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SYNOPSIS

This paper discusses pollution of surface water in 18 European
countries. For each an account is given of its physical character,
population, industries, and present condition of water supplies; the
legal, administrative, and technical means of controlling pollution are
then described, and an outline is given of current research on the
difficulties peculiar to each country. A general discussion of various
aspects common to the European problem of water pollution
follows; standards of quality are suggested; some difficulties likely
to arise in the near future are indicated, and international collabora-
tion, primarily by the exchange of information, is recommended to
check or forestall these trends.

SOME GENERAL PROBLEMS OF POLLUTION IN EUROPE

The Rivers of Europe

Europe is almost as complicated physically as it is politically, and a
simple description of its river system is almost impossible. The course
of its longest rivers, however, is determined by the Alps. From these
mountains flow the Rhine to the north, the Danube to the east, the Po
to the south, turning east, and the Rhone to the west, turning south. Even
when rivers do not rise in the Alps, their general direction is often directly
away from them, as, for instance, the rivers of north Germany and north
and west France. The rivers of the rest of Europe, however, do not belong
to this or any other great natural system. Those of Iceland, Ireland, and
the United Kingdom are separated from it by the sea, those of Spain
and Portugal by the Pyrenees, those of Scandinavia by the Baltic Sea
and the low-lying land between the Gulf of Finland and the White Sea,
and those of Greece and Turkey by the Balkan mountains. With a few
exceptions, the rivers of Europe flow through one country only for the
whole, or almost the whole, of their length. In consequence, water pollu-
tion in Europe constitutes a series of national problems rather than a
single international one. It follows that the assistance which the different
nations can give one another lies primarily in the exchange of technical
information and administrative experience.
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These general statements need immediate qualification on two points.
In the first place there are important exceptions to the rule that rivers are
national rather than international; the chief of these is the Rhine, but there
are others. In the second place, exchange of technical information would
be greatly simplified if there were international agreement on certain
matters. Both these questions are dealt with later in this paper.

The rivers of Europe vary enormously in size, degree of importance,
characteristics of flow, and pollution, and no generalization on these
matters is possible. All that need be said here is that the importance of a
pollution problem is not necessarily linked with the size of the river. At
the same time, an international survey is almost bound to give major
attention to the larger rivers; this fact will, it is hoped, account for omis-
sions that might otherwise be regarded as unjustifiable.

Definition of Pollution

A river is considered to be polluted when the water in it is altered in
composition or condition, directly or indirectly as a result of the activities
of man, so that it is less suitable for any or all of the purposes for which it
would be suitable in its natural state. This definition may not command
unqualified support; it does, however, eliminate from consideration rivers
which, by virtue of their natural content of salt, acids, or organic matter,
are by no means pure or suitable for certain uses; such rivers are not dealt
with in this article.

It should be noted that this definition would include as pollution any
artificial increase or decrease in temperature if that interfered with the use
of the water. This inclusion is deliberate. Many rivers in the United
Kingdom are now at an unnaturally high temperature because of the
discharge of large volumes of cooling-water. A recent Act of Parliament
(see page 867) has made it plain that this must, in the United Kingdom,
be regarded as pollution, even though the chemical condition of the water
remains unaltered.

Pollution and Population

Since the above definition links pollution with the activities of mankind,
it follows that there should be some connexion between the density of
population in a country and the severity of its pollution problems. Accord-
ingly, Table I has been prepared showing, for each country studied, the
area, total population, and population per unit area. The large differences
in concentration will be noted. It should also be observed that the popula-
tion figures are not all guaranteed to be accurate or up-to-date, but the
errors are not sufficient to lessen the value of the comparison.
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TABLE I. AREA AND DENSITY OF POPULATION * OF SOME
EUROPEAN COUNTRIES

Netherlands 10 200 000 33 000 324

Belgium 8 703 000 30 400 286

United Kingdom** 48 841000 245 000 199

England and Wales 43 745 000 150 000 292

Scotland 5 096 000 95 000 53.6

Germany,FederalRepublic 48 700 000 250 000 195

Italy 47 021 000 301 000 156

Switzerland 4 780 000 41 400 115

Denmark 4 280 000 43 000 99.5

Portugal 8 490 000 89 500 94.9

France 42 000 000 552 000 76.1

Yugoslavia 16 927 000 249 000 68

Greece 7 900 000 133 000 58.5

Spain 28 000 000 506 000 55.3

Ireland** 2961000 69000 42.9

Turkey 21 000 000 767 000 27.4

Sweden 7 150 000 450 000 15.9

Finland 4 100 000 337 000 12.2

Norway 3 280 000 325 000 10.1

Iceland 149 000 103 000 1.5

* Countries in decreasing order of population density
** Excluding Northern Ireland

Pollution of rivers is largely linked with the water-carriage system for
domestic wastes. It has been the general adoption of this system which has
permitted pollution to be concentrated into one spot (the sewer or sewage

works outfall) and thence carried great distances. An assessment of this
factor demands a knowledge of the proportion of the population served
by sewers, and accurate figures are not generally known. An approximate
idea can, however, be gained from the proportion of the population
provided with piped water, for which more reliable data are often available.
Such information as I have been able to collect is set out in Table II.

Although a list of countries arranged in order of decreasing population
concentration is not identical with a list in order of decreasing provision
of sewers and piped water, there is clearly a relationship between them.
The relationship would have been much more evident had it been made

Country Population I Area (kM2) Population
~I r
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between the proportion of inhabitants living in cities and the proportion
provided with piped water and sewerage. As the density of population
increases it becomes more difficult and ultimately quite impossible to find
suitable water within carrying distance of the houses; it also becomes more
and more difficult to dispose of wastes satisfactorily without a system
of sewers. At the same time it is easier and cheaper to provide a
system of water-pipes and sewers for a concentrated population than for a
scattered one. It is not surprising, then, that there is a marked tendency
for the more densely populated countries and regions to provide a greater
proportion of their inhabitants with piped water and sewers.

There is another factor which enhances the significance of Tables I
and II in relation to pollution. Although it is true that the terrain of certain
countries enables them to support a greater concentration of population
engaged in agricultural pursuits, the chief cause of the great variation in

TABLE II. AVERAGE RAINFALL, AND PROVISION OF SEWERS AND
PIPED WATER, IN SOME EUROPEAN COUNTRIES

Approximate percentage of population
Country * provided with Approximate average

p

annual rainfall (mm)
piped water sewers

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Netherlands

Belgium

United Kingdom **

Germany, Federal Republic

Italy

Switzerland

Denmark

Portugal

France

Yugoslavia

Greece

Spain

Ireland **

Turkey

Sweden

Finland

Norway

Iceland

80-85

70

95

80

80

75

20

60

10

30

40

44

small

70

50

50

65

80

60

90

70

50

70

2C

25-30

2.5

small

40

40

very small

60

50

50

60

700

800

1 000

800

800-1 000

1 000

626

900-1 000

500-2 000

5 000

700

600-700

1 100

low

600

450-500

800

1100

* Countries in decreasing order of popolation density
** Excluding Northern Ireland
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population density is the degree of industrialization of the different
countries. If it is preferred, this statement may be expressed in the reverse
way by saying that the more highly populated countries have had, of
necessity, to become industrialized. However expressed, it is certain that
industry and a high population density go together. Industry produces
large volumes of liquid effluents, and the pollution problem thus caused
must be superimposed upon the problem of polluting human wastes.
Thus a highly populated country may be expected to have severe pollution
problems, not only because of its concentration of population, but also
because of the inevitable existence of much industry.

Taking all these factors into account, it might be justifiable to arrange
the countries of Europe in an order of increasing pollution per unit area.
It would not follow, however, that this order would indicate the relative
severity of the problems of pollution. A problem ceases to be a problem
when it has been solved, and while it would be a gross overstatement to
say that it has been completely solved in any of the European countries,
it is true that some countries have made strenuous efforts to solve it.
Inevitably, most has had to be done in those countries with the greatest
concentration of pollution, that is, those which are densely populated.

Even apart from this, any attempt to assess the magnitude of a nation's
pollution problems on a population basis must give a misleading result
because the average population density is an unsound criterion. The
population distribution is all-important. Part of Europe is mountainous
and virtually uninhabitable; part can support only a scanty population
because of its poor soil; in other parts the soil is rich and a more concen-
trated population can earn a livelihood from it; while part-and this
is the important part-is so highly industrialized as to sustain a population
density very many times greater than a rural area could possibly do, and
many times greater than the average for any single country. The story
of gross pollution in Europe is largely the story of the industrial areas.
On the other hand, it must not be forgotten that bacterial pollution may
be important, and small pockets of gross pollution can be associated
with quite small populations.

Pollution and Climate

It is well known that most of the ill-effects of pollution are avoided if
there is sufficient dilution with unpolluted water; the size of the receiving
stream is of first importance. Hence a knowledge of the average rainfall of
the countries of Europe is of some value in a report on pollution problems.
This is included, insofar as possible, in Table II and needs no comment,
since the dependence of rainfall on proximity to sea and to'hilly country
is well known.

2
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Once again, however, averages can be misleading, for a generally wet
country can have a dry season in which flows in rivers are very small. The
amount of rainfall which evaporates is also important, as is the proportion
which runs directly to the rivers, compared with that percolating into the
ground to reappear later from springs elsewhere. Again, in countries with
cold winters, precipitation at that season occurs largely as snow, which
may not reach the rivers until the following spring or summer. Some
rivers of Switzerland, for instance, have their lowest flow in the winter time,
whereas in the United Kingdom the reverse happens.

Other things being equal, the effects of pollution should be worse in hot
than in cold countries. Offensive smells, for instance, arise chiefly when the
rate of biological oxidation is greater than the rate of oxygen supply.
Since the former increases rapidly with temperature (at the rate of about
5 % per ° C), anaerobic conditions should be set up more readily in southern
Italy, for instance, than in the north of Norway. On the other hand, since
pollution is dealt with more rapidly at higher temperatures, a polluted
stream should recover more quickly. It may be mentioned here that in
at least one case in the United Kingdom, offensive conditions in the
summer time, previously thought to be due to the high temperature, have
been shown by statistical analysis to be connected chiefly with the low flows
then experienced. This, however, may be rather an exceptional case.

Pollution and Type of River

The relation between pollution and the flow (and variation in flow) of
rivers has already been mentioned, but there are other factors which are
important. A quickly flowing river will dissolve oxygen from the air more
rapidly than one flowing slowly, and the dissolved oxygen so provided will
delay, and may prevent, the onset of offensive conditions. The balance
between oxygen supplied and oxygen consumed by the polluting material
will be shifted so that the equilibrium concentration will be at a higher
level. Expressed in another way, a swift turbulent river will tolerate a
greater amount of pollution while retaining a given oxygen concentration
than will a slower one. On the other hand, the pollution will of course be
carried a greater distance before being rendered innocuous. Such considera-
tions are important in comparing, for instance, the Seine and the Rhine.

Rate of flow is important for another reason. Dissolved and colloidally
suspended polluting matter is carried downstream at the speed of flow, but
this is not necessarily true for suspended matter. Given the opportunity,
it will fall to the bed of the stream and accumulate there until, by reason
of an increased flow or on fermentation, it is carried forward at a vastly
increased concentration which might be disastrous to fish and offensive to
eye and nose. It is being increasingly realized in the United Kingdom
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that when considerable discharges are made to a slow-flowing stream, or
to one which is frequently held up behind weirs, it is most essential to
remove all suspended matter as completely as possible.

The depth of the river is another important factor which is seldom
taken into account. A deep river will normally take up the same amount
of atmospheric oxygen per unit area of surface as a shallow one, but the
former will take up far less oxygen per unit volume of water, for volume
= area x depth. It will therefore tolerate less pollution before becoming
offensive. It is possible to cite waters in the United Kingdom with similar
sanitary analyses which are either offensive or quite innocuous, the reason
for the variation being a difference in depth. Any formula purporting to
relate the condition of a river to the amount of pollution it receives should
contain a term taking into account its depth.

Pollution and Standard of Living

It is the aim of many, perhaps all, nations to provide, or at least to
foster, a better standard of living for their peoples. What precisely is meant
by a better standard of living cannot be discussed here, but it must include
improved hygiene, greater material wealth, and less drudgery. It is important
to note that each of these will increase pollution problems. Improved
hygiene includes the rapid removal of dirt and waste materials both from
the person and from the environment and, so far as can be seen, this must
involve an ever greater use of the water-carriage system. Greater material
wealth must mean increased exploitation of the earth's resources by way
of manufacturing processes; hence more polluting industrial effluents.
Less drudgery means a greater use of machinery, particularly (for our
purpose) in the processing of food. This generally means more waste, often
in the form of a slurry instead of a solid; for instance, the mechanical
peeling of potatoes results in a considerable proportion being rejected in a
liquid, whereas hand-peeling produces a smaller quantity of solid waste
which can readily be disposed of without causing pollution.

More potential pollution is therefore the price we must inevitably pay
for any general increase in the standard of living. The problem of pollution
may thus be expected to be one of ever-increasing magnitude, for which no
permanent solution can be foreseen. Most nations unfortunately have not
solved the existing problem completely, and that should be the first target,
but ideally the aim should be to anticipate pollution by providing means for
dealing with it before it arises.

This, however, presupposes that all pollution is wrong and intolerable.
This is far from being as self-evident as appears at first sight, but a discussion
on this point is better deferred until an account has been given of the
present position in the different European countries, and of the views of
their authorities.
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PRESENT POSITION IN VARIOUS EUROPEAN COUNTRIES a

The Netherlands

The Netherlands has an area of about 33 000 km2 and a population
of 10 200 000. It is the most densely populated country in Europe (unless
England is considered separately from Wales).

Physical features

The country is generally quite flat, although a few places in the south-
east rise to more than 100 m above sea level, and almost half has to be
protected against floods. It is a country of polders, dykes, dunes, canals,
and lakes, and except in the east there are no forests. Water, and therefore
pollution, is one of its basic problems, though its impact is vastly different
from that in any other country studied.

Rainfall and rivers

The average rainfall is about 700 mm per annum and for our purpose
can be considered to be uniform throughout the country. Neither is there
any marked seasonal distribution, apart from a slight tendency towards a
winter maximum.

The main rivers are the Rhine and the Maas: the estuary of the Scheldt
is also in Holland. There are no other rivers of any significance, but there
is a vast system of canals and lakes fed with water pumped from the land.
The lakes serve to accommodate water in times of heavy rain until it can
be conveyed to the sea.

In many ways the Rhine is the most important source of water for the
Netherlands; it brings into the country three times as much water as falls
as rain, and much use has been made of it over the centuries. A connexion
of the river with the Ijssel Lake dates back to Roman times, and it now
takes about one-ninth of the entire flow. It is also used directly and indi-
rectly for water supply, as explained below.

Population, distribution, and industry

The Netherlands is a country of towns. No less than 31 % of the popula-
tion live in 11 towns of over 100 000 inhabitants, and another 25% live
in 68 towns of between 20 000 and 100 000. Only 14% live in communities
of less than 5000. The largest cities are Amsterdam (845 000), Rotterdam
(684 000) and The Hague (571 000), which are not very distant from each
other. The circle passing through them encloses other sizeable communities,

a The countries are dealt with in the order of decreasing population density.
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and the area is extremely densely populated. Compared with it, the north
and east of Holland are sparsely populated.

Such a densely populated country must depend a great deal on industry,
but much of the land is very fertile and there is considerable agricultural
production, which employs more labour thatn any other single industry.
The processing of agricultural products is also undertaken on a large scale;
in particular, the manufacture of potato-flour and strawboard produce
vast volumes of polluting wastes. Then there are shipbuilding, iron and
steel, electrical, textile, and clothing industries. Salt, chlorine, and related
works, for example, at Hengelo, tend to give trouble because of salinity
in their effluents.

Water supply and sewerage

Piped water is provided for between 800% and 85 % of the population.
Consumption per individual, at 105 litres per day, is not high, possibly
because it is paid for by meter. The sewage is therefore on the strong side.
The proportion provided with main sewerage (or with a water-carriage
system of some kind-see page 855) is probably not much less, for it is the
general policy to provide sewerage at the same time as, or only a little later
than, piped water.

Rotterdam obtains its water from the Rhine, and a few smaller places
also have surface sources, but none of them is considered good; 70 % of
all water, however, comes from the dunes or other underground sources.
Although generally of good bacteriological quality, most of it requires
filtration for the removal of iron and manganese. Organic pollution of
underground water is not a problem, though where the ground is permeable
to the surface a zone of protection is established around each source.
Chalk does not occur, and the limestone in the east is covered with clay,
so there is no problem caused by fissured rocks.

The dune water is being overpumped and it is tending to become
brackish. In places more than twice as much is being taken out as would
be desirable to keep the salt content stationary. Consequently there is a
need to recharge the water-bearing sand with fresh water. A scheme is in
progress for taking Rhine water to the Hague area and allowing it to
percolate into the ground. Another scheme will take Rhine water at
Utrecht and pipe it to near Haarlem and even into north Holland for the
same purpose. In all, probably less water is used for domestic purposes
than in agriculture, where it is chiefly employed to keep the salt well below
the surface of the ground. The Ijssel Lake is used for this purpose, being
now freshwater, fed largely from the Rhine. The value of this river to the
Netherlands can well be appreciated; its organic and bacterial pollution-
rate is a cause of concern when its water is used directly (the phenol content
during the winter, for example, is high enough to have serious effects),
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while its salt content is naturally of even greater importance. Its chloride
content now often exceeds 100 p.p.m., as compared with half this quantity
50 years ago.

Present condition of waterways

The main rivers, although polluted, are not nearly de-oxygenated or
septic because of the large volumes of water flowing. The canals, however,
are slow-flowing and at times the amount of diluting water is quite small,
so that some of them are in an offensive condition. Perhaps the worst are
in the north, where there is a concentration of the strawboard and potato-
flour industries. These produce highly organic effluents with a total popula-
tion-equivalent of at least 10 000 000 people-that is, the population of the
whole country. This is discharged without adequate treatment to a series
of slow-flowing canals, with the result that some 50 km or more are very
offensive; the water is black, and hydrogen sulfide is produced in quantity.
In other parts there are smaller stretches of water in a most undesirable
condition. A small area of the Ijssel Lake is badly polluted by the discharge
of untreated sewage from a part of Amsterdam. The presence of specifically
toxic chemicals in waters is not a problem of any magnitude.

Pollution authorities and powers of control

There are no general laws against pollution, and no authorities whose
prime duty it is to see that the rivers and canals are kept clean, nor are
there any standards of quality for effluents discharged. Yet a great deal has
been and is being done to prevent pollution. This is partly due to a realiza-
tion that water is part of the normal environment of the Dutch, and to a
natural desire that the environment shall be hygienic. It is also due to the
research and advisory work carried out by various institutes.

It is, however, probable that the whole situation will be dealt with by a
new law, and there are already powers sufficient to prevent new factories
from being established unless the necessary treatment of effluent is provided.
Provision also exists for State financial aid to communities constructing
sewage systems and treatment works.

The responsibility for sewage treatment generally lies with the munici-
pality, but there is a movement towards regional authorities, largely on the
model of the German River Associations. This has already come to fruition
in one or two cases, where the " Polder Board ", which is already responsible
for the control and movement of water in one area (a vitally important
function) has also assumed the duties of planning, building, and operating
all installations for treating the effluents from factories and municipalities.

The general aim is to bring the public watercourses into a healthy
condition where normal aquatic life can exist. Advantage is deliberately
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taken of the self-purification capacity of bodies of water, and it is thought
that it will be sufficient if the dissolved oxygen content is not allowed to
fall below 5 p.p.m.-that is, approximately 50% saturation.

Treatment of sewage and industrial wastes

Since the Netherlands is a country of towns which are fully provided
with sewers, it is possible for many industrial wastes to be discharged into
them and treated with the sewage of the district. Again, there is no law
dealing with the situation; it is a matter of arrangement with the local
authority. Such discharge is, however, the general practice, and industry
usually pays the local authority for accepting the burden of treatment.
This being so, an account of the treatment of sewage to a large extent
automatically covers the treatment of industrial wastes.

Treatment of sewage is now becoming the general rule, and in course of
time it seems likely that all sewage except that produced near the sea or the
great rivers will be given biological treatment. Development is taking
place rapidly. In 1951, there were 98 plants in operation, 23 under construc-
tion, 140 designed, and another 100 in course of preparation.

Rotterdam, The Hague, and Haarlem provide no treatment, taking
advantage of the Rhine estuary and the sea respectively. Amsterdam is
exceptional in that part of the older city is built round a system of canals
which receive directly all liquid wastes. These are kept clean by flushing
nightly with water from the Ijssel Lake. From 500 000 to 1 500 000 m3 are
pumped through daily, effectively scouring away the accumulated wastes
and providing diluting water for the next day's discharge. Another part of
the old city is sewered, and the crude sewage is discharged out in the Ijssel
Lake, causing a limited area of gross pollution. The newer portions-and
Amsterdam is extending very rapidly-are drained to two modern activated
sludge plants where full treatment is given.

Other examples, illustrative of the general position, may be given. At
Emschede there is a concentration of cotton and dyeing industries, and a
filtration plant deals with sewage which has a population equivalent of
260 000. At Tilburg the wool industry predominates, and an activated
sludge plant deals with a population equivalent of 200 000. There is also
a filtration plant at Leiden, and an activated sludge plant at Almelo.

Although both filters and activated sludge are common, the modern
tendency is towards the latter. Probably one reason for this is that it
requires little fall through the works, a matter of importance in a flat
country.

Mention has already been made of the huge volumes of organic waste
produced in the north in the manufacture of strawboard and potato-flour.
These are far too great to be taken and treated at any local sewage works.
The problem of their treatment at a reasonable cost is by no means solved.

855



Septic tanks at some of the strawboard factories giving from one to three
weeks' detention are not very effective. Irrigation on the land is out of the
question as a general solution, because there is not enough land. In a few
cases extremely large storage basins have been constructed where first
anaerobic processes and later aerobic processes take place, assisted by
artificial aeration of the stored effluents. This does effect considerable
purification, and the effluent can be discharged when conditions are favour-
able.

Research

The Research Institute for Public Health Engineering (of the Gezond-
heidsorganisatie T.N.O.) carries out work on, among other things, sewage
purification in the soil and by artificial processes. The Sewage Institute
(Rijksinstituut voor Zuivering Afvalwater), which is under the Ministry
of Public Works, also carries out research work, and has for many years
done important work on the activated sludge process; but it also acts in a
consultative capacity to local authorities and industry. The Research
Institute for Drinking Water is also concerned with pollution, particularly
salt, as it affects public water supplies.

These and other official bodies appear to be of the greatest importance.
It is stated that public opinion is generally indifferent to pollution which
does not obviously affect it directly, and it seems to be largely due to
the efforts of the Institutes, and to the technical help they can give to
communities and industry, that so much in the way of pollution prevention
has been done. At present the pollution situation may not be rapidly
improving, but there is every likelihood that it will shortly do so.

Belgium

Belgium is a small country with an area of 30 400 km2 and a population
of approximately 8 000 000. Its population density is very high, it has
but a small coastline, and there are no great rivers; in consequence its
pollution problems are great. None of its large cities are on the coast,
although Antwerp is at the head of the Scheldt estuary.

Physical features

The highest area is the Ardennes in the south-east, where the average
height is about 500 m; it consists of moorland and woodland. Central
Belgium is lower (100-200 m) and is separated from the Ardennes by the
highly populated Sambre-Meuse valley. The plain of Flanders in the
north-west is lower still, and fertile, but there is little of the polder land
so characteristic of Holland.
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Rainfall and rivers

The rainfall is generally fairly low, ranging from 700mm on the Flanders
plain to 1000 mm or more in the Ardennes. The average is 800 mm. It is
not very seasonal, but there is a tendency to a maximum in autumn.

One of the biggest rivers that pass through Belgium is the Meuse;
it enters from France and passes out into Holland. At Liege its dry-weather
flow is 40 m3/second. The Escaut (Scheldt) is also very important; it
enters from France, having already passed through the industrial area
round Lille, and on its way to Antwerp through Ghent receives tributaries
which drain the Brussels area.

In addition to the rivers there are important canals, and the inland
waterway system is at least 1500 km long. For instance, there are three
long canals from the West Scheldt serving Ghent, Brussels, and Liege
respectively; the last is the well-known Albert Canal. There are also cross-
country canals which serve both to change the natural flow of the rivers,
and as receiving-water for polluting effluents.

Industry and distribution of population
The four largest cities are Brussels (about 1 000 000), Antwerp (284 000,

or 400 000 including the suburbs), Ghent (200000) and Liege (167 000,
or 400 000 in the immediate area). These account for a quarter of the
population, but they are not the only densely populated areas. There are
150 000 people in the industrial district round Charleroi, and several
cities with populations of 40 000 or more. In all there are 2670 communities,
but many of them are very small. There are also a very great number of
isolated houses, spread over the whole country except in the hills.

Agriculture is intensive, and the 60% of the land which is cultivated
gives employment to 16% of the working population. Yields from the
land are high and include grain, potatoes, sugar-beet, stock, and flax.

At the same time Belgium is a heavily industrialized country, being
one of the first in Europe to develop its natural resources in this way.
It is rich in coal and in iron ore, and lead, copper, zinc, and manganese
ores are mined and processed. As a result the proportion of the population
depending on mining and associated industry is high at 55 %. In addition
there are chemical, cotton, and linen industries, together with others
depending on agriculture, such as sugar-beet and paper.

Water supply and sewerage
About 70% of the population is supplied with piped water. Supply

to many of the remainder will be difficult because of the number of isolated
houses. The consumption is not heavy, 130 litres per head per day in
Brussels and as little as 50-60 litres in the rural areas. Except in Antwerp,
the water is metered into each house.

857



The provision of water supplies is not easy; underground water is
preferred and it is generally of good quality, but it often has to be piped
for long distances. Some of the sources for Brussels, for instance, are
70 km away in the limestone to the south-east. There are also many sources
in sandstone formations. It is becoming more and more necessary to take
water for supply purposes from the south-east to the north-west, and
surface sources are now being developed. An instance of this is the recent
construction of a large dam on the River Vesdre in the Ardennes, east
of Liege. This source will yield 90 000 m3 per day and will supply Liege
and other places. Antwerp is supplied from the local River Nethe, which
is much polluted and needs a great deal of treatment. Abstraction can
only be made at low tide, and on account of the many difficulties which
arise an alternative source, the Albert Canal, is now being considered.

The proportion of houses connected to sewers is not accurately known;
it is probably somewhat less than that provided with piped water.

Present condition of rivers

In the Ardennes there are many unpolluted trout streams, which are
valuable for recreational fishing. This is very popular throughout the
country and 250 000 people possess licences. Some other rivers also support
coarse-fish life. However, since, as will be shown below, the sewage of the
large cities and many smaller communities is not treated, and since there
is a great deal of industrial pollution, the small rivers of the country are
not able to render these discharges innocuous and in consequence there
is a great deal of polluted, and even offensive, water. The Escaut is polluted
when it enters the country; then it receives a great deal more pollution
from the Courtrai and Ghent areas, together with the tributary which
carries the untreated sewage from Brussels. That tributary is septic for
many kilometres. The Sambre receives heavy pollution in the Charleroi
area, from both sewage and the metallurgical and mining industry concen-
trated there, and further pollution at Namur. Even so, it largely recovers
by the time it reaches Liege, helped by the waters of the River Meuse
which it joins en route, but another load of pollution is then added. The
small River Lys in the north becomes very heavily polluted during the
flax-retting season, so much so that it is diverted by an artificial channel
direct to the sea instead of being allowed to join the Escaut. The sugar-
beet industry deals with 4500 tons of beet per day in the season, and causes
considerable pollution in the area between Liege and Brussels. There are
also paper factories in the Brussels region. There is a leather industry
which is well distributed; a wool industry near Verviers; and very many
(an estimated 260) milk factories which are scattered, but tend to concen-
trate north-west of Brussels. All these cause pollution of the rivers and
canals.
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River authorities and the law against pollution

The above picture is rather a dismal one, and it must therefore be said
immediately that much is being planned to rectify the position. Because
the problem was so severe, it demanded urgent attention; and because
the country is so small it was more readily possible to lay down a national
policy than it is in many countries. An account of the law and organization
is therefore of more than usual interest.

Belgium is one of the few countries which have a law dealing specifically
with pollution as such, and not, as in some countries, merely with its effect
on fish. Under this law, which was passed in 1950, it is generally forbidden
to pollute maritime waters, navigable and non-navigable streams, and public
waters generally, by discharging into them any matter or liquid. The
waters must not be rendered odorous or putrescible, or incapable of sup-
porting aquatic life, or unsuitable for watering animals or for irrigation,
or unfit as sources of industrial or domestic waters. Regulations still to
be issued will lay down standards, and it is expected that these will relate
to the rivers themselves and not to the quality of discharges. The latter
will ultimately be decided by the Ministry of Public Health in the light of
local circumstances.

Clearly this state of affairs cannot be brought about immediately.
For communities the King may prescribe a time limit within which purifi-
cation works must be completed, and presumably this would have regard
to the availability of money to carry out the work. Existing industrial
discharges will be dealt with in the same way and stage by stage; it has
now become compulsory, for instance, for sugar-beet factories to recirculate
the diffusion water, and the next step may be in regard to transport water.
It is probable that the problem of one industry at a time will be tackled
-for example, dairies, and then perhaps breweries and tanneries.

New factories require authority to make discharges, and this is given
by the provincial government in the case of non-navigable waters, and by
the Ministry of Public Works for navigable waters. In each case standards
of effluent quality may be laid down on the technical advice of the Ministry
of Public Health. There is provision for an appeal if the conditions are
not acceptable.

The Bureau of Waste Water Purification of the Ministry of Public
Health exercises a general oversight over all sewage treatment works.

Sewage treatment

As has been explained, at the present time not a great deal of sewage
is treated. In all the cities and large towns (Brussels, Ghent, Antwerp,
Liege, Bruges, Namur, Verviers, Malines, Saint-Nicholas, and Mons),
discharge of unpurified sewage is still practised, either to the rivers, to
canals, or, in the case of Antwerp, to an estuary. Many of the smaller
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places are similarly situated, but there are some purification plants. About
25 are operating at the moment and they are now being built at a rate of
about six per year. The average size of these works corresponds to a
population of 10 000. They usually employ percolating filters, but activated
sludge is used in a few instances.

Sewage pollution of the coast is considered an urgent problem. The
coastline is only 67 km long and is packed with people in the holiday
season. Five sewage treatment plants are urgently necessary; one is now
in operation, one is being constructed, and a third is at the design stage.

Industrial waste treatment

Many industrial wastes are discharged into the sewers and so are not
usually treated, but they will be when municipal plants are provided.
The law of 1950 authorizes the discharge of trade wastes to sewers subject
to the consent of the local authority. This must include conditions as to
quantity and quality as advised by the regional officers of the Bureau
of Waste Water Purification. This Bureau must have a say because, since
government grants are awarded for the construction of sewage treatment
plants, the Government has a duty to see that they are not damaged by
industrial effluents.

The sugar-beet industry must now conform with certain requirements
in regard to its waste; there are two demonstration plants for the treatment
of dairy wastes, and it is expected that in due course such plants will become
general; there is also a pilot plant for the treatment of wastes from the
manufacture of citric acid from molasses; other pilot plants will follow.

River quality and standards for effluents

It is preferred to lay down standards for river quality rather than
standards for effluent discharged, but it cannot yet be said what these
standards will be. It is likely, however, that they will include pH, dissolved
oxygen, temperature, and the concentration of toxic matter.a The last
test will employ fish as the test animal, and it has been developed by the
Centre Belge d'Etude et de Documentation des Eaux at Liege. The test
is carried out in a series of tanks containing fish, the tanks being aerated
so that the water is either 100% or 70% saturated with oxygen. The
behaviour of the fish is carefully observed for six hours, and a sharp
distinction is made between concentrations of toxic material which kill

a Since this was written, a Royal Decree has been issued in Belgium (29 December 1953) laying down
general conditions for the discharge of waste waters other than those from public sewers. The rivers of the
country are divided into three categories: (1) those used or intended to be used for public supply, (2) those
used for fishing or watering animals, and (3) those used for industry. A series of limits of water quality is
then laid down below which the discharges shall not cause the river to fall. This covers temperature, pH,
dissolved oxygen, suspended matter, toxic substances, and a 48-hour biochemical oxygen demand (BOD).
Later articles of the Decree provide for established discharges and for time limits with which the discharges
shall be made to conform.
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in that time and those which have no detectable effect either in six hours
or over the two days or more during which the fish are transferred to fresh
water. A number of toxic substances have been investigated in detail;
it will be interesting to learn how the test will be applied in practice and
whether it proves satisfactory.

Research
The Centre d'Etude referred to on page 860 is an important research

organization. It deals with problems of water purification, problems of
waste water treatment, the bacteriology and biology of rivers, the effect
of waste waters on fish, and other related matters. Its work is published
in its Bulletin and elsewhere. It works in close relationship with the Bureau
of Waste Water Purification; river surveys are carried out as required,
and it also collects and collates information from other sources.

The knowledge of the rivers of Belgium thus accumulated and of
processes necessary to solve the country's pollution problems is of immense
value to the State. It is useless to ask for treatment if none is known, and
purposeless where none is required. After this necessary information
has been obtained, pollution can be dealt with, given the requisite authority
and the material and financial resources. In Belgium the authority now
exists, but the present financial position prevents rapid progress being
made, and it is as yet impossible to tackle the very big problems-for
instance, the treatment of sewage from the Brussels area.

United Kingdom

This section concerns England, Scotland, and Wales only; these countries
have a total area of 245 000 km2 and a population of about 50 000 000.

Physical features
Scotland, Wales, and the north and west of England are generally

hilly and in parts mountainous, though peaks over 1000 m are not numerous.
The remainder of the country is generally undulating, although perfectly
flat plains do occur. Ground over about 300 m is usually rock or moorland,
while the lower ground is generally chalk, limestone, sand, or clay, the last
predominating in the plains.

Rainfall
The average rainfall over the United Kingdom is about 1000 mm per

year. It exceeds 2500 mm a year in a few parts of the mountainous regions,
but is less than a quarter of that in the low-lying south-east of the country.
There are no seasonal variations of any great significance.
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Rivers

By Continental standards the rivers of the United Kingdom are small
and short. The three largest are the Severn (345 km), the Trent (240 km),
and the Thames (350 km), which between them drain a large proportion
of the southern half and Midlands of England, and part of Wales. Other
rivers are shorter, but in general those which flow to the east are longer
and more sluggish than those which flow to the west. The natural character
of the water varies widely, some being discoloured with peaty matter or
turbid with clay, and others clear and sparkling throughout their courses.
Rivers with their source high in the hills are generally very variable in flow,
whereas those which have their source largely in springs are more nearly
constant. It may be noted, however, that the concentration of impounding
reservoirs in the upper reaches of many hill streams has had the effect
of reducing the incidence of maximum flow while at the same time providing
compensation water which increases the flow in time of drought. On the
other hand, the building of towns with large paved areas from which
rain runs off quickly has tended to increase the range of flow even of rivers
fed mainly from springs.

Piped-water and sewerage

About 95% of the population in England and Wales are provided
with a piped-water supply, and even this high figure is slowly increasing.
The proportion provided with sewers is not so great, but probably reaches
about 90%. Consumption of water excluding industrial consumption is
probably about 25 Imperial gallons (114 litres) per head per day, but it
varies considerably.

Industry

The country is highly industrialized; the major types of industry pro-
ducing liquid effluent are metallurgy, chemicals, textiles, and food pro-
cessing and preparation. In addition, effluent from gas-works is produced
in almost every town, and the generation of electricity is responsible for
the discharge of vast amounts of cooling-water to rivers.

Industry is concentrated to a large extent into a few highly populated
areas including (1) the London area, (2) the Midlands (within about 20 miles
(30 km) of Birmingham), (3) Lancashire and the West Riding of Yorkshire,
(4) north-east England, centred on Newcastle, (5) south-east Scotland (the
Clyde valley), and (6) South Wales. There are, however, many industrial
concerns outside these areas, and it is by no means uncommon to find
difficult effluent problems in small country towns.

All the industries noted above produce polluting effluents. By contrast,
the mining industry is not responsible for quite so much pollution, though
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there are exceptions in the case of coal washeries, open-cast mining, and
china-clay. Drainage from spoil banks containing metals and acids in
solution also causes severe pollution in a few cases.

Present condition of rivers

At the time of the Industrial Revolution many rivers in England,
Scotland, and Wales quickly became befouled with domestic sewage and
trade effluents. Descriptions of them written 50-100 years ago leave little
doubt that conditions then were worse than they are now in many areas.
Some improvement, therefore, has taken place. There are, however,
exceptions to this caused by certain movements in the location of industry,
and by the taking of piped-water supplies to places where they had not
been taken before. This results in discharges of effluents where previously
none existed, and even when these are treated a certain amount of pollu-
tion remains.

Few of our rivers are offensive in that they are deoxygenated and smell
of hydrogen sulfide. On the other hand, few are entirely free from evidence
of pollution by sewage or industrial wastes. In the industrial areas many
rivers and streams, though not perhaps offensive or septic, are virtually
dead; because of acid, alkali, or metallic content, the animal or vegetable
life normal to streams cannot exist. These rivers are largely in the Midlands
and the north of England, though there are a few examples elsewhere. Such
streams often recover on their way to the sea either because of dilution or
precipitation of metals, oxidation of chemicals, or a combination of these
causes. A few rivers are unsightly because of discoloration and the presence
of foam, scum, or traces of oil. A very large number are neither dead nor
in their natural state; they suffer from some pollution, their oxygen content
may be reduced and the biochemical oxygen demand (BOD) value may be
higher than desirable, but certain forms of life, even fish, proliferate.
Some, though suffering from a certain degree of pollution, are still fishing
streams and form reasonably good sources of water supply. It is impossible
to give any quantitative assessment of the number of river miles which
fall into each class. There are stretches of river which, from the analysis
of the known factors, ought to support fish life but do not do so; it is
evident that there is a dearth of information concerning the requirements of
fish and other forms of aquatic life.

Estuaries

Some of our estuaries are highly polluted. It was no doubt thought that
the dilution available in such bodies of water would be enormous, and
indeed it is so if the volume of water present be calculated and compared
with the volume of waste water discharged in any one day. Consequently
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it was believed that large volumes of untreated or partially treated sewage
and industrial effluents could be discharged without nuisance. It is now
known, however, that the water in many estuaries is only slowly replaced
by fresh water or water from the open sea, so that polluting discharges may
stay in the vicinity for many days or weeks. Moreover, estuaries are often
much deeper than rivers, and the ratio of surface area to volume is low;
the rate of oxygen supplied per volume of polluted liquid is therefore also
low. In consequence, estuaries may become offensive when a normal river
or stream might not. Some English estuaries are now devoid of oxygen in
the summertime. This is certainly true of the River Thames, where large
quantities of incompletely treated sewage are discharged in the London
area, and a special committee has been set up to examine the problem and
make recommendations. A complete survey of the estuary itself, and
research directed to the biological processes occurring there, are now in
progress and it is expected that when these are complete our knowledge of
estuary conditions generally will be materially increased.

Rivers and drinking water

Except, perhaps, in a few isolated cases, no one in the United Kingdom
uses water taken directly from a river as drinking water; if we knew of any
we should do our best to provide a better supply, for we do not admit
that any river in its natural state can be relied on to be as pure bacteriolo-
gically as drinking-water should be.

A considerable proportion of the population is supplied with water
impounded in the upper reaches of rivers. Such supplies, however, are
not usually regarded as being river-derived. For the most part the reservoirs
are constructed in the hills where human habitations are sparse or non-
existent, and the retention of the water in the reservoirs allows self-purifica-
tion to take place. Nevertheless such supplies are now always chlorinated,
and usually both filtered and chlorinated, before distribution. Many
water authorities have gone to a great deal of trouble and expense in order
to protect their gathering grounds from pollution. They have purchased
the land and prevented it from being used for any purpose except affor-
estation or similar activities not resulting in pollution. The country's need
to increase its food production is now resulting in a demand for such land
to be brought into more productive use, as, for instance, stock-breeding.
A committee has recommended that this should be allowed to some extent
where the water receives complete treatment. There is, therefore, a tendency
for even these upland sources to become slightly polluted. There is also a
risk that the use of weed-killers and chemicals for destroying vermin might
result in water contamination.
A further considerable proportion of the population is supplied with

water pumped from under the ground.
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The remainder of the population, more than ten million, is supplied
with water taken from rivers after these have passed through populated
areas. Usually the water is stored before use, but sometimes delay between
abstraction from the river and introduction into the mains is no more than
a few hours. It is these supplies which are at greatest risk from river pollu-
tion. In all cases the water is given full treatment to remove suspended and
colloidal matter, to eliminate taste and odours, and to destroy bacteria,
but it is essential also to maintain the river water in reasonably good
condition.

Most of the upland valleys which can conveniently be used for impound-
ing reservoirs have now been exploited. In many areas the underground
supplies are also being fully utilized. Consequently, as the demand for
potable water increases (as it does continually), we have to look more and
more to the rivers to satisfy it. For this purpose as well as others, it is
becoming more and more important to retain or restore the condition of
some of our rivers, particularly those which escaped the severe fouling of
the industrial revolution but are now tending to become polluted owing to
the provision of villages with sewers, and the establishment of new towns.

Rivers and bathing

The climate of the United Kingdom is not generally such as to encourage
open-air bathing. There is a certain amount of river bathing every summer,
and in hot summers this rises to considerable proportions. Highly polluted
streams are generally avoided, partly because they are often unattractive
and obviously foul, partly because of local knowledge of their condition, and
partly because such areas are not generally chosen for summer excursions.
There is, however, some bathing in streams which are polluted with sewage
and which may therefore contain organisms ofwater-borne diseases. Concern
is often expressed about the safety of such bathing, and the situation is not
altogether satisfactory. On the one hand, it cannot be denied that some
danger exists; on the other, there is no evidence of cases of disease actually
being caused. Further, we believe it to be impracticable, and probably
undesirable, to sterilize rivers.

Rivers and fishing

The commercial value of freshwater fishing in the United Kingdom,
with the exception of salmon and sea-trout, is not of real significance. A
century or two ago, salmon were so plentiful as to be the diet of the poor;
now they are a luxury food and command a high price. The British Isles
produce more salmon and sea-trout (that is the Atlantic species, not the
Pacific species caught and canned in such large quantities in North America,
Japan, and Russia) than the rest of the world put together. Four-fifths is
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caught in Scotland and Ireland, but in England and Wales the recorded
catch still reaches 200-300 tons per annum, of value up to £200 000
($560 000). The salmon spawns and spends part of its life in swiftly-flowing
waters high up in the course of our rivers, but it is a migrating fish and is
largely caught in estuaries on its way back from the sea. From the point
of view of salmon fishing, therefore, pollution in estuaries is a serious
matter, and it is a fact that salmon have almost disappeared from certain
rivers which are relatively unpolluted for most of their course but badly
polluted near the point at which they enter the sea. The River Tees in
north-east England is an example. The average salmon catch there in the
early years of this century was 8000 per year; in the 1920's it had fallen to
about 3000; in the early 30's to 2000; in 1937 to 23 and now it is at zero.
This is no doubt due to industrial development in the neighbourhood of
the estuary, as a result of which large quantities of trade waste and some
12 000 000 gallons per day of crude sewage are discharged into the river.

Fish other than salmon and sea-trout are of great importance for
angling. The value of this sport, which is quite popular, is purely recreational
and cannot be computed in terms of money, but over half a million fishing
licences are issued annually in those areas of the country where licences are
necessary. Many natural trout streams have been spoilt in recent years by
pollution. It appears that trout require the purest water either for survival
or, more probably, for breeding, and quite a small amount of pollution will
damage a trout fishery. Coarse fish are much more hardy and there are
cases of rivers which are highly polluted near their source becoming satisfac-
tory coarse-fishing rivers before reaching the sea. An illustration is the River
Trent, which is very highly polluted near its source in the Midlands but
supports sufficient coarse fish to attract many anglers before becoming
tidal. The preserving of streams from a high degree of pollution is of great
value to the community from this recreational aspect.

Rivers and agriculture
Only very occasionally are rivers in the United Kingdom used for

irrigation purposes. Some, however, are used for watering cattle, and
complaints are sometimes made that cattle are harmed thereby; it is not
known if these complaints are well founded. The rivers concerned are not
usually industrial rivers but rural ones which have been contaminated with
domestic sewage. Another facet of this subject is the growing amount of
water used on farms for hygienic purposes, the disposal of which results
in a certain amount of river pollution.

River authorities

Until 1948, the authorities responsible for operating the pollution-
prevention laws were principally the local councils. It was found, however,
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that the interests of these bodies were far too localized, and sometimes they
were themselves responsible for pollution. There were a few areas in the
country where special authorities covering whole river systems had been
set up and had been operating for many years; examples are the Thames
Conservancy Board and the West Riding of Yorkshire River Board. These
had shown the greater efficiency of bodies which dealt with the whole river,
and the River Boards Act of 1948 provided for their establishment over
the whole of England and Wales. There are now about 30 River Boards.
It is perhaps too early to say how effective they will be in controlling pollu-
tion, but there is no doubt that they will be a great improvement on the
previous system. The Boards have other duties, for example, land drainage.

River Boards are not the only authorities which can take action to
secure abatement of pollution. Private individuals, provided they are
riparian owners (that is, provided they own land through or by which
the river passes) are entitled by English common law to receive the water
of the stream in its natural state, and they can take action in the courts
against people who violate their right. Such actions are expensive, but
several have been successfully concluded in recent years.

Powers of pollution prevention

The present general enactment concerning river pollution dates only
from 1951 (the Rivers (Prevention of Pollution) Act, 1951). The powers
in it are given to River Boards. For instance, the consent of the appropriate
River Board is required for the discharge of new effluents, or effluents
substantially altered in composition, into a stream, and in giving its consent
the Board may lay down the standards of quality and quantity which it
requires. There is a right of appeal to the Minister of Housing and Local
Government if the applicant believes that consent has been unreasonably
refused, or conditions of consent made unreasonably restrictive. A River
Board can, moreover, make by-laws, applicable to all discharges, governing
standards of quality, and if these are not complied with it can take legal
action. The by-laws must first be confirmed by the central Government
but none have been formally submitted for confirmation yet. In the absence
of by-laws a River Board can prosecute a person or organization which
is thought to be polluting a river, but only after first obtaining the consent
of the Minister of Housing and Local Government to do so.

In addition, under the Salmon and Fresh Water Fisheries Act, 1923,
a person can be prosecuted for any act of pollution which results in the
killing of fish. There are also the common-law rights referred to above.

Treatment of sewage to prevent pollution
Sewage from coastal and estuarine towns is rarely given treatment in

the United Kingdom, though there are exceptions and sometimes full
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biological treatment is given. Sometimes, too, there are tidal tanks which
permit discharge on the ebb tide only, and occasionally primary sedimenta-
tion is provided. At inland towns sewage is almost always given what is
generally termed full treatment-usually sedimentation, some form of
biological oxidation, and final sedimentation. Occasionally the effluent
is further irrigated over grassland, passed through sand-beds, or filtered in
some other way; the number of cases where sewage is given land treatment
only, or land treatment after sedimentation, is now very small and will
probably soon be reduced to zero. Biological treatment in small plants
is almost always carried out by percolating filters, but in medium-sized
plants either filters or activated sludge are used, occasionally both on the
same plant. For the very large new plants, activated sludge is normally
chosen. The following paragraphs assess the present position in England
and Wales as quantitatively as possible:

Population not provided with sewers: four million
Sewage discharged untreated: equivalent to a population of six million

It is convenient to divide the remainder into two groups, namely,
communities of over and under 10 000 population:

Over 10 000
Primary sedimentation only, 15 plants serving seven million people.
(Further treatment is being provided at some of these plants.)
Complete treatment, activated sludge, 30 plants serving eight million
people
Complete treatment, percolating filters, 450 plants serving twelve million
people
Complete treatment, activated sludge combined with filters, 10 plants
serving two million people
Under 10 000
Complete treatment, percolating filters, over 2700 plants serving about
seven million people
For Scotland, which is less densely populated, the sewage from only

half its population of six million receives treatment as follows:
Over 10 000
Primary sedimentation only, 5 plants serving two million people
Complete treatment, activated sludge, 17 plants serving 0.4 million people
Complete treatment, filters, 13 plants serving 0.25 million people
tUnder 10 000
Complete treatment, filters, about 500 plants serving 0.35 million people

Many of the above works are now well below capacity. No works
extensions were permitted during the war, and since then restrictions on
capital expenditure have prevented all but the most urgent cases from
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receiving attention. During these 15 years existing plant has, of course,
been wearing out, while water consumption has been increasing. Thus
a large number of works now need extension or reconstruction. It is
fair to say that river pollution in the United Kingdom would not be so
serious now had it not been for the war and its aftermath.

Treatment of industrial wastes

(1) With sewage: The larger proportion of industrial effluent is produced
in areas which are sewered and where there are considerable volumes of
sewage. This is fortunate, for it is a sound general principle that industrial
wastes amenable to biological treatment are more efficiently treated when
they are mixed with domestic sewage. Many local authorities have accepted
wastes into their sewers ever since sewers were constructed. Generally
this policy has been successful, but sometimes the trade effluents were of
such an inhibitory character that their presence in the sewage merely
made its treatment almost impossible. Other local authorities as a matter
of policy refused to accept industrial effluents into the sewage. There
thus grew up a difference in practice of which the only fortunate result
was that it facilitated observation of the difference in effects. The matter
was the subject of general legislation in 1937 (the Public Health (Drainage
of Trade Premises) Act). It may fairly be claimed that this Act has already
done a good deal to reduce pollution, and even more to prevent the increase
in pollution which would otherwise have occurred with an expanding
industry. In general terms, this Act makes available to traders the facilities
of the local authorities for sewage treatment and disposal, but empowers
local authorities to lay down conditions to which the discharge of trade
effluent must conform in order to protect their works from damage and
preserve the efficiency of purification. The Act is by no means ideal, but
it is worth study; its imperfections arise largely because it is impractical
suddenly to change the practice of existing industry, or to put upon it
financial or other burdens which it might not be able to bear. The position
now is that when a new industry is to be established, effluent disposal
through the sewers of the district is usually the first possibility to be
thoroughly explored. The attitude of the technical staff of local authorities
to industrial effluents is admirably summed up in a memorandum of the
Institute of Sewage Purification. Sewage treatment works can take small
proportions of almost any industrial effluent and deal with it satisfactorily.
It is possible to quote examples of treatment works in the United Kingdom
which deal with very large proportions ofmany trade-waste waters, including
milk wastes, tannery wastes, woollen textile wastes, synthetic textile wastes,
cannery wastes, dye wastes, and general chemical wastes. All these are
being dealt with in certain places in admixture with sewage where the
proportion of industrial effluent to sewage exceeds unity.
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Sometimes it is not a practical policy to treat trade effluents with sewage
even where sewers are available. The nature of the trade effluent some-
times precludes this, although often this difficulty can be overcome by pre-
treatment. Sometimes, too, if all traders in an area discharged their wastes
into the sewers, the result would be that the local river would be dry for
several miles in the summertime, depriving riparian owners of their
rights, and these often much prefer a polluted river to no river at all.

(2) Without sewage: Some industrial effluents are not amenable to
biological treatment; others are produced in areas which are not sewered
or where the sewerage system is hopelessly inadequate for the waste.
In these cases treatment of the wastes alone has to be undertaken, and the
following are the chief ways in which the problem is solved:

(a) biological treatment, which is applicable to organic wastes generally;
(b) chemical treatment, which includes neutralization of acid or alkali,
removal of oil, precipitation of metals such as iron, copper, or zinc,
destruction of compounds such as cyanide, removal by solvent extrac-
tion of phenolic bodies, reduction of chromates, etc.: in many cases
after such treatment the wastes can be safely discharged into sewers
where these are available;
(c) the adoption of some modification in industrial practice to reduce
the volume of effluent or to change its character to make it more
amenable to treatment; this principle has been applied to a greater or
lesser extent to gas-making, flax-retting, beet-sugar manufacture, and
milk bottling;
(d) evaporation to dryness is generally too expensive to be contemplated,
but to a small extent it is applied in the gas industry, in the treatment
of liquor from the kiering of cotton (when caustic soda can be recovered),
and in certain highly organic wastes where the recovery of animal
feeding material can be accomplished;
(e) transporting for disposal elsewhere in cases where no purification
treatment can be suggested and local disposal of a waste proves
impracticable; it may then be dumped at sea either directly or through
the sewers of a coastal town.

It should be noted that, while some way of treating almost all effluents
can usually be suggested, this does not mean that pollution due to them
can be quickly eliminated. Very often preliminary research is needed and
even then there may be almost insuperable difficulties in applying the process.
Two most obvious difficulties are lack of space for the treatment plant,
and cost; industry is bound to consider economic factors, and financial
difficulties must, therefore, be respected. In the United Kingdom the
money available for capital expenditure is also strictly limited at present.
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Tests for river quality

The most important single test of the quality of river water is probably
its content of dissolved oxygen, which is usually expressed as a percentage
of saturation. One classification of river quality based on its oxygen
content is as follows:

Type of river water Percentage
oxygen

saturation

Good 90% or more
Fair 75%-90%
Doubtful 50%-75%
Badly polluted less than 50%

Clearly the actual figure for dissolved oxygen is controlled by a combina-
tion of factors including the amount of oxygen recently utilized in oxidizing
polluting matter, the opportunities the water has recently had for rapidly
dissolving oxygen from the atmosphere, the amount of photosynthesis
taking place, recent changes of temperature, etc. It cannot tell the whole
story as regards pollution.

Another most important test is that for BOD; this is a test originally
recommended by the Royal Commission on Sewage Disposal nearly half
a century ago, and is still very widely used. A classification of river quality
based on the five-day BOD is as follows:

Type of river water BOD
(parts per million)

Very clean under 1.0
Clean under 2.0
Fairly clean under 3.0
Doubtful under 5.0
Bad over 5.0

The dissolved oxygen content depends upon what has recently been
happening to the water in the river; the BOD gives us an indication of
what is going to happen because of pollution which may be present. It is
not surprising, then, that a river may fall into one class when assessed on
one test and into quite a different class on the basis of the second test; there
is no absolute comparison between them. Yet on the average it is probably
true to say that our (mainly shallow) rivers are better when judged on
dissolved oxygen than when judged on BOD.

Other tests carried out on river water include examination of ammonia,
nitrate, nitrite, and some measure of organic carbon. When the presence
of some particular trade waste is being investigated, special determinations
such as those for specific materials are also used. Bacteriological examina-
tion is rarely carried out except in connexion with water supplies. The
suspended solids content is usually determined, but it may not give much
indication of the extent of pollution since the river may be naturally turbid.
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Standards of discharges for effluent to streams

The Royal Commission referred to above proposed that for English
rivers a general standard of quality for sewage effluents should be made
legal. The standard suggested was: suspended solids not greater than
30 p.p.m., and five-day BOD not greater than 20 p.p.m. The standard
has never been legalized, although it has served generally as an unofficial
standard and has worked well. It should be noted that the Royal Com-
mission considered that the suspended solids content was the more important
criterion, and experience since that time has confirmed their views. By
virtue of the Rivers (Prevention of Pollution) Act, 1951, River Boards
have power to lay down standards in the form of by-laws for a river or a
stretch of river, and the question of legal standards is now well to the fore
again. Before proposing the standards, River Boards are instructed to make
a careful survey of the river, the flow of the water and its variation, the
effluents discharged into it and their quality, and the uses to which the
river is or could be put. They should then be in a position to say what
standards of quality for discharge are required. In the meantime, it is
general experience that when complete treatment is given to domestic
sewage the Royal Commission standard of effluent is reached or is closely
approached. It is more difficult to purify some organic trade wastes to
this standard.
A routine test of the toxicity of effluents to fish is badly needed; it is

not considered practicable to test an effluent for the numberless individual
compounds which might be harmful to fish, but it might prove feasible to
have a general test using fish as test subjects. It is not difficult to suggest a
procedure; the real difficulty is to relate the results of the test to what
would happen in practice. Work now going on in the United Kingdom
is directed to this end.

Research

The importance of research in the prevention of river pollution has
long been recognized in the United Kingdom, and the Water Pollution
Research Board of the Department of Scientific and Industrial Research
has been in existence for nearly 30 years and is continually growing in size
and importance; new laboratories are now under construction. The Board
carries out research on the treatment of sewage and industrial effluents, on
processes taking place in rivers, and on water treatment, and it has under-
taken several surveys ofpolluted rivers and estuaries. Its results are published
either separately as technical papers, or in its annual reports, or in journals
of societies and institutions.

The Ministry of Agriculture and Fisheries also sponsors research on
river water, principally on factors concerned with fish life.
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The Freshwater Biological Association concerns itself principally with
the study of waters in their natural state, but some of its work also has a
bearing on the subject of water pollution.

Various industrial research associations are undertaking research into
the treatment of effluents peculiar to their industries. The work of the
Gas Industry has been in progress for many years, and many reports have
been published. Individual firms also sometimes find it necessary to carry
out investigations on the treatment of effluents.

The staff of the larger sewage treatment authorities and River Boards
likewise undertake research and from time to time produce results of the
greatest value.

The Federal Republic of Germany

Western Germany has an area of about 250 000 km2 and a population
of nearly 50 000 000. It is very nearly of the same size and population
density as the United Kingdom. Over half the people live in communities of
more than 5000, and about half of these are in cities of more than 100 000
inhabitants. The country, as is well known, possesses some of the greatest
industrial concentrations in the world.

Rainfall and rivers

Western Germany lies between the northern slopes of the Alps and the
North Sea. It is therefore hilly in the south and largely flat in the north.
The rainfall reflects this configuration; it generally increases to the south-
wards, though the proximity of the north to the sea gives it a greater preci-
pitation than it would otherwise have. Few areas have less than 600 mm
and most of the country is within the 600-800 mm range, increasing south-
wards to give a few areas over 1200 mm. A rough average is 800 mm. It is
fairly uniform, though in the south it tends to be concentrated in the summer
months.

The chief river is, of course, the Rhine, 1330 km long in all, although
neither its source nor its mouth is in Germany. Passing northwards through
the country, it receives several large tributaries (the Main: 490 km; the
Moselle: 505 km; the Neckar: 395 km; and the shorter but very important
Ruhr, Emscher, and Lippe). In all it is one of the greatest waterways of
the world. Another great waterway, the Danube, also flows in part through
Germany, but is not dealt with in this report in any detail. Other sub-
stantial rivers are the Weser, the Elbe, and the Ems, all flowing north-
wards. Generally, the rivers are rapid in the upper reaches and sluggish as
they approach the sea. The deposition of mud in estuaries gives a good
deal of trouble and many millions of cubic metres have to be removed by
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dredging each year. A great deal of fishing is carried on-for sport on the
smaller creeks, and commercial fishing in the big rivers and the lakes. The
value of the trout caught on Lake Constance (the Bodensee), for instance,
is 1.5 million Dm ($357 000) per year.

Industry

It is well known that Germany is highly industrialized, but it is highly
cultivated too. The chief agricultural products are grain, potatoes, sugar-
beet, fruit, and stock. Industrially, coal is the most important asset, and by
far the largest proportion is mined in the Ruhr area. Here there is a very
large aggregation of heavy industry, chemical and metallurgical, which
produces considerable volumes of liquid effluents. Ludwigshafen is another
centre of chemical industry and of manufactures associated with cellulose
materials. In the Niers and Wupper valleys, the textile industry predomi-
nates, while towards the south the industries whose coal requirements are
not heavy are established. Sugar factories, paper mills, leather work, and
brewing are widely distributed, although in certain centres there tends to be
a concentration of one or other of them-for instance, brewing at Munich
and Dortmund.

Water supply and sewerage

Piped water is supplied to about 80% of the population; 80% of the
water is pumped from underground, 15% is river water, and 5% lake
water. Much of the ground water, however, comes indirectly from the
rivers, and in many parts this is directly engineered. The first attempt at
recharging ground water was in Frankfurt in 1910 and since that time the
direct river supply has not been necessary. Near Wiesbaden, dams and
channels have so recharged the water-bearing strata that there is an estimated
storage capacity of 500 000 m3. The procedure is used to take advantage of
the purification capacity of the ground. A description of the application
of the method in the Ruhr Valley is given on page 876.

In spite of this, however, Germany looks to its rivers and lakes to
augment its supplies; it is proposed, for instance, to bring water from the
Bodensee to the Stuttgart area.

The proportion of the population served by a sewerage system is not
accurately known but probably approaches 70 %. Sewerage is generally on
the combined system; storm water in excess of from two to five times the
dry weather flow is discharged without treatment. There are still commu-
nities where each house has its own septic tank, and at least one where
sewers pick up the outflow from these tanks. This system, however, will
shortly be discontinued.
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Present condition of rivers

The large rivers cause a good deal of concern, but they are not de-
oxygenated and they generally support fish. They all carry pollution, however,
and their content of bacteria raises doubts about their safety for bathing.
The Rhine contains dissolved salt from salt mines, water pumped from coal
mines, and sewage. The content of salt appears to be increasing steadily-a
matter of importance to Holland. In parts the river also contains phenols
in small concentrations. In some industrial rivers, such as the Emscher,
fishing has been destroyed entirely, and some streams near Hamburg are
polluted with oil. The Neckar and the Main cause anxiety, as does the
Bodensee. Some of the smaller streams are de-oxygenated owing to sewage
or industrial-waste pollution. The navigable rivers are now being affected
by the discharge of waste oil from ships.

Pollution authorities and legislation

As yet there is no general law against pollution, but one is now in
preparation; its terms are not yet available. Pending that-and probably
in preparation for it-a great deal of survey work is going on, chiefly by the
provincial governments, although the Federal Government is responsible
for the main rivers. At present, if a river is polluted the main remedy lies
in the hands of the riparian owners who can sue for damages in the courts.

There are most important exceptions to this state of affairs; these are in
the areas where industry has concentrated and where pollution has become
exceptionally widespread. To meet these conditions River Associations
were set up under state law, and in most cases have been operating for
many years and have evoked world-wide interest. These Associations have
the duty of purifying sewage and trade wastes in their area to such a degree
that the rivers remain in a condition which is satisfactory for the purpose
for which they are used, and the Associations are directly responsible to
the central government. Their duties vary somewhat from Association to
Association and, to illustrate, outlines are given below of the work of three
of them: the Emschergenossenschaft, the Ruhrverband, and the Niersver-
band. In general these river authorities make the necessary river studies
to determine stream characteristics from the aspects of water supply, degree
of pollution, flood control, and maintenance of minimum flow. They
decide upon the works that are necessary, design them, and let contracts for
their construction; they then implement the work, and are generally respon-
sible for the maintenance of the desired conditions. The sewer systems are
the responsibility of the municipalities, and the authority takes over at the
interceptors or sites for the treatment plants. The Associations' revenue is
derived from the sanitary authorities, the industrialists, and, in many
cases, the water authorities. The charges are fixed by the Associations, but
there is usually a court of appeal in case of disagreement.
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(1) The Emschergenossenschaft : This was the first of the River Associa-
tions, and it provided the first instance in which a single authority tackled
the effluents from a whole river valley. Most of the Ruhr mines and steel
works are in the valley, in which very large volumes of polluting effluent
are produced and which is also subject to subsidence. The problem there-
fore is two-fold, (a) to purify the waste liquids sufficiently, and (b) to dis-
charge them to the Rhine quickly and, as far as possible, at a uniform rate.
The latter task is accomplished by pumping (there are 50 pumping stations),
and by periodically diverting the course of the river because of subsidence.
Purification is effected partly at the factories, partly at sewage treatment
plants, and at one plant which is designed to treat the whole of the flow
of the river. The Ems is classed as an industrial river, and sewage is rarely
given more than primary treatment. Industrial wastes may be treated at
the factories; for instance, the Association operates many phenol-recovery
plants at coke ovens. In dry times the dilution available in the river is
negligible compared with the flow of wastes, which is about 7.5 m3/second.

(2) The Ruhrverband: The Ruhr is a most interesting river because of
the organization and methods by which its waters are made use of, both
for receiving polluting effluents and as a source of public water supplies.
There are two authorities which work in close collaboration: the Ruhrtal-
sperrenverein, which looks after water quantity, and the Ruhrverband,
which is responsible for quality. Both were set up in 1913. The former
has built large dams in the upper Ruhr valley and by this means ensures
that the minimum flow shall not fall below a certain figure. At present the
figure is not large enough, and more dams are planned or in course of
construction. An increasing quantity of the Ruhr water is used outside
the area and is lost to the watershed. What remains must be carefully
purified and conserved, which, in this case, means discharged to the river.
This is the task of the Ruhrverband, who have so far built and are operating
no less than 80 sewage treatment plants and 48 trade-effluent treatment
plants. In addition, they have constructed dams to form four large lakes
in the river which act as " self-purification" lakes. These works ensure
that the river is kept in a reasonable condition.

The Ruhr flows through a permeable area and water percolates into
wells dug near the banks. It is from these that the water supply of the
district is drawn. Since these wells are sunk not less than 15-50 m from the
river, the water derived from them has to pass through a purifying layer of
sand and gravel, and after doing so it is rarely necessary to do more than
chlorinate it before distribution to the public. After that, of course,
it is discharged again to the river and may be re-used. It will be seen
that by this method of operation a greater public can be supplied with
water than if the supply were taken direct from the dams in the upper
Ruhr valley.
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The rate of percolation of water from the river is not always sufficiently
high, and to increase it additional channels are made on the other side of
the wells at an equal distance from them. These channels are partially
filled with sand so that the process is, in effect, slow sand filtration. The
sand is cleaned every three to four weeks.

During the war, the works of the Ruhrverband suffered a great deal of
damage. Even without that, the degree of treatment given to the wastes
was by no means as great as desirable. Much new construction is, therefore,
necessary at the earliest opportunity.

(3) The Niersverband: This Association deals with an area of about
1400 km2-the drainage area of the River Niers, a tributary of the River
Maas, which it joins shortly after it enters Holland. The population of
about 500 000 live in the main in the upper part of the valley, the chief
towns being Miinchen Gladbach and Viersen. The valley is flat and one of
the chief tasks of the Association is to secure proper drainage, prevent
flooding, and restore marshland to good farmland. This has involved much
civil engineering work which need not concern us here. The other task is
to purify the liquid wastes of the area, which are very large in volume.
It is estimated that the population equivalent of the wastes is 2 000 000,
that is, four times as great as if industry were absent. Fortunately, water
supply is not concerned, for there is ample underground water, and the bed
of the river is not permeable so that its water cannot pollute the under-
ground supply. Nevertheless, a high standard of treatment must be main-
tained, since in dry weather the natural flow may not exceed 20% of the
flow of wastes. The chief industrial wastes are from textile mills and tan-
neries, but there are others; for instance, Siichteln (15 000 population)
produces a sewage equivalent to that from 200 000 people, mainly paper
wastes. These wastes are not only large in volume but very strong, and at
the largest works the BOD of the raw sewage is about 1400 p.p.m. Con-
sequently, very special methods of treatment are employed (see page 878).

As is the case with the other Associations, the purification works of
the Niersverband are financed by the local authorities and industries whose
wastes are treated. They both design and operate the works, which range
from the very large to the very small. This gives them a good opportunity
to try out new ideas on a small scale, yet in situations where the plants are
not redundant when the experiment is complete.

Treatment of sewage

Germany makes full use of the capacity of its large rivers to deal with
pollution without becoming offensive, and when a large city is situated on
a large river only a minimum of treatment is given to the sewage. It is
probable that less than half of all sewage received in a sewage system is
given any treatment at all. Thus, on the Rhine, the cities of Ludwigshafen,
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Mannheim, Coblenz, and Cologne all discharge sewage without even
sedimentation. Karlsruhe, Wiesbaden, and Bonn have primary sedimenta-
tion only. The larger towns on the Danube also have primary sedimentation
only, and sometimes not that. Hamburg, on an estuary, has no treatment
for much of its sewage, but a biological treatment plant to serve 50 000 people
is being constructed. Sewage farms are still in operation in some places,
for example, Bremen. At Wuppertal a biological plant is also being built
to supplement the existing sedimentation plant. Stuttgart, on the Neckar,
has biological treatment, but the effluent is of poor quality.

The Emschergenossenschaft provides sedimentation only, for the river is
classed as an industrial one; it would be enormously expensive to make it
anything else. The Ruhrverband must maintain a better-quality river, so
biological treatment is given sometimes, but not always. The Niersverband,
too, must maintain a high quality of effluent from its large plants, and bio-
logical treatment of high efficiency is provided. In the largest plant, which
receives a very strong sewage, three or four stages of treatment are necessary.
The first is acidification with gaseous carbon dioxide, followed by floccula-
tion with sludge from a later stage, which also reduces iron from the ferric
state to the ferrous. Then follows sedimentation. After this iron filings
are added and the liquid is again agitated with carbon dioxide from chimney
gases. Iron is thus taken into solution, and subsequent aeration in the
presence of sludge from the following settling tank produces a precipitate
of iron hydroxide which brings down with it a great deal of colloidal matter.
Sludge from a second sedimentation stage is returned to the process. The
partially clarified effluent is then further treated with activated sludge,
followed by final sedimentation. Even then further purification is effected
by fish-ponds, and the final effluent is good by any standard.

The smaller towns may have no treatment, sedimentation, or biological
treatment, depending on their position, but the number having biological
treatment is not large.

Generally in places of under 5000 population, Imhoff tanks are used,
but in larger places sedimentation with separate sludge digestion is now the
rule. When biological oxidation is provided it is usually as percolating
filters in the smaller towns and as activated sludge in the larger ones. In
some modern instances there are filters followed by activated sludge, the
former being designed to effect the first 80% of the purification required.

Treatment of trade effluents

It is the general custom, when a system of sewers is available, for trade
wastes to be discharged to them. There is no general law on the subject,
but the trader is held responsible for any damage he may cause. Apart
from areas of concentrated industry, this system does not seem to have
caused much difficulty, perhaps because biological treatment is not
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the general rule. The special areas are under the authority of the River
Associations, and the treatment of trade wastes is their responsibility.
They can, therefore, decide whether such wastes shall be admitted to
the sewers, or whether pre-treatment is required, and they can recover the
cost of treatment.

Sometimes trade effluents are treated separately. Of particular interest
in this connexion is the purification of coke-oven effluents by the Emscher-
genossenschaft. These are of great importance because of their content of
phenols, which are toxic to fish life in small concentrations, and produce
taste in chlorinated water in even smaller concentrations. Many plants
have been constructed by the Emschergenossenschaft to recover the phenols
by washing the liquors with a solvent; some have been operating for more
than 20 years.

River testing

A great deal of river testing has been carried out in recent years. The
Governments of individual States are responsible for the smaller rivers but
the larger ones are dealt with by the central Government. Annual reports
are produced about many rivers, but though these deal with both quality
and quantity, the emphasis is on the latter. The usual chemical tests are
made, including dissolved oxygen content, but there is a tendency to replace
the determination of BOD by a comparison of the dissolved oxygen at the
time of sampling with the value it reaches after standing for 48 hours.
Much regard is also paid to the biological condition of the river. The flora
and fauna present are examined and classified and their nature and numbers
give a good indication of the quality of the water. One advantage of this is
that it gives an idea of the average condition of the river at that spot, whereas
a chemical analysis is usually of a sample taken at a single instant. Another
is that adverse conditions may be revealed when chemical analysis fails to
detect them owing to their being caused by a substance not usually sought.
On the other hand, biological assay cannot well be quantitative.

The River Associations carry out river analyses, some of them in great
detail, and some of their work has been published.

Considerable research has also been done on the question of how much
pollution can be allowed in a river without its becoming objectionable.
As a rough generalization, a river is considered to remain satisfactory if its
load of pollution does not exceed that from 30 people for each litre per
second of flow. This corresponds to a dilution of 20-30 times for an average
sewage. It is further assumed that the pollution in the water is reduced by
self-purification by 20% each day. Based upon these assumptions, and with
a knowledge of the volume of water passing and the time it takes to flow
through unit distance, it is possible to draw graphs representing the condition
of a river throughout its length and to read off from the graphs the places
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where the river is overloaded and where improved sewage treatment is
therefore required. This seems a very useful method but it would not, of
course, do away with the need for local investigation, nor would it prevent
special consideration where circumstances warrant it. In these general
surveys it is assumed, unless it is known to be otherwise, that the industrial
waste pollution load is 50% of the domestic load. Often, of course, as we
have seen, this is far from being the case.

Research

Research on pollution and waste treatment is carried out by the Bundes-
anstalt fur Wasser-, Boden- und Lufthygiene at Coblenz. The Govern-
ments (Federal and of the states) also do much work, and there are research
departments at the Hochschule at Darmstadt and Stuttgart. The River
Associations also carry out research, and are in a favourable position to
develop processes on a large scale. Much has been done in recent years
to increase the efficiency of sewage treatment processes, particularly activated
sludge. There is still scope for improvement in ways of getting oxygen in
solution, ways of agitating sludge and sewage, and ways of mixing the
sludge with sewage, and all these are receiving attention.

The Sewage Works Association (Abwasser-Technische Vereinigung)
publishes a monthly technical journal, and an association of all people
interested in water (Vereinigung Deutscher Gewasserschutz e.V.) also has
a publication. There are other technical journals in which original papers
may be found. The general public is not greatly interested in pollution,
but there are signs that the legislatures are realizing its seriousness.

General

The recent war and its aftermath have probably had a greater effect
on pollution in Germany than anywhere else. During the war, industry
had to work at the highest pressure, and no extra provision was made for
effluent treatment. Then a very large amount of damage was done to many
cities, and effluent treatment plants did not escape. Since then industry
has largely been reconstructed but effluent treatment was at first greatly
neglected. Refugees poured in from eastern Germany and the population
increased, thereby intensifying the pollution problem. Much house building
has been necessary and many new communities have been established,
often with little concern, because of lack of money, for pollution prevention.
Consequently, pollution has been getting worse. Now, however, there
seen1t to be a good chance of progress. Sewage plants have been repaired
and new ones are planned or in the course of construction. It will no doubt
take some time, but eventually Germany may be in the position of having
a greater proportion of up-to-date plants than most countries.
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Italy

The area of Italy is 301 021 km2 and it has a population of about
47 000 000. The inhabitants are fairly well distributed, but the population
density is at its greatest in Lombardy, Liguria, and Campania, in which
the cities of Milan, Genoa, and Naples, respectively, are situated. Both
Rome and Milan contain more than 1 000 000 people; Naples, Turin,
and Genoa exceed 500 000, and there are about 150 cities with populations
greater than 20 000.

Towns of 1000-20 000 inhabitants account for perhaps 4 000 000
people; but probably no less than 30 000 000 live in still smaller communities
and in isolated dwellings.

Physical features

Italy can conveniently be divided into two parts: continental Italy in
the north, consisting of the southern slopes of the Alps, the northern
slopes of the Apennines, and the plain between; and peninsular Italy, the
well-known " leg " of the country, comprising the Apennines and the
coastal belts on each side; Sicily and Sardinia may be included in this part.
In the Alpine region there are igneous rocks in the west, dolomite in the
centre, and limestone in the east. In the northern Apennines igneous
formations also prevail, but the plain between is largely composed of
gravel, sand, and alluvium. In the southern part of the country, clay and
limestone are plentiful, though igneous formations occur in Calabria,
Sicily, and Sardinia.

Rainfall and rivers

A few of the mountainous areas have a rainfall of 2000-3000 mm per
annum, but for most of the country the figure is 500-1200 mm according
to height. The average is probably 800-1000; there is a general tendency
for it to decrease from west to east. In the south the distribution of rainfall
follows the Mediterranean pattern of wet winters and summer droughts.
Further north the tendency is towards spring and autumn maxima until,
in the extreme north, winter is the driest season. The relative humidity
of the air is generally low and this, coupled with hot summers, means
that evaporation is high.

As a consequence of the rainfall distribution, the rivers of the north
have their greatest flow in the autumn and, particularly, in the spring
when the snows melt. In peninsular Italy maximum flows occur in winter,
and during the long summer droughts many of the rivers in the south
dry up almost entirely.

I The west of northern Italy is drained eastwards by the River Po, which
is the longest river in the country, drains over a quarter of its area, and has
an average flow of 1600 m3/second. The east is drained by the Po and

4
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smaller rivers running directly into the Adriatic Sea. The rivers in southern
Italy are smaller, and may be typified by the Tiber (320 km) and the Arno
(240 km), the one flowing through Rome and the other through Florence
and Pisa. The Tiber is a typical example of a river in a pervious basin;
its flow is therefore not subject to wide variation. The average is 220 m3/
second while the minimum is as much as 100 m3/second. The Arno, on
the other hand, typifies those draining impervious land. Although the
average flow is 100 m3/second, its minimum is less than 3 m3/second and
it is subject to spring floods.

Water supply and sewerage

Because of its largely rural distribution, the population of Italy is not
supplied with piped water to as great an extent as that of other countries
of comparable size. The exact figure is not known, nor is the corresponding
one for sewers, though the latter is not large except in the towns.

Most of the water is obtained from underground. In the south there
are a large number of aqueducts which have their source in natural springs.
In the Po valley the supplies are largely drawn from deep wells in water-
bearing strata. There are some river and lake sources in the Alps, and some
communities in other areas get river water indirectly by constructing
wells close to the river banks. Such water often needs to be chlorinated.

Industry

The country is predominantly agricultural, two-thirds of its area being
either cultivated or pasture. Nevertheless, an increasing industry has of
recent years absorbed most of the increase in population. A notable
feature is the predominance of small industrial establishments. There are,
however, a few major exceptions. Industrial activity is mainly in the north
(near Milan, Turin, Genoa, and Venice), but it also occurs in the neigh-
bourhood of Naples.

Mineral resources, particularly coal, are far from plentiful. Water
power from the Alps and in the Apennines is important, and these factors
have greatly influenced both the type and location of industry. Metal-
lurgical, chemical, and electromechanical industries, textiles, fertilizers,
and the processing of agricultural products are among the more important
activities. In particular may be mentioned cotton, wool, rayon, leather,
sugar, and paper. Chemical works producing toxic effluents are rare.
Lombardy is the chief industrial province, but except in Milan industry
is not highly concentrated; it tends to be dispersed in small units in an
area up to 70 km from that city, where there are many small industrial
towns. Since this region is far from the sea, pollution problems are more
severe here than elsewhere, and much of what follows concerns Lombardy
particularly and north Italy in general.
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Present condition of rivers

Some stretches of Italian rivers are badly polluted, both organically
and bacteriologically. This applies particularly to tributaries of the Po.
The River Lambro, east of Milan, for instance, is quite devoid of fish life
and the same is true of some other streams in the area. The Po itself receives
a good deal of pollution. There are, for instance, about 60 beet-sugar
factories, most of them small, but a few quite large, usually discharging
their effluent direct to the river. Often, particularly on the tributaries,
offensive smells occur and fish life has been completely destroyed. For the
rest, since sewage treatment is not generally practised, a certain amount
of pollution in rivers is common, but it is not as bad as it might be because
sewage is often dischargebd on to the land. Frequently the chief trouble
with sewage disposal is not so much pollution of rivers but unsatis-
factory conditions, including offensive smells, in the disposal area.

River authorities and powers of pollution prevention

There is no general statutory provision against pollution as such, but
regulations of the Ministry of Agriculture and Public Works apply to the
discharge of water to rivers; these are, however, designed to protect fish.
There are also traditional rights concerning rivers which, though not codified,
are still powerful. As regards new sources of pollution, it is now the rule
that permission to build new factories has to be obtained from the muni-
cipality, which should take into consideration the question of waste disposal,
with the advice of a chemist or a bacteriologist if necessary. Further,
Article 217 of Testo delle Leggi Sanitarie states that if a gaseous or liquid
discharge from a manufactory causes a nuisance, the municipality should
require the matter to be remedied.

There are no bodies responsible for entire rivers, and the administering
of the law appears to be largely in the hands of municipalities. The writer
has no knowledge of how active these are, but if they themselves are causing
pollution by sewage discharge there is no reason to think that they will be
very zealous in preventing other types of pollution.

Regular analyses of river waters are not widely carried out, though
there are laboratories attached to some of the fishing stations, and analyses
can be carried out there when necessary.

Sewage and industrial waste treatment

Sewage treatment, except on land, is rarely carried out in Italy, though
primary sedimentation is sometimes provided. In the very small com-
munities, which are not usually provided with sewerage, it is the custom
to collect organic wastes, animal and human, and dispose of them on the
land as a manure. Larger communities may have land treatment, but more

883



often, where sewage is collected in sewers, it is discharged untreated into
the river, or sometimes into soakaways. In many bathing resorts, however,
treatment plant has been, or is being, provided.

In Milan the sewage system dates back to 1880, and at the turn of the
century was very good indeed, but it is now getting out of date. Some
crude sewage is discharged untreated but most is treated by broad irrigation.
It so happens that the physical and geological conditions are such that this
is not as unsatisfactory as might be supposed. The natural flow of under-
ground water and the slope of the land are both to the south-east. There
is thus no danger of contaminating the lower layers of underground water
near the city and to the north of it, from which potable and industrial
supplies are drawn. The sewage to be treated flows south-eastwards onto
successive areas of land and is gradually purified. At first conditions are
objectionable and offensive, but in subsequent stages the sewage has a
fertilizing effect and supplies much needed water to the land, so that from
six to fourteen crops of grass can be cut annually by the farmers. There
is a fear among them that artificial treatment of the sewage would prevent
this desirable effect.

At Turin the sewage is given primary sedimentation, and the sludge is
digested for the production of methane gas. At one, or perhaps several
places, treatment in percolating filters is given, but this is the exception.

In Milan and other large cities trade effluents are generally received
into the sewers, but elsewhere they are discharged direct, to either the rivers
or the soakaways. Since no treatment is given to sewage, it is not a matter
of immediate concern whether the trade effluents pass to sewers or not,
except that by doing so they are carried well away from the point of pro-
duction.

There is an increasing trend, particularly in the south, towards the
provision of sewage-treatment plants. Where treatment is not given, the
reason is stated to be largely economic; the cost would be great in view of
the large number of very small communities.

General

An experimental station for the treatment and utilization of sewage
was established in 1930, but it was destroyed during the war and has only
recently been rebuilt. The Institute of Hydraulic Construction of Naples
also carries out research in the field. In Milan a technical committee is
studying river pollution in that area. There is a great deal of river fishing
for sport, and the anglers object to pollution when it affects fish, as it often
does. They are not, however, well organized, and their views are the less
effective in consequence. Fishing is commercially important in parts, for
instance near the mouth of the Po, but here the river has recovered from
pollution.
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Switzerland

Switzerland, although one of the smallest and least populated countries
of Europe, is one of the best known because of its scenic attractions. It is
extremely mountainous and the fact that only 20% of its area is recorded
as entirely unproductive is a tribute to the working capacity of the people,
who spare no efforts to make use of even steep, rocky mountain sides. Its
total area is 41 405 km2 and its population about 4 200 000.

As in most European countries, a considerable proportion of the popu-
lation is concentrated in cities. Zurich (336 000), Basle (162 000), Berne
(133 000), and Geneva (125 000) account for nearly 20% of the inhabitants.

Physical features and natural waters

The Alps proper are in the southern part of the country (and extend, of
course, into France and Italy) so that most of the water drains towards the
north, to the Rhine. Between two-thirds and three-quarters of the run-off
leaves the country by this route. Most of the remainder flows through
Lake Geneva into France as the Rhone, and only insignificant proportions
flow east to the Danube and south to the Po.

The rainfall (including snow) is generous at an annual average of
1000 mm, but it varies widely. The upper Rhone valley is surprisingly
dry; the run-off is very variable, and in the mountainous region it is largely
controlled by the melting of the snow. There is much chalk in the Jura
mountains through which percolation occurs, and many of the valleys,
being glacial moraine, are permeable too. The lakes serve as equalizing
basins. In all, it may be that variations in river flow are smaller in Switzer-
land than in many other countries. The great development of hydroelectric
schemes has also been helpful in this connexion.

Large lakes are also a feature of Switzerland, covering over 3 % of its
surface. Such a water surface is capable of dissolving a great weight of
oxygen from the atmosphere. Most communities of any appreciable size
are on the shores of lakes or on the banks of sizeable rivers, and this fact
has undoubtedly influenced the present position of sewage treatment.

Most of the large lakes are also deep and are consequently subject to
thermal stratification in the summer and winter and to turnover in the
autumn and spring. For this reason the fertility of the water is important,
and increased fertility due to sewage (whether purified or not) is a matter
of concern. Much of our knowledge of the biochemistry of lakes has come
from studies made in Switzerland.

Production ofpolluting wastes

About 80% of the population are provided with a piped-water supply
and, although the water is generally metered in each house, domestic

885



A. KEY

consumption is high (200-300 litres per head per day). The Swiss are, of
course, known for their clean cities and high standard of living, in which
water supplies must play a considerable part. The proportion of population
provided with public sewers is smaller and not accurately known-probably
50 %-60 %. Because of the high water consumption the sewage is generally
weak, and may be compared to that in the USA.

The development of systems of sanitary sewers occurred later in Switzer-
land than in some other countries. Most have been provided during the
present century, and in Zurich, the largest city, only in 1920. Generally
they are constructed on the " combined " system, to carry both sewage and
storm-water.

About half the people in Switzerland depend on industry for their
livelihood. The type of industry which exists is controlled largely by the
absence of natural resources of coal, oil, and ores. Much raw material has
to be imported (most of it by way of the Rhine) but some agricultural
produce is processed on an industrial scale.

The biggest concentration of effluent producing industry is near Basle,
where large volumes of chemical waste are discharged to the Rhine. Some
15 000-16 000 m3 is discharged daily, together with three times that amount
of cooling-water. This waste is often acid, coloured, and turbid. There is a
concentration of the watch-making industry at Bienne which produces some
metallurgical wastes, a large beet-sugar factory, and many smaller industrial
firms of a miscellaneous character, sometimes in cities and sometimes
elsewhere.

Present condition of rivers

In general the condition of Swiss rivers, from the chemical aspect, is
good. This is due more to the large volume of water flowing in them and
to the existence of the lakes than to positive efforts to prevent pollution.
Pollution, however, as has been mentioned earlier, is often concentrated in
a few points, and Switzerland is no exception to this rule. A few of the
smaller rivers are completely de-oxygenated at times because of pollution,
but these are exceptional. The BOD of the waters is often very nearly
zero, and if a figure of 4 p.p.m. is taken as being the limit below which
a river is tolerably clean, by far the majority fall into this class. The
Rhine at Basle, for instance, even after receiving the sewage from that city
and all the chemical waste referred to above, has a BOD of only 2-4 p.p.m.
and its dissolved oxygen content is satisfactory.

Bacteriologically the rivers are perhaps not so good as might be expected,
although no specific examples come to mind. It seems to be a characteristic
of bacterial pollution that, while a small amount makes a considerable
difference to bacterial counts, the numbers increase far less quickly as
pollution concentration rises. Bacterial pollution is important because the
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Swiss are fond of open-air bathing, and many rivers are used for that
purpose. There is no agreed answer to the question: at what state of bacte-
riological pollution does a river become unsafe for bathing? but the medical
profession are naturally a little apprehensive when it exists at all.

Although only a few stretches of river are de-oxygenated and therefore
suffer a complete change in the type of life which exists in them, many are
sufficiently polluted to cause the aquatic life to be profoundly modified.
A study of the Rhine near Bale shows clearly the influence of pollution on
the character of the predominant organisms.

Present condition of lakes

Many towns and villages are situated on lakes, and the lake is the
obvious outlet for the sewage. Theoretically, more than ample water is
available for dilution, but in practice the rate of mixing maybe slow. Further,
if the sewage is discharged close to the town, the part of the lake polluted
is that of most value, either for bathing or boating. If that proves to be the
case it is often most difficult to provide for sewage purification or to re-site
the outfall at a better place.

Lakes also act as sedimentation basins, both for sewage solids and for
algal growths resulting from the fertilizing constituents added to the sewage.
These settled solids are apt to come to the surface again, either on fermenta-
tion or at times of turnover.

Drinking water

Most of the public water supplies are obtained from underground, from
sand, gravel, or chalk. Resources in most districts are ample and pure, no
treatment usually being required. Local water authorities wishing to take
water from underground must secure a licence from the canton, who must
approve the quality as indicated by analyses. The frequency of chemical
and bacterial examination required after the source has been brought into
use varies, but generally the supply is protected from contamination by
prohibiting the deposition of organic matter, including manure, within a
certain radius of the well or borehole.

In certain areas, such as the neighbourhood of Basle, traces of bacterial
contamination of underground waters occur. The necessity of chlorination
in these cases has on one or two occasions brought to light other contamina-
tion, for example, with phenols, and at least one city is looking to a river
source to augment or replace its existing supply.

The most obvious way of satisfying increasing demands is from pure
sources high in the mountains. The cantonal organization of the country
does not lend itself to easy negotiations to secure supplies from a distance,
and there is the competing factor of electricity generation from water
power to take into account.
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Rivers and fishing

Most of the rivers of Switzerland support fish life satisfactorily, and
fishing for sport is popular. The fishing rights belong to the cantons, which
issue licences and have the duty of protecting fisheries. There are also local
fishing societies.

Very occasionally in the large rivers there have been fatalities to fish
caused by polluting discharges, but these have probably been accidental
and generally fish thrive in them. In a few of the smaller rivers, however,
the fish have been exterminated by continuous pollution by domestic or
industrial wastes.

Treatment of sewage and industrial wastes

Sewage generally is weak on account of the high water consumption.
Probably more than 80% of it is discharged to lake or river without any
treatment whatsoever. Wherever treatment is provided it usually consists
of primary sedimentation only. In the case of the cities of Basle, Berne,
Geneva, and Lausanne, sewage is discharged crude; in Zurich primary
sedimentation is given. There are a few plants with biological treatment
(one dates back to 1912), but they are not large. The general tendency is
towards providing such plants, however, and in one canton such treatment
is a condition of a money grant made to the Sewage Authority.

Little purpose would be served by classifying into types the few treatment
plants that exist, but two processes may be mentioned as attempts to bridge
the gap between simple sedimentation, which gives from 40% to 50%
purification, and full biological treatment which, as usually operated, gives
a purification exceeding 90% or 95 %. This is not to say that the gap cannot
be bridged by suitable modification of the biological treatment. The pro-
cesses are: the Ferrisation process, which utilizes iron turnings and air,
and the Z process, which is a special and rapid application of the activated
sludge process in which asbestos fibre is used to support the purifying
medium. The second process is in operation in two or three small places,
and the first has found some application in the treatment of industrial wastes.

Generally, when it is feasible, industrial wastes are admitted to the local
sewers. Where this cannot be done they are discharged direct to streams
or allowed to percolate into the ground. Treatment is sometimes provided,
but more often not.

Pollution prevention

There are no authorities whose sole or main duty is the prevention or
control of pollution. Together with other public matters, it is chiefly the
concern of the canton, whose practice varies widely. It is thus not easy
to generalize. There is no Federal law dealing with pollution as such,
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although there is one, dating back to 1888, on fisheries. It was couched in
general terms, however, which were amplified, and made more precise by
a special Ordinance of 1925. A reading of the articles of this Ordinance
suggests that it should have been adequate to protect waters containing
fish from the worst effects of pollution, but it does not always seem to have
done so. It has been stated that this has been due to the passivity of some
cantonal authorities in administering the law, and to the lack of co-operation
between the cantons and those who produce industrial wastes. Some
cantons, however, have a specific law against pollution and are very active
in fighting against it.

This seems to provide another illustration of a partial failure of pollution
control when the administering authority is not responsible for a whole river.
A similar situation existed until recently in the United Kingdom. A Federal
law against pollution has been proposed, but before it can be passed a
revision of the charter of the constitution will be necessary. This law would
not only protect fish but would also aim at preserving the character of
streams for other uses, and even the general landscape. It would embrace
not only rivers and lakes, but springs and underground water. It would
set a time limit for the elimination of existing pollution.

Meanwhile, something is being done, and more could doubtless be done,
by more enthusiastic action under the present law, and by the education of
the people about the effects of pollution. There is a Federal Society for
the protection of rivers, the present President being Professor 0. Jaag;
one of its aims is education. There is also the Association of Sewage Works
Professionals.

Standards for effluents

It is obvious from the above that there are no standards for effluents
discharged to rivers in Switzerland. Any general standard would appear
to be of very doubtful value. The whole question of standards of quality
for effluents into rivers is discussed in a later section (see pages 941-943);
it need only be said here that in Switzerland the receiving-water may be a
very small or very large river or lake, and that the qualities required in a
discharge, in order to preserve the receiving-water for any particular pur-
pose, must take this into consideration. Each discharge should be judged
in relation to the circumstances, which in the case of lakes, at least, must be
ascertained by an on-the-spot examination and cannot be decided by
calculation from a formula.

Research

Mention need only be made here of the valuable work carried out on
the biology of natural waters, and particularly lakes. At Zurich a long-term
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investigation on the fundamentals of sewage purification by activated
sludge is in progress, and first results have already been published by
Wuhrmann.7

Present tendencies

In so far as it is possible to judge at present, the state of the rivers is
certainly not improving-probably the reverse. This may be due to the
rather late development of the water-carriage system for sewage, and to
the existence of large rivers. Pollution is thus of relatively recent occurrence;
its effects have not been so obvious as in some other countries, and public
concern is not, therefore, great.

Denmark

Denmark consists of most of the peninsula extending northwards from
north Germany and separating the North Sea from the Baltic Sea, together
with near-by islands (about 400 of them) in the Baltic Sea. In this paper
the Faeroe Islands and Greenland are not considered. The area of the
country is 43 018 km2 and its population about 4 280 000. These figures
suggest a comparison with Switzerland, but in point of fact it stands in
almost as great a contrast to that country as could possibly be imagined.

The islands are the most densely populated part of Denmark, and nearly
a quarter of the country's inhabitants (1 168 000) live in Copenhagen and
its suburbs. Only two other cities have a population above 100 000-Aarhus
and Odense-and a further two above 40 000. More than half the people,
however, live in towns, and a further half a million in smaller communities
of 500 and upwards. This leaves about 1 400 000 who may be described as
country-dwellers.

Physical features
The country is generally flat, only an insignificant fraction being over

100 m above sea-level; about half is below 30 m. The coastline is, of course,
a very long one, although it is not as deeply indented as, for instance, that
of Norway. This in itself reduces the problem of pollution, because sea
disposal of liquid wastes is often available. In this connexion it is worth
noting that Copenhagen and all the large towns, together with a considerable
proportion of those with a population of over 10000, are on the coast.
The most fertile soil is on the islands and the east side of Jutland.

Rainfall and rivers

The average rainfall is fairly low, at 626 mm per annum, and relatively
uniform, there being a slight tendency for it to fall in the eastern half of
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the country. It is not markedly seasonal, although less falls in the first half
of the year than in the second, and it reaches a maximum in August. This,
however, has doubtless a greater effect on holiday-makers than on the
pollution problem.

Because of its situation, configuration, and low rainfall, Denmark's
rivers are short and sluggish. Only two, the Gudenaa and the Stora, reach
100 km, and only five more exceed 60 km.

Water supplies and sewerage

Water for public supply is obtained almost entirely from underground
sources. These are alluvial formations, chalk, and sand, and there are
still reserves of water. The utilization of the rivers for this purpose may be
necessary in the future in some cases.

About 75% of the population is provided with a piped supply of water.
No figure is available for the proportion of the population served

by sewers, but it is likely to be considerably less than 75 %. Generally
the sewerage is on the combined system, receiving rainwater as well as
sewage.

Industry

The main industries producing polluted effluents are based on agri-
culture. The chief are beet-sugar factories, potato-flour mills, slaughter-
houses, and dairies. Most industries are near Copenhagen and the other
ports, but there are a very great number of small establishments, particularly
dairies, scattered about the countryside.

Present condition of rivers

The rivers of Denmark are generally in satisfactory condition. All of
them support fish and other aquatic life, and are free from toxic substances
and from offensive odours. This is no doubt partly due to the fact that
most of the population live near the sea; in addition, however, it is the
general view that pollution is diminishing, in spite of a larger potential
pollution load than existed in the past. It is evident that a conscious and
determined effort has been made to overcome pollution. Strong public
opinion exists in favour of river pollution prevention, partly because of
the popularity of angling. Increasing interest is being taken in this sport,
and the angling clubs are very active in drawing attention to cases of pollu-
tion and in agitating for its removal. Commercial fishing is also of no
inconsiderable importance, particularly the eel catch.

Pollution exists in some of the estuaries, but it is not generally severe.
Attempts are made to reduce it by carrying sewage discharges far out into
the main current.
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River authorities and powers ofpollution prevention

There are no authorities whose main duty it is to see to the condition
of rivers and to control pollution, neither is there any general law dealing
with the matter. The biological department of the Ministry of Fisheries is,
however, closely concerned with the condition of rivers which receive sewage.

Treatment of sewage

Treatment of sewage is not always necessary, depending upon the
amount and composition of the receiving water available. Where it is
necessary, sedimentation, or sedimentation followed by biological treatment,
is given, the amount of purification required being again decided by the
quantity of receiving-water. Not all the sewage reaching the works receives
treatment. In times of storm, overflows direct to the river are permitted,
as in other countries where the combined system of sewerage exists.

Most towns on the coast have so far avoided purifying their sewage.
Copenhagen, for instance, disintegrates the sewage and then pipes it into
the Sound for distances as great as nearly 4 km in order to reach a good
volume of diluting water and avoid pollution where it would be most
objectionable. In certain districts, however, primary sedimentation is given.

Some coastal towns use chlorine treatment during the bathing season,
and plans are being made to instal purification processes.

Inland, biological treatment is quite common. Where it is undertaken,
the standard of quality provisionally required (laid down in 1946) includes
limits for BOD (20-40 p.p.m.), solids settling in two hours (0.5 p.p.m.),
dissolved oxygen (at least 60% of saturation), and temperature (30°C),
and also requires treatment of substances poisonous to fish. The water-
course court determines the degree of treatment required in individual cases.

Treatment of industrial wastes

Wherever practicable, industrial wastes are admitted to the sewers and
treated with the sewage of the district. Where these wastes would interfere
with biological treatment, or would add quantities of toxic material to the
sewage, some form of treatment before discharge from the factory is insisted
upon. This is not often necessary. Only occasionally does it happen that a
factory producing large quantities of polluting wastes is situated out of
reach of sewers.

Tests for river quality

Dissolved oxygen content, BOD, and suspended solids content are all
carried out in assessing the quality of river waters and sewage discharges.
It is often preferred, however, to use biological methods. Standards are
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laid down in the Danish " Standards for Examination and Purification of
Sewage ". River surveys are carried out when required but the findings are
not generally published.

Research

Several institutions carry out research work on rivers and sewage treat-
ment as required. These include the Laboratory for Sanitary Engineering
of the Technical University of Denmark, the University Institute of Hygiene,
Copenhagen, and the Laboratory of the National Health Service.

Portugal

Portugal, including Madeira and the Azores, has an area of 88 620 km2
and a population of 8 441 312. Of these, one-eighth live in the two largest
cities, Lisbon and Oporto, both of which are on the sea coast.

Physical features

The country comprises the western and south-western part of the
Iberian Peninsula, and a line running east and west mid-way between its
northern and southern boundaries cuts the country into two contrasting
halves. The northern half is rocky and consists of mountains and plateaux
separated by deep narrow valleys. The greater proportion of the area
exceeds 400 m in height and the highest point is 1991 m. The southern half,
on the other hand, is mainly below 200 m, and only very rarely is 500 m
exceeded. Here there are plains, gentle hills, and broad valleys. The general
direction of drainage is towards the south-west.

Rainfall and rivers

The climate of the two halves is also different. In the north it is oceanic
near the Atlantic, and continental (dry summers, hard winters) in the
interior, while in the south it is Mediterranean with a tendency towards
aridity in a few areas. The contrast in rainfall is equally marked; in the
north (except the extreme north-east) it is generous at 1000-2000 mm,
while in the south it is generally 400-800 mm, apart from a few hilly districts.
No average figure is available, but it may be 900-1000 mm. There
is a very marked seasonal distribution which is similar for the whole
country; a winter maximum from November to March, and a summer
minimum from June to August when very little rain falls in any part of
the country.

There are eleven independent river systems of which the main river is
more than 60 km long. Four of these have lengths (in Portugal) of over
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200 km. They are the Douro (322 km), the Tagus (275 km), the Guadiana
(260 km), and the Mondego (220 km); the first three rise in Spain. The
Douro and the Tagus are navigable for long distances. The flows in the
rivers are extremely variable and some dry up almost entirely in the summer-
time. In winter, great floods occur and vast amounts of silt are carried
down. It is probable that the degree of flow variation is as great as any-
where in the world. The general regime is very rapid in the hills but slow
and sluggish nearer the coast.

The rivers are used for navigation, for fishing (in those stretches which
maintain a reasonable summer flow), for irrigation, and, in recent years,
for power production; large barrages have been built for this purpose.

Population distribution and industry

Apart from those living in towns (there are only twelve of over 20 000
people) the population is almost entirely rural. Nearly 70% live in the
36 597 communities of less than 2000 inhabitants. The average size of these
communities is only 150 people. In general the north (that is, the part
with ample rainfall) is the more densely populated, the density increasing
towards the coast. There is a smaller concentration in the extreme south.
The larger centres are on or near the principal rivers, but generally the
population distribution is independent of the watercourses.

The principal activity is agriculture, and this provides no less than 83 %
of the value of the products of the country. Industry is largely concentrated
near the urban areas, and for the most part exists as quite small units.
From the pollution angle the following are important: 200 fish-preserving
and canning factories, which produce large quantities of waste organic
matter situated on the coast or near the large rivers; 300 milk-processing
plants, generally of minor importance; 800 textile mills; 300 tanneries;
2 large cellulose factories; and 100 paper mills; together with distilleries
and plants for the recovery of vegetable oils. These last are seasonal indus-
tries-November to January-but they produce large quantities of polluting
wastes of low pH and a high content of organic matter-up to 90 000 p.p.m.
In addition, there are chemical factories producing acids, ammonia, chlo-
rine, etc.; some sugar and petrol refineries; and soap works. None of these
treats its effluents in any way. Mining, for example, of pyrites, also causes
a considerable problem.

Water supply and sewerage

In communities with more than 2000 inhabitants, some 60% of the
people are provided with a piped-water supply, but in the smaller areas
provision is often lacking, so that on the basis of the whole population the
figure probably does not exceed 20%. The position regarding sewerage
is roughly similar.
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Rivers are only occasionally used as a source of domestic water supply,
as, for instance, in a few isolated towns. Generally the supply is obtained
from underground, and the quality is sufficiently high for no treatment
to be given. However, many sources are from alluvium or other porous
strata close to rivers, and they probably do receive river water indirectly
by percolation.

Much use is made of river water for agriculture and industry.

Present condition of rivers

All the large rivers are polluted with domestic and industrial waste, but
aquatic life continues to exist, albeit precariously in some cases. All the
small rivers which flow through inhabited areas tend to become septic
during the summer months, because their flow becomes so low as to be
quite inadequate to provide sufficient diluting water for the wastes dis-
charged. One or two rivers have been completely sterilized by acid wastes
from mining.

Surface water is responsible for a good deal of pollution when the first
rains come after the summer drought. Then organic matter which has
accumulated on the roads and other surfaces from which rainwater runs
off rapidly is carried to the rivers and decomposes there. This is a problem
in all countries, but particularly in countries like Portugal where long
droughts are common.

Pollution authorities and powers of pollution prevention

The Directors-General of Water Services, of Waters and Forests, and
of Public Health all have certain responsibilities in regard to water pollu-
tion, but it is understood that they are not at present so organized as to be
able to tackle the problem effectively.

There are laws about pollution but they are without scientific basis
and are so excessively rigorous that it is not possible for them to be observed.

Sewage and trade effluent treatment and river analyses

Sewage treatment is only very rarely practised. When it is, it takes the
form of biological oxidation at municipal works, and septic tanks for pri-
vate houses. When storm-water is admitted to sewers and the sewage is
treated it is customary to give treatment to volumes up to five times the
normal flow and to discharge the excess direct. Where trade effluents enter
municipal sewers and the sewage is treated, the trade effluent is of course
treated too, but there is no law covering this, and generally no control of
the discharges is exercised. Otherwise treatment of trade wastes is not
practised.

River analysis is rarely carried out, and when it is, it is strictly a local
affair. Thus it is impossible to give any quantitative description of the
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rivers. There are no standards for the quality of effluents discharged into
them.

Lisbon discharges its wastes into a large estuary, and conditions in it
have been subjected to investigation. Alterations are now to be carried
out to the sewage system to carry the pollution away from pleasure-beaches
and shell-fish beds. Oporto also discharges to an estuary, but conditions
here appear to be satisfactory.

General
It appears that the pollution problem in Portugal is largely connected

with, and in one sense caused by, the very low summer flows in the rivers.
There simply is not sufficient diluting water at these times; if the flows were
more uniform pollution would only rarely be serious. As it is, pollution
does not receive the attention which it needs, and in spite of the laws, which
are excessively rigorous, it is growing worse from year to year as the sanitary
standard of people improves and industry expands. Public opinion is not
as yet at all concerned with the problem, and it cannot therefore be expected
that improvement will be rapid.

France

France has an area of 552 000 km2 and a population of about 42 000 000;
it is therefore one of the less densely populated western European countries.

Physical features
France stretches from the Alps to the sea in directions between north

and west. Generally speaking, therefore, the slope of the land and the
direction of flow of the rivers is to the north-west, although the Rhone
valley is an important exception. The Pyrenees form a natural boundary
with Spain, and since this approximately follows the watershed there are no
rivers common to both countries. Although some of the highest mountains,
such as Mont Blanc, are in France, it is not generally mountainous; less
than one quarter of the land is above 500 m, although more than half is
above 200 m. Much of the hilly land comprises the Massif Central and the
Massif Armoricain (in the north-west). The Paris Basin and the Aquitaine
Basin are generally lower.

There is a long coastline bordering the Atlantic Ocean and the English
Channel, and a shorter one of an entirely different character along the
Mediterranean.

Rainfall and rivers

The rainfall is very variable. In parts of the mountains (the Alps and
Pyrenees) it reaches 2000 mm per annum; in the higher parts of the Massif
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Central (the Cevennes) similar figures are recorded. On the other hand the
hearts of the Paris and Aquitaine Basins have values of about 500 mm. In
the extreme south, where there is a Mediterranean climate, dry summers
are the rule.

The River Rhine concerns France for only a small part of its length.
The other chief rivers are the Loire (1000 km), the Rhone (812 km, 520 in
France), the Seine (776 km), and the Garonne (720 km.) The Rhone is
exceptional not only in the direction of its flow (southwards) but in its high
rate of flow. The average flows in m3/second for the four rivers just named
are respectively 375, 2200, 300, and 700. There are many shorter rivers
near the coasts, but the only ones deserving special mention here are the
Lys, the Meuse, and the Moselle, all of which flow into Belgium or Germany,
and the first two of which are polluted.

The characteristics of the rivers also vary enormously. The Loire in
particular has a very variable flow; it can be as low as 25 m3/second in the
driest summers and as high as 8000 m3/second after severe storms. This is
because in the upper part of its course it passes over the impermeable
Massif Central and Massif Armoricain with a rapid run-off and little under-
ground storage, whereas later much water is lost by percolation. On the
other hand, the Seine flows almost wholly through a permeable area and
the- flow is fairly regular. It is, however, sluggish; in Paris it is only 36 m
above sea level, yet the distance from the sea (by river) is 360 km.

The Garonne drains the Pyrenees, Armagnac, and part of the Massif
Central, which do not yield the maximum flow of water at the same time.
Hence the irregularities of flow are not so great as in the case of the Loire.
The Rhone is also fairly regular, owing to the balancing effect of Lake
Geneva, the fact that the snows of the Jura and the Alps melt at different
times, and to the autumn and winter maxima in the tributaries from the
west. In addition to the rivers, there is a large network of canals which
are much used for transport. Canals and canalized rivers total some
10 000 km in all.

Population distribution and industry

One-eighth of all the population lives in the Department of the Seine,
the Paris area. Other populous areas are the industrial centres of the north,
Alsace and Lorraine, the coasts of Brittany and Provence, and the valleys
of the great rivers. These areas, besides being industrial, are also fertile
and maintain a large agricultural population. The mountains and areas
of poor soil are only sparsely populated.

There are 23 cities of more than 100 000 inhabitants, including Paris
(2.75 million), Marseilles (635 000), Lyons (570 000), and Bordeaux (253 000).
In addition, there are about 880 communities with populations exceeding
5000, and no less than 37 100 smaller communities in which about half
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the whole population live. These communities are almost entirely rural,
the people generally being engaged in agriculture. Most of them cultivate
their own land, and cultivation is generally more widely spread than in
other European countries.

Nevertheless, there is a good deal of industry, chiefly in the north and
east. The chief industries giving rise to polluting effluents include: distilleries
and yeast factories, which are well distributed; milk factories, which are
a severe problem; the chemical industry, in Paris, the Rhone Valley, the
north, and Alsace; mining, in the north (640% of all coal production is
there); metallurgy in the north and east, and in Paris; and textiles also in
the north and east. In some other areas industry has followed the develop-
ment of hydroelectric power.

Water supplies and sewerage

In the larger communities supplies of piped water are almost universal;
all the 900 towns of more than 5000 population have it, but the fact that
some of their inhabitants are beyond its reach means that only nine-tenths
of the urban population are supplied. The smaller communities are not
so well provided, and in 1949 only about a quarter of them, or one-third
of the rural inhabitants, have water piped into their houses. There had,
however, been a great improvement during the previous few years, and
much was projected, so that the position is probably considerably better
now. Taking the population as a whole, the proportion supplied with piped
water is about 60%. Water consumption, where piped supplies are avail-
able, ranges from 150 litres per head in small communities to 300 litres
per head in large cities.

Wherever possible, the water is obtained from underground, and that
possibility is always explored before it is decided to adopt a river source.
Generally no treatment is required, particularly if the water is derived from
sandstone. Often an underground supply is obtained from borings near
rivers, in which case the indirect source is the river. Except when pumping
is too rapid the quality is usually good. Underground water is sometimes
piped for quite long distances, as in the case of Paris, where there is talk
of bringing further large quantities from the sands of the Loire valley, a
distance of 150 km. Where underground water is not available in sufficient
quantity, as in Brittany and the Massif Central, then rivers must perforce
be used. Usually the river is dammed to provide storage and purification.
Paris obtains water also from rivers; the abstractions are at points where
the water requires full and careful treatment and sterilization.

The largest cities are, of course, well provided with sewers but this does
not apply to every sizeable community. Indeed, no more than about 60%
of people living in towns greater than 50 000 population are served by
sewers. The proportion provided with sewers, among those who live in
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communities of less than 2000 inhabitants, is almost negligibly small.
Overall, in 1946, it was estimated that 25% of the population was served
with sewers, although the figure may have increased since then.

Present condition of rivers

In the rural areas, because of the absence of sewerage, rivers are not
greatly polluted, and certainly not de-oxygenated or toxic to aquatic life.
Most of the pollution is in the industrial north. Here the rivers which flow
into Belgium-the Lys, the Escaut, and the Sambre-are all polluted. The
Seine is also generally polluted from Melun to the sea. One of its tributaries
is almost de-oxygenated, while strenuous efforts have kept others, which
are used as sources of drinking water, fairly clean. The Rhone, although
so large, receives chemical pollution, chiefly phenolic, which would make
its use for drinking difficult. The concentration, however, is not sufficiently
great to affect fish life. There are local patches of pollution, particularly
near towns, throughout the country; some of these are due to the discharge
of industrial effluents such as milk wastes. With these exceptions, however,
most rivers usually support fish. Angling is, indeed, a popular sport, and
the anglers are well organized and active in securing pollution abatement.

Pollution prevention authorities and powers

Generally, the responsibility for the prevention of river pollution is
borne by the communities and departments. The latter normally bear no
relation to the drainage areas, in consequence of which a single river is
often under the control of different authorities in different parts of its
course. A partial exception to this organization is in the Paris area, where
the " Service de Controle des Eaux" has powers over the rivers of the
neighbourhood. The local authorities have the backing of various Ministries
in relation to various problems: the Water and Forests Service in relation
to fish, the Navigation Service for shipping, and the Hygiene Service for
health matters, including swimming.

The general position is based upon laws passed in 1902, 1917, and, in
the case of fish, over a hundred years ago. These have been brought up to
date by various decrees. In principle, waste waters may not be discharged
into watercourses, lakes, or the sea without purification, which may be
limited or dispensed with if it can be shown that it is unnecessary in the
circumstances. This leaves it open for each case to be considered on its
merits in the light of such conditions as the volume of effluent concerned,
the volume of river water available, and the use to which it is put. The
general standard for sewage effluents, in the absence of circumstances
permitting relaxation, is: (1) suspended matter not exceeding 30 p.p.m.;
(2) stable to methylene blue for five days at 30°C; (3) must not contain
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substances harmful to fish or animals; and (4) BOD not exceeding 40 p.p.m.
Moreover, the health authority can also demand sterilization and the
absence of taste- or colour-producing substances if the discharge is to water
from which a public supply is later drawn.

It is not often, however, that these conditions are fulfilled. The dis-
charge of an incompletely purified (or even unpurified) and putrescible
effluent is tolerated so long as it does not contain too much suspended
matter, and when the self-purifying capacity of the receiving water is
adequate. In practice little is done to check pollution unless it gives rise
to serious nuisance.

Regulations have also been made regarding the quality of industrial
effluents discharged to a stream directly, or by way of a sewerage system
which carries sewage to the stream without treatment. The required quality
depends upon the size of the discharge and the distance of the discharge
point from water intakes, bathing places, etc.

In the case of new discharges of sewage the central authority can exercise
the " power of the purse " to secure adequate treatment; unless the require-
ments of the Board of Public Hygiene are complied with, the Ministry of
the Interior may withhold grants of money for the work. If it is uncertain
whether treatment will be required, it may be omitted for the time being
so long as provision is made for its incorporation at a later date.

Treatment of sewage and trade wastes

Since only 25 % of the population are served by public sewers, and since
one-eighth of the population live in the Paris district which is almost fully
sewered, sewage treatment must inevitably be largely confined to the Paris
area. There are approximately 30 plants of various kinds in that district,
and a few more in the industrial east, but beyond that sewage treatment is
not generally practised. In the following large cities discharge is made
without treatment: Marseilles, Bordeaux, Nice, Toulouse, Nantes, Le Havre,
Toulon, and Roubaix; most of these are on or near the coast. At Lille,
Strasburg, and Dijon, a certain amount of treatment is given. At Paris the
greater part of the sewage is given treatment on about 7000 hectares
of land, which is farmed, but there is an activated sludge plant which
can deal with 200 000 m3/day. Plans are in existence for its extension
to I 000 000 m3/day, and ultimately a capacity of 2 000 000 m3/day may
be needed.

Where possible, industrial effluents are discharged to sewers, and regu-
lations fixing the standards of quality to which they should conform have
been made. Where no sewers are available, little treatment is generally
given and, as already stated, there are some serious problems. The problem
of sugar-beet effluents has been eased considerably by the general adoption
of recirculation of the diffusion water.
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Testing, research, and information

Testing of river quality is not general in France. Apart from the Rhine,
it is for the most part confined to the Seine and its tributaries in the neigh-
bourhood of Paris. For this region the " Service de ContrOle des Eaux" has
accumulated much information.

At Colombes Experimental Station for the treatment of Paris sewage
there are a series of sedimentation tanks and a series of activated sludge
plants on quite a large scale (5000-10 000 m3/day each). The sedimentation
tanks are of different designs (Imhoff, Square, Circular, etc.), with different
methods of operation, and the activated sludge plants provide comparison
of different methods of providing air, of agitation, and of applying the
sewage to the sludge. Operation of these over a long period with detailed
analyses and records of power consumption, etc., will supply information
on which the very large plant now contemplated will be designed. It should
also be of value over a wider field. It may be mentioned that the sewage
of Paris is very weak because of a large use of water, which includes un-
purified water from the River Seine for street washing and other purposes
for which high purity is not required.

The Central Station for Applied Hydrobiology, also in Paris, carries
out work on fisheries, the influence of industrial effluents on potable water,
and related subjects.

There is an Association of Municipal Technicians and Hygienists which,
amongst its other activities, publishes a monthly journal (La Technique
Sanitaire et Municipale). The fishing interests have also organized a fede-
ration in order to educate the public about water pollution.

The general situation appears to be that pollution is certainly getting
no worse, and that there are good grounds for believing that conditions
will improve.

Yugoslavia

Yugoslavia, extending from the Adriatic Sea eastwards to and across
the River Danube, is a rapidly developing country of some 260 000 km2.
Its population in 1948 was nearly 17 000 000, and its population density
of 68 per km2 places it about halfway down the list of countries in Table 1
(see page 847). The population distribution is characterized by the absence
of the very large cities which are a feature of many European countries.
The five largest cities together accommodate only 1 000 000 people, or 6 %
of the population, and the 17 cities whose inhabitants number 50 000 or
more account for only 15 %. A further 40 % live in towns with more than
10 000 inhabitants. These figures are based on the 1948 census, since when
the urban population has grown rapidly at the expense of the rural areas,
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so that some modification would be necessary to bring the figures up to
date.

Physical features

Large parts of the country, particularly in the Danube plain, are flat
and agricultural in character. Much, however, to the south-west of the
Danube is mountainous and constitutes part of the central mountain system
of Europe based on the Alps. Much of the mountain country is forested,
but in the Croatian limestone region the mountains are generally devoid
of vegetation and soil and may almost be described as desert.

Rainfall and rivers

Rainfall is, on the whole, generous and although no average for the
whole country is available, it may well be one of the wettest countries
considered in this paper. It certainly claims to possess the wettest region
in Europe (near Titograd), with a fall of 5000 mm per annum. By contrast,
some of the flat eastern regions receive only one-tenth of this. Generally,
the rainfall diminishes from west to east and in doing so changes character;
in the west the maximum is in the autumn and the minimum in the
summer, whereas the east has its maximum in the summer and minimum
in the winter.

Of the five main rivers, four belong to the Danube system. The Danube
itself flows for 359 kilometres through the country and later forms the
boundary between Yugoslavia and Romania. Its mean flow as it leaves the
country is over 6000 m3 per second. The Sava is an important tributary
859 kilometres long, flowing south-eastwards and joining the Danube at
Belgrade. The Drava is more northerly and rises in Austria, but generally
flows in a similar direction, while the Morava flows northwards to the
Danube from Serbia. The Vardar, a swift mountain river, drains the
extreme south of the country through Greece to the Aegean.

Water supplies and sewerage

Both the Danube and the Sava are used for public water supplies, and
it is likely that other river sources will shortly have to be developed. In
the rural areas the peasant population often makes use of river water,
particularly in the summer months. Several public supplies are obtained
from limestone formations, and these are all regarded as being in the same
class as open rivers, because the fissured nature of the rock renders it
inadvisable to assume the water to be pure-often it is bacteriologically
polluted. Over 90% of the population are dependent upon water from
underground (including limestone) and about one third of them utilize
public sources. The number of people supplied with house connexions is,
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however, small; it was not much more than 10% a few years ago. The
remainder who use public supplies resort to public fountains, cisterns, or
wells. Except in the limestone region the underground water is generally
pure, but sometimes it contains objectionable concentrations of iron and
manganese.

In 1949 only 2.5 % of the population were served by sewers, the highest
proportion being in Slovenia.

industry

Industry in Yugoslavia is growing very rapidly, and mining, as well as
steel, chemical, and cellulose plants produce large volumes of polluting
effluent. Also of importance in this connexion are textiles, distilleries,
flax- and hemp-retting, packing industries, and slaughterhouses.

Present condition of rivers

Locally, many streams and rivers are either specifically toxic to fish or
anaerobic and offensive. In Slovenia particularly, 15% of the mileage of
main river is devoid of fish because of industrial pollution, but elsewhere
the proportion is much smaller. The emphasis on industrial pollution is
probably caused by the dearth of main sewerage systems; there are, there-
fore, few single large discharges of domestic sewage. In Croatia several
small streams suffer from hemp- and flax-retting effluent, and in Serbia
there is pollution from zinc and lead mining. In Bosnia the River Sava is
heavily polluted with cellulose wastes, and the River Bosna with effluents
from foundries and steel manufacture.

Some of the rivers already suffer from pollution on entering the country.

River authorities and powers of pollution prevention

There are no river authorities such as River Boards. Such control of
pollution as exists lies in the Institutes of Hygiene, but their power does not
extend to sanctions. Their requirements, therefore, cannot be enforced
with fines. There is no general law against pollution and no generally
recognized standards of quality exist. The question is under discussion,
however, and regulations are expected to be made in the course of the next
few years.

Treatment of sewage and industrial wastes

Sewage treatment of any kind is exceptional. It was not provided in
sewerage systems constructed before the war, because of the small degree of
pollution, but it is now becoming usual with newly constructed systems. In
such cases both sedimentation and biological stages are provided, but the
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plants do not always work satisfactorily, probably because of the absence
of powerful river authorities.

Industrial wastes are not generally treated with domestic sewage, and
it seems unlikely that many special treatment plants are in existence.

General

Systematic testing of river quality is carried out only in a few cases.
Recently regular testing of the Danube and the Sava at Belgrade was started,
and the testing of the Sava at Zagreb and of rivers in the industrial basin
of Bosnia is contemplated in the very near future. Chemical, biological,
and bacteriological tests are used, but the BOD test is not yet generally
employed.

Little research on pollution problems is being carried out. In so far as
it exists, it is in the hands of universities and Institutes of Hygiene.

The degree of pollution is rapidly getting worse as a consequence of
industrialization. Fishing agencies and experts have been pointing this
out for some time, but public opinion has not been aroused to any marked
degree.

Greece

Greece, the southernmost of the Balkan countries, has a population of
about 7 900 000 and a total area of 133 000 km2. Most of the people live
either in the few large cities or in small scattered villages. For instance
about 1 200 000 live in Athens, Piraeus, and their satellite towns, and 250 000
in Salonika; on the other hand 3 200 000 people live in communities of
less than 2000 people, there being over 5000 such groups.

Physical

Greece is essentially a mountainous country, about 67% of its area
being above the 200-m level and about 13 % over 1000 m. Besides the
mainland, the territory contains a very large number of islands in the
Aegean and Adriatic Seas, and, if the Peloponnesus is included, the
islands constitute 35 % of the total area. The sea cuts deeply into the coast-
line, which, even if the islands are excluded, is 2700 km long; with the islands
it is no less than 13 600 km.

22% of the country is cultivated and 15% is forest land. Much of the
remainder is high meadowland, but the water area of the country, including
marshes, is considerable at 4 %.

Most of the people (62 %) live in the lower area (less than 200m) and about
63 % are engaged in agriculture.
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Rainfall and rivers

The climate is sub-tropical except in the high mountains, and most of
the rainfall occurs between October and March. The western part is the
wettest (1100 mm per annum) and the eastern the driest (300 mm). The
overall average is thus in the region of 700 mm.

As a result of the seasonal character of the rainfall and the mountainous
character of the country, most of the rivers are torrential in winter,
but contain very little water in summer. If the interior were densely
populated, a severe pollution problem might be expected in the summer-
time, owing to the combination of small volumes of diluting water and
high temperatures.

The boundary of Greece does not generally conform with the natural
watershed and there are cases of rivers flowing partly in Greece and partly
in a neighbouring country. There are three flowing into Greece (Macedonia)
whose length within that country exceeds 100 km.

There are, however, five wholly Greek rivers of a length exceeding
100 km-the Aliakmon (314 km), the Achelous (223 km), the Peneus
(216 km), the Prachtos (135 km), and the Alpheus (111 km).

Water supplies and sewerage

In the larger communities (over 10 000) more than 900% of the houses
are supplied with piped water. In the agricultural areas there may be public
taps (stand pipes) or the population may depend upon wells or cisterns.
Not even an approximate estimate of the proportion of the total population
supplied with piped water appears to be available. The water supply gene-
rally is obtained from underground; chiefly it comes from limestone forma-
tions and is in consequence hard. In most cases it is bacteriologically
satisfactory, although there are a few instances of contamination by perco-
lation of polluting matter through the fissured rock.

In the very large towns sewerage is generally provided; otherwise it
does not exist. Where sewers are available they receive storm-water as
well as sewage.

Industry

Greece cannot be regarded as an industrial country. Its lack of valuable
minerals is no doubt an important reason for this. Such minerals as there
are, however, are quite varied, and their exploitation employs a few thou-
sand people. There is also a certain amount of textile, chemical, and engi-
neering industry in the Athens district. Most of the industry, however, is
based upon agriculture and includes flour milling, olive oil, wine and
spirits, leather, and paper. No large volumes of polluting effluents are
produced except in the Athens region.
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Pollution

Most of the larger centres of population are on the coast; the sewage
is not treated and pollution of the sea-shore is becoming a problem. For
the rest, the absence of sewers means that there are no great discharges to
rivers, which in consequence are not polluted. No doubt most of the
polluting matter produced is either buried or allowed to percolate into the
ground, in which case purification will generally take place, although, as
has already been mentioned, it is sometimes not complete.

Because there is no river pollution of any significance there are no
bodies responsible for controlling it, no law concerning it, no regular exa-
minations of river conditions, no tests generally applied, no standards of
effluent quality, and no research work. General responsibility, however,
would be borne by the Ministry of Social Welfare, General Directorate of
Hygiene, and by local Health Committees.

Spain

Spain, the greater part of the Iberian Peninsula, has an area of 506 000
km2 and a population of 28 000 000. Madrid (1 650 000) and Barcelona
(1 400 000) account for more than 10% of this total. There are 13 other
cities with more than 100 000 inhabitants, and in all about 20% of the
population live in communities of more than 100 000. Half of these are
on or near the sea coast.

Physical features

The central mass of Spain consists of a great plateau, most of which is
more than 600 m above sea-level. Here are vast plains divided by mountain
ranges up to 2500 m. This plateau is bounded by a series of coastal moun-
tains with deep valleys running through them to narrow coastal plains.
The highest peak is over 3500 m, and is in the extreme south-east. Many
towns are at an elevation of more than 700 m, and Madrid itself is at about
600 m. Much of the area is rough pasture-land, semi-arid heath and scrub
land, and woodland, and in the north there are a few areas which may be
described as desert. Along the coast there are some marshland areas, but
virtually no sizeable natural lakes.

Rainfall and rivers

The rainfall is very variable in quantity, from 350-750 mm on the central
plateau to as much as 1600-2400 mm in a few coastal regions, particularly
in the north-west. The national average is probably in the region of 600-
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700 mm. Rain falls chiefly in the spring and autumn; in the summer some
areas have no rain for months at a time.

Because the boundary of the Peninsula with France is the Pyrenees,
the rivers of Spain and Portugal are self-contained. Three of the five largest,
however, flow from Spain into Portugal and are therefore international.
They are the Douro, the Tagus, and the Guadiana. The other two main
rivers are the Guadalquivir, which also flows westwards but not through
Portugal, and the Ebro (the largest) which drains north-eastern Spain to
the Mediterranean Sea. All these rivers have a length exceeding 1000 km.
All flow rapidly near their source, and more slowly in their lower reaches,
where they often follow a meandering course. The flow is very seasonal on
account of the rainfall distribution and the occurrence of a great deal of
evaporation during the summer months. The flow in the Ebro, for instance,
is only one-tenth the annual average during the month of August, and the
ratio between the absolute maximum and the absolute minimum is in
excess of 1000 to 1.

Some of the rivers are used for power generation (1 300 000 kw in 1943)
and for this purpose storage dams have been constructed. They are also
used for irrigation to some extent.

There are many smaller rivers of some importance.

Water supplies and sewerage

The approximate proportion of buildings supplied with piped water is
40%. Isolated farms and villages in- rural areas have no public supply.
Their private supplies are not always satisfactory. Much of the public
supply is obtained from rivers, reservoirs being constructed for conservation
and purification. Almost all rivers are used for this purpose.

The proportion of buildings connected to public sewers is also about 40%.

Industry

Spain is largely agricultural, 40% of the land being suitable for cultiva-
tion but industry exists and is growing. The main industries producing
polluting effluents are paper mills in the Basque provinces, coal mines and
steel works in the north, textile mills in Catalonia and in the east generally,
and mining and metallurgical industries in Andalusia. The country is
generally deficient in coal, but iron, copper, lead, and mercury ores occur
and are all exploited.

Present conditions of rivers

Aquatic life has been practically exterminated in the rivers of the Basque
provinces by polluting wastes from the paper mills. The small river Oria
which enters the sea at San Sebastian in the north has been made poisonous
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to fish by industrial wastes. Otherwise, aquatic life generally flourishes, or
at least exists, and no rivers are offensive or de-oxygenated. This is due
partly to the scattered nature of industry (except in the areas mentioned),
partly to opportunities for oxygenation, and partly to the fact that the
smaller communities are not served with sewers, and wastes are presumably
disposed of otherwise than to rivers.

Law and practice regarding pollution

Spain has no official bodies primarily responsible for controlling water
pollution. The discharge of sewage and industrial wastes into rivers is
officially prohibited but, since no official bodies exist to enforce it, this
prohibition is largely a dead letter. In many cases sewage is discharged
unpurified, but some places employ sedimentation and the activated sludge
process of purification. Where treatment plant is available, trade effluents
are treated with the domestic sewage of the district ; this is by agreement
with the local authority, whose technical officers exercise the only control
there is.

The provincial Institutes of Public Health frequently analyse river water
intended for drinking purposes, but this is primarily to determine the degree
of treatment, and the emphasis is on the bacteriological side. Dissolved
oxygen determinations and BOD tests are carried out when necessary, but
there are no complete river surveys.

Considerable pollution is caused by storm-water. The first heavy
rainfall after a drought washes a great deal of polluting matter which
has accumulated on the roads into the rivers, and no treatment is given.

Public opinion is, as yet, little concerned with the question of water
pollution, but it is hoped that a growing civic sense among the population
will result in action, possibly in the direction of setting up an organization
to look into the matter. In the meantime, drainage and the collection of
sewage is being improved and a start has been made in installing some
purification plant.

Ireland

The population of Ireland (excluding the six north-eastern counties,
which are politically separate and with which this article does not deal)
is 2 961 000 and its area 69 000 km2. It is predominantly rural, no less
than 55 % of the people living in isolation or in communities of less than
twenty houses. Of the remainder, no less than two-thirds live in towns
on the coast or the larger tidal estuaries; of these Dublin, the capital city,
has a population of 605 000 or one-fifth of the total population of the
country.
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Physical features

The country consists of a flat central plain with hills and mountains
around the coast, the highest being in the west and south-west. About
one-seventh of the country is covered with peat deposits which are largely
exploited as fuel. There is little forest land, and most is used for agriculture.
The coastline is long and highly indented, particularly in the south-west.

Rainfall and rivers

Ireland receives the full effect of the warm moist air from the Atlantic,
and its rainfall is generous, ranging from 2000 mm in the higher regions
of the south-west to 750 mm in the lowlands further westwards, and
averaging about 1070 mm for the whole country. Maximum precipitation
occurs in the winter, when it is up to 50% greater than in the summer.

The largest river is the Shannon (256 km) which drains 17% of the
country. It rises only 100 m above sea-level and is consequently slow-
flowing. There are eleven other rivers longer than 80 km, but none of
these drains more than 6% of the country, which therefore comprises a
large number of separate river systems. All of these rise at a greater height
than the Shannon, one as high as 1000 m, and they are accordingly faster-
flowing. Some are used for power generation.

Water supplies and sewerage

There are 520 public water supplies which serve 44% of the total popula-
tion. This is almost equal to the number of people living in groups of at
least 20 houses, and although it would not be justifiable to conclude that
town-dwellers are all supplied and that country-dwellers are not, this is
probably not far from the truth.

The largest undertakings obtain their water from rivers, although in
a limited number of cases underground water is used. For smaller under-
takings underground sources are the rule, and wells and boreholes are
most extensively used to supply individual houses and small groups of
them. There are adequate reserves of underground water and upwards
of 1000 small wells are sunk every year. The sources of the water are
glacial sands and gravels and carboniferous limestone. Generally it is
satisfactory in quality, but sometimes pollution gains access to fissured
limestone. Occasionally sulfide and excess iron occurs.

The proportion of the population provided with a public sewerage
system is 40 %. This is low, but in view of the large numbers of very small
groups of houses it probably represents 90% of the number which could
reasonably be provided with such a service. Country-dwellers may have
private disposal systems or privies; whether these are always adequate,
in view of the fact that water is often drawn from a nearby well, is not known.
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Industry

The suitability of the land for agriculture and the virtual absence of
coal and mineral resources means that industry is largely based on agri-
culture. It includes beet-sugar factories, tanneries, creameries, distilleries,
flax-retting, and meat processing. Efforts are made to prevent pollution
by them, for instance by recirculating water for re-use in sugar factories.
Creamery effluents are sometimes troublesome, but the scale of pollution
is not great.

Present condition of rivers

The upper reaches of rivers are generally clean and suitable as sources
of public water supply. The lower reaches are less satisfactory, but except
for a few short stretches immediately below a polluting discharge, they
are nowhere de-oxygenated or toxic to fish. Some of the larger tidal estuaries
are polluted by large discharges of unpurified effluents, but migrating
fish are not prevented from passing. Fishing is popular.

River authorities and powers of pollution prevention

Acts of Parliament dealing with river pollution prevention in Ireland
are the Rivers Pollution Prevention Acts, 1876 and 1893, the Fisheries
(Statute Law Revision) Act, 1949, and the Public Health (Ireland) Act,
1878. The first of these is mentioned in the section dealing with the United
Kingdom. The authorities concerned in administering these Acts are the
Department of Local Government, the Department of Agriculture and
Fisheries, and the various local authorities. The Sanitary Authorities are
the prosecuting authority under the 1876 Act, and the Boards of Fisheries
Conservators hold a similar position with regard to the 1949 Act. There
are no bodies having direct responsibility for whole rivers, although they
could readily be set up in a country with many separate river systems.
The position probably does not justify it at present, for the pollution
problem is not considered to be serious. No doubt the absence of concen-
trated industry has much to do with this. In industrial Britain the law
now in force in Ireland was found to be inadequate to deal with the problem.

Sewage and industrial waste treatment

Over half the population live in isolated groups and have no piped-
water supply. In the majority of these cases there will be no water-carriage
system for wastes, which must therefore be disposed of locally by burial
or other means unlikely to spread pollution beyond the immediate vicinity.
Most of the rest of the population live near the sea, and it is not, therefore,
surprising that the sewage from 443 000 people is discharged untreated.
A further 103 000 are served by septic tanks, followed in most cases by
broad irrigation, or by percolating filters and humus tanks. Most of the
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treated sewage, however (from 660000 people), passes through settling
tanks and then usually through filters and humus tanks.

Industrial wastes are frequently accepted into public sewers and treated
with the domestic sewage. A Sanitary Authority is not bound to receive
such effluents, and the whole matter is subject to local arrangements.
In some cases pre-treatment of the industrial effluent is required. Where
for any reason sewers are not available for factories, separate disposal of
industrial effluents must be adopted. The type and degree of treatment
given vary with circumstances; broad irrigation is sometimes found to
be possible.

River quality and standards for effluent

Where required, river quality is assessed by tests for BOD and suspended
solids, but testing is not carried out as a general routine. In particular
cases, toxicity tests on living fish are made, and these are combined with
biological examination of the water and interpreted in the light of a local
study of conditions. This work is done by the Department of Agriculture
and Fisheries. It is believed that these test methods are generally satis-
factory.

For inland discharges of sewage and trade wastes, the standard of BOD
not exceeding 20 p.p.m., and of suspended solids not exceeding 30 p.p.m.,
is generally accepted. This is not to say that action is automatically taken
when an effluent fails to conform.

Present trends

Despite the fact that sewerage has been increasingly provided in recent
years and that industry has expanded, pollution is not noticeably becoming
more severe. Whether this is due mainly to the provision of treatment
plants, to the abundance of diluting water, to the number of separate
rivers, or to the preponderance of population living near the coast, is not
clear. Whatever the reason, pollution is not regarded as a real problem,
and there is no strong public opinion on the subject.

Turkey

Turkey, including Turkey in Asia, has an area of 767 119 km2 and a
population of about 21 000 000. The largest cities are Istanbul (846 000),
Ankara (300 000), and Izmir (200 000). Of these the first and last are on
the coast, but most of the towns are neither on the coast nor near large
rivers. There are 21 towns in all with populations exceeding 25 000, and
of these ten exceed 50 000.
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Physical features

Asiatic Turkey (Anatolia) consists mainly of a high plateau, much
of it exceeding 3000 m in height, arid and treeless with salt marshes and
deserts over considerable areas. The mountains fall off rapidly to the
Mediterranean, Aegean, and Black Seas, leaving coastal belts which are
generally narrow and well-wooded. European Turkey is by comparison
very small and consists of a low-lying isthmus.

Rainfall and rivers

Two narrow strips near the Black Sea coast and Mediterranean coast
respectively have a sub-tropical climate with heavy rainfall, but Anatolia
is generally dry. Parts have little rainfall at all-from 30 mm to 200 mm-
and Ankara typifies a large region with about 350 mm. No general average
can be given. Apart from the sub-tropical areas there are long summer
droughts. The shortage of rain makes water supply a vital question through-
out Anatolia.

Turkey, considering its size, is not rich in rivers, but there are some
flowing to all her coasts and to her land boundaries. Four rivers (of lengths
from 350 to 800 km) flow to the Black Sea; two smaller ones to the Sea of
Marmara, and several to the Aegean Sea and the Mediterranean. In
addition, the two great rivers of the Middle East, the Tigris and the
Euphrates, rise in Turkey, and still another-the Aras- flows east through
the USSR into the Caspian Sea.

The rivers are not generally navigable. On the plateau they remain
sluggish, but become more rapid as they drop towards the sea; this is
unusual. Some rivers maintain a good flow throughout the year, but others
overflow their banks and flood many kilometres of land on each side
in the spring, yet become stagnant, ponded beds in the autumn. They are
used for irrigation, for bathing, for washing clothes, for watering stock,
and also for drinking-water.

There are many lakes, some of them very large, such as Lake Van
(1453 square miles-3763 km2). At least one of these is salt.

Water supply and sewerage

Water piped into individual houses is not usual in Turkey. Even in
Ankara, generally the most modern city, there are only 17 000 water-
service connexions; the rest of the population is served by 380 fountains.
The large cities obtain their supplies from rivers or lakes: Ankara and Cubuk
from the Cubuk River, and Istanbul from Terkos Lake, for instance.
No city is completely provided with sewers. In Ankara about a quarter
of the area is served with a sanitary sewerage system and generally probably
not more than one-quarter of buildings supplied with water have a connexion
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with a drainage system. Istanbul, Izmir, and other large cities employ
septic tanks on all new construction where water is provided, and the
resulting effluent is carried by covered or open channels to the sea or the
nearest watercourse.

Industry

Turkey is predominantly an agricultural country, and 80 % of its popula-
tion depend on the land for their livelihood. Mining and industry are,
however, expanding, but are confined largely to the cities. Among the
industries which produce effluents sufficiently polluting to cause problems
are sugar, dairy products, paper, meat processing, and breweries.

Present condition of rivers

Owing to the absence of piped water in the rural areas, the pollution
caused there is small. Cities are responsible for a great deal, but rivers
usually recover before the next city is reached. Hence, provided water is
abstracted from above the city it provides a relatively pure supply. The
branch of the Sakarya river into which the sewage of Ankara flows has
been observed to be septic before it leaves the city and to remain so for
several miles. Otherwise there is little information on the state of the rivers.
It may be said, however, that streams passing through cities are considerably
polluted, not only by sewage but by trash and garbage which is frequently
scattered on the ground or dumped near the river banks. In some cases
islands of decomposing matter, caused by discharges from slaughterhouses,
have been observed in rivers.

Separate foul- and surface-water sewers are being provided for Ankara,
and it is to be presumed that other cities will follow their example when the
time comes.

River authorities and the law concerning pollution

There are no river authorities, but the Health Ministry may create such
an agency. At present the Ministry would undertake abatement only if
pollution became a serious public-health problem. There is no general
law about it, nor does any strong public opinion exist, except in Istanbul,
where the disposal of garbage in the sea often causes visible pollution of
beaches.

Treatment of sewage and trade wastes

There is no treatment of sewage or industrial effluents. No river analyses
are carried out, no standards of quality exist, and pollution must be judged
solely on appearance and smell.

6
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Sweden

Sweden, which roughly comprises the eastern watershed of the Scandi-
navian peninsula, has a total area of 450 000 km2 and a population of
7 150 000. There are three cities of more than 100 000 inhabitants (Stock-
holm 690 000, Gothenburg 315 000, and Malmo 171 000) and these are
all on the coast. A quarter or more of all towns of population exceeding
1000 are on the coast or on estuaries and most of the remainder are near
some inland waterway. One-third of the population live either in isolated
dwellings or in communities of less than 200 inhabitants.

Physical features
For much of its length beginning at its northernmost point, the boundary

between Sweden and Norway more or less follows the line of greatest
height. For our purpose this means that most of the rivers of the Scandi-
navian peninsula flow through either Norway or Sweden but not both.
This northern part of Sweden is largely forest land, moorland, or bare
rock, and only 2% of the area is cultivated; it is but sparsely populated
except quite near the coast.

The southern third of the country, where 80% of the population live,
is predominantly flat. There is much more cultivation (25 % of the land),
but half of the area is still forest. In the extreme south the land resembles
Denmark and there is great agricultural productivity.

The coastline is long but not extensively indented.

Rainfall and rivers

The mean annual rainfall is about 600 mm, although in the mountainous
districts of the extreme north it may be considerably in excess of 1000 mm.
It is decidedly seasonal, the first four months of the year being on the dry
side and the maximum occurring in July and August. The number of days
of rain, however, is smallest in the summer.

There are ten rivers with lengths exceeding 400 km, and 27 in all longer
than 100 km. There is no single major river system. In the hilly north
the rivers have a rapid flow, with many cataracts and waterfalls, until they
reach the coastal flat land, and some have a very large capacity. The maxi-
mum flow in six rivers exceeds 1700 m3/second. By contrast, southern Sweden
has a great many small rivers of low flow, sluggish, and silty. The minimum
flow in many of them is near zero. The large rivers provide a source of
much water-power, and many of them are exploited for the production of
electricity.

No less than 8 % of the area of Sweden comprises inland lakes, a figure
which far surpasses that of Switzerland. There are no less than 80 000 of
them, 24 having surface areas exceeding 100 km2 each.
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Water supplies and sewerage

As in most European countries, most large centres of population are
well provided with piped water and a sewage system, but the scattered
population is not so fortunate. A figure of 25 % is estimated for the sparsely
populated areas and 25 %-50% for the small population clusters. An over-all
percentage has not been provided, but, combining the above figures with
the distribution of population, it appears that it may be about 700%,
although accuracy is not claimed for this estimate.

About 5000 of the population is supplied with water from underground
sources; this figure includes the rural population, who depend on small
wells. Much water is, therefore, abstracted from rivers, and probably all
the large rivers are used, either publicly or privately, for this purpose. The
ground water, except in the case of the smallest supplies, is obtained from
gravel and sand deposits. An increasing number of towns are practising
the recharge of ground water from rivers or lakes.

While the large centres of population are generally provided with a
sewerage system, isolated houses supplied with piped water usually have a
means of conveying liquid wastes away, but such means would not be
sewers in the sense in which the term is used in England. Hence the figure
for population connected to sewerage may not be more than 60%.

Industry
The main industries producing polluting effluents are associated with

forest products and agriculture. The principal ones are as follows, the
figure in brackets representing the annual production in millions of kilo-
grams: wood pulp (3700), paper (1200), beet-sugar (1800), dairies and
milk products (4800), and slaughterhouses (3000). There is also a large
production of iron ore, and the metal and chemical industries are of impor-
tance.

Present condition of rivers

Highly-polluted river water as a rule only occurs in small rivers and in
short sections of them immediately below the discharge of large quantities
of polluting substances. Sometimes such polluted stretches prevent the
passage of migratory fish, even though the pollution may not be sufficient
to kill them. Only occasionally do river waters become devoid of oxygen
and thus cause the death of fish; this usually occurs when the flow is very
low.

River authorities and powers of pollution prevention

A Water Act of 1918 included some general provisions concerning
pollution in catchment areas of both surface and underground water used
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for public supply. This was extended at about 1940, and by it means were
provided for compelling municipalities and factories discharging polluting
wastes to such catchment areas to provide certain measures of purification.
More recently it was enacted that permission had to be obtained before
the building or modification of factories which might cause pollution, or
of new sewerage systems, was undertaken. As in other countries, it seems
easier to prevent new pollution than to deal with that which has been long
established.

There are no authorities responsible for complete rivers or river systems.
The courts may intervene in particular cases of pollution; the local health
authorities may also take action, but only if a severe sanitary nuisance
occurs; the regional, and central government health authorities also have
duties in regard to water pollution; and there is a water-pollution control
division of the Royal Board of Fisheries.

The whole problem of water conservation has been extensively studied,
and is now being studied afresh by a Royal Commission. This is expected
in due course to make recommendations for more detailed and specific
legislation.

Sewage and industrial waste treatment

In view of the fact that most large towns are on the coast, it is satis-
factory (compared with some other countries) to note that 60% of the
inhabitants of towns with populations exceeding 50000 are served by
sewage treatment plants; these, however, usually provide only for sedimen-
tation of the sewage. At the other extreme only 2% of the population in
communities of less than 5000 are served by treatment plants. Biological
treatment is the exception and only about 30 plants are in existence in the
country.

In the larger towns the industrial wastes are usually discharged to the
sewers. In smaller places the practice varies but it is not unusual for, for
instance, a district dairy to discharge to sewers.

The sewerage is usually on the combined system, and the sewers carry
storm-water as well as sewage. The sewers then have relief overflows, so
that when the flow is about five times the normal the excess is discharged
directly to the lake or river. No severe damage is occasioned by these
discharges.

River quality and standards for effluents

The quality of river water is generally judged by its dissolved oxygen
content, BOD, and toxicity. A potassium permanganate test is also used
to assess organic matter, and pH measurement, too, is common. In addi-
tion, bacteriological analysis may be carried out and biological examination
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made. It is the general opinion, however, that so far it is impossible to
lay down the standards which these tests ought to show for a satisfactory
river.

River waters are not analysed or surveyed as a regular routine. Some-
times the courts order an industry or municipality to carry out regular
tests on rivers which receive their effluents, but such tests are usually limited
to a stretch of river below the discharge point until self-purification has
done its work and the water quality has been restored. Such work is not
generally published.

There is no official standard of quality for discharges to natural waters.
It is thought that the Royal Commission now [1953] sitting might-make
recommendations on this matter.

Research

Research is being carried out in Sweden principally on the treatment
of trade wastes, although the State Institute of Public Health has carried
out an investigation on small sewage treatment plants. The National
Dairy Research Station has been concerned with dairy-waste waters, and
the Forest Products Research Institute has a special committee on water-
pollution problems connected with the pulp and paper industry. Sugar
and mining companies have also studied their own particular problems.

The Royal Board of Fisheries has been working on polluted lakes and
rivers for a number of years, and has been concerned with tests for fish
poisons.

Present trends

At the present time there seems no doubt that pollution of rivers is
increasing. Of recent years there has been a progressive urbanization of the
country and a large provision of sanitary facilities such as water-closets
and baths. Sewage treatment has not kept pace with this development,
partly because of lack of labour and necessary government restrictions.
However, there is a strong public opinion at the present time that something
must be done. This is partly because of a recent outbreak of paratyphoid,
on account of which numerous bathing places were closed. It seems likely,
therefore, that some progress will be made in the near future.

Finland

Finland is on the whole a sparsely populated country. Its total area is
337 000 km2 and its inhabitants number about 4 100 000. Of these almost
exactly one-third live in towns and cities. The population of Helsinki, the
capital and largest town, is 300 000. The next largest is only 100 000.
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Physical features

There is a coastal plain near the south and west coasts of the country.
Behind this is a central plateau about 100 m above sea-level ; thereafter
the land rises westwards to the Baltic-Arctic watershed. The coastline is
heavily indented and there are a multitude of islets, particularly in the
south-west. Nearly 10% of the whole country consists of inland water,
mainly lakes. These are largely in the south, particularly the south-east.

The climate is more nearly arctic than any other country dealt with
in this article. There is snow cover generally from November to April.

Rainfall and rivers

Rainfall (including snow) is not unduly generous, averaging 450-500 mm
annually and tending to decrease somewhat northwards. There is a distinct
maximum in the summer months, when precipitation is two to three times
as great as at the winter minimum.

There are five chief river systems which together drain 60% of the
country and include most of the lakes. They are the Vuoksi, the Kymijoki,
the Kokomaenjoki, the Oulujoki, and the Kemijoki. The largest river is
about 500 km and its discharge reaches 4130 m3/second. The balancing
effect of lakes on the flow is clearly illustrated by the Vuoksi, in the south-
east, which passes through many lakes, for which the normal discharge
during a month does not deviate from the mean monthly value by more
than 10%. On the other hand, flows in the Kemijoki, which passes through
few lakes, vary very widely. The character of flow varies a great deal.
Sometimes it is very rapid, as hill streams usually are, but sometimes
the rivers are held up between waterfalls; in the lakes flow is naturally very
slow. The remainder of the country is drained by numerous smaller rivers,
chiefly to the west and south coasts. These rivers, passing through flatter
land for a great portion of their length, are slower-flowing and are often
turbid because of clay.

The rivers and lakes are largely used for power production. A generating
capacity of 6000 million kWh per year is already built, while the total
potential is over twice that figure. The rivers are also used for floating
timber, transportation of wood products, fishing, swimming, and for water
supplies for towns and for industry.

Water supplies and sewerage

About 65 % of the urban population are provided with piped public
supplies. The figure for the rural population is very much smaller, and the
average cannot be given though it may not reach 50%.

Most private water supplies (90%) are obtained from underground,
principally from springs from, or shallow wells into, the sand and gravel
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deposits of the ice age. Nearly half the public supplies are also from under-
ground, although the larger undertakings are usually from surface sources
(lake or river) so that of the volume -supplied 16% is from underground.
The public supplies from underground are generally bacteriologically
satisfactory ; only one city using such water finds chlorination necessary,
and this is because the water is obtained from within the urban area. Many
private rural wells and springs, however, are contamined with surface
water because of poor construction. The underground water is soft and
corrosive, and often contains too much iron and manganese.

In the urban areas, about 75 % of the population is provided with a
public sewerage system, but in the more rural areas such systems are rare.
An over-all figure cannot be given; it is probably less than 50 %. The com-
bined sewerage system is the general rule, but nowadays the separate
system is preferred where possible.

Industry

The industry of Finland is determined by the fact that 70% of the area
is forested and by a general lack of minerals and coal. Less than 10o% of
the land is cultivated and the largest crops are potatoes and hay ; never-
theless, about 40% of the peopJe live by farming.

The main industries, however, are wood, paper, and pulp ; they are
largely decentralized and situated near forests, waterways, and railways.
These industries are large (a total annual output of about 2 700 000 tons)
and produce very considerable quantities of polluting effluent. One single
large sulfite pulp mill producing 100 000 tons per year also produces waste
water, of which the total BOD is equivalent to that of sewage from no less
than 1 350 000 people. In all, the paper, wood, and pulp industries produce
waste equivalent to that of 13 000 000 people. Other industries-log
transportation, textiles, mining, chemicals, tanning, milk, and food-account
for pollution equivalent to that of 3 400 000 people. Together with that
directly caused by the population, therefore, the pollution load in Finland
is equivalent to that from 20 000 000 people. It will thus be seen that,
compared with the industries based on wood, the others are not worth
special mention.

Present condition of rivers

Generally, there is no lack of dissolved oxygen in the lakes and rivers.
Sometimes they are supersaturated owing to photosynthesis, but this pro-
bably means that they are undersaturated at other times. (It is the writer's
view that the practice of testing for oxygen content only in the daytime
leaves part of the story untold.) Waste fibre tends to form slime blankets
which interfere with fish movements. All lakes and main rivers still support
fish life, but the number of fish is diminishing. This is true for migrating
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fish, such as salmon, less because of pollution than owing to the fact that
their movement is prevented by power stations; effective fish ladders are not
yet available.

Pollution causes most nuisance when it occurs in small ditches, creeks,
and ponds to which industrial concerns like creameries and slaughterhouses
dispose their wastes. There is one river of greater size, however, (though
not one of the five great rivers) which is in a very bad state. This is the
Aurajoki, which flows through the city of Turka on the south-western
coast. Water is taken out above the town for public supply, and in the
summer all of it is taken, so that the natural flow through the city is negli-
gible, yet the sewage of the town is discharged untreated and the river be-
comes nothing more than a large septic tank, devoid of oxygen and odorous.
The situation is being improved by the provision of intercepting sewers,
but conditions will not be satisfactory until biological treatment is given.
An activated sludge plant is being designed.

River authorities and powers of pollution prevention

The authorities primarily responsible for the prevention of water
pollution are the local health councils. These were set up by a Law of 1927,
and are responsible to the central Government through the State Medical
Board. They concern themselves with the provision of ample water of good
quality, and the satisfactory disposal of sewage; they also have a certain
authority over private water supplies.

The health councils must in addition see that industrial constructions
and operations cause no health hazards in the neighbourhood; among such
hazards, offensive effluents are specifically mentioned. It is not known
what real power resides in the law nor how effectively it is operated, but
so far, at any rate, it has not entirely prevented pollution.

Treatment of sewage and industrial wastes

Finland is unusual in that in most cases the sewage is treated in septic
tanks before being passed into the sewer. Generally it does not then receive
further treatment, but is discharged direct to the receiving-water. An
advantage of this system is that the sewer is less likely to become clogged,
but the disadvantages of having septic tanks in all the houses must be very
great in comparison. No doubt the system dates back to the time when no
treatment apart from sedimentation was ever contemplated. Nowadays,
in new townships there is central sewage treatment, and individual septic
tanks are not provided. Where they already exist they are often maintained
in use.

There are only four activated sludge plants operating in Finland.
Generally, where biological treatment is required it is given in Imhoff
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tanks and then in trickling filter plants. Chlorination of sewage effluents
is sometimes practised.

Industrial wastes from small factories in towns, or where little water is
used, are often discharged to the public sewers provided they do not inter-
fere with biological treatment. The general rule, however, is that industry
must treat its own waste. This clearly must be the case on account of the
huge volume of industrial waste and the location of the factories.

The main trouble from industrial effluents is the waste fibre and the
waste liquor from the sulfite process. Waste fibre can be recovered with
suitable plant, but the other wastes present a very difficult problem. Their
use for the production of alcohol and yeast is sometimes practicable, and
this removes some of the polluting load. In the long run, incineration of
the more concentrated liquors may prove to be the best solution.

Testing

For assessing the quality of river water the usual tests are employed-
dissolved oxygen, BOD, suspended solids, organic and nitrogenous matter.
Bacteriological analysis is also carried out where necessary. Determination
of toxicity to fish is not done as a routine. With such considerable use
being made of surface water for supply purposes, bacteriological analysis
is probably more important than in most countries.

There are no official standards of quality for discharges made to rivers
and lakes. Generally Danish and German practice is followed.

River surveys and testing are usually initiated by cities or industries
and the results are not readily available. Large cities have their own chemists
and laboratories; others employ specialist firms. The technical department
of the Ministry of Agriculture takes an interest in water pollution, largely
from the limnological point of view and on account of fish life. The State
Forest Institute is also interested in water and sewage in the forest areas.

General

There is a certain amount of public concern about water pollution,
largely because of fears for the safety of fish life and for the safety of natural
bathing places. Farmers also are apt to complain about pollution by
industry, and attention is repeatedly drawn to the problem by doctors and
sanitary engineers. The Government, however, has been restrained in the
matter because of shortage of money and the pressure of more urgent
problems.

In terms of industrial wastes, it has been calculated that the most
populous quarter of the country has an equivalent population of 235 per km2.
It would therefore seem that the pollution problem could be very acute,
particularly in a relatively dry country. The fact that it is no worse is
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probably due to the long coastline, the coastal situation of the cities, and
the large area of water surface which supplies a great deal of oxygen to
the water.

Norway

The very long and mostly narrow territory of Norway includes the
western and northern portions of the Scandinavian peninsula. It has a
total area of 324 250 km2 and, with 3 287 000 inhabitants, is but sparsely
populated. The chief cities are Oslo, the capital (445 000), and Bergen
(113 000).

Physical features

Norway is very mountainous and has an extremely long coastline.
Even disregarding bays and fiords, the coast is 3400 km, and when they
are taken into account the length is about 20 000 km, which is about half
the circumference of the world. Not more than one-fifth of the land is
below the 150-m level and the average height is probably about 500 m.
Northern Norway is a curved strip of land ten times as long as it is wide,
the land boundary following the watershed for the most part, but in the
extreme north rivers form the boundary with Finland and drain part
of that country also. Southern Norway is wider and has a coastline facing
south-east as well as west. The situation of the highest mountains is such
that the longest rivers run south-east. In addition to the numerous deep
indentations of the coastline (some fiords are 180 km long) there are many
freshwater lakes, some large and very deep (up to 450 m); 4.6% of the
country consists of freshwater surface.

The cultivated land is only 2.50% of the whole, and natural pasture
only 0.7%; 230% is forests and the remainder (nearly 70%) is quite unpro-
ductive, consisting of mountains, snow, and ice.

Rainfall and rivers

Rainfall is probably more variable than in any other country which
has been studied. In the mountains of south-west Norway it reaches as
much as 6000 mm per annum, but in the lee of the mountains and in the
far north the precipitation, including snow, does not exceed 250-300 mm
per annum. An accurate average value cannot be quoted, but the average
of twelve well-distributed stations is about 800 mm. The spring is usually
fairly dry, the wettest months being in the late summer and autumn,
depending on the district.

Because of the length and deeply indented nature of the country, Norway
is a land of mainly short rivers with small catchment areas, except in the
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south-east. Here there are six of more than 200 km long, including one,
the Klar, which runs into Sweden. The largest river, the Glomma, is
587 km long and has a catchment area of 41 000 km2 and an average flow
of 680 m3/second. There are also two large rivers in the extreme north,
bordering Finland and Russia, but apart from this, Norwegian rivers
rarely have catchment areas greater than 3000 km2.

Western rivers run typically precipitously from the mountains to the
valleys and thereafter rapidly for the short remaining distance to their
mouths in the fiords. In the south and south-east the rivers also run rapidly
from the mountains and then quite rapidly down the valleys except where,
as frequently occurs, they are interspersed with long narrow lakes. Deep
and sluggish rivers do not exist.

Flows are generally high in relation to the area drained. For 38 rivers
each draining more than 1000 kM2, representing in all little more than half
of the country, the average total discharge is no less than 4000 m3/second.
Owing to the impervious nature of much of the country and the steep
slopes, the run-off of rainfall is very rapid and the variation in river flow
is enormous-sometimes between 1 % and 30000% of the average. Where
there are lakes or dams, the flows are, of course, equalized to a considerable
extent. The potentiality for power production is very large and much
of it is already exploited, the present production being over 2 000 000 kW.

The rivers are chiefly used for power production. Next in importance
is the transport of logs by floatation (4 700 000 m3 in 1949). Fisheries are
also important, particularly of salmon and sea-trout, of which 166 tons
are caught annually in the rivers. This quantity is declining, probably
because of overfishing. Trout and coarse fishing are also popular in parts,
particularly in the lakes.

The waters of the rivers and lakes are not very fertile. To some extent
they are being used for irrigation in the drier south-east.

Industry and distribution of population

Besides Oslo and Bergen there are only three cities of more than
50 000 inhabitants. Six more are in the 20 000-50 000 range, and eight
between 10000 and 20 000. In all, 50% of the population live in cities, towns,
suburbs, and other densely populated areas, and the other half are in the
main entirely scattered, living either in isolation or in very small groups.

Most of the towns are on the coast or estuaries. There are only twenty-
one communities of over 2000 population which are situated inland. Some
of these (mainly in the south-east) are on the shores of large inland lakes.

About one-quarter of the population gains its livelihood from agriculture
and forestry, and about one-third from industry. Of this, the largest is the
forest products industry, which produces lumber, pulp, paper, cardboard,
etc., together with derived products such as alcohol and tanning materials.
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It is largely concentrated in the south-east and produces large volumes
of polluting effluents.

There is also some industry connected with agriculture, but it is not of
great magnitude and the individual factories are usually small. The effluents
from dairies, slaughterhouses, distilleries, and starch factories produce
unsatisfactory conditions in certain brooks and small rivers.

There is also a mining industry. In particular the winning of pyrites
has caused some pollution.

The electro-chemical industry, and that based on electricity as a source
of heat, again mainly in the south-east, is usually situated on the banks
of large rivers, and the amount of effluent does not cause pollution of any
significance.

Water supply and sewerage

About 50% of the inhabitants are supplied with piped-water supplies
from central sources. A further third probably have individual piped
supplies or small group supplies. Recently the State began subsidizing
supplies to isolated farms, and much progress has been made.

Most of the supplies are obtained from rivers, there being little under-
ground water. Only one town (3000 population) and a few villages of less
than 1000 inhabitants use underground water. Suitable unpolluted rivers
are very often situated within a close distance of the population served;
little treatment is necessary and only rarely is anything more than chlorina-
tion needed.

About half the population are also served by sewers which are generally
on the combined system. One inland town proposes to use the separate
system and for villages newly provided with sewers the trend is also in
the same direction. Pollution caused by storm-water is only slight.

Present condition of rivers

Generally the rivers of Norway are in an unpolluted condition, but
there are exceptions where short stretches are in an unsatisfactory state.
Parts of two rivers (5 km and 50 km respectively) have been rendered
sterile by wastes from pyrites mining; this is presumably caused by sulfuric
acid formed by wet oxidation of the mineral. About 10 km of a third river
are polluted by pickling liquor, and a fourth lost its fish life after the
construction nearby of an aluminium and iron works. On a fifth about
50 km is badly polluted with waste from a sulfite pulp factory. In addition,
parts of two rivers are offensive at times owing to sewage pollution; in both
cases construction of main sewers and treatment plant is under way.
A number of brooks are also in an unsatisfactory condition.

One or two of the fiords present a special and unusual problem.
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Although in the main long and deep, they may have a section which is
quite shallow. The deep water above that section is, therefore, subject
to very little change. It is salt, and mixes but little with the fresh water
flowing above from the river out to sea. Solid matter in polluting effluents,
and organic matter synthesized from nitrates and phosphates in purified
sewage, sinks to the bottom, decays, sets up anaerobic conditions, and
prevents the existence of bottom fish life. This is a difficult problem which
may not be solved by conventional methods of sewage treatment.

River authorities and powers of pollution prevention

The power of pollution control generally resides with the Rivers and
Electricity Authority. Under a new river law of 1940 their power is almost
absolute concerning new sources of pollution, and is substantially increased
for old ones. Owing to the war this law was almost dormant until 1950,
but since then the Authority has been active and several purification works
have been planned or constructed. The Authority is usually concerned
only with major instances of pollution; the small pollution problems of
local importance are dealt with by Local Boards of Health.

The problem is not made easier by the fact that matters affecting pollu-
tion are handled by a number of government departments and other
authorities. For instance, the Ministry of Works and Local Government
is responsible for housing, water supply problems are handled by the
Ministry of Agriculture, and the Electricity Authority comes under the
Ministry of Industry and Shipping.

Treatment of sewage and industrial wastes to prevent pollution

Septic tanks for individual houses are often used for sewage treatment,
but they are frequently far too small. Final disposal of such sewage is
often difficult because deep sandy soil only occurs rarely. The Authority
requires that large inland communities give either sedimentation or bio-
logical treatment to sewage, depending on their location. Although more
than adequate dilution water is theoretically available, there are cases
where this does not apply in practice. For instance, one town situated on
the shore of a bay of the largest lake (366 km2) discharges sewage to a
place where the rate of change of the water is slow, and biological treatment
will have to be provided.

Disposal of sewage from coastal towns is easy, but the problem of some
fiords has already been mentioned. It may now be added that Oslo provides
sedimentation for 200 000 inhabitants and activated sludge treatment for
50 000. More treatment is needed.

The polluting effluent from a large pyrites mine has been diverted direct
to the sea by a specially constructed canal. This solves the problem, but
cannot be described as a method of treatment.
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Fibre from the paper industry can be prevented from causing pollution
by using recirculation of water. Since this recovers the fibre in a useful
form, the process serves a double purpose and has been adopted to a con-
siderable extent.

Dissolved matter in sulfite-pulp factory effluents is a very great problem.
The quantity may be equal to the quantity of pulp produced, which in
Norway is 370 000 tons a year. Complete evaporation of the major portion
of the effluent seems to be the answer, and it has the added attraction that
the fuel value of the solid obtained is significant. The process has now
become feasible, and since the war three sizeable factories have adopted it;
in addition the largest factory has plans for a plant that will deal with
120 000 tons a year.

Testing and standards

Shortly before the war, regular analyses of rivers polluted by the paper
industry were initiated, but the war brought them to a close and they have
not yet been restarted. There are no official standards for effluents, and
each case is judged on its merits. The British Royal Commission standards
have been favourably commented upon.

General

Public opinion is becoming increasingly aware of the pollution problem,
but, as in some other countries, it may at times be misguided. Sometimes
objection to a discharge is maintained even when it has been purified to
proper limits; sometimes a community may be acutely conscious of pollu-
tion caused by another community, while remaining unconcerned about
pollution it causes itself. The incidence of water-borne disease is low and
cannot provide a strong argument for pollution prevention on health
grounds, particularly as pure water is so plentiful.

The provision of an increased standard of sanitary appliance in houses
brings its own problems, which are not yet fully solved, and in some small
rivers pollution is still increasing. Progress is being made, however, parti-
cularly in the large industries and cities, and in so far as a balance can be
struck it would appear that the extent of pollution is certainly getting no
worse.

Iceland

Iceland, the north-westerly outpost of Europe, is perhaps the one country
of which it may truly be said that there is no pollution problem at all.
The circumstances which bring this about, however, could not possibly
be reproduced in the rest of Europe, so that Iceland cannot be held up as
an example for other countries to follow.
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Iceland is by far the most sparsely populated country in Europe, with
a total of only 149 000 inhabitants and an area of 103 000 km2. Three-
quarters of the country is, however, uninhabited and virtually uninhabitable.
The rural population is small, only 25 % of the whole, and is almost exclu-
sively engaged in farming. No less than 620% live in towns of more than
900 inhabitants, including 32% who live in the largest town, Reykjavik,
the capital. Every one of these towns is on the coast, together with all the
villages except three.

Physical features

The country consists largely of mountains, high plateaux, sand deserts,
lava fields, and glaciers, all devoid of vegetation and human settlements.
Only one quarter of the country is below 200 m above sea-level; this is
chiefly in the south and in a number of valleys elsewhere rising from the
many firths and bays in the extensive coastline. Less than 1% of the land
surface is cultivated, but on this there are 7000 small farms.

Rainfall and rivers

The climate is largely oceanic with heavy precipitation, particularly in
the south; the north is much drier. Maximum rain (or snow) occurs in
winter, there being a subsidiary maximum in the summer, while the inter-
vening seasons, particularly spring, are much drier. The average for the
country is about 1100 mm.

There are innumerable small rivers, with 20 main rivers ranging from
60 to 200 km in length and with flows of 50-400 m3/second each. They can
be divided into three types, those from glaciers, those from springs, and
those fed generally by direct drainage from the surface. The glacier rivers
carry large quantities (2000 p.p.m.) of fine mineral dust, and would be
unsuitable for use for water supplies. The rivers are fast-flowing and not
navigable; they are used for power production, for fishing (particularly
salmon and trout), and to some extent for irrigation.

Water supplies and sewerage

Because so many people live in towns, and because of abundant sources
of unpolluted water, the population is well supplied with piped water.
The over-all figure is 65 %-70 %. Westman Island (3600 inhabitants) is an
exceptional case, because there is no source of fresh water and the people
there depend upon rainwater from the house roofs. There is, however, a
piped supply of sea-water to the factories and to some of the houses for
washing and flushing. For the rest, public supplies are from underground
-not, however, from wells except in a very few cases, but from springs
from the tertiary basalts and recent lava flows. These are usually situated
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so as to provide a gravity supply, and they are chemically pure, very soft,
and bacterially uncontaminated.

Provision of public sewers in the towns is almost as great as that of
piped-water supplies, but in the villages the proportion is lower, probably
35 %-40 %. A high proportion of the houses there, however, have private
drains to the sea, and if they are included as sewers the total proportion so
provided for the whole country is very near to that served with piped water;
excluding them, it is probably 5 % less.

Industry

Industry is connected almost entirely with fishing, and includes quick-
freezing plants, factories for herring oil and herring meal, and factories
making meal from fish offal. Without exception, these are on the coasts
with sea outlets for effluents, but better utilization of raw material is resulting
in less polluting effluents.

Condition of rivers and allied matters

Where public sewers are not available, many houses have private septic
tanks. Otherwise there is no sewage treatment of any kind, because dis-
charges are to the sea. There are storm-water drains to the sewers where
convenient. The rivers are therefore almost entirely unpolluted. No River
Boards or similar organizations are needed; the inspector of freshwater
fisheries and the local health inspector do all that is necessary. In short,
there is no pollution problem.

GENERAL DISCUSSION

Anyone who reads the brief accounts of the water pollution situation
in these European countries must be impressed with the wide variety in
the intensity of the problem, which was, indeed, foreshadowed in the general
consideration which preceded the account of the individual countries.
There are, moreover, great differences in the laws relating to pollution, in
the organizations existing to control it, in the public and official attitude
to it, and in ways in which it is being dealt with. It may well be profitable
to compare and contrast these differences, and to attempt to draw conclu-
sions from them. It must not be expected, however, that the ideal method
of dealing with water pollution will come to light. Each case must be con-
sidered on its merits in the light of general experience and knowledge: the
aim here is to set out that general experience and knowledge, leaving its
application in individual cases to those who have to deal with them and
who are familiar with the actual circumstances.

928 A. KEY



SURFACE WATER POLLUTION IN EUROPE

The questions that must be answered in dealing with any pollution
problem may be very simply put:

(1) What is the aim? An ideal solution, or a practicable one? The
restoration of " natural " conditions or a more limited objective? Is it to
be pollution prevention or pollution control?

(2) Who is to carry it out? The individual, the municipality, the State,
or a specially set-up body? A subsidiary question, perhaps, is: Who is
to see that it is carried out? Must there be some kind of policeman?

(3) How is it to be done? This is a technical matter and obviously of
the greatest interest to sanitary engineers.

(4) Who is to pay for it?

These matters will all be dealt with, though not at equal length nor
always separately; the technical aspects will receive most attention and the
financial ones least.

Financial Aspects

Generally, the practice is that those who produce polluting effluents pay
for their treatment when this is necessary. For domestic sewage, the burden
falls upon the municipality. There are, however, departures from this
principle which are worth mentioning. It is now the practice in a number
of countries for the central or provincial governments, or both, to make a
contribution to the municipality under certain conditions. This usually
takes the form of grants towards the capital expenditure on plants. It is
a matter of policy upon which each country must decide for itself, although
one or two general points may be mentioned. First, this practice tends to
equalize the burden of pollution prevention; also it often procures action
where otherwise there might be none. Further, it automatically procures
some sort of central control-the Government can use the power of the
purse. Finally, it is an acknowledgement that pollution control benefits
the nation as a whole.

The practice followed in parts of the Federal Republic of Germany
deserves mention. There, in some cases, the cost of purification is divided
between those who produce the polluting liquids and those who use the
water in which they are discharged after purification-the water under-
takers.

The cost of treating industrial effluents, when they are treated separately,
is generally borne by the trader, although technical advice and research
may be provided by the central government. Where the effluent is discharged
to the local sewers, however, there is a variety of practices. Generally,
it is a matter of local agreement with the municipality.
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Aim of Pollution Prevention

It is by no means agreed, in theory at least, what the aim should be in
dealing with pollution. There are idealists who hold that no activity of
mankind should influence the quality of rivers to the slightest degree:
all pollution is wrong, and nothing less than a 100% purification of all
effluents discharged to rivers will suffice. This attitude is typified by the
common law of England which maintains that the owner of the banks
of a stream has the right to receive the water of the stream in its natural
state.

At the other extreme there is the attitude of complete unconcern about
pollution unless it becomes an intolerable nuisance. Such an attitude is
nowhere officially condoned, but there is no lack of evidence in the preceding
pages that it exists, even where, theoretically, the opposite view is taken.

Between these extremes there are other more or less sharply defined
attitudes. One of them does not object to pollution so long as it does not
kill fish. This is understandable since the disappearance of fish is often
the most obvious effect of pollution; it does not need to be established
by any scientific tests, it is there for all to see. Hence it is found that several
countries have laws of many years' standing (a century or more) designed
to protect fisheries from the effects of pollution. This applies, for instance,
to France, the United Kingdom, and Switzerland. There is something
to be said for this, since fish are an excellent " indicator organism " for
certain purposes. When this attitude is stressed too much, however, it is
properly pointed out that mankind is of more value than fish, and that if
fish in a river must be exterminated for the benefit of mankind-so that
they may enjoy a state of improved hygiene or the benefits of industry-
then it is quite a reasonable price to pay. Perhaps this partially accounts
for the unwillingness of the authorities in some cases to apply the law.

Again, there is the attitude that maintains that pollution need only be
prevented when it becomes a danger to health. In some countries it is
solely on these grounds that it can be dealt with officially, and it is often
extremely difficult to prove the necessity.

It should also be stressed that the law and practice are often quite
different things, especially where the law is idealistic. Where it is impractic-
able to obey a law, that law is brought into disrepute. Stringent laws in
some countries have not prevented pollution there-for example, the
common law of England and laws protecting fish in France and Switzerland.
The opinion has on several occasions been expressed that where too much
is asked too little is obtained. There is an obvious need for clarification
about the aims of pollution prevention.

It is suggested that it be accepted as quite inevitable that civilization
will change the state of rivers. It certainly changes the landscape; if a city
is established then the forest or the valley cannot retain its natural charac-
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teristics. How can rivers be any more inviolate than the countryside?
They need not change from pure to foul, but change there must be. To
however high a degree sewage or industrial wastes are purified, it is simply
not practicable for them to be brought to the composition of a mountain
stream or a chalk spring. Rivers may not support exactly the same kind
of life as they did, but they need not be barren-just as a forest brought
under the close influence of civilization no longer supports wild boar,
though it may still be fruitful and of immense benefit to mankind.

Now if it be agreed that rivers need not be retained in their natural
condition, then the question arises " In what condition, then, should they
be maintained?" To this no general answer can be given: it is a matter
for the country or province through which the river flows, and it may
vary from river to river. It should depend, not only upon what is desirable,
but upon what is practicable. It should represent a proper balance of
interest between all those who use the river-those who discharge into it,
those who take water from it, and those who use the water in it, for fishing,
bathing, navigation, or even as an added attraction to the countryside.
Germany has gone some way in this direction. It has been decided that
the River Emscher cannot be maintained in a condition suitable for fish
or as a source of drinking-water; the more limited objective therefore
has been set of rendering it inoffensive. The Ruhr, on the other hand,
must remain sufficiently pure for the water, after percolation through the
ground, to be safe and acceptable for drinking. The United Kingdom has
also moved in this direction in recent legislation which provides for by-laws
for standards of effluents: these standards must take account of the uses
to which the river is put, and are expected to vary with the river. France
has issued regulations which depend partly on whether the stream is used
as a source of water supply. In Denmark there are water courts which
decide how much purification of effluents is needed.

Conflict of Interests

A little more needs to be said about the conflict of interests, for they are
particularly important in relation to river pollution. If a town or industry
" pollutes " the land by depositing large heaps of rubbish or by being
generally untidy, it is itself the chief sufferer. This is also the case if it
pollutes the air, and although this pollution is blown away towards other
places the degree of dilution is so great that it is generally noticeable over
only short distances. When a river is polluted, however, the town or factory
responsible is not usually the one to suffer. The pollution is carried away,
often with very little progressive dilution, and has an effect on other towns,
possibly up to great distances. Moreover, its travel is in one direction only.
When it is a question of air pollution, if town A pollutes the air so that
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it affects a neighbouring town B, then a mere change of wind will cause
the reverse to happen. In these circumstances it may not be difficult for
them both to agree on a remedy. But in river pollution, if town A pollutes
town B, the reverse can never happen. It is not to its own interest for
town A to purify its sewage; to do so would only benefit town B. Neither
would town A benefit if town B purified its sewage. It may therefore be
extremely difficult at the municipal level to procure a remedy. Appeal to
some greater authority, a river board or the State itself, becomes necessary.

In addition to this " conflict of location " there is also a conflict of
interest. On the one hand there is the city in whose interest it is to carry
away filth in a liquid form, and the industrialist who must produce waste
water if he is to continue to manufacture. It should be noted that neither
of these interests is entirely selfish. It is for the good of the nation, indeed
for the whole world, that cities should be hygienic and healthy, and that
industry should provide food, clothing, steel, etc., for the use of their
citizens. These interests should not be sacrificed unless the nation so agrees.
On the other hand the interests of those who want pure rivers-the angler,
the bather, the water undertaker, and the lover of nature-are not entirely
selfish either. The provision of pure water supplies is of vital interest to
a nation, as also, though possibly to a smaller degree, is the provision of
healthy recreational facilities.

It is suggested that what is necessary is the reconciliation of these various
interests rather than the sacrifice of any one of them. The reconciliation
may entail a degree of sacrifice and restriction; how much, is a matter of
general policy and it is suggested that this should be decided generally
by the State. In some countries, State intervention may be quite unnecessary,
as for instance in Iceland, Turkey, and Greece, where pollution is either
virtually non-existent or quite local in significance. The existence of
countries where, it is hoped, a national law concerning pollution will
shortly be passed-Switzerland, the Federal Republic of Germany,
Sweden, and the Netherlands-is evidence that the above reasoning is
generally accepted.

Administrative Areas

It is the general custom to decentralize the administration of laws
of local application; hence the existence of provinces, counties, depart-
ments, municipalities, and so on. Pollution legislation has also been
administered by them, and still is in many cases. It is submitted, however,
that this has not always proved satisfactory. The reports concerning France,
Italy, and Switzerland should be consulted in this connexion. The reason
is that the boundaries of these local authorities do not generally have
any relation to rivers: a single river may pass through several. The ideal
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answer is an authority which is concerned with the whole of a river or a
group of rivers, though it may not be necessary to proceed to the ideal
when the pollution problem is not severe. Sometimes a country, such as
Belgium, may be small enough to be largely administered by the central
government, but this is rarely the case.

The necessity for river authorities has long been realized in isolated
cases. In England the Thames Conservancy Board was set up as long ago
as 1857 because it was essential to keep the river in suitable condition as
the chief source of London's water supply. It had, and still has, authority
over the whole river and its tributaries. In the early years of the present
century, several of the German river associations were set up, each being
responsible for a river, although in this case the river was not a complete
one but a tributary of a larger river. The Netherlands has recently followed
this example in one or two cases. In the United Kingdom since 1948, river
boards, largely on the Thames model, have been set up to cover almost
the whole country. It may also be noted that in the USA water pollution
control commissions have been set up to cover whole river basins. These
developments have evoked considerable interest elsewhere and may be
followed by other countries.

International Rivers

This discussion naturally leads to the question of international rivers,
where any authority dealing with the whole river must be international
in character. As was pointed out earlier, there are few of these, and most
are of minor importance only. Some are in Scandinavia, some rivers are
common to Spain and Portugal, and some rivers in Greece and Turkey
also flow through other countries. The really important international
rivers are the Rhine and the Danube, but the latter flows for the most
part through countries not considered in this article.

In 1948 an international conference was held to discuss the River
Rhine. Two committees were set up, one to deal with fisheries and the other
to deal with the protection of the Rhine from pollution. The latter com-
mittee is taking into account pollution by salt, organic matter, phenol, oil,
sewage, and industrial waste waters. From what has been said elsewhere,
it is plain that it has a difficult problem to solve.

Responsibility for Purifying Sewage and Industrial Effluents

In the case of isolated houses, the responsibility for satisfactory disposal
of sewage generally lies with the owner or occupier. In the past this has
also been true for some communities, and it still is in a few cases. Mention
has been made of countries where, in one or two quite large communities,
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individual houses provide their own septic tanks, but this practice is rapidly
becoming obsolete. The disposal of sewage can be done much more satis-
factorily at single points, and in towns and villages provided with a water
supply the disposal of sewage is almost everywhere becoming the concern
of the municipality. In congested areas even this authority may not be
extensive enough, particularly where the sewage from more than one
authority can easily be taken by gravity to a single point. In England this
has led to the formation of joint sewerage boards, independent authorities
deriving their resources from the municipal authorities. In Germany it
has led to the river associations which have already been mentioned. It is
important to note that these combine the functions of the English sewerage
boards and the English river boards. They decide how much treatment
sewage must be given and they also carry it out; they are also responsible
for trade effluent treatment generally, and not only for those effluents that
enter the municipal sewers. For this reason industry is represented directly
on the associations, whereas there is no such direct representation in
Britain. There is thus a tendency to set up organizations for sewage treat-
ment which will be most efficient from the technical and engineering angles,
overstepping, where necessary, the boundaries of local administrative areas.

In theory, the responsibility for treating industrial effluents generally
lies with the trader, but often he hands it over to the municipality or other
organization by discharging the effluent to the public sewers. This practice,
which exists in all countries, has no doubt grown up almost accidentally.
It leads to few difficulties so long as the sewage does not need to be purified,
but when it does, the presence of industrial wastes may add substantially
to the cost or may even prevent the success of normal treatment.

In principle, there is a great deal to be said for the discharge of industrial
wastes to sewers, even where treatment is required. It reduces the number
of treatment plants and increases the efficiency of purification. Effluents
which would be difficult to treat alone are often easy to treat in admixture
with a large quantity of domestic sewage. Quite clearly, however, they
should not be permitted to interfere with the processes of treatment.
There is also obvious scope for dispute as to who should pay for treatment.

Where sewage is given treatment the whole question is usually settled
by agreement between the local authority and the trader. France has issued
recommendations about the permissible composition of effluents discharged
to sewers. In the river-association areas of Germany, the association is in a
position to decide the course of action, and it levies a charge on manufac-
turers for the treatment given. In England there has been general legislation
on the subject since before the war, by which traders are given a qualified
legal right to discharge effluents to the sewers; the sewerage authority,
however, can lay down conditions in order to protect the sewers and treat-
ment works and to recoup themselves, if they wish, for the cost of treat-
ment. Many hundreds of mutually satisfactory arrangements have been
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made under this law and they are working well. Only the inadequate
purification capacity now existing at many works is preventing a considerable
extension of the practice, which has much to recommend it.

Effect of Pollution on Streams

Pollution affects streams in several different ways, which are dealt with
separately below.

Most of these effects can only be determined with any degree of accuracy
by analyses and scientific examination. This is not carried out in a number
of countries, and there is scope for much more of it; indeed, when action
is proposed to combat pollution, it seems to be of great importance to
know exactly what effect the pollution has. Only then can it be decided
what treatment is needed, and only by a comparison of the results of later
analyses can it be established that the treatment is achieving its purpose.
River examination and analyses enable the expenditure of a given amount
of money to be made in the most efficient way, and are therefore well worth
the effort.

Partial or Complete De-oxygenation

In a normal stream receiving organic polluting matter oxidation takes
place. This utilizes the oxygen dissolved in the water, and if the rate of
oxidation exceeds the rate at which oxygen is re-dissolved from the air the
water becomes devoid of oxygen. Normal freshwater organisms, including
fish, do not then survive. Instead, anaerobic organisms flourish and produce
gases such as methane, carbon dioxide, hydrogen sulfide, and other sulfur
compounds. The water is then offensive both to eye and nose, and the
stream can rightly be described as an open sewer. Most countries quote
instances of rivers in this condition but the fraction of river length so affected
is quite small. It is usually confined to a few highly populated regions, to
areas where a vast amount of organic waste is produced; for example,
in the north-east of Holland, and where sewage is discharged to small
sluggish streams. These conditions are often seasonal only, usually in the
summer when river flows are small and biological processes rapid. What-
ever the attitude to pollution, it is generally agreed that such conditions
ought not to be perpetuated.

When pollution is not so severe, the dissolved oxygen may be reduced
but not entirely removed. Then the river is not so obviously in a bad
condition. Fish may or may not still exist. Chemical or biological examina-
tion are necessary to assess the exact state of affairs. It is often held that the
content of dissolved oxygen is the most important single criterion, and
-attempts have been made to classify rivers on the basis of their oxygen
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content (see page 871). According to this test a river is badly polluted if its
dissolved oxygen does not reach 50 % of its saturation value. As a rough
and ready criterion this may serve a useful purpose; a river where the value
usually exceeds 50 % may never become objectionable. Here it may be
mentioned that the dissolved oxygen content is normally subject to a diurnal
variation, being higher in the day-time, when most samples are taken, so
that a figure of 50 %, as sampled, may be higher than that reached at other
times.

The total length of rivers in Europe which fail to reach this figure of
50% is not known, but it is probably many times greater than that which
is generally de-oxygenated. It is generally felt that all such rivers should
be improved.

Many rivers of high dissolved oxygen content, however, are still rightly
regarded as polluted; dissolved oxygen is not the only important factor.

Destruction of Fish

Fish can be killed by a deficit of oxygen. Much work has been done on
the question of how great an oxygen deficit different fish will tolerate, but
the answer so far is that it depends upon many other factors. Enough has,
however, been said already about oxygen deficiency; it is proposed to dis-
cuss in this section specifically toxic substances, of which the main class is
probably metallic salts.

The toxicity of metallic salts to fish has been very widely studied, but
the subject is extremely complicated and it is not easy to correlate the results
of different workers. A critical review of the literature has recently been
published,3 and it refers to no less than 155 papers. Clearly the subject
cannot be discussed in detail here.

The complexities of the matter are as follows: The effect of poisons
may depend upon the concentration of oxygen in the water. Instances are
known where toxicity is greatly increased as the oxygen content is diminished,
and this may be true generally. The temperature of the river may also
be important. The toxic constituent may or may not be precipitated in the
river, depending on the pH of the water and its content of other ions, and
if it is precipitated it may cease to be toxic. A combination of two or more
metals may be either more or less toxic than either of the metals alone.
Finally, the effect of any given poison may be quite different on different
species of fish. In view of this it may never be possible to lay down minimum
specific concentrations of metals which would be safe in river water. It may
be said, however, that salts of heavy metals are generally extremely toxic.
The lethal concentration of all the following has been reported to be less
than 1 p.p.m.: chromium, zinc, aluminium, gold, cadmium, lead, copper,
mercury, and silver. For mercury and silver the figure has been stated to
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be less than 0.01 p.p.m. However, in waters containing carbonates pre-
cipitation of many of these metals may occur, and it is not certain what
the above figures mean in practice.

There is also the possibility that constituents of effluents may be toxic
not so much to fish as to the food or eggs of fish.

Fortunately, contamination of rivers in Europe by metal salts is confined
to strictly limited areas, where fish have usually not existed for a long time.
Very often these rivers are also contaminated by sewage, and to clean them
up so that they become fishing streams again would involve too vast an
expenditure to be contemplated as yet. Consciously or unconsciously, the
decision has been taken that they should remain industrial rivers, at any
rate for the present. The question of effluent treatment to reduce metal
contents of effluents to below the very small toxic limits does not arise in
such cases.

When it does arise, it poses a very difficult problem, in which a matter
of principle is involved. When it is a question of water supplied to the
public it is the general practice, and rightly so, to remove potentially harmful
constituents as completely as possible. No one would be satisfied with a
water which was only just not dangerous; a wide margin of safety is insisted
upon, even though it may be expensive to achieve. This is, of course,
because of the supreme importance of public health. Must the same wide
margin of safety be applied when it is a question of fish life? Must a
manufacturer be compelled to purify his effluent to an extent, say, ten
times as great as the best estimate ofwhat is strictly necessary would demand,
merely to be on the safe side? If he must, then the expense may be enor-
mous; if he need not, then fish fatalities may sometimes occur. The question
is not made any easier by the fact that the effect of poisons on fish is by no
means fully understood, and those advising the river authority may therefore
tend to err on the safe side in their assessment.

I shall not attempt to answer this question, except to say that in my
view it is usually possible to solve each case on its own merits in the light
of some generally accepted policy, either national or local. Where large
numbers of toxic wastes are already discharged, the river probably does not
contain fish, and it may not be feasible to restore them within any reason-
able time. The river will already have been abandoned so far as public
water supply, bathing, etc., are concerned. The problem of isolated dis-
charges to an otherwise pure river, or proposed new discharges, can usually
be solved in the light of all the circumstances, provided there is goodwill
on all sides, an appreciation of all difficulties, and some central guidance.

One thing seems plain; in the present state of knowledge we cannot
calculate from its chemical analysis the effect of an effluent on fish. The
development of an agreed reliable toxicity list of general application is an
urgent need, and empirical lists are being used in a number of countries, of
which Belgium may be given as an example. The test should simulate
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natural conditions as closely as possible, which means that the nature of
the diluting water, the dissolved oxygen content, the temperature, and other
factors should be chosen with this in mind. Whatever they are, these
factors should always be quoted in published results if these are to be
valuable to other workers.

Bacteriological Effects of PoUution

Many rivers in their natural state are no doubt of good bacteriological
quality, though it is doubtful if many would consistently be nearly so good
as modem drinking water standards require. Those receiving sewage,
purified or not, are quite unfit for water supply without treatment. It is
not the practice to use them without treatment, but the bacteriological
condition must nevertheless be a matter of concern. First, it is wise to
ensure that, even though a river source may not be pure, it is at least as
pure as possible. Second, there is the important question of bathing. Much
river bathing takes place in many countries, and if the river is bacteriolo-
gically polluted there is a definite risk of disease. There is no unanimity
on how great a risk it is justifiable to take in this matter, partly because the
assessment of the magnitude of the risk is most difficult.

One way of reducing the risk is by sterilizing sewage discharges, and it
is interesting to note that, in contrast to the USA, chlorination of sewage
is but rarely practised in Europe; where it is, it is primarily on account of
bathing risks. Some experts are in favour of it, but others fear that it may
interfere with the natural biological processes and perhaps do more harm
than good in the long run. One reason why it is not much used in England
is that certain industrial effluents present in many sewages react with chlo-
rine, producing compounds very highly toxic to fish.

Other Effects of Pollution

Pollution in river or lake alters the environment in which the whole
aquatic world of flora and fauna exists, and that life changes, often pro-
foundly, to achieve a new equilibrium to conform with the altered circum-
stances. These changes in environment not only relate to oxygen concen-
tration and presence of toxic substances, which have been discussed, but
also to other compounds-phosphates, nitrates, humus, neutral salts, etc.-
which, from the sanitary angle, would not be described as pollutants. They
also depend upon the nature of the river or lake. This whole complex
situation can only be unravelled by long series of scientific studies carried
out in a number of places and under actual conditions of practice. The
amount of work being done on this subject has increased in recent years
and research is now being carried out in several countries. The success of
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some recent international conferences on the subject is evidence of the
great interest which is now being taken in it, and of the conviction that
different countries can be of great help to each other in furthering its study.

The Purification of Polluting Liquids

No full account is given here of the processes of sewage and trade
effluent treatment, but since the abatement of pollution normally depends
upon the adoption of such processes they must at least be mentioned.

Sewage

The most common treatment of sewage is simple sedimentation. So
far as I am aware, it is given wherever sewage is treated; there is as yet no
application in Europe of the activated sludge process to crude unsettled
sewage which has recently been adopted in several places in the USA.
Sedimentation combined with digestion in the Imhoff type of tank is widely
practised in Germany and some other countries for small or medium sized
plants, but large plants (and even small plants in the United Kingdom and
elsewhere) usually have separate sedimentation and digestion. The design
of sedimentation tanks has improved considerably in recent years, parti-
cularly in respect of sludge removal, and mechanical devices are replacing
the older and unpleasant manual methods. The use of radioactive isotopes
to determine the characteristics of different designs of tank has been found
successful in both Germany and the United Kingdom, and they should
provide a most valuable research tool in the field of sewage purification
generally. Land treatment of sewage is still employed in places, and has
recently been the subject of several papers from Germany. '2'4-6 The sewage is
applied to the land either by irrigation or in the form of artificial rain, and
on account of its fertilizing value and the fact that it provides water in
time of drought, the yield of crops from the land is often increased. The
area of land required is, however, large and, except for small towns, it
seems probable that land treatment of crude sewage will gradually become
obsolete.

Where more efficient treatment than simple settlement is required it is
generally biological-either percolating filters or activated sludge. Gene-
rally the tendency is the same in all countries-activated sludge for large
plants and filters for smaller ones, but the choice depends largely on cir-
cumstances. Activated sludge requires more power and more skill in opera-
tion, and rarely produces a nitrated effluent. Filters require more space,
cost rather more, and utilize more hydraulic head.

Much interesting research and development work on purification pro-
cesses is in progress in France, Germany, the Netherlands, and the United
Kingdom. All countries have been concerned to improve the efficiency of
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aeration of sewage and thus shorten the time of treatment and reduce power
costs, and the benefits of the work have been substantial. Of particular
interest are the claims made in France and Germany that aeration with
large bubbles is more efficient than with finely divided bubbles. There have
also been improvements in the design of tanks and in the method of adding
sewage to sludge.

In the United Kingdom advantage is being taken in many places of the
discovery that percolating filters can do more work if purified effluent is
mixed with the settled sewage fed to them, or if two filters are worked in
series with a periodic reversal of the order in which they work. These devices
are used both in new works and in overloaded works to provide extra
purification capacity at small capital cost.

Chemical treatment of sewage is now no longer common; it is too
expensive. It finds application, however, in a few instances where the
sewage is very strong, or where primary sedimentation is just not sufficient
and full biological treatment is hardly justified.

Industrial effluents

Mention has already been made of the desirability, where possible, of
treating industrial effluents with the general sewage of the district. Probably
in most municipalities, except the very small ones, trade effluents are con-
tained in the sewage, but in some cases the pollution load from trade effluent
exceeds that caused by sewage. Instances of this are quoted in connexion
with Germany, the Netherlands, and the United Kingdom.

Often, however, owing to the location of industry, it is quite imprac-
ticable to admit its effluent to sewers, and these cases provide perhaps the
most difficult pollution problems of all. It is not possible to calculate from
the data available which industry is responsible for most pollution, but it
is difficult to avoid the conclusion that is is the paper and associated indus-
tries. These produce vast quantities of polluting effluents in countries as
far apart as Finland and Spain, and the problem is particularly severe in
Scandinavia. The Netherlands and the United Kingdom also experience
it to a great degree, as also do other countries to a greater or lesser extent.
Other industries responsible for large quantities of pollution are sugar-beet,
dairy products, the gas and coke industry, textiles, mining, and metallurgical
industries. Reference to all these has been made in connexion with indi-
vidual countries.

The ideal way of dealing with industrial effluents is to recover the pollut-
ing material in some useful form. To some degree this method has been
applied to paper wastes, sugar-beet, and gas liquor. Fibre has been recov-
ered from waste water from the paper and associated industries, and this
can be put to further use. Some of the stronger wastes can be evaporated
to dryness and the residue used as fuel. In the sugar-beet industry.diffusion
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water is now often re-used, with a diminution in pollution and an increase
in yield. Gas and coke-oven liquor can be extracted for the recovery of
phenols; many plants are in operation in Germany, and a few in the United
Kingdom.

Wastes containing metals and " chemicals " can also sometimes be passed
through recovery processes-copper can be recovered from its salts by
reaction with iron filings-but generally the method of treatment must be
chemical treatment for precipitation or decomposition of the polluting
materials.

Treatment of organic wastes is generally biological. Occasionally land
treatment proves satisfactory, for example, distillery wastes in parts of
France, but often no land is available. For very concentrated wastes anae-
robic digestion may sometimes be the most economical answer; it may
require only little space and the gas produced may be valuable. It is worth
further exploration in some cases. For dilute wastes biological oxidation
is the process most used and it is difficult to suggest anything better.

Research and Information

Research institutions in several countries have been mentioned. Their
work is increasing and will prove of immense benefit to all countries. For-
tunately most of them publish their results and the information is therefore
available for all. Again, organizations such as municipalities, river autho-
rities, and industrial concerns very often publish an account of what they
are doing, and this adds to the sum of knowledge and experience which
can be drawn upon by anyone.

Standards for Effluent Quality

Some nations have standards of effluent quality which command general
acceptance, even if they are not legal in the strict sense of the word. It is
nearly half a century since legal standards were proposed in the United
Kingdom. These were that an effluent should not contain more than
30 p.p.m. suspended solids or have a five-day BOD greater than 20 p.p.m.
The great importance of these two tests has since been generally recognized.
These standards were never, in fact, made legal, and their proposers realized
that they could not apply in all cases. Nevertheless, they constitute a good
working standard for sewage in almost all cases where biological treatment
is necessary. It would be very difficult to apply them to all industrial
effluents discharged to rivers, because in some cases it would be far too
expensive.

Denmark has provisional standards for BOD at 20-40 p.p.m. and
settleable solids at 0.5 p.p.m., and also requirements for dissolved oxygen
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and for temperature. The figures for France are: BOD 40 p.p.m. and sus-
pended matter 30 p.p.m., with additional requirements for stability and
absence of toxic substances. Ireland adopts the United Kingdom standard
for inland discharges. In all these cases, however, there is provision for
relaxation when circumstances warrant it.

Holland has no standard of general applicability; neither has Belgium.
That country would prefer to have standards for river quality rather than
effluent quality and these may be laid down shortly. The Federal Republic
of Germany also prefers river standards, and it is generally held that a
river remains satisfactory if its load of pollution does not exceed the popu-
lation equivalent of 30 people for each litre per second of flow. Switzerland
appears to be thinking along the same lines, but not of the same figures,
which would certainly be unsuitable for lakes. The sparsely populated
countries have laid down no standards at all.

The United Kingdom has recently moved away from general standards
in the direction of standards for effluents discharged into certain rivers.
Each river must be surveyed and the standard adopted will have regard to
the uses to which the river is put and the quantity of effluents discharged.
No such standards have yet been established, but when they are confirmed
they will have the force of law, and infringement may result in prosecution.

Amid all this disagreement, it would clearly be quite impossible to
agree upon any international standard, nor would it be a good thing tech-
nically. A large number of polluting discharges could be dealt with by
fixing a special standard in the light of the local circumstances and without
reference to other discharges. This standard should safeguard the river and
yet not call for unnecessary expenditure. Where a large number of dis-
charges enter the same river within a relatively short distance, then, for
the sake of equity, it might be desirable to have the same standard applying
to each. Generally, however, the standard should vary with circumstances.

It would probably be best if standards varied with time, also; that is,
provision should be made for revising them in the course of time. It might
prove possible to relax some; most, however, would need to be tightened
up as more and more polluting wastes are produced and as better and more
efficient ways of purification become available.

There is much to be said, however, in favour of standards of quality
being expressed in terms of the same tests in different countries. To a
large extent this is already done, but there are variations which might be
eliminated. It is not easy, and sometimes unnecessary, to procure inter-
national agreement on methods of testing. For properties of liquids which
can be defined precisely, such as pH and contents of ammonia, cyanide,
and specific metals, it is immaterial which test is used so long as the results
are sufficiently accurate, but where tests are empirical in nature the results
vary with the detailed procedure. This is particularly the case with the
test for oxidizable matter using potassium permanganate. Most countries
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employ such a test, but the details vary materially. In the United Kingdom
it is carried out at 27°C and over a period of four hours. In some other
countries it is done at boiling-point for a few minutes only. The results
cannot, therefore, be expected to agree and this makes it more difficult
to applyrresearch carried out in one country to conditions existing in another.
It would be difficult to agree upon any compromise procedure, but it might
be accepted that no test based on permanganate can ever be ideal. Not
all oxidizable substances react with permanganate and, of those that do,
the relationship between the oxygen taken up from permanganate and that
required for biological oxidation is by no means constant. It would be
better for all countries to move towards adopting a test designed to give
an accurate figure for organic carbon. This, while perhaps not so simple,
would be less empirical and intrinsically more valuable, and differences in
detailed procedure would be less important.

Trends of Pollution

Until recently, it was not very far from the truth to say that, where
there is a piped-water supply and provision in dwelling-houses of baths
and water-closets, the amount of polluting matter produced per head of
population is about the same throughout Europe and North America.
Although the amount of water used tended to increase with time, the
domestic sewage became correspondingly weaker. Countries whose inhabi-
tants were not yet fully supplied with piped water might therefore have
assessed with some degree of confidence what to expect with piped supplies.
This is still broadly true, but two recent developments tend to alter the
situation.

One of these has not yet affected Europe to any great extent. It is the
use of domestic garbage-grinders. Their use is rapidly extending in the
USA and has given rise to some concern as to their effect on the sewage,
which now contains disintegrated animal and vegetable matter which pre-
viously found its way into the garbage-can (or dustbin) and was disposed
of in the solid state. This certainly increases the strength of crude sewage,
and some cities now disposing of sewage without treatment may have to
reconsider their situation if garbage-grinders become common in Europe.

The second development is in the domestic use of synthetic detergents.
This appears to have affected the United Kingdom more than any other
European country, for various reasons, including the relatively small rivers
into which the sewage is discharged. It is easy to exaggerate the significance
of this problem, but it should at least be taken as a warning of what may
happen in the future. Hitherto, domestic sewage has been principally
composed of what might loosely be termed " natural" products; at least,
the organic matter has responded readily to biological treatment and has
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therefore been destructible, leaving " pure " water. What would happen
if compounds which did not so respond came to be widely used domesti-
cally, and which at the same time were toxic either to fish or to man? More
serious, what would happen if such compounds also prevented or seriously
slowed down the processes of sewage purification? Either pollution would
be greatly increased or the use of the materials would have to be prohibited,
and neither alternative is a palatable one. The moral seems to be that
sanitary engineers and pollution officers should keep an eye upon any new
substances which are likely to be used domestically. This would at least
ensure that they are not taken by surprise should such a situation develop,
and may even help them to discover in advance how to deal with it.

In some synthetic detergents there are apparently substances which are
not destroyed by biological agencies. The full facts are not yet known, but
there is a strong suspicion that at concentrations above certain critical
values (which are quite small) they interfere with sewage treatment and are
harmful to fish. Their first obvious effect has been to cause vast volumes
of foam to appear on activated sludge aeration tanks. This has occurred
in Germany, the United Kingdom, and the USA. Devices have been
adopted in some places to break down the foam, and in this connexion the
method of feeding sewage to the aeration tanks recently adopted by the
Niersverband is to be noted, but this removes the symptom while leaving
the cause untouched. Often this may be sufficient, but in the United King-
dom, in places where the sewage receives but little dilution in the stream,
masses of unsightly foam have appeared on rivers for long distances below
the outfall. This is not so easily corrected. Further, if these substances are
neither oxidized nor absorbed in the stream they will get into water supplies
drawn from it: they may even continue to contaminate the water after it
is percolated through sand and gravel and then pumped for supply, as
is done in so many European countries. While avoiding any alarmist
attitude, it has been thought desirable in the United Kingdom to set up
a committee consisting of manufacturers, sewage and water engineers,
chemists, and medical men to investigate the problem.

Trends of industrial effluent production are not so easy to assess. In
quantity they seem to be increasing in most countries and their limit cannot
be foreseen. As we have seen, effluents from existing industries have been
well studied in several countries and future developments along well-
established lines can presumably be dealt with by all countries to a degree
which they decide is suitable. But new products are continually coming
into production, particularly those which produce liquid effluents; anti-
biotics and insecticides come readily to mind in this connexion. All such
new processes, if on a large scale, will have to be watched lest they cause
gross pollution before it is known how to deal with it.
A third possible type of pollution is from the use of new products in

agriculture and horticulture. New insecticides, weed-killers, pesticides,
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and other products are now being used in great variety. They are used
simply and solely because of their effect on life of various kinds and they
may profoundly influence life in rivers if they reach them. This they may
do either by accident or by being washed off the land by rain. There have
been occasional accidents-at least in Germany and the United Kingdom-
whereby discharges of, for instance, sheep dip (which may contain arsenic,
phenols, and DDT) and weed-killers have polluted streams. It is not known
whether the routine use of toxic sprays is harmful to aquatic life, but there
may be a distinct risk if spraying is carried close to watercourses. We have
not yet seen the limit of their use. A committee in the United Kingdom is
investigating the general problem of hazards from the use of toxic chemicals
in agriculture.

CONCLUSIONS

The question of water pollution in Europe is in a most interesting state.
It is sufficiently severe in some countries to constitute an urgent national
problem; in others it is primarily of local importance only; and in a few
it hardly exists. In the main it is a consequence of dense population, a
high standard of life, and modern industrial development and organization.
It is likely, therefore, to increase in intensity in most countries, though one
or two are so situated geographically as to avoid it almost entirely.

Gross pollution occurred in the older industrial regions before there
was any real appreciation of its effects and before there was the necessary
knowledge to deal with it. In this state of ignorance mistakes were made,
some of which could now be rectified only at enormous expense. It would
not be difficult to quote sources of water supply which would never have
been utilized had future development been foreseen, but alternative sources
would now be extremely costly. An old inadequate combined sewerage
system may have to be accepted for many years because of the cost of
installing an adequate separate system. There is then an opportunity for
the newly developing areas to profit from the mistakes of others, and it is
to be hoped that they will do so. The policy in many countries of preventing
new outbreaks of pollution while continuing to permit old ones is probably
quite justifiable when resources are limited. It can certainly be recom-
mended to the newly developing countries that they should take steps to
deal with the risk of pollution before it actually occurs.

In almost all countries where pollution is already severe it is recognized
that the matter requires urgent attention, and most of them are making
strenuous efforts, within the limits of their resources, to deal with it. On
matters of law and organization there are considerable differences between
different countries and it will be most interesting in a few years' time to
see how all these are working out. Probably more than one system will

8
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work, and it is unlikely that there will be a single system which would be
ideal for all countries. Flexibility is one of the characteristics which should
be aimed at, for problems of pollution change in character and it would be
embarrassing, to say the least, for developments to occur which were uncon-
trollable because of the existence of laws or standards which were too
rigid. This is one of the dangers of standards, and if they are set up provision
should be made for reviewing them periodically.

On the question of treatment of sewage and industrial effluents, research
work in recent years has gone a long way towards solving the problem. As
far as domestic sewage is concerned, the well-established processes are not
too costly. Even here, however, there is a good chance of major improve-
ments in efficiency being made, and research in the next few years will be
well worth following. What is needed most, however, is the application
of existing knowledge, but this must be limited by the available resources.
The position relating to industrial wastes is not quite so good, and much
further research is needed, not confined only to ways of treating existing
effluents, but embracing the possibility of altering industrial processes so
that the amount of pollution produced is diminished. Nevertheless, much
knowledge is available which could find application now, assuming that
the power and resources were available. Great benefit would accrue from
the international exchange of experience in this field.

Wise pollution control necessitates scientific knowledge of aquatic life
in rivers, lakes, and estuaries, and of the effects of various conditions upon
it. Much work on this subject is going on; it should be encouraged. It
should lead to a better understanding of what is required to maintain rivers
in a given condition, and upon that knowledge sounder policies can be
built. In all this, international co-operation is possible and would be
advantageous.
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RItSUMIt

La pollution des eaux de surface en Europe represente A la fois un probleme inter-
national et une serie de problemes nationaux. Plusieurs pays sont interesses au cours
de chacun des grands fleuves descendant des Alpes et A celui de certains de leurs affluents;
de nombreux autres pays, au contraire, ont chacun des reseaux fluviaux qui leur sont
propres, qui n'appartiennent a aucun grand bassin hydrographique et sont separes de
l'Europe centrale par des mers ou des chaines de montagnes. Les rivkres d'Europe
different entre elles par leur debit, leur volume, le climat des terres qu'elles traversent,
I'activit6 humaine installe sur leurs bords. Pour certains pays, la pollution est un pro-
bleme grave, qui doit etre resolu d'urgence; pour d'autres, il n'a qu'une importance
locale; pour quelques-uns enfin, it n'existe pratiquement pas.

L'auteur expose les resultats d'une enquete effectuee sous les auspices de l'OMS
dans 18 pays europeens. Apres avoir passe en revue les divers facteurs qui determinent
la pollution, consequence directe de l'industrialisation et de l'augmentation de la densite
de la population, l'auteur decrit les conditions r6gnant dans les pays ayant participe
a l'enquete. Il examine les conditions geophysiques et climatiques, la distribution de
la population et des industries, les sources d'approvisionnement en eau de consommation,
le traitement des eaux usees et residuelles, les recherches effectuees par les instituts
specialis's, les legislations en vigueur. De cette enquete se degage l'extreme diversite
des lois, des organismes de controle de la pollution, des responsabilites et du financement
des travaux de purification, de l'interet que le public et les autorites portent A ce probleme.

La tendance actuelle est A l'etablissement d'autorites fluviales regionales, et non plus
communales, comme c'est encore souvent le cas en Europe. Le principe en vigueur
en Angleterre des le milieu du xmxe siecle deja, ou un conseil a ete charg6 de sauve-
garder la salubrite de la Tamise et de ses affluents, principale source d'eau de la ville
de Londres, tend a se generaliser en Europe. Des legislations, dans certains pays tels
que l'Allemagne, la Suede et la Suisse, essaient de concilier les interets apparemment
contradictoires qui font de ce probleme d'hygiene publique un des plus complexes qui
soient. La situation est tres grave dans certains pays, et les erreurs commises dans le passe
sont souvent irreparables. Les pays actuellement en expansion economique doivent profiter
des experiences faites par ceux qui les ont precedes. II s'agit de prevoir et de parer aux
risques, avant que la situation soit trop grave pour etre amelioree. I1 faut veiller d'autre
part A ne pas edicter des reglements trop rigides, de ce fait trop vite caducs. De nouveaux
problemes surgissent constamment. Parmi les plus recents it faut citer l'entrainement
par les eaux de ruissellement des insecticides pulverises sur les cultures, qui peuvent
empoisonner des cours d'eau, l'emploi - encore peu d6veloppe en Europe il est vrai -
des broyeurs m6nagers d'ordures qui changent la composition des egouts, et celle de
detergents synthetiques qui, n'etant decomposes par aucun des procedes courants,
peuvent finalement passer dans l'eau de consommation.

Sur le plan technique, l'epuration des egouts domestiques est pratiquement resolue,
pour autant qu'existent les moyens de financer les installations. Quant aux eaux r6si-
duelles de l'industrie, la question de leur elimination n'est pas encore aussi avancee.
11 ne suffit pas de mettre au point des proced6s satisfaisants d'elimination des eaux
residuelles, mais il faut prevoir des methodes de fabrication qui diminuent le volume
et la toxicite des dechets. La recuperation de tous les produits possibles est l'une de ces
methodes.

Les conditions regnant en Europe sont trop diverses pour qu'il soit actuellement
concevable d'etablir des normes de qualite des effluents applicables a tous les pays.
Cependant il serait souhaitable que les normes de qualite dans tous les pays soient
exprimees d'apres les resultats de tests comparables. Il y aurait lieu, en particulier, de
remplacer les tests empiriques executes selon diverses variantes par des tests plus stricts
donnant des resultats comparables d'un pays A l'autre.
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Dans la lutte contre la pollution des eaux, qui est une menace grave pour tous les pays
en voie de d6veloppement, I'OMS, plus particulierement son Bureau regional pour
l'Europe, assure son aide par l'organisation de colloques, la publication d'etudes sur
ce sujet et l'echange d'informations. Cette action tend a encourager les activites nationales
A etablir des normes, pas necessairement identiques, mais d'un meme niveau d'exigence.
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