waterborne waste emanating from the ore terminal. The
extensive biological sampling program carried out throughout the
bay established the major biotic communities as benchmarks
against which any future changes may be related.

The tourism potential of the area was evaluated, as was the
environmental impact at the mine site, along the rail transporta-
tion route, the rail trestle crossing the bay to the island, and
the terminal site on the island proper.

The plans for the island terminal, as approved, involved
construction of the railway access bridge, conveyor trestle and
pier, ferry and tug dock, dredging, water and electrical systems
and facilities to handle oil slops. The national law provided
stiff penalities for dumping slops into coastal waters but pro-
tection for the bay in this regard was weak. The Borrower there-
fore agreed to prepare plans for dealing with slops at the termi-
nal, for disposal of solid waste and sewage originating at the
terminal and transferred from ships using the terminal, and to
develop contingency plans and maintain standby equipment to
minimize the effect of accidental spills at, or in the vicinity
of, the terminal.
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Standards for air and water pollution and details of the
port regulations issued by the Borrower to govern ships using the
terminal facility were determined on the merits and needs of the
case at higher levels than existing local regulations would
demand.

It was agreed that the Borrower would take all steps to pre-
serve the ecological integrity of the part of the island not
being used for the ma.ine terminal and would preserve in its
entirety a smaller island located between the terminal site and
the mainland, and would terrace, landscape and otherwise provide
for the visual amenities at the terminal site, prohibit the erec-
tion of advertising billboard signs on the island or adjacent
mainland, and arrange for continuing studies of the impact of the
project on the environment. Blending colors would be used for
painting of facilities, and the trestle designed to serve as a
catwalk for fishermen and tourists.

At the mine, conventional open-pit mining methods were al-
ready in use for ore extraction. Practices there demonstrated
the Borrower's own interest in environmental protection. The new
ore preparation plant would consist of primary crushing, screen-
ing, secondary crushing, final screening and washing, and hydrau-
lic classification facilities. Drills for blasting will be
equipped with dust collectors. Dust on haul roads will be mini-
mized by sprinkling. The crushing plant will be equipped with
dust collectors connected to hoods at the feeder and crusher.
Water sprays will be used to control dust on open piles of ore
stored after crushing, and tailings of a slurry of fine hematite
sand and slime from the processing will be thickened by passing
through a cyclone, and the reclaimed water will be returned to
the process plant. The final slurry and natural runoff will be
stored in a pond formed by an earthen dam in a valley behind the
plant. Pond water also will be recycled to the plant after
treatment with a synthetic polyelectrolyte flocculant to clarify
the water.

Erosion in the mining and processing areas is to be mini-
mized by various means including lined ditciies at the top levels
to carry off water. Reforestation will be applied to control
erosion at the mining site and to minimize the visual impact of
land stripping. Sanitary wastes from the facilities will be
treated in an aerated sewage treatment plant.

Only limited solutions were found for the problems of
safety, noise and dust on the rail line for transport of ore to
the terminal. Heavily loaded ore trains will move frequently and
the rail line will pass through several populated areas.

The joint effort by the Bank Group and Borrower looking to
the conservation of the ambient region of the terminal for the
future set an example in applied environmental policy and pro-
vided a practical demonstration of the relatively low cost, about
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1.5 percent of total project cost, and slight delay involved in
devising measures to avoid or minimize pollution and landscape
defacement. The foreign exchange component financed by the Bank,
$96 million, constituted 34 percent of the total project cost.

The values of prevention were in this case very large for
the commuwity and the nation because of aesthetic worth and be-
cause of avoidance of losses that would be critical for the
smaller industries of tourism and the significant shell and fin
fishery. Protection also was afforded for an estuarine nursery
ground for important coastal fish stocks. The eventual fate of
the estuary is uncertain for the long-term in view of other
planned and potential industrial activites. Another industrial
project on the bay, however, which has been financed in part by
the International Finance Corporation (IFC) has received similar
treatment to protect the local environment and offered an oppor-
tunity to reinforce the Bank Group's. views of the need for long-
term, integrated environmental planning.

Case Study No. 2: Mining and Infrastructure Project

The project, located in a country which became independent
in the 1960s and is at the bare beginning of industrial develop-
ment, comprises an open-pit mine for extraction of copper and
nickel, a smelter, coal-fueled steam power plant, 40 miles of
rail and road connections, and a new township. The township is
to include buildings for public administration, health care and
four schools, housing suitable to the cultural requirements of
the 2000 employees, water supply, and sanitary waste disposal.

Several international agencies participated in this project
in which the Bank financed $37.5 million out of a total capital
cost of $185.5 million. The Borrower was the national govern-
ment.

Under the terms of the loan agreement with the World Bank
Group, the Government agreed to take all action, including enact-
ment of legislation and regulations, to ensure that the operation
of the mining project and infrastructure would be conducted with
due regard to public health and the natural ecosystem. The
government will cause the mining company to comply with the laws
and regulations and will consult with the Bank Group before mak-
ing any changes in them. The government also will act to control
pollution in the construction stages and ongoing life of the pro-
ject. To assist in fulfilling these requirements, the Bank Group
provided an expert environmental consultant. Consultants also
were engaged directly by the government and by the mining com-
pany.

The principal environmental hazards are atmospheric pollu-
tion caused by sulfur content in gaseous emissions from the power
and smelter operations, and water pollution from the mining oper-
ation.
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The distance between the smelter and power station and the
future town is two miles, probably not sufficient for full pro-
tection from occasional exposure to exhaust gases and dust, al-
though the prevailing winds were taken into consideration when
determining the township location. The government recognized the
need to examine the potential effect of gases and dust on the
health of the human and animal population, fauna and vegetation
of the area, and engaged a consultant through the British Minis-
try of Overseas Development, to investigate and report measures
necessary to keep all aspects of pollution from the mining plant
and power station to acceptable levels.

The principle protective measures against SO atmospheric
pollution focused on the height of the smelter and lower station
stacks which, it was determined, should be 525 and 250 feet re-
spectively. The government is establishing a system for monitor-
ing ground level SO concentration and has the responsibility for
taking necessary ation if it exceeds acceptable limits. En-
forcement will entail reduction or shutdown of mine operations
until acceptable air quality is restored. Laboratory equipment
has been acquired and a training program instituted.

The mining company will provide for treatment of liquid
waste effluents from ore reduction so as to prevent discharge
into nearby surface waters and injury to downstream users.
Effluents will be conducted to a tailings dam where suspended
materials will settle. Further treatment may be instituted as
required. The company also is responsible for occupational
health and safety measures including dust control at the mining
faces, safety equipment and training, and periodic physical exam-
ination of miners.

Most of the solid wastes of the mining operation will be re-
turned to the cavities left, in a rotating excavation and filling
process. Wastes to be incinerated will have proper fly ash and
particulate controls.

The project provides an example of international collabora-
tion in aid to an incipient industrial development in a remote
and inexperienced country. It involves the issue of environmen-
tal protection in all its broad aspects including basic legisla-
tion, regulatory and monitoring systems, care for preservation of
the natural ecosystem, health and socio-cultural considerations
from the long-term point of view, in addition to the immediate
concerns regarding industrial pollution of air, soil and water.

The best of planning by the most farsighted experts, how-
ever, does not always keep ahead of the human factor. This pro-
ject overlooked the overnight appearance of a squatter town,
which sprang up with great suddenness in anticipation of project
opportunities. Unplanned, unforeseen, patched together from mud,
matting, cardboard, corrugated sheeting or almost any waste or
salvage material, totally without water and sewage services, as
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picturesque as they are squalid and unwholesome, such "towns" are
inhabited by the people who come to seek work, accompanied by
wives, children and camp followers. The one embarrassing this
project's wholesome new town project was no exception to any of
these characteristics.

The government acted quickly to promote order in this case
by appointing headmen to supervise and guide the squatters. The
government proposes establishing a site and service area near the
coal mine and encouraging the migrants to move there. Such a
service area was in fact originally recommended in the consul-
tants' Township Report as a means of avoiding slum developments
on the fringes of the new township, but planning and costing were
not carried out. The cost of taking up the recommendation at
this later stage was about US$50,000. The total additional pro-
ject costs resulting from environmental/health considerations was
estimated at approximately $1.6 million.

The case study illustrates what is found to be true general-
ly, i.e. that even with the addition of overlooked and unforeseen
items, the costs of building environmental protection into indus-
trial development, including consultant service, changes from
proposed to alternative choices of site, purchase and installa-
tion of special equipment, and training programs, are monetarily
small in comparison with the overall investment. They are beyond
that, much smaller still in comparison with the probable magni-
tude and scope of the unquantifiable values attained in terms of
the physical and social health of nations and conservation of the
health of the biosphere.

Case Study No. 3: Expansion of Steel Production

The project entailed the expansion of production facilities
at a large plant located in a semi-arid, relatively isolated
region adjacent to the Black Sea. At the end of the project in
1976 the manufacturing facilities will have doubled and will pro-
duce 900,000 tons of flat products, 300,000 tons of billets,
60,000 tons of ingots, and 180,000 tons of pig iron.

The loan requested from the World Bank Grou was US$76 mil-
lion, and the cost estimates for recommended pollution control
equipment were $5 million, or 1.72 percent of total project cost.

The project includes a second blast furnp"e, z third oxygen
vessel, a billet caster and a semi-.continuou, hvt strip mill, an
expanded cold reduction mill, and added auxiliary equipment.
Each of the separate plants has specific environmental impact and
pollution potential associated with it.

A first review showed that little or no provision had been
made for control of the liquid and gascous effluents which would
be released into the environment in relatively large quantities.
of particular concern was the possible effect of air pollution on
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public health and on livestock and vegetation in and around the
project site. Further, the liquid wastes containing toxic ingre-
dients were to be released directly into the off-shore waters of
a sea shared with neighboring countries. This important body of
water is now showing signs of heavy pollution and the United
Nations Food and Agriculture Organization (FAO) has called atten-
tion to its seriously deteriorating condition.

Ecology in the country concerned is a new or unaccustomed
subject to many, but both the government and the private interest
were responsive to environmental recommendations from the World
Bank. In close cooperation with them, an on-site ecological
study was made by expert industrial pollution control consultants
engaged by the Bank who recommended appropriate control technol-
ogy. During discussions held with various Mnistries involved,
the interest of the national govenment was stimulated to the
extent that a scientific and research center of the country was
directed to determine the air, water and noise pollution of the
entire plant and establish the minimum requirements for control.
The government is expected to follow the present international
trend of progressively widening the scope of its environmental
controls.

The specific recommendations for this project were based on
the consideration that within the useful lifetime of the facili-
ties to be constructed, it will be necessary to establish stan-
dards on the basis of available technology while the selection of
treatment processes and the layout and installation of major pro-
duction facilities should be compatible with additions which may
be required in future to meet more stringent limitations on
effluents.

Air pollution effects observed by the consultants were main-
ly aesthetic, consisting of visible smoke and dust emissions,
sufficient, however, to require corrective action. This will
include automatic equipment to contain gaseous emissions and
stacks of adequate height. Smoke, gas and dust emission at the
coke plant will be reduced through the use of design improvements
such as self-sealing doors, quenching tower baffles, improved
charging system, aspirators and smoke seal boxes.

The Company has agreed to present a specific plan acceptable
to the Government and the Bank Group for dealing with air and
water pollution, and to implement the specific plan to be
followed will be based on the recommendations of the professional
ecologists previously hired by the Bank.

Case Study No 1. Integrated Pulp and Paper Mill

The Internatr-.2* Finance Corporation (IFC) has assisted the
financing of an inLtgrated pulp and paper mill in a sub-tropical
location.

11-87



The environmental considerations have been the subject of
concern and intensive studies on the part of the national govern-
ment, company management, IFC, and the Bank Group's Office of
Environmental Affairs. The mill effluents flow into a river
which is the source of an important local commercial fishery and
flows eventually into an important international body of water.
About 30,000 people are dependent on the main river below the
mill site.

On the basis of an ecological survey of the area done in
1971 by UNESCO, the national government established detailed
standards for the mill's liquid effluent. The plant's waste
treatment system was designed to meet those standards. Process
water from the mill will be collected and discharged to a clari-
fier followed by aerated lagoons for BOD removal. Sewage will be
treated in a separate oxydation pond. The final effluent will be
discharged via a diffusion pipe into the river.

If the river flow in the dry season should not prove suffi-
cient to ensure adequate dilution of the mill waste, possible
oxygen depletion below levels required for aquatic life could
cause problems. The UNESCO report, however, shows river flows
even during the dry seasons to be sufficient to ensure adequate
dilution of waste treatment plant effluents.

Odors emanating from pulp mills are obnoxious but maximum
ground level concentrations were not expected to cause problems.

Despite the treatment to be given the effluent of this plant
at an estimated cost of $1.8 million, or 3% of total capital pro-
ject cost, the remaining effluvia, when combined with those from
other sources existing and planned, can be expected to have un-
favorable effects on the river biota and water quality.

The Bank Group has held meetings with the national govern-
ment and the company to impress upon them the importance of this
possibility and the government and the company have agreed to
undertake monitoring of the environmental and human parameters
likely to be affected, with a view to taking additional appropri-
ate action should any problems arise. The Bank Group also has
reminded the government and management of the importance of
training. In this case special importance attaches to training
personnel to manage the treatment and discharge facilities, in-
cluding monitoring and the responsible authorities have also been
reminded that training should include making this personnel aware
of the great resionsibility they have for protecting the river's
biota and the many downstream users from the effects of pollu-
tion.

Case Study No. 5: Expansion of Metal Production

A 1973 plan for expanding existing copper mining operations
entails an investment of US$644 million and will produce 186,000
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tons of mineral annually. Part of the financing (about 2%), was
sought from the International Finance Corporation (IFC). The
project involves a new open-pit mine, new concentrator, and
expansion of smelting and supplementary infrastructure facili-
ties.

The location is a sparsely inhabited, arid plateau near the
Pacific seacoast. The expansion would cause effluents and emis-
sions created by mining and smelting operations now in existence
at the same location to be doubled in volume: 30 million tons of
tailings would be discharged and 600,000 tons of sulfur oxides
would be released annually. Productive agriculture in neighbor-
ing coastal valleys, offshore fishery, and public health in a
port city of 15,000 inhabitants would be endangered by air and
water pollution from the project, in the absence of protective
measures.

The disposal of concentrator tailings is by gravity directly
into the ocean using a series of dry canyons where there is very
little rainfall. Sewage from the mine and concentrator infra-
structure is turned into the tailings. The disposal of tailings
occurs in part in a valley where one of the few rivers on that
coast having a flow of fresh water throughout the year has its
course. The large amounts of SO emissions, much of which also
eventually end in the ocean, my have possible transnational
effects.

The project is one of exceptional significance because of
the environmental concern, especially in contrast with practices
formerly traditional in the region, which has yielded minerals
for world industry in quantity over a long period of time. Dis-
regard of environmental effects was the practice in the past.
The environmental factor has now been incorporated in planning on
advice of the World Bank Group and demand from other se'7tors of
the national economy. (The Borrower is a consortium of U.S. pri-
vate corporations li!ensed by the national government. Proposals
have been made fur further internationalization by arranging for
investment in the equity by European and Japanese corporations
which have a trade interest.)

An industrial/environmental pollution control expert em-
ployed by the Bank Group in his assessment also stressed the eco-
nomic and social benefits that the proposed expansion of mining
operations could be expected to contribute to the national econo-
my as adequately balancing the possible adverse environmental/
health effects. Based in part on the consultants ecological
reconnaissance, the Bank Group's Office of Environmental Affairs
and the International Finance Corporation (IFC) recommended that
more extensive air quality and tailing disposal impact studies
must be a prerequisite for World Bank Group participation.

No alternatives were found by the Borrower to disposing of
tailings in the sea; and, fisheries apparently have not been
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adversely affected thus far. An agreement. was reached between
the World Bank Group and the Borrower, however, which provides
for IFC financing on the conditon that the Borrower will imple-
ment environmental controls as recommended after further exten-
sive, in-depth studies by qualified consultants acceptable both
to the IFC and the Borrower. The scope of the studies has been
outlined in detail and additional assistance has been offered
through the World Bank Group.

The Borrower will install and maintain a telemetric system
of air quality monitors to record on a determined periodicity the
SO and SO3 and other air components as indicated by the consul-
taRts. The data will be made available to the IFC and the
national government. The air quality monitoring system will be
used to alert plant officials when pollutant levels can be
expected to have adverse effects on public health and other
interests. Plant operations will be reduced or suspended until
the quality of the air is restored to acceptable condition. If
the cumulative record of data indicates that it is necessary, the
Borrower in consultation with the IFC will take further steps
required to control emissions.

Studies also will be made without delay of the distribution,
dispersal and ultimate disposition of tailings entering the sea,
taking into account surface and subsurface currents, tidal and
wave action, chemical and physical interactions of the tailing
particles with the water and bottom sediments and other factors.
The exploration will include changes and potential benefits like-
ly to result from alternative deep water disposal below the
euphotic zone of significant trophic activity. Studies will be
made of the effects of tailings on the marine biota, including
the effects of untreated sewage carried with the tailings.

The Borrower presently is in compliance with national and
local legislation regarding effluent standards and conditions for
disposal of tailings and will continue to comply should they be
made more stringent. The detailed and extensive agreements made
with the Borrower regarding its operations and their environmen-
tal aspects is illustrative of the Bank Group's attitude and
efforts in these matters. Its contribution to the total cost of
project expansion is indeed very small, but among the consortium
of private corporations involved the Bank Group alone has in-
sisted on an environmental assessment. Whether or not, and to
what extent, such pollution control measures should be taken is
quite uncertain, but an agreem:-nt with th., Borrower to undertake
in-depth studies and later adapt to recommendations resulting
therefrom seems entirely appropriate and represents a significant
departure from past practices.

The case studies summaries as presented illustrate and indi-
cate some of the accomplishments and difficulties encountered
during the Bank Group's first years of experience and adaptation
to the desired goal of continued economic development which is
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environmentally sound as well. Exact data on environmental
expenditures are not easily furnished for several reasons.

Environmental measures are often productive, and it is ques-
tionable whether a project's environmental dimension gainfully
should be separated out. Project components are all intimately
related, as is the project itself to other projects, the external
environment and the society at large. The Bank Group operates
under a broad definition of what is environmental, and seeks to
incorporate a project's internal environment and its public
health and socio-cultural aspects in its evaluations. This mode
of operation calls for improvement of human ecologic conditions
frequently not conceived of as environmental, while at the same
time attempting to circumvent or mitigate errors made through
development on the patterns of the past. The idea that well
defined anti-pollution measures are to be added to a project as a
cost is not seen as expecially productive or desirable. Fre-
quently this is still the only solution available for industry,
but often, and more so in the future, pollution is, and will be,
overcome through redesign, recirculation, product changes, etc.;
a style of planning and production in which steps taken specif-
ically for reasons of environmental protection will be indistin-
guishable from, and will be a true part of the entire process.
The Bank Group, furthermore, does not ordinarily separate out
environmental expenditures as such on projects it finances; it
frequently pays for part of studies undertaken and subsequently
finances the foreign exchange component of a project, or parts
thereof, alone or in cooperation with others. In other instances
environmental expenditures relating to a project are financed
from other sources entirely. At the time of project appraisal
only estimates are made of expenditures to be incurred regarding
resettlement, cost of land at new locations, training, occupa-
tional health measures, medical facilities, water supply and
sewerage, landscaping, studies on how best to minimize industrial
pollution, and subsequent cost of treatment facilities and final
disposal. Additional money may in time be transferred for these
and related environmental purposes or vice versa, depending on
progress made toward project realization.

All projects are years in the making and none have yet been
completed. In the case of the copper mining project [where] an
estimated $500,000 will be spent on initial studies of potential
impact on Pacific coastal waters and biota. The eventual expen-
ditures which in the future may be incurred for pollution control
are presently unknown altogether and may range from insignificant
to a very substantial amount.
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"The Role of Technological DevelopWent

in Promoting Disease in Africa"

by

Charles C. Hughes and John M. Hunter

For most countries of the world, this is an "age of develop-
ment," of planned endeavors to intervene into the status quo ante
with the purpose of initiating change, both economic and social.
But developmental activities often produce unexpected and some-
times vitiating consequences. The very nature of change itself
(being an intervention in the physical and human environment) is
predispositional to disease, although not necessarily causative
of it, because it disrupts established ecologic patterns at many
levels of interrelationship. This idea can be extensively cor-
roborated in contemporary Africa.

Field evidence relating to malnutrition and three selected
infectious diseases (viz. sleeping sickness, bilharziasis and
malaria) is reviewed. In each case, the evidence is replete with
examples of development interventions that inadvertently increase
disease hazards. In regard to the infectious diseases, examples
of such evidence are: (1) increased incidence of trypanosomiasis
(sleeping sickness) along new road networks in Liberia and Ni-
geria; the cycling of trypanosomes by migrant labor between Ghana
and the Upper Volta Republic; and an outbreak of trypanosomiasis
near the man-made Lake Kariba; (2) increased incidence of bilhar-
ziasis (schistosomiasis), especially the more serious intestinal
form, Schistosoma mansoni, around irrigation schemes, with exam-
ples ranging from the Gezira cotton scheme in Sudan to sugar
schemes in Nigeria and Tanzania, and tobacco farms in Rhodesia,
with the dangers of further spread of the disease through pres-
ently planned agricultural schemes; and (3) an increasingly com-
plex epidemiology of malaria in which, as a result of development
activities and the emergence of insecticide-resistant vectors,
sociocultural factors are playing a more involved role.

aThe Careless Technology: Ecology and International Devel-

opment. -Edited by M. Taghi Farvar and John P. Milton, Natural
History Press, Garden City, New York, 1972. This paper draws
heavily from another discussion of this topic, including the
psychosocial consequences of modernization. See References for
Hughes and Hunter.
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Ironically, nutritional deficiencies and diseases often ac-
company substantial regional agricultural development. The tran-
sition to a cash-crop economy (e.g., cocoa, rubber, cotton,
groundnuts, coffee) in many cases had led to the neglect of food
farming and the declining use of protein-rich sorghums and simi-
lar nutrients. Purchased foodstuffs such as protein-poor cas-
sava, yam or plantain have become food staples, causing rural
malnutrition.

Africa's burgeoning towns are both a vehicle for, and a
product of, development activities. And, as has been the case
everywhere else in human history, the towns are also very effec-
tive as disease-fostering environments. Despite the provision of
certain amenities, such as clinics, urban health standards are
often lower than rural standards. For one thing, gross over-
crowding and lack of sanitation cause deterioration in health
status, and infectious diseases, such as tuberculosis and infant
gastroenteritis, are rampant in towns. With regard to nutrition,
the overwhelming impact of urbanization has been negative. Nu-
tritional standards among urban migrants are unsatisfactory for a
variety of reasons explained in this paper. Children are partic-
ularly prone to nutritional problems. It is well known, for ex-
ample, that protein deficiency in early childhood (kwashiorkor)
can cause irreversible intellectual impairment. Furthermore, for
each case of kwashiorkor in African towns, diagnosed or not,
there are countless other cases of subclinical malnutrition in
which health deterioration is insidious and persistent.

The conclusion seems obvious, but inescapable. Because de-
velopment activities have not been coordinated within a compre-
hensive ecologic framework, there has been a drastic deteriora-
tion in the social and economic conditions of life.

Our purpose in this paper is to focus on some of the disease
consequences of technological development activities in Africa.
This discussion will underscore the need to emphasize an ecologic
frame of reference in research and planning.

Development programs, being an intervention into the affairs
of nature, will have both intended and unintended consequences;
that is to say, they enter the scene as elements in the ecologic
dialectic in which all life is enmeshed, and they must be exam-
ined as such. In his Man Adapting, Rene Dubos has in a sense ex-
pressed the basic philosophy of this paper:

"All technological innovations, whether concerned with in-
dustrial, agricultural, or medical practices, axe bound to upset
the balance of nature. In fact, to master nature is synonymous
with disturbing the natural order. While it is desirable in
principle to maintain the balance of nature, it is not easy to
define the operational meaning of this idea. Nature is never in
a static equilibrium because the interrelationships between its
physical and biological components are endlessly changing. Fur-
thermore, man placed himself apart from the rest of nature when
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he began to Farm the land and even more when he became urbanized.
The survival, let alone growth, of his complex societies, implies
that he will continue to exploit and therefore upset nature. The
real problem, therefore, is not how to maintain the balance of
nature, but rather how to change it in such a manner that the
overall result is favorable for the human species." (1965, p.
416)

Dubos is, of course, echoing Hippocrates' ancient observa-
tion that change itself, creating the necessity for readaptation
to a complex of conditions, is predispositional to disease al-
though not necessarily causative of it.

It is changes that are chiefly responsible for diseases,
especially the greatest changes, the violent alterations both in
the seasons and other things. But seasons which come on gradu-
ally are the safest, as are gradual changes of regimen and tem-
perature, and gradual changes from one period of life to another.
(Dubos, 1959, p. 116)

In this connection, let us note some of the associated al-
terations in life conditions affecting man-environmental rela-
tionships which, while they may not in all cases be part of the
explicit goal of any given development scheme, are nevertheless
involved in the course of the implementation of the scheme.
Aside from major purposes abstractly stated (e.g., "to raise ag-
ricultural productivity"), what other kinds of changes which have
obvious relevance to the health status of the population often
come about under the aegis of "development"?

(1) overall changes in man-habitat relationships (e.g.,
working in a new farmland or under other new geographical and
geozoological conditions; relocation to different climatic and
zoonotic areas)

(2) increased population movement., mixing, and concentration
(e.g., building roads, railways, and other transportation net-
works; migration to towns and sites of economic opportunity such
as mines, factories, hydroelectric or irrigation projects; relo-
cation of communities, etc.)

(3) change of patterns of water flow and use (e.g., building
irrigation schemes, dams and ponds; use of polluted water re-
sources in undersanitized and overcrowded towns)

(4) change of vegetation cover (e.g., cutting down forest or
bush, altering ground cover; denudation of landscape)

(5) changes in micro-environmental conditions (e.g., changes
in housing, neighborhood, and settlement patterns; in house style
and construction materials; in location with respect to modes of
transportation, sources of water, kinsmen, etc.)
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(6) changes in value systems and social sanction systems
(e.g., conjunction of alternative ways of life in urban environ-
ments or socially heterogeneous populations, as in large-scale
economic schemes; the erosion of traditional systems in condi-
tions Df economic deprivation, as in urban slums, etc.).

This listing of what might be called the "hidden costs" of
development is clearly incomplete at this state and unquestion-
ably could be expanded with additional comprehensive data on
change projects. But let us review the extent to which a change
in disease patterns has ensued from such changes in ecological
situation as those suggested above. While the following selected
illustrations make the point that frequently such consequent re-
lationships do exist with some of the major pathological condi-
tions in Africa, it should be clear that systematic epidemiolog-
ical data are rare, and the data that do exist for regions or for
the continent as a whole, are not comprehensive in their cover-
age. But they are compelling in their import--viz., that often
the ecologically unenlightened introduction of a given scheme
will result largely in a "robbing of Peter to pay Paul" as far as
the overall improvement of health status is concerned.

THE ROLE OF DEVELOPMENT IN FOSTERING DISEASE

Trypanosomiasis (Sleeping Sickness). Sleeping sickmess is a
protozoan disease caused by the genus Trypanosoma, which can in-
fect not only domesticated and wild animals, but also man.

The Kissi tribal region of northern Liberia, bordering upon
Sierra Leone and Guinea, is a prime focus of sleeping sickness in
Liberia. Surveys in the early 1940's showed that the infection
rate had been pushed down by treatment from 26% to 2.5% (Veatch,
1946), but recent evidence shows that infection has increased,
reaching 10% in many places. In some areas, 79% of the popula-
tion are carrying Trypanosome gambiense in their blood, although
advanced cases are rare (Vaucel et al., 1963).

There are two sets of reasons for this endemic focus. The
fir deals with the traditional way of life. For one thing, the
Kissi raise swamp rice in a tsetse habitat. Secondly, their
migratory habits make adequate treatment difficult and many cases
relapse. In addition, they live in small settlements whose sur-
roundings are kept insufficiently cleared of vegetation, so that
tsetse can breed in the immediate area. Finally, they keep pigs,
which may be a reservoir of T. gambiense (Veatch, 1946).

Another set of reasons for the endinticity is based on "mod-
ernizing" trends and socio-political developments. The Kissi
tribe lives :.n adjoining sections of three countries: Liberia,
Guinea and Sierra Leone, and much movement takes place across the
international borders for purposes of trade and of visiting rela-
tives. Political changes in Guinea following independence caused
the control practices originated by the French to be dropped, and
now Liberia is open to the ingress of new cases from that country
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(Foster, 1963). Of late such movement has been greatly facili-
tated by improved road linkages. Reintroduction of trypanosomi-
asis into areas which were once clear of the lisease has re-
sulted. Such diffusion of the disease is illustrated, for exam-
ple, in the case of the new road through Kissi country in nor-
thern Liberia, which was constructed in 1960. Because Glossina
palpalis is found at every river crossing, a particular hazard
arises wherever a road is intersected by a stream or river; ve-
hicles often stop at such places for water and to refresh passen-
gers, who thereby become highly susceptible to the bite of the
tsetse fly. To compound the jeopardy, tsetse flies arr. attracted
to moving vehicles and may therefore be carried by them for some
miles, a fact instrumental in spreading the disease into former
tsetse-free areas (Abedi and Miller, 1964; Bequaert, 1946).

Among the Ashanti in Ghana, there is a clear illustration of
the role of migrant labor, another aspect of population movement,
in the dissemination of the disease and the reinfecting of con-
trolled areas. From the 1920's into the 1940's many laborers
from the savanna areas of northern Ghana and from other northern
countries such as the (now) Upper Volta Republic, Mali, and Niger
moved into southern Ghana for work. As they migrated, they
passed through the tsetse belt immediately north of the forest,
where they picked up the infection. Upon reaching their destina-
tion, Ashanti country in central Ghana, they became the source
for spreading the disease. It spread to such an extent that
Ashanti foci began to have higher rates than the north. At the
same time, eradication campaigns in the northern areas were ef-
fective in reducing somewhat the incidence of infection there.
With the periodic return of (infected) migrant laborers from the
south, however, the process of reinfection began. Such migratory
movements continue today. One of the consequences is the recy-
cling of trypanosomes in the northern savanna (Scott, 1957).

The case of the Moshie of the Upper Volta Republic provided
some supporting statistics for this phenomenon (Scott, 1957). A
sleeping sickness survey in Ashanti from 1952 to 1954 showed an
incidence of 1.05% among adult male Moshie. The rate for the
general Ashanti population was 0.18%, that is, one-sixth of the
Moshie infection rate. A concomitant survey at the Yeji ferry on
the north-south migration route in 1952 to 1954 clearly shows the
degree of reinfection northward. The rate among Moshie males of
ages 16 to 44, on their initial entry to Ashanti, was 0.14%; on
leaving Ashanti, it was 1.44%. To a certain extent an increased
risk of morbidity accompanied employment in Ashanti. While the
difference in infection rates is not great in absolute terms, its
demographic implication could be of much more significance, espe-
cially when coupled with the rest of the disease load under which
most Africans labor. Davey (1948), for example, has estimated
that in a population with a 6% trypanosomiasis infection rate, a
stable population equilibrium is attained, while an infection
rate as low as 3% allows only some natural increase. Other sur-
veys, conducted along the road network connecting Ashanti with
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the nozth, show clearly that the highest incidence of sleeping
sickness occurs along the major highways because such lines of
communication facilitate man-fly contact (Scott, 1957).

In Nigeria transmission has increased sharply in localized
pockets along the main Jos-V4amba road, a road used by migrant
laborers going to the tin workings in the plateau (Thomson,
1967). Another, almost textbook, illustration of a man-made
transmission site also comes from northern Nigeria, the area of
Kanawa. In 1961, as a precautionary measure for laborers working
on the Bornu railway extension, Kanawa was surveyed for preva-
lence of sleeping sickness. It was found to be free of the dis-
ease. Later, however, there was a sharp outbreak of sleeping
sickness. Subsequent investigation indicated the source to be
man-made; a small forest reserve was deliberately planted along
the banks of a stream at the point where it was crossed by the
main road--a place where people gathered to wash, Jrink and re-
lax. In this case the trypanosome strain was one of high trans-
missibility but low virulence (Thomson, 1967).

Roads are thus linear-type transmission sites. Although
systematic epidemiological data are not numerous, modern roads
built for economic development seem to constitute a major health
hazard in endemic regions, their very purpose being to encourage
movement and mixture of peoples and goods but having, as impli-
cated effects, the facilitation of manvector contacts for several
different kinds of insect-borne diseases. With the expanding
road and physical communication networks in Africa, all of which
facilitate population movement, the risks of rapid reinvasion of
areas by tsetse (and consequent reinfection) are great. One ob-
vious suggestion from the public health point of view would be
the imposition of strict vigilance and control measures (Thomson,
1967; Scott, l9,_b.

Settlement relocation is often an etiological factor. In
pre-colonial Africa, many traditional settlements were located in
refuge areas, on mountaintops, on ridges, on high plateaus--inac-
cessible, easily defensible sites., These sites were elevated and
therefore tended to be freer of fly-borne diseases than lowland
sites. }1owever, with the coming of the various European colonial
regimes and the law and order they brought, settlements have
tended to move down from the hills to better agricultural land on
the plains. Agricultural developments of this sort have often
led to a significant increase in sleeping sickness.

The Rukuba tribe of the Bauchi Plateau of northern Nigeria
illustrates the point. This virile tribe came to the verge of
extinction because of an epidemic of sleeping sickness. Glossina
palpalis had inhabited the dense vegetation on the Rukuba escarp-
ment long before the introduction of the trypanosomes themselves.
After the Pax Britannica, homesteads were moved down onto the
lowlands from the hilltop fortresses which had once repelled
human invaders, thus bringing man and flies into ever increasing
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contact. During 1931 and 1932, farmers returning from Piti
brought trypanosomes first into Ikala and then into Kakkek, thus
providing the one biological necessity which had been lacking.
Man, fly and parasite were thus brought together and a t.Laismis-
sion cycle began, resulting in a devastating and cataclysmic epi-
demic. Ruins of once-prosperous compounds and farms became a
feature of the Rukuba landscape (Duggan, 1962).

Another illustration of sleeping sickness as a result of
opening of new farmland occurred in Nigeria. Movement onto the
plains west of the Jos escarpment resulted in one thousand cases
of diagnosed sleeping sickness from 1960 to 1965 (Thomson, 1967).

In 1956, the people from Muyama in the Kasulu District of
Tanzania, a barren and heavily eroded area on the hillside above
the Milangilizi Valley, obtained permission to go down into the
valley to cultivate new fields because of pressure on available
agricultural land. The valley was fertile and well watered, but
much of the riverine thicket contained large concentrations of G.
morsitans. For a year nothing happened, and then, in 1958 and i-n
1959, after man, fly, and parasite contact had been established,
an epidemic outbreak of sleeping sickness occurred (Apted et al.,
1963).

From the Dodos country in northern Uganda, another illustra-
tion shows how government action can trigger off an epidemic of
sleeping sickness with repercussions in settlement, land use,
economy and ecological balance. The government evacuated numbers
of the Napore and Nyangeya tribes in 1924-25 in order to stop
tribal warfare. As a result, a barrier to tsetse was removed be-
cause wild animals began to enter the territory formerly occupied
(and extensively hunted in) by the Napore and Nyangeya. With the
game the tsetse arrived. The advancing game and tsetse began to
put pressure on the neighboring Dodos peoples. Tsetse advanced
eighty miles and infested 1500 square miles of Dodos territory in
the 1920's. In the face of this tsetse hazard, cattle-keeping
Dodos people were forced to migrate toward the south and west in-
to a much more limited territory. This caused overpopulation,
overgrazing, and soil deterioration, and seriously affected the
health and demography of the Dodos people. However, in 1946, a
tsetse clearance program was started and in three years two-
thirds of the fly belt was cleared. The land which was reclaimed
was in good condition after the long fallow (Deshler, 1960).

Another example of ecologically uninformed government action
that resulted in an epidemic of sleeping sickness is from East
Africa, in the endemic region around Lake Edward and Lake George,
near the Semliki Valley in the (then) Belgian Congo. Native tra-
dition holds that sleeping sickness had been present in the Sem-
liki long before its occupation by the Belgians in 1896, and that
it had decimated successive tribes who had tried to occupy this
fertile plain. Soon after the European occupation, for greater
ease of administration, the scattered agricultural population was
moved into more compact settlements, which were placed on rivers
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to provide permanent water. In this part of the valley, the
whole length of the Semliki and all its tributaries holding per-
manent water are infested with Glossina palpalis, the vector of
Trypanosome gambiense. Consequently, the great amount of move-
ment cal-d for by the concentration of the inhabitants, and the
position of the settlements, brought about so much increased con-
tact between the population and the tsetse that the existing en-
demic was rapidly turned into a fierce epidemic which literally
wiped out many of these new villages. It was especially severe
in the southern end of the Semliki Valley and around the shores
of Lake Edward. Mortality was appalling. The epidemic reached
its height between 1915 and 1923. In 1924 and 1925 the Belgian
authorities took drastic action. The whole population of the
valley was moved up onto the higher fly-free ground of the
Mitumba and Ruwenzori Mountains and even deep into the Ituri for-
est along the new road being built from Beni to Irumu. In evacu-
ating the Semliki Valley the Belgians eventually completely elim-
inated human trypanosomiasis (Morris, 1960).

Another example of population transfer forced by economic
development occurred in Rhodesia, the Bumi River area, in 1958.
The changes brought about by the Kariba dam produced an outbreak
of sleeping sickness as well as a decline in nutritional stan-
dards (Apted et al., 1963) and overall health status (Scudder,
1966). A section of the Tonga tribe was displaced by the rising
waters of Lake Kariba. They were moved to a dryer region in
which their traditional crops would not ripen, but they were re-
luctant to use the new seed varieties given to them by the gov-
ernment. They therefore suffered from food shortage. When the
group lived on the banks on the Zambesi River they had supple-
mented their diet with fish and rodents, which were not available
in their new homeland. Severe malnutrition followed. A govern-
ment grain store was established to help them, but because of its
location, the store became a transmission site for sleeping sick-
ness and a sharp outbreak occurred (Apted et al. 1963).

Bovine as well as human trypanosomiasis is a major di7ease
obstacle to economic and social development in Africa. Huge
areas on the African continent are infested by the tsetse fly,
and the various trypanosomes which they carry are not only fatal
and debilitating to man but also to domestic cattle. In the most
highly infested fly belts, it is impossible to raise cattle.
This produces a chronic shortage of animal protein; and protein
deficiency, especially in early childhood, is one of the major
health problems of Africa. As population increases, the problem
will become more severe. Yet if the problem of tsetse infection
could be solved in practical terms, the fly belts of Africa could
be turned into productive cattle-ranching lands, thus in turn
helping to solve the severe protein deficiency problem.

An experiment conducted in Nigeria illustrates the obstacles
to development created by such bovine trypanosomiasis. In 1963,
a herd of 28 Zebu cattle was trekked some 415 miles from a
tsetse-free area in north Nigeria to Ilorin in the south. Al-
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though the sample size in this experiment was small, the impli-
cations are significant. Such a trek is typical of the pattern
for the whole of West Africa, whereby cattle raised in the
tsetse-free areas of the far north are trekked or conveyed by
truck through the fly belt to the southern zone where there is a
shortage of animal protein. The journey through the fly belt
took twenty-eight days, and measurements were taken daily of the
increasing load of trypanosome infection. On arrival at their
destination, 39% of the herd were infected. Typical trade cattle
surveyed in other studies had an infection rate of 42% (Jordan,
1965).

At their terminus, the herd of 28 Zebu were held over for a
seventeen-day observation period. Within this seventeen-day
period, 19 of the cattle died and of the 9 survivors only 1 was
in good condition. The others were dying of sleeping sickness --
illustrating the very high infectivity of sleeping sickness in
the south and the obvious unfeasibility of raising cattle there
(Godfrey et al., 1965).

In view of the vulnerability of the big Zebu cattle to
trypanosomes and the great shortage of animal protein in the
southern part of West Africa, it has been suggested that the
N'dama dwarf cattle (which have some resistance to trypanosomes)
should be developed for meat production in the fly belt. Veteri-
nary opinion does not support this policy, however, because these
cattle are slow-maturing, low-milk-yielding and low-meat-yield-
ing. One further aspect of this situation is that the tolerance
of the dwarf cattle to infection is broken down when the animals
are subjected (as they often are) to adverse conditions such as
malnutrition, overwork, mineral and vitamin deficiencies, and
intercurrent infections such as piroplasmosis, anaplasmosis, hel-
minthiasis and rinderpest, or exposure to heterologous strains
and species of the trypanosomes. At present in the fly belt and
in lightly infested fly areas the only way to raise cattle is to
use a supporting regimen of chemotherapy and chemoprophylaxis
(Stephen, 1966).

Bilharzia (Schistosomiasis). Schistosomiasis is the disease
caused by the worm Schistosoma haematobium or S. mansoni. The
worm uses human beings as a primary host and snails as a secon-
dary one. One of the chief ways of improving agricultural pro-
duction in many parts of Africa is manipulation and control of
water resources by dam construction and irrigation schemes. How-
ever, the reliability of water resources is not all that is en-
sured. In addition to creating dependable water resources,
transmission networks are often produced for the diffusion of
snails, which are the intermediate host of the schistosome. In-
deed, the World Health Organization commented: "The incidence of
bilharzia has increased but it is of man's doing. As he con-
structs dams, irrigation ditches, etc., to alleviate the world's
hunger, he sets up the ideal conditions.., for the spread of the
disease" (WHO, 1961, p. 431). Such schemes also tend to foster
dense populations--both human and snail--and thereby increase
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rates of transmission. Because many new projects serve as foci
for migrations of labor forces, they result in population con-
centration, and often the introduction of the schistosome itself
(by workers from endemic areas). And, in passing, it may be
noted that of the ti 'o types of schistosomiasis--the urinary or
vesical (due to Schistosoma haematobium), and the more severe
form, intestinal ilh(arzia(due to Schistosoma mansoni), it is
the latter which is mainly increased by the irrigation schemes
(Alves, 1958). Thus irrigation, as an example of a technological
improvement oriented to increasing agricultural yield, poses many
health problems. Closer attention to bilharzia implications of
expanding irrigation schemes is necessary in Africa (Waddy,
1966).

Insofar, then, as the opening up of Africa means, in part,
the tapping of considerable hydroelectric potential for the de-
velopment of irrigation systems, it should be recognized that
with every mile of water the bilharzia snail will very often ap-
pear.

Its debilitating effects will strike man down and make him
an unproductive worker. And as the World Health Organization
noted with respect to the planning, and therefore preventive,
phase, "The! successful attack on the disease will be accomplished
by a team: the engineer, the malacologist, the parasitologist,
the sanitarian, the physician, and the chemist, widely divergent
in training, speaking in the beginning different technical lan-
guages, but with a common purpose in mind" (WHO, 1953, quoted by
Odei, 1961c). Such a plea for interdisciplinary coordination and
planning is echoed by Lanoix (1958), who notes that irrigation
systems have also been indicated by eipdemiologists and other
health authorities as the causal agents of several other diseases
of man, such as enteric bacterial infections, diarrheas, cercar-
ial dermatitis, guinea worm, polio and possibly histoplasmosis;
such irrigation systems also provide suitable breeding places for
dangerous insect vectors of malaria, dengue, encephalitis and
filariasis. Thomas (1965), in dealing with the ecology of a
small man-made lake in Ghana, has studied the great variety and
number of potentially dangerous pathogenic parasites, of both man
and domestic animals, for which an aquatic environment is neces-
sary. The numerous possibilities for the inadvertent spread of
disease created by the spread of irrigation systems or the im-
pounding of water can be seen in Appendix.

As far as general prevalence is concerned, it may be noted
that bilharzia data on fourteen selected African countries col-
lected by McMullen (1963) show that out of a population of 100
million persons, there were some 34 million infected. More than
50% of the population is infected in five of these countries:
Egypt, 14 million out of 26 million; Ivory Coast, 1.75 million
out of 3.1 million; Mozambique, 4.5 million out of 6.5 million;
Rhodesia, 2.2 million out of 3.12 million; Tanzania, 5 million
out of 9.5 million.
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Other more specific rates and incidence patterns are those
for French West Africa in 1952, which showed case mortality rates
from vesical schistosomiasis of 0.3%, i.e., 3 per 1000, and that
from intestial schistosomiasis of 1.46%, i.e., 14.6 per 1000
(Odei, 1961 c).

Egypt, with its vast irrigation network, is the most heavily
infected country in the continent. A study in 1949 claimed that
"since the erection of the [first] Aswan dam, bilharzia has
spread out and health and mentality of the individual deterio-
rated." For example, in four selected areas in a three-year
period bilharzia infection rates increased as follows: from 10%
to 44%, from 7% to 50%, from 11% to 64%, from 2% to 75% (Lanoix,
1958).

Bilharzia is spreading gradually toward the west in Uganda.
One study reports that S. mansoni is most prevalent in the
Nile valley and along the shores of Lake Albert. In this dis-
ease, as in others, seasonal migration plays a role in the trans-
mission (Nelson, 1958). In Kenya, the Lake Victoria area is one
of the hyperendemic areas of Africa, with percentages for school
children running up to 100%. Tanzania is likely to become a
classic example of the dangers inherent in the economic opening
up of Africa by irrigation and water conservation projects. It
appears that infection is already fairly widespread throughout
the country, but rates are not yet very high. However, irriga-
tion schemes are certain to increase snail populations so that
considerable epidemic bilharzia can be expected in the future
(Alves, 1958).

In the Upper Volta Republic, about 50% of the population,
more than 1.5 million people, are infected at some time during
their life with S. haematobium. Yet here, as an example of a
general point of this paper, an analysis in public health terms
indicates that programs of bilharzia control are usually not of
much practical value. One reason for this failure is that they
are not combined with an integrated approach to general problems
of environmental and urban sanitation. Ouagadougou, for example,
has two public lavatories for a population of seventy thousand.
Pollution by human waste along with refuse from houses and mar-
kets accumulate and offer harbor foi flies and rats (McMullen and
Francotte, 1962).

In the southwest Gambia coastal village of Kartung, the in-
fection rates for the various age groups were as follows: 3 to
10 years, 59%; 11 to 12 years, 91%; 21 to 30 years, 52% (Odei,
1961a). The decline in rates was probably due both to mortality
and development of immunity. It may be predicted that the Volta
River irrigation scheme in Ghana will result in the spread of the
snail hosts and convergence of infected peoples. In north Ni-
geria, in the Wulago region near Lake Chad, important irrigation
works have been built, but in a location that reinforces an ex-
isting focus of bilharzia (Odei, 1961a).
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The Gezira area of the Republic of the Sudan provides a par-
ticularly good example of the dangers of lack of ecological fore-
sight. The welfare and prosperity of this area is significant to
the country as a whole because the Gezira provides nearly one-
third of the total revenue of the country. Before 1925, the
people of the Gezira lived under primitive conditions, wholly de-
pendcrt upon grain cultivation (mostly millet). Drinking water
was scarce and drought was common. In 1918, work began on the
dam at Sennar and it was completed after World War I. When the
irrigation works were completed, cotton was planted and yielded
abundantly. Prosperity came to the region.

Approximately three years after the establishment of irri-
gation, however, disease-transmitting snail vectors began to ap-
pear in the irrigation canals. The snail population increased
from 1931 to 1953. The influx of migratory workers to the cotton
fields, first from neighboring areas, then from western Sudan,
and finally from West Africa, also increased. By 1954, half a
million people worked regularly in the Gezira area. The total
number of temporary migrants fluctuatei between 150,000 and
200,000 per annum.

In 1942, attention was drawn to thi ever increasing inci-
dence of bilharzia, which, it is believed, was introduced into
the area by the migrant workers from West Africa. In 1947, field
investigatons in northern Gezira showed a mean incidence of 21%
among adults and 45% among children. Another survey showed that
infection rates among males were twice as high as infection rates
among females. Much of the bilharzia in Gezira is the more viru-
lent intestinal variety, S. mansoni (El-Nagar, 1958).

In Nigeria, an irrigated sugar-cane scheme was recently in-
stituted at Bacita on the river Niger east of Jebba. It
attracted large numbers of people to an already endemic area. At
the beginning of the season, the recruited labor force- had a S.
haematobium rate of 6.5%. At the end of the season, the rate w-as
20%. A preliminary morbidity survey showed the prelavence of not
only S. haematobium but also S. mansoni in the area. It seems
clear, therfore, that the Bacita scheme will increase the rate of
transmission of intestinal as well as urinary bilharzia in this
area by exposing a large number of people who are drawing there
by economic opportunity (Thomson, 1967).

Another example is found in Yo, northern Nigeria in the Lake
Chad Basin, where the River Yobe separates Nigeria from the Niger
Republic to the north. The irrigation system functions for only
four months of the year, but is sufficient to serve as a trans-
mitter of both S. haematobium and S. mansoni. Here S. mansoni
infected 15% of Ue irrigation staff and 10% of the locIa-I popula-
tion. Liver enlargement was found in 18% of the adult villagers
examined, and spleen enlargement in 17%. The possibility that
schistosomiasis can produce serious liver damage may also be con-
sidered in this area. Here, as at Bacita, the main effect of

11-103



irritation appears to have been the attraction of more people to
natural transmission sites as well as the creation of new modes
of transmission through the network of irrigation (Thomson,
1967).

Irrigation schemes are being rapidly developed in Tanzania,
and there is fear of increased bilharzial infection. Until re-
cently, the only large-scale scheme was at Arusha Chini where
sugar has been grown for several decades. But, between 1955 and
1961, nine new schemes were started, and, in addition, another
fifteen are now proposed. Since both forms of bilharzia, S.
mansoni and S. haematobium, are endemic in many areas of Tan-

'zania, it seems inevitable that the disease will spread and be-
come severe as irrigation networks are developed and concentra-
tions of human populations around them increase. And in many
cases, migrant workers carry infection into the new irrigation
scheme and establish a focus of transmission. For example, in
one particular scheme, when the labor force was examined in an
initial data setting survey, it was found that 1425 (86%) out of
a total sample of 1652 came from areas where S. haematobium is
endemic, and 320 (19%) came from areas wherTe S. mansoni is
endemic (Sturrock, 1965).

In the Mbarali irrigation scheme, Rufiji Basin, Tanzania,
development began in 1950 and settlement started in 1961. Sur-
veys of bilharzial infection were made in 1962, 1963, and 1965.
In the four-year period from 1962 through 1965, the S.
haematobium rate remained stable, ranging from 9.5% in 1962 to
8.7% in 1965. The S. mansoni infection, rate, however, increased
from 14.5% in 1962 to 28.90% in 1965. In the age group 5 to 9
years, the infection increased from 16.3% to 39.5%; age group 20
to 39 years, 17.3% to 26.4%; age group 40 years and over, 24.0%
to 35.0%. The S. mansoni rates were also differentiated accord-
ing to occupatT-on Senior African Supervisors' infection in-
creased from 2.5% to 12.8%, while Tenant Laborers' rose from
34.7% to 63.7%. Intestinal bilharzia is thus seriously increas-
ing at both socioeconomic levels, and its prevalence is five
times greater among tenant laborers, who work more in water on
the irrigation scheme itself and whose villages are badly situ-
ated in relation to the irrigation scheme. The planned villages,
in which the tenant laborers live, are all in the irrigated area
and consist of mud huts which lack sanitation and depend for
water on the secondary canal system of the irrigation scheme it-
self. This scheme provides numerous transmission sites. One of
the obvious conclusions to be drawn is that all people moving
into a new irrigation scheme should be examined for bilharzia,
and infected persons treated (Sturrock, 1965).

In Tanzania, some five million people are infected. From
northwest Tanzania, on the shores of Lake Victoria, figures from
an unselected community sample indicate that S. mansoni infec-
tions are light but S. haematobium is rampant in the area, giving
rise to hydronephrosTs, ureteric lesions or non-functioning kid-
neys in more than 20% of the children and in over 10% of the
adults (Forsyth and Bradley, 1966).
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In 1954, the Department of Health in Rhodesia warned that
large-scale irrigation projects might well wreck the health of
the country and bring the most grandiose of schemes to an end.
For example, one of the first irrigation schemes established in
that country after World War II has been a complete failure and
is now largely abandoned because the effezts of malaria and bil-
harzia were not calculated (Lanoix, 1958).

In Rhodesia, a study of parasitic infection among 80 labor-
ers on a tobacco farm showed that 45 had S. haematobium, 18 had
S. mansoni, and 11 had hookworm. The investigator, however, did
not feel that these parasite loads impaired the performance of
these laborers to any great degree (Young, 1955). But this ob-
servation was impressionistic rather than based on systematic
data.

In the Republic of South Africa, bilharzia is ,ell known in
Natal and is now also being reported in the Transaal, particu-
larly in the eastern low veld and in the north. It is likely
that the extension of irrigation schemes in these areas will make
the Transvaal a much more dangerous area than Natal. The S.
haematobium incidence was only slightly higher among Africans on
European farms in the north and east of Transvaal than in the
African reservations (Anneche, 1955). However, the S. mansoni
infection rate was 68.5% on the European farms, as compared to
33.4% on the reserves. The difference presumably resulted from
the irrigation on the European farms.

Again in the Transvaal, on protected farms in the irrigated
low veld the infection rates for Africans were 29.3% and 49% for
S. mansoni and S. haematobium, respectively. On farms without
control, the S. mansoni rate was 68.5% and the S. haematobium
rate was 66.7%. On the African reserves the S. haematobium rate
was comparable to that of the unprotected -arms, but the S.
mansoni rate was lower (Anneche, 1955).

It appears that bilharzia is spreading into Southwest
Africa: S. haematobium and S. mansoni have been found in the eastCaprivi §-rip next tambia. The disease has also been found in

the Okovango swamp at Maum, where previous surveys had been nega-
tive. The swamp provides an ideal snail habitat, and therefore
the disease dangers are very considerable in this area. No bil-
harzia is found at present in Ovamboland, but a major water
diversion scheme is planned whereby the Kunene River water in
Angola will be conveyed through canals into Ovamboland for water
supplies and possible irrigation in this densely populated area.
When it is completed, bilharzia, which is present in the southern
Angola rivers, will probably spread into Ovamboland (Geldenhuys
et al., 1967).

Other kinds of occupational activity or development schemes
which involve manipulation of water resources may also assist the
spread of bilharzia. In the southern part of Cameroon, for exam-
ple, it is noted that rice cultivation is eminently favorable for
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the spread of infection, since dangerous transmission sites in-
clude slow-moving streams, ponds and marshes (Odei, 1961a).
Liberia serves as anothe:r example. There, bilharzia is an occu-
pational disease among women who spend a great deal of their time
washing clothes along riverbanks. In the marshes of the coastal
areas in Portuguese Guinea women grow the main crop, rice. They
consequently develop a high rate of vesical bilharzia (Odei,
1961c). At another development project in a low-lying area of
eastern Kenya, a rice scheme was developed which was a focus for
bilharzia; in this case, however, attempts are being made to con-
troJ the snail habitat. In rural areas where bilharzia infection
is endemic, such scattered foci present a very difficult problem
for public health planners because any water-connected develop-
ment activity, such as a rice scheme, or the construction of
fishponds, compounds the problem immeasurably (Fendall and
Grounds, 1965b).

Numerous other deleterious effects of the disease c,2n alsc
be noted. On the basis of a study in Dakar, it is believed that
schistosomiasis may give rise to cirrhosis (Charmot, 1954).
Furthermore, it is possible that bilharzial infection can
adversely affect nutrition. Disorders in the conversion of the
amino acid tryptophan to nicotinic acid (the vitamin niacin) have
been encountered in bilharzial cases. This would be significant
in the upset of protein metabolism and in the increased likeli-
hood of pellagra, another extensive public health problem in
Africa (Mousa et al., 1967). Regarding another complication,
King (1965) reports that Bantu mineworkers in South Africa who
have schistosomiasis develop irreversible urinary lesions with
genito-urinary complicatons.

In this discussion, we cannot further develop the associated
physiological concomitants of the disease. That is more properly
done by specialists in the field. We would, however, with Farooq
(1964), point to the widespread problem of decreased labor output
in areas of endemicity.

During 1962 and 1963, an attempt was made to assess the eco-
nomic effect of chronic schistosomiasis among a labor force of
young male African adults employed on an irrigated estate at
Arusha Chini in northern Tanzania. Some 75% of recruits in 1963
had current or previous experience with schistosomiasis. Workers
lived in camps provided with bore-hole water, washing places, and
latrine facilities. But where irrigation water ran close to
habitation, it was used for domestic purposes. Because latrine
facilities were available in the camp but not in the fields, con-
tamination of canals and reservoirs by infected persons was wide-
spread. Transmission continued. Data on daily absenteeism indi-
cated that schistosomiasis was second only to injury among prin-
cipal causes of lost working time (Foster, 1967a).

Estimates were made of the annual cost in lower productivity
ascribable to schistosomiasis. Without control, the cost of
schistosomiasis is L st. 2.6 per worker per annum. The cost is

11-106



made up of the following four items: direct treatment, additonal
absenteeism, additional inpatient treatment, and additional out-
patient treatment. With control, the annual cost of schistoso-
miasis per worker is L st. 5 per worker per annum. Control costs
are made up as follows: molluscicide, additional staff, trans-
port and application, treatment of new labor and dependents.
With control, and the resulting increase in worker productivity,
the saving is h st. 1 per worker per annum (Foster, 1967b).

In Africa, the distribution of the snail hosts of bilharzia
is more widespread than the distribution of schistosomes. There-
fore, the disease can easily spread over a much wider area than
it covers at present. Since man is the primary carrier of the
disease, its spread is greatly fostered by migration, by concen-
tration around water holes, and by development of new ways of
farming which implicate surface water resources (Odei, 1961c). A
technique for measuring the spread of bilharzia that might be of
help to epidemiologists in the development of the preventive mea-
sures is to ascertain the incidence of the disease by age groups.
Normally, the measurable incidence, if not the actual incidence,
is highest in young persons and somewhat lower in the adult popu-
lation. In areas where it is believed that the disease has been
recently introduced, measurable adult infection rates are signif-
icantly higher. Figures on incidence by age groups would help to
portray the geographical spread of the disease.

Malaria. There are three types of malaria in Africa, caused
by three different but closely related parasites: Plasmodium
falciparum, Plasmodium malariae, and Plasmodium vivax. Plasmo-
dium falciiarum is the most common. The vector of-edisease is
the anopheline mosquito; two varieties are widespread and rele-
vant to the dissemination of the parasite in Africa: Anopheles
gambiae and Anopheles funestus.

When malaria does not kill, it debilitates. Victims develop
a variety of symptoms: anemia, fever, high blood parasite level,
and spleen enlargement. Populations in malarious regions are
also characterized by high infant mortality and a greater suscep-
tibility to many kinds of infection; in additon, pregnant women
frequently suffer miscarriage as a result of the disease (Cannon,
1958). Thus, malaria contributes to the severity and exacerba-
tion of a variety of morbid conditions in a population.

With malaria, as with bilharzia, the construction of irriga-
tion schemes and expansion of agricultural programs has facili-
tated the spread of the disease; indeed, the spread of malaria in
Africa was probably facilitated from the beginning by man's own
constructive activities. Livingstone, for example, notes that
the clearing of tropical forests for agricultural purposes and
the establishment of thatched-roofed permanent villages provided
ideal habitats for Anopheles gambiae (1958). Similar processes,
and similar effects, continue today. Wilson (L957) made a plea
for coordinated environmental planning in this respect. The
fears he expressed were realized in the Taveta area of Kenya and
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Tanzania when water from springs in the Kilimanjaro area was
diverted for irrigation purposes and thereby provided ideal
breeding sites for mosquitoes (Smith and Draper, 1959).

The fact that mosquitoes cannot transmit malaria directly to
each other makes man's role in its diffusion a primary one; and
widespread population movements in Africa, both those linked with
traditional patterns such as pastoral nomadism and those linked
with modern developments such as labor migration, are among the
outstanding contributory features in this respect. As such,
migrations both facilitate the spread of malaria and create seri-
ous difficulties in its eradication. Since most of these popula-
tion movements are essentially uncontrolled and many are inter-
territorial and international, they often hamper effective eradi-
cation and control programs through the reinfection possible in
uncontrolled areas. In fact, the eradication and control of
malaria in Africa today increasingly has more to do with under--
standing and control of the human relations aspect of the problem
than with the biological aspects. The techniques of the malari-
ologists and entomologists are well established, as are methods
of eradication (the main purpose of which is to interrupt the
transmission cycle); but what remains is the articulation of
these techniques within widely differing physical and socio-
cultural environments. Population instability and movement is
only one consideration; the ways in which a population is dis-
tributed, its settlement patterns, house types, farming prac-
tices, communication patterns, and water-use patterns, are also
important aspects of a malaria eradication campaign. It is in
the area of the complex interrelationships among the parasite,
the vector, and man that further data and studies are needed
(Prothero, 1961; Fonaroff, 1963).

Malaria and attempts to control or eradicate the disease
prove that the quest for health is continuous and that there is
only temporary respite. Malarial programs are waging a continual
fight to keep ahead of the proliferation of insecticide-resistant
strains of the insect vectors which, through processes of natural
selection, adaptive capabilities, and enormous reproductive
capacity, are multiplying the disease threat. In a sense, the
more control is attempted, the more the problem is eAacerbated
because of the need for new research to develop more effective
and more specific insecticides. It might almost be said that
unless the transmission cycle is broken at other points, insecti-
cide spraying of the insect vector creates a new environment, an
environment of "development," and is an attack on a problem which
itself has been created by earlier spraying--a "disease of
development."

This point has been documented in a number of studies. The
study by Bruce-Chwatt (1956) with regard to DDT and dielrin is a
good example. After a four-year spraying campaign in the region
of Thies, Senegal, the parasite rate among children under age
fourteen was reduced from 22% to only 1%. However, the disease
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rebounded to 16% within only a year. In the opinion of the
researcher, this rebound occurred because of the adaptation of
the mosquito vector to the new environmental conditions (Escudie
and Abonnenc, 1958). In the Para area of Tanzania, there was
another outbreak of malaria transmission based on similar fac-
tors. The spraying campaign ceased in 1959, and thirteen months
after the final round of dieldrin spraying, parasite rates had
sharply increased, from a low figure of about 5% only six months
after the cessation of the spraying campaign, to an average rate
of 30% for children from 2 to 9 years. The factor causing the
rebound was the development of a new strain of Anopheles gambiae.
Because the transmission cycle was not completely brokenby the
spray campaign, human susceptibility to the disease actually in-
creas.!d rather than diminished (Pringle, 1967).

Resistance of mosquito vectors to insecticides has three
forms: (1) simple behavioristic, (2) excito-repellency, (3) phy-
siological. Behavioristic resistance occurs when an insect popu-
lation changes its habits to avoid contact with the insecticide.
For example, mosquitoes may try to rest on clothing or furniture
or leave the house immediately after taking a blood meal, instead
of resting on the walls of a room. Excito-repelency is a form
of hypersensitivity to n insecticide. When a mosquito comes
into contact with the poison, it may take off again before it has
received a lethal dose. Physiological resistance arises when
strains of mosquitoes emerge which are genetically tolerant to
doses of toxicants which would be lethal for the majority of the
mosquito population of the same species. It is this latter kind
of resistance which poses such a severe problem and which has
developed as a result of man's own Lctivities in spraying cam-
paigns. In 1967, the WHO Expert Committee on malaria reported
that twenty-four vector species of Anoheles show resistance to
dieldrin, DDT, or both. In sixteen countries, eleven of these
ty2nty-four vector species showed double resistance, which is
much more difficult to counter than single resistance.

It is therefore clear that no single method will rid the
world of malaria. Combination programs incorpor.ating techniques
such as spraying, draining marshland, clearing of the bush, and
mass chemotheraOy and chemoprophylaxis have the best chance of
success although even with these measures it should be recognized
that there may be a serious problem of drug resistance to the
chemicals. Although such programs might be expensive to mount
and complicated to administer, there is no question of the over-
all gain in terms of worker well-being and productivity. In the
Transvaal and Natal, for example, malaria control programs de-
creased worker absenteeism by at least 30%; and in Rhodesia an
antimalaria campaign reduced absenteeism during the harvest sea-
son in the Mazoe Valley from 25% to almost nothing (Winslow,
1951, pp. 24, 25; quoted Jn Taylor and Hall, 1967).

It is not appropriate here to enter into complicated matters
of the economics of labor supply; but insofar as much of the
worker absenteeism in developing countries is of an erratic and
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aperiodic nature (thereby making permanent replacement of trained
workers from the unemployed pool difficult to accomplish), one
further observation is relevant to the general issue. Calcula-
tions by Mushkin are reported to the effect that in a hypotheti-
cal developing country, with 80,% of its population affected by
malaria, for example (which wodild decrease productivity of agri-
cultural workers by 30% during a three-month period), the output
loss in the agricultural sector would be 6%. If agriculture
accounted for one-third of the total output, the gross national
product would be diminished by 1% for that period alone; and over
a twelve-month period the locs would be 4% (Taylor and Hall,
1967). Of course, the specifics of such calculations might well
vary; but what is quite clear is that sick workers simply do not
work as well, nor as regularly, as those who have their health.
Even an effective antimalarial campaign brings other problems.
First, the complete eradication of malaria from holoendemic areas
will increase susceptibility so that any attacks that do occur
after the campaign will tend to be more crippling to adults.
Thus, in the long run, partial control may prove to be a social
detriment. Secondly, the demographic effects of an antimalarial
campaign will include a rise in the rates of population increase.
In fact, the rate of increase may exceed that of food resources.
Other problems, such as malnutrition, may arise because anti-
malarial campaigns lead to a sharp increase in birth rates and
sharp decrease in death rates (Learmonth, 1954; Cannon, 1958).
In the short run, too, it is foreseeable that a sharp reduction
of infant mortality rates (as, for example, from a successful
antimalarial program) will lead to protein-calorie malnutrition
because more surviving infants are competing for limited supplies
of breast milk and other protein supplies. Thus, even an effec-
tive antimalaria campaign may at best substitute complex new
problems for old ones.

Rural Malnutrition. Many traditional African diets provide
an excellent and well-rounded nutritional regime, especially
where there is no population pressure and no cash-cropping. For
example, the Karamojong of Uganda possess many cattle, which are
the mainstay of their economic and social life. Sorghum, milk
and blood are the main foods and meat is eaten in times of
famine. In this situatin, protein-calorie malnutrition is rare
(Jelliffe et al., 1964). The Mabaans occupy the bush country in
the southeastern part of Sudan near the Ethiopian border, and
they, too, have an excellent nutritional status; there are no
nutritional deficiencies. Their major foods, all rich in pro-
tein, are guinea fowl, rodents, game, millet, sorghum, nuts, and
dried fish (Rosen et al., 1962). In short, many indigenous diets
are good diets which--iclude a high proportion of protein-rich
foods. Considerably more research, however, is needed in this
area (Jelliffe, 1955).

On the other hand, it should also be noted that in numerous
cases culturally-based food taboos prevent consumption of animal
protein which is available for either an entire group or for
special classes of persons in the group. These food taboos play
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a part in denying children some of the vital nutritional elements
required. In 'the Ankole area of Uganda, for example, many weaned
children are deprived of goat milk because the goats are not used
for this prupooe; of eggs, because they are believed to be un-
suitable for human consumption; and of meat and fish, or even an
adequate quantity of cow's milk, because of the expense. The
value of vegetable protein, as in beans, peas, and ground nuts,
is likewise not appreciated (Cook, 1966).

The introduction of cash crops in the colonial period often
led to the neglect of traditional diets and proper food produc-
tion. In many African countries, a high proportion of the men
engaged in farming are still concerned primarily with cash-crop
producton, and the vigorous efforts to increase cash-crop yields
have often been at the expense of subsistence farming. This is
observable, for example, in the cocoa and coffee-growing dis-
tricts of West Africa, where the best lands are used for cash-
crop purposes. In many areas such a concentration of cash-crop
production has reduced the quantity of locally produced food.
Meanwhile, income derived from cash crops is subject to wide
fluctuations and is not in every case wisely spent or wisely
spread out. Lump sums derived from bulk sales tend to be quickly
spent on items such as educaton fees or clothes and status sym-
bols, leaving little for food purchases (Hendrickse, 1966).

In this connection, a study of the effects of cocoa produc-
tion in West Africa are pertinent:

Economically, the most important finding for the country
which came out of our survey concerns the cocoa villages. Cocoa
is one of the best cash crops in the world, giving the highest
cash yield for the smallest energy output. One might therefore
expect the cocoa villagers to be well off, well fed, happy and
gay. We found exactly the reverse. The people were dull, apa-
thetic and unhappy. Their villages were run down, dirty and
dilapidated and their children naked, pot-bellied and sickly.
The reason for this is that it is not enough to introduce a
highly paying cash crop to an illiterate peasantry and expect
them to profit by it. What happens is that it tends to kill
their traditional life, merely putting money in their pockets for
a short period in the year, during which time they enjoy them-
selves. When the money gets scarce, months before the next har-
vest, they find themselves short of everything. In a pure cocoa
village they have given up most of their land for cocoa and are
no longer able to till the ground for food.... Hence, with their
money running out they can only buy the cheapest of food, e.g.
cassava. and yam .... At Igun [West Nigerian cocoa village] the
villagers are apathetic, complaining if asked questions, and
appear devitalized and sick. (Collis et al., 1962b, pp. 223-24)

Cash-crop production of mainly coffee and cotton in the Kil-
imanjaro District of Tanzania, mostly by the Chagga people, leads
to some neglect of local diets. The main crops are bananas,
pulses, maize and yams. The diet is very high in starch and, not
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surprisingly, kwashiorkor is the main form of protein-calorie
malnutrition (PCM) found in this area. It is observable in 2% of
the children (Marealle and Kazungu, 1964). The real incidence of
PCM will probably be much higher than the 2% figure for
kwashiorkor, since subclinical PCM and post-PCM cases should be
taken into consideration for such an assessment.

There are other examples of deleterious effects on diet and
nutritional health following government programs. The Hadza (or
Watindiga) are a small hunting and gathering tribe living in the
tsetse-infested savanna adjacent to Lake Eyasi in northern Tan-
zania. It is believed that they may be related to the Bushmen of
South Africa. Their diet consists of grain and gathered fruits,
seeds and berries. Intercourse is forbidden during the prolonged
lactations. At five months children are given bone marrow, seeds
and pre-chewed meat. Overall, their nutritional status is excel-
lent, and dental caries are almost absent. But tsetse clearance
programs are changing the ecologic and nutritional status of this
group. Because of tsetse clearance, surrounding tribes are
encroaching upon Hadza territory, and diet changes are inevit-
able. Corn meal, which can bring PCM and pellagra, is starting
to make inroads on the diet (Jelliffe, Bennett et al., 1962).

The Lugbara, a large tribe living on both sides of the
Congo-Uganda border, traditionally had a high-protein diet.
Feeding and weaning of infants was satisfactory. The tribe had a
high intake of beans, milk, peas, ground nuts, and sesame seeds;
and their main food crops were millets and sorghum. Such a diet
kept PCM incidence low. Following famines in the West Nile Dis-
trict, however, a law was introduced in 1950 requiring every
householder to plant half an acre of cassava, a plant with very
low protein content. The crop has now become a secondary staple,
and if its cultivation further increases, as it may well do, the
nutritional implications are obvious (Jelliffe, Bennett et al.,
1962b). With mounting population pressure in rural areas, tFeh-re
is an inevetiable tendency to change from protein-rich staples,
such as millet and sorghum, to carbohydrate staples, such as
cassava, yams and plantain. Areas of high rural population den-
sity are usually characterized by a dependence upon starchy sta-
ples, which yield more calories but less protein to the acre.
For example, cassava produces four to five times the calories per
unit area as does millet:
2Table from J.F. Brock and M. Autert, 1952.
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Table 7-1

CALORIES PER HECTARE OF
AFRICAN CROPS

Cassava 7090
Maize 2845
Rice 2151
Sorghum 1654
Millet 1530

However, from the nutritional point of view, protein supplies are
vital. Comparative3 protein content of various African foods are
shown in Table 7-2.

In such areas with considerable dependence upon starchy sta-
ples lacking supplementation, PCM is usually found. For example,
in the Kayonza District of Kigezi, Uganda, a densely populated
area in which the major food staple is plantain, a high

Table 7-2

GRAMS OF PROTEIN PER 100 CALORIES

Dried fish 15.3
Soya (whole dry seed) 11.3
Beef 9.6
Beans or Peas 6.4
Ground nuts 4.7
Millet (Pennisetum) 3.4
Sorghum vulgare 2.9
Maize (w ole meal) 2.6
Yams 2.3
Plantain 1.0
Cassava (fresh) 0.83
Cassava (flour) 0.44

incidence of PCM is found among the Bachiga children. This has
occurred because of pressure on the land (Jelliffe et al., 1961).

When regional surveys of foodstuffs are taken into consider-
ation with population density, they give a good indication of
patterns of nutritional risks. In the Buganda region of Uganda,
for example, there is a heavy dependence upon plantains (46%),
at the expense of cereals (11.3%), pulses (9.7%), and animal pro-
ducts (4.2%). These figures express the percentage of total
calories derived from the sources indicated. In Buganda there-
fore, protein intake is low, especially when compared to the
northern region of Uganda, where total calories derived from
cereals, pulses, and animal products were 39.3%, 24.1%, and 5.2%

31bid.
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respectively. While the protein intake in the northern region is
much better, cassava has recently spread into northern Uganda and
at present accounts for 24.2% of total calories (Burgess, 1962).

The development of hybrids is often hailed as the agricul-
turists' answer to the problem of population increase. And al-
though hybrids do produce spectacular increases in yields, it is
sometimes the case that protein content in hybrids is lower than
in unimproved varieties. For example, Japanese hybrid rice has a
5% protein content (as compared to 10% for other rice), and U.S.
hybrid maize has a 6% to 8% protein content (as compared to
Nigerian or Brazilian maize with 10%). Allowances should be made
for these differences in rural development planning; in particu-
lar, the amino acid composition of those food crops selected for
promotion in rural areas should be carefully considered.

Much of the acute rural poverty on the South African re-
serves, where there is heavy soil erosion and serious malnutri-
tion, is a consequence of the phenomenon of urbanization, for the
rural hinterlands of towns serve as labor reservoirs. Government
restrictions on movement mean that wives and children are lef.. on
the reserves, in many instances to fend for themselves, while the
men work in the towns. Food production consequently, has fallen
rapidly behind food needs on the Bantu reserves (Fox, 1954).

A study of an African reserve in northeast Transvaal
(Sekhukuniland) clearly shows some of the severe social and nu-
tritional problems. Soil is poor and rainfall is highly seasonal
and sparse--averaging only 23 inches per year. Women and chil-
dren form the bulk of the population because the able-bodied men
have migrated to the cities. Child wastage because of malnutri-
tion is an important problem. This study, among numerous others,
illustrates the nutritional stress of the transition from tribal
life to wage-economy in South Africa (Waldmann, 1960).

In one health survey of a rural Zulu community in southwest
Natal, in the Polela District, it was shown that about three-
fourths of the males between 25 and 40 years are absent from the
community most of the time. Although from 1945 to 1955, health,
education and welfare services aimed at improving the nutritional
status of infants and at developing preventive measures pushed
down the infant annual mortality rate from 202 to 86, the present
high mortality levels caused by poverty and malnutrition cannot
be reduced without economic assistance (Bennett, 1960).

THE ROLE OF URBANIZATION

The relationship between "development" and urbanization is
obviously not a simple one.- But that there is a relationship of
evolving complexity in today's context of accelerating urbaniza-
tion all over the continent is quite clear (Steel, 1961). Many
of the tangible instances of "development" schemes (schools,
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amenities, multifarious goods, occasional wage-jobs, health
clinics, etc.) are concentrated in towns and cities, and whether
accurately or not, the city or town is taken as the exemplar of
the process of betterment. It thus serves as the magnet drawing
population from a hinterland, and creates that mix of peoples and
ideas which, in the absence of ameliorating influences, is com-
monly predispositional to diverse pathology (Brockington, 1958,
Chap. 10). The growth of urban areas in many parts of Africa
today may therefore be taken as at least a corollary, if not a
simple result, of developmental ideologies and programs. But it
is a corollary which includes many ecologically based conditions
conducive to widespread pathology. Such pathology is both physi-
cally rooted (as in crowded and unsanitary living conditions) and
psychosocially rooted (as in widespread conditions of anxiety and
stress deriving from econowic deprivation, unemployment, physical
threats, insecurity and social alienation).

Recalling the pathogenic conditions accompanying the indus.-
trial development of the Western world, a fairly recent summation
(1959) by the World Health Organization of African urban condi-
tions is pertinent, and essentially unchanged in its gross de-
tails today:

The situation created by the rapid urbanization of Africa
was examined by the WHO Regional Committee for Africa at its
ninth session in Nairobi in September 1959. The influx of immi-
grants into the towns leads to overcrowding, which in turn pro-
duces water shortages, overloading of existing sewage disposal
systems, the creation of fresh sanitary problems in towns without
such systems, and the risk of spread of infectious diseases. The
rural immigrant ... is the least adequately protected of all town
dwellers from the standpoint of environmental sanitation because
of his poverty and his ignorance of the ways of the town. He is
poorly housed and badly fed; he is without access to a wholesome
water supply; his personal hygiene is of the lowest standard.
Sanitary measures seem to be designed less to protect his health
than to protect the town community from any infection he might
carry. His attempts to earn a living by hawking food and drink,
for example, are frowned upon. Householders are prevented by
anticrowding measures from giving him cheap shelter. His very
presence in the town is discouraged, not only by the health
authorities but also by the police. He accordingly settles out-
side the town, entering it daily to look for employment; and the
overcrowded, unsanitary hovels in which he and his fellow-
immigrants live form the peri-urban slums, the "shanty towns," of
modern Africa. From the sanitary aspect Engels' description of
the Manchester slums in 1844 is applicable to these shanty towns.
Sanitation is non-existent, and open drains run down what passes
for streets. The shanties are built of mud and wattle, old
packing-cases, or kerosene tins, with tattered blankets as doors.
Children crawl among the uncollected rubbish or in the drains.
Water has to be fetched from a pump, well or tap, and may be con-
taminated. The atmosphere is unlikely to be polluted, as it was
so often in Industrial Revolution towns, and the warmer climate
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leads to life being spent out of doors to an extent not possible
in more northern latitudes; but the climate also encourages vast
numbers of flies and mosquitos and, in places, the snails which
transimit bilharziasis. Occasional floods convert the ground into
a quagmire. Malaria, the diarrhoeal diseases, tuberculosis, bil-
harziasis, and the helminthiases all abound. Malnutrition is
common, with its train of deficiency diseases and kwashiorkor.
The destruction of tribal traditions and the general social dis-
organization lead to alcoholism, prostitution, and veneral dis-
ease; and mental disorders are frequent. Morbidity and mortality
are both high. (WHO, 1960, p. 176)

Urbanization is perhaps the most salient social and economic
feature in the life of Africa today. While populations of Afri-
can countries are doubling in a period of from twenty-five to
forty years, African urban populations are doubling in less than
fifteen years. The towns in Senegal have increased by more than
100% in a decade. Enugu, in Nigeria, was an empty site in 1914
and now has a population of more than eighty thousand; Ibadan,
also in Nigeria, has trebled its population in twenty years. And
much if this population concentration is packed into the peri-
urban fringes, slums and shantytowns. A recent housing survey in
Jinja, Uganda, for example, showed that one-third of the workers
live in mud-and-thatch- or metal-roofed huts on the fringe of
town, and such peri-urban slums are a constant feature of the
large cities and towns (Fendall, 1963). Migrants to these slums
often lack a good understanding of how to operate in a monetary
economy, and face the stresses of unemployment and social hetero-
geneity often without the support of traditional relationships
(Fendall, 1963; Little, 1966).

Such social heterogeneity--particulary in the "new" towns
and cities of Nairobi, Johannesburg, Abidjan, Dakar, Freetown,
Accra, Lagos, and IKumasi--is manifested not only in economic and
wealth differentials, but also in considerable tribal and lin-
guistic diversity (H. Kuper, 1965). In Accra, for example, more
than sixty ethnic groups are represented. Many people are
strangers to each other; they huddle together in areas where
there are kinsmen who speak their languages; they feel a sense of
estranqement from much of their environment. An additional
socially disruptive feature is that many towns (especially in
industrial or mining areas) have an excess of males, particularly
single males, or married men without their families.

The stresses which affect life are therefore not simply
those relating to the traditional concerns of public health; they
also derive from the psychosocial dimension of a human environ-
ment. For man lives not only in terms of physical parameters; he
is also enmeshed in a framework of social relationships which
constitute varying patterns of threat and support. He functions
within a symbolically transmitted framework of values and orien-
tations which define the nature of legitimate goals, means, and
aspirations. One salient feature of the widespread phenomenon of
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urbanization in Africa today is the disruption of these frame-
works of social relationsips and value systems. This social
aspect of the urban context is described by us in aother work.
(Hughes and Hunter, 1968). Here we shall review some of the
primarily organic pathogenic conditons, focusing on communicable
diseases and malnutrition.

Nonpsychological Disorders and Pathogenic Conditions:
Tuberculosis and Other Communicable Diseases. The association
between heal tFi status and overcrowde, unsanitary conditons is
well known in public health literature. Africa's towns are no
exception to this maxim; they serve as the breeding ground and
restrvoir for many diseases of mass contact: whooping cough,
smallpox, polio, malaria, typhoid, gastroenteritis. Many exam-
ples of overcrowing can be cited. There is the case of Kericho,
a small town in Kenya, where two-fifths of all families live in
single rooms (Fendall, 1959).

Tuberculosis is commonly associated with other diseases such
as malnutrition, anemia, helminth diseases, and malaria. Not
unexpectedly, then, tuberculosis in Africa is primarily an urgan
slum disease. In Kenya it is of fairly recent origin. Reports of
the disease from the coast early in this century describe it as
"galloping consumption," of acute onset and rapid fatality.
Immediately after World War II the disease assumed primarily an
urban locale, and in the last twenty years the most prevalent
type of tuberculosis has changed from tuberculosis septicemia to
chronic pulmonary tuberculosis. A 1948 survey estimated a rate
of proved and suspected cases at 11.1 per 1000 for the country as
a whole.

A WHO survey of 1958 and 1959 in Kenya confirmed that the
disease was more prevalent in central and coastal regions than
elsewhere. Except for the Lake Victoria region, these regions
have higher humidity and greater population densities than any-
where else in the country (Fendall and Grounds, 1965a). Indeed,
the disease is most closely tied to the density of population
rather than to any other single feature of the urban milieu. A
study in Kenya corroborates the finding of the highest rural
rates in areas of highest population concentration: the Myeri
district, an area in which the population has almost doubled in
the last twenty years, is associated with a concomitant precipi-
tous increase in tuberculosis (Turner, 1962). Another study
similarly reports the highest prevalence in the Zambian country-
side in those areas of highest population density (Grave and
Ililonga, 1962).

A TB study of forty,-four thousand African childcen in
Rhodesia showed the highest rates in urban areas (Shennan, 1960).
Another study of children in the Kano area of Northern Nigeria
showed an infection rate in the congested central area almost
twice as high as the infection rates in the better-quality
housing of the suburbs and villages (McArdle, 1961). And a gen-
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eral WHO summary of TB surveys in African countries shows that
the highest rates are found among men rather than women, and in
urban rather than rural areas. These data support the inference
of a close relationship between the migration or labor to con-
gested urban areas and the prevalance of the disease (Roelsgaard
et al., 1964).

Through migration, especially labor migration, TB, orginat-
ing in urban slum areas, is being transmitted to the rural areas
in Africa. These areas then become additional foci (e.g., Fen-
dall and Grounds, 1965a). Migrants, for example, come to town
for work and contract TB there, and then often return to their
rural homeland because they are too sick to work. One study
traces the diffusion of the disease from Abidjan to rural areas
in the Ivory Coast (Delormas, 1960). Another example of TB
spread by such migrant labor occurs in Gao. Many farmers of Gao
apparently contracted the disease while they were working or
searching for work in Ghana. One practical implicatin would be
the impositon of control and inspection of migrants returning
from Ghana to Gao (Plessis et al., 1959).

Urban Malnutrition. Protein-calorie malnutrition is emerg-
ing as a significant force in the rapidly growing towns of Africa
as well as in rural areas. Urban diets, in fact, are often
deficient in vitamins, minerals, and proteins. These deficien-
cies occur, in part, when important nutritional elements are lost
in the processing of grains and cereals (Jelliffe, 1962; Mead,
1955). Traditional. methods of preparing these plants for con-
sumption in the countryside do not result in comparable vitiation
of nutritional elements. One study of polyneuropathy (a condi-
tion strongly related to pellagra) in Dar es Salaam, Tanzania,
indicates that the condition is probably of nutritional origin
and could be based on the use of highly refined (and therefore
niacin- and thiamine-deficient) maize flour (Ebrahin and Haddock,
1964). Kwashiorkor and marasmus were found in some 2% of the
children in a sample in Dar es Salaam. These diseases occurred
because of high starch diets and, in some cases, early weaning
followed by poorly administered artificial feeding (Marealle et
al., 1964).

The Acholi peoples inhabit the north central part of Uganda.
In a study comparing rural Acholi with urban Acholi the latter
were found to have a higher rate of PCM, presumably because of
the substitution of maize flour and other foods for traditional
vegetable proteins, including millet, sesame seed and ground nuts
(Jelliffe, Bennett et al., 1963). In Durban, where 1565 cases of
kw-ashiorkor in children admitted to clinics were studied, the
peak age of prevalence was 1 to 3 years. Fifty-three per cent of
the children died, and in some instances their condition was com-
plicated by pneumonia and gastroenteritis. Excessive use of
starch products was judged to be the main reason for the poor
diets of these urban Africans (Scragg and Rubidge, 1960).
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Several factors are implicated in urban malnutrition. One
of the chief culprits is money and the high cost of protein-rich
foods. The urban environment, to a much greater extent than the
rural, revolves, of course, around a money economy. This factor
is the core of many aspects of the malnutrition often found as a
concomitant of the shift from rural to urban areas (Mead, 1955).
A study done in West Africa, for example, indicates that malnu-
trition is more common in urban and peri-urban areas than in
rural areas. It states that the value of money income in the
towns is diminished by (1) obligatory expenditures such as rents,
transportation expenses, and clothing; (2) by higher food prices;
and (3) by having limited and even no access to home-produced
foodstuffs (Hendrickse, 1966). But there are other features in a
mo±&: ry economy which are detrimental to nutritional standards.
One study, for example (Fendall, 1963), shows that twice as much
is spent on food in the first ten days immediately after payday
than in the last ten days of the month. Similarly, three times
as much is spent on alcohol in the first ten days than in the
last ten days.

When men work in towns and live without their families, they
frequently feed themselves much less adequately than when they
live in the rural areas. They lack women's expertise in food
preparation and purchase. They often eat in canteens which pro-
vide monotonous and poor-quality diets. Living in towns also
frequently leads to extramaritil liaisons which involve a man in
a new set of familial obligations under which either his village
family or his city family will suffer financially (Hendrickse,
1966).

Because of less effective child care in the towns, urbaniza-
tion frequently results in infant malnutrition. In the towns
considerable pressure is placed on young mothers to go to work.
In their mother's absence, babies from two to three months old
are often cared for by children from seven to ten years old. The
diet for such babies is often poorly prepared canned foods. This
poor diet can produce gastroenteritis and eventual malnutrition
(Fendall, 1963). Kahn (1962) also reports kwashiorkor in chil-
dren of working mothers.

Not only are there fewer relatives to help care for the
children in towns and cities, but there is also less sunlight and
therefore more rickets. In addition, there tends to be earlier
weaning in the town than the country, with consequent intake of
less protein. Subsistence depends mainly on expensive and poorly
carried out artificial diets (Jelliffe, 1962).

Ignorant and uninformed adoption of European-type baby
bottle-feeding also contributes to infant malnutrition in the
towns. The practice of feeding powdered milk to babies is rapid-
ly growing in urban areas, but this practice is being used by
women with no knowledge of hygiene, no ability to read the in-
structions on the can, and no money with which to buy sufficient
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powdered milk. Thus, diluted powdered milk from dirty bottles
and dirty teats is substituted for breast milk. This leads to
malnutrition and dietary disorders such as marasmus, diarrhea, or
vomiting (Cook, 1966). Welbourn (1958) also comments on the un-
informed use of bottle-feeding and its deleterious effects. In
Uganda, bottle-fed children were two pounds lighter in average
weight than breast-fed children.

It is worth looking at some specific studies of relation-
ships between overall physical and mental development and early
protein dificiency. For eleven years, Stoch and Smythe studied
twenty Cape colored infants who were grossly undernourished dur-
ing infancy. The undernourished group lived under unhealthful
slum conditions in one-room shanties built on sand without any
sanitary facilities. Those who lived in houses were crowded into
unventilated dark back rooms. Thirteen were illegitimate and, in
another three cases, the fathers had deserted. Mothers appeared
too apathetic to care for their children. Social workers and
district nurses repeatedly requested the mothers to take their
children to municipal soup kitchens or to clinics for meals but
there was little cooperation. Compared to matched controls, the
head circumference, height, weight, intellectual and psycholog-
ical assessment and encephalograms of these children show that
undernutrition during the period of active brain growth has re-
sulted in a significant reduction in brain size and impairment of
intellectual development (Stoch and Smythe, 1963, 1967).

In brief the findings are as follows (1967):

Table 7-3

Under-
Control nourished Magnitude
Group Group of Difference

Average head
circumference 52.04 cm 49.58 cm 2.46 cm smaller

Average height 133.68 cm 125.73 cm 7.95 cm shorter
Average weight 29.45 kg 24.38 kg 5.07 kg lighter

In addition, electroencephalogram data indicate that twelve of
the undernourished children had poorly formed low-voltage alpha
waves with poor response to eye opening, whereas seventeen of the
controls had well-formed high-voltage alpha waves, especially
posteriorly, with an excellent responje to eye opening. In terms
of the New South African Intelligence Scale (not standardized for
Cape colored children), the mean for the control group was 76.70,
and that for the undernourished group, 61.15--some 15.5 points
lower.

Another study points to the same result--i.e., long-term
crippling effects from nutritional deficiencies in early infancy,
the period of maximum brain growth. From 1953 to 1964, data were
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collected on 1094 autopsies performed at the Mulago Hospital at
Kampala, Uganda, on children from the age of birth to fifteen
years old. The children were divided into two groups: those who
had suffered from malnourishment and those who had not. The
malnourished children had been afflicted with kwashiorkor or
marasmus. In each autopsy the child's brain was weighed. The
findings for the age group 4 to 5 years indicated that the non-
malnourished brain weight was 1127 grams, and the malnourished
brain weight, 985 grams. The malnourished brain was 13% lighter
than the non-malnourished brain (Brown, 1965).

At birth the human brain is approximately 40% of its adult
weight; it increases to 70% after one year and to 80% by the age
of two years. The brain increases in weight in incremental
stages, but because of the metabolic stability of many of its
constituents, once these constituents are laid down they may be
inaccessible to the general metabolic pools of the body in times
of shortage. Therefore, even good nutrition in later life cannot
repair the irreversible damage done to the brain in infancy, dam-
age which may well result in poor learning capacity in adult life
(Brown, 1965; Scrimshaw, 1968). Such an assertion is supported
not only by clinical experience with human beings, biit also by
experimental data on animals such as the pig and the rat (Barnes,
1967). A recent article covering studies of this kind notes that
they

... indicate that poverty and the poor nutrition that almost
invariably accompanies it may bring into the world children
who are less able to learn and to earn than their genetic
potential would otherwise allow.

The studies give the expression "food for thought" a
new dimension. They have shown that children who receive
inadequate nourishment both before and shortly after birth
suffer a diminished capacity for intellectual achievement.

In fact, studies of infants and laboratory animals have
indicated that children inadequately nourished while still
in the womb may start life with a subnormal number of brain
cells--a deficit which can never be made up. (Brody, 1968)

Thus, the concept of a close, reciprocal interrelation be-
tween aspects of organic growth and psychological capacity, in-
fluenced by both a social and an ecologic context, is a critical
area for further research. Indeed, the spiraling effect, once
set in motion, is difficult to break. Cravioto, after commenting
on the pervasive and permanent psychobiological effects of pro-
tein malnutrition in Central America, another "underdeveloped"
area, says on the "PCM spiral":

A low level of adaptive capacity, ignorance, social custom,
infection, or environmental paucity of foodstuffs appears to re-
sult in malnutrition, which may produce a large pool of individ-
uals who come to function in sub-optimal ways. Such persons are
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themselves more ready to be victims of ignorance and less effec-
tive than would be the case in their social adaptations. (1966,
p. 320)

A concept like the PCM spiral would seem to be particularly use-
ful in understanding many aspects of the social history of West
and Equatorial Africa. Vansina (1966) discusses the rise and
fall of traditional political-military empires in the Congo in
terms of the spread of cassava, a very-low-protein staple.
Dependence on cassava is predispositional to the development of
kwashiorkor and other deficiency diseases. Such a "cassava belt"
stretches along the coast of West Africa where kwashiorkor was
first clinically described. And the tragic events of today in
eastern Nigeria and Biafra are only too compelling in their
underscoring of the close relationship between a protein-adequate
diet and effective bodily and psychological functioning. On the
latter note--that of the interpenetration of "social" or "politi-
cal" events and nutritional health--one may recall the pessimis-
tic appraisal by the African pediatrician Hendrickse, who said:

The high incidence of nutritional disorders in Africa today
reflects the seriousness of the social and economic problems of
the people of Africa. Current trends in African affairs offer
little hope of improvement. On the contrary, the direction of
social change and the long-term effects of economic policies cur-
rently in operation will inevitably iesult in deterioration cf
the present position. Meanwhile, the unstable political situa-
tion in the continent threatens constantly to disrupt the exist-
ing economic structure and to precipitate disaster. (Hendrickse,
1966, p. 346)

Beyond the obvious clinical cases of protein deficiency in
African children in the towns, there are numerous cases of sub-
clinical protein-calorie malnutrition, sometimes known as m'l-
moderate malnutrition. It is difficult to diagnose. Children
suffering from mild-moderate malnutrition are not suffering from
kwashiorkor nor are they visibly emaciated yet they are com-
pletely outside of the normal range of body weight for age, and
they have an increased susceptibility to disease. How conon
this nutritional growth failure is can be judged by field surveys
of preschool children and records of young-child clinics that
often show that between 15% and 30% of children weigh below 75%
of that which is normal for their age, and therefore fall into
this mild-moderate malnutrition group (Cook, 1966).

Thus, it would appear that the major benefit of urbanization
for child nutrition is the provision of clinics and other health
facilities in which mothers can eventually be educated and severe
cases of malnutrition can be treated. But thus far the over-
whelming impact of the urban environment on child and adult
nutrition has been negative.

In conclusion, we firmly assert that programs of economic or
agricultural development, population relocation, industrial con-
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struction, or any program which either deliberately or inadver-
tently changes pre-existing relationships between man and any
aspect of his environment must be viewed from the outset in an
ecologic framework. We must realize the serious hidden costs of
a new "ecologic contract" between man and his surroundings. Per-
haps it would be useful for public health specialists to start
talking about a new category of diseases analogous to the
"iatrogenic" diseases known in medicine. Such diseases could be
called the "diseases of development" and would consist of those
pathological conditions which are based on the usually unantici-
pated consequences of the implementation of developmental
schemes.
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Appendix

SOME PARASITES OF MAN AND DOMESTIC AITIMALS IN AFRICA FOR WHICH AN AQUATIC ENVIRONMENT IS OBLIGATORY
(Thomas, 1965)

PARASITES OF MAN

MOST COMMON DIS-
PARASITES INTERMEDIATE HOST METHOD OF INFECTION EASES TRANSMITTED

Virus:
About 32 mosquito-borne viruses are Mosquito Mosquito bite Yellow ever, dengue fever

a.sociated with human infections

Protozoa:
Trypanosoma gambiense Dutton Gloulna palpalis and Tsetse bite Trypanosomlasis (Gambian

G. tachinoldes (found near water) sleeping sickness)
Plaunodium spp. Mosquitoes Mosquito bite P. vhlcx: benign tertian

m-ria
P. mtlariae: quartan

malaria
P. ovale: mild tertian

malaria
P. falciparum: malignant

subtertian malaria

Nematoda:
Wuchee, bancroftl (Cobbold) Mosquitoes Insect biting man Bancrofti an filariasis

(elephantiasis)
Setaria cqulna (Abildgard) Simulium, mosquitoes Insect biting man
Dipetalonena perstans (Manson) Mosquitoes. Culicolde.s Snudium, Insect biting man

tabanids, Pulex, ticks
Dipctalonema streptocerca (Macfle and Carson) Culicoidex Insect biting man
Mansonella oz:ardi (Manson) Culicoider. Simulium Insect biting man
Dirofilaria repens (Raillict and Henry) Mosquitoes Insect biting man
Loa 16a (Guyot) Chrysops Insect biting man Loli.s fcalabarswelling)
Onchocerca volvulus (Leuckart) Simulium Insect bitir4g man Onchocerciasis (river

blindness)
Dracunculus niedinensi (L) Copepods Drinking water containing Dracunculiasis (Guinean

infested copcpods worm)

7ramatoda"
Fasciola gigauntca Cobbold Aquatic snail Infective st.gc on water Fascioliasis (river fluke)

plants



PARASITES or MAN

MOST COMMON IIS-
PARASITES INTERMEDIATE HOST METHOD OF INFECTION EASES TRANSMITTED

Trematoda: (con iinued)
Fasciolopsi:fitelleboni Rodenwaidt Aquatic snail Infective st%.-e on water

plants
Heterophyes heterophye. (Siebold) Aquatic snail, fish Infective stage in fish Intestinal fluke
*Stictidora tridactyla Martin and Kintz Aquatic snail, fLsh Infective stage iin fish Intestinal fluke
*Echinostoina rcvohtum (Froclici) Aquatic snail Infective stage, in snail or Intestinal fluke

second intcrnicdiatc host

Echinoparyphium recurvatuin (Unslow) Aquatic snails, frogs Infective stage in snails or
frogs

Paragonimus Wcsternan! (Kcrbert) Aquatic snail, crustacean Infective stage in crustaceafl Paragonimlasis flung fluke)
Schistosoina ,nansoni Sambon Aquatic snail Infective larvae enter Intestinal schistosomiasis

through skin of man
Schistosoma haematobiun (Bilharz) Aquatic snail Infective larvae enter Genitourinary

through skin of man schistosomiasisI-A

K) Watsonhis watonsi (Coryngzm) Aquatic snail Infective st.ges op water Intestinal fluke
tn plants

Cestoda:
Diphyllobothrfum sp. larva Copcpod, man Infective stage in copepod Broad fish tapeworm
*Spirometra pretonensis (Baer) Cogepod, reptiles, amphibia, mare- Infective stage in interme-

mals (including man) diatehost

PARASITES OF DOMESTIC ANIMALS

PARASITES INTERMEDIATE HOST METHOD OF INFECTION

.Protozoa:
Trypanosoma brucet Glosshin palpalis arid other Glossina sp. Mcchanically by Bi'ing of cattle, sheep, goats, camels, pigs, dogs, etc., by flies

tabanids or iosquitocs
Trypanosona Pi'iax Glos:hza pa.lis, cc. Also ,ccl'anically by tabanids Pliting of cattle, shecep, goats, camels, pigs, dogg. etc., by flies

Trenatoda:
Fasciola gigantica Cobbold Snail Eating infested vegetation
Paramphistonnun ccrvi Snail Eating infested vegetation
Paramphisomnurn microbothrium Snail Eating infested vegetation

Frischoeder
Cotylophoron cotylophorm (Fr'schoeder Snail Eating irifestcd vegetation

*Recorded in Africa but In main malian host: other than man. However, man is a potential host.



Appendix (continued)

PARASITES OF DOM EST!C ANIMALS

PARASITES INTERMEDIATE HOST METHOD OF INFECTION

Trematoda: (continued)
Gastrodircus acrg,'iacus Cobbo!d Snail Eatng inrested vegetatien
Scli.oso,na bo'is (Sonsno) Snail Infective stages penctralc skin
Sehistosonar matthcel Vcglia and Snail Infective stages penvtxatc skin

ia Roux
Schistosota Iciperi (la Roux) Snail Ir.fcctive stages penetrate skin
Schisrosomna nzargrehowicl (la Roux) Snail Infective stages penetate skir
SJhistosoma curassoni Brunipt Snail Infective stiges penetrate skin

Nematoda:
Setaric equina (Abildgaard) Simurium, mosquitoes Fly biting horse
Scriria djiitata (Linstow) Mosquitoes Fly biting sheep, horse
Setaria labiato papillosa (Alesc) Mosquito Fly biting cattle, sheep
Dipetalonema ruandae Fain and Herin Fly biting cattle
Bnigia patti (Buckley e a.) Mosquitoes Fly biting dog
Dirofilaria inm itis (Leidy) Mosquitoes, ticks Fly biting dog, cat, etr.
Dirofilaria repens (Railliet and Henry) Mosquito Fly biting dog
Onchoccerca armillata (Raillict and Fly biting cattle

llenry)
Onchoccrca fasciata Railliet and 7 Fly biting camel

Ilenry
Onchoccrca gibsoni (Cleland and Culicolda Fly biting cattle

Johnston)
Ondloc'rca gutturosa (Ncumann) Simuliwm Fly biting cattle
Elaeophora porli (Vryburg) ? Fly biting ox
DCL".uuLs mcdinensis (L.) Copepods Cattle, dog, ctc.., drinking water contahinng Infested copepods



REFERENCES

Abedi, Z. H., and Miller, Max J. "Roadside Tsetse Hazard in
Liberia." Amer. J. Trop. Med. and Hyg., 13 (1964), 499-504.

Alves, William. "T-e-CHalenge oF--Bi-harzia in a Developing
Africa." Optima, 8 (1958), 139-46.

Anneche, D. H. S. "Bilharzia in Transvaal." Pub. Health (Johan-
nesburg), 18 (1955), 2-7.

Apted, F. I. C.; Ormerod, W. E.; Smyly, D. P.; Stronach, B. W.;
and Szlamp, E. L. "A Comparative Study of the Epidemiology
of Endemic Rhodesian Sleeping Sickness in Different Parts of
Africa." J. Trop. Med. and Hig., 66 (1963), 1-16.

Barnes, Richard H.; More, A. Ulric; Reid, Ian M.; and Pond, Wil-
son G. "Learning Behaviot Following Nutritiional Depriva-
tions in Early Life." J. Amer. Dietetic Assn., 51 (1967),
34-39.

Bennett, F. J. "Mortality in a Rural Zulu Community." Brit. J.
Preventive and Soc. Med., 14 (1960), 1-8.

Bequaert, Joseph C. "Tsetse Flies in Liberia: Distribution and
Ecology; Possibolities of Control." Amer. J. Trop. Med., 26
(1946), 57-94.

Brock, J. F., and Autert, M. Kwashiorkor in Africa, Geneva:
WHO, 1952.

Brockington, F. World Health. Harmondsworth, England: Penguin
Books, 1958.

Brody, Jane E. "It Really May Be 'Food for Thought."' New York
Times, July 28, 1968, p. 10E.

Brown, Roy E. "Decreased Brain Weight in Malnutrition and Its
Implications." E. Afr. Med. J., 42 (1965), 584-95.

Bruce-Chwatt, L. W. TPr-oblems of Insecticide Resistance in Rela-
tion to Malaria Control in Africa." W. Afr. Med. J., 5
(1956), 47-54.

Burgess, A. P. "Calories and Proteins Available from Local
Sources for Uganda Africans in 1958 and 1959." E. Afr. Med.
J., 39 (1962), 449-63.

Cannon, D. S. H. "Malaria and Prematurity in the Western Region
of Nigeria." Birt. Med. J., Oct. 11, 1958, pp. 877-88.

Charmot, G. "L'etiologie des cirrhoses africaines." Med. Trop.,
14 (1954), 689-702.

Collis, W. R. F.; Dema, J.; and Omololu, A. "The Ecology of
Child Health and Nutrition in Nigerian Villages: Part 1,
Environment, Population and Resources." Trop. and Geogr.
Med., 14 (1962a), 140-63.

_____ "The Ecology of Child Health and Nutrition in Nigerian
Villages: Part Ii, Dietary and Medical Surveys." Trop. and
Geogr. Med., 14 (1962b), 201-29.

Cook, R. "The General Nutritional Problems of Africa." Afr.
Affairs, 65 (1966), 329-40.

Cravioto, Joaquin; Delicardie, Eisa R.; and Birch, Herbert G.
"Nutrition, Growth and Neurointegrative Development: an
Experimental and Ecologic Study." Pediatrics, 38 (1966),
319-72.

11-127



Davey, T. H. Trypanosomiasis in British West Africa. London:
Colonial Office, H.M. Stationery Office, 1948.

Delormas, M. P. "Orientation de la lutte anti tuberculeuse en
Cote d'Ivoire. Med. Afriue Noire, 7 (1960), 281-82.

Deshler, Walter. "Livestock Trypanosomiasis and Human Settlement
in Northeastern Uganda." Geogr. Rev., 50 (1960), 541-54.

Dubos, Rene. Mirage of Health. New York: Harper, 1959.
. Man Adapting. New Haven: Yale University Press, 1965.

Duggan, A. J. "The Occurrence of Human Trypanosomiasis among the
Rukuba Tribe of Northern Nigeria." J. Trop. Med. and Hyq.,
65 (1962), 151-63.

Ebrahin, G. J., and Haddock, D. R. W. "Polyneuropathy of Prob-
able Nutritional Origin in Dar es Salaam, Tanganyika."
Trans. R. Soc. Trop. Med. and F _, 58 (1964), 246-54.

El-Nagar, Hadi. "Control of Schistosomiasis in the Gezira,
Sudan." J. Trop. Med., and HyS., 61 (1958), 231-35.

Escudie, A., and Abonnen-c, E. "Sur le comportement de quelques
anopheles de la region de Thies (Senegal), en zones traitees
par les insecticides a effet remanent." Med. Trop., 18
(1958), 286-303.

Farooq, M. "Medical and Economic Importance of Schistosomiasis."
J. Trop. Med. and Hyg., 67 (1964), 105-12.

Farooq, M.; Samaan, S. A.; and Nielsen, Y. J. "Assessment of
Severity of Disease Caused by Schistosoma haematobium and S.
mansoni in the Egypt--49 Project Area." Bull. WHO, 35
(1966), 389-404.

Fendall, N. R. E. "Housing, Health and Happiness." E. Afr. Med.
J., 36 (1959), 473-85.
• "Public Health and Urbanization in Africa." Pub. Health
Reports, 78 (1963), 569-84.

FendaII, N. R. E., and Grounds, J. G. "The Incidence and Epide-
miology of Disease in Kenya: Part I, Some Diseases of
Social Significance," J. Trop. Med. and HyqL, 68 (1965a),
77-84.
._ "The Incidence and Epidemiology of Disease in Kenya:
Part II, Some Important Communicable Diseases." J. Trop.
Med. and Hyg., 68 (1965b), 113-20.

Fonaroff, L. Schuyler. "Malaria Georgraphy: Problems and Poten-
tials for the Profession." Professional Geographer, 15
(1963), 1-7.

Forsyth, D. M., and Bradley, D. J. "The Consequences of Bil-
harziasis: Medical and Public Health Importance in North-
West Tanzania. Bull. W.H.O., 34 (1966), 715-35.

Fossati, C. "Osservazionii sulla patologia delle parassitosi in-
testinali nei lattani e nei bambini della citta di Bengasi
(Libia) e sobborghi" (Intestinal Parasitic Infections in
Children and Infants in Bengasi, Libya). Giorn. di Malattie
Infettive e Parassit., 16 (1964), 521-27.

Foster, R. "Contributions to the Epidemiology of Human Sleeping
Sickness in Liberia." Trans. R. Soc. Trop. Med. Hy., 57
(1963), 465-75.
. "Schistosomiasis on an Irrigated Estate in East Africa:
Part I, The Background." J. Trop. Med. and Eyg., 70
(1967a), 133-40.

11-128



. "Schistosomiasis on an Irrigated Estate in East Afric',
Part II, Epidemiology." J. Trop. Med. and Hyg., 70 (1967b),
159-68.
. "Schistosomiasis on an' Irrigated Estate in East Africa:
Part III, Effects of Asymptomatic Infection on Health and
Industrial Efficiency." J. Trop. Med. and Hyg., 70 (1967c),
185-95.

Fox, F. W. "Agricultural Foundations of Nutrition." S. Afr. Med.
J., 28 (1954), 97-98, 178-89, 267-68, 361-63, 441-44,
542-46, 649-53, 770-73, 897-99, 1019-22; 29 (1955), 63-66,
282-84.

Geldenhuys, P. J.; Hallet, A. F.; Visser, P. S.; and Malcolm, A.
C. "Bilharzia Survey in the Eastern Caprivi Strip, Northern
Bechuanaland and Northern South West Africa." S. Afr. Med.
J., 41 (1967), 767-71.

Godfrey, D. G.; Killick-Kendrick, R.; and Furguson, W. "Bovine
Trypanosomiasis in Nigeria: IV, Observations on Cattle
Trekked along a Trade Cattle Route through Areas Infested
with Tsetse Fly." Ann. Trop. Med. and Parasit., 59 (1965),
255-69.

Grave, G. F., and Ililonga, M. K. "The Problem of Tuberculosis
in Balovale and Kabompo Districts." Cent. Afr. J. Med., 8
(1962), 216-24.

Hendrickse, R. G. "Some Observations on the Social Backgrokund
to Malnutrition in Tropical Africa." Afr. Affairs, 65
(1966), 341-49.

Hughes, Charles C., and Hunter, John M. "Disease and 'Develop-
ment' in Africa." Paper presented at First International
Conference on Social Science and Medicine, Aberdeen, Scot-
land, September 4-6, 1968. To appear in Social Science and
Medicine, Vol. 4 (1970), 1-51.

Jellif, D. B. Infant Nutrition in the Tropics and Subtropics.
Geneva: WHO, 1955.

"Urbanization and Child Nutrition in Africa." Internat.
Child Welfare Rev., 16 (19,52), 67-73.

Jelliffe, D. B.; Bennett, F. Johm; Jelliffe, E. F. P.; and White,
Richard H. R. "The Ecology of Childhood Disease in the
Kavamajong of Uganda." Arch. Environ. Health, 9 (9164),
25-36.

Jelliffe, D. B.; Bennett, J. F.: Stroud, C. E.; Novotny, M. E.;
Karrach, H. A.; Musoke, L. K.; and Jelliffe, E. F. P.
"Field Survey of the Health of Bachiga Children in the
Kayonza District of Kigezi, Uganda." Amer. J. Trop. Med.
and Eyq., 10 (1961), 435-43.

Jelliffe, D. B.; Bennett, F. J.; Stroud, C. E.; Welbourn, Hebe
F.; Williams, M. C.; and Jelliffe, E. F. P. "The Health of
Acholi Children." Tro. and Geogr. Med., 15 (1963), 411-21.

Jelliffe, E. G., and Jelliffee D. B. 'cIi-modium Cullinan, T.
R.; and Jelliffe, E. F. P. "The Children of the Lugbara."
Tropand Geogr. Med., 14 (1962), 33-50.

Jelliffe, E. G., and Jei-ffe, D. B. "Plasmodium in Ugandan Chil-
dren." Amer. J. Trop. Med. and Eyg., 12 (1963), 296-99.

Jelliffe, D. B.; Woodburn, J.; Bennett, F. J.; and Jelliffe, E.
F. P. "The Children of the Hadza Hunters." J. of Pediat.,
60 (1962), 907-13.

11-129



Jordan, A. M. "Bovine Trypanosomiasis in Nigeria: V, The Tsetse
Fly Challenge to a Herd of Cattle Trekked along a Cattle
Trade Route." Ann. Trop. Med. and Parasit., 59 (1965),
255-69.

Kahn, E. "Protein Malnutrition (Kwashiorkor) in Children of
Working Mothers." S. Afr. Med. J., 36 (1962), 177-78.

King, B. A. "Urinary Bf-lharziai an-d Morbidity, with Special
Reference to the Genito-urinary Surgical Complications." S.
Afr. Med. J., 39 (1965), 1044-48.

Kuper, ila . Urbanization and Migration in West Africa.
Berkeley and Los Angeles: Unversity of Cai fornia Press,
1965.

Kuper, L. "Sociology: Some Aspects of Urban Plural Societies."
In The African World: A Surve of Social Research, Robert
A. Lystad. New York: Frederick A. Praeger, 1965.

Lanoix, Joseph N. "Relation between Irrigation Engineering and
Bilharziasis." Bull. WHO, 18 (1958), 1011-35.

Learmonth, A. T. A. "Maarla: Some Implications of Recent Revo-
lutionary Progress." Geography, 39 (1954), 37-40.

Little, Kenneth. "Some Social Consequences." Afr. Affairs, 65
(1966), 160-69.

Livingstone, Frank B. "Anthropological Implications of Sickle
Cell Gene Distribution in West Africa." Amer. Anthropolo-
gist, 40 (1958).

Mabogunje, Akin L. Yoruba Towns. Ibadan, Nigeria: Ibadan Uni-
versity Press, 1962.

McArdle, E. J. "A Survey of the Tuberculin Reaction of School
Children in Kano Province, N. Nigeria." W. Afr. Med. J., 10
(1961), 98-100.

McMullen, Donald B. "Schistosomiasis Control in Theory and Prac-
tice." Amer. J. T Med. and y 12 (1963), 288-95.

McMullen, DonaB., and Francotte, Jean. "Report on a Prelimi-
nary Survey by the WHO Bilharziasis Advisory Team in Upper
Volta, Bull. WHO, 27 (1962), 5-24.

Marealle, A. L. D.; Kazungu, M.; and Kondakis, X. G. "Cross-
sectional Studies on Protein-Calorie Malnutrition in Tangan-
yika." J. of Trop. Med. and Hyg. 67 (1964), 222-29.

Mead, Margaret, ed. Cultural Patterns and Technical Change. New
York: Mentor Books, 1955.

Morris, K. R. S. "Studies on the Epidemiology of Sleeping Sick-
ness in East Africa: III, The Endemic Area of Lakes Edward
and George in Uganda." Trans. R. Soc. Trop. Med. and Hyq.,
54 (1960), 212-24.

Mousa, A. H.; Abdel Wahab, A. F.; and Mousa, W. "Trypotophan
Metabolism in Hepatoplenic Bilharziasis." Trans. R. Soc.
Trop. Med. and y 61 (1967), 640-47.

Nelson, G. S. Schstosoma mansoni Infection in the West Nile
District of Uganda: Part II, The Distribution of S. mansoni
with a Note on the Probable Vectors." E. Afr. Med. J., 35
(1958), 335-44.
_ "Schistosoma mansoni Infection in the West Nile District
of Uganda: V, Host-Parasite Relationships." E. Afr. Med.
J., 36 (1959), 29-35.

11-130



Odei, M. A. "A Review of the Distribution and Snail Hosts of
Bilharziasis in West Africa: Part I, Gambia, Ghana, Sierra
Leone, Nigeria and British Cameroons." J. Trop. Med. and

. 64 (1961a), 27-41.
_____'A Review of the Distribution and Snail Hosts of Bilhar-

ziasis in West Africa: Part II, French Guinea, Ivory Coast,
Senegal, Togo, Dahomey, Niger, Haute Volta and Sudan." J.
Tro Med. and Hy, 64 (1961b), 64-68.
. Rev3e-wof the Distribution and Snail Hosts of Bilhar-
ziasis in West Africa: Part III, Liberia and Portuguese
Guinea." J. Trop. Med. and H, 64 (1961c), 88-97.

Plessis, J.; Ducloux, M.; Gentiilni, M.; and Sankale M. "La
tuberculose en zone Sahelo--caharienne (Cercle de Gao,
Republique Soudanaise)." Med. Afrique Noire, 6 (1959),
365-68.

Pringle, G. "Malaria in the Pare Area of Tanzania: Part III,
The Course of Malaria Transmission since the Suspension of
an Experimental Programme of Residual Insecticide Spraying."
Trans. R. Soc. Trp. Med. and Hyg., 61 (1967), 69-79.

Prothero, R. Mansell. 'opulion Movements and Problems of
Malaria Eradication in Arica." Bull. WHO, 24 (1961),
405-25.

Migrants and Malaria. London: Longmans, Green, 1965.
Roels-gaard, E.; Iversen, E.; and Blocher, C. "Tuberculosis in

Tropical Africa: an Epidemiological Study." Bull. W.H.O.,
30 (1964), 459-518.

Rosen, Samuel; Bergman, Moe; Plester, Dietrich; El-Mofty, Aly;
and Satti, Mohamed Hamed. "Prebycusis Study of a Relatively
Noise-Free Population of the Sudan." Ann. Otol. Rhinal.
Laryngal., 71 (1962), 727-43.

S:ott, David. "The Epidemiology of Human Trypanosomiasis in
Ashanti, Ghana." J. Trop. Med. and Hy, 60 (1957), 205-14,
238-49, 257-74, 302-15.
. Epidemic Disease in Ghana, 1901-1960. London: Oxford
University Press, 1965.

Scragg, Joan, and Rubidge, Carol. "Kwashiorkor in African Chil-
dren in Durban." Erit. Med. J., Dec. 17, 1960, pp. 1759-66.

Scrimshaw, Nevin S. "Infant Malnutrition and Adult Learning."
Saturday Review, March 16, 1968, pp. 64-66.

Scudder, T. "Man-Made Lakes and Population Resettlement in
Africa." In Man-Made Lakes, ed. R. H. Low-McConnell. Lon-
don and New York: Acade-mic Press, 1966.

Shennan, D. H. "The Evolution of Tuberculosis in Southern
Rhodesia: Part III, Examination: a Comprehensive Tubercu-
lin Survey of the African School Children of Manicaland."
Cent. Afr. J. Med., 6 (1960), 432-46.

Smith, A., and Draper, C. C. "Malaria in the Tareta Area of
Kenya and Tanganyika: Part I, Epidemiology." E. Afr. Med.
J., 36 (1959), 99-113.

Steel, Robert W. "The Towns of Tropical Africa." In Essays on
African Population, eds. K. M. Barbour and R. M. Prothero.
London: Routledge and Kegan Paul, 1961.

11-131



Stephen, L. E. "ObservatioMs on the Resistance of the West Afri-
can N'dama and Zebu Cattle to Trypanosomiasis Following
Challenge by Wild Glossina morsitans from an Early Age."
Ann. Trop. Med. and Parasit., 60 T6), 230-46.

Stoch, M. B., and myt]UT, P. M. "Does Under-nutrition during In-
fancy Inhibit Brain Growth and Subsequent Intellectual
Development?" Archives of Disease in Childhood, 38
(1963), 546-52.

. "The Effect of Undernutrition during Infancy on Subse-
quent Brain Growth and Intellectual Development." S. Afr.
Med. J., 41 (1967), 1027-30.

Sturroc , R. F. "The Development of Irrigation and Its Influence
on the Transmission of Bilharziasis in Tanganyika," Bull.
WHO, 32 (1965), 225-36.
--. "Bilharzia Transmission on a New Tanzanian Irrigation

Scheme." E. Afr. Med. J., 43 (1966), 1-6.
Taylor, Carl E., -an-HalMarie-Francoise. "Health, Population,

and Economic Development." Science, 157 (1967), 651-57.
Thomas, John D. "Some Preliminary Observations on the Ecology of

a Small Man-Made Lake in Tropical Africa." In Ecolgy and
Economic Development in Tropical Africa, ed. DaaV1
Brokensha. Berkeley: Institute of International Studies,
University of California Press, 1965.

Thomson, K. D. B. "Rural Health in Northern Nigeria: Some Re-
cent Developments and Problems." Trans. R. Soc. Trop. Med.
and Eyq., 61 (1967), 277-95.

Turner, P. P. Home Treatment of Tuberculosis in the Nyeri Dis-
trict of Kenya." Tubercle, 43 (1962), 76-82.

Vansina, Jan. Kingdoms of the Savanna. Madison; University of
Wisconsin Press, 1966.

Vaucel, M. A.; Waddy, B. B.; De Andrade da Silva, M. A.; and
Pons, V. E. "Trypanosomiase Africaine chez l'homme e les
animaux." Bull. WHO, 28 (1963), 545-94.

Veatch, Everett P. "Human Trypanosomiasis in Liberia 1941-44. '
Am. J. Tro Med. 26 (1946), 5-56.

Waddy, B. B. Frontiers and Disease in West Africa." J. Trop.
Med. and H ., Vol. 61 (1958).
._ MeTica roblems Arising from the Making of Lakes in The

Tropics." Man-Made Lakes, ed. R. H. Lowe-McConnell.
London and New York: Academic Press Inc., 1966, 87-94.

Waldmann, E. "Child Wastage, Due to Malnutrition in Sekhukuni-
land." Cent. Afr. J. Med., 6 (1960), 298-301.

Welbourn, Hebe F. "Bottle Feeding: a Problem of Modern Civili-
zation." J. Tp Pediat., 3 (1958), 157-66.

Wilson, D. Bags-er. "Construction, Irrigation and Malaria." E.
Afr. Med. J., 34 (1957), 479-85.

World Health Organization. "Health Aspects of Urbanization in
Africa. WHO Chronicle, 14 (1960), 173-79.
• "Bilhar-a." Bull., WHO, 25 (1961), 431-740.

Young, C. N. "ParasltiE In--ection on a Tobacco Farm in the
Umvukwes District." Cent. Afr. J. Med., 1 (1955), 288.

11-132



HEALTH ASPECTS OF ENVIRONMENTAL
POLLUTION CONTROL:

PLANNING AND IMPLEMENTATION OF
NATIONAL PROGRAMMES

Report of a WHO Expert Committeeb

The WHO Expert Committee on the Planning and Administration
of National Programmes for the Control of Adverse Efh'ts of Pol-
lutants met in Geneva from 16 to 22 October 1973. or. P. Do-
rolle, Deputy Director-General., opened the meeting on behalf of
the Director-General. He called attention to the differences
among Member countries with respect to the scope and priorities
of environmental pollution problems. In many countries, both
developing and developed, pollution of the microbiological type
still retained its importance; superimposed were the pollution
problems resulting from urban and industrial development and the
use of chemicals in agriculture, in industry, and in households
in the form of chemical consumer products.

The Committee's tasks were to lay down general principles
for the prevention and abatement of pollution, to delineate the
functions of health authorities in this field, and to provide
practical guidelines for the planning and implementation of na-
tional progranmes for the control of adverse effects of pollu-
tants on man's health and his wellbeing.

1. INTRODUCTION

Many countries state that the protection of human health and
wellbeing is the primary purpose of environmental pollution con-
trol.. In reality, however, there is usually a wide gap between
the philosophy of health protection and policy decisions on en-
vironmental pollution control; this is particularly reflected in
those policy decisions concerned with environmental problems in
which the risk of adverse health effects is uncertain.

a World Health Organization Technical Report Series, No. 554;

World Health Organization, Geneva, 1974

bThis report contains the collective views of an international

group of experts and does not necessarily represent the decisions
or the stated policy of the World Health Organization.

11-133



A review of the historical development of environmental pol-
lution control programmes in industrial countries in the past
decades shows that medical and public health experts had at firstto face the complex question of scientific evidence on cause-
and-effect and dose-response relationships between a pollutant,
or pollutants, and observed adverse effects. Unless these ex-perts could provide satisfactory and convincing evidence of the
adverse effects of pollutants, their opinions were neglected or
even rejected.

More recently, as a result of strong social pressures, med-
ical and public health experts have often been confronted with
the task of providing scientific evidence of safety in a given
environmental pollution dispute. Contrary to the situation inearlier days, it is now frequently assumed that there is a haz-ard, even when no completely satisfactory proof can be provided.

The difficulty at present lies not in the acceptance of the
general philosophy of human health protection but in the con-
vincing presentation of the findings on safety and risk t-human
health arising from defined pollutants. In earlier days the sit-
uation described in the second paragraph of this section was moreprevalent; now, however, in the period of keen social concern
about environmental pollution, the situation described in the
third paragraph has become more prevalent. Both cttitudes areextreme ones. When the existence or absence of adverse effects
cannot be definitely established, it is for the responsible pub-
lic health authorities to decide whether a preventive or a con-
servative attitude should be adopted.

At present the insidious adverse effects, such as carcino-
genic, teratogenic, and mutagenic effects, that may result from
long-term exposure to a pollutant or pollutants are of greater
social concern than the acute or subacute adverse effects. There
is far greater uncertainty about the chronic adverse effects;
nevertheless there is strong pressure for a preventive approach
through prediction and evaluation of such adverse effects of en-
vironmental pollutants.

2. GENERAL CONSIDERATIONS ON A HEALTH-ORIENTED

ENVIRONMENTAL POLLUTION CONTROL PROGRAMME

2.1 Scope of the problem

The environment is considered as polluted when it is altered
in composition or condition, directly or indirectly as a result
of the activities of man, so that it becomes less suitable for
some or all of the uses for which it would be suitable in its
natural state. This definition implies qualitative and quantita-
tive changes in the physical, chemical, and biological properties
of different components of the environment (air, water, soil, andfood, and the occupational, residential, and recreational envir-
onment) that result from intentional or unintentional discharges

11-134



of waste materials or deliberate use of chemicals or dissipation
of energy in the form of heat, noise, vibrations, or radiation.
Pollution thus occurs when environmental changes create or are
likely to create nuisances or hazards to public health, safety,
or welfare, or when they are harmful to domestic, industrial,
agricultural, recreational, or other legitimate uses of environ-
mental components, or to livestock, wild animals, fish, aquatic
life, and other biological species.

The uncontrolled discharge of domestic and municipal sewage,
which always contains a variety of microorganisms, some of which
may be pathogenic, affects water, soil, and food quality. It
will remain the major problem of environmental pollution in most
developing countries for many years to come, whereas in the more
affluent countries it has been largely overcome. The problem of
protecting watercourses from pollution by pathogenic microorgan-
isms is of paramount importance for developing countries, because
of their acute shortage of good-quality drinking water. However,
protection against this type of pollution should not be forgotten
in developed countries, which have areas where biological pollu-
tion is extremely important; recent experience shows that at
certain times some conmunicable diseases related to the biolog-
ical pollution of water and food can cause outbreaks of epidemic
proportions. Existing methods of sewage purification (including
biological treatment) do not completely elimiate microbiological
pollutants and these may in some circumstances give rise to out-
breaks of intestinal diseases.

Highly industrialized countries, however, faze mainly prob-
lems of environmental pollution caused by chemical and physical
agents. Moreover, in the developing countries, there are limited
areas where rapid and uncontrolled urbanization and industrial
development tend to create pollution problems of a more complex
kind.

As nations move towards higher stages of industrial develop-
ment, environmental problems are not necessarily always encoun-
tered in the same order or to the same degree. Because the sit-
uation is continuously shifting, environmental pollution control
programmes must be flexible, adaptive, and innovative.

All aspects of pollution of the environment are directly or
indirectly related to health and wellbeing. For some types of
pollution, epidemiological evidence gathered over many years has
established a definite cause-and-effect relationship. For others
the effects are more subtle, and intensive study is still re-
quired to find out whether they are significantly related to
man's health.

Public health and occupational medicine have played a lead-
ing role in the development of health-oriented environmental pol-
lution control programmes. Public health has provided the epide-
miological approach, laboratory facilities for pollution studies,
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and approaches to water and food control derived from environ-
mental sanitation practices. Occupational medicine, including
toxicological and pharmacological research, has provided some of
the basic knowledge of cause-and-effect and dose-response rela-
tionships between pollutants and adverse effects. Basic sciences
(chemistry, physics, and biology) and engineering sciences have
provided knowledge and understanding of environmental pollution
phenomena. Engineering technology, in conjunction with physics
and chemistry, has provided basic understanding of source control
and the techniques for its application. Various sectors of
administration, such as those concerned with public health,
industry and trade, agriculture and water resources, and trans-
portation and traffic, have gradually been involved in the for-
mulation and development of health-oriented environmental pollu-
tion control policy and programmes.

In the formulation of environmental pollution control pro-
grammes, four basic questions have to be answered: (a) What and
how much should be done? (b) How should it be done? (c) Who
should do it? (d) When should it be done?

(a) What and how much should be done? The answers depend
on the existg--itng a-ti6n and on the--forecast of future develop-
ments. The role of technical agencies is to present clear and
accurate information on the .lternative courses of action avail-
able and to assess the benefits and risk that may result from
different alternatives. Such efforts will enable decision-
makers to establish a policy and choose a course of action. The
increasing number of new chemical contaminants and new oppor-
tunities for physical insults to human health put additional
stress on the necessity for preventive programmes based on the
study of potential or new health hazards of the human environ-
ment.

(b) How should it be done? This question is concerned with
technology andmament. Possible components of a control
programme include the identification and quantification of pollu-
tion sources, baseline surveys, building of monitoring systems,
establishment of acceptable limits for the quality of environ-
mental media, making a choice of control technology, development
of a legal and administrative framework, and the provision of
manpower.

(c) Who should do it? An internal policy decision will be
needed to-cide who--shoould implement the programme and which
government agency should be involved. Since health considera-
tions are of paramount importance, it seems reasonable that
health agencies should participate actively in the promotion,
planning, and evaluation of anti-pollution programmes and proj
ects and be responsible for the setting of health standards for
environmental quality and for environmental health monitoring and
surveillance. On the other hand, the effects of pollution are
far-reaching in nature and in time. Programmes aimed at improv-
ing the environment should therefore be developed cooperatively
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by the agencies concerned and should include representation from
industry and the general public.

(d) When should it be done? The answer to this question
depends on-t e intensit-yo- -- teiproblem and the benefits to be
derived from pollution control, given the possible "trade-off"
that it may permit resources to be diverted to high-priority pro-
grammes of social interest.

Defining national programmes poses a number of problems.
These are related specifically to:

(1) the substantive content of the programmes, including
the understanding of the relatinnships between pollution and
healt1 (this is the major problem); and

(2) the attitudes of the people and institutions involved,
including the political, economic, and social circumstances as
well as the level of development reached.

A distinction must also be made between preventive, cura-
tive, and restorative processes. In addition to measures for
controlling pollution, there is a need for public education pro-
grammes stressing prevention. Both health protection and pollu-
tion control are essentially areas of clear, well-defined respon-
sibility that can be assigned to the relevant authorities. There
exist less clear peripheral problems where the degree of activity
is conditioned by the competition for limited resources.

Two questions compound Lhe issues of the peripheral pro-
blems: on the one hand, it is extremely difficult to obtain a
consensus as to what should be done first and at what cost; and
on the other hand, the traditional competition between various
organizations may cause conflicts of interest that are not easily
solved.

Although health is central to all measures for environmental
management, health services proper are often largely divorced
from the major efforts to control the quality of the environment.
Health authorities must be aware of the levels of pollutants in
the environment, as this knowledge is essential for preventing
and controlling the hazards to man. Concentrations of various
pollutants in air, soil, water, and food must be known, in order
to estimate overall intakes, and the possible relationship be-
tween chronic disease and low-level exposure over many years must
be borne in mind. Such considerations are now &ssuming greater
importance because of new methodologies that allow identification
of potentially toxic substances at very low levels. However,
levels of pollutants in environmental media are not necessarily
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correlated with exposure levels for man. Critical1 pathways for
the exposure of individuals and populations need to be examined.
Exposure to pollutants occurs through air, water, food, and
direct contact with the human body. These exposures may take
place in occupational, community, residential, or recreational
settings. The quantity and quality of total exposure through
multiple routes in various settings are the major issues and
should be carefully investigated. Characteristics of individuals
or specific segments of the population, such as heavy fish-eat-
ing, are important considerations in assessing pollution expo-
sure. Also, criticl populations need to be carefully iden-
tified.

Determination of body burden (i.e., organ or ti-sue burden)
is one way to assess the exposure of an individual to a pollu-
tant. Estimations of the content of mercury in hair, lead in the
blood, cadmium content in the urine, and organochlorine compounds
in fatty tissue are examples of body burden determinations. Ob-
servation of the specific and nonspecific symptom or symptoms can
provide background information for the identification, differen-
tiation, and evaluation of health hazards caused by a pollutant.
In making such an evaluation, consideration should be given to
the reversibility or irreversibility of the disease symptoms and
the fact that complications, recovery, residual disability, and
death are different phases of the disease process. In addition
to these somatic effects, the possibility of genetic effects
should be considered. Also, transplacental transmission leading
to direct fetal exposure should be differentiated from mutagenic
effects.

Consideration must also be given to the transfer of pollu2
tants from the source to environment and then to the target
where effects are produced. Each step of the transfer may have
scientific, technological, administrative, legal, economic, so-
cial, or political implications.

Preventive and control measures can be applied at various
points along the pathway from the pollution source to man. Gen-
erally, control at the source is most efficient, but action can

l"Critical" is used in this report to describe pollutants, path-
ways of exposure, arid groups of the population that deserve pri-
mary consideration (cf. Principles of environmental monitoring
relating to the handling of radioaciTve materials, Oxford, Per-
gamon, 1966: Internationa-T Commission on Radiological Protec-
tion, Publication 7). This use does not in itself entail any
idea of danger.

2 The target (or receptor) is the organism, population, or re-
source to e protected rom specific risks. This definition,
which includes organs ot tissues, was proposed to the United
Nations Conference on the Human Environment in Stockholm, 1972.
See also: The WHO environmental health criteria programme (un-
published document EP/73.1), p. 36.
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be directed to the discharge of pollutants into the environment
(e.g., treatment of waste before discharge); to the various en-
vironmental media (e.g., improving the assimilating capacity of
water bodies); to the prevention or reduction of exposure (e.g.,
quolity control of food products, personal protective devices in
industry, water treatment before distribution into the supply
system); the prevention of adverse effects on exposed individuals
(e.g., immunization); or the treatment of affected population
groups. The effectiveness and the relative cost of the different
measures vary according to the type of pollutint, the principal
pathways of exposure, and the types of effects.

2.2 Present trends and approaches

2.2.1 Principal approaches

There are two principal approaches to environmental pollu-
tion control: (a) environmental quality management, and (b) best
practicable means.

(a) The environmental quality management approach relates
control requirements to the desired quality of environmental
media. Knowledge is required, therefore, not only of the desired
environmental quality but also of the sources of pollution.
Given such basic information, a mathematical model can sometimes
be developed that can be used to forecast future pollution
levels, for example, as a result of increasing urbanization, in-
dustrialization, and economic growth in general. The stringency
of an abatement programme depends on the difference between the
existing or estimated future environmental quality and the de-
sired quality in terms of national standards or goals. When the
necessary reductions in pollutant emissions are estimated, emis-
sion standards can be adopted. Effective application of the en-
vironmental quality management approach requires adequate sur-
veillance networks and the full use of the data gathered.

Environmental quality management is a logical approach. It
encourages the development of coordinated programmes, combining
various activities, such as city planning, industrial develop-
ment, water resource development, and transport policies, in or-
der to achieve and maintain the desired environmental quality.
It has, however, a number of drawbacks. Present knowledge of the
effects of many pollutants is incomplete, so that scientifically
based environmental quality criteria and standards are difficult
to formulate. Emission inventories and pollution transport data
are particularly incomplete and approximate, and the prediction
of environmental quality based on such limited information is
subject to a large margin of error. There is therefore a need
for continuous reappraisal of the adequacy of the predictions
made in the planning stages as additional information becomes

1See also: World Health Organization (1972) Health hazards of
the human environment, Geneva, Part IV.
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available on the performance of control programmes, and programme
readjustments must be made when necess_.-. .

(b) The best practicable means. Approach stresses that the
emt;sion of a pollutant should be kept to a minimum without
reference to environmental quality standards. For this approach
to be effective, there must be an authority to decide in each
case on the best practicable means of controlling the parEcufar
emis-sion. The determination of what constitutes the best avail-
able control technology is not a simple process; the expenditure
that is considered acceptable depends on the effects of pollution
on the environment and human health, and on the political climate
and public opinion. Indirectly, some consideration is given to
environmental quality also in this approach. Because it is more
expensive to introduce controls on existing installations than on
new plants, a practical consequence of the adoption of the best
practicable means approach is that the requirements for new ad
for existing sources of pollution are often different. Emission
standards are used to define the best practicable means for sin-
gle sources.

These two approaches are not mutually exclusive, but comple-

mentary; and in practice they are usually combined.

2.2.2 Environmental impact

There have been several studies aimed at the total environ-
mental assessment of major projects--with a view to predicting
the environmental consequences of the construction and operation
of major works. The methods by which the studies have been
undertaken are variable and reflect specific orientations to the
project category (hydroelectric installations, nuclear power
plants, industrial complexes, transportation facilities, airport
developments).

Environmental impact has been defined as the sum of the
short-,.tern and long-term effects of any proposed action (or ab-
sence of action) on man himself and on the physical, biological,
and socioeconomic environments, including the effects of poli-
cies, legislative proposals, programmes, projects and operational
practices. Att;'ntion needs to be paid to significant adverse
effects on the quality of man's environment, including both those
that affect him directly and those that affect him indirectly
through adverse effects on the environment.

2.2.3 Forecasting potential environmental health hazards

After-the-fact recognition 3f adverse health effects on man
and his environment has prompted administrators and scientists to
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examine potential hazards frcp exposure to new products resulting
from technological advances. It can be predicted that certain
technological possibilities will be realized; for example, alter-
native sources of power will be developed to meet the current
fuel crisis. Other developments, however, may be of a totally
unexpected nature.

In considering technological forecasting one must first
agree on the appropriate time-scale. The turn of the century may
be a useful reference point for forecasting densities and deter-
mining the necessary supplies of food, air, water, and adequate
living space, and the requirements for waste disposal sites.
However, it is even more important to look at the technological
developments that are likely to take place in the near future and
can be examined with a greater degree of assurance that the ex-
trapolations are accurate.

Well-established technologies may be changed because the
demand has increased, because the raw materials needed are no
longer available, or because the cost of processing has ceased to
be profitable. Thus, known toxic products may be produced in in-
creasing amounts or become more difficult to remove. It is also
possible for administrative measures to produce potential health
hazards without the adoption of new technologies, for example, by
blocking old ways of waste disposal. In these situations proper
forecasting is possible without too much uncertainty.

It is clear that in making such evaluations heavy reliance
is placed on known facts about old technologies and less weight
on evaluations of new and untested procedures. Where drastic
changes in technology are made, it is essential to look for
unusual exposure of certain population groups to new chemicals
and by-products, in addition to exposure of the general popula-
tion.

A thorough evaluation is needed of the whole complicated
field of the interactions of old and new pollutants and their
effects on the ecosystem and on the health and wellbeing of man.
This is no easy task because many ill-effects are the results of
long-term exposure to some agents, so that evaluations are not
easily made and experimental data are not readily confirmed by
epidemiological investigations in man. The difficulty in assess-
ing potential health hazards from new technological developments
is further compounded by the fact that those who develop indus-
trial processes are lacking in awareness of the potential damage
to health that might occur.

iSee also: Environmental health criteria: Report of a WHO
Scientific qGrp (unpublished document EP/73.2), chapter 5;
WHO envirnmena health criteria programme (unpublished document
EP/73.I), chapter 6.
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Methods of technological forecasting have yet to be devel-
oped, and little experience is available to indicate how the
resulting information should or will be used by responsible
agencies. However, if such agencies over-react to possible low-
risk threats, new and potentially useful technologies may remain
undeveloped. The development of such technology forecasting
should be approached conservatively and cautiously. It must also
be looked at in the international context. National governments
in neighboring countries may propose very different solutions to
pollution problems. But since pollutants do not recognize
national borders international agreement on methods for the eval-
uation of technological trends and their potential health hazards
is essential.

2.2.4 Management techniques and information processing

It is important for the administrator and others connected
with environmental quality control to become acquainted with
modern management techniques so that they can communicate effec-
tively with the experts.

The problems of environmental pollution control have become
complex as a result of technological advances, and over the past
few years considerable interest has been focused on the use of
modern management techniques. Among many techniques that have
been applied to environmental quality management problems are
techniques based on systems theory, systems analysis (including
linear and non-linear programming), dynamic programming, integer
programming, and stochastic programming; queuing theory; network
techniques, such as programme evaluation and review techniques
(PERT) and the critical path method (CPM); and simulation tech-
niques.

Systems analysis is a strategy for solving problems that
relies heavily on mathematical modeling to assess the technical
and economic merits of alternative systems, designs, policies,
and operating procedures for performing various functions and
meeting various needs with limited resources. It seeks to ra-
tionalize the application of common sense, assisted by mathema-
tics and computer techniques, to the solution of problems of
allocating limited resources to competing activities in an opti-
mal way.

Although they have limitations, systems analysis techniques
have some advantages over traditional methods. First, they pro-
vi,.e for a more effective union of technological and economic
considerations in the formulation and solution of management
problems. Secondly, they provide the means of analyzing alter-
natives and incorporating considerations relating to risk and
uncertainty, factors that should not be ignored although they
cannot be evaluated precisely for many situations.

11-142



Many mathematical management models and optimization techni-
ques would be of academic interest only were it not for the con-
current development of high-speed digital computers. The use of
mathematical models to explain in detail interactions of a large
number of systems components, and the effects of these interac-
tions on total systems cost, performance, or other characteris-
tics obvicusly requires the processing and organization of large
amounts of information. This can be done efficiently only with
high-speed computers.

Limitations in the application of these modern management
methods to environmental pollution problems are of two types:
data limitations and conceptual limitations. Data limitations
arise when insufficient information is available to permit the
determination of critical parameters, costs, functions, or other
variables that may be needed to generate solutions to the mathe-
matical model. Conceptual limitations arise when the structure
of the system and the interrelationships between its components
are not safficiently well understood for the real system to be
represented accurately by means of a mathematical model, or when
the system under investigation is too complex to be represented
by a model.

Perhaps the most serious constraint on the application of
systems analysis to environmental pollution problems relates to
the lack of reliable and informative data. It is not difficult
to conceive of environmental pollution problems that are amenable
in principle to fruitful analysis by these techniques. It is
much less certain, however, whether sufficient and reliable input
data exist for a satisfactory solution to be obtained.

When limitations such as those discussed above are encoun-
tered, the usual management approach is to employ simplifying
assumptions in order to overcome the difficulties . In interpre-
ting--and especially in applying--the results of such a simpli-
fied analysis, it is therefore of the utmost importance to deter-
mine and evaluate the validity of the assumptions used.

In conclusion, these modern management techniques are very
useful tools provided they are applied with caution and by exper-
ienced experts. It should, however, be remembered that they
cannot replace experience and professional judgement.

There are many specific models of information processing,
but they cannot be useful unless there is a will and a common
resolve to reduce the distance that has traditionally separated
professionals, technicians, and administrators working in the
field of environmental health.

3. POLICY FORMULATION

Policies for the control of the adverse effects of pollu-
tants on man's health must clearly be made consonant with the
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other social opjectives and, as another expert committee has
clearly stated, they must fit into the political and administra-
tive framework within which they will be implemented.

3.1 Objectives

The objective of a health-oriented environmental pollution
control programme is to promote better qualipy of life by reduc-
ing pollution to the lowest level possible. An additional ob-
jective is the assessment of possible adverse effects of new or
potential pollutants and the prevention of environmental health
hazards through the control of input of pollutants into the en-
vironment.

Monitoring of pollution and surveillance of the health of
the population are undertaken to assess and evaluate the back-
ground levels and distribution of pollutants in environmental
media and in man. Continuous monitoring and surveillance can
provide important background information and indicate changes in
pollutant levels in the environment and in the target organism.
Special investigations should be carried out to provide the in-
formation necessary for the early detection of specified adverse
effects. Such studies should preferably be focused on critical
population groups exposed to specified pollutants under well-
defined environmental conditions.

Case identification, differential diagnosis, and the subse-
quent treatment and rehabilitation of fictims are the objectives
of action taken in the case of accidental or other episodes of
acute pollution. Special environmental health-care systems, com-
pensation programmes, and the reclamation of the polluted envir-
onment are essential parts of these remedial approaches.

3.2 Priorities

An important problem in making policy decisions on the form-
ulation and development of environmental pollution control pro-
grammes is the identification of priorities. As is pointed out
in the later section on resources (section 5.6), various pro-
grammes compete for the same limited resources and there must be
a correct appraisal of the need for the pollution prevention and
control in relation to other national programmes. Once resources
are allocated to a programme, they must be distributed in some
priority order to the competing components of the programme.
This priority order may differ from one country to another,
depending on local circumstances. For example, microbial pollu-
tants are still much more important for many countries than chem-
ical contaminants, a fact clearly reflected in the high priority
given to basic sanitation in the WHO environmental health pro-
gramme.

1Wld Hlth Or. techn. Rep. Ser., 1970, No. 439.
2Cf. Off. Rec. Wld Hlth Org. 1'", No. 193, p. 114.
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Priorities also differ somewhat within different aspects of
the programme. For example, the pollutant priority for present
regulatory action programmes will be somewhat different from that
for the development of control technology or for research on pol-
lutant health effects. Since all these priorities are based on
the prevention of pollution effects, there are some general prin-
ciples that it is useful to keep in mind when establishing them.
Some of these principles deal with the characterization of the
pollutant itself, and, the population exposed; they have been
summarized as follows:

Severity and frequency of observed or suspected adverse effects
on human health. Of importance are irreversible or chronic
efec-ts, suchas genetic, neurotoxic, carcinogenic, and embryo-
toxic effects including teratogenicity. Continuous of repeated
exposures generally merit a higher priority than isolated or
accidental exposures.

Ubiquity or abundance of the agent in man's environment. Of con-
cern are inadvertently produce-- age-nts, t-he levels of which may
be expected to increase rapidly, and agents that add to a natural
hazard.

Persistence in the environment. Pollutants that resist environ-
mental degracatf-on and accumiuiate, in man, in the environment, or
in food chains, deserve attention.

Environmental transformations or metabolic alterations. Since
these alterations may lead to the production of chemicals that
have greater toxic potential, it may be more important to ascer-
tain the distribution of the derivatives than of the original
agent.

Population exposed. Attention should be paid to exposures in-
volving a large portion of the general population, or occupa-
tional groups, and to selective exposures of highly vulnerable
groups represented by pregnant women, the newborn, children, the
infirm or the aged.

Consideration should also be given to the possibility that a
pollutant may be important in another public health problem,
e.g., that it may contribute to ",he pathogenesis of heart disease
or some other major condition. Such possibilities certainly give
the pollutant a higher priority for research and, if the suspi-
cions are confirmed, they also give it a higher priority for
regulatory or control action.

1Environmental health criteria: Report of a WHO Scientific Group

(unpublished document EP/73..2).
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There are, of course, difficulties in determining priori-
ties. Priority setting may be facilitated by analogy with a
known problem or frustrated by the paucity of knowledge or by
conflicting conclusions from existing research. Other factors,
such as interactions of pollutants, availability of control
measures or techniques of prevention, social awareness of the
problem, social acceptance of the control measures, and availa-
bility of material resources, including trained manpower, can
influence priorities. Previous, WHO reports have dealt with these
considerations in more detail.

3.3 Cost/benefit analysis

Clearly, decisions concerning the degree and nature of pol-
lution control and abatement require a comprehensive estimation
of the costs and benefits involved. However, there is no com-
pletely satisfactory and objective means of arriving at such de-
cisions. Three main reasons for this are pointed o~t in a report
of the Royal Commission on Environmental Pollution.

(a) There are great practical and theoretical difficulties
in measuring all the costs and benefits or reducing
pollution.

(b) Even if all these difficulties could be overcome and
all the data on costs and price collected, acceptance
of the data as "true" measures of the relevant social
costs would involve ethical rather than scientific
judgements and they would be influenced in conflicting
ways by different aspects of our present legal, politi-
cal and social framework.

(c) ... an important consequence of measures to reduce pol-
lution will be that some people will lose while others
will gain. It is true that distributiona effects of
this nature are likely to follow from almost any econo-
mic measures but the special nature of pollution costs,
that is their "externality", is such that the distri-
butional impact of measures to control pollution is
likely to be larger than usual and hence to have impor-
tant political and social implications.

The report goes on to point out that ". ..the difficulties of
obtaining precise scientific measures of the relationship between
the costs and the benefits must not provide a pretext for failure

IThe WHO environmental health criteria programme (unpublished
document EP/73.1); Environmental health criteria: Report of a
WHO Scientific Group (unpublished document EP/73.2).
2Royal Commission on Environmental Pollution (1971) First Report,
London, Her Majesty's Stationery Office.
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to analyze individual pollution problems as carefully and quanti-
tatively as possible..., the difficulties as formidable as they
are, should not prevent us from reaching decisions about the
scale of abatement of pollution which is socially desirable...".

The issue raised in (c) above is that the costs of meeting
the adverse effects of pollution are seldom paid completely by
those who cause it. At this point, governments have to intervene
in the process and allocate responsibility. In simple terms this
can be done by two methods often used in combination: (1) in-
centives not to cause pollution; and (2) deterrents to prevent
pollution from causing harm to others.

The economic approach to pollution control refers to posi-
tive or negative impositions (subsidies or taxes) to achieve an
equitable allocation of costs. Requiring somebody to pay for
damage caused to others forces him to assume increased "private"
costs to offset the "social" costs that are the result of his
actions. It may also be less expensive for the authorities to
subsidize pollution control measures rather than risk the unwil-
lingness or inability of industry to sustain the cost of such
measures, as this may result in unemployment and loss of other
benefits for the region. Generally it is better to keep the two
problems separate and to think in terms of offering both an in-
centive to production and a deterrent to pollution.

The costs of pollution control will vary widely for differ-
ent activities at different levels, but the general approach,
which is now standard, is represented in Fig. 1. Moving to the
right along the horizontal axis signifies a reduction of pollu-
tion resulting from increased control, whether imposed or carried
out voluntarily. The curve C-C represents incremental costs of
control, and the curve B-B re resents the benefits secured by
the decrease in damage as akresult of control.
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FIG. 1. COMPARING THE BENEFITS AND COSTS OF POLLUTION CONTROL
OR ABATEMENT
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FIG. 2. COMPARING THE BENEFITS AND COSTS OF POLLUTIO:N CONTROL
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For society the optimal amount of control is at the point T
since, past that point, the costs of control exceed the benefits
obtained.

This objt.-tive can be secured in two ways, either by the
introduction of a regulatory licence conditional upon control or
by imposing a fee, which would be progressively reduced from B to
X as better control was achieved. Obviously, once the level of
pollution control reaches T, it would be cheaper to pay the fee
than to improve control further.

The double advantage of this method is that the same result
is obtained from the same basic information. Safety factors can
be incorporated either by raising the curve B-B1 or by raising
the level of treatment required.

If the cost of control is reduced through technological
innovation, the curve C-C1 is lowered to c'-C' , as shown in Fig.
2 and there is therefore an incentive to inckease the level of
control to T The net social cost of using licensing, rather
than incentiVes, is represented by the triangle XYZ.

If some pollution is to be permitted, incentives are an
efficient way of allocating "pollution rights". The fees derived
can be used for compensation payments, overall environmental
improvements, ecological research, and other investments that are
difficult to finance by other means.

4. TECHNICAL PROGRAPM COMPONENTS

4.1 Criteria, risk and benefit considerations, and standards

4.1.1 Criteria

Criteria are essential to provide a rational and scientific
foundation for the standajds on which administrative decisions
and actions will be based. Although the terminology in current
use is not uniform, a criterion is generally understood to be a
body of knowledge used as a basis for judgement. As applied to
pollution and its effects, criteria can be defined as information
on exposure-response relationships. In practice, it is usually
difficult to obtain quantitative information on exposure and
response in man, particularly for chronic effects caused by
long-term low-level exposure. Qualitative information can be
obtained more readily. Dose-response relations can be obtained
from animal experiments with a reasonable accuracy, especially
in tests at fairly high levels of exposure, but it is not an easy
task to obtain exposure-response information with satisfactory
accuracy at low levels of exposure.

1See also: The WHO environmental health criteria programme (un-
published document EP/73.1); Enironmental health criteria:
Report of a WHO Scientific Group (unpublished document EP/73.2).
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In retrospective studies in man, information on exposure is
usually seriously limited, and the time periods and levels of ex-
posure pose difficult problems. It should be stressed that, for
epidemiological studies to be meaningful, there should be both
full monitoring of the environmental media to assess exposure and
measurement of effects in the population. Environmental health
epidemiology requires a complex and extensive interdisciplinary
approach with close collaboration among specialists in both the
environmental and the health sciences.

The effects on human health of exposure to environmental
pollution may be either short-lived and reversible or permanent.
Acute and chronic effects may occur after a short-term or single
exposure to a hazardous substance at high concentration, or may
result from low-level long-term exposures, whether continuous or
repeated intermittently. Classical toxicological studies on
animals are generally designed to detect only the acute effects
of short-term exposures. Epidemiological studies of natural
living populations, on the other hand, tend to focus on chronic
effects of long-term exposures. The chronic effects of short-
term exposures and the acute effects of lcng-term exposures are
often neglected. Thus, for example, a single high dose of asbes-
tos (short-term exposure) may cause lung cancer after a lapse of
many years (chronic effect), while an acute heart attack in a
non-smoking urban resident may have resulted from the continuous
stress of city noise, pollution, and crowding (long-term expo-
sure). These associations are difficult to establish scientifi-
cally because cause and effect are often far apart in time.
Ultimately, the ability to associate acute and chronic health
effects with short-term and long-term pollutant exposures is
determined by the current state of etiological knowledge.

When information about exposure-response relationships is
being used in the preparation of criteria documents, the condi-
tions of sampling, analysis, measurement, and data-processing
must be examined in relation to the exposure conditions of the
host (target). Critical evaluation of exposure conditions is

1Criteria are critical summaries of the existing knowledge ready
for application--expressed, if possible, in quantitative terms--
on identifiable immediate and long-term effects on man's health
and welfare which may be expected from the presence (singly or in
combination) of chemical and biological pollutants in air, water,
land and food, or from physical factors such as noise, vibration,
ionizing and non-ionizing radiation, temperature, radiant heat
and humidity, low and high barometric pressure and crowding (Off.
Rec. Wld Hlth Org., 1971 No. 193, p. 98). The Twenty-sixth World
Health Assembiy in 1973 recommended that governments should,
inter alia, participate in the WHO long-term programme in envir-
onmentalFhealth, particularly in the formulation of environmental
health criteria, by contributing reviews on national research re-
lated to the health effects of environmental pollution and other
environmental agents (Resolution WHA 26.58, Off. Rec. Wld Hlth
Org., 1973, No. 209, p. 32).
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the key problem in the assessment of pollution effects in terms
of exposure-response relationships. The information on health
responses is essentially a probelm of identifying sensitive in-
dicators of biological response that can be applied to individ-
uals regardless of whether their exposure is occupational or
otherwise. Medical and public health personnel are then faced
with the problem of deciding whether the objective indicator so
measured represents an adverse health effect.

Criteria documents should be strictly scientific in nature,
which means that they should be prepared by groups of scientific
experts under their own names and responsibility. Administrators
must furnish needed administrative and financial-support but
should not interfere in their preparation. The documents should
contain accurate information about what is known and where more
information is needed. Uncertainties should be made explicit.
It is also highly desirable for them to include risk information,
expressed in terms of the probability of adverse effects. Such
risk data will be of great help to policy-makers when they take
decisions on standards on the basis of the criteria documents.
While no one disputes that the main concern of pollution control
is to protect human health, disagreements do arise when the re-
quired level of health protection is being decided for a specific
pollutant and a specific effect.

4.1.2 Risk and benefit considerations

To permit wise steps to be taken towards legislative control
of hazardous substances in man's environment, it is essential to
make a very careful evaluation of risks and benefits, but this
may be extremely difficult.

The expertise needed for the evaluation of risk is different
from that needed for benefit evaluation. On the risk side, con-
cern is focused on adverse health effects on man, damage to "he
environment, and misuse of natural resources. On the benefit
side, the emphasis is on value to the consumer and on the coun-
try, i.e., improvement in the health of the population and the
availability of cheaper and better products, particularly those
that modern man considers indispensable. Economic considera-
tions, such as the improvement of productivity, the development
of resources, or a better balance of trade, are also important.

In both types of evaluation, consideration must be given to
the consequences that could arise from a regulatory action. It
is possible .hat the remedy may prove to have worse consequences
than the evil it was intended to cure. For example, the proposal
that the addition of tetraethyl lead to petrol (gasoline) should
be discontinued raises questions about the impact on health from
the increase in aromatic compounds in the fuel and the possible
introduction of larger quantities of other antiknock agents.

Other problems that may arise are of a different kind. For
instance, cloud seeding, once established as effective, raises
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the issue of its permissibility, since precipitation in one place
may decrease rainfall in another. Moreover, the production of
rainfall to serve the needs of one group, e.g., orchard owners,
may be detrimental to the interests of another activity in the
same area, such as the tourist trade.

Although the evaluation of benefits presents few problems--
the monetary value of some aesthetic advantages is not easy to
assess--the evaluation of risk has always been difficult. The
problem lies in the uncertainty of extrapolations from experi-
mental studies on laboratory animals, using high exposure levels,
to conditions encountered by man. Protecting a very large and
varied population from harm is a very different matter from know-
ing what may happen to a small group of animals living under
optimal conditions, especially in view of the importance of gene-
tic and nutritional and other environmental factors in modifying
human susceptibility to toxic chemicals in the environment.

The existence of such modifying factors, which complicate
toxicological assessments, has been well documented for man.
Examples are cigarette smoking, where cocarcinogenic factors
seem to play a very important role, and industrial exposure to
mineral oils, where the observed incidence of skin cancer could
not be correlated with the content of carcinogenic polycyclic hy-
drocarbons. Animal experiments have shown that other components
of the oils, such as dodecane and related compounds, although not
themselves carcinogenic, could enhance tumour incidence and
reduce the latent perjid significantly.

Dietary factors have also been found to exert considerable
influence o-a thc incidence of tumours in man and experimental
animals. Some of the reasons are now understood, such as the
inhibition of metabulic processes by vitarin deficiencies leading
to a change in the cancer risk, but others, such as the cocarcin-
ogenic effect of a high fat diet, have not been explained

Inability to extrapolate with any degree of confidence has
led to stringent and inflexible legal action in some countries
forbidding the use of carcinogens (as detected in laboratory
studies) as food additives, a step that could not be taken in
other situations where carcinogenic chemicals are present in
man's environment.

In order to make an acceptable evaluation of carcinogenic
risk, it is essential to clarify the question of the existence of
a threshold below which no adverse effect occurs, or, if it does,
occur, it is reversible. That such a threshold exists is not
doubted. There is evidence for it in the efficient repair of
genetic damage in microorganisms and in human cells in culture.
In contrast, cells of human subjects with deficient DNA repair
mechanisms are far more susceptible to carcinogenesis by ultra-
violet light or certain chemicals. This observation has been
made on men suffering from the genetically determined disease
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xeroderma pigmentosum, who show a greatly increased incidence of
small skin cancers in areas habitually exposed to light.

Thus organisms possessing adequate DNA repair mechanisms
have a much higher carcinogenic threshold than do deficient ones.
However, it should be stressed that a number of chemicals have
been found that will inhibit DNA repair mechanisms and therefore
merit careful study.

The metabolic pathways that may activate or deactivate cer-
tain chemicals that are precursors of toxic substances are very
numerous. The degree to which one or the other enzyme system
predominates may depend on hormonal, genetic, or enzyme inductive
factors. A threshold for carcinogenesis exists here, too, but
its determination is difficult.

Synergism between chemicals in their effects on biological
systems has been described for many situations. A well-known
example is pesticide synergism, which has found practical appli-
cation in the use of pyrethrins together with piperonyl butoxide.
With regard to carcinogenesis, it has been shown that in the
absence of promoter (or cocarcinogen) small amounts of carcinogen
applied to the skin remain without demonstrable carcinogenic
activity to the end of the life of the animal.

If the dose-response curve of a chemical is such that no
adverse effect will occur within the average life expectancy of
the species, the threshold value for that chemical will generally
not be reached provided the individual is kept free frcm exposure
to cocarcinogenic agents or other synergists and his immunologi-
cal competency remains intact.

This concept differs from the principle originally adopted
by the International Commission for Radioloqical Protection in
1958, that every and all exposure, however slight, could entail a
risk, the significance of which increased with the dose. It must
nevertheless be pointed out that recent findings in basic radio-
biology may make us reconsider this concept of the absence of a
biological action threshold for ionizing radiation, especially
the discovery of the important phenomenon of genetic repair.

The so-called "one-hit" theory of radiation exposure cannot
be translated into a "one-molecule" theory for toxic chemicals,
for this would imply that one molecule could exert a permanent
effect on DNA and that a cumulation of similar minute effects
received over a lifetime could finally produce overt symptoms of
cancer. Experiments, however, have failed to show such a cumula-
tive effect; on the contrary, initiated cells (cells that have
been transformed into dormant cancer cells) do not necessarily
persist because if a strong promoter is applied later no cells
are activated. These findings suggest that a threshold exists
for carcinogens and mutagens as for other toxicants.
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These examples suggest that, in principle, a risk/benefit
evaluation is possible even for carcinogens and mutagens, al-
though this does not imply that there are a certain number of
cancers or genetic defects that are, by necessity, acceptable.

4.1.3 Standards and guides

Whereas determining criteria and producing criteria docu-
ments is essentially a scientific task, setting standards is a
matter of policy decision and administration. As there are var-
ious kinds of standards, the first question must be what kinds
are going to be set. It should be clearly stated whether the
standards are to be for desirable conditions, for minimum re-
quirements, for maximum permissible or allowable conditions, or
for specific conditions or specific actions.

Desirable conditions may serve as performance goals for con-
trol programmes in already polluted areas. However, such stan-
dards should not be considered as granting an authorization to
pollute non-polluted areas. The principle of keeping environ-
mental pollution as low Ls possible is crucial to environmental
policy development. On the other hand, desirable condition
standards cannot always be used as direct enforcement tools.
Minimum requirement conditions serve as obligatory instructions
for a control programme, but it is similarly doubtful whether
they can be used as direct enforcement tools for source control.
While minimum requirements for the maintenance of environmental
quality and for source performance can be set as a general policy
decision, standards for maximum permissible conditions should
then be applied as direct enforcement tools. If pollution ex-
ceeds the maximum permissible conditions, authority for pollution
control should be exercised immediately. Injunction, abatement,
suspension, and cancellation are typical administrative actions
in cases of violation. Unless there is guaranteed administrative
authority and power for taking appropriate enforcement actions,
it is pointless to set maximum permissible or allowable stan-
dards. Some specific provisions may be stipulated for the en-
forcement of maximum permissible standards--for example, the
maximum permissible concentrations may apply only to new sources
or new areas, and some time delay may be allowed for compliance
in the case of old sources and already polluted areas--but such
provisions should be the exception rather than the rule.

Guides for specified administrative actions are useful tools
for environmental management operations. For example, in air
management programmes guides will specify various degrees of
control action for different alert or warning conditions. In
some cases, automobile traffic control will be exercised to a
specified degree, or operations control will be implemented to
reduce fuel use or a technological process to a specified level.
Other cases may call for the initiation of a special surveillance
programme. To take another example, if the cadmium content of
unpolished rice is found to exceed 0.4 nig per kg, the guide may
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specify that a detailed pollution and health study is to be
started in specified areas; if it exceeds 1 mg per kg, then soil
reclamation may have to be implemented.

In most cases, environmental quality standards have little
significance if the number of emission sources is small, because
source control can be exercised by means of emission or effluent
standards. However, if the sources are multiple and numerous,
environmental quality standards have important implications for
setting emission standards. Individual emission standards should
be set so that environmental quality standards will be satisfied
even if there is possible compounding of pollution contributions
from each individual source.

When standards are being set for environmental quality, with
the object of enhancing the general wellbeing and quality of life
of the population, amenity and aesthetic values will be the de-
termining factors. In the present climate of keen awareness of
the quality of the human environment, practitioners of medicine,
occupational health, and public health need to have a proper
orientation in these matters.

The role of scientists is thus to provide the best informa-
tion ;ossible in the form of criteria documents; the role of
administrators is to choose appropriate standards based on proba-
ble consequences, as detailed in the criteria documents, and pro-
pose alternative measures for implementing them as quickly as
possible. It is wise to make the criteria documents, possible
standards, and alternative control measures and their conse-
quences known to the public and ascertain its value judgements
and preferences. This will help in selecting from the proposed
alternatives those that are socially acceptable. Understanding
the social climate and public preferences is essential for
decision-makers and politicians.

Through such procedures, definite standards can be adopted
on the basis of criteria documents and the necessary policy and
administrative guidelines for implementation of the control pro-
gramme can be established.

4.2 Monitoring and surveillance

Monitoring programmes are concerned with sources of pollu-
tants, pollutayt levels in environmental media, and the effects
of pollutants. Thus, the essential components of a monitoring
and surveillance programme are: continuous and systematic check-
ing of these sources, levels, and effects; compilation, analysis,
and evaluation of relevant data in terms of the available cri-
teria and standards; the application of measures indicated by

ISee also: World Health Organization (1972) Health hazards of
the human environment, Geneva, p. 269.
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these findings; and a feedback mechanism to facilitate the updat-
ing of scientific and technological knowledge.

Monitoring and surveillance programmes may be initiated for
several reasons: (1) for environmental quality management pur-
poses in the case of pollutants for which criteria and standards
have been established; (2) to deal with specific pollution pro-
blems over a wider geographical area; (3) to facilitate retro-
spective assessment once a new pollutant has been identified or a
more sensitive technique developed; (4) to determine pollution
trends; and (5) to devise models of human exposure.

Adequately compiled source inventories are an indispensable
part of monitoring and surveillance in current environmental pol-
lution control programmes. Monitoring of pollutant sources has
often been regarded as outside the scope of health-oriented pol-
lution abatement programmes, and monitoring and surveillance have
traditionally been directed at environmental pollution levels and
their effects. However, with the growing importance of chemical
pollutants having poteltially grave effects on health, their
monitoring and surveillance at the source has become an important
element in health-oriented regulatory programmes. Furthermore,
as the result of progress in instrumentation technology, it is
now routine practice to monitor and survey emission sources
simultaneously with the monitoring and surveillance of environ-
mental quality.

One important problem is to decide what pollutants are rele-
vant to source monitoring from the standpoint of health. For
example, in the case of Minamata disease it was learned that
methylmercury could not be found in the plant effluent because
its concentration was below the sensitivity of the analytical
method used. However, methylmercury was found in the bottom
sediment in the water zone just below the plant effluent outlet.

Environmental pollution data and source emission data should
be considered simultaneously by the control authority. In addi-
tion to source inventories, systematic monitoring in an environ-
mental pollution control programme should therefore include mon-
itoring of the natural environmental media (air, water, and
soil), food and drinking water, and appropriate human samples
such as hair, blood, urine, fat, and organs. In addition, there
should be special monitoring programmes concerned with the occu-
pational environment and with pollution accidents.

Monitoring and surveillance programmes require many resour-
ces in terms of professional experts, equipment and facilities,
time, and costs, so that it becomes a pressing task to determine
priorities as regards pollutants and effects to be monitored. As
already disucssed, priorities should be carefully examined at the

ISee also: Wild Hlth Org. tichn. Rep. Ser., 1973, No. 535.
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preparatory stage of planning and designing such programmes. The
second important step is the specification of sampling require-
ments, measurement methods and instruments, and data processing
and evaluation procedures. The design, implementation, and man-
agement of a sampling system all require the collaboration of
experts from a wide range of professional disciplines. In addi-
tion to expertise in sampling design and practice such as can be
offered by those with experience in traditional public health or
environmental sanitation surveys, special expertise from other
sectors of science is needed. For example, soil sampling, crop
sampling, and fish sampling require special design and precau-
tions. Analytical (measurement) precision and qualtiy control
requirements are also inportant for obtaining accurate, valid
data and may call for special skills. Determination of critical
exposure groups may require the help of ecologists and anthropol-
ogists familiar with local cultural and other factors. Modern
engineering technologies of simulation and prediction can often
be helpful in spot-sampling in given areas. Briefly, expertise
is needed from a broad spectrum of basic and environmental
science sectors, such as chemistry, physics, biology, meterololy,
geophysics, geochemistry, agronomy, hydrology, oceanography, and
agricultural and aquatic sciences.

In the selection of methods and procedures for analysis and
measurement, the specific requirements and objectives of monitor-
ing and surveillance should be kept in mind, e.g., whether one is
carrying out research monitoring, a routine administrative pro-
gramme, or a special problem investigation that may involve legal
issues. Standard methods or reference methods should be speci-
fied and inter-laboratory calibration procedures should be de-
cided on as necessary. The provision of an arbitration labora-
tory is desirable when highly controversial problems are being
dealt with. The technical feasibility of methods and procedures
should be carefully examined, as well as ease of operation and
maintenance. Computerized data processing and recording methods
should be designed by communications and information experts.

4.3 Prevention and abatement technology

Teclologicaljnethods used for preventing or reducing envir-
onmental pollution fall under the following broad categories:

(a) Waste management--the collection, storage, transport,
treatment, disposal, and recycling of wastes.

(b) Development and use of alternative raw materials and
fuel in industrial processes, heating, and power generation.

(c) Application of low-waste technology.

1See also: World Health Organization (1972) Health hazards of
the human environment, Geneva, chapter 33.
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(d) Development of alternative energy sources (e.g., the
use of nuclear or hydroelectric sources instead of fossil fuels).

(e) Use of less hazardous chemicals, such as biodegradable
detergents or non-persistent insecticides.

(f) Improvement of the regenerative capacity of the envir-
onment.

Methods aimed at reducing pollution loads at source (b, c,
d, and e) are of paramount importance in reducing the problems
under (a) and (f) to manageable proportions.

There are only a few areas where the technology for thetreatment of water for public consumption remains inadequate.
One example is the removal of nitrates and sulfates from water,
for which no adequate technological solution is yet available.
By and large, failure to provide water supplies of adequate qual-
ity arises from insufficiency of resources. The main task is to
develop reliable and cheaper processes and materials that can be
applied in treating polluted water for use as drinking water.

Most of the processes used today for treating municipal
wastewaters before they are discharged have been practised for
many years; improvements have been made in their performance, but
the basic technology has remained essentially the same. New
techniques are required for removing t(o)xic substances (particu-
larly from industrial wastes), plant in rients, viruses, and
other contaminants.

The main obstacle to the use of existing methods of solid
wastes disposal is an economic one. As much as 80% of the cost
for the disposal of certain solid wastes is for collection and
transport. Better on-site procedures are needed to prevent
scattering of refuse, to reduce its volume, to remove toxic sub-
stances, to prevent contaminatio2 of water and air, and to re-
cover useful materials for reuse.

Considerable progress has been made in reducing the particu-
late matter produ:ed by the combustion of fossil fuel in power
stations and dwellings, by installing control equipment or by
replacing coal with oil or natural gas. Smokeless fuel has been
used very efficiently in some urban areas but in many countries
the pollution caused by domestic heating and cooking is still
serious. Much remains to be done to improve the control of
emissions of gaseous pollutants. Numerous processes for the re-
moval of sulfur dioxide from stack gases are being studied but
are costly, and the desulfurization of fuels is still in the
development stage. Despite the increasing effectiveness of the

2See also: Wld Hlth Org. techn. Rep. Ser., 1967, No. 367: 1972,
No. 484.
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pollution control methods used or envisaged for the existing type
of motor vehicle, it is probibly that alternative transport sys-
tems will have to be devised.

In the field of pesticides much work is being done in
developing new chemical and biological methods of pest control.

These examples show that the technology for environmental
pollution control is essentially available. However, some of the
existing methods are costly, and more economical techniques are
being sought. Still other deficiencies are the time-lag between
discovery and application, and the delay in the transfer and
adaption of technology from the developed to the developing coun-
tries. In many cases there is a need to develop a technology
specifically suited to the conditions in developing countries.

Governments should investigate their own specific needs and
instigate appropriate research. There should, however, be ade-
quate dissemination of information to avoid duplication of other-
wise costly work.

5. ORGANIZATIONAL PROGRAMME COMPONENTS

5.1 Legislation

Every country has a constitutional structure that defines,
by means of laws and regulations, the rights and duties of citi-
zens and those of the authorities in order to preserve the health
of the nation.

The nature of a country's legal system and the detailed
content of its laws--in particular the scope of the powers dele-
gated to the executive authority, and more specifically to the
administrative body responsible for ensuring that the laws are
faithfully implemented--will determine both the extent to which
the laws produce the desired result and the effectiveness with
which the courts can interpret the laws and can punish infringe-
ments of the laws.

Appropriate legislation provides a basis for effective pol-
lution control. There is now a tendency to combine various
enactments into laws covering environmental pollution as a
whole. In certain cases the application of national legislation
can be extremely effective at local level. The need for legis-
lation of general applicability is very evident in countries with

1See also: Wld Hlth Org. techn. Rep. Ser., 1969, No. 410.
2See also: World Health Organization (1972) Health hazards of
the human environment, Geneva, p. 343.
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a federal structure. Whereas legislation should aim at unifor-
mity and some legislation must be applied nationwide, there are
aspects where local control is advisable, e.g., the declaration
of clean air zones.

Power to issue regulations is often given under an act of
the legislature, and the regulations include detailed require-
ments and provide flexibility in that they can be made, amended,
or revoked more easily than acts of the legislature and their
provisions readily adapted to current needs.

When drawing up new legislation, government departments
should consult with interested bodies such as national and local
voluntary associations, local authorities, and professional and
trade associations.

In some legal systems the use of strict standards is appro-
priate even though their scientific basis may be uncertain and
the levels required more or less arbitrary. Other legal systems,
such as those giving greater powers of discretion to the courts,
permit of a more pragmatic approach, although even with these
systems some strict standards are necessary, e.g., in regard to
contaminants in food, water pollution, or toxic substances in the
factory atmosphere. In other cases, satisfactory control over
pollution may be achieved by methods not requiring strict stand-
ards. For instance, the clean air legislation in the United
Kingdom has produced a marked reduction in air pollution as a
result of powers of control conferred on local authorities with
respect to the creation of smoke control areas and to the limita-
tion of smoke emissions from factories. Another example is the
use of the best practicable means of controlling factory emis-
sions by the Alkali Inspectorate in the United Kingdom. The use
of such methods, although not requiring the setting of formal
standards, requires a wide knowledge of the health effects of
pollutants.

Standards should be realistic. Regulations may need to
allow for time during which they are to be implemented. Legisla-
tion should give powers of entry and inspection and realistic
penalties as a means of enforcement of standards. A guiding con-
cept in drawing up legislation should be that to pollute consti-
tutes a punishable misdemeanour. The legislation should empower
the health authorities to intervene effectively in all situations
that may give rise to concern over the health of individuals.
The authorities should also be empowered to compel polluters to
install equipment that will limit or even prevent pollution.

5.2 Implementation plans

As defined by a WHO Expert Committee,1 "planning is a pro-
cess by which available data, needs, and resources are appraised

1Wld Health Org. techn. Rep. Ser., 1970, No. 439, p. 11.
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and analysed, and used in preparation for change." Careful,
coordinated planning of environmental pollution control pro-
grammes is essential for a number of reasons besides those that
bear directly on man's seemingly insatiable use of resources and
the limited space available for the disposal of his waste pro-
ducts:

(a) the rise in the number and concentration of people;

(b) the increasing production of new chemicals and poten-
tial contaminants; and

(c) the lack of institutional safeguards against marginal
pollutants and, more specifically, against unforeseen crises and
episodes.

Environmental pollution control programmes as a whole should
therefore be planned on the broadest scale and should aim at the
complete wholesomeness of the community and its defence against
unforeseen and unsuspected perils. Such programmes require
appropriate monitoring and surveillance and the unwillingness to
invest in research and development.

The need to integrate the planning of environmental health
and consequently of health-oriented pollution control programmes
into overall social and economic planning was discussed in 1964
by a WHO expert committee on environmental health aspects of
metropolitan planning and development. The present Committee's
attention was drawrj particularly to the conclusion of a section
in the 1964 report:

In order to be effectively integrated into overall planning,
environmental planning must be based on clearly identified objec-
tives. Familiarity with the planning process is therefore needed
in addition to a basic understanding of environmental health.
Health standards have been useful in developing planning guide-
lines, but because of the subtle effects on the community of
long-term exposure to low levels of inanimate environmental
contaminants, epidemiological evaluation is rapidly changing in
character. Often no direct cause-and-effect relationship between
contamination and health can be established, and environmental
health workers must extrapolate their experience and exercise
judgement in assessing the situation.

community environmental planning must reach beyond the
concept of simple disease prevention towards the long-range goal
of comfort, efficiency, and the promotion of general well-being.
Sometimes these objectives are partially included within the
meaning of "aesthetics", but it is surprising how clearly the
general public sees them as "health-related".

1Wld Hlth Org. techn. Rep. Ser., 1965, No. 297, p. 14.
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Even before a comprehensive pollution control programme is
planned and initiated, some effects of pollution can be offset by
such ad hoc measures as improving working conditions, considering
specia --u-tritional needs, and designating safety areas around
industrial plants.

The first step in drawing up any programme for pollution
control is to assess the degree of pollution, i.e., to compile a
"pollution inventory". Any possible association of pollution
with other factors should also be investigr.ted. For example,
according to as yet unpublished findings in the USSR, antibody
formation to influenza vaccine is inhibited in urban areas with a
high level of pollution. In a mass vaccination campaign concen-
trated on urban areas where the incidence of influenza was 3-4
times the national average, epidemiological studies showed a lack
of antibody formation, although in an unpolluted control area
response to the vaccine was normal. This suqgests an association
between pollution levels and antibody formation.

In order to develop implementation plans it is essential to
know the general framework within which a programme will be
carried out, as well as the resources necessary for doing so. An
implementation plan is never a static blueprint for action but a
dynamic instrument subject to constant review and updating in the
light of changing situations and circumstances. It may stipulate
every step of the action to be taken, or it may allow for the
exercise of a considerable amount of discretion at the local
level. The administrative practice involved is a matter of
choice; while there is much to be said in favour of a systematic
and well ordered system, beyond a certain point local interpre-
tations and "on-the-spot" decisions can provide a more efficeint
and economical system.

Consequently, an implementation plan has to incorproate
provisions foi the continuous reappraisal of its usefulness. The
inclusion of ;an evaluation mechanism in the design stage permits
the monitoring and regulation or adjustment of the programme from
the start on the basis of an adequate feedback system. Such an
approach will improve the realism and specificity of the plan
and, while more expensive initially, will avoid the difficulties
and expense of after-the-fact evaluation studies that may, in
adaition, indicate a need for 1major and expensive changes in the
programme already implemented.

It is important that any health agency that is to be respon-
sible for pollution control should have a major share in the
drafting of the implementation plan, so that it will have confi-
dence in the plan. The agency should have an important say in
the preparation of the plan, whether or not it is to be respon-
sible for all or any of the operational aspects of control.

IWld Hlth Org. techn. Rep. Ser., 2973, No. 528.
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The implementation plan should:
2

(a) be simple and straightforward;

(b) be capable of achieving its objectives;

(c) be flexible and. adaptable;

(d) be realistic in terms of economics, available re-
sources, social acceptability, legal application, and the time
allotted for carrying it out;

(e) be subject to regulation, evaluation, and change;

(f) clearly define the distribution of responsibilities,
especially among the government agencies concerned and for the
private sector;

(g) acknowledge the need for public support by including,
where possible, adequate provision for the information, educa-
tion, and participation of the public;

(h) recognize the need for research;

(i) involve relevant agencies to the maximum extent compat-
ible with their responsibilities for pollution control pro-
grammes;

(j) take into account differences among communities;

(k) use standards that are practical, have been tested, and
also include qualitative aspects;

(1) take account of the establishment of new development
programmes and services;

(m) provide for evaluation on the basis of results ari
benefits rather than of resources expended; and

(n) include the monitoring of effects of other and ancil-
lary programmes, particularly those affecting local conditions
and activities.

To avoid operational conflicts with other programmes and
established interests, some governments have set up special
mechanisms to secure support of programmes by constantly studying
strategies, minority views, enforcement through reward policies,
and other devices.

2See also: Wld Hlth Org. techn. Rep. Ser., 1970 No. 439; 1973,
No. 528.
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5.3 Institutional and administrative arrangements

Although the administrative and organizational arrangement
for pollution control differ from country to country, health
authorities bear a number of key responsibilities. The provision
of basic sanitation services remains an extremely important area
of pollution control in which authorities responsiblc for public
health should continue to provide leadership. Public health
authorities should also be equipped and willing to take the
responsibility for many otler components of pollution control
programmes, including the following:

- identification of pollutants;

- assessment of health effects of environmental pollutants;

- promotion of research on health effects of environmental
pollution;

- establishment and enforcement of environmental quality
standards necessary to protect public health, including standards
for the quality of water used for drinking, other domestic pur-
poses, and recreationi; ambient air quality standards; maximum
permissible limits for occupational exposure to toxic chemicals;
standards for the exposure of man to various forms of radiation,
noise, and other physical hazards; and maximum daily intakes and
tolerances for toxic substances in food;

- evaluation of environmental health projects;

- participation in licensing procedures;

- inspection of factories and other workplaces;

- control of the use of toxic substances in agriculture and
in households;

- provision of guidelines for the disposal of toxic solid
wastes;

- monitoring of environmental influences on health;

- monitoring of air pollution in urban and industrial areas
and of the quality of community water supplies, sources of drink-
ing water, and of recreational waters;

- development and use of public health criteria for the sit-
ing of potential pollution sources, such as power plants or in-
dustries, and the establishment of protective zones;

- training of health workers in pollution control; and

- provision of guidance in all aspects of pollution control
that may have public health implications.
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As regards the design, construction, and operation of pol-
lution control facilities, the role of health authorities may
differ from country to country. The trend in some developed
countries is for specialized agencies to design and construct
water and waste treatment facilities and for health authorities
to supervise their operation from the health standpoint, which
includes issuing licenses and playing an advisory role. Active
participation of health authorities is always necessary in all
phases of the planning and implementation of environmental pollu-
tion control programmes.

A vigorous health department at the national level is thus
essential for adequate pollution control. This department should
include a strong environmental health unit and in view of the
ever-increasing sophistication of modern technology and equipment
it is essential that there should be public health engineers on
the staff. In some countries the unit is headed by a public
health engineer.

It may also be desirable to set up services responsible for
making specific regulations and for fixing the technical condi-
tions under which industrial or other polluting activities may be
pursued.

The optimum geographical unit for the supply of environ-
mental health services will vary according to the service being
provided. It may be a country or a region, as is the case for
units combating pollution of some rivers or the air, or it may be
a unit at the lowest local level.

Some of the responsibility for pollution control should rest
with local authorities. Certain services, such as the collection
and treatment of wastes, the maintenance and cleansing of public
roads and property, the policing of traffic, and the collection
and treatment of wastewater, are generally regarded as local
problems. Local authorities may also have an important role to
play in the monitoring of air, inland waters, drinking-water, and
food. A number of authorities may combine to carry out these
functions, sometimes with the participation of regional or pro-
vincial authorities. Another task of the local authorities is
the supervision and application of regulations, and the surveil-
lance of activities that might lead to pollution. They should be
invested with the power to intervene in all cases where viola-
tions occur, whether as the result of simple negligence or
deliberate acts. It is necessary in some situations to give
local authorities additional powers to control toxic wastes, and
further legislation may be needed on this subject. Local author-
ities may therefore in future need to employ more highly trained
pollution officers.

Regional authorities may also be concerned with pollution
control. Under new legislation in the United Kingdom, for

example, the water industry is being reorganized and large re-
gional water authorities will have responsibility for overseeing
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the discharge of domestic and industrial effluents to rivers, the
purity of rivers and estuaries, the provision of drinking-water,
and the disposal of sewage; local authorities, however, will re-
tain the power to sample drinking-water and ascertain its safety
and suitability for public use.

The extent to which responsibilities are delegated to local
or regional authorities will depend on:

(a) whether the country has a federal for a unitary system
of government;

(b) whether the local authority system is well enough de-
veloped to cope with problems of pollution control;

(c) how jurisdiction is shared by various levels of govern-
ment - central, regional, and local;

(d) to what extent use is made of nongovernmental organiza-
tions and special interest groups;

(e) whether the government has accepted the principle of
outside review boards of eminent professionals to carry out in-
dependent evaluation.

Another important point to be considered with regard to in-
stitutional and administrative arrangements is that one cannot be
one's own judge. Therefore, polluters, and particularly indus-
trial polluters, cannot be given final responsibility for organ-
izing the fight against pollution. This does not mean that these
industries should not be consulted. On the contrary, they can
often contribute usefully to solving pollution problems. In a
number of countries over recent years, some industrial polluters
have cooperated readily with the responsible authorities. Some
have made valuable suggestions regarding modifications of pro-
duction, equipment, or processes to reduce pollution, and some
have even eliminated their particular problem completely. How-
ever, it is frequently necessary to allow some time, often years,
for the more expensive improvements to be made.

A number of institutional and administrative arrangements
are concerned with coordination. Because of its importance in
environmental pollution control, a separate section is devoted to
this problem.

5.4 Coordination1

There are three major prerequisites for coordination:

(1) The government must be interested in planning.

1See also: Wld Hlth Org. techn. Rep. Ser., 1973, No. 528.
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(2) There must be enabling legislation.

(3) There must be a ministry or another body competent to
undertake the coordinating role, including its technical, finan-
cial, and administrative aspects.

Administrative capability is essential to all planning and
coordination. In developing countries with limited resources,
the administrative systems of government are often inadequate and
need to be strengthened for planning and coordinating functions.
Even in developed countries, lack of financial resources and of
trained personnel sometimes constitutes a serious handicap in
setting up efficient coordination systems. Various coordination
mechanisms have been suggested on the basis of actual experience,
but three main methods have been tried:

(1) Leadership and responsibility are entrusted or assumed
by an existing authority.

(2) A federation of agencies is formed without fully de-
fined lines of authority or responsibility.

(3) A new agency is superimposed on existing agencies but
frequently without being given strong legal authority.

Which of the three possibilities is most appropriate would
have to be decided on the basis of existing conditions and the
severity of the environmental problems.

It may be thought desirable to place responsibility for most
of the categories of activities related to pollution control with
one ministry so that the functions of the several ministries and
departments concerned with environmental pollution can be better
coordinated. The ministry selected may be the ministry of
health, the ministry concerned with 1ianning, or a new ministry
for the environment. In the latter case it is essential that all
health policy matters remain the responsibility of the ministry
of health.

One drawback to amalgamation is that tecnnical pollution
control activities require qualified, experienced, and special-
ized staffs at various levels, and these experts usually work
most efficiently within their own technical departments. There
is another danger that cannot be ignored and must be borne in
mind when the organizational fraework is being decided upon:
where there is a strong central agency, envirornental problems
risk being dealt with from a specialized point of view, insuffi-
cient account being taken of the many social objectives involved
in pollution control.

Irrespective of the degree of amalgamation or division of
responsibility among different departments, a coordiiiating com-
mittee or ministry of the environment is essential. The coordin-
ating body must be a strong one. Unfortunately, some health min-
istries do not meet this requirement. Since the ministry of
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he, Ith has the final responsibility for the health and wellbeing
of the nation, it must be in a position to advise on the desira-
bility and adequacy of any proposed action from that point of
view - a fact that could be used as an argument for strengthening
national health departments in many countries.

The need for all ministries to be aware of environmental
pollution must be stressed, together with the value of interde-
partmental committees on pollution. Such committees are particu-
larly valuable where there is no coordinating ministry. The
USSR, for example, has made satisfactory use of a high-status
coordinating council; the Deputy Prime Minister is chairman and
the Deputy Minister of Health and Chief Sanitary Physician is
vice-chairman.

In some countries a "single environmental agency" approach
has been adopted to overcome duplication of effort and inconsis-
tency of policy implementation, and to ensure focus on the total
problem. The agency makes policy recommendations for approval
and implementation by departments. In defining the duties and
powers of such an agency and its relation to government depart-
ments, consideration should be given to such matters as con-
sulting power, scientific and technical advice, allocation and
licensing, revenues, spending, execution of works, information,
policing power, and right of appeal. Several of these duties,
e.g. execution of works, belong to the "line" departments of
governments, while others, e.g., power to coordinate, should
belong to the environmental agency.

Coordination must be viewed as the result of a series of
interconnected activities that depend largely on collaboration
and cooperation in the handling of information. In addition to
the supply of adequate and timely information within the govern-
mental system, the coordination function must include communica-
tion with a variety of nongovernmental bodies. Moreover, in
order to avoid an impossibly large and inevitably open-ended pub-
lic demand for health assistance, it is imperative to have the
individual citizen assume some responsibility for his health and
that of his family. Close coordination must therefore be main-
tained with nongovernmental agencies and organizations involved
in public information and education and relief operations.

5.5 Evaluation

Several WHO expert groups have called attention to the im-
portance of evaluation as a process for analysing results in
relation to goals, for measuring benefits against costs (or out-
puts against inputs), and for determining the relevance of pro-
grammes to health needs. A recent WHO scientific group on the
evaluation of environmental health programmes has reviewed in
detail the technical and administrative factors involved in
assessing the quantitative and qualitative results of environ-
mental health programmes; discussed the advantages and short-
comings of past and present methods of evaluation, and the possi-
bility of using recently developed evaluation techniques; and
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indicated problem areas that may require operational research or
further study.

The objectives of evaluation must be viewed within the
social context in which decisions are made, since the resources
available are always finite. Some of these objectives are:

(a) clarification of social purposes and values;

(b) clarification of objectives of programmes and organiza-
tions;

(c) improved choices among alternative policies, pro-
grammes, and programme processes, within the field and as be-
tween environmental pollution control and other social action
programmes;

(d) validating or discovering cause-and-effect relation-
ships that can lead to more soundly conceived and effective pro-
grammes;

(e) defining means of discriminating effects produced by
other causes;

(f) better knowledge of interrelationships among health-
oriented environmental pollution control programmes, other pro-
grammes of health promotion and care, and other programmes of
production and socio-economic development; and

(g) improved mobilization, development, and utilization of
resources.

From a practical point of view, one way to evaluate a con-
trol programme is to measure the concentration of a pollutant
remaining in the environment. Another is to monitor disease in-
cidence or some other concurrent effect of pollution upon the
community. The first method has the advantage of being more
readily applied. However, since the immediate objective of en-
vironmental pollution control is the reduction of morbidity and
mortality associated with the exposure to pollutants, its success
is more impressive if expressed in terms of such reduction, as
well as that of reduction of general ill-health. It is necessary
to think beyond disease control and prevention and consider such
matters as comfort and the simple enjoyment of the amenities of
life.

Evaluation provides information that is useful in planning
and other decision-making - not only data but also conclusions,
preferences, and value judgements. Even so, in some countries
planning and evaluation are carried in separate units.

iSee also: Wld Hlth techn. Rep. Ser., 1973, No. 528.
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Public participation and involvement in programme evaluation
is becoming increasingly accepted, and in a large number of
countries, more efficient health programmes appear to have re-
sulted from this practice. At the same time, governments and the
public are examining public services critically and asking about
programme selection and continuation and about the extent to
which programmes are meeting needs and dealing with relevant
problems; evaluation can facilitate the better use of resources,
in both developed and developing countries.

5.6 Resources

The resources necessary to implement health-oriented nation-
al pollution control programmes must be viewed in the broad con-
text of their contribution to the population's health and social
and economic development. Accordingly, adequate resources must
be available directly to health agencies, as well as peripheral
assistance to other agencies, in the form of a health component
in their own programmes, whenever this is appropriate.

5.6.1 Financing

Finance can come from the public authorities or the private
sector. In either case the providers of finance need to be con-
vinced of the need for it. Financing is complicated by other
factors: the increasing cost of goods and services, especially
those based on advanced technology; the disproportionately high
cost of meeting somewhat higher environmental quality standards;
and reluctance of the part of private individuals and organiza-
tions to pay for services that they consider should be provided
for by public funds.

It is frequently difficult to show short-term results from
pollution control, as from public health measures generally. It
is also difficult to compete with the often Qramatic results
seen, for example, in clinical medicine and surgery. Hence the
need to provide for public information and education - education
regarding pollution control generally and regarding the fact that
the health budget is limited and that the preventive services,
including pollution control, must have their fair share. The
public should appreciate that one way they can assist is by re-
fraining from making unnecessary and unreasonable demands on the
curative services, thereby reducing their cost. In countries
where medical and hospital services are totally or partly paid
for by government funds, there is an ever-present risk of un-
necessary demand for medical attention.

Where the private sector does not provide any finance
towards pollution control, government should make such provision
compulsory. Possible methods include licensing of sources of
pollution with provision for (a) charging for licenses and (b)
fines for non-compliance with the conditions of the license.
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Fines should be realistic and punitive and, where necessary,
should include extra penalties for each day the offence con-
tinues. There are examples of pollution being reduced in coun-
tries that have adopted the policy that the polluter pays. Legal
provision for closing an industry or plant that fails to comply
with licensing provisions is an effective way of ensuring com-
pliance. Licensing should take into account the problems, espe-
cially the financial problems, that might be experienced by es-
tablished industries. Such industries should be given time -
possibly several years - to comply but new industries should meet
the required standards from the outset.

As finance is closely related to the sociopolitical structure
of a country, it is important to have an adequate information
system making good use of all available channels for information.
Informed people are more likely to approve of and to contribute
to pollution control. For example:

(a) In some countries a proportion of the profits of in-
dustry is set aside for the welfare of workers; part of this
money could be spent on pollution control.

(b) Some countries have special fund-raising campaigns,
such as the issue of environmental postage stamps sold at a pre-
mium, and the profits are used for environmental control.

(c) The principle that the polluter pays works well in an
informed community - industry is more likely to pay when public
opinion favours pollution control; this is an indirect way of
inducing the polluters to bear some of the financial cost of the
control and surveillance that are essential if the environmental
health management services are to take effective action.

The choice of method of financing is clearly influenced by
the political, economic, and social climate of the community
concerned but whether it be from public funds, taxes, levies, or
user charges, the purpose to which th,' funds are to be put should
be made clear. If the programme comprises far-reaching proce-
dures such as relocating populations, raising the cost of pro-
duction beyond competitive levels, or other such drastic social
or economic measures, it may be useful to incorporate a system of
subsidies to alleviate immediate costs; but it is then necessary
to specify not only who will be subsidized and for how long, but
who will provide the subsidies:

(a) the nation - in the national interest;

(b) the region - in view of the socioeconomic development
that would ensue;

(c) the community wishing to retain the activity; or

(d) the shareholders or employees of the industry, or the
consumers of the goods it produces.
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Funds are also necessary for research. Legislative bodies
that lay down principles for controlling the various causes of
pollution should at the same time ensure that funds are allocated
for research both into the cause-and-effect relationships between
pollutants and any diseases that may be detected in the popula-
tion, including animal toxicological studies, or in fauna and
flora, and into the means of reducing or containing pollution,
either by treating wastes themselves or by developing industrial
techniques free from harmful effects.

These legislative bodies should also provide for the finance
needed specifically for surveillance and control activities at
various levels, and for the cost of support programmes such as
training, health education, and public information.

For many countries, however, there are ways and means of se-
curing outside assistance in the form of grants and subsidies for
the collection, treatment, and disposal of wastewater, as well as
technical assistance.

5.6.2 Manpower

The lack at all levels of personnel trained in pollution
control is often one of the main obstacles to developing and
implementing pollution control programmes, in both highly indus-
trialized and developing countries.

Pollution control is not the prerogative of any one pro-
fession, and a multidisciplinary team approach is necessary in-
volving medicine, engineering, the biological sciences, chemis-
try, the physical and mathematical sciences (including statis-
tics), operational research and systems analysis, and the social
and behavioural sciences.

There is difficulty in recruiting staff, especially univer-
sity graduates, into public health generally and environmental
health specifically. This is true particularly of medical offi-
cers and sanitary engineers dealing with environmental problems
and is a consequence of the low status accorded to public health
in some countries and the low salaries often paid to public
health workers.

At the national level it is essential to have high-grade
professional officers with both technical and administrative
training and with a knowledge of the various aspects of pollution
control. There should also be an adequate staff of technical
officers and of administrative personnel at all levels, ranging
from the managerial staff to the operational staff. Their number
will depend on the size of the country, the scope of the pro-
blems, and the stage of t:e nation's social, economic, and in-
dustrial development.

It is sometimes possible for government departments to
commission independent groups such as local firms of consulting
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engineers to undertake specialized work and so relieve the
authorities of the need to employ costly staff for whom there is
insufficient work. The encouragement of such local firms can
also benefit the physical and economic development of a country.
Similarly, much construction work, and particularly specialized
work, can be entrusted to contractors rather than to directly
employed labour. For major works it is often necessary to call
in foreign consultants, sometimes with international financial
help. In such cases it is wise to arrange for local counterparts
to acquire experience by working with the consultants.

Efforts to attract students to environmental pollution con-
trol disciplines and to organize appropriate training schemes
should receive high priority. Courses can be general or spe-
cialized (air pollution, water pollution, marine pollution, etc.)
and are best carried out at graduate or postgraduate level in re-
search institutes and universities.

Pollution control should be included in the undergraduate
training of chemical, civil, and sanitary engineers, and in pub-
lic health or environmental health courses for medical students.
It is important that administrators and teachers in the teaching
institutions appreciate the importance of public health and pol-
lution control. The education and training of various categories
of personnel have been discussed by various expert groups.

The World Health Assembly has passed a number of resolution
dealing with manpower development, in particular Resolution WHA
26.59, which recommends that Member States

(1) introduce or strengthen teaching of the health sciences
within training programmes for the various categories of environ-
mental manpower;

(2) give priority to the use of such manpower within the
institutions responsible for planning and carrying out coordin-
ated programmes to promote health and to improve the human en-
vironment, as well as at all operational levels.

Other areas where education in pollution prevention and con-

trol should be carried out are:

(a) as part of primary and secondary school curricula;

(b) in training programmes instituted by industrial and
municipal management;

(c) in educational articles and programmes disseminated by
the mass media; and

ISee Wld. Hlth Org. techn. Rep. Ser., 1967, No. 376; 1968, No.
385; 1971, No. 481.
2Off. Rec. Wld Hlth Org., 1973, No. 209, p.33.
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(d) in government-sponsored extension programmes in the

field of environmental management.

5.6.3 Instrumentation and materials

Instrumentation

Reference has already been made to the question of routine
measurement of pollution and to the potentially spiralling cost
of using the latest instruments, processes, and materials for
this purpose. In particular, the use of sophisticated instru-
ments should be avoided; they are usually expensive and their
maintenance often requires skill that is not possessed by the
user and cannot be acquired locally. In fact, the use of highly
qualified personnel to operate such instruments may yield dispro-
portionately small returns in terms of health gains in countries
where such manpower is short.

A commonsense approach is required. Automatic equipment
should be purchased only after close scrutiny of the actual need.
Manual tests and instruments have worked well in many circumstan-
ces and their use should be encouraged. The same is not always
true of automatic equipment. For example, several types of auto-
matic device may be used to measure different parameters of river
pollution. In most cases the probe must be protected by filters
or strainers. A problem frequently encountered is the obstruc-
tion or choking of the strainer apertures by various sediments in
the river, so that the equipment becomes inoperative, despite the
complexity of the measurement devices it contains. The only
solution is to remove the blockage by hand.

The use of local materials and local construction of instru-
ments is desirable wherever possible. WHO and other interna-
tional agencies should encourage this effort. Even developed
countries often manufacture and use inexpensive equipment when
there are limited funds for the programme. In a number of coun-
tries inexpensive instruments have been used successfully for
years in the fields of radiation monitoring and of air pollution
control. It is recognized, however, that sophisticated equipment
may be necessary for research purpjses.

WHO has an important role to play in developing this common-
sense approach, especially in developing countries, where it is
not always known that many developed countries are managing well
by using manual equipment in a wide range of pollution control
programmes, often in preference to automatic equipment, which can
be delicate and difficult to maintain. Pollution control pro-
grammes can be initiated with slender financial resources and yet
still be effective.

Some degree of standardization of equipment, materials, and
methods is essential and should be achieved with the cooperation
of all interested bodies, in particular the designers and manu-
facturers. It is important that information be fed back from the
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user so that the equipment can be modified and improved in the
light of experience. Specifications should not be so rigid as to
preclude acceptable variations by local designers as tradesmen.
Comparability of the results of measurement and so of equipment
and methods is essential at the country level, and inter-labora-
tory calibraticn should be encouraged both at national and inter-
national levels.

As pointed out by a WHO expert committee, 1 it should be a
principle of national environmental health programmes to make
optimal use of locally available materials. In this way foreign
exchange can be saved, the overall cost of works can frequently
be reduced, and local employment can be stimulated.

Designs should take into account the materials available,
care being taken not to adhere too rigidly to type designs,
specifications, and codes of practice that may have been prepared
for use in other countries and under different circumstances.
Simple, locally designed control equirment can be just as effec-
tive as imported goods, and much cheaper.

6. PROGRAMME CONSTRAINTS

Environmental pollution control programmes, as any other
programmes concerned with the delivery of services to the public,
are subject to a large number of constraints. These constraints
must be identified and evaluated at the planning stage and taken
into account in the formulation of the programme. If any are
overlooked, the success of the programme may be seriously im-
peded. Many of the programme constraints have already been men-
tioned in the previous section and some will be discussed later
in more detail.

Some constraints result from geographical or climatic condi-
tions, and may be cultural or traditional, including customs and
behaviour patterns. Specific and local constraints must there-
fore be carefully studied in each particular case.

A serious limitation on the effectiveness of pollution con-
trol programmes is the present rate of urbanization and industri-
alization and the concurrent growth of population. Pollution
problems grow more rapidly than do the resources available to
control them, and programmes planned today may already be inade-
quate before they can be implemented.

Other main categories of constraints are:

Inadequate scientific knowledge. The lack of complete infor-
mation on the pollutant's behaviour in the environment and uncer-

lWld Hlth Orq. techn. Rep. Ser., 1970, No. 439. Local materials
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tainty about the relationship between exposure and its effect on
man's health and the contribution of this pollution to the devel-
opment of disease or to the exacerbation of existing conditions
in man are examples of such constraints. As previously dis-
cussed, lack of knowledge is a sfious obstacle to the establish-
ment of environmental quality standards and to the setting of
programme priorities.

Inadequate technology. Inadequacies in technology, related
to the measurement of po.lutant levels and particularly to effec-
tive control, are major areas of constraint. This problem is
aggravated by the high cost of applying technology so as to ob-
tain the desired control.

Inadeuate resources. The lack of resources, both financial
and manpower, as a constraint in programme formulation and imple-
mentation has already been discussed.

Inadequate legislation. A lack of enabling or specific
legislation is a major constraint in programme implementation.
In some cases, the problem is made more difficult by the absence
of concepts and doctrine on which to build a legal system.

Unsuitable administrative and organizational framework. The
existence of traditional administrative patterns, the department-
alization of various governmental agencies, and the lack of ade-
quate coordinating mechanisms are examples of such constraints
that have been mentioned.

Social factors. Lack of social awareness and of understand-
ing oT te problem by the public may be an important reason for
the low priority accorded to environmental health in general and
environmental pollution control in particular. The relatively
small financial resources allocated for pollution control is to
some extent a reflection of the comparatively low value the
community attaches to environmental quality or the lack of aware-
ness of the importance of environmental quality.

Social and cultural habits may also hinder the development
and effectiveness of control programmes. To avoid such situa-
tions, control programmes should be compatible with the social
and cultural values of the population and should be brought to
the attention of the population, starting with the schoolchild at
an early age.

An exaggerated and unrealistic evaluation of pollution pro-
blems, based on emotional reactions rather than on facts, may be
an equally severe constraint in the development of appropriate
national pollution control programmes.

Political constraints. Pollution control programmes may be
politically desirable or inopportune, because of the restrictions
they may place on economic development. Hence the need to inte-
grate pollution control programmes with other elements of econo-
mic development programmes. Decisions on economic development
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schemes should be made with reference to environmental conse-
quences, especially those affecting the health of man and the
ecology. Also, there is sometimes a tendency to support health
programmes in which quick results can be seen rather than to
invest in long-term pollution control programmes with less de-
monstrable beneficial effects.

7. SUPPORT PROGRAMMES

7.1 Health education and information

The committee emphasized the need for education on environ-
mental pollution at all levels of the community, in particular of
national and local politicians, university and other teachers,
the staff of government departments, and all schoolchildren.

Close cooperation should be maintained with voluntary heaJth
agencies, which can give valuable assistance in this field.
Stress was laid on the importance of seeking the suppcrt and
cooperation of the press and other news media when planning
health education of the public on pollution matters. Such action
can help reduce the likelihood of sensationalism, which can pro-
voke an exaggerated and emotional response from the public. The
local health department has an important role to play in reassur-
ing the public in such situations. A national health adminis-
tration should contain a unit adequately staffed with health
educators, one of its functions being to work with those respon-
sible for pollution control on the health education aspects of
their programmes. It was generally agreed that all information
disseminated on pollution control should be factual and unbiased.

Health education programmes should both inform and influence
the public and the national, civic, and other leaders, convincing
them of the importance or prevention.

WHO has a role to play by providing governments with advice
and with consultants. These consultants can assist with training
programmes and the preparation of suggestions for public and
community information programmes regarding the importance of
environmental health and the need for strong, well-staffed public
health departments.

Governments, as custodians of the resources of the environ-
ment, must be well informed so as to be able to respond to the
needs of the public, which, in turn, has the right to be in-
formed. Insufficient information and misinformation are detri-
mental to environmental health programmes. The central health
agency should therefore evaluate its educational programmes and
materials.

A service should be developed to encourage public partici-
pation in pollution control programmes by acting jointly with
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public interest groups, assisting in the dissemination of educa-
tional material on pollution problems, and receiving and consid-
ering the public's comments and suggestions. Such an arrangement
would facilitate (1) the dissemination and interpretation to the
public of factual information; (2) the development of extension
programmes aimed at creating a better understanding by the public
of basic pollution problems and programmes; and (3) the availa-
bility of environmental material suitable for use in the schools.

When a public information policy is being developed, it
should be borne in mind that as much as possible of the programme
should be carried out at the community level, that local initia-
tive should be encouraged, and that local people are likely to
know more than the central authorities about local conditions.
Informtion programmes appear to be most successful when they are
directly attached to the operational agencies they serve.

7.2 Research

The formulation of sound environmental pollution control
policies depends on the availability of adequate information on
which to base decisions. Research must seek to obtain the data
needed to elucidate and solve existing environmental pollution
problems and to prevent future hazards. Higher expenditure may
be necessary in the absence of accurate scientific data. For
example, if the health effects of a particular environmental
pollutant are not precisely known, it may be necessary to apply
more stringent environmental measures to assure the protection of
public health than would be necessary if full information were
available; and the implementation of more rigid standards is, of
course, more costly.

Research and development are heavy consumers of funds, man-
power, and effort and few countries can afford to support an ade-
quate research programme covering all environmental pollution
problems. Exchange of research information between countries and
collaborative international research are therefore essential.
The transfer and adaptation of control technology to local needs
and circumstances need particular attention.

Various research needs in the field of environmental pollul
tion have been summarized in a number of WHO publications.
Research is needed on the following topics in particular:

(a) the health effects of long-term low-level exposure to
environmental pollutants, including carcinogenesis, teratogen-
esis, and mutagenesis;

lWld Hlth Org. techn. Rep. Ser., 1968, N. 406; The WHO environ-
me-nta--health criteria programme (unpublished d cumeni-t-EEP/73.1 ) ;
Environme-ntal Health criteria: Report of a WHO Scientific Group
(i published document EP/73.2).
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(b) the synergistic effects of pollutants;

(c) the potential effects of pollutants (particularly chem-
ical) on immunological defence mechanisms, including the possible
consequence of greater susceptibility to bacterial and viral in-
fections;

(d) the metabolism of pollutants, including absorption,
accumulation, and bio-transformation; identification of target
tissues; detoxification and enhancement of toxicity through meta-
bolic processes;

(e) epidemiological studies of vulnerable groups in the
population;

(f) the transport, dispersion, and environmental reactions
of pollutants;

(g) the effects of pollutants on ecosystems;

(h) control technology for gaseous air pollutants; advanced
waste water and raw water treatment and procedures for closed-
circuit systems and reuse of wastewater; low-cost methods for
environmental pollution control.

An important aspect of research promotion and coordination
is the harmonization of techniques for experimental, epidemiolog-
ical, and environmental studies in order to facilitate the com-
parability of results obtained in different laboratories and in
different countries.

Many disciplines must work together to build the broad tech-
nical and social information base for more effective criteria
documents. The health, social, cultural, and economic aspects of
environmental pollution and regulatory controls must be con-
sidered as essential parts of this effort. These activities
should include studies on new or potentially important environ-
mental agents.

Groups of internationally recognized specialists, in collab-
oration with national and other research institutions, should
examine any conflicting results and gaps in knowledge, identify
further research needs, and set priorities. This will also be
one of the tasks for the specialists concerned with the identifi-
cation of new hazards from technological development. The recom-
imendations of these groups of experts and their reports on re-
search needs and priorities should be made available to all
governments and national and other research institutions.

8. INTERNATIONAL COLLABORATION

Pollution of the environment often has conseque..es that cut
across national. frontiers.
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8.1 International pollution problems

Air pollution is windborne and can cover great distances
particularly if the pollutant is taken up by cloud masses and
carried with them until they fall as rain.

Water pollution also is of international concern because
some rivers and streams cross more than one country and can bring
or acquire pollution along the way. Problems arise when the
receiving country needs to use this water for certain purposes.
In some cases the pollution source may be situated not far beyond
the frontier of the country receiving the water and may therefore
have even more impact on that country than on the original one.
A similar situation can occur with parts of the sea or shared
estuariey, when pollution from one country reaches the shores of
another.

In addition to pollution problems arising from routine oper-
ations, there are also accident risks and possibilities of acute
pollution resulting from the lack of dispersion conditions.
Whatever the specific problem may be, there will be a need for
arrangements, treaties, and collaborative decisions ard agree-
ments between the countries directly involved. Many examples of
such arrangements already exist, sometimes in rather complex
form, and have proved to be efficient for handling international
water pollution problems.

The results obtained in a national water pollution control
programme on an international river should 3erve as a pattern for
solving problems in pollution control on a regional basis, and
close collaboration, based on international agreements, should be
maintained among the neighbouring countries. The first, urgently
needed, step towards coordination of national activities involved
in the pollution abatement in rivers flowing through several
countries should be the coordination of the water quality stan-
dards and analytical methods used.

For example, Hungary is a typical downstream country; all
major water courses discharge to Hungary from other countries,
mainly through the Danube river basin (70% of all surface water
resources), which is subject to international pollution, and
Hungary has no opportunity for checking and controlling pollution
at the source. The proper quality of the Danube is of vital
interest to Hungary, and it is in her interest to develop a sur-
veillance system in collaboration with the neighbouring countries
and based on an intergovernmental agreement. Another example is
tle River Rhine, which is an important waterway for the Nether-
lands and is used as a source of drinking water. A special in-
ternational body, the International Commission for the Protection
of the Rhine against Pollution, has been created to maintain

1See also: Resolution WHA 25.43, Off. Rec. Wld Hlth Org., 1972,

No. 201, p. 20.
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close collaboration among France, Germany, Luxembourg, the Neth-
erlands, and Switzerland, with the aim of taking all possible
measures to improve and maintain the quality of the river water.

When streams traverse international boundaries it is gener-
ally necessary to establish international bodies to introduce
pollution control regulations. Such bodies should meet at regu-
lar intervals to review operations and management of the stream
or streams involved and, if needed, to prescribe further mea
sures.

Pollution of food may also have international repercussions
and serious problems in this respect exist in many parts of the
world, especially in highly industrialized or urbanized regions.

8.2 Exchange of information and surveillance

All measures related to the management and control of pollu-
tion which are applicable within individual countries have to be
applied in international problems: identification of sources,
pollutants, and effects, and setting up of criteria, standards,
and acceptable levels of contamination. Methods and means of
controlling pollution need to be as similar as possible on both
sides of the frontier. Systems for permanent mutual information
regarding monitoring and surveillance have to be set up. Compe-
tent authorities have to be designated and empowered and equipped
to take enforcement action whenever it appears necessary. Part-
ner countries should have the same concern about the effects of
pollutants in whichever country they occur, and be ready to take
appropriate measures as the need arises.

8.3 Role of international organizations

International organizations have various types of respon-
sibilities in this field, among which transfer of technology and
information exchange occupy a major position. Other important
examples are:

Setting up criteria and standards. According to the type of
organization, --"ternationa- criteria and standards may be formu-
lated either as recommendations or as binding directives. WHO,
for instance, is expected to all Member countries to provide
recommendations of worldwide application.

Monitoring. This applies particularly to air pollution but
can also be envisaged for the pollution of rivers, inland seas,
estuaries, or food.

Regulatory role. In some specific cases, international
organizations mayFe responsible for setting up regulations,
either as guidelines for national authorities or as supranational
rules; in the latter instance there is a need for means of en-
forcement.
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Management of programmes. Managerial responsibilities may
be given to international bodies that are set up to ensure the
control of pollution in international rivers.

Research. In many instances necessary research can best be
performed on an international basis, as when the size of the
problem, its complexity, or its specificity calls for collabora-
tion, coordination, or financing at the international level.

9. CONCLUSIONS AhD RECOMMENDATIONS

(1) In the planning of national environmental pollution
control programmes, health aspects must be given a high priority.
Health agencies should be authorized and adequately equipped to
fulfil the functions outlined in this report, particularly with
respect to competent manpower. Appropriate technical units in
health or other agencies should be strengthened or, when neces-
sary, established, to carry out these functions, including moni-
toring and evaluation of environmental pollution levels and
health effects.

(2) Environmental pollution control programmes are of a
multidisciplinary nature and require coordination within national
government departments. Only through coordination at the nation-
al level and with international collaboration is it likely that
the authorities will be able to master the problems concerned
without impeding economic and industrial development. A con-
certed effort should be made to ensure the collaboration of all
interested parties - public authorities (local, regional, and
national), industry, and the public. Without such collaboration
communities may suffer damage that could be irreparable.

(3) National environmental pollution control programmes
should be designed not only to ensure adequate pollution control
and abatement, but also to prevent pollution as far as possible.
The planning, organization, administration, and evaluation of
national environmental pollution control programmes have to be
carried out systematically by means of modern management methods,
and risk/benefit, cost/benefit, and cost/effectiveness studies.
,ontinuing education and research are essential components of
such programmes.

(4) The prevention of environmental pollution should be
carefully considered by developing countries even if such pollu-
tion does not yet present a major problem. A sound principle is
to provide for the incorporation of environmental pollution con-
trol in all industrial, agricultural, and other economic develop-
ment projects, including regional planning, from the outset.

(5) The Committee stressed the need for balanced programmes
taking into account the traditional problems of pollution from
community wastes as well as the chemical and physical pollution
arising from industrial development, growing needs for energy,
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and the application of chemicals in households, agriculture, and
other activities.

(6) Health effects of long-term low-level exposure to en-
vironmental pollutants deserve particular attention, and pro-
grammes should be developed for testing all new important chemi-
cals for chronic toxicity, including teratogenicity, carcinogen-
icity, and mutagenicity, before they are introduced on the
market.

(7) WHO should expedite the preparation of criteria docu-
ments, which should be made available as soon as possible to all
relevant national institutions and agencies. Assistance should
be offered in the application of these documents in national
environmental pollution control programmes.

(8) WHO has an important role to play in setting up,
coordinating, and strengthening programmes for the monitoring and
surveillance of pollutants (including emission surveys and inven-
tories) and their possible effects, with emphasis on health pri-
orities. Particular attention should be given to the promotion
of acceptable comparable methods of measurement and of programmes
for inter-laboratory data quality control.

(9) Technical assistance to strengthen national environ-
mental pollution control programmes should continue to be pro-
vided by WHO, particularly as regards scientific and technical
advice on matters relating to pollution control, development of
training programmes, and stimulation of and assistance in re-
search. The use of inexpensive, simple routine measurement in-
struments and the use of local materials should be encouraged in
the initial stages of regulatory programme development.

(10) WHO also has a role to play in compiling scientific and
technological information on environmental pollution and in dis-
seminating this information to national institutions. In this
respect there is a need for guidelines on programme components
and constraints, techniques for the planning of health-oriented
environmental pollution control programmes. the preparation of
implementation plans, health education and information of the
public as they relate to environmental pollution, risk/benefit
and cost/benefit analyses and evaluation, international transport
of toxic substances, and other technical problems.

(11) Scientific appraisal by international groups of experts
of existing information on environmental pollution could help to
place pollution problems in a proper perspective and to avoid
exaggerated reactions from the public, while at the same time
stimulating public awareness of current environmental pollution
problems.

(12) In developing programmes mentioned in recommendations
(7-(11), adequate use should be made of appropriate information
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developed within the framework of the United Nations Environment
Programme, the specialized agencies, the International Atomic
Energy Agency, and other intergovernmental or nongovernmental
organizations. Existing collaboration among these agencies
should continue and the coordination should be strengthened.
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"The Environmental Impact Statemen as Practiced

in the United States"

by

Remi Barre

Introduction

As a result of the growing concern about the quality of the
environment--a concern rooted in the first conservation movement
of the late ninetenth century and expressing itself in the
1960's in powerful organizations like the Sierra Club and through
the political process--Congress passed The National Environmental
Policy Act of 1969 (NEPA), a comprehensive national policy for
"restoring, protecting and enhancing the quality of the environ-
ment."

The purpose of this paper is to describe the major tool for
implementation of this policy, The Environmental Inpact Statement
review process, a process incorporating an environmental perspec-
tive in the decision making of federal agencies; and to discuss
the efficiency, interest and difficulties linked with that tool
by an evaluation of its first four years of application.

1. Overview of NEPA. Definition of the Environmental Impact
Statement. (See Appendix A)

Basically, NEPA seeks better environment through better
federal decision making by calling for the articulation of the
reasons behind decisions, for the elaboration of the risks which
proposed action entails, for discussion and consideration of al-
ternatives as a test of soundness of the decision taken, for a
wider review of the public interest, and for increased public
participation. The two major aspects of NEPA are the creation of
the Council on Environmental Quality and the Environmental Impact
Statement review process.

In its Title II NEPA created the Council on Envirormental
Quality (CEQ) in the Executive Office of the President in order
to "re':w and appraise the various programs and activities of

aA lec.'c prepared for the International Program in Environ-

mental Aspects of Industrial Development, University of North
Carolina, 1975.
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the federal government in the light of the policy set forth in
this Act," to "develop and recommend to the President national
policies to foster and promote the improvement of environmental
quality to meet the conservation, social, economic, health and
other requirements and gials of the nation," and to provide for
an annual progress report .

However, the originality of NEPA is its Title I, section
102, which is its action forcing procedure. This section re-
quires all federal agencies of the United State-s to "insure that
presently unquantified environmental amenities and values may be
given appropriate consideration in decision making along with
economic and technical considerations."

The means of achieving this is specified in section 102 (C)
which requires the federal agencies to "include in every recom-
mendation or report on proposals for legislation and other major
federal actions significantly affecting the quality of the human
environment" an environmental impact statement (EIS) prepared by
the agency responsible for the recommendation for legislation or
action. The EIS will be commented upon by "any federal agency
which has jurisdiction, by law or special expertise, with respect
to any environmental impact involved," and made available to the
President, the CEQ and the public, and will "accompany the pro-
posal through the existing agency review process."

Recognizing the far-reaching consequences of the Environ-
mental Impact Statement procedure, Section 103 requires all
agencies of the federal government to review their administrative
regulations, current policies and procedures in order to ensure
that they will permit full compliance with the purpose and nature
of this new decision making process.

It is on this Environmental Impact Statement review process,
the mechanism incorporating an environmental perspective into the
decision making process of federal agencies, that we will now
focus.

2. The CEQ Guidelines for the Preparation of Enviroiimental
Impact Statements (See Appendix B)

On August 1, 1973, the CEQ issued a revised set of guide-
lines for the preparation of EIS in order to translate section
102 of NEPA's broad language into more concrete terms incorpora-
ting much of NEPA's legal evolution in the courts and reflecting
the experience gained and lessons learned during the three pre-
vious years.

2.1 Characterization of the Revised Guidelines

The proposed new guidelines emphasize that environmental
consideration should be taken into account from the beginning of
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the decision making process, enabling those responsible to in-
crease the degree of public participation, itself the other major
emphasis of the guidelines.

They encourage the use of program or generic impact state-
ments to cover a number of related individual actions (policy im-
pact statement), and they explicitly require agencies to discuss
the secondary environmental impact of their actions, particulary
on energy consumption, population concentration, and growth
(sewers and highway construction, for example).

2.2 The Environmental Impact Statement Review Process
(Summary of the guidelines, Appendix B)

i. Type of actions covered

"Major federal actions significantly affecting the quality
of the human environment," are covered by Section 102(c) of NEPA.
Action here means legislative and administrative action. Along
with the requirement that the agencies continually review their
policies, procedures and regulations to ensure full compliance
with the purposes of NEPA, it is also required for them to
develop specific criteria and methods for identifying those ac-
tions likely to require EIS, in consultation with CEQ.

In order to insure public information, those procedures must
be regularly published and up-dated in the Federal Register.
Along this line, agency procedures are required to include an
early notice system for informing the public of the decision to
prepare a draft environmental statement of proposed administra-
tive action, and for soliciting comments that may be helpful in
preparing the statement.

If the agency decides not to prepare an EIS, this informa-
tion is to be published in the Federal Register with a notice
setting forth the agency's reasons for such a decision.

ii. Preparing draft environmental statements; public hear-
ings

Prior to the first significant point of decision in the
agency review process, a point which must be defined in the
agency's procedures for compliance with NEPA, a draft EIS should
be prepared and circulated for comment from the CEQ, federal,
state and local agencies, and the public. This must permit the
agency decision makers and outside reviewers to give meaningful
consideration to the environmental issues involved. To the full-
est c-xtent possible, whenever appropriate, public hearings should
be held. The agency's procedure should indicate explicitly the
kinds of decisions which utilize public hearings.

All comments received are carefully evaluated and considered
in the decision process. A final EIS with substantive comments

11-187



attached is then issued and cir'uJated.

iii. Content of an EIS

The information must be easily understandable to the non-
specialist. The agency should indicate how the information has
been obtained. Emphasis is put on the importance of a multi-
disciplinary approach which would insure the integrated use of
natural and social sciences for the preparation of the EIS as
well as for the whole planning process.

The EIS itself covers the following points:

1. A description of the proposed action, a statement
of its purpose and a description of the environment affec-
ted.

2. The relationship of the proposed action to land
use plans, policies and controls for the affected area.

3. The probable impact of the proposed action on the
environment, both direct and indirect (highway and sewer in-
vestments inducing local and population growth.)

4. Alternatives to the proposed action in any pro-
posal which involves unresolved conflicts concerning alter-
native uses of available resources. Sufficient analysis of
such alternatives and their environmental benefits, co',ts,
and risks should accompany the proposed action through the
agency review process in order not to prematurely foreclose
options which might enhance environmental quality or have
less detrimental effects.

5. Any probable adverse environmental effect which
cannot be avoided.

6. A discussion of the extent to which the proposed
action involves trade-offs between short-term environmental
gains at the expense of long-term losses, or vice-versa, and
the extent to which the proposed action forecloses future
options.

7. Any irreversible and irretrievable commitments of
resources that would be involved in the proposed action,
should it be irplemented.

8. An indication of what other interests and consid-
erations of federal policy are thought to offset the en-
vironmental adverse effect of the proposed action.

iv. Review of draft EIS by federal, state, and local
agencies and the public
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Comments may be made on the draft EIS within 45 days. Such
comments should emphasize the assessment of the environmental
impact, the acceptability of that impact, and may recommend modi-
fications to the proposed course of action.

Commenting entities are the federal agencies with jurisdic-
tion, by law or special expertise, with respect to any environ-
mental impact involved. The Environmental Protection Agency
(EPA) has a duty to make comments regarding the compatibility of
the action with the Clean Air Act and NEPA. State and local
agencies can comment, too, as can the public. Draft EIS should
be made available to individuals and organizations on request;
and its existence should be publicized in local newspapers, for
example.

v. Preparation and circulation of final EIS

All substantive comments received on the draft should be
attached to the final statement and should make a meaningful
reference in the final EIS of any responsible opposing view not
adequately discussed in the draft statement, and should indicate
the agency's response to the issue raised.

vi. Transmittal of statements to the CEQ

Copies of the final EIS are made available to the CEQ and
relevant commenting entities. No administrative action can be
taken sooner than thirty days after this moment. The CEQ pub-
lishes weekly in the Federal Register the EIS received during the
week that are available for public comments. We can notice here
that CEQ does not approve or disapprove federal actions on the
basis of EIS submitted to it, nor does it review all EIS. It is
the Environmental Protection Agency (EPA), through its adminis-
trator, that is required to review and comment in writing on all
those actions subject to NEPA impact statements, and to determine
whether the action proposed in the statement is environmentally
satisfactory. If it is found unsatisfactory, EPA draws the
attention of the CEQ to the problem so that the final decision
will be made on a higher administrative level.

3. The Enforcement of NEPA; the Role of the Courts

Since NEPA, like many other reform legislation, is cast in
terms of a general mandate and broad delegation of authority, it
has been the responsibility of the courts to ensure that the
legislation becomes a realtiy. This is due to the specificity of
the U.S. Judicial system which gives the courts the responsibil-
ity for interpreting statutes and other pieces of legislation.
This is all the more important that the interpretations made by a
court of appeals automatically acquires almost the power of law,
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because its interpretation has to be followed by all lower
courts. (This system is specific to England and ex-British
colonies.) It shows why it is important to review the major in-
terpretations of the courts, all the more that, five years after
its enactment, NEPA caused 500 law suits covering almost all pos-
sible controversies.

3.1 Standing

Since the mid 1960's, there has been a very noticeable ex-
pansion of the requirements for standing (to stand is to bring a
law suit which is receivable by a court). The NEPA cases have
still expanded the requirements creating new legal interests and
grounds to sue, like the public's right to know, to participate
and have the future generations protected. In other words, the
courts have ruled that practically any citizen is allowed stand-
ing in NEPA cases. This is very important because it allowed
environmentalists groups to sue and, as the courts interpreted
NEPA rather strictly as we will see, it greatly increased the
impact of NEPA on the actual decision making process of the fed-
eral agencies.

3.2 The Requirement of Strict Compliance

NEPA contends that "to3the fullest extent possible, the pol-
icies, regulations . . ." The phrase "to the fullest extent
possible" has become the touchstone of NEPA interpretation; it
has been given a forceful interpretation in the case of "Calvert
Cliff's Coordinating Committee vs. The Atomic Energy Commission,"
which led to giving special vigor to the action-forcing provi-
sions of NEPA. This case set the tone for many other court
cases. In other words, the courts have decided that section 102
of NEPA was subject to a strict standard of compliance and con-
sequently many agencies have been ordered by the courts to re-do
their EIS, resulting in the backlog of 110 nuclear power plants.
In 102(B), NEPA uses the words "consideration of the environ-
ment," which have been interpreted in Calvert Cliff's in terms of
a balancing or trading-off of environmental factors against eco-
nomic and technical ones. Hence, the details of the manner in
which an agency conducted its final decision making process will
be subject to close judicial scrutiny under NEPA. The courts can
review whether the decision gave sufficient we-ght to environ-
mental values. However, subsequent cases showed that it doesn't
mean a cost-benefit analysis j.s required; this leaves some room
for subjective interpretation, as shown in another major court
decision, "National Helium vs. Morton" which said that an EIS is
acceptable if:

1. it discusses all of the five procedural require-
ments of NEPA,

2. it constitutes an "objective good faith" com-
pliance with the demands of NEPA,
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4. NEPA in Practice
4

In five years, more than 6,000 EIS have been done; 85% of
them by the Department of Transportation, the Corps of Engineers,
the Departments of Agriculture, of the Interior, and the Atomic
Energy Commission, ranging from the impact statement of the sale
of oil and gas leases on the outer continental shelf, to the one
of a priority system for the allocation of low sulfur petroleum
products and to the impact of the Washington D.C. mass transit
system.

Let us look at the context and the concrete results of this
massive application of the EIS procedure.

4.1 Evolution of the Scope of NEPA

The 59 concerned federal agencies, including the CIA, have
developed their own procedures of decision making process to com-
ply with NEPA, on the model of the guidelines of the CEQ dis-
cussed earlier. The agencies have conducted numerous training
sessions, workshops and seminars to familiarize their staffs with
the new procedures. Furthermore, since 1970, 21 states have
adopted EIS requirements for state agencies similar to those set
forth by NEPA. Some cities having legislative power, such as New
York, have adopted acts similar to NEPA to regulate city
agencies. Six states even require an economic impact statement
added to the EIS, and some states require the EIS for private
actions or investments, California being the state with the
strongest provisions in that sense. This general trend of broad-
ening the scope of NEPA has created some material problems of
limited funds and staff allocated to implement the requirements,
but one can say that, even though integration of a state EIS into
a state's decision making will take some time: the process has
already begun.

4.2 Evolution of the practice of NEPA

At the very beginning, most agencies thought the EIS re-
quirement was not applicable to most of their programs, and that,
anyway, it could be prepared by their administrative staffs as a
finishing touch when the project went forward for final agency
approval. The Trans-Alaska pipeline case gave reality and im-
portance to NEPA, and focused the attention on the EIS process.

From mid-1970 to mid-1973, there has been a transition per-
iod marked by the development of successive CEQ guidelines which
helped each time reducing the uncertainty over NEPA requirements
by integrating the rapidly expanding base of agency experience
and codifying the major court decisions that were being handed
down. In July 1971, in the "Calvert Cliff" case, one of the
major NEPA decisions, the court declared that the procedures of
the Atomic Energy Commission were unacceptable. This decision
significantly broadened the range of issues which the agencies
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3. it contains a reasonable discussion of the subject
matter involved in the five required areas.

The court insisted one should look for "adequacy and com-

pleteness of an EIS, not perfection."

3.3 Content of an Adequate EIS

The starting point is the statutory phrase "detailed state-
ment." A first interpretation has been for the courts to declare
that a statement's adequacy, in the end, is measured by its
functional usefulness in decision making; an EIS should enable a
decision maker to consider environmental factors in good faith.
A second type of interpretation says that the EIS is reasonably
detailed if:

1. it is understandable and non-conclusory,

2. it refers to the full range of knowledge,

3. it discusses certain impacts which are typical of
some types of action.

This has led the courts to require that the final EIS should
include the comments and points of view even of those the agency
disagrees violently -4th, provided they are based on scientific
grounds. Courts have also required the detailed statements on
"alternatives to the proposed action," one of them being to take
no action at all. The statement should include a discussion of
the environmental consequences of those alternatives. In the
line of the strict compliance with NEPA, courts have rejected EIS
which had not been circulated for comments. Furthermore, the
comments must be meaningfully employed in the preparation of the
final EIS, and be discussed.

In fact, the courts do review whether the agency acted
within the scope of its authority, whether the decision reached
was arbitrary, capricious, and whether the agency failed to con-
sider all relevant factors in reaching its decision.

3.4 Conclusion

The courts have been vigorous in reviewing compliance by the
federal bureaucracy with NEPA, and, even more, they have been the
major architects of NEPA's requirements.

There are, of course, many other important interpretations
made by the courts which we have not time to discuss here,but,
what we have seen is enough to assert that, for better or for
worse, NEPA and its action-forcing procedure, the EIS require-
ments have actually been, mainly through the decisive action of
the courts, forced into the heart of the federal agencies' deci-
sion making process. As it has been said, NEPA, as it operates
today, is truly the stepchild of the judiciary.
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the first EIS were lengthy laundry lists: checking the potential
impact on all kinds of plant and animal species with little
attention to the secondary effects of the project under consider-
ation (inducing industrial growth, for example), and little
effort to synthesize the scattered impact findings.

The quality of the EIS has improved significantly since
then, partly because the CEQ guidelines emphasize the nctions of
secondary impact and EIS as a continuing effort all along the de-
cision making process; partly because the courts have sometimes
ordered the agencies to do so and they have had to quickly in-
crease the manpower effort devoted to the preparation of the EIS;
and partly because our scientific and methodological knowledge
has increased. To be more specific about this point, environ-
mental assessment consists of two separate processes: environ-
mental impact analysis which involves indentifying and fore-
casting environmental change, and describing the implications of
such change, and impact evaluation which involves making trade-
offs among impacts and arriving at a preference ordering of
alternative actions.

Impact analysis consists mainly of ic itifying the scope of
the problem both in spatial and temporal terms, identifying the
basic elements concerned,%'and then taking explicitly into account
the interrelationship between those elements, addressing the pro-
blem of "feedback-loops" and the fact that many causal linkages
occur only over extremely long periods of time.

Impact evaluation raises the question of the relative roles
of the decision makers and the "experts" because, at this stage,
no judgement--even those of the 'experts"--can be value free.
Onn has to decide what the relevant variables are, decide the
"worth" of each impact and its "importance" in order to somehow
aggregate those impacts and arrive at a final evaluation. If one
adds to these "decisions" to be made, the facts of lack of data
and knowledge and the need to assume linear relationships between
factors, it will be seen that we are far from scientific judge-
ment. There is plenty of room for improvement.

The Environmental Protection Agency is developing methodolo-
gies for analyzing the environmental aspects of different types
of projects, along with the Institute for Ecology. Major efforts
are made in the developing of a reference document containing the
latest information on the environmental effects of every type of
energy system.

These efforts and others like them will result in increased
ability to prepare useful and accurate environmental forecasts.
Nevertheless, the lack of accuracy of the methodologies and the
lack of data are still a very real threat to the credibility of
many LIS. This is likely to last for the next few years.
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were requir .d to consider, and led to increasing development of
technical expertise, necessitated the development of new techni-
cal and cost benefit analysis concepts, and led to the adoption
of new approaches to public hearings.

By 1973, the initial uncertainty and disruption had been
more or less overcome. The promulgation of the revised CEQ
guidelines, on August 1, 1973 showed the process for the inte-
gration of NEPA into agencies' operations. This accent is put on
the development of policy impact statements as well as the inte-
gration, step by step since the early stages of the planning pro-cess of the EIS requirement, the involvement of the public, and
the decisicn making process, specifying the role of the draft
EIS, the importance of the careful evaluation of the alternatives
to the proposed action and the need to take the secondary impacts
into account. The trend is now the expansion of the EIS process
towards state agencies and the pzivate sector operations.

4.3 The Concrete Results of NEPA

Rather than sudden spectacular material alteration of the
federal programs, one has the subjective impression that NEPA has
begun to cause some fundamental changes in the agencies' decision
making process, so that the machinery for proper agency review of
actions is in place, even if it has not yet been extensively used
to achieve better substantive results. If NEPA's ultimate goal
is a better environment through better federal decision making,
then some steps in the right direction have already been done.
This is not to say, of course, that no direct results have al-
ready occurred. For example, over the past three years, there
have been many modifications in nuclear plant design, including
redesign of intake structures and major cooling systems, modifi-
cations of the thermal flume and the radiological and the chemi-
cal waste systems, rerouting of transmission lines, installation
of fish screens, redesign of causeways and new studies of alter-
native cooling systems. Many reservoirs and stream channeliza-
tion projects have been delayed, modified, or even abandoned.
But, as CEQ's former Chairman, Russel Train put it, NEPA's imple-
mentation is iceberglike: the showy, controversial tip that in-
volves public attention is complemented by the massive bulk of
change that lies beneath the surface, hidden from view, but
fundamentally altering the way the federal government responds to
environmental problems. And here lies the hope of environmental
improvement in the future and in the long run.

5. Learning from NEPA; Critique and Perspective

5.1 The Quality of the EIS; the Methodological Problem

Admittedly, the first EIS were of poor quality. There was
little understanding of how to do environmental forecasting.
This, in turn, reduced the benefits of the EIS process. Most of
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5.2 The Cost of NEPA

First of all., there is the expense of manpower. The Atomic
Energy Commission, for example, invests two to five man years for
each EIS. And the cost of this labor is very high, being highly
skilled. Secondly, there are all kinds of costs related to the
delaying of federal programs. Some studies are actually being
done on the consequences of the EIS procedure on the cost of
energy. Even though the price increase is a very small percent-
age of the total price, it still cannot be overlooked. More
important, perhaps, increased delays increase the complexity and
risk of inaccuracy of the whole planning process: planners have
to prepare plans for a more distant time horizon if they add the
EIS time to the planning and construction time. In the actual
period where many parameters change so quickly and so suddenly,
this might prove to be a grave handicap by decreasing the rapid-
ity of response of a society to a problem. A third type of cost
is organizational expense: such a change in the planning and de-
cision making process of long established agencies has been quite
disruptive in many cases decreasing the efficiency of work. Even
though agencies have now adpated to the new system, there might
be some traces of disruption and sterilizing internal conflict
for long.

The response to this critique, based on the cost of NEPA, is
that the reform of federal decision making which NEPA brings
about will eventually save more time, money and bother than the
NEPA procedure wastes. In short, it might well be that NEPA is
"cost effective" because it brings careful analysis of the
effects of government action and reduces the risk of ill-advised
projects which can waste much more money than any EIS.

5.3 International Development

NEPA, and its action forcing procedure, the EIS, was the
first law of its kind to be passed in the world. Now Australia
and Canada have similar legislations. NEPA has also attracted a
lot of attention in several European countries.

The question is whether other countries, and especially
developing countries, could profit by EIS type of procedure.
Whatever the answer, it is clear that the U.S. Judicial System is
so particular that any procedure designed to improve the decision
making process to better take the environment into account, would
be very differently elaborated and enforced. Furthermore, any
reflection about the usefulness of an EIS-type process must be
based on an appraisal of the costs and benefits which would
occur. As the same resources are not scarce in all countries, an
EIS process might not be cost effective in all cases. In many
countries the scarce resource is skilled manpower and capital,
whereas in the U.S., it is the assimilative capacity of the en-
vironment.

Other consequences which might be of some importance are the
international trade modifications. The United States has argued
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that it would not be fair for them to be less competitive in
international markets because of the rigor of their environmental
standards (Stockholm, 1972), and some countries have feared that
they tie their "aid" to projects which have been through an
EIS-type of process.*

Conclusion

In our opinion, the major interest of NEPA and its action
forcing procedure, the EIS, is that it improves the decision
making process:

i. by a systematic accounting of consequences of a
project and assessment of the general public needs and pre-
ferences;

ii. by enabling to appraise what are the trade-offs
among the various conflicting objectives in the detailed re-
view and evaluation of the various alternatives of the pro-
ject;

iii. and, generally, by insuring that the final pro-
ject fulfills and embodies as much as possible the set of
priorities and objectives which a given society sees as best
suited to increase its general welfare.

NEPA is an example of a powerful procedural tool which has
improved the decision making process by reducing the gap between
the actual decisions on action or projects and the objectives of
a society, which is usually the major inconsistency in that pro-
cess. Whether a society chooses to emphasize the environment or
something else is another matter. The important point is that,
no matter what the emphasis is on, no matter where a society
chooses to place its "optimal pollution point,** an EIS like pro-
cess is a useful means to reach it more consistently and ra-
tionally.

,Cf. the paper "Environmental Management, Economic Development
and Social Welfare," Appendix B.

**Ibid.
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Footnotes

1. The first, second, third, fourth and fifth Annual
report of the Council on Environmental Quality, U.S. Government
Prantin-OFT'ce, Washington, D.C. have already been published.

2. This chapter is inspired by Hugh J. Yarrington, "The
National Environmental Policy Act," in Environment Reporter,
monograph No. 17, vol. 4, no. 36, January 4, 1974, published by
the Bureau of National Affairs, Inc. and Frederick R. Anderson,
NEPA in the Courts, published by Resources for the Future, Inc.,
dI-atriuted by the Johns Hopkins University Press, Baltimore and
London,

3. See NEPA, Appendix A.

4. Inspired by the Fifth Annual Report of the M, U.S.
Government Printing Office, capter 4.

11-197



The environmental impact statement requirement has not been
adopted without some problems. Common objections have been that
it delays projects, increases project cost and stimulates litiga-
tion. Upon close examination, however, it appears that these
problems have largely been eliminated. The major need today is
to improve the value of the Environmental Impact Statement pro-
cess to federal decision makers by making the Environmental Im-
pact Statement less cumbersome as a document, by improving its
focus on significant impacts and alternatives, and by developing
better federal agency response to the environmental concerns of
state and local governments and members of the public.

I. Background on NEPA

The National Environmental Policy Act of 1960 established a
federal government duty to protect and enhance mankind's envir-
onment and to make environmental concern meaningful in all fed-
eral actions and policies. The Act responded to widespread
awareness that traditional interest in economic development, the
pressures of population, and industrial and urban growth had
caused severe dislocations that needed immediate and long-term
correction.

NEPA's major provisions were broadly conceived and stated.
The Act required basic reform of government operations--through
more public and comprehensive agency decision making--and estab-
lishment of priorities--through consideration of environmental
factors along with fiscal and technical concerns. It had three
major components. First it declared a national policy "to use
all practicable means.. .to foster and promote the general wel-
fare, to create and maintain conditions under which man and na-
ture can exist in productive harmony, and fulfill the social,
economic and other requirements of future generations of Ameri-
cans." The Act specified several ways that the federal govern-
ment should improve and coordinate its policies and programs in
order to protect, as a trustee, the diverse cultural and natural
environments and natural resources that are needed to serve pre-
sent and future generations.

Secondly, the Act rfquired all federal agencies to realize
these goals by taking an interdisciplinary approach to decision
making and by seeking to bring presently unquantified values and
amenities into their planning and decision making. Most notably,
it required in section 102(2)(c) that all agencies include a
detailed environmental impact statement with their "proposals for
legislation and other major federal actions significantly affect-
ing the quality of the human environment." The Act specifically
required that this detailed statement cover five points, the most
important of which is the impact of the proposed action and anal-
ysis of alternatives. Section 102(2)(C) also required agency
consultation with other agencies, states and local governments
before preparing the statement, and that the statement be made
available to the public.
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Background Paper for the CCMS Round Table Discussion
on the Environmental Impact Statement Process

of the United States

Round Table Discussion on the Role of
Environmental Considerations in the Decision Making Process

by

North Atlantic Treaty Organization

Summary

Under the National Environmental Policy Act (NEPA) of 1969,
the United States has established what has become a far reaching
process that requires U.S. federal agencies to analyze the im-
pacts of their proposed decisions and their alternatives. Before
taking major actions with significant impact on the human envir-
onment, federal agencies must prepare these analyses as part of a
public document known as the Environmental Impact Statement
(EIS). Federal actions covered by the Environmental Impact
Statement requirement of NEPA include federal construction pro-
jects, regulations, grants of money, and permits or licenses for
private projects. More than 7,500 federal actions have been sub-
ject to impact statements since 1970 and the requirement has be-
come an integral part of the United States decision making.

The EIS requirement has forced federal agencies to develop
considerable internal expertise in many disciplines including the
social sciences. It has helped identify data gaps in important
environmental concerns. It has helped rationalize and coordinate
national environmental policy both within the federal establish-
ment and with the state and local governments. It has, in addi-
tion, provided the means for hearing and responding to public as
never before. For all of these reasons the Environmental Impact
Statement requirement has significantly improved and federal
planning and decision making process. Partly as a result it has
been widely imitated by approximately half the states in the
union and has been adopted in modified form in other fields.
Recently, federal agencies began preparing inflation (now called
ecnomic) impact statements on their proposed regulations. The
Defense Department is required to prepare disarmament impact
statements on its major weapon development programs.

aNATO Committee on the Challenges of Modern Society, Spring Plen-

ary, February 8-9, 1977, Dusseldorf, Federal Republic of Germany.
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Lastly, NEPA established the Council on Environmental Quali-
ty (CEQ). The Council must, among other things, advise the Pres-
ident on environmental matters, review agency compliance with
NEPA, and prepare for the President an annual report on condi-
tions and trends in the nation's environment and government
activities and a program to remedy any deficiencies.

Executive Order 11514 of March 1970 more clearly spelled out
the duties of the agencies and the CEQ under NEPA. It directed
agencies continually to monitor, evaluate and control their
activities to protect and enhance the environment; to develop
programs to meet such goals, and to assess their progress in
doing so. It also required agencies to develop procedures for
making available to the public information on agency plans and
programs having environmental impacts. The Executive Order di-
rected CEQ to issue guidelines for agency preparation of impact
statements.

II. The EIS Process and CEQ's Guidance to Agencies

Since the Executive Order, CEQ has issued three sets of
guidelines on impact statement preparation. The current guide-
lines were issued in August 1973. The guidelines complemented
and followed the construction of NEPA and its EIS requirement
that were continually being developed by agency practice and by
the federal courts. These court decisions emphasized and en-
forced the requirement that agencies evaluate and disclose fully,
honestly and in a timely way, the impacts of their proposed
actions and the reasonable alternatives.

CEQ's guidelines seek to bring EIS procedures into line with
agency needs and experiences as well as court decisions. The
guidelines specifically state that the EIS should be a concise,
nontechnical document focusing on the impacts of a proposal and
its reasonable alternatives. The EIS should be designed to help
decision makers and the public address these questions:

First, what are the goals of the project and the need for
them?

Second, what is the extent of the environmental damage it
will cause?

Third, can agency goals of the project be met through some
alternative path that would cause less damage; and

Fourth, if there is no feasible alternative, what steps will
be taken to minimize the environmental damage?

The guidelines establish the basic structure for the EIS
process which must begin with a federal agency's determination
that a proposed action will, or will not, have significant
effects on the human environment. Then the agency must notify
the public that it will prepare a draft EIS. Once a draft is
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prepared it is sent to the Council, other federal, state and lo-
cal agencies, and to interested members of the public for com-
ment. The comment period must be at least 45 days. The agency
must then analyze any comments it receives, revise the draft and
prepare a final statement, which must also include a record of
all comments. The final EIS is circulated to the same parties
who received the draft and the agency must wait 30 days before
taking any action. The entire process, from issuance of the
draft to the taking of an actioa, must formally be not less than
90 days.

The guidelines require that the EIS process be applied to a
wide range of federal actions with significant environmental im-
pacts, whether a loan, grant, permit, license, contract, land use
plan, construction project or regulation; and that each EIS
should consider the full range of significant environmental
effects, including cumulative, synergistic, international,
social, and economic effects. Most agencies conduct environ-
mental assessments of many thousands of actions in order to
determine which actions need EISs. This assessment process fos-
ters improvements in projects to alleviate environmental damage
and thus underlies the whole EIS process.

Since federal programs and administrative practices vary so
substantially, the guidelines require agencies to develop their
own specific procedures to tailor the guidelines and the EIS pro-
cess to their particular activities. Today approximately 70
federal agencies have developed such procedures. Most recently
the Agency for International Development (AID) has established a
formal EIS procedure for its foreign assistance programs. In
line with this, the CEQ is now asking that environmental impact
analyses be prepared on any overseas federally sponsored activIty
relating to impacts on the global commons or on the U.S. itself.
CEQ guidelines, agency NEPA/EIS regulations, and judicial opinion
provide the basic policy direction and framework for the EIS pro-
cess, but more is necessary. Agency handbooks, practice manuals,
policy memos and priorities, and legal counsel's advice are the
materials that most directly guide agency staff, especially in
the field. Similarly, CEQ's other guidance to agencies--such as
general memoranda to heads of agencies, letters on specific cases
to various levels of agency staff, and legislative reports and
testimony--often has a more direct and immediate effect on agen-
cies' practices than the broader guidelines themselves.

In 1975, CEQ conducted an intensive year-and-a-half review
of agencies' use of the EIS process in decision making, their
compliance problems, and possible improvements that CEQ and the
agencies might make. To learn about agency experiences with the
thousands of EISs prepared, CEQ sent a questionnaire on the EIS
process to all agencies in November 1975, followed by a second on
their NEPA litigation experiences. CEQ staff followed up with
meetings with the agencies most involved in the EIS process. The
staff also sought the written views of all the states on the NEPA
process, received responses from 27 and reviewed these with a
special committee of the National Governors Conference.
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In March 1976, CEQ published its review report. The report
cited the major accomplishments of NEPA and noted the many im-
provements that are needed to make the EIS process more effec-
tive. These accomplishments and problems are summarized below.

III. Accomplishments of NEPA

A. The NEPA Process Has Significantly Changes and Improved
Federal Decision Making

The NEPA process has had a major beneficial effect on fed-
eral agency planning and decision making s.Lnce 1970. In the
early years of the Act, agencies' attention was focused on the
requirement that they produce the requisite environmental impact
statements. Over the past seven years this requirement for for-
mal and public environmental analysis that has had a significant
effect on federal agency plans and decisions.

It is virtually impossible to measure this effect with pre-
cision. Attempts to make such assessments through critiques of
impact statements, and their length, content and use, do not re-
veal the most important effects of NEPA. The process of prepar-
ing a draft EIS may cause a good deal to happen within an agency
to change and improve a decision affecting the environment.
Expereience shows there are many situations in which the FIS, in
draft or final form, has helped bring about project changes.
Several notable examples can be given.

Among the earliest effects of the EIS process on federal
decision making was the Interior Department's second draft EIS
and its final EIS on the 800-mile Trans-Alaska Pipeline. Vir-
tually all parties involved agree that the intensive environ-
mental review of this project prompted important project design
changes and other improvements in routing and construction tech-
niques.

Several years ago two major radioactive waste disposal pro-
posals of the former Atomic Energy Commission (AEC)--one at
Lyons, Kansas, and the other at the Savannah River in South
Carolina--were abandoned because of uncertain environmental im-
pacts identified by AEC and public analyses conducted through the
agency's EIS process.

In early 1975, one of the AEC's two successor agencies, the
Energy Research and Development Administration (ERDA), reviewed
criticisms of the AEC draft program statement on commercially
generated radioactive waste management. The draft had proposed
that surface storage facilities offered the best interim solution
but, after the commenting process, ERDA concluded that NEPA and
the public interest would be best served by another analysis in a
new program statement and so withdrew its storage facility budget
request.
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The other AEC successor agency, the Nuclear Regulatory Com-
mission (NRC), used the AEC impact statement on the breeder
reactor and its own subsequent EIS on the plutonium recycle pro-
posal as definitive bases on which to develop tstronger measures
to safeguard against the misuse of nuclear matarials. Like the
former AEC, NRC's reactor licensing directorate has integrated
the EIS into its licensing decision making process and, as a re-
sult of this environmental work, has modified project decisions
in numerous cases.

The U.S. Army Corps of Engineers decided to drop or abandon
work on over a dozen of its proposed water resource projects
because its NEPA process--not litigation--revealed that signifi-
cant environmental damage would result. Eleven other projects
have been stopped until environmental analysis is complete. The
Corps has also modified or recommended for deauthorization many
more projects due in large part to NEPA and the EIS requirement.
These actions have resulted in widespread environmental benefits
which are real and substantial but cannot be tallied in monetary
terms.

The Corps has also used the EIS process effectively in
deciding whether .o grant permits for private projects involving
water and related land resources. In 1976, after completing an
extensive EIS, the Corps rejected two of three required permits
for a proposed recreational and retirement home development in
southeast Florida on the grounds that it would have destroyed
2,000 acres of valuable wetland.

Illustrating the range of NEPA's effects, the EIS process
has also altered building projects of the General Services Admin-
istration. GSA's draft EIS on the Kennedy Museum and Library in
Cambridge, Massachusetts, focused attention on the traffic and
other adverse changes that would affect the area. As a result,
the Kennedy Library Corporation decided against that proposed
museum site and examined several other alternatives while plan-
ning to keep the Kennedy archives on Harvard University property.

Over the past several years NEPA has had an increasingly
significant effect on the extensive land use planning efforts of
both the National Park Service and the Forest Service, each of
which manage large portions of the U.S. public lands. Environ-
mental assessments and statements have been used routinely by
both agencies, permitting decision makers to evaluate the impacts
of various plans and alternatives for the use of national parks
and forests. The Park Service Director recently reiterated and
emphasized the decision making importance of the NEPA process in
a directive to all Park Superintendents. Last year the Forest
Service illustrated what is perhaps the most far-reaching use of
the EIS process when it issued a draft and final EIS on its
long-range (10- to 40-year) program for national range and forest
lands. The Forest Service began its EIS process by se9king and
responding to extensive public and governmental inputs in de-
fining program alternatives.
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B. NEPA Has Improved Interagency and Intergovenmental Coopera-
tion and Coordination

Interagency cooperation and planning have been encouraged by
NEPA and have developed considerably over the past seven years.
NEPA requires that agencies conduct interdisciplinary analyses in
their planning and decision making. This frequently results in
interagency cooperation in the preparation of EISs. An excellent
and current example is the comprehensive EIS on banning nonessen-
tial uses of fluorocarbons being prepared by the Environmental
Protection Agency (EPA), the Food and Drug Administration (FDA),
and the Consumer Product Safety Commission (CPSC).

CEQ's guidelines establish a mechanism for having a lead
agency take direct responsibility for an EIS when several differ-
ent agencies are involved in a single action. CEQ has formally
recommended lead agencies in a number of situations to help
reduce paper work and decision delays. Cooperation between lead
and subordinate agencies has been a regular feature of the EIS
process and has been fostered by a number of formal interagency
agreements on EIS preparation, most notably those involving in-
teraction between the Nuclear Regulatory Commission and other
agencies.

The Act also requires that federal agencies with jurisdic-
tion and expertise, and relevant state governments, receive and
have an opportunity to comment on EISs prepared by other agen-
cies. Draft EISs which are circulated to federal, state and
local government agencies and the public, have elicited such
comments formally, and final EISs have required the initiating
agency to respond to differences, often by resolving them. Prior
to NEPA no other mechanism of government so broadly and publicly
subjected important proposed agency actions to interagency and
public scrutiny.

While a great deal of work must be done to make this review
and comment process more effective in decision making, it is im-
portant to realize how federal agencies have come to use it to
test and improve their proposals, and it has been heartening to
review the responses of the 27 states responding to CEQ's ques-
tionnaire on this subject. With few exceptions, the states have
reported that the federal EIS process helped their planning or
decision making process or was, on balance, well worth the costs
they incurred in reviewing federal EISs.

C. NEPA Has Provided a Constructive Avenue for Public
Parti-cpation in Governmental Decisions

The public has been able to participate in governmental de-
cisions effectively through the NEPA process, as specifically
intended by Congress when it passed the Act. Public comments on
proposed federal actions, along with the comments of other fed-
eral, state and local agencies, now receive formal consideration

11-204



by means of the draft and final EIS process. In addition, many
agencies have held public hearings or informal meetings on pro-
posed actions before or after writing an EIS. These hearings and
meetings have given federal agencies valuable information on im-
portant issues, have helped them anticipate and avoid controver-
sial actions and have provided the public with a constructive
outlet for frustrations against our immense, often impersonal,
and sometimes unresponsive, government. It is testimony to the
importance of these opportunities for public participation in
environmental management that a recent poll of over 100 environ-
mental leaders, reported by the American Forestry Association,
named NEPA as the most important environmental statute of the
century.

IV. Apparent Problems with the EIS Process

The most common objections to the EIS are these: it delays
projects, it increases pioject costs, and it stimulates litiga-
tion. Close analysis gives these "problems" a different look.

In the first year or two after NEPA was passed, delays did
occur. Virtually any new policy entails some delay, as federal
managers adapt traditional procedures to change rules. But this
predictable pause for a shifting of gears was prolonged in the
case of NEPA because Congress did not insert a "grandfather
clause" in the act.

This means that agencies with projects well into the plan-
ning or even construction phase had to halt work on any project
that would have significant environmental effects, and prepare an
EIS on each of them--in a very short time. In 1971 alone, for
example, the Department of Transportation (DOT) filed 1,293 draft
environmental impact statements--the great majority on projects
authorized or undertaken before NEPA was passed. In 1975, by
contrast, the Department of Transportation filed only 229 draft
EISs--about one-fifth the number of the peak year. In 1971,
federal agencies filed a total of almost 2,000 draft EISs--twice
the number they filed last year. This sudden workload, imposed
on agencies that had little opportunity to staff for NEPA,
created a backlog that undeniably did lead to delays in project
approvals.

But the lack of a "grandfather clause" exempting well ad-
vanced projects from NEPA requirements also created a more subtle
problem--one that hampers the effective operation of the EIS
process to this day. First of all, it led to bad habits: fed-
eral managers who had already invested considerable time and
money in a project wrote their EISs to justify decisions that had
already been made. Second, it inhibited any genuine questioning
from an environmental perspective of the economic and technical
assumptions on which a project had been based. Thus, the delay
occasioned by EIS preparation seemed doubly useless--and the EIS
itself acquired a reputation, in those early days, for being an
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irrelevant exercise in meaningless, expensive paperwork. It has

not yet entirely outlived that reputation.

These days, the intial backlog of EISs is virtually gone.

Those submitted now are overwhelmingly for actions proposed after

NEPA was passed.

Nevertheless, the criticism of NEPA-occasioned delays per-

sists. Because CEQ is charged with supervising the EIS process
and thus has an interest in making it work properly, it looked
into this. It asked federal agencies to estimate the time re-

quired to prepare a draft EIS. Given the variety of projects
undertaken by the federal agencies the times varied greatly--from
a minimum of one month for several agencies, to a maximum of
several years for others.

The crucial point to be made about this period is that in a

properly run agency that takes NEPA seriously, the preparation of

an EIS does not add months to those necessary for the normal

planning process; rather, environmental analysis proceeds in

tandem with technical and economic analysis. It need not be an

addition to normal planning but initially may require additional
resources.

This point was brought out in testimoney before Congress in

September 1975 by Brigadier General Kenneth McIntyre, Acting Dir-

ector of the U.S. Army Corps of Engineers. From CEQ's survey, it

was learned that the Corps spends an average of nine months on

preparing a draft EIS and another ten-and-a-helf months on review

and revision prior to filing a final EIS--a rough total of 20

months. Adding time for review of the final EIS, it can be

assumed that the whole process takes 24 months. This is a sub-

stantial period, and if it all represented delay, it would be an
extremely costly one.

But General McIntyre testified that the average length of

time required for a corps project is 15 to 16 years. Of these,
he indicated, only about five years would go into actual con-

struction; the rest would go into an initial study of the feasi-

bility of a project, followed by a request for project authoriza-
tion and funding by Congress and planning and design work prior
to construction. Finally, General McIntyre testified, since the

passage of NEPA, the Corps places EIS analysis among the matters
to be considered first--as part of the feasibility study--rather
than leaving it until after the proejct meets other criteria.
The Corps found that the key lesson was the necessity for hand-
ling the environmental factors as an integral part of the overall
planning process. The EIS must not be made the end in and of

itself. Environmental data must be provided in a timely manner
to the decision maker so as to be considered to the same depth of

understanding and detail as the economic and engineering concepts
and information.
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To repeat, environmental analysis need not delay a project
if it is undertaken as an integral component of the planning
necessary for any federal action.

There are, however, other causes of delay related to NEPA
and the EIS process. One of them has been the tendency of some
federal agency heads not to take N-PA seriously--and this atti-
tude is passed on down the line, either explicitly or by execu-
tive osmosis, to project managers. Not all managers accept this
point of view; indeed, in many cases, middle level managers have
tried very hard to live up to NEPA in the face of indifference or
even hostility from the top.

But if managers adopt an indifferent or hostile attitude
toward NEPA, they often wind up creating delays. They conclude,
following a show of environmental analysis, that a proposed ac-
tion will have no significant impact--and hence, that no EIS is
necessary. Sometimes agencies decline to prepare an EIS simply
because the action does not seem to be controversial. Frequently
such decisions lead to litigation and, in the end, a court order
to prepare an EIS. In that case, the project is halted--not by
NEPA per se, but by attempts to bypass it.

Another reason for delay is changing public preferences for
certain kinds if projects. Twenty years ago, dams, highways, and
airports were popular items. These days, many such projects are
greeted skeptically--not because of NEPA, but because of our
experience with the unanticipated side effects of seemingly wor-
thy activities.

Finally, some projects ought to be delayed. Complex pro-
jects with potentially far-reaching effects on the environment
deserve a thorough look, and are often improved as a result of
comment--and even opposition--by the public and by other govern-
mental agencies.

As part of CEQ's survey on NEPA, it also checked into the
amount of litigation that has arisen in connection with the EIS
process. There is no doubt that NEPA stimulates some litigation;
if it did not, it would be a pointless, toothless piece of
legislation. But the claim that NEPA-related suits interfere
with the timely exeuction of a substantial number of federal
actions simply does not stand up.

In the five-and-half years between January 1, 1970, and June
30, 1975, a total of 654 actions were brought, alleging a NEPA
issue. During that same period, federal agencies initiated tens
of thousands of projects; in 1975 alone, agencies assessed more
than 30,000 projects for environmental impacts. Since 1970,
about 6,000 draft EISs have been submitted. Only 291--less than
five percent--were challenged in court as being inadequate.

Of the 333 cases completed by June 30, 1975, about one-third
were dismissed at the triai court level. Roughly 60 resulted in
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temporary injunctions, which ranged from a few weeks to the time
required to prepare an adequate impact statement. Only four
cases resulted in "permanent" injunctions--and not even in these
was the agency precluded from proceeding with its project or pro-
gram after it complied with NEPA.

V. Improvements Needed

The major improvement needed in the Environmental Impact
Statement process is to make it more useful to agency planners
and decision makers. There are a number of steps that need to be
taken to achieve this result.

A. The statements themselves need to be far more concise
and should focus on the significant environmental impacts of a
proposed action and its alternatives. As a general matter, few
EISs need to be more than a single volume long. Agencies should
distill the information produced by environmental analysis and
the statements should focus on those relatively few questions
crucial to deciding the acceptability of a project. Detailed
information and exhaustive analysis are essential to the prepara-
tion of an EIS, but this supporting material should be placed in
appendices or in other ways made available to the public. CEQ
has taken a number of steps, including supplementary guidance to
agencies, to insure that the EISs are not the cumbersome docu-
ments that many have been in the past.

B. Federal agencies will need to improve the application
of the EIS requirement to their broader program and policy
actions. A central purpose of NEPA was to reform piecemeal de-
cision making by requiring more comprehensive and systematic
approaches to the environmental analysis.

Program impact statements continue to be used as a means of
analyzing impacts of major programs and their alternatives. As
of March 1976, 24 of the 33 departments and major agencies had
used program statements. In 1975 CEQ received final impact
statements on 38 broad federal programs covering a range of
topics. Examples are the Emergency Watershed Protection Program
of the Soil Conservation Service, the National Wildlife Refuge
Program of the Fish and Wildlife Service of the Interior Depart-
ment and the Coal Conversion Program of the Federal Energy Ad-
ministration.

Occasionally, however, federal decision makers take actions
without considering their effects on relationships to other
actions. Special problems arise when different federal agencies
propose different actions affecting a similar region as, for ex-
ample, when different federal agencies license energy projects
that can have significant cumulative impacts on a common resource
or river basin. CEQ and the courts have both attempted to de-
velop better guidance for agencies on what is an appropriate
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range of proposed actions to be covered by a given impact state-
ment. The most sophisticated practices to date are found among
agencies which prepare broad scale impact statements covering a
proposed program followed by more specific statements on indi-
vidual actions with significant impacts that are not addressed by
the broader statement. The "tiered" approach of the Forest Ser-
vice begins with a statement on national management goals, fol-
lowed by statements on areawide land use plans or, if necessary,
by site-specific statements.

C. The impact statement process can more effectively sa-
tisfy the numerous environmental review requirements of laws
other than NEPA. A vast number of environmental laws, for recre-
ation, water resources, air and water pollution, historic and
cultural preservation and endangered species preservation, re-
quire certain consultation and certification requirements by spe-
cific federal agencies before federal actions can be taken. The
Environmental Impact Statement process can be an effective way
of assuring that these consultations take place as a part of nor-
mal project review. Administrative guidance to federal agencies
is necessary, however, to avoid duplication and to make the EIS
process an efficient overall review procedure.

By the same token, the federal EIS process can and should be
better integrated with existing state requirements for impact
statements for other environmental reviews. Solutions to this
coordination problem largely depend7 on individual federal agen-
cies' efforts with the various states, each of which has dif-
ferent environmental procedures.

D. Federal agencies will need to give greater attention to
the environmental review processes that should occur before an
EIS is prepared and after it has been prepared. Several agen-
cies, notably the U.S. Army Corps of Engineers, the Forest Ser-
vice, and EPA have led the way in helping integrate environmental
impact analysis with agency planning. They have given particular
care to planning in the early environmental survey process, in-
cluding the use of a written assessment or expert consultation in
order to minimize adverse effects and improve project design be-
fore any actions are proposed. Such processes should be
encouraged and developed within a large number of other agencies.

E. The filing of the final impact statement should not,
however, be the end of the environmental review process, as is
commonly the case. Agencies do not now have to explain their
decisions if they deviate from the results of their EIS analysis.
In fact, they do not even have to inform interested parties of
their decisions to do so. They usually do not provide the con-
tinuing review and monitoring of the effects of their actions nor
the standards or criteria which will trigger agency response in
the event of adverse effects. In short, agencies generally do
not use their EISs as a standard to which their subsequent con-
duct can be held accountable. The need for a new mechanism to
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review and monitor the effects of actions after the completion of
the EIS process remains a troublesome difficulty that needs new
attention in the future.

VI. A Few Conclusions and Questions

First, the obvious: The United States' Environmental Impact
Statement process works. Of the many environmental protection
efforts undertaken in the United States in the last decade, the
EIS procedure is most often singled out as being the most impor-
tant. However, the EIS system is not without its faults, both
real and apparent. Most would agree that its present real pro-
blems will be solved by evolutionary changes within the scope of
present legislation.

Second, the most significant aspect of the EIS process sur-
prisingly has been political, not environmental. The publishing
of the detailed factual base on which decisions should be made
and inviting other federal agencies, state and local governments
and public citizens to participate in the process has been revo-
lutionary. This process has not only given other agencies and
the public greater information and outlined alternatives, but it
has helped to point out the key political facts of "who pays" and
"who benefits." Opening these central political questions to
public scrutiny has produced in the context of an environmental
procedure a small revolution in democratizing decision making
within the United States.

Third is the truism that the Environmental Impact Statement
process, despite its successes, does not replace basic environ-
mental protection laws and regulations. Much of the criticism
directed at the EIS process arises when proponents of strong en-
vironmental protective measures seek to use the NEPA procedures
as a substitute for nonexistent federal, state and local legisla-
tion. When, for example, regulations regarding the stripmining
of coal are antiquated or nonexistent, the EIS has become a sub-
stitute political arena -- a role the NEPA was not specifically
designed to fulfill.

Lastly, it should be emphasized that since the EIS require-
ment tracks the decision making process, it is only as good as
the decision making process itself. When decisions take place on
a case-by-case basis, the EIS results are consequently limited.
The EIS process itself has pointed out the inherent problems in
applying case-by-case analysis in areas of broader concern. The
EIS results suggest a need for a more comprehensive planning pro-
cess in many areas coupled with strong public participating. How
far and how fast the federal agencies move toward more comprehen-
sive planning remains to be seen. What is clear is that the en-
vironmental impact statement process will both push toward and
serve more comprehensive decision making procedures. Increasing-
ly broader planning is being undertaken at the federal level in
public land management and coastal zone management. However, in
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several other critical environmental areas, there is neither a
federal inventory of scarce environmental resources nor develop-
ment of long-term utilization plans. Questions regarding the
high cost and uncertain benefits of comprehensive planning plus
fundamental political questions regarding public planning of
private resources still remain to be answered. We do know that
the Environmental Impact Statement process works in large measure
because the Congress laid down with foresight a legislative
dictum which has been enforced by the courts. In addition, the
federal agencies have, on the whole, shown a remarkable willing-
ness and ability to adapt to the new EIS requirements. On the
other hand, whether the long-term push of the environmental
impact statement process will lead to more comprehensive and
effective environmental planning through an evolutionary process
remains an open question.
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GUIDELINES FOR INCORPORATING ENVIRONMENTAL PARAMETERS

IN PROJECT APPRAISALS

by

Paul V. Heberta

The quest by the developing nations of the world for higher
standards of living often involves the deliberate modification of
the natural environment to achieve economic objectives. However,
such activities as the construction of roads, dams, water supply
and sewerage systems, airports, irrigation systems, power plants
and industrial facilities sometimes result in detrimental impacts
on ecological, health and social/cultural values and, in the long
run, increased costs to society. Such impacts, which vary widely
in magnitude, may result from the failure adequately to consider
environmental consequences during project planning and design, or
from the lack of knowledge and information necessary to predict
the eventual impact. Even if undesirable effects are forecast,
information on cost-effective environmental safeguards may not be
known, or economically competitive project alternatives are often
unavailable.

To the extent that these losses occur or go unmeasured, the
level of development is inflated. Often the difference has to be
paid with a higher price and at a later stage of development.
Higher costs of future remedial action may be avoided by prudent
planning and early preventive measures. It is important, there-
fore, that all who are involved in a proposed project - planners,
decision-makers, engineers, lending institutions - have as clear
an understanding as possible of the potential positive and nega-
tive environmental consequences of development activity at an
early stage of project planning. Based on such knowledge, it may
be possible to avoid or mitigate undesirable effects, or promota
positive consequences, by incorporating pollution control tech-
nologies, redesigning the project or selecting another site. The
associated costs can be used as a basis for modifying the project
and, at the very least, assigning the costs to that agency most
appropriate to meeting the costs. The identification and analy-
sis of environmental considerations in all of these projects re-
quire trained expertise at all levels.

Specifically, by incorporating environmenttl parameters into
project appraisals two main objectives are sought: (1) to pre-

aThe author is a candidate for the Ph.D. degree in the Department

of Environmental Sciences and Engineering and has worked closely
with the IPEAID program.
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vent the deterioration of natural resources so that they can con-
tinue to provide the basis for sustained economic development;
and (2) to predict the potential side effects of project develop-
ment, which may result in social costs not identified in the
ordinary review process. The following guidelines provide an
approach to incorporating e!nvironmental parameters into project
appraisals.

A. The General Framework for Considering Environmental Aspects

in Project Appraisals

1. Types of projects subject to appraisal

- new industries and industrial expansions, in-
cluding power plants

- mining

- agricultural development, including agrobusiness

- dams for water supply, irrigation and hydropower

- water supply, sewerage, and wastewater treatment

- urbanizaticn, including housing developments,
commercial centers, etc.

- electrification

- transportation

- communication

- ports and harbors

2. Areas of environmental analysis

a. Baseline data on existing resources and environ-
mental conditions in project locale and the total
area of project influence

existing natural resources of potential use by the
project

existing flora and fauna and general ecosystem
classification

existing conditions and assimilative capacity of
the environment for waste products

existing human settlement patterns
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conditions of general health, and disease status,

of the local population

land use in the locale of proposed project

environmental monitoring capabilities

human resources available to serve the project,
including the spin-off activities

b. Environmental appraisal of the completed project
alternatives during project during project plan-
ning and design

impacts of alternative use of resource inputs

impacts of alternative project siting

impacts of process alternatives

impacts of alternative operating schemes

- impacts of alternative waste treatment schemes

c. Appraisal of project construction impacts

- impacts of alternative construction procedures

- impacts of work conditions during construction

3. Environmental impacts subject to appraisal

a. Impacts on the physical environment

- impact on existing resources used as inputs to the
project

- impacts on ecosystems and specific flora and fauna

- ability of the environment to assimilate specific
wastes

- impacts on physical appearance of the project area

- impacts on local land use

b. Impact on public health and safety

- industrial hygiene relating to the project workers

impact on endemic parasitic diseases, and other
diseases

potential toxic chemical emissions to the air and
water or land
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c. Socio-cultural and economic impacts

disruption of human se tlement patterns

impacts on urbanization and population increase
due to migration

influence on local small scale industry and/or
local agricultural practices

d. Long term considerations

- does the project preempt any future resource op-
tions either by its presence or operation?

what additional urban or rural infrastructures may
be required to cope with increased population and
service demands of the project?

impact of possible future expansions on the local
environment

institutional arrangements for serving the project
including the training of necessary support per-
sonnel for environment control

Procedures for Conducting Appraisals

For each specific proposed development project, baseline
data in the proposed project area would be gathered against which
the potential environmental changes brought about by the com-
pleted project alternatives would be judged. Appraisal of the
completed project and the construction of the project would be
made considering project components previously listed and consid-
ering the five categories of potential environmental impacts.
During the analysis, primary or direct impacts and secondary or
indirect impacts would be distinguished. The primary impacts for
example are those caused directly by the project, such as detri-
mental effects on water and air quality due to waste discnarges
from the project, or increase in a specific parasitic disease
caused by increased amounts of water available in a new irriga-
tion system. Indirect impacts might include the increase in air
pollution caused by more automobiles in the area due to popula-
tion increases or changes in land use due to the increase in mi-
gration to the area and subsequent demands for more peripheral
housing.

An example of the development of a water project considering
the construction of a dam and reservoir for the purpose of hydro-
power and irrigation will be used to illustrate the procedure for
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including environmental considerations in project appraisals.*

Environmental Considerations in the Appraisal of a Large Dam
Project for Hydropower and Irr- g'aon

A. Baseline Data Collection on the Environment of the Area of
Project Influence

1. Fxisting resources in the impoundment area and
downstream including in addition to water resour;e data:
timber, mineral and wildlife resources, agricultural lands,
fisheries, human settlements, recreational facilities, etc.

2. Ecosystems and flora and fauna of the dam site,
impoundment area and downstream.

3. Current uses being made of the natural flowing
waters.

4. Archeological and important historical sites,
number of nomadic peoples frequenting the project area.

5. Current land use patterns in the proposed project
area.

6. Conditions of general public health in the total
area of influence.

7. Water quality and natural erosion conditions in
the water body for proposed impoundment.

B. Environmental Appraisal of the Completed Project Alterna-
tives: Impacts in the Impoundment Area and in Vicinity of
Dam

1. Impacts on the physical environment

a. Loss of natural resources in the impoundment
area including timber and mineral resources, agricul-
tural lands and other valuable plants.

b. Impact on fauna and flora, specifically:
fisheries: probable increase in fish production
in reservoir

*Much of the information on dams and their environmental
impact was taken from Peter H. Freeman, Large Dams and the En-
vironment, Report for the United Nations Water Conference, Mar
Del Plata, Arg., International Institute on Environment and
Development, 1977.
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disease vectors: anopholes, shistosoma, and their

intermediate hosts

- waterfowl

- water hyacinth and other aquatic plants

c. Nutrient and sediment build up from natural
inflow and from building around reservoir.

d. Water quality changes and concomitant re-
sults.

e. Climatic changes due to different water
regimes.

2. Socio-cultural impacts

a. Changes in general settlement patterns, relo-
cation and settlement of people.

b. Destruction of archeological and/or histori-
cal sites.

c. Disruption of traditional farming practices
or other economic activities in the impoundment area.

d. Disruption of transportation routes.

e. Recreational potential of the reservoir.

3. Public health and safety

a. increased exposure among lakeside dwellers to
endemic diseases which are water related: intestinal
bacillary diseases, schistosomiasis, malaria, onchocer-
ciasis.

b. Migrating populations serving as reservoirs
of new disease.

c. Existing medical facilities and programs'

abilities to cope with disease problems.

4. Long term considerations

a. Can local governmental infrastructure cope
with the drastic changes in the area with potentially
increased population and other secondary development?

C. Downstream Impacts in River Channel and Flood Plain
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1. Impacts on the physical environment

a. Modifies downstream hydrograph

reduces peak flows and floods resulting in decline
of seasonal fish spawning and breeding in flooded
areas 4.,d decline in associated wild life such as
water birds and fish-eating mammals

reduces peak flow channel scouring

groundwater recharge from flood waters ceases

flushing of debris and weeds from river channels,
oxbows and flood plains ceases

reduces capacity for diluting, flushing and tran-
sporting wastes

provision may be made for increasing and stabili-
zing minimum flow with various effects for waste
dilution, local ground water recharge, navigation,
and water withdrawals for irrigation, homes or
industry

introduces abnormal and variable flows caused by
project operation, such as creation of flood con-
trol space, periodic generation of peak power, or
exposure of shoreline to control the propagation
of insect pests and vectors

b. Modifies river erosion

causes shift from an erosion-deposition cycle to
one of continual erosion. Channel scouring and
degradation take place immediately downstream from
the dam.

reduction of peak discharges halts periodic trans-
port of large quantities of sediment

channel stabilizes and vegetation may become es-
tablished on banks; channel may deepen

where not held by vegetation or protected, banks
may steadily erode

flood plains no longer receive annual increment of
silt

c. Alteration of water quality
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temperatures are lowered during usual low-flow
period

water released from deeper portions may be rich in
iron and manganese, and low in dissolved oxygen in
certain seasons
water may contain H 2S in certain seasons

augmented flow during dry period may improve qual-
ity by providing more dilution, especially of
irrigation return water

rapids may be created which produce breeding en-
vironments for Simulium damnosum, vector of oncho-
cerciasis or river blindness in places where it
occurs.

d. Modification of aquatic productivity and
fisheries

- seasonal peaks in fish production cease as conse-
quence of cessation of flooding and creation of
backswamp fisheries

- productivity may decline as consequence of nega-
tive changes in water quality (turbidity, salini-
ty, and fewer nutrients).

- stabilized banks and bank vegetation may increase
productivity for some species and for wildlife

- migrations of some fish are impeded

e. Impacts in delta, bay or ocean

- reduction of seasonal peak discharge stabilizes
the freshwater-saline water boundary and salinity
gradient with possible detrimental consequences
for shellfish adapted to a changing boundary and
for species which have evolved to migrate to or
through estuaries during peak runoff

reduction of total inflow due to irrigation or
other consumptive withdrawals results in upstream
displacement of the freshwater/salt water boundary

reduction or cessation of the seasonal flush of
organic debris nutrients and fresh water to the
estuary and offshore areas is likely to cause
decline in aquatic productivity of these areas

cessation of annual sediment deposition leads to
wave erosion of delta
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increased farming in flood protected areas may
result in higher nutrient inflows to estuaries
following application and leaching of chemical
fertilizers; contamination by pesticides is also
possible

f. Impacts in areas of irrigation project.

flood control allows development of irrigated
farming and establishment of new settlements.
Wildlife habitats in reclaimed areas are lost

application of irrigation water raises water
table, possibly resulting in water logging and
salination if drainage is not adequate

agricultural chemicals, molluscicides and salts in
return water and discharged into the river down-
stream from project, with various results

canals provide stable habitat for weeds and vec-
tors of human disease

distribution canals and diversion dams may provide
recreational uses, and water for domestic consump-
tion, whether intended or not

- atmospheric humdiity may increase locally

2. Socio-cultural impacts

a. Disruption of settlements due to possible
land requirement for large scale irrigated agriculture

b. Migration and population increase due to in-
creased employment opportunities

c. Changes in traditional agricultural practices
due to potential for perennial irrigation

3. Health and safety

a. Potential for the introduction or increase in
transmission of various parasitic diseases including
schistosomias, onchocerciasis, and malaria due to
flowing water and the year round availability of suit-
able habitats for intermediate host

b. Impact on provision of basic sanitation due
to potentially larger population

4. Long term considerations
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a. Will the land being perennially irrigated be
subject to salting, thereby limiting future productiv-
ity?

D. Direct Impacts During Construction

1. Impacts on the physical environment

a. Siltation caused during dam construction and
during bhKlding of access roads

b. Creation of dust, with accompanying disease
transmission

c. Sanitation problems in work camps
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