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INTROBUCTION

It is well known that during the last years the development
of man’s activity has deeply affected the biological and physico-
chemical equilibria all over the world inducing general and
local modification in the compoqition of the whole environment,

The concern of scientists for this progressive change has
now reached governments and public opinion who eall on
scientists for remedies and goidelines in order to protect one
of mankind’s greatest treasures, the environment, and thus,
human health and weifare.

Throughout the ages the environment, air, water and soil,
reached an average composition which remained constant for
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years, as any modification was counterpoised by a series of
biolegical, chemical and physical reactions.

Recently, the rate of growth of human activities which
involves population increase, social transformation, improve-
ment of economic and health conditions as well as the new
economic and technological development, has deeply modified
the equilibria in the world. Moreover, the effects of these
changes have greatly affected the envirenment with a number
of pollutants which have caused a modification in the composi-
tion of alr, water and soil.

We cannot now forecast what influence these factors will
exercise not only upon men but upon any form of life in the
fature.

Science, which in recent years has created the basis of the
present erupting technological progress, has now been called
to study and solve the probiems of the environment which
at present are conditioning the further development of mankind.

If we consider the environment formed of air, water and
$0il, we may assume that it becomes « contaminated » when
its average composition is modificd.  On the other hand we
define as « polluted » the environment when the modification
induces damage to persons or to any living matter,

We shall examine separately the background contanination
which can be generally widespread all over the world and the
contamination which for its quantitative character is gencrally
confined fo determined arcas and may sometimes be considered
pollution.

CONTAMINATION OF ENVIRONMENT

The environment contamination may be due to natural
phenomena or to human activity,

Among natural causes we may recall dusts from erosion
or other natural events such as volcanic eruptions or coliapsing
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of river banks, like the dusts brought by wind from the Sahara
to LLurope or the muad and frees in equatorial rivers.

The carriage by the winds of pollen, spores, insects, fungi
and other micro-organisms may also be regarded as natural
contamination,

According to the agent which modified the biogeochemical
equilibrium, the contamination due to man’s activity can be
defined as chemical, microbiological, radicactive and even
physical il we consider the acoustic and thermal burden of
our medinm.

An example of chemical contamination is the presence of
dusts in the atmosphere, of hydrocarbons in water, of pesticides
in soil.

Microbiological contamination is due to the presence of
wastes and sewages in rivers, lakes and in the sea.

We may define as radioactive contamination the presence
of artificial radionuclides in the air, water and soil, as well as
in the food chain. We may define as thermal contamination
the modification of the temperature of rivers and lakes due
to heat generators or to cooling devices of industrial plants.

Acoustic contamination, which is presently confined to
towns, factories, airports, highways, is the trouble produced
by an excess of noise in the environmental equilibrium.

The primary causes of these allerations of the environment
are due to the presence of man and to his activity.

‘The production and metabolism of goods yield solid, liguid
and gascous wastes which cannot rapidly re-enfer the biological
cycle, thus upsetting the environmental equilibrium.

At present the main cause of contamination is that elimina-
tion of wastes does not keep pace with production.

In fact, man with his cities, his industries and his cultivated
tands has deeply modified the natural environment causing by
the products of his activities its contamination and even its
pollution.
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The polluted environment acts on the ecosystems, upsetting
them and thus modifying biological equilibria.

The modifications of ecosystems may influence man’s life
and activities, increasing through biological cycles the rate of
pollation of the artificial environment he hag created.

q
MAN .
Organized systems Environment
(Cities,cultivated lands (Air, soil, water)
Industries)
»Q//

Cut o
ad
I’ffood chain contar®™
fctious diseases
Fig. 1

Pollution of ccological, cycles

It is obvious that the development of mankind is now
intimately coanected not only with the availability of energy
and food but alsn with the protection of his environment.

Therefors it is essential to envisage realistically all the means
for preserving the integrity of the human environment by
reinserting the wastes in their ecological and biological cycles
and avoiding ferther alterations. Science as the most qualified
expression of man’s activity is now called to solve the various
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probiems coinnected with the elimination of impurities without
modifying our environment,

This fact poses a lot of problems to which there is no
common solution, since they are extremely heterogeneous,

In some cases all the data are available for planning the
reduction of pollution and it will merely be a question of
choosing the most favourable solvtion both from its techno-
logiral and economical aspects.

But in the majority of cases any possibility of solution must
be preceded by the acquisition of a’l the data connected with
the variovs aspects of pollution. Only on this basis it will be
possible to face the various problems both globaly and in-
dividually.

THE SOURCES OF BACKGROUND CONTAMINATION

On a theoretical basis the contamination of the environment
should be considered as a whole, since the contaminations of
alr, water and soil are interdependent, but from the practical
point of view it may be useful to examine the three aspects
of the problem separately.

The production of energy by combustion of carbon or
hydrocarbons both from industrial and domestic sources is the
principal carse of air contamination. The main products of
combustion are CO, and SO,. The quantity of these substances
produced is continually on the increase and is directly related
to social development, with the increase of population and
new needs. The modification of air composition by these
substances may create some new and particular problems.

The balance CO,/0O, in the atmosphere was maintained
practically unaltered down threugh the ages by the photosyn-
thetic activity of plants and by the presence of the large masses
of water in the occans, But we are now envisaging a slight
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but significant change in this balance as a result of increasing
immissions due to man’s activity (McCorMICK, 1968).

The increase of CO, in the atmosphere may lead to an
increased average temperature, due to the effect of this gas on
the infra-red radiative balance of the earth, l.e., to the fact
that CO, is able to absorb the infra-red radiations reflected
from the carth.

Composition of clean dvy aly

N, 28.009 Y% (S8 a.00005 %

0, 20.04 CIT, 0.00015

Ar 0.93 NO, G.0300007T

0, 0.318 (8N 0.000002

Ne 0.0078 S0, 0.00000002 {0.0002 ppm}
He : £.00052 cO ©.00001 (0.1 ppm)
Kr £.0001 NI, 0.000001

Ne 0.000008

NO 4.000025

A thorough examination of the meteorological data over
the last twenty years shows a slight increase in the CO, per-
centage in the air from 200 to 330 ppm in the last fifty years
and a very slight increase of temperatare.

Further increase could lead to modification of climate not
only logally but all over the world. With 6oo ppm CO, we
can calculate an average temperature increase of 1°.5. The
consequences could be the partial melting of ice in the polar
areas with results which can be imagined on a basis of the
prehistoric cataclysms which characterized the passage from
the Ice Age to the present era.

On thz other hand, SO, formed in the combustion of all
sulphur containing substances, always present in every kind of
fuel, constitufes the principal parameter of contamination of
the civilized world.
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Its irritatory properties, its easy transformation into sul-
phuric acid malkes this substance a dangerous chemical agent
both for man and nature. [is effects can be ascertained now
hundreds of miles from its source.

Dusts produced by combustion and in all the big industries,
whan dispersed in the air, may produce a number of atmo-
spheric phenomena of a certain importance.

In relation to the dimension of the parlicles, these dusts
may produce an effect on weather, increasing fog and reducing
rainfall mainly in urbau arcas, or they may alfect the amount
of solar radiation received by the ground {(McCorRMICK, 19067).

Another aspect of environmental contamination is the radio-
active contamination due to the explosion in the atmosphere
of nuclear experimental weapons. This aspect is not so urgent
al present, since these experiments are limited.

The distribution of radioactive substances and their fail-
out on the ground furnishes a mode! for investigation of the
movements of particles in the atmosphere in cases where they
can be detected,

The same model can also be vsed with regard to other
substances dispersed in the atmosphere,

SOURCES OF LOCALIZED CONTAMINATION

In addition to worldwide contamination, pollution most
frequently develops in restricted areas like river-basins, valleys,
lakes etc. These can also contribute to worldwide contamina-
tion, but each of the above-mentioned cases constitotes a dif-
ferent approach, depending not only on the type of contaminant
but also on the nature of the receptor and its environmental
conditions.

We shall now consider the various receptors.
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A i?’

The contaminalion of air can be due to fumes, dusts,
chemical substances from domestic or industrial sources (first
of all $0,) or from molor traffic (CO, hydrocarbons, lead,
aldehydes, nitrogen oxides) or from industrial emissions (sev-
eral pgascous products, dusts or aerosols).

The effects of the aforesaid substances on natural equilibria,
and in the first place on human well-being and health, generally
depend on their concentration.

Concentration of substances in the air mainly depends on
the manner in which they are discharged, i.e., the dimension
of the stacks and especially the atmiospheric conditions.

An industrial plant can rarely be considered a source of
contamination In an area exposed to winds, but the same
source can ba the origin of heavy pollution if located in a
valley or in an area subject to thermic inversion. The thermic
gradients of air layers undergo several days a vear an inver-
sion, i.e., where the upper layers have a higher temperature
than the lower, there are no convectional cwrrents to lift and
disperse emissions.

Sources of principal aiy polluiants and their velalive valio (in %)

Sources of pollution :11.1d 50, O Hyd. |Nit. Ox.| Partic.
their percent contribution

Industry (17%) . . . . 34.8 2.8 21 15.5 50
Eleetric power plants (14%5) . 406 1.4 5.25 23 25
Domestic heating (6% . .| 11.6 2.8 5.25 7.75 8.33
Automobiles (6o%) . . . . 3.8 1.6 63 46 8.33
Refuse disposal (39%) - . . 3.8 1.4 5.25 7.75 8.33
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These inversions may reduce the disposable air layer, where
emissions and dusts are discharged, to only a few feet.

In this « confined » space, a high concentration of aqueous
vapour is alse usually found,

This can enhance the effect of particles and other suspended
malter, thus facilitating the formation of new chemical sub-
stances under the influence of sunlight, or of particulates and
acrosols {fog or smog). This is the reason why under such
conditions there is a marked increase in concentrations of
noxious substances and hence pollution, damaging man and
the environment.

Much attention was drawn fo these particular phenomena
i the past by reason of some spectacnlar happenings in the
last thirty years both in urban and industrial arcas. These
facts which now belong to the history of air polintion have
contributed substantially fo creating in public opinion an
awareness of the need for a new policy to solve these problems.

Water

Water contamination can be altributed both to indiscrim-
inate sewcrage, usually with a high microbical charge, and
to industrial waste maiter which is quite varied and unpredic-
table. The latter can be made up of residues of organic matter,
or of concentrated solutions of salts, often toxic both to animals
and vegetation.

Another source of water pollution is agriculture and cattle-
raising.  The solubilization of nitrates and phosphates from
the seil (fertilizers etc.), causes an accumulation of large
quantities of these salls in water and thus contributes to the
modification of the biochemical balance which governs processes
of self-purification.

A further source of contamination is the presence of petrol,
our main source of power, in the sca, both through leakages
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during worldwide transportation and through the presence of
submarine wells which are now being exploited.

Water systems, as already shown, possess a great flexibility
as a defence against polletion, due to the presence of dissolved
oxygen and microbial flora. In these systems the transforma-
tion of organic matter into CO, and H,0, is the basis for self
purification (PILPEL, 1968).

If poliutants are discharged into a water system, in excess
of the quantity it is capable of transforming, the water system
lases its dissolved oxygen and its properties of self-purification.

The phenomenon is still more complicated in the case of
lakes; sometimes high concentrations of nitrates and phosphates
can produce an excessive growth of algae. Dissolved oxygen
diminishes in such cases, animal life becomes impossible and
the lake gradually becomes a marsh.

Sea contamination, due to the high power of selfpurification
as a result of the presence of salts as well as micro-organisinis,
is characterized by localized pollution near the coasts and by
widespread contamination by oil and radionuclides and even
melal salts,

Localized pollution may take place especially along the
coastline, near towns or estuaries and wherever high concentra-
tions of urhan or industrial waste matter is discharged into
the sca. Lack of winds and of marine currents may sometimes
cause higher concentrations of both microbiological and chem-
ical pollutants.

The presence of some particular contaminant in the sca,
such as oil, radioactive waste matter and pesticides and micro-
organisms may be of a certain interest, for by means of a
concentration process (i.e. Acantherus for Sr*; clams for hac-
teria and viruses ete.} these substances may also enter the food
chain (SCHREIBER, IG5Q).

10
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Sotl

The disposal of solid waste mafter deriving ecither from
haman life or from industry, poses a namber of new problems
affecting both water and air pollution at the same time. It has
been calculated that in industrially developed countries there
is a daily disposal of about 7 pounds of solid waste matter per
inhabitant per day in urban areas, and about 4 pounds in
rural areas.

The problem becomes very scrious in large urban arcas:
the posqibilitv of elimination of waste matter in the ficlds after
composting is more and more difficult, while incineration causes
air pollution, Furthermore, transportation to other areas gwes
rise to many difficulties. In recent years the overall composi-
tion of solid waste matter has changed and most of the sub-
stances canunol be easily reintegrated into natural biological
cycles, because not attacked by soil micro-organisms.  This
is the case with plastic materials, metal food containers, used
cars, rubber tyres and so forth.

Many of the solutions adopted have created new pr oblems
of air and water pollution. The incineration of chlorinated
plastics (PVC) cawvses emission of gaseous chlorinated sub-
stances. The presence of metals may pollute water layers used
for drinking.

Pollution from the disposal of chromium salts in Northern
Haly is an example of this indirect contamination (MARINI-
BETTOLO, 1068).

Waste matter from industries and from mines has also
determined various difliculties.

The disposal of solid waste matter, although less spectacular
than air and water pollution is nevertheless a cause of concern,
due to its dimensions. Moreover, disposal of solid waste matter
must be considered together with the other problems of environ-
mental protection.

The present situation shows the urgent necessity of a rational
approach to this problem, also in view of the importance of

11
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its direct and indirect effects on health and economy. In point
of fact, the presence of organic maiter subject to decomposition
in wastes may be the cause of spreading epidemics. Rats,
other rodents and flies, the vectors of many diseases, are
attracted by these substances and therefore multiply rapidly.

EE .

Up to this point we have merely dealt with chemical and
Liological contamination of environment. We must now take
a rapid glance at the effect of noise and heat. Both are linked
with urbanization and with social and industrial development.

For the prevention of cnvironmental noise in towns and
cities, the technology of building and traffic problems mast
be taken into account.

The so-called « airport effect » and the noise due to the
growing number of jet planes has created new problems with
regard to the establishment of airports and the location of new
urban installations.

The eflect of noise on the human nervous system is well
known and thus noise must be prevented as far as possible,
reduced or abolished. The increase of mental illness in urban
areas may in part be attributed to lack of rest and the frequent
stress occasioned by noise.

Thermal pollution is connected with the presence of indus-
trial plants: water used for cocling purposes in these factories
is given back to rivers and lakes, causing a rise in the temp-
crature of the water. This factor is of great importance, since
it can modify the ccological balance in rivers and lakes, in
favour of some species as opposed to others (CoLk, 1969).

Guidelines for rescarch on the protection of environment
must be found as soon as possible, in order to study the pro-
blems arising from contamination. For the solution of these
problems, an interdisciplinary effort is required, where all the
sciences would cooperate to solve the various aspects of these
problems.

12
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RESEARCH

1) Knowledge of the laws governing distribution of contami-
nants in air and water

As previously explained, there is a worldwide contamina-
tion due to dusts, pesticides and chemical products. Although
there has been much research in this field, we still know very
little about the worldwide dispersai of pollutants. Rescarch
by MUrGATROVD (1960} in Great Britain using easily detectabie
substances as tracers, as azone and radioaclive substances, and
the new technique of the constant level balloons, using the
numerical forecast model develeped by Busupy and TiMrson
{1967), alford results which should be extended.

Research carried out by the USAEC on the fission product
of nuclear explosions has given much information on the
distribution of particles in the atmosphere and on their fali-
out condition (Lowwmax, 1660, 1968), (E1SENBUD, 1g063).

In addition, NEIBURGER’S (1966) data on the dynamics of air
pollution in the United States show the great possibilities of these
techniques in forecasting the areas which will be affected by
pollution and throw some lght on the mechanics of the pro-
cesses by which pollutants are removed from the atmos-
phere.

Mach information on the movement of particles in the air
was obtainzd when accidents occurred in nuclear plants, such
as that of Windscale in 1957. Nevertheless, we are still far
from a complete knowledge of the movement of particles on
a worldwide scale and their relation to meteorological condi-
tions.

The results obtained by WoonweLL (1967} with regard to the
dispersion of particles of pesticides in the air, which exactly
{follows tha pattern of radioactive substances, as well as that
of Garz and DINGLE on pollens {1666), indicate that particles of

13
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the same dimensions behave in the same way. The present
criteria for the elimination of smoke and dusts through tall
stacks could be completely changed if it could be clearly
demonsirated that the dilution rate is not sufficient to disperse
the contaminant but only to transfer contamination to other
arcas,

Recent resuits of measures taken in Sweden show a percep-
tible percentage of sulphuric acid in rainfall, probably due to
the §0, air pollution of industrial centres in Germany.

It is thus important to eslablish mathematical models on
the available meteorological data so as to forecast the move-
ment of polluted air. Many meaedels have been suggested up
to the present time, but the great variability in space and time
of the various parameters makes it very difficult to use them
in a diffusion equation.

At this stage, we can consider as fairly realistic the project
for a special satellite which would furnish all necessary data
for worldwide information on the movement of pollutants and
permit us to establish rules governing the distribution of
particles in the atmosphere.

2) Biolransformalion of pollutants

Althongh we possess a certain amount of information as
to the fate of pollutants in the environment, many data are
still lacking for a full pattern of the various contaminants in
air, water and soil.

A number of data are available, for instance, on the fate
of certain synthetic chemical substances, such as chlorinated
hydrocarbons widely used as pesticides or weed killers, which
are found practically unmodified in different parts of the earth
after years.

14
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The same substances are found in all the biological cycles:
human fat both in the U.S. and in India contains a certain
amount of DDT.

ppm . oL N .
wensan P0tal chlorinated
20 pesticides

0.5

0.3-

0.1
0.01

Fruits | Carnivores
Milk

Herbivores
ftfat}

Man, Poultry
{fat)

Water Plankion | Fishes

G, 2

Concentration of clhlovindted pesticides in the Jood chain

Wild-life is also affected by the contamination of these
substances which are concentrated in the biological processes
of plants and animals (MARINI-BETTOLO, 1969).

It is now necessary to acquire new information with regard
to the biogeochemical transformation of poliutants. The forma-
tion of acrosols and particles in the atmosphere as in the case
of 50,, and the chemical interaction between various conla-
minants, widely dispersed and under the influence of light, are
questions which still need to be cleared up (CanLe, 1906),

15
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What has already been established about the role of oxidants
in the atmosphere in the presence of unsaturated hydrocarbons,
indicates the possibility of a number of reactions related to
the different kinds of molecules that may be present and even
to different climates and atmospheric conditions.

These investigations may lead to a completely new approach
to this problem. The appropriate nse of radioactive tracers
will bz of greal importance in such research.

MAN

Carnivare

Herbivore (Milk)
Fishes
Plant

Organic
wastes MH‘H‘HMH\““w\\\xk Plankton
WATER
Organic

chiorinated 3 SOIL
compounds

|

Plant

AlR
FiG. 3

Biclogical cyele of chiovinated lydrocarbons
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Biotransformations due to oxygen and micro-organisms
characterize rivers, lakes and the sea. Although many data are
available, we still know little about many processes of new
man-made molecules.

Recent observations on the metabolism of oil In the sea
by an associate system of dispersion, self and microbiological
oxidation, indicate the need to obtain further information on
these natural processes which could be utilized for other
purposes.

Further knowledge of the chemical microbiclogy of the soil
constitutes a new approach to the disposal of man-made solid
waste matter such as plastic materials, or o the transformation
of chemical products such as chlorinated pesticides or synthetic
detergents.

3) Ifffects of conlaminants on ecosystems
: v

Science knows very little so far about the effect of conta-
minants on ecosystems. For the purpose of reviewing our
position an this subject, further research and information are
required. We already have some data, generally uncorrelated,
as to the effects of several known contaminants on ecosystems,
e.g., the effect of dusts or SO, on plants, of fluorhydric acid
on vegetation, the changes produced in biological equilibrium
after the introduction of pesticides in agriculture, causing a
deep modification in insect species in favour of the resistant
Ones.

The examples reported by Ray SmyTa (1969) as a result of
his experiments in Peru, on cultivated areas practically isolated
by sea or desert, have clearly demonstrated the negative effect
of the uncontrolled use of pesticides on insect populations:
induction of resistance on the one hand and the suppression
of biological warfare.

17
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~Another point which needs to be cleared up concerns the
biological balance which governs processes of self purification
in rivers and lakes.

Farther research and data are required not only in order
‘to establish the means of reintegrating conditions of balance
in’ somie polluted rivers but also to get more information in
order to impede biological processes such as eutrophication
which are seriously affecting several lakes like Eyre and Zurich,

Morphological and limnological study may make it possible
“ta establish, by means of the appearance in water of particular
‘new species of micro-organisms and its biochemical interpreta-
tion, the basis of a new approach to the prevention of eutro-

- phication.

It has recently been pointed out that relations between conta-
minants and ecology are so far very little known. The fact
that the international biological program has taken over
this study as one of its main topics indicates that this problem
can only be solved on a mullidisciplinary basis.

4) Effects of contaminanis on man’s health

Protection of the environment is only an aspect of what
science really has in view, namely, the profection of mankind.
Tt is therefore necessary to establish the effects of contaminants
on man’s health and on the artificial environment created
by men (GoLbSMITH, 1G68).

Although there can be no doubt that air pollution is irritat-
ing and a nuisance to man (dusts, smog odours) so far there

is no evidence of direct correlation — after accurate epidem-
iological studiss — between air quality and tumours. There

are in fact so many independent variables to be considered,
that only a very rough appreciation can be drawn from the
fact that a higher rate of cancer is found in countries based
mainly on industrial economy than in these which have a pre-
dominantly rural economy.

.18
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There is certain evidence to show that bronchitis can be
partially dependent on the average concentration of SO, in
the air, and to particulate pollution.

Obviously these investigations must be interdisciplinary.
In the case of some charactleristic industrial emissions, these
correlations can be more easily found, as their specificity is
not masked by other factors such as smoke.

These results, after a certain time, may make it possible
to establish the critical levels for man’s safety of the principal
contaminants.

We may point out the fact that in urban areas in the pres-
ence of motorized traffic the air is contaminated by lead,
originating in the motor exhaust from the tetracthyllead used
in gaseline.

It was calculated that man’s absorption may reach 22 wg
per person per day for air containing 3 ng per cubic meter
of lead. Although lead toxicity is well known, up to the
present time no relationship has been cstablished between
diseases and lead absorption from the air. Nevertheless, there
is at present under consideration the possibility to eliminate
lead completely from motor fuels and to use gasolines of high
octane content (DANIELSON, 1960).

From some points of view the relationship between water
contamination and human health is clearer. It is a well-known
fact that microbial or viral and even parasitic diseases may
be transmitted to man directly or indirectly through water.

It is still necessary to establish the role of polluted waters
in many diseases such as viral hepatitis. We must stress the
function of man’s absorption from water of both toxic agents
and pathogens not only from microbial flora but alse from
aquatic animals, e.g. diseases transmitted by ingestion of
polluted clams, or schizostomiasis transmitted through the
aquatic snail (Planorbis).

In seil contamination, as we have already seen, the indirect

19
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effects of metal salls on the contamination of drinking water
and of the food chain should be considered.

Investigations are in progress with regard to the cffect of
pestizide on man, It is now considered that every man has
an average of zo ppm of chlorinated pesticides in his fat and
even in the nervous fissue. In Ifaly a complete survey by
PraTy, PAVANELLO and GHEZZO (1970) has shown even higher
figures of contamination in agricultural areas of TFerrara pro-
vince,

Levels of accumulation of chlovinated pesticides in ppm in
different human lissues according to DE VIIEGER ct al.
(1968, CasareTT ct al. (1g68) and Pratr et al. {(1970).

DT Dieldrin Heptachlor

Liver . . . . 1 C. T4 0,034 -

2 0.30 0.0037 0.0019

3 1.3 0.088 0.7z
Kidney P 2 0.37 0.0056 0.0000

3 .53 0.0006 s
Brain . . . . ) 0.034 e e

2 0.104 — 0.0002

3 0.28 —_ e
Ypleen . . . 2 ©.048 0.002] —

3 ©.188 3.021 0.014

It is now nccessary {o establish through research the direct
or indirect influence of these small quantities on health after
long periods.

20
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Levels of chlorinated pesticides in human fat (in ppm)

Year Stade NT. ol DT BINC [ Mepta) Dieldrin Authors
samples
1007 JSA 30 G.069 [ zo - 0.15 Dade
1962 GRB 1371 2.21 — —_ 0.2y Hunter
10063 1sA 282 T1.1 0.57 - 0.1 Hoffman
16604 India 24 3o0.2 1.7 —_— .23 Dale
1605 Danmarck 18 3.3 — 0.20 Waeihe
190606 Canada 47 4.39 | 0.07 |o.14 0,22 Brown
1967 TUSA 20 6.28] — lowo32 0.0063 Casarett
1906-100g|  Italy 85 13.26 | —  logr 0.68 Prati

Although no perceptible « change » was observed in the
« rate » of growth of five significant diseases after the intro-
duction of DDT, we cannot disregard the effest of these sub-
stances on cells and especially on the cell wall membranes.

For these reasons it is most important to study these sab-
stances at molecular level, their influence in cell enzymes and
the mechanism of their turnover, in order to accelerate their
cventual elimination from the body.

The effects of contamination on the haman environment,
such as wrban areas or cultivated lands, should be thoroughly
investigated.  Up to the present, the effects of pollution have
only concerned man and his health, and to a partial extent
his environment — housing and cultivation — but only from
the economic point of view. Trom the scientific point of view
we must now consider the effect on agricullure of waters
polluted by chemicals, which alter the smell and taste of crops
and alse of noxious fumes from industiies.

The injuries to buildings, monuments, power lines and
buoilding materials are known, but the study of the causes
is still very incomplete, as is shown by research on the decay-
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of monuments in Venice and Florence. A thorough examina-
tion of the causes may bring to light some unexpected sources
of pollution or establish the existence of special atmospheric
conditions capable of carrying pollution from a distance. At
the present time we possess very little knowledge with regard
to the effects of pollutants on man’s organized activities,

SCIENTIFIC ACTION

On the basis of many available data and of recent research
it is now possible to adopt several measures to reduce both
background and localized contamination of the environment.

We must consider, among these administralive measures,
the reduction of the use of chiorinated pesticides, the abolition
of nuclear explosions in the atmosphere, special care for the
disposal of radioactive matter both in the soif and in the ocean,
for the transport of oil by sea and for the reduction of the use
of fucls containing a high percentage of sulphur.

Techuical devices have also contributed to the reduction of
pollution by cufting out fumes in factories or power stations,
by eliminating solid waste mafter on the soil and in the treat-
ment of sewage hefore its release into rivers.

A number of good results have been obtained in various
arcas where air pollution was very detrimental o the atmos-
phere, as in London.

A great effort is necessary, however, in order to throw light
on all the obscure aspects of this question, with a view to
establishing the basis for a technological solution of the problem.

If we are to consider the order of priorities for the solution
of this problem, we must first face the nced for a modern
analytical methodology for the determination of contaminants
both in air and water. Present methods based mainly on the
classical reaction of wet chemistry have now been surpassed,
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especially if we are to follow the variations of concentration
over a period of time (SMITH RALPH, 1908).

Today, we envisage directly responsive sensors based on
quite different principles. For example by these new methods,
ozone could be detected on the basis of the chemiluminescence
induced by the introduction of an organic colouring matter,
Rhodamin B; SO, could be determined by flame spectrophoto-
metry on the basis of the luminescent emission when burned
in a hydrogen-rich flame.

Gas chromatography can also determine SO, continuously.
In addition, laser between two buildings in a town may be
used to determine particulates and also chemical pollutants.

These are attempis to find new solutions to an old problem,
indicating the need for new monitoring systems to cover the
whole area of contaminants Dboth in air and water, or to
establish in continuation the value of certain parameters which
are important for the quality of the medium.

In this field, if new methodologies are to be fixed, the
most intimate collaboration of chemist, physicist and biologist
is cerfainly required.

Only by means of analytical methodologies it wili be pos-
sible not only to establish the levels of contaminants but also
to follow their transformation and their fafe.

In the case of air it is most important to develop on a basis
of mathematical models and the nse of tracers our knowledge
about the distribution and movements of particles in the
atmosphere.

The possibility of forecasting the distribution of contami-
nants in the air by means of mathematical simulants may
furnish valuable information not only on a world scale, but
also with regard to designing and planning industrial plant
and working out urban schemes. As the factors which influence
air movement are very numerous and results not always
satisfactory, mathematicians and meteorologists should envisage

23



—_

Vol 1t - 25 G. B MARINDBETTOLG

the solution on the basis of wide experimental work in which
every possible variable is taken into consideration.

Obviously difficult and most important is the case of urban
emissions, due {o the composite nature of the source and the
shape of the city itself.

Contvibution of combustions and fuel to aiv pollution

N 5 p CO
FUEL X ’ .
ol . AIR 1 p  Hydrecarbons
oal, oil, gasoline . POLLUTANTS {1 p Nitrous oxides
natural gas) . ! . -
combustions and 0P 1.5 p Particulates
tea p automobile traffic 1.5 p 50,

Recent work on the dynamic of air pollution over towns by
SANTOMAURO has thrown particular light on this probiem (1970).

These facts go to show that the development of atmosphere
physics is now most important for the solution of many ques-
tions of air pollution.

Similar problems, though on a different scale, arise also
in the movement of water systems, such as lakes and sea,
which permit the exchange of water between different layers.

This study, in which the mathematician, the limnologist
and the oceanographer must collaborate with the aid of modern
techniques, may lead not only to more perfect knowledge of
the dynamics of water systems bnt also to a better knowledge
of the phenomena connected with eutrophication and water
pollution,

Another most important aspect is the knowledge of the
microbiology of treatments of sewage waters, the fate of various
contaminants, from the microparticulate dispersion of pesticides
in water to the biotransformation of detergents or the forma-
tion of new chemicals through the interaction of wvarious
substances (PFISTER et al., 196g).

The first requisite in the approach to any problem is the
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availability of data and information: on these results it will
be possible to develop research programmes.

The influence of contaminants on environment as a whole
and on ecosystems in particular should be the first consideration
to gain more information with a view to establishing the effects
on both vegetable and animal life.

The influence of pollutants on biological equilibria, which
could be irreversibly altered, is most important. If is essential
then that biclogist, mathematician and chemist study all aspects,
especially the statistical significance of these effects, so as to
trace a guideline for future action in this field, based on purely
scientific data (WOODWELL, 1062).

But the effects of pollution are not confined to ccosystems,
or nature, or wildlife; as already illustrated, man himself is
subject in his own environment (housing, crops etc.) to the
action of pollutants.

In this ficld also we are in need of further information and
results from a common effort by biologists, agronomists,
hygienists and sanitary engincers.

The main point which science must face, however, is the
collection of more and more data with regard to man’s be-
haviour and reactions to the action of pollutants.

We have already shown how certain aspects of the influence
of environmental pollution on health have been clarified almost
on the basis of acute toxicity, Little is known up to the present
about the long term toxicity of many pollutants.

The main task of science in this particular field should be
to establish these correlations and other points which have
never been considered.

We should emphasize the importance of knowing the el-
fects of man’s exposure to oxidants and ozone, the synergic ac-
tion of more than one additive, the effect of CO on the cardio-
vascular system, on blood clotting and on the CNS; the effects
of nitrogen oxides on lung proteins; the effects of lead exposure
to porphyrin synthesis; the effects of community exposure to
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berillium and asbestos; the significance of shifts in oxyhema-
globin dissociation consequent on our exposure to pollution.

These are not the only aspects to be taken into account.
Contaminants may also act on the nervous system: the trouble
caused by a contaminant may also be measured by the be-
haviour of the person or animal affected.

Recent behavioural technigues on conditioned rats have
been used not only for the study of psycoactive drugs but also
to investigate the effect of different concentrations of contami-
nants in the air. These techniques may constitute another
type of evaluation of the biclogical effects of pollution.

In the sphere of epidemiology, the relation between air
pollution exposure and asthma and emphysema should be
clarified.

Epidemiology of air pollution effects is a very difficult
matter, because of the difficulty of a differentiated diagnosis
in subjects who are simultanecusly exposed to the action not
only of pollutants but also of other agents which may Dbe the
cause or the joint cause of the discase.

Special attention should be drawn to the long-term effect
on man’s health of small guantities of contaminants present
in the food chain, of detergents, of metallic ions. Also further
investigation is necessary on many enteroviruses whose distribu-
tion is very little known.

"
*
*®

One of the most important tasks of science and technology
today is the protection of man from his own pollution, and
scientists throughout the world should unite in a common effort
to achieve this end.

Science must not confine its action to the sphere of informa-
tion: it is not only necessary to know the various ferms of a
problem — the results should be used to solve the questions
posed by the problem.
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In the case of environmental pollution it is necessary to
apply the results of research to future action, aimed, in the
first place, at facilitating development of man’s activities, in
the second place, at his protection from the byproducts of his
activitics and metabolism and, thirdly, to protect his own
environment and the natural environment.

Modern technology, on the basis of new scientific results,
is called upon to solve many aspects of pollution within an
cconomic range.

Many new systems have been adopted recently to reduce
the quantity of smoke and the 5O, percentage in combustion
by the use of modified burners, or by using oil and coal of
jow sulphur content, or by concentrating heat production in
controlled power stations.

In order to reduce the emissions in air and water poHution
from industrial sources, it is necessary not only to work out
new systerns for cutting out dust and for scrubbing in the case
of gases or other chemicals so as to obtain greater cfficiency,
but it is necessary above all, in the case of new industries, to
study new systems based on the more complete utilization of
all byproducts which-are now discharged into air or wafer.
~ In the case of automaobiles, as soon as possible, with the
collaboration of engineers and chemists, a study should be
made of possibilities of reducing the percentage of carbon oxide
in gas exhaust and hydrocarbons.

This fact may also push technology towards a new type
of motor, since the present solution based on the use of catalysts
for exhaust gas is not completely satisfactory.

We need new ideas on the treatment of sewage and solid
waste matter; further information is required in this field con-
cerning the effects of polyelectrolytes on flocculation of sus-
pensions. New methods for sewage treatment have recently
been proposed, based on non-biological systems using inverse
osmose and for solid wastes on hydropulpers.

Microbiological systems, on the other hand, may be rend-
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ered more efficient by the use of additional oxygen gas during
the treatment.

A marked effort should be made in the practical setling
up of a system to insolubilize phosphates and nitrates in water
so as to avoid eulrophication, a problem not yet solved in
the so-called tertiary treatment systems.

As regards solid wastes, a technelogical effort should pro-
gramme the best utilization of many dangerous materials and
the conditions for the transformation of the others into the
biological chain,

X
3
%

These problems which we have rapidly reviewed have been
known for many years to specialized technicians working in
this field. The entire effort to control environmental pollution
has heen in the hands of these men on the basis of their personal
knowledge. At present, in view of a considerable increase in
pollution in relation to the explosive development of man’s
activity, scientists themselves must tackle the solution of this
prohlem which is of vital importance for man’s life on carth,

This represents a challenge which science must meet, be-
cause upon the solution of this problem depends the coexistence
of man and environment, and the protection of our environ-
ment which we are bound to transmit to future generations
as the most precious of our treasures.
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DISCUSSIONS

(GHERZI

Pour ma part, je voudrais simplement compléter le discours
de mon éminent colldgue, le professeur MarmNI BETTCLO, en vong
mentionnant le programme de mesures et de caleuls encore en cours
auprds de 1'Observaioire de Géophysique du Collége Brébeuf, a
Montréal, et anguel j'ai contribué par de nombreux vols en héli-
coptére et prélévements d'échantillons atmospbériques; le but prin-
cipal de notre étude est la détermination de la fenenr de I'atmos-
phere de la ville en composés sulfureux, composée qui, comme vous
le savez, sont parmi les plus nocifs pour les voies respitatoires,

LLEPINE

L’augmeration progressive de la poliution ne menace pas seu-
fement la vie de 'homme en tant qu’espéce animale, mais toute vie
animale et végétale sur la surface de la terre. Vous aver justement
insisté sur les origines différentes des contaminations et pollutions
auxquelles nous sommes soumis, car leur importance, tant pour le
présent que pour Pavenir, varie suivant la nature et la source de
la pollutien, Clest ainsi que les pollutions organiques, qui sont
dues & homme et aux animaux — les pollutions micrebiennes
anxquelles on attachait aatrefois tant d’importance — n’ont plus
gqu'une importance tout a fait relaiive; en effet, la matiére orga-
nique est bientdt dégradée et tend A disparaitre d’elle-méme si elle
estosenle en caunse,
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Beaucoup plus graves sont les pollutions d’ordre chimique créées
par Uhomme et introduites par Uindustrie. D'une part, parce qu’el-
les onl leur toxicité propre qui ajoute des facteurs nouveanx et,
d’autre part, parce qu’elies tendent a détruire le cycle d’épuration
paturelle qui existe normalement dans l'air, sur le sol et dans
les eaux.

L'analyse des caux de rividres industrialisées, comme I'ean de

Iy

la Seine, en France, montre & I'heure actuelle que la pollution chi-
mique arrive & détruire complétement le mécanisme d’épuration na-
turelle, Ce fait entraine plusieurs conséquences: si nous analysons
les effets de la pollution, nous voyons que si Ja conséquence ia
plus immédiatement évidente de lindustrialisation croissante est
I'augmentation de la pollation par contamination, il faut aussi con-

5

sidérer la consommation accrue d’oxygéne & la surface de la terre.

in cc moment, la consommation de I'oxygene augmente de fa-

¢on logarithmique. Savez-vous qu'un jet de type classique — je ne
parle pas des super-jels qui vont étre bientdt en service — en tra-

versant 1’ Atlantique, consomme 3¢ tormes d’oxygine et méme plus,
et que plusieurs centaines en font autant par jour?

Par conséquent, le développement des moteurs & combustion
interne, nor seulement augmente la pollution, mais diminue notre
oxygene vital. Normalement, cet oxygine est régénér¢ par le cycle
chlorophyllien, et essenticllement par le plancton de la surface des
mers qui couvrent les 4/5 de notre globe. Un baleau-citerne qui
nettoie ses cales, contamine Jla swrface de la mer sur une étendue
qui peut atteindre quelquefois une centaine de kilométres carrés
ot le plancton est détruit, La destruction des hydrocarbures peut
s¢ faire, vous 'avez rappelé, mais par la périphérie de la nappe
et assez lentement, de sorle gue si Pon multiplic cette pollution
d’hydrocarbures 4 la surface du globe, on diminue d’autant le pou-
mon par lequel nous devons tous respirer.

Cest un probléme d'une grande complexité et on ne saurait trop
souligner la gravité de la situation actoelle, étant donné les chiffres
montrant Paccélération 4 la fois de la consommation d’oxygine el
de I'augmentation de la polintion,
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Lrecomrs

Je voudrais dire que je donne mon accord complet & ce qui
a ét¢ dit sur l'action du gaz carbonique, qui entraine par des va-
riations dans sa teneur une inflnence sur la température de la terre.

Cette hypothese, d’ailleurs, avait été formulée, comme tout le
monde le sait, it v a fort longtemps, par un savant suédois, Arrhé-
nius, et méme Arrhénius avait attribué Pexistence des périodes
glaciaires & une forte variation des tencurs en gaz carborique de
Pair. Par conséquent, sur le principe, il n'y a pas de difficulté. Je
voudrais aftirer Vatlention sur la grande difficulté gui existe
traiter par des chiffres les résultats de variations de la feneur en
gaz carbonique dans l'atmosphere, sur la température de la terre.

FEffectivement, le gaz carbonique forme un éeran pour empé-
cher la dissipation dans Uatmosphére du rayonnement terrestre,
parce que le gaz carbonique a une irés forte absorption dans une
région du spectre infrarouge ot 'émission de la terre est maximale.
Mais, quand on veut envisager le probleme complétement et le cal-
culer mathématiquement, on arrive & des expressions mathéma-
tiques absolument insolubles. On a cssayé de diviser Patmosphére
en tranches plus on moins épaisses. Chaque tranche est con-
sidérée comme se trouvant & une certaine température. Cette tempé-
rature, comme il a été {réds bien rappelé, dépend de la teneur en gaw
carbonique de la totalité de atmosphére. Mais cette tranche, séparce
du reste de atmosphére, va absorber une certaine quantité de ra-
yonnement venant de la ferre, empécher cefte dissipation dans
I'espace el cette tranche va séchavffer. De sorte que nous sommes
devant un probléme mathématique (d’équilibre entre la déperdition
et Vaccroissement de 1énergie de la somme de gaz carbonique) d’une
tros haute complexité et résolvable seulement avec des machines
caleuler vraiment trés puissantes.

Il y a encore un autre point, c'est que, lorsque la pression
du gaz carbenique varie dans les couches, I'absorption varie sui-
vant la pression, parce que le gaz carbonigue s'étend précisément

.

oft se porte I'absorption de I'émission maximale de la terre .
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Le spectre du gaz carbonique est composé d'une série de raies
de rotation-vibration d’intensit¢ variable en fonction de la pres-
sion. De sorte qu'on arrive & ce qu'd partir d’un certain point,
lorsque la pression du gaz carbonique augmentie, "absorption croft
également dans toute la région d'opacité jusqu'd une cerlaine Ii-
mite. D’ailleurs, aux Etats-Unis, on a fait des caleuls analogues
pour la vapeur d’eau, malgré la complexité du spectre en raison
des isctopes Oy et O et de la forme angulaire de la molécule. Pour
le gaz carbonique, ¢’est relativement plus facile, car la molécule
est lindaire el la position des raies de rotation se caleule plas
aisément,

Enfin, je voudrais souligner que en réalité, les hommes, les
animaux, les plantes, vivent dans un bain de radiations invisibles.
Or, quand par suite deg vents créés par les déboisements, des pollu-
tions par les villes, des implantations de lindustrie, on change le
rayonnement infrarouge dans lequel viven{ les hommes, les ani-
maux, les plantes, il est bien évident qu’il v aura des modifications
considérables dans l'espeee humaine.

Je voundrais simplement veus donner tn exemple: j'ai vu dans
e forét équatoriale des pygmées qui ne sont pas trés laids. 1is
sont petils, comme tout le monde sait, mais pas noirs! Au con-
traire, en dehors de ces zones forestitres, il y a des noirs magnifi-
ques, I est évident que la pigmeniation de la peau provient, au
moins en partie, d'une défense de Vorganisme contre les radiations
calorifiques — ce mot est inexact, mais il rend bien ce que je veux
dire — tandis que les pygmées, qui vivent a4 Vombie de la fordt,
n‘ont pas besoin de cette protection.

Pour ces raisons, je m'associe aux conclusions de ce remar-
quable exposé. Nous espérons tous que I'Académic Pontificale,
peut-gite un jour, reprendra la question sous ses différents aspects.

TIsELIUS

We all listened with greal inferest to the valuable exposé of
Prof. Marini Bettolo. The problem is so extremely urgent, as a mat-
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ter of fact, that it has become necessary to estab’ish an international
organisation for research on this subject. 1 am glad to notice that
spontaneous rescarch has been done in the single countries; how-
ever, at thiz point, it is essential that the countries join on an
international scale fo collaborate on this problem. For this purpose,
the United Nations are going fo sponsor a Conference in Stockholm
which will be organized by the Swed'sh Government and will take
place in 1972, The Conference aims to the discussion and recom-
mendations for the sotution of thesc problems.

These are cxiremely urgent — time is short. 1 believe we have
the necessary tools, but we must join our cfforts before it is too
late.  In my communication tomorrow, I shall deal with this
proklem further,

SIpDIQUI

I greatly appreciate the lucid exposition of health hazards
involved in the contamination of our enviromment, and fully agree
that well coordinated scientific research should be carvied out to
cope with the situation,

It is my opinion, however, that no end of research effort in
this context can be of any consequence without adequate govern-
mental 1measures for vigorous implementation of the rvesearch
results.

As a matter of fact the corrosive situation we are facing can
be appreciably mitigated if the already available knowledge can
be brought to bear on it with a sense of urgency.

In reference to my own country and the other developing
countries T known, I can say that owing to the lack of drive and
proper resources the governmental administrations helplessy look
on, they are not able to take any effective step to contrel environ-
mental contamination,

1 therefore feel that alongside the research effort to which
reference has been made by Prof. Marini Bettolo, the international
scientific community should actively exercise its influence in build-
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ing up public opinion pressures and bringing home to the national
and international bodies the urgent need for dealing with this whole
complex problem.

CHAGAS

J'aimerais d’aberd féliciter ¥ Académic Pontificale pour avoir
choisi un des thémes de Ja plus grande signification dans le monde
présent et pour 'avenir, pour commencer une nouvelle activité dont
I’essor sera wertainement trés important. Ayant été témoin de
nombreuses initiatives prises dans les organisations internationales
en relation avec ce sujet, j‘aimerais signaler I'importance que doit
recevoir de partout la conférence qui aura lieu & Stockholm, sous
I'égide des Nations Unies, gréce 4 une initiat've dont vient de nous
parler notre Collegue le Prof. Arme Tiselius, du Gouvernement
suédois.

Je me permets de dire que cette initiative a rencontré d’abord
cortaines difficultés méme dans la communauté scientifigue, que
jai en loccasion d’évaluer & Poccasion de la Conférence sur
la Biosphére, tenue & UUNESCO en septembre 1968. Le fait que
quelques mois apres, & 1'Assemblée Générale des Nations Unies,
elle a été approuvée par acclamation, moentre que le grand public
commence — s'il n'est pas dupe complétement — A étre sensible
aux problémes que présente l'environnement pour I'humanité. La
conférence aura d’ailleurs une orientation qui plaira i notre Collégue,
le Prof. Siddiqui. Elle est dirigée surtout aux groupes nationaux
qui sont appelés en anglais « decision-makers ». Je crois aussi que
quelques mots doivent éire dits au sujet de Vanxiété que le pro-
bléme de Ienvironnement suscite dans les pays en voie de dévelop-
pement, Pour quelques-uns, le sujet pent mener & des mesures qui
limitent le développement économique. Clest le cas par exemple
des pesticides, C’est dans ce domaine que les scientifiques ont aussi
un grand role & jouer. C'est celui de rassurer la population en créant
des moyens de remplacement ou en déterminant les conditions qui
peuvent réduire la pollution — sensu lato — & des conditions com-
patibles avec l¢ progrés ot le bien-&ire de "humanité.
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