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SYNOPSIS

This paper discusses pollution of ground water in 20 countries of
the European region, giving for each an account of the geology and
hydrogeology, water supplies, the extent and nature of ground water
pollution, and the legal, administrative, and technical means of con-
trolling that pollution. For the countries not considered in the pre-
ceding article on surface water pollution, an account is also given of
the superficial physical features, rainfall, population, and industries.
A general discussion follows of such questions as the ways in

which ground water pollution may occur, the factors mitigating or
aggravating pollution, and ways of protection against pollution. The
authors consider that the problem of ground water pollution in
Europe may well be more serious than it would appear to be on
the evidence so far obtained.

This report on pollution of ground water in Europe is the natural
complement to the preceding article on surface water pollution. A question-
naire was sent out by the WHO Regional Office for Europe to countries
within the region, and the replies received contain much information on
sources of ground water, the extent to which it is used, the degree of pollu-
tion, and the nature of the measures taken to prevent pollution or to
safeguard supplies by treatment.

As in the preceding paper, the countries covered are dealt with in the
order of decreasing population density. Some duplication of information
has been inevitable, but where possible, this has been avoided by referring
the reader to the appropriate pages of the preceding paper for such essential
background information on the countries as area, relief, rainfall, vegetation,
drainage, population distribution, and industries. For the countries not
included in the survey of surface water pollution-Austria, Luxembourg,
Morocco, and Tunisia-this information has, of course, been given here.
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GENERAL

Hydrological Cycle

Rainfall is the main source of replenishment of ground water. It is
subject to loss by evaporation, which may return a high proportion of the
precipitation to the atmosphere, especially where rainfall is low in the
warmer regions of southern Europe. In the cooler regions of the north
the amount evaporated is less. The remaining rainfall is dispersed either
by drainage over the surface to streams where the ground is impermeable,
or by soakage into permeable ground.

Rainfall which is taken into the ground must first saturate the soil
before it gravitates through an intermittently saturated layer to the deeper
zone of permanent saturation in which it accumulates before flowing to
natural outlets. It is the ground water from this zone of permanent satura-
tion which supplies wells and the majority of springs, although some of the
latter can be fed from the layer above the permanently saturated zone.

Storage and Movement of Water in Rocks

The storage, availability and chemical character of water in the ground
are determined in turn by the porosity, permeability and chemistry of the
rocks.

Unconsolidated rocks, such as clay, sand and gravel, vary little in
porosity, provided that they are of uniform grain, but their permeability
or capacity to yield water is greater where the inter-connecting spaces are
larger. Even-grained gravels are, therefore, better producers of water than
sands, and these in turn yield water more readily than silts or clays. Con-
versely clays, by filtering and delaying the movement of water, are least
likely to allow the transmission of organic pollution. They may also retain
some inorganic polluting substances by adsorption or base exchange.

Hard consolidated sedimentary rocks such as sandstone and limestone,
and igneous rocks such as granite, store water mainly in joints or other
cracks, and movement of water depends on the size of these fissures and
the extent to which they are inter-connected. As water may be carried
quickly over considerable distances through the larger fissures, without
being naturally filtered, polluting matter may be borne with it.

The pure silica rocks do not modify rain water to any great extent as
it passes through them, with the result that it generally remains soft and
has a low content of dissolved solids. Water that has passed through clays
is more likely to contain a larger amount of dissolved solids. Limestone
and gypsiferous rocks impart hardness to water, iron-stone may make it
ferruginous, and peat preduces acidity.
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Definition of Pollution

For the purposes of this report, ground water is said to be polluted
when its composition is altered, 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 used in its natural state. This includes mixture with
sea water caused by man's activities.

In practice, the changes in composition are generally the appearance of
harmful bacteria or other organic matter, including gases, or an increase
in the mineral salt content.

Sources and Causes of Pollution

The main sources of pollution of ground water are domestic sewage
and soluble refuse, industrial effluents and soluble wastes, other liquids
accidentally spilled, highly saline water originally trapped in the rocks,
and sea water.

In most cases pollution from domestic or industrial sources is due to
(a) effluents being disposed of into the ground, or into watercourses, without
treatment adequate to the circumstances, (b) sites for disposal being badly
selected in relation to the position of aquifers or to the direction of ground
water flow, (c) sites for abstraction of water being badly chosen, and
(d) wells being badly constructed. Sea water pollution is generally due to
overpumping.

Influence of Geology on Spread of Pollution

Where surface waters are received into highly permeable rock extending
from the surface, their percolation downwards to the water-table may be
rapid, and their subsequent dispersal in the direction of ground water
movement may be both rapid and extensive. The time taken for these
vertical and horizontal components of movement will be increased with
diminution in size of pore connexions and with a decrease in the size and
inter-connexion of fissures. Movement through clays may be retarded to a
few millimetres per day, and, in the extreme, flow through unfissured,
compact, hard rock may be negligible.

It is obvious that the greatest risk of spread of polluting liquids is in an
area of coarse, open, or very broken rocks. Here the first defence of ground
water supplies must be to prevent the disposal of any soluble polluting
substances or liquids on the intake area. Natural protection from local
pollution can be obtained where the water-bearing strata are covered by
an extensive, unbroken spread of clay. Between these two extremes of
texture at the surface, pollution is always possible and precautions are
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necessary to minimize disposal of any polluting substances over the intake
area. Some measure of natural purification may assist but may not eliminate
the need for treatment of water drawn from the underlying strata.

Apart from the texture of the rocks, their structural disposition in the
field may also influence the continuity and direction of ground water flow,
and therefore of spread of pollution. For example, the dip of the measures
may direct the flow of pollution towards a well; a fold may divert it; a
fault may arrest it. Other structures, such as unconformities, may be the
unsuspected cause of spread of pollution.
A knowledge of the direction of ground water movement, which does

not always coincide with the direction of surface drainage, has in many
instances enabled potable ground water supplies to be drawn from areas
in which polluting liquids were being disposed of into the ground.

GROUND WATER CONDITIONS IN SOME COUNTRIES
OF EUROPE a

The Netherlands

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 852 and 853.

Geology and hydrogeology

Nearly the whole surface of the Netherlands is covered by Quaternary
deposits, which increase in thickness from zero in the south and east to
300 m in the north. They consist of a succession of glacial deltaic sands
and gravels with marine clay intercalations (Pleistocene) overlain in the
lower ground of the north-west by fine-grained alluvial sands, clays, and
peat (Holocene).

Very fine sands, clays, and loams (Tertiary), exposed in the east and
in places along the Belgian border, dip under the Quaternary deposits.

Still older rocks, mainly sandstones and limestones, are exposed locally
in the east and south.

Forming a belt up to 5 km wide and reaching heights of 60 m, sand
dunes are important sources of fresh water, which acquires hardness from
shell fragments in the sand. In the low-lying polder land east of them,
brackish and salt waters are found at shallow depth.

In the eastern parts of the country, the sandy Pleistocene and Tertiary
deposits are valuable sources of ground water, particularly where it can be
obtained from coarse sands near areas of infiltration and also where it can
be reached under pressure below the brackish layer of water under the

a The countries are dealt with in the order of decreasing population density.
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polder land. As a rule, the sands are too fine-grained to yield water on
any large scale but are widely used in rural districts. The chemical character
of water in the Quaternary deposits is determined by the surface conditions
of the infiltration area, by the nature of the deposits through which the
water passes, by the presence of salt water trapped in the strata during
their deposition, and by the proximity of the sea.

Fluorine in excess of 1.0 mg/i is recorded in waters from the Eocene
where the source may be in glauconitic phosphatic nodules containing
fluorapatite.

Locally, the older sandstones in the east and limestones in the south
yield good quality water at or near their outcrop.

Water supply

About 86% of the population are served by public water supplies. The
volume of water provided daily in this way averages 921 000 m3, of which
76.5 % is ground water, including 23 % from the dunes. Some of the dune
water is surface water which has been artificially introduced into the ground.
About 21 % of the public supplies are used exclusively for industrial pur-
poses. A volume of ground water exceeding this amount is drawn privately
from wells at paper mills, blast furnaces, steel works, ice factories, and
fish preserving works.

Amsterdam and The Hague draw their supplies from wells and galleries
in coastal sand dunes. As this supply is not adequate, it is being augmented
by charging the dunes with pre-treated water brought by pipeline from the
Rhine. Artificial replenishment is also used for the supply of Leyden.
Here, water which has drained into the polder land is returned without
treatment into the dunes. Surface and river waters are used without pre-
treatment for the replenishment of aquifers at a few other places.

Pollution

With the exception of saline infiltration due to overpumping, pollution
of ground water for public consumption is practically unknown. As the
salt water pollution is generally drawn from layers below the fresh-water-
bearing formations, adjustment of water levels can be made to prevent the
water becoming non-potable.

Treatment

The iron, manganese and ammonia contents of most ground waters
are too high, and they are each reduced below 0.1 mg/i by aeration, filtra-
tion and addition of chemicals in exceptional cases. Some aggressively
soft waters are neutralized by aeration, filtration over chalk, or addition
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of lime. Purification by chlorine or other chemical reagent is rarely practised
in the Netherlands.

Control and legislation

Public health inspectors are responsible for preventing pollution of
ground water. Their task is assisted by central legislation, town and country
planning measures and by laws preventing certain installations becoming
a nuisance. The Government Institute for Public Health, Utrecht, analyses
samples of ground water drawn privately for domestic use but does not
have legal powers to control the use of any contaminated supply.

Overpumping is not controlled by law although precautions are taken
by waterworks authorities to avoid excessive lowering of water levels
where this might lead to saline infiltration.

The Government Institute for Water Supply at The Hague acts in an
advisory capacity to the government, municipal and provincial authorities
and private persons. The Institute publishes the results of some of its
studies. Hydrogeological surveys are made by the Agricultural Experiments
Station and Institute for Soil Science T.N.O., together with the Geological
Institute, the Archives for Ground Water Levels T.N.O., and the Govern-
ment Institute for Water Supplies.

Belgium

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 856 and 857.

Geology and hydrogeology

The northern half of the country consists mainly of clays, sands and
pebble beds (Eocene to Pliocene), overlain in the north-east by fluvio-
glacial sands, gravels, clays and loess (Pleistocene), with fine sands and
clays (Holocene) along the coast, where there are also sand dunes. The
Tertiary strata rest on limestones, sands and sandstones and interbedded
clays and sands (Cretaceous), some of which have been folded into gentle
synclines.

Coal measures and limestones (Carboniferous) predominate in the
Sambre-Meuse valley, where they are folded with older Palaeozoic rocks.
South of this depression High Belgium is formed of strongly folded, faulted
and metamorphosed Palaeozoic rocks, mainly slates, quartzites, sandstones,
limestones and shales. In the extreme south is an area of sandstones,
limestones and shales (Jurassic).

Limestones (Devonian, Carboniferous and Cretaceous) are important
as aquifers on the flanks of the Sambre-Meuse valley, where they also
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give rise to powerful springs. Sands (Eocene) are of particular value in
the Flanders plain. Alluvial and terrace gravels are of importance in the
valleys.

In general, these water-bearing strata are protected by natural cover,
for example, the Cretaceous limestones are widely covered by up to 10 m
of loess in the east.

Water supply

About 70% of the total population is provided with a public supply.
Three agglomerations-Antwerp, Verviers, Eupen-are served by surface
water, otherwise the public supplies are derived mainly from underground
sources. The proportion of the population using ground water from private
or public sources exceeds 91 %.

Public supplies of ground water are nearly 600 000 m3 daily, of which
about 500 000 m3 are for domestic needs. The remainder is provided for
industrial purposes. It is estimated that another 100 000 m3 daily are
drawn privately for domestic use and 250 000 m3 for industry. Agricultural
demand requires 170 000 m3 daily.

The Geological Department has estimated that the ground water
resources will be fully developed by provision of public supplies to the
remainder of the population. Any further increase in supply may have to
be made from surface sources.

Pollution

Supplies are generally obtained from areas which are not highly in-
dustrialized and from aquifers which are deep enough to afford some
natural protection. Accidental pollution is rare in sandy aquifers; never-
theless, many of them are safeguarded by zones of protection. Limestones
are more liable to pollution, for example, following heavy rainfall, snow
melting or overflow of rivers. Special measures have been taken in certain
limestone areas to prevent seepage of polluted water from rivers. For
instance, some have been diverted or their bed has been concreted. Pro-
tective zones have been established in several areas, for example, the catch-
ment of the water supply of Modave (carboniferous limestone), which has
been cleared of houses. Access to the protected zones is generally denied
to the public.

Serious and widespread pollution has not taken place during the last
ten years.

Pollution from trade effluents discharged over the surface of the ground
has not been proved.

Salt water pollution occurred in a sand dune area following excessive
pumping, otherwise it is rare.
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Private wells in superficial deposits are exposed to pollution from residual
waters and many of them yield water of doubtful purity.

Soakaway cesspools are not allowed within the radius of 50 m of a
drinking-water source.

Treatment

Treatment varies; for example, the company which supplies the capital
and its outskirts, as well as many of the towns of Flanders, chlorinates
all the water distributed, whereas the company which supplies the rural
areas and smaller towns chlorinates 37% of its supply, although it treats
in some manner 65% of the water. Treatment found to be necessary in
some localities includes aeration, filtration, iron removal and neutralization.

Control and legislation

No special legislation exists for the control or prevention of pollution
of ground water nor is any special authority charged with prevention of
pollution.

The water distribution authorities inspect their own protection zones
and are responsible for maintenance of purity of supplies.

Communal authorities have the right to close public wells which have
been proved to be a source of polluted water. Inspectors of the Ministry
of Public Health intervene when cases of pollution of private wells are
brought to their notice.

Throughout the country new abstraction of ground water is controlled
by the Ministry of Economic Affairs advised by the Geological Department.
This measure of control is designed to prevent exhaustion of the ground
water reserves and to prevent pollution by indiscriminate pumping. The
National Society for Distribution of Water has been charged, among
other things, with drawing up an inventory of water resources.

United Kingdom

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 861 and 862.

Geology and hydrogeology

Crystalline schists and gneisses, and indurated and metamorphosed
sediments (Pre-Cambrian and older Palaeozoic), in which are igneous
rocks, form the bedrock of most of Scotland and Wales and parts of Nor-
thern Ireland and north-western England. The impermeable nature of the
formations, hilly topography and high rainfall combine to produce condi-
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tions favourable for impounding reservoirs and many have been built in
these northern and western regions. In the Midlands and in the east and
south of England younger sandstones and limestones, alternating with
impermeable clays or marls (Permian to Cretaceous), form synclines or
other structures in which the permeable rocks hold water and are readily
replenished. Rainfall is lower in eastern England and both geology and
topography are ill-suited for impounding reservoirs.

The most important source of ground water is the chalk (Cretaceous),
a soft fissured limestone, which provides about a third of the total ground-
water supply. Bunter sandstone (Trias) and sandstones of the coal measures
(Carboniferous) together provide another third. In the other formations
the principal aquifers are limestones and sandstones. Superficial glacial
and alluvial deposits are now little used for public supply, although domestic
supplies are drawn from them in some rural areas.

Quality varies greatly from excessively hard waters in the dolomitic
Magnesian limestone (Permian) to the very soft waters of some quartzose
sands and of certain limestones in which the waters have been softened by
natural base exchange under cover of clays and sands. Fluorine up to 5 mg/l
has been detected in waters from a small number of localities.

Water supply

Upwards of 95% of the population have a piped supply. The total
provided by public water undertakings is estimated at over nine million
cubic metres daily, of which about a third is drawn from wells. A similar
amount of ground water is pumped privately for industrial, agricultural
and other uses.

The central lowlands of Scotland are supplied from natural lakes or
impounding reservoirs. Farther north, supplies are drawn from rivers. In
the north-east and south-east, wells and springs are the main sources of
supply.

In Wales are many impounding reservoirs from some of which supplies
are piped to English cities. Supplies are also drawn from rivers and disused
mines. Springs and wells provide relatively small amounts of water.

Ground water is extensively used in Northern Ireland.
In the northern part of England the principal sources of supply are

impounding reservoirs. Elsewhere, intakes from rivers are important.
Ground water is widely used in the central and south-eastern half of the
country.

Pollution

Owing to the high standard of quality maintained for public supplies,
their pollution has been rare in recent years and then only because of
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human failure to maintain prescribed treatment. Isolated private and
industrial well supplies have been polluted with industrial effluents or, in
rural areas, with sewage effluents. Most instances have been in areas of
shallow gravel or fissured limestone.

Treatment

Great care is exercised in the choice of sites for the development of
ground water supplies so as to avoid their pollution. Ground water supplies
for public use are generally given treatment with chlorine as a precautionary
measure.

Control and legislation

Powers to prevent pollution of water are given in Sections 18 and 21 of
the Water Act, 1945. These allow bye-laws to be made, give the right of
inspection, and prescribe penalties. So far, the powers have not had to be
used. Individual water authorities are responsible for arranging that
regular bacteriological and chemical analyses are made and for maintaining
a wholesome supply. Should a municipal supply be polluted, its treatment
must be approved by the Ministry of Housing and Local Government. This
Ministry has powers to close a polluted source.

Since the Water Act of 1945, new abstraction of ground water within
certain parts of England and Wales is controlled by a licensing system
operated by the Ministry of Housing and Local Government, which is
responsible for the conservation and proper use of both surface and ground
waters.
A survey of ground water resources is being made by the Geological

Survey, which also carries out ground water research.

Federal Republic of Germany

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 873 and 874.

Geology and hydrogeology

In the extreme south, clays, limestone and sands (Tertiary) form the
northern flanks of the Alps. Northwards, they give way to limestones and
clays (Jurassic). An area of marls, limestones and sandstones (Trias)
extends to the North German plain. These Triassic deposits are interrupted
in places by faulted blocks of ancient gneisses and eruptive rocks in the
south, by Devonian limestones and slates in the north and by younger
marls (Tertiary) and limestones (Cretaceous) in the Munster plain.
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The North German plain consists of Tertiary strata, predominantly
sands and clays. These are overlain by glacial deposits-loess, gravel,
sand and clay-and in the extreme north the glacial deposits are overlain
by alluvium. The Rhine flows in a rift valley in which alluvium rests on
glacial sands and gravels which in turn have been deposited on Miocene
sands, limestones and sandstones.

By far the most important sources of ground water are the glacial
gravels. Tertiary sands are used locally. Elsewhere the principal sources
of water are Devonian and Jurassic limestones, several of which form
karst land, and sandstones.

At various places, for example in Lower Saxony, the ground water has
a high sodium chloride content.

Water supply

In 1952, the total daily water consumption of public waterworks and
industry averaged about 19 000 000 m3 of which 8 000 000 m3 were provided
by public works. About 6 300 000 m3 of the public supply were used for
domestic purposes. The greater part of the privately owned industrial
supply was ground water, as was 75 % of the public supply. About half
the latter was ground water derived from artificial infiltration of surface
water.

Pollution

The composition of water from the karst formations cannot always be
regarded as satisfactory since it is known that bacteriological contamination
is washed into it by heavy rainfall and carried considerable distances, for
example, 10 km within a few hours. Surface pollution of the Quaternary
gravels is rare where they are protected by ground moraine or by loess.
Ground water moves in the gravels at a rate of about 1 km in a year.

For some years there has been an increase in the number of cases in
which aquifers have become unusable, or in which the quality of water has
deteriorated, because of chemical or bacteriological pollution.

Treatment

In a number of waterworks drawing ground water, the high content of
iron, manganese, hardness and carbon dioxide makes treatment necessary.

Water from rivers, lakes or canals is introduced into the ground to
augment ground water supplies for many communities. As it is liable to
contain suspended matter and to be polluted, it is generally treated by
flocculation and sedimentation or filtration before it is passed to infiltration
basins. After it has been drawn from the ground, it is rarely treated except
by being given a precautionary dose of chlorine.
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Control and legislation

Health officers or public health boards are responsible for supervising
public and private water supply works and for advising on the construction
of the former, but regulations do not exist for the prevention of pollution.
Laws are now being drafted. There are no restrictions at present on the
abstraction or use of ground water.
A hydrological working group attached to the Ministry of Industry is

charged with the collection of data on ground water. Two gas and water
associations compile statistics and have committees which discuss technical
and scientific problems and public reports.

Italy

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 881 and 882.

Geology and hydrogeology

The Alps are formed of a variety of rocks-mainly schistose and crys-
talline in the west and calcareous and dolomitic in the east-faulted,
distorted and displaced in a complex manner. In the Apennines the rocks
are less intensively folded and consist mainly of soft sandstones and clays
(Tertiary) in the north, limestones (Trias to Cretaceous) in the centre, and
limestones, sands and clays (Trias, Cretaceous and Tertiary) in the south.
The range continues into the " toe " of Italy as granites, crystalline schists
and gneisses. A belt of volcanic rocks lies along the west coast. The
Adriatic coastal strip is composed almost entirely of Pliocene clays. Coastal
clay deposits also flank the Apennines in places in the west. Alluvial
deposits extend over the northern plain and are bordered on the north by
a wide belt of glacial clays, sands and gravels. Glacial deposits are also
found locally in peninsular Italy. In the high schistose-crystalline areas of
the Alps underground circulation of water is limited. In the calcareous
areas of the southern and central Apennines and in the volcanic regions
considerable quantities of water flow from springs at the junction with the
marginal clays. Pliocene gravels and sands are valuable sources of supply
in areas around the Apennines and Sicilian mountains. Gravel deposits
are of particular value as aquifers in the northern plain, supplying springs
and dug wells.

Some waters from deep sources are highly mineralized.

Water supply

The great majority of the population is supplied with ground water
distributed by aqueducts from springs or drawn from wells. Some
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27 million of the people in the towns, 5 million of those in small communities
and 1 million of those in isolated dwellings are served by aqueducts, which
number about 8100 in all. About 60% of these are spring-fed. Only 3%
are supplied from surface waters. The ground water supply provided for
drinking purposes is of the order of 4000000 m3 per day. In addition,
several million cubic metres of ground water are pumped daily by industry.
Agricultural consumption for irrigation is estimated at about 1 000 000 m3
a day.

Pollution

As most towns are supplied by gravity from springs, and since waste
waters are discharged into the sea or to water courses not used for water
supply, pollution of public supplies is rare except where leakage takes place
between the sewerage and aqueduct networks because of their old construc-
tion and neglect.

Treatment

Waters from springs and deep wells are distributed as a rule without
treatment, but shallow well supplies and spring waters which do not have
an adequate zone of protection are chlorinated as a routine measure. Turbid
waters draining from some limestone springs are filtered before chlorination.

Control and legislation
Responsibility for water purity is vested in health authorities, provincial

medical officers and local health officers. The latter carry out frequent
sampling for analyses. Standards for purity set by health authorities are
maintained for public supplies but control of private supplies is not always
effective.

Approval from a health authority is required before water can be
pumped to an aqueduct; otherwise abstraction of ground water is not
controlled.

No central organization exists for the study of ground waters but local
investigations have been made in connexion with aqueduct and irrigation
schemes.

Switzerland

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, page 885.

Geology and hydrogeology
The Alps consist of crystalline rocks, slates and shales, with belts of

limestone in the north and south. All are folded into a complex mass.

9
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The Jura mountains are built of limestones, sandstones, shales and
clays (Trias to Pliocene). In this series limestones predominate, many of
them folded and broken.

Both the Alps and the Jura have contributed to the deposits forming
the plateau. These are conglomerates, sandstones and clays (Miocene to
Pliocene).

Glacial deposits occur both in mountain valleys and on the plateau.
Glacial and alluvial sands and gravels are the most important aquifers.

These are particularly valuable in the main valleys, where they rest on
bedrock below the level of stream erosion. Yields from the gravels are
greatly increased in places by infiltration of river water, naturally or artifi-
cially. Flow of ground water through the alluvial gravels is generally less
than 0.5-1 cm per second.

Limestones in the Jura mountains, conglomerates in the plateau and
limestones and igneous rocks in the Alps are used locally as sources of
water. Springs are more commonly used than wells as sources of supply.

Hardness varies greatly from the soft waters of the crystalline rocks to
the excessively hard waters from the gypsiferous Trias.

Pollution

The three main sources of pollution are untreated domestic sewage
effluent disposed of by infiltration into permeable strata or discharged into
streams, industrial effluents from infiltration pools or non-watertight
water courses, and solid wastes-such as domestic refuse and various
wastes from industrial processes-reached by rain water which soaks into
the ground. In one instance infiltration of effluent from a sugar refinery
was found to have extended throughout a zone 1 km wide and 4.5 km long.

The effects of pollution on ground waters have included increase in
carbon dioxide content, increase in iron and manganese, decrease in oxygen,
formation of unpleasant smell and taste, and faecal contamination.

Treatment

Ground water supplies for domestic use are rarely treated and then only
by chlorination.

Control and legislation

A Federal law of 1955, and more recent cantonal laws require measures
to be taken against pollution. The regulations can be enforced by the
cantons, which may carry out the necessary works at the expense of the
owners. A civil code safeguards the right to re-establish the original con-
ditions where a spring or underground source, used for public supply, has
been polluted or its quantity diminished.
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The standard of drinking water is maintained by regulations framed to
safeguard the quality of foodstuffs. District chemists inspect drinking
waters and have the right to prohibit their use when the quality is unsatis-
factory. Regulations are vigorously enforced.

No official organization is concerned with the survey of ground water
resources and use.

Luxembourg

Area, relief, rainfall, vegetation and drainage

Luxembourg has an area of 2586 km2. The northern third of the country
lies mainly 400-550 m above sea level, the remainder for the most part is
between 300 m and 400 m. Both areas are much dissected by deep river
valleys.

Areas of highest rainfall are in the south-west (1000 mm) and north-
west (950 mm). From these parts of the country the rainfall decreases
eastwards to 700 mm. The annual mean for Luxembourg is 850 mm.
Rainfall is spread over the months fairly uniformly with maxima in Decem-
ber and July and minima in February and March.

Although the natural cover of forest has been greatly reduced in extent,
almost one-third of the country is still wooded. The remainder is mainly
pasture and arable.

Except for a small area in the south-west, the whole country is drained
to the Moselle in the east and thence to the Rhine. The principal river is the
Sfure (163 km) which rises in Belgium. The rivers are not suitable for
navigation or power generation.

Population distribution and industries

The greater part of the population of 310000 is concentrated in the
industrial south. Luxembourg, the capital, contains about 70 000 people.
About half the people live in communities of over 5000 inhabitants. The
rural population is well spread over the country, characteristically in
villages or hamlets. Only about 1% of the total live in groups of less than
20 persons.

Raising of live-stock, arable farming and vine-growing are the principal
occupations. Industrial activity is dominated by the mining of iron ore,
production of iron and steel and other sections of metallurgical work.
Other industries include leather working, manufacture of textiles and
china, brewing and tobacco processing.

Geology and hydrogeology
The high northern plateau is composed of intensely folded Lower

Devonian slates, grits and quartzites. The basin of Triassic rocks occupies
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the central area. The lowest members of this group-the Bunter sandstone,
and the Muschelkalk which consists of sandstones, marls and shaly lime-
stones-stretch across the country immediately south of the Devonian rocks
and also along the south-eastern border. They are overlain by Keuper
clays and marls and these, in turn, by a south-westerly-dipping succession of
Jurassic rocks. The lowest of these is the Luxembourg sandstone (Lower
Lias), succeeded upwards to the south-west by clays, marls and shales and
near the border by oolitic ironstones (inferior oolite).
A relatively thin spread of sand and gravel occurs on the high ground

over much of the centre and south of the country. Alluvial deposits are
found in all river valleys where conditions have been suitable for deposition.

The Luxembourg sandstone, which has an extensive outcrop, covered in
a few places by beds of clay, is the principal source of ground water and
provides 80% of the public supplies of the country, either from deep wells
or from springs in the valleys. Water from this formation is hard (20°
to 30° French) with a fluorine content of 0.03-0.05 mg/l. Some water is
obtained from Bunter sandstone.

Water supply

With the exception of the capital and a few of the towns, which have
independent waterworks, the public supply in the industrial and rural
areas is distributed by two syndicates, one serving the north, the other the
south. Over 98 % of the people are provided with ground water supplies
through public services. The daily consumption of ground water is about
45 000 m3 for domestic purposes and 10 000 m3 for industry. Very little is
used for agricultural purposes and practically none for irrigation. Blast
furnaces, which require vast quantities of water, rely for the most part on
rivers for their supply. To supplement the ground water supply an impound-
ing reservoir is being constructed in the upper valley of the Sfure.

Pollution

Ground water is of high bacteriological quality and rarely requires
purification.

Treatment

Portable chlorinating plants are used where treatment is necessary.

Control and legislation

A special branch of the Ministry of Public Health, responsible for the
purity of drinking water, has power to prohibit the discharge of highly
polluted matter on to the ground and to prescribe methods of purification.
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Permission from this Ministry is required before water can be abstracted
from a new source. The Ministry can also forbid the use of existing wells
and springs.

Study of ground water problems is being made by the Geological Branch
of the Department of Bridges and Roads.

Denmark

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 890 and 891.

Geology and hydrogeology

Practically the whole country is covered by glacial deposits-boulder
clay, sand and gravel-which attain a maximum thickness of about 180 m
in the end moraine.

Shallow bedrock in the north and east consists of limestone (Cretaceous).
Elsewhere the bedrocks are mainly deposits of clay (Tertiary), in which are
layers of sand and marlstone.

The principal water-bearing strata are the glacial sands and gravels,
the Cretaceous limestones and the Tertiary sands.

Waters with a hardness in excess of 30° German, or with total solids of
more than 1000 mg/l, are considered unfit for domestic use.

Water supply

Over 75% of the population are provided with public supplies, the
remainder from dug wells. Practically the whole population is served by
ground water.

The total consumption of ground water for domestic purposes is esti-
mated to be 650 000 m3 daily.

Pollution

Pollution of public supplies is rare as the water is generally obtained by
deep boreholes from aquifers protected by clays.

One case of pollution of a town's supply has been recorded. This was
due to discharge of a factory effluent into ditches on the outcrop of a sand
from which the ground water was being drawn.

In several coastal areas saline water has infiltrated as a result of over-
pumping.

The quality of water obtained from shallow dug wells has been unsatis-
factory in many instances, because of sites having been badly chosen in
relation to sources of surface pollution and because of faulty construction
of wells. As a rule boreholes or dug wells must be at least 50 m distant
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from cesspools which have an overflow. Discharge from water closets to
overflowing cesspools or sub-surface irrigation drains is generally forbidden,
but permission may be given in special circumstances. Among the condi-
tions for exemption are that the water supply is taken from a public water-
works and that the outflow from the water closet is first passed through a
septic or Imhoff tank. Other conditions are that cesspools must be at least
300 m distant from boreholes used to provide drinking water and that the
distance between the cesspools must be not less than 75 m.

Treatment

Sterilization of public supplies before distribution is not found to be
necessary. Excessive iron or manganese is removed by aeration and rapid
sand filtration. At some waterworks sulfuretted hydrogen, methane or
aggressive carbon dioxide are removed by aeration.

Control and legislation

Permission has to be obtained from special courts before ground water
can be drawn for public or industrial supply. Allocation is made on the
basis of fixed amounts depending on the local availability. The act under
which this control is exercised by the Board of Health of the individual
municipalities contains provisions to prevent pollution of ground water
and these are effective. Bacteriological and chemical analyses of public
supplies are regularly made. Private supplies from dug wells are not subject
to control or inspection.

Investigations into available ground water resources are made by the
Danish Academy of Technical Sciences, and detailed hydrogeological
studies are made by the Geological Survey.

Portugal

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 893 and 894.

Geology and hydrogeology

In the south the predominant rocks are sandstones, limestones and
dolomites (Silurian, Devonian and Carboniferous), locally metamorphosed,
and some granites. In the north large areas are occupied by granites and
other igneous rocks with quartzites and crystalline limestones (Palaeozoic).

Younger sands, clays, marls, limestones (Jurassic, Cretaceous and
Tertiary), locally overlain by eruptive rocks, are found on the coastal plains
of the west and south. The basin of the Tagus is filled with Miocene and
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Pliocene deposits covered in places by sand, gravel, clay and limestone
(Quaternary).

The more important sources of ground water are metamorphosed rocks,
granites, Tertiary sands and limestones and Quaternary sands and gravels.
Wide areas of Miocene and Pliocene deposits are protected from pollution
by impermeable cover.

Water supply

Practically all the domestic supplies are ground water. The daily con-
sumption of water supplied by public services is 270 000 mi3, and from
private sources 80 000 m3.

Pollution

Ground waters have been polluted from time to time by infiltration from
drains discharged in the outskirts of towns and by effluents from industrial
centres. Saline infiltration has been recorded on numerous islands and in
narrow zones bordering the Atlantic.

Treatment

Most supplies are treated before distribution. The most common
treatments are softening, iron removal, filtration and chlorination.

Control and legislation

No official body is responsible for prevention of pollution. The sanitary
authorities control the quality of public supplies.

Abstraction of ground water is in no way restricted by any authority.
Except in the vicinity of the capital, ground water resources have not

been surveyed.

Austria

Area, relief, rainfall, vegetation and drainage

Austria covers an area of 83 850 km2. A dissected mountainous region,
rising to over 3700 m, occupies the south-west and centre of the country.
From this alpine area the land falls eastwards to the fringe of the Hungarian
plain.

The highest rainfall is in the alpine region, where it varies with altitude
and aspect. On the highest peaks the maximum rainfall exceeds 2000 mm.
In the deep valleys north and south of the Alps, the average is 800 to
1300 mm. On the lower ground in the north-east the average is less than
750 mm. Generally, there is a summer maximum.
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Dry grassland or steppe prevails in the north-eastern lowlands. Decid-
uous forests are found up to 1400 m and conifers up to 1900 m. Grass and
small herbaceous plants are found between this and the snow-line. Arable
land and orchard cover 22% of Austria, pasture 28 %, and forest and
woodland 36.5 %.

The entire country is drained to the Danube, which flows from Germany
eastwards across Austria and Czechoslovakia. The main tributaries, Inn
(512 km), Salzach and Enns, join the Danube in Austria; the Drava and
Mur join it in Hungary.

Population distribution and industries

The population is 6 933 905. About a quarter of this number (1 766 102)
live in Vienna. Three other towns have a population ofmore than 100000-
Graz (231 223), Linz (185 237) and Salzburg (105 439). About 3 000 000
live in villages.

Farming is important and together with forestry occupies 31.6% of the
working population. Heavy industry is confined to iron and steel goods.
Other manufactures include musical and scientific instruments, textiles,
paper and chemicals. Altogether 40% of the working population are
engaged in manufacture and handicrafts.

Geology and hydrogeology

The alpine region is composed of a variety of rock types including
crystalline schists and granites, marbles, slates, sandstones, limestones,
marls and clays, ranging in age from Archaean to Tertiary.

In eastern Austria the basin of the Danube and its tributaries forms an
undulating plain. It is formed of clays, marls and sandstones (Tertiary),
overlain by silts and marls (Quaternary) and deposits of glacial and
alluvial origin.

The Bohemian massif is mainly an Archaean crystalline rock formation.
In the Alpine region springs drain from limestones and other fissured

rocks. Otherwise, ground water is found mainly along the river valleys.
Unconsolidated deposits are of particular importance in the basins. Surface
drainage predominates in the massif, which is not an important source of
spring or other ground water. Many of the aquifers are protected by
natural cover of clay or loam.

Iron and manganese are rarely found in excess.

Water supply

Some 67% of the water supplies are obtained from springs and 31 %
from wells. The total consumption of ground water is estimated to be
about 1 000 000 m3 dailv.
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Pollution

Many instances of ground water pollution have been reported due to
disposal of sewage into the ground. These have been of local importance only
and no large area has been affected. Experience has shown that after
travel through the ground for about fifty days polluting organic substances
and bacteria have been decomposed or destroyed.

Treatment

Treatment of ground water for public supplies is rare. Spring sources
are generally safeguarded by protection zones. In some instances use is
made of treatment methods such as removal of iron, filtration, de-acidifica-
tion, softening, chlorination and ozonization.

Control and legislation
Legal provisions for control of pollution have not been effective. Regu-

lations are being re-drafted with a view to prevention of pollution.
Permission to abstract water is given under conditions prescribed by

technical and health experts.
Ground water studies are being undertaken at a number of universities

and government or other technical institutes.

France, including Corsica

For an account of the superficial physical features, rainfall, population,
and industry of the mainland of France, see the preceding article, pages 896
and 897.

Corsica

Situated in the Mediterranean off the south-east coast of France, Corsica
covers an area of 8622 km2. It has a central mountainous area and narrow
coastal plains with an indented coast on the west. Its climate is typically
Mediterranean but half the island is covered by scrub. The island is drained
by many short torrential rivers. The longest are two of those flowing
westwards.

The population, 267 971, is mainly concentrated on heights between
200 m and 900 m. The principal towns are Ajaccio (40 000) and Bastia
(53 000). Some minerals have been developed but the majority of the
population live by the tourist trade.

Geology and hydrogeology
Granites, gneisses and schists form a large part of the central plateau as

well as smaller areas in the north-west, south-west, the Ardennes and
the Alps.
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The centre of the Paris Basin is occupied by sands, clays, marls and
limestones (Tertiary). These overlie and are surrounded by limestones
(of which the chalk is the most widespread) and sands, alternating with
impermeable marly strata (mainly Cretaceous and Jurassic). Similar basins
of Aquitaine and the Rhone are extensively covered by sands and clays
(Tertiary) overlain by sands and gravels (Quaternary).

Corsica is largely formed of igneous rocks with sediments in the
north-east.

The principal areas for ground water supply are the basins in which the
main aquifers are the chalk and other limestones (Jurassic and Cretaceous),
sands (Tertiary) and alluvial deposits. In the Paris Basin particularly, the
water-bearing strata are widely protected by natural cover of impermeable
formations. Hard rock areas are generally impermeable although volcanic
rocks in the plateau are of local importance as aquifers.

Water supply

About ten million people in rural communities do not receive public
supplies of drinking water. Statistics are not available for the amount of
ground water consumed nor for the use to which it is put. It has been
estimated, however, that more than half the population provided by public
supplies depend on water from springs. Ground water is preferred wherever
possible.

Pollution

Limestone aquifers are the most liable to pollution. Some 60% of the
people living in towns with a population of more than 50 000 are connected
to sewers. The proportion sewered in communities of less than 2000 is very
small.

Treatment

Ground water supplies are generally pure, but sterilization by chlorine
is widely adopted. Some waters are treated to reduce hardness or to remove
iron.

Control and legislation

Those licensed to supply drinking water are required by an act of
1935 to supply a bacteriologically and chemically pure water. This may be
achieved by establishing a zone of protection around the source and con-
trolling access and farming activities.

Public use of ground water supplies is controlled by fixing conditions of
withdrawal and maximum abstraction from individual wells.

970



GROUND WATER POLLUTION IN EUROPE

In Paris and the three surrounding provinces the sinking of wells to a
depth of more than 80 m is controlled by local authorities. A public inquiry
is held and advice is taken from the Mines Department, which supervises
the work.

The right of a landowner to draw ground water within his own prop-
erty is not restricted but the supply is subject to supervision by sanitary
authorities.

No organization is responsible for a general survey of ground water
resources, use of aquifers or purification measures.

Greece

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 904 and 905.

Geology and hydrogeology

A block of hard crystalline metamorphic rocks (Archaean), consisting
mainly of schists, gneisses and marbles, dominates the east and north of the
country. The folded mountains of the west and south contain two major
groups of rocks-limestones and marbles (Cretaceous) along the coast, and
sandstones, marls and shales (mainly Eocene) parallel to them. Subsidence
has produced basins now occupied by limestones (Pliocene) or sands and
clays (Holocene and Pleistocene).

Alluvial deposits and other unconsolidated Pleistocene deposits are at
present the most important sources of ground water supplies. Tertiary
sediments are also of value. Limestones as a rule are not found under
structural conditions favourable to the natural storage of water under-
ground, although they give rise to powerful springs near the coast.

In many areas Quaternary and Tertiary sediments are covered by
impermeable strata which prevent ingress of pollution, but the karst areas
of limestones are not protected.

Water supply

Some 85% of the population depend on ground water. Athens is
supplied from a reservoir, Larisa from a river, and several small communities
from rain water cisterns.

Daily consumption of ground water for domestic use is estimated at
400 000 i3. The volume used by industry is small. Some 650 000 000 m3
are used annually for irrigation.

In a few regions winter irrigation is practised in order to replenish soil
water for agricultural purposes.
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Pollution

Seepage of surface water or domestic sewage on the ground and in
cesspools has caused pollution especially where the source of supply is in
or below villages. This is accentuated in areas of highly fissured rocks.
Overpumping in some coastal districts has caused saline infiltration.
A systematic survey of the water supplies of the country is being made

by the public health service to determine the extent of ground water pol-
lution.

Treatment

As a rule, ground waters are not treated before being supplied to the
public, except for chlorination which is used in several instances. Certain
industries and the railways soften water for their special uses.

Control and legislation

The ministries of public works and of social welfare are responsible for
the enforcement of laws dealing with protection of ground water and
disposal of sewage. Action has been confined to special cases.

Public supplies are subject to chemical and bacteriological tests.
Pumping of ground water can be restricted by existing legislation where

it is necessary to safeguard the quantity or quality of a public water supply.
A special section of the Institute of Geology and Sub-surface Research is

undertaking research in connexion with water supplies and irrigation.
Water level fluctuations and certain spring flows are being measured by
hydrological sections of the ministries of public works and of agriculture.
Chemical examinations of ground waters are made by the Geological
Research Division of the Ministry of Industry and the bacteriological and
chemical quality of drinking water is tested by the public health service of
the Ministry of Social Welfare.

Spain

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 906 and 907.

Geology and hydrogeology

The centre of western Spain is occupied by a mass of crystalline rocks,
quartzites, slates, limestones, breccias and tuffs (Archaean, Cambrian and
Silurian). Metamorphic and igneous rocks occur also in the Pyrenees, and
in south-western and southern Spain. Layered against these older rocks, in
fairly regular order and sequence, are limestones, marls, clays, sandstones
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and conglomerates of the Trias, Jurassic and Cretaceous, overlain by marls,
sandstones and conglomerates (Eocene and Miocene) in the river basins.
These Tertiary strata occupy about one-third of the country. Quaternary
sands and gravels are found at the foot of some of the mountain ranges and
in the main valleys.

Despite the wide variety of rock types and the presence of permeable
strata, ground water is scarce except in the valleys, where it is contained in
gravels overlying impermeable bedrock and along the Mediterranean coast
where artesian supplies are found, for example, in the province of Valencia.

Water supply

Public supplies are available to some 40% of the houses. Isolated farms
and villages as a rule do not have a piped supply. About 25 % of the total
population rely on ground water supplies. Drinking water is scarce in the
Ebro basin, where the springs are brackish. Rain water is extensively
collected and stored in surface reservoirs which have been built on natural
clay foundations.

Pollution

Pollution of rivers after heavy rainfall following prolonged dry spells is
liable to be considerable in the vicinity of towns, as the storm water is
rarely treated. Rivers in the Basque provinces are heavily polluted by
waste from paper mills. The river Oria carries a high proportion of indus-
trial waste. In regions of river water contamination, ground water in the
valley gravels is liable to pollution.

Treatment

Ground waters are generally treated with chlorine or chloramine.

Control and legislation
Provincial medical officers are responsible for analysing water and for

preventing its contamination, but owing to lack of facilities existing legisla-
tion is difficult to enforce.

Certain sections of provincial institutes of hygiene have power to control
the quality of domestic water supplied from wells and, through the governors
of the provinces, to request that they should be closed where necessary.

Ground water resources and uses are not surveyed at present.

Republic of Ireland

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 908-910.
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Geology and hydrogeology

Limestone (carboniferous) is the predominant rock in Eire. It underlies
most of the central plain and is found folded with older rocks in the moun-
tainous regions. The north-western area consists mainly of metamorphic
schists and gneisses with granite intrusions. On the west coast the moun-
tains are formed of limestones, grits and shales (carboniferous). In the
south-west older grits and quartzites (Old Red Sandstone) predominate.
In the east, limestones, sandstones and shales (Cambrian and Ordovician)
are associated with masses of granite and other igneous rocks as well as with
carboniferous limestone.
A great deal of the country is overlain by glacial deposits-boulder clay,

sand and gravel. Moraine gravels are found at the base of the mountain
chains.

Carboniferous limestones and glacial gravels are the principal sources of
ground water. The boulder clay blanket which overlies large areas of the
limestone acts to some extent as a barrier to pollution. Artesian conditions
are exceptional.

Waters from the limestones are hard and liable to have a high sulfate
and iron content.

Water supply

About half the population depend on ground water, with a daily con-
sumption of 42 000 mi3. The other half, mainly urban dwellers, depend
upon surface waters for their supply. It is estimated that about 205 000 m3
are drawn from such sources daily. Industrial consumption has been
estimated as exceeding 9000 m3 per day. The largest individual ground
water supply for domestic purposes is from an infiltration gallery in gravel
which provides over 8000 m3 daily for Cork.

Pollution

No serious problems of ground water pollution have been experienced.
Analyses of ground waters are generally satisfactory both chemically and
bacteriologically. Sewage effluents from towns are seldom disposed of by
broad irrigation and never without preliminary treatment. There are many
cesspools, septic tanks and refuse dumps in rural areas which cause local
pollution. The general industrial development of the country is not heavy
or widespread and few polluting effluents are discharged in such a way as
would affect ground water. Infiltration of saline or polluted water due to
overpumping is not a problem. The quantity of water required for public
supply is small and care is taken to ensure that the spring and well sources
are situated so as to minimize the risk of pollution.
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Treatment

Water from manually operated public and private pumps is not treated.
Some public supplies are filtered through diatomaceous earth, others
through sand. Aeration is used to remove excess carbon dioxide and to
precipitate iron. Some waters are softened and many supplies are chlorin-
ated as a precautionary measure.

Control and legislation

No official body is charged with the prevention of pollution. Sanitary
authorities may take proceedings under existing laws to prevent pollution
from sewage. In the case of pollution which threatens the health or lives of
the public the Attorney General may take proceedings under common law.

A Local Government (Sanitary Services) Act of 1948 empowers a
sanitary authority to take samples for analysis from any water supply and
to warn users of any supply which is unfit for consumption.

Use of water is not in any way restricted by legislation. No survey or
study of ground water resources is at present being made.

Tunisia

Area, relief, rainfall, vegetation and drainage

Tunisia is a country of 167 000 km2. In the north it consists of a series
of mountain chains, with peaks above 1800 m, crossing the country in a
north-easterly direction and broken by valleys and plains. These descend
southwards through lower tablelands to depressions often occupied by
extensive salt lakes and marshes, some of which lie below sea level. In the
south are plateaux and plains rising in places to 900 m. There is a well
cultivated coastal plain.

The mean annual rainfall decreases from 1200 mm in the north-west to
less than 100 mm in the south-west, with an average of about 400 mm.
Most of the rain falls between November and April. June to September are
virtually rainless months.

Along the north coast the mountains are well wooded, and the low-
lying plains and valleys are cultivated. Further south the high mountainous
belt is wooded or barren. The lower hills support scrub or grass and are
cultivated in places. In the south lies a desert, with oases where water lies
near the surface.

The principal river, the Oued Medjerda (365 km), which rises in Algeria,
flows parallel to the coastal mountains of the north. Farther south many
streams draining the mountains disappear into the lower ground or discharge
into marshes, some of which are permanent. Saharan watercourses are
ephemeral. Hot springs are found scattered throughout the country.
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Population distribution and industries

The population is about 3 500 000, most of whom live in the north and
along parts of the east coast. In general, the density of population decreases
from north to south and from the coast inland. Tunis (370 333) is the
largest town. Other large towns are Sfax (144 615), Bizerta (27 000) and
Gabes (23 200). All these are situated on the coast. Twenty-nine towns
have more than 5000 inhabitants. Many of the inland centres of popula-
tion are situated near springs used since Roman times, or in oases.

Tunisia is chiefly an agricultural country with two-thirds of the people
engaged in cultivation of the land. Mining and fishing are of local impor-
tance. Only a small proportion of the population is engaged in industry.
Manufactures include carpets, rugs, leather goods, woollen fabrics and
pottery.

Geology and hydrogeology

Apart from an exposure of metamorphic rocks in the valley of the
Medjerda, the oldest exposed rocks are Triassic. The mountainous region
of the north is composed mainly of folded Cretaceous and younger forma-
tions consisting of limestones, some of which are massive, marls and sand-
stones. The central region is predominantly gently folded, or horizontally
bedded, sandstones with clay intercalations (Miocene) and limestones
(Jurassic and Cretaceous) with rift valleys in the east filled with coarse
sands and alluvium (Pliocene and Quaternary). An extensive area of
southern Tunisia is covered by alluvium and sand dunes (Holocene) and
sands and clays (Pleistocene) which overlie marls with gypsum (Pliocene),
and in places limestones (Cretaceous).

Jurassic and Cretaceous limestones, Quaternary alluvial sands, Miocene
and Pliocene sands and present-day sand dunes provide the largest quantities
of water. In addition Numidian sandstones (Tertiary) are of potential
importance.

The Tertiary and Quaternary sands are usually covered by impermeable
or slightly permeable strata which afford protection against pollution.

Flow through the limestones is generally rapid, the effect of showers on
discharges being noticed after a few hours or days as a rule. Discharge
from sandstone is more regular, and of the order of 10-50 cm per day
depending on the grain size and slope of water table.

The percentage of total solids in the ground water increases southwards.

Water supply

About 95% of the population use ground water. Most of the remainder
use rain water stored in cisterns. Part of the supply of the capital is from an
impounding reservoir.
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The public supply provides about 140 000 m3 of ground water daily, of
which 110 000 m3 are for domestic use. Independent supplies of ground
water drawn privately are estimated as 40 000 m3 daily for domestic use,
15 000 m3 for industry and 800 000 m3 for agriculture.

Artificial replenishment of aquifers is encouraged by construction of
small dams in some of the valleys.

Pollution

Usually the ground water supplies are protected naturally by overlying
impermeable or poorly permeable strata. In some instances, for example,
the limestone area from which the capital derives its supply, protective
areas have been defined. Within these it is forbidden to build houses, sink
wells or dump any material likely to cause pollution of water. In unpro-
tected fissured limestone regions, pollution has been found to travel rapidly
and to affect large areas of the aquifer.

Overpumping usually exhausts the aquifer. Rarely has saline infiltra-
tion followed.

Treatment

All major water supplies are chlorinated. Bleaching powder and chlorine
gas are practically the only sterilizers used.

Control and legislation

Inspection and control of ground water is undertaken by the Hydro-
logical Department of the Ministry of Public Works. Springs and natural
watercourses are publicly owned and may not be used without permission.
Wells not exceeding 50 m in depth and from which not more than 200 m3
per day are to be abstracted may be constructed on private property pro-
vided that they do not draw upon river or spring waters, do not overflow,
and are not situated in a forbidden or protected area. Otherwise, well-
sinking is subject to regulations in order to control abstraction and prevent
over-development.

Regulations permit the administration to intervene where measures are
necessary for prevention of pollution.

The quality of water drawn privately is not systematically controlled.
Following an outbreak of water-borne disease, the medical officer of health
holds an inquiry and analyses suspected waters. Where polluted supplies
cannot be sterilized or protected, their use may be prohibited or the source
closed.

The Hydrological Department, in co-operation with the Institut
Pasteur, is responsible for studying ground water resources and their use,
movement and replenishment.

10
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Turkey

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 911-913.

Geology and hydrogeology
The western part of Turkey consists of hard crystalline, metamorphic

rocks-mainly schists and gneisses-with scattered outcrops of younger
rocks. Farther east are a number of basins in which limestones and other
sedimentary rocks have accumulated before being finally covered by
alluvial deposits to form the plains. These plains are fringed with sedimen-
tary rocks and basalts.

The most important areas for accumulation of ground water are the
plains. Within the plain of Konya, for example, water is found at three
horizons: in the alluvial fan spread out from the mountains; in Neocene
strata, where it is found under pressure; and in detrital material overlying
metamorphic rocks in the bottom of the basins. In the other plains water is
found in similar highly permeable layers fed by drainage from the surround-
ing areas.

Water supply
The supply is almost exclusively drawn from underground sources

including springs. About 2 750000 m3 are drawn from the ground daily
to meet domestic and industrial requirements. The volume of privately
obtained supplies has not been estimated.

Pollution
No information is available about pollution.

Treatment

Ground water is rarely treated before being supplied to the public and
no special arrangements are made to test the quality of private supplies.

Control and legislation
No particular department is charged with the responsibility of preventing

pollution of ground water nor is there any special legislation on the subject.
Two organizations have been given the task of a ground water survey,

but the work has not yet been completed.

Morocco

Area, relief, rainfall, vegetation and drainage
French and Spanish Morocco together cover an area of 462 315 km2.

From its northern coast a narrow plain rises to a chain of mountains with
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heights of some 2250 m. These are separated by plateaux and plains from
the Atlas mountain range, which occupies a great deal of central and
south-western Morocco. Its greatest heights are some 4000 m. In the south
lies the Sahara Desert.

Rainfall is heaviest in the northern mountains where it exceeds 1000 mm.
This value is also reached in the Atlas mountains. To the south-east of
these, rainfall is lower-150 mm or less in places.

The wettest season is from November to April, with November and
March the months of maximum rainfall. From May to September rainfall
is slight. It may be nil in July and August. Winter snow may be abundant
on the western slopes of the Atlas.

Forests are found on the plateau mountains. On the plains grassland
predominates with patches of bush land, tending to steppe and scrub in
the south-east. In French Morocco about 21% is arable or orchards,
19 % pasture, 9 % forested, and the remainder waste or built over. The
coastal plains are fertile and in these areas agriculture is assisted by irrigation.

Five main rivers rise in the Great Atlas and flow westwards to the
Atlantic. The Dra, which carries the largest volume of water, rises in the
Atlas and flows south and south-westwards. It fails at times. Other
intermittent streams flow to the Sahara and disappear.

Hydro-electrical power is being developed in the mountains.

Population distribution and industries
The population of the former French Morocco is about 8 505 000, of the

former Spanish Morocco about 1 010 000, and of the International Zone-
about 100 000. Most of the towns are situated on the coastal plains. Casa-
blanca (600 000) is the largest city and Tangier (170 000) is the capital of
the International Zone. Rabat (170 000) was the capital of French Morocco,
and Tetuan (80 732) of Spanish Morocco. Other large towns are Marrakesh
and Fez (both more than 200 000) and Meknes (170000). In former
French Morocco nearly 6 000 000 persons live in villages or isolated com-
munities.

Morocco is essentially agricultural but industry is growing up in
Casablanca. Phosphates, coal and various minerals are mined.

Geology and hydrogeology
The central High Atlas consists of a plateau of crystalline rocks (Pre-

Cambrian) around which are limestones (Palaeozoic). Elsewhere Jurassic
and Cretaceous limestones predominate with conglomerates, sandstones,
sands, limestones and marls (Tertiary and Quaternary) in the larger basins,
plains and valleys.

The most important aquifers are the Tertiary and Quaternary alluvial
deposits and the limestones (particularly Lias and Turonian) in the great
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plains and valleys. These water-bearing beds are rarely protected by
impermeable strata.

The rate of flow of ground water has been found to vary between
5 mm and 200 mm per day.

Ground waters are rarely ferruginous. No town requires an iron-
removing plant.

Water supply
Practically all the rural population (75 % of the total) use ground water

for domestic purposes and for irrigation, but the stream supplies are also
used by those living near them. Some 63% of the urban population (16%
of the total) use ground water, which represents 85 % of the total amount
used by the urban population.

The average daily consumption of ground water for domestic purposes
is estimated at 400000 im3, of which half is public supply. Some 16000 m3/
day of ground water are used by industry and about 2 600 000 m3/day for
irrigation. Springs are used to the full for urban supplies.

Pollution
In the majority of towns ground water tends to be polluted by discharge

of waste. About 20% of the towns with more than 3000 inhabitants have
both wells and cesspools within the built-up area.

Waste waters of some towns are disposed of by spreading over the
ground. No works exist for the treatment of effluents in Morocco.

In some coastal areas saline infiltration has followed excessive pumping.

Treatment

Ground water is rarely treated other than by hypochlorite, chlorine gas
or chloramine before distribution.

Control and legislation
There are no general regulations for prevention of pollution. Each

town has its own regulations administered by the Bureau of Hygiene. These
are effective so far as public supplies are concerned in the large towns.
Control is practically non-existent in rural areas.

In many areas surface and underground waters are controlled by
legislation which can be used to regulate distribution. The Centre of
Hydrogeological Studies, which is a branch of the Directorate of Industrial
Production, is charged with all work having a bearing on ground water.
The Centre, in collaboration with the Department of Hydraulics and
Electricity, a branch of the Directorate of Public Works, is responsible for
the development of hydraulic resources.
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Sweden

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 914 and 915.

Geology and hydrogeology
Some 75 % of the bedrock of Sweden consists of hard crystalline,

igneous and metamorphic rocks predominantly granites and gneisses.
Younger sedimentary rocks-sandstones, limestones and shales-occur
mainly in the mountainous belt and attain their maximum extent in north
and central Sweden. Still younger deposits of sandstone, sand, limestone,
chalk and shale lie in the south-west.

These strata are widely covered by glacial deposits, clay, moraine and
outwash. The last of these, consisting of sand and gravel, extend as ridges,
or eskers, for distances up to 160 km. The glacial deposits are generally
up to 15 m thick but occasional hollows in the bedrock are filled to a depth
of more than 90 m. Eskers, often embedded in clay, may extend to 50 m or
from below ground level and have a width as great as 900 m.

The principal aquifers are the eskers, sand and gravel pockets in the
moraine, basal gravels overlying the bedrock, sandstones and chalk, and
fissured granites and gneisses.

Iron and manganese are found in waters from the glacial deposits and
from the limestones. Saline waters are found in some coastal areas and in
formations where it has been trapped during their deposition or introduced
during a period of depression.

Water supply
More than half the towns are supplied with ground water, although the

volume of ground water distributed (25 %) is low because Stockholm and
Goteborg, the largest consumers, depend mainly on lake water. In the rural
areas some 85 % of the people depend on ground water. The total domestic
consumption of ground water is some 75 000 m3 daily, about half of which
is drawn for public distribution. Industrial ground water consumption is
small. By far the largest proportion of ground water is derived from glacial
deposits. Since the end of the last century supplies from these deposits have
been augmented by drawing from the bedrock and by infiltrating increas-
ingly large quantities of water from lakes and rivers into the glacial deposits
to add to their natural resources.

Pollution
The main danger to ground water supplies is pollution by oil or petrol.

One town had to abandon its ground water source because of pollution by
petrol.
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Treatment

The quality of ground water is such that, in many cases, no special
treatment is required. Iron and manganese are removed by aeration and
sand filtration. Hard waters are softened by use of lime and soda or by
cation exchange. Excessive carbon dioxide is removed by aeration, addition
of lime or magno-filtration. In areas where polluted surface waters are
introduced into the ground, they are passed through rapid sand filters before
gravitating to the infiltration basins. In these, before entering the natural
strata, the water passes through a layer of sand about 1 m thick, which acts
as a slow filter.

Where the ground water consists of unfiltered surface water which has
not been thoroughly purified in the ground, it is given further treatment by
coagulation, slow sand filtration and chlorination.

Physical, chemical and bacteriological examinations of water are carried
out regularly at all waterworks.

Control and legislation

Public health committees in the larger communities are responsible for
examination of suspected sources and for recommending improvements.
The activities of the committees are directed mainly to communal supplies.

No authority is directly responsible for prevention of pollution, although
the local water authorities make every effort, for example, by purchase of
land if necessary, to prevent the construction of works likely to cause
pollution of ground water.

Present regulations for the prevention of pollution are considered to be
inadequate and a Royal Commission has been appointed to make proposals.

Abstraction by works using more than 300 m3 daily can be restricted by
law where it is necessary to enable available resources to be shared and to
avoid undue interference with private well users.
A survey of ground water resources and uses has not been undertaken

although parts of the country have been studied by university workers
and others.

Finland

For an account of the superficial physical features, rainfall, population,
and industry, see the preceding article, pages 917-919.

Geology and hydrogeology

More than three-quarters of the country is underlain by granites and
other igneous rocks, associated with metamorphic schists, quartzites and
gneisses of Pre-Cambrian age. This core of hard crystalline ancient rocks is
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surrounded by scattered occurrences of younger rocks. A widespread but
not continuous cover of deposits has resulted from glaciation of the country.
In the south there is one of the finest end moraines in the world. On the
inland side of the moraine, the peneplain of old rocks is covered with ridges
of unconsolidated, glacial sand and gravel, giving a north-west/south-east
grain to the country. These ridges or eskers die out northwards. Unsorted
moraine covers wide areas with sand, silt and clay. About one-third of the
surface is covered with thick beds of peat. Marine clays deposited subse-
quent to the retreat of the ice are found on coastal areas which have emerged
from the sea.

The best aquifers are the coarse morainic gravels and eskers, although
the latter are few in number. Water is also found in the crystalline rocks,
particularly in the granites. Most of the lakes are acidic because of drainage
from the peat, and carry abundant humic material. In the north, where the
superficial deposits are sands and gravels, the lake waters are neutral and
clear. In the south-west, where the clay lands predominate, the surface
waters tend to be slightly alkaline and at times cloudy.

Water supply
The total daily water consumption in 1953 was estimated to be

2 766 000 m3, of which 178 500 m3 were ground water. About 96% of the
water used in country -households is ground water, which is also used by
55 % of the market town waterworks and by 41 % of the urban waterworks.
Calculated on the basis of volume, 57 % of the market town supplies and
13 % of the city supplies are ground water. The larger undertakings draw
their water mainly from rivers and lakes.

Piped supplies from waterworks are available to about 650% of the
urban population. Less than 20% of the farmhouses have a piped supply.

The volume of water used per head in country households is 16 litres
per day when carried. A piped supply doubles the consumption. In the
cities the consumption is 200 litres per day, and still rising.

Wood-working industries require large quantities of water. This is
drawn mainly from surface sources. Of the water used by other industries,
19 % is ground water. Of the water used for cattle farming, 92% is ground
water.

The principal sources of ground water for domestic use are wells in the
eskers, particularly where they are banked on either side by clays; springs,
many of which drain from eskers; and wells into the bedrock.

Ground water is soft, slightly acid so that it is corrosive, and liable to
contain excessive iron and manganese.

Pollution
In many urban and densely populated rural centres the ground water

from private sources is polluted in limited areas because of poorly con-
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structed wells, ill-chosen sites and improper sewage and refuse disposal on
the surface. Disposal of industrial effluents has caused ground water
pollution in a few cases. Contamination by seepage from polluted rivers is
rare but several instances are known ofsaline infiltration due to overpumping.

The valuable ground water resources of the eskers are not affected by
organic pollution.

Treatment

The ground water used for public supply is generally bacteriologically
satisfactory. Chlorination is used in only one city, which draws its supply
from the ground within the urban area.

Because of their softness and high carbon-dioxide content many waters
have to be hardened and neutralized. Removal of iron and manganese is
necessary except from the esker waters.

Control and legislation

Municipal health boards have powers to ensure that drinking water is
ample and pure. Existing laws are being revised to secure more effective
protection of ground water. A State committee on water pollution is con-
sidering standards for quality of ground water.

There are no restrictions on the pumping and use of ground water.
The State Board of Agriculture controls the State expenditure on works

for water supply and sewage and its Hydro-technical Investigation Bureau
studies ground water problems.

Iceland

For an account of the superficial physical features, rainfall, population,
amd industry, see the preceding article, pages 926-928.

Geology and hydrogeology

Iceland is largely composed of volcanic rocks overlain locally by post-
glacial and recent unconsolidated sediments-ground moraine, marine
clay, alluvial sand and gravel, wind-blown sand, loess and peat. Tertiary
plateau basalts occupy areas in the north-west and east. Between them,
running from north-east to south-west across the country, is a broad zone
of younger tuffaceous lavas and volcanic ashes. Volcanoes are still active
in this area.

The plateau basalts are impermeable enough to hold surface water in
ponds and lakes on higher ground, and give rise to innumerable small
streams. Their value as aquifers is reduced by secondary deposition of
quartz, calcite and zeolites in pores, cracks and joints. Dykes, sills and
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intercalations of clay sediments further impede flow of ground water and
give rise to springs.

Areas of recent volcanic activity, where the loose material is permeable,
are devoid of lakes or streams. Rain and melt waters which percolate
readily reappear at lower levels on the edges of the lava fields as springs.

Thousands of hot springs are to be found, most of them within the
belt of younger rocks which stretch across the island.

Waters from recent lava flows and tertiary basalts are soft and of good
quantity with low total solid content.

Water supply
Underground water is the main source of public and private supplies.

Four towns or villages are supplied from deep wells in Pleistocene dolerites
and sands, and tertiary basalts, the remainder by gravity from streams
issuing from recent lavas or tertiary basalts, for example, Reykjavik 500
litres/second, and Hafnarfj6rdur 170 litres/second. Rivers are rarely used
as sources of public supply, but spring-fed streams are used to supply
isolated houses.

In the towns 90 %-95 % of the houses are served by public water supplies
and are connected to sewers. In some villages practically all the houses have
public water supplies; in others there are neither piped supplies nor sewers.
In Westman Island, a fishing village of nearly 4000 inhabitants, rainwater
from the house roofs is used as the principal source of supply, but in part
of the town a public sea-water supply is provided for the fishing industry
and for washing and flushing in some of the houses. In the rural districts
neither public water supplies nor sewers are available, but about 80% of
the farms have private water supplies, and many have septic tanks. Many of
the houses in the coastal villages have private sewers to the sea. Sewage
is not treated. In places, house-drains discharge into streams. In towns,
storm water is drained to foul sewers.

The over-all position is that 65 %-70% of the houses have public water
supplies and sewers.

Public supplies of warm water from springs are used for heating houses,
schools, swimming pools, greenhouses, and for various agricultural and
industrial purposes. About 23 % of the whole population have a warm-
water supply. In Reykjavik ihe figure is 55 %.

The volume of cold water used is 101 000 m3 daily and of warm water
about 55 000 m3. Water used by industry is included in these figures.
Ground water is not used for irrigation other than from spring-fed rivers.

Pollution
As so many of the supplies are derived by drainage from uninhabited

higher ground, they are rarely polluted with organic matter. A few ground
water supplies have been affected by surface pollution due to faulty construc-

985



S. BUCHAN & A. KEY

tion of wells or lack of care in disposing of sewage. Some wells near the
coast are affected by infiltration of sea water.

Treatment

Some of the spring waters, used for public supply on the north and east
coasts, are passed through sand filters to remove suspended matter intro-
duced by snow melt.

Control and legislation

Control of pollution is effected by legal enactments and local bye-laws.
The chief medical officer, local health boards and inspectors are responsible
for prevention. Samples are tested in the laboratories of the university
in Reykjavik.

As the ground water at present being used is only a small fraction of the
available resources, its use is not in any way restricted. Surveys of resources
and uses have not been made.

DISCUSSION

The first impression given to the reader by the foregoing accounts
relating to most of the countries of Europe, which are based largely on the
replies to a questionnaire sent out by the World Health Organization, may
well have been that there is not a lot of information about the subject of
study-namely, the pollution of ground water. This fact will be commented
on below, but meanwhile it is desired to emphasize that the information
given is all relevant to the risk of pollution of ground water. Maybe it is
the risk of pollution rather than the fact of pollution which is exercising
our minds. If so, it shows a very healthy attitude. It is far better to antici-
pate a problem and take suitable action to prevent it arising in acute form
than to wait until a catastrophe occurs and then proceed to deal with it.

The Importance of Ground Water

The survey clearly reveals the overwhelming importance of ground
water for public supply purposes. By far the greater proportion of the
people of Europe are supplied, or supply themselves, with water from
underground. In some countries the proportion approaches 100%; even
in the more densely populated countries it often exceeds 75 %; and in those
countries which are favoured with an abundance of lakes and rivers ground
waters are greatly preferred wherever possible.

The United Kingdom is an exception in that only about one-third of
the public supply is ground water. The remainder is largely supplied by
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upland water impounded in reservoirs and by river water stored and fully
treated. This is due partly to geography, geology and industrial develop-
ment and partly to the density and distribution of the population. There
is also a tendency elsewhere, though it is by no means universal, for large
centres of population to be supplied, in part at least, with water from
surface sources.

There are several reasons for the predominance of ground water.
Firstly, it is available without long pipelines over a much wider area than
is surface water. Secondly, it is regularly available and, unless overpumped,
is not substantially affected by the season; the ground provides a natural
reservoir without cost. Thirdly, it has been found by experience that
ground water is usually of far better bacteriological quality than any surface
source and contains far less organic matter than most surface sources;
the ground acts as a natural purification medium.

All these advantages of ground water can be thrown away by the
activities of man, but it is the question of quality which is at the moment
our chief concern. Increasing population, increasing standards of living
and increasing industrialization mean increasing quantities of polluting
wastes, which can, in certain circumstances, either overload the purifying
capacity of the ground or introduce substances into the water entering the
ground which it is incapable of removing at all.

Adequacy of Ground Water

Over the greater part of Europe the amount of ground water available
appears to be adequate for the population depending upon it. There are,
however, notable exceptions which are principally those areas with a very
high density of population. Some cities, like Paris, have gone far afield in
order to augment supplies locally available. Some, of which examples are
found in Italy, have been able to obtain ground water (from springs) from
a distance by gravity. Other cities, like Antwerp, Rotterdam and London,
are almost entirely dependent on river-derived supplies. There are also
cases in Germany where supplies are being obtained from distant lakes.
But in other cases the supply of underground water is being augmented
artificially by recharging the aquifers. Several countries mention this
practice, but perhaps the best known examples are in Germany (the Ruhr),
Sweden and Holland. The method of augmenting supplies may in most
cases be dictated by circumstances, and there is a difference of opinion on
whether, other things being equal, it is better to take river water direct into
supply after comprehensive treatment or to divert extra water into the
ground and use it after ground filtration. However, any artificial recharge
with water not of potable quality must increase the risk of withdrawing
polluted water from it, and the risk increases with the permeability of the
rocks into which the recharge is effected.
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Natural Quality of Underground Water

Although ground water is popularly regarded as being " pure ", it will
be well understood that this does not refer to its chemical quality except
in so far as the word " pure " is interpreted as meaning freedom from con-
taminants which render it unfit for drinking. Natural ground water is by
no means chemically pure. It may contain calcium and magnesium bicarbo-
nate from chalk and limestone, the sulfates of these metals, sodium chloride,
plant nutrient materials such as nitrates and phosphates, salts of iron and
manganese, fluorides, traces of ammonia, and sometimes hydrogen sulfide.
The concentration of these substances depends largely on the composition
of the underground strata. Some waters are prized as " spa " waters which
are drunk medicinally but are unfit for public supply. A few are quite
unfit for drinking at all. Yet on our definition of pollution (see page 951)
these would have to be regarded as unpolluted. It is, however, important
to point out that pollution-i.e., adverse alterations in quality due to the
activities of man-may do no more than increase the concentration of those
substances naturally present. A certain amount of that sort of pollution may
therefore be tolerable. A greater amount would give rise to complaints on
various grounds, depending on the use being made of the water. A still
greater amount would make the water quite unacceptable and totally unfit
for drinking.

Occurrence of Pollution

The reader will have observed from the main part of this report that the
number of cases of pollution being reported is very small indeed. It is of
interest to speculate why this should be so.

1. Cases of pollution may be occurring without anyone being aware of
the fact. There must be millions of small private wells in Europe and it is
quite impossible to analyse the water in them all, even at long intervals.
Some may be polluted by human excreta but, because no carrier of disease
is involved, or because of immunities having been built up, no harm has
been done. Alternatively, no complaint is ever made because there may
clearly be no other source of supply. Obviously, however, such a situation
is potentially dangerous.

2. Pollution may be occurring but be unknown to the central govern-
ment. This is no reflection on any government but simply a statement of an
almost inevitable position. With hundreds of thousands of private sources,
how can a central government be informed of the situation respecting each
of them? One of the great difficulties of the whole question of ground water
pollution is the extremely local nature of many of the instances of it. (From
another point of view this is, of course, a great advantage.) If a detailed
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house-to-house survey could be made it might reveal some disquieting
facts.

3. Pollution may be occurring but cannot be established with absolute
certainty, or it may not have had an effect which gives rise to any concern.
Suppose the normal nitrate nitrogen content of a water to be 4-5 mg/l and to
have recently averaged 5-6 mg/l; it might well be disputed whether this was
a significant increase, and even if it continued to increase to 7-8 mg/l it
might not cause any alarm. But if things were allowed to continue a time
would come when the water became unfit for drinking. There may be many
instances of a similar nature, which would not have been reported.

4. Pollution may be taking place but its effect has not yet been seen in
the water. Mention has been made of the slow rate at which water (and
therefore pollution) travels underground. Instances have been known of
pollution of water which has occurred probably years after the polluting
matter had entered the ground. Conversely-and this is a most important
point-cases have occurred where pollution of ground water has con-
tinued for years after the source of pollution has been effectively dealt with.

Although, therefore, the impression from the report is that pollution of
ground water in Europe is not yet a serious problem, apart from a few cases,
our own conclusion is that the state of affairs may well be more serious than
it appears to be. In any case the growing activities of man are continually
increasing the threat of pollution and it is well worth while examining the
situation, attempting to foresee the future situation and taking appropriate
steps to forestall the danger.

Ways in which Pollution may Occur

Agriculture

It may be assumed that all countries are attempting to obtain a greater
yield of food and other crops from the soil. In this connexion the use of
artificial fertilizers is growing. Although it is the intention of the farmer
that these nutrients should find their way into the crops and be harvested,
some of the constituents are undoubtedly washed into the subsoil and hence
contaminate ground water. Much of the sulfate of ammonium sulfate
probably enters the subsoil as calcium sulfate and adds permanent hardness
to the water. The effect could be quite considerable, but we are not aware
of any analyses of ground water which have demonstrated it beyond doubt.
Part of the nitrogen may also drain away as nitrate, in which form it will
largely remain. Within limits, however, these contaminants are not of
serious importance.

Organic matter produced on farms may also be a source of pollution.
We have in mind particularly the excreta of farm animals. This can be
particularly troublesome when it is concentrated in a small area of the farm.
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It may then soak or be washed into the ground in a concentrated form and
may not be purified before reaching the water-table. Pollution from animals
grazing over a wide area presents a very much smaller risk.

The use of poison sprays for pest control may also result in water
pollution. The most serious risk is when they are used improperly, e.g.,
when surplus material is poured on to the ground where it drains away in
a concentrated form. It is to be doubted whether such products would in
practice make a water actively poisonous, though they may make it un-
palatable.

Sewage

Contamination of ground water with sewage organisms is perhaps the
most dangerous of all, because the presence of a few such organisms can
bring about serious disease. On the other hand, it is well known that
sewage can, in many cases, be discharged on to the land without any infec-
tion being carried downwards to the water. Moreover, sewage organisms
in water can easily be destroyed by treatment, though no one cares to rely
on treatment if contamination can be prevented in another way.

Sewage contains organic matter in addition to micro-organisms, and
in the ground this organic matter may travel further than the dangerous
bacteria. In itself the organic matter may not be dangerous in water, but it
is highly objectionable and may make treatment of the water difficult. It
may also promote other undesirable biological changes.

Domestic refuse
Domestic refuse (garbage) is often tipped on to the land, and water

percolating through it can be very highly polluting. Recent experiments in
the United Kingdom have shown that the initial percolate through a two-
metre depth of household refuse exposed to normal rainfall can have a
biological oxygen demand (BOD) in five days of several thousand mg/l
and a count of coliform organisms of several millions per ml. The origin
of such large numbers of coliform organisms is somewhat obscure, but it is
plain that the percolate is capable of causing gross pollution, both bacterio-
logical and organic, if tipped in unsuitable places.

Organic trade wastes

Liquid wastes from food processing and the processing of other agri-
cultural products, e.g., wool, cotton, leather, sugar beet, etc., can be highly
polluting. To an increasing extent some of these processes are carried out
in country districts where sewers are not available. The effluents are there-
fore sometimes allowed to soak into the ground. There is mention in the
report from Switzerland of infiltration of an effluent from a sugar refinery
having been found to extend throughout a zone 1 km wide and 4.5 km long.
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Chemical trade wastes
The wastes from some chemical factories are sometimes discharged into

the ground, either by accident or by design, and have contaminated ground
water. Those whose effects have been most widely noticed are those which
contain phenolic bodies. This is partly because of the multiplicity of works
where they are produced (e.g., gas works and coke ovens) and partly
because of the extreme dilution in which phenolic bodies make their pre-
sence known, by causing tastes, particularly after the water has been
chlorinated. Pollution of this type can travel considerable distances and
has been known to persist in the water for a very long time after its discharge
into the ground has been stopped.

Neutral salts
In some cases where the ground water is in direct communication with

the sea, it is maintained fresh in its natural state by a continued flow of
water towards the sea. If too much water is pumped from the ground,
however, sea water may be drawn into the aquifer. On our definition this
must be regarded as pollution, and it can certainly have serious consequences
to a water supply.

Cases have also been known where a somewhat saline water has been
permitted, or caused, to percolate into the ground, the consequence being
an increase in the salts present in the ground water.

Pollution by oil
The use of oil for fuel and other purposes has increased rapidly, particu-

larly over the last decade. The oil is stored in tanks, many of which are
underground. If the tanks leak, oil may percolate into the ground for long
periods before the leak is detected. There have been cases where the oil
has contaminated ground water. There is also the possibility of oil leaking
from cross-country pipelines through which it is being pumped.

Factors Mitigating the Effects of Pollution

A great quantity of polluting matter of one sort or another is distributed
over permeable areas of land-rotting vegetation and farmyard manure are
the most widespread examples-yet instances of pollution in ground
waters are not very frequent. Clearly there are factors operating which
either deal with the pollution or mitigate its effects.

Dilution
A source of ground water of any considerable magnitude obtains that

water, in the main, from quite a large area and it includes all the rain water
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which percolates over that area. If within that area a polluting liquid soaks
away it will be pumped out together with the rain water, which will therefore
dilute it. In many cases the dilution may be sufficient to make the pollution
undetectable, or at least tolerable.

Dispersion

When a polluting liquid is discharged into the ground over a short time
(say, as the result of an accident), it does not arrive at the point at which
water is pumped over a similarly short period. It becomes dispersed and
may continue to contaminate the water during many weeks or months.
The degree of contamination, however, is correspondingly small and it may
escape detection or be of no serious consequence. With continuous dis-
charges, however, the dispersion is only into water which would in any case
be available for dilution.

Filtration

Most permeable strata are natural filters, and some of them are highly
efficient. They may act as mechanical filters or adsorptive forces may come
into play. For this reason ground waters are usually clear. In particular,
bacteria are, in non-fissured rocks, readily removed. It is no doubt owing
primarily to this property that so many ground waters are safe bacteriolo-
gically.

Time

The flow of underground waters is usually very slow indeed. This in
itself is no protection against pollution-it may in fact create a feeling of
false security-but it does give opportunity for living organisms to die away
naturally before they can reach a place from which water is drawn.

Biological action

There are many cases where sewage, for instance, is disposed of by land
treatment when it soaks away into the subsoil and eventually reaches the
ground water. Sometimes pollution occurs but more often the ground water
not only remains sterile but is apparently uncontaminated with the organic
matter which the sewage contained. There is no doubt that much of it is
removed by biological processes. Biological oxidation can occur very
quickly near the surface of the ground where an abundance of oxygen is
available, but it will continue in the lower layer so long as oxygen is available.
Once the oxygen is used up, however, anaerobic reactions supervene with
the probable development of objectionable conditions.
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Factors Tending to Aggravate the Effects of Pollution

Blocking ofpermeable strata

A polluting liquid containing finely divided suspended matter will have
that suspended matter removed as it passes through the pores of the per-
meable strata through which it may pass. Depending on the nature of the
suspended matter and the sizes of the pores and other openings of the rock,
the spaces may tend to become blocked so that they allow the water to pass
less readily or perhaps not at all. Hence the yield of underground water may
suffer. This is not, of course, pollution, but it is an effect of pollution and
it can be serious in certain circumstances.

Anaerobic bacterial action

The importance of biological oxidation in destroying pollution has
already been mentioned. This can only take place so long as oxygen is
present. Near the surface of the ground there is an ample supply, but lower
down its availability decreases and it may become exhausted. After this a
certain amount of oxidation may take place at the expense of oxygen
combined as nitrate, but later the only oxygen is the combined oxygen in
the ground, i.e., the oxygen of sulfates, iron oxide, etc. Under anaerobic
conditions this can also be utilized, but in the process sulfide and soluble
ferrous salts are produced. As a result, the ground water becomes contami-
nated, not with the pollution which enters the ground, but with sulfide, iron
and also manganese which is formed as an indirect result of pollution.
Certain natural waters are contaminated in this way (some of them are
claimed to have therapeutic properties) and it is accordingly difficult to say
to what extent pollution caused by man is responsible in any particular case.
But it does seem to be the fact that the presence of iron and manganese, in
particular, is one of the commonest troubles with underground water in
Europe, and pollution may have a lot to do with it. The presence of these
impurities is often a cause of greater expense (though not of greater danger)
than the presence of bacteria. The removal of them, which is necessary in
many cases, is often difficult and involves considerable treatment plant.

Mention may also be made of the fact that biological action underground
(as elsewhere) produces carbon dioxide. Ground waters frequently contain
an excess of it, and they are accordingly corrosive to iron and steel.

Highly fissured rocks
Some rocks, particularly limestone, are notoriously highly fissured, and

water can pass through them very rapidly and for long distances without
any real opportunity for oxidation and filtration. This is perhaps hardly
a factor which aggravates pollution, but because of it pollution sometimes
has an effect over very much larger distances than is normally the case.

11
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It emphasizes the fact that in order to assess the probable effect of a pol-
luting discharge it is necessary to have a full knowledge of the character
of the underground rocks. Unfortunately, the knowledge is often not as
full as could be desired.

Purifying Capacity of the Ground

It will thus be seen:
(a) that the ground has a capacity for purification which is in a way

analogous to the self-purification capacity of streams and rivers;
(b) that provided the purifying capacity is not overtaxed it is not

expendable-it is a natural resource which is always available;
(c) that, as with rivers, when overtaxed it can lead to disastrous results;
(d) and that the capacity varies with different rock formations and in

certain cases-for example, highly fissured limestone-it may be virtually
absent.

It will be conceded by most people that it is a resource which ought to
be used, though not abused.

The whole problem of the protection of underground water is therefore
that of ensuring that the amount and type of polluting matter allowed to
enter the ground does not exceed that which the ground can deal with in
perpetuity before the water containing the pollution needs to be withdrawn
for further use.

It is thus important to be able to assess the extent of the purification
capacity of the ground, a matter which is far from easy to determine. It
clearly depends upon a number of factors, including the following:

1. Nature of the pollution. This is obvious; the ground has no capacity
for removing polluting materials which are not susceptible to filtration,
biological attack or adsorption.

2. The nature and structure of the geological strata, particularly the
number, size and inter-connexion of the pores and other openings.

3. The depth of the water-table. It would be expected that the farther
a liquid has to descend before reaching the standing-water level the greater
the opportunity for purification.

4. The rate at which polluted water enters the ground.
5. The condition of the surface of the ground: whether it is periodically

ploughed, whether crops are able and allowed to grow, and whether it is
kept flooded or not.

6. The rate of flow of water through the ground, which determines the
time available for purification before a given point is reached.

7. The rate at which the water is pumped out for use, which is related
to the volume of saturated ground from which the water is drawn.
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Such general considerations are not a great deal of help by themselves.
They must be supplemented by information gained by experience and ex-
periment, which are dealt with under the next four headings. Unfortunately,
the results rarely permit of any quantitative evaluation applicable to the
generability of conditions.

Cases where Pollution has not been Observed

The information supplied to us indicates, as we have mentioned pre-
viously, that in relatively few cases has pollution of ground water occurred
in Europe. We have given reasons why we think that the actual number
of cases is probably greater than the number of known cases. Even so, it
is clear that pollution is not at all general, yet the occurrence of polluting
matter on the surface of the ground, even if it is no more than vegetation
decaying in the place where it has grown, is very general. Equally general
is the presence of excreta of animals, and this is particularly the case on
land where domestic animals feed. The deliberate application of organic
manure to land is also general. In all these cases pollution of ground water
occurs only on the rarest occasions. Sometimes domestic sewage is also
disposed of by spreading over land; this occasionally causes pollution, but
more often than not pollution does not occur. Not only are the harmful
bacteria removed but, in most cases, the organic impurities are completely
oxidized. This demonstrates that oxygen has somehow been made available.
As has been indicated, this may be provided as combined oxygen naturally
occurring in the rocks, or it may be supplied in diluting water; but very
often it seems safe to conclude that the oxygen must have been supplied
directly from the air. It is accordingly hard to resist the conclusion that the
purification occurs in the top few centimetres of the soil, where alone the
oxygen can be readily renewed. If this is so, then certain rules for the safe
disposal of polluting matter on the surface of ground became obvious
immediately. First, the rate of application of liquid (as distinct from
pollution) must not be so great that it gets well below the surface before
the organic matter it contains has been dealt with. Secondly, the rate of
application of pollution (as distinct from liquid) must not exceed the
oxidation capacity of the ground. Thirdly, the ground must be kept
sufficiently open in texture to allow the oxygen to enter readily. This can
be achieved in some measure by cultivation.

Cases where Pollution has Occurred

Cases where pollution has reached the ground water are probably more
instructive than cases where it has not, but we have had few reported to
us. The following selection from them and from the published literature
is made to illustrate various aspects.
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There have been many instances of sewage contamination of water in
highly fissured limestone and chalk; these have been mentioned before and
have occurred in several countries. The pollution is usually bacteriological,
and chemical analysis often fails to demonstrate it; this is because the
volume of polluting liquid is usually very small in relation to the total
volume of water. The polluting matter is thus greatly diluted, but even so
the numbers of harmful bacteria are often quite considerable and the
water is dangerous to drink untreated. Such highly fissured ground has
no filtration capacity and the water can travel quickly over great distances.
In one case in England an experiment with fluorescein as indicator showed
that water entering a fissure travelled a distance of 16 kilometres into
another catchment area in three days.

In non-fissured rocks bacteria travel much more slowly and to a very
limited extent. Consequently trouble of this kind is of a strictly local
character. There have been-and maybe still are-many cases of a well
supplying an isolated house or group of houses being bacterially polluted
from a badly sited cesspool from which the sewage from the community
using the water is allowed to leak away. The remedy is plainly to site the
cesspool or soakaway so that the sewage tends to flow away from the
well and at a sufficient distance from it. This distance cannot be precisely
defined-it depends upon too many factors-but such data as have been
published indicate that in non-fissured rocks the harmful bacteria only
travel from a few metres to about 100 metres. In exceptional circumstances
they may travel further, but only detailed local knowledge will enable a
reliable forecast to be made.

It appears that the removal of faecal organisms is due to filtration as
distinct from oxidation, the term ".filtration" being understood to include
retention in biological slimes which form in the interstices of the rocks.
Consequently there is no essential connexion between the rate of removal
of bacteria and that of removal of dissolved organic and chemical matter.
It is the general experience, however, that the latter travels further, some-
times twice as far and sometimes up to 30 times as far. In the case of
neutral salts and other chemicals which are not subject to changes in the
ground there is, of course, no limit of travel at all; they merely cease to be
detectable through progressive dilution with water not containing them.

It appears that the most common known cause of chemical pollution
of ground water has been waste liquid from gas works and other works
engaged in the carbonization of coal and the processing of tar. This is
because of the extreme dilution in which phenolic bodies can be detected
by taste, especially after chlorination. There have been cases in England,
Switzerland, Germany and elsewhere where quite large public or industrial
sources of supply have been made unusable by the presence of gas works'
wastes. However, instances do sometimes come to light where such wastes
have been discharged into the ground for years in circumstances where pollu-
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tion would be expected but it has not yet in fact occurred. It is known that
most, if not all, the constituents of gas liquor are susceptible to biological
oxidation, and the degree of oxidation (as evidenced by the content of
nitrate) which sometimes occurs in practice is almost unbelievably high.
Nevertheless, such pollution has been known to travel for distances of a
kilometre or more. Usually the trouble is due to phenols, but in two or
three cases in England the ground water has been found to contain thio-
cyanate, which may be destroyed less quickly than phenol. Thiocyanate
is particularly dangerous, as on chlorination it forms cyanogen chloride
which is as highly poisonous as cyanide. There is much to be said for the
view that the discharge of gas liquor and similar liquids into ground where
it can conceivably reach ground water which would otherwise be potable
should never be permitted.

Cases have also been cited of ground water pollution by nitro-com-
pounds, for example, waste waters from the manufacture of picric acid.
It has been shown that some of these compounds can be oxidized bio-
logically, but only slowly and when very dilute. In practice the necessary
dilution may only be reached at a point when oxidation cannot occur; be
that as it may, such wastes have been known to travel several kilometres
underground, and it has been fortunate that their occurrence is not wide-
spread. It must not be forgotten that some of the modern weed-killers
have a chemical constitution allied to that of the wastes just mentioned,
and they have their own special biological effects in addition. Their use is
therefore potentially dangerous, and they have caused pollution, but this
has always, so far as we know, been due to exceptional circumstances, such
as the cracking of the soil during drought, or to abuse.

Another waste which has caused severe pollution is one containing
chromate. This may travel unchanged through the rocks and persist for
years. In one case in the United States of America ground water contained
40 mg/l chromium as chromate. We have seen no cases, however, of
discharges of salts of other metals directly causing pollution, possibly
because in the presence of carbonate and in neutral solutions the metals are
precipitated as insoluble oxides or carbonates, which are then filtered out.

It should be emphasized that chemical pollution of this type is not
confined to wastes discarded in the liquid state. It may be caused equally
by the leaching out of dumps of solid wastes. Here it is more insidious,
for it may not occur for a long time after dumping but may not cease until
years or decades later.

There have also been cases of ground water becoming contaminated
with neutral salts originating at the surface through the activities of man.
Indeed, most of the wastes, including sewage, mentioned hitherto contain
neutral salts. In addition, there are saline mine-waters and residues from
various chemical processes which contain sulfates, chlorides, etc. We use
the term " neutral" in the rather specialized sense as defining salts which
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pass through the ground unchanged. Thus the purification capacity of
the ground in relation to these substances is zero. They must therefore
contaminate ground water, and their effect is only tolerable if dilution
with uncontaminated water is ample. They thus present a simple case,
but in practice their effect is often difficult to establish. It is easy to hold
that the presence of phenols is due to an artificial application of a liquid
containing them, for they do not occur in natural water. But neutral salts
do, and it is not easy to establish beyond doubt whether an increase in
concentration is due to pollution or to some other cause such as over-
pumping. Nevertheless, there has been clear evidence in some cases that
a discharge of saline water has been the cause of an increased salt content
of ground water. Such water is, according to our definition, polluted,
but it may still be potable and fit for many other purposes.

No mention has been made in this section of cases of pollution due to
organic matter as such-we have referred only to bacteria and to organic com-
pounds objectionable because of certain properties specific to them. But
organic matter of all types may give trouble precisely because it is organic and
therefore, for the most part, capable ofbeing oxidized biologically. The effects
can be very complicated, and we shall not go into them in detail. Suffice
it to say here that cases of pollution have occurred due to effects, direct
or indirect, of organic matter from garbage dumps, from sugar manufac-
ture, in dairy wastes, and even in polluted river water allowed to percolate
into the ground. In all these cases the discharges have exceeded the puri-
fying capacity of the ground. In many of them we believe that the limiting
factor has been the supply of oxygen.
A relatively recent type of pollution is that due to the soaking into the

ground of hydrocarbon oils, chiefly those used as fuel.

Artificial Replenishment

Many of the early water supplies in Germany were drawn direct from
rivers, but as these became more and more polluted, they were abandoned
in favour of wells sunk in the adjacent river deposits which consist of sands
and gravels, up to some 9 metres thick, overlying bedrock. Part of this
new supply was derived by lateral drainage of rainfall from the valley
sides. The remainder infiltrated through the banks of the river and was
naturally purified on the way through the sandy deposits.

As these supplies were inadequate to meet the growing demand, water
was drawn from the river and introduced through the surface of the sands
and gravels to augment the natural infiltration of rainfall and the infiltration
from the river.

An early experiment at Frankfurt-on-Main demonstrated that polluted
water from the River Main, pre-treated by passage through rapid and slow
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filters, could be converted to good ground water after vertical percolation
to the water-table through 13 m of sand and gravel containing some air-a
process which took 14 days-and horizontal percolation through 100 m
over a period of 190 days.

Since then, the practice of supplementing the ground water resources
of river deposits has been widely adopted in Germany. At some sites
water has been introduced by the flooding of meadows; at others through
ditches, shallow basins or wells. The commonest method is the use of
basins.

Where the amount of suspended matter in the river is small, or a lake
source is used, water is fed directly into the recharge basins which have a
floor of sand 50-75 cm thick and are built in pairs to allow one at a time
to be drained for cleaning. Generally the amount of suspended matter is
large and, to avoid frequent cleaning of the filter in the bottom of the
basin, the river water is pre-treated before being introduced into the ground.
This consists of sedimentation, or removal of the suspended matter by
rapid sand filters after flocculation. In exceptional instances river water
has had to be aerated by spraying to remove tastes and odours.

The distance between the recharge basin and the collecting wells is so
arranged that water flows through the ground at 1-3 m per day and remains
in the ground 30-100 days. Collecting wells are 30-220 m from the infil-
trating basins-the greater distances being in the more permeable strata.

At a small number of works the water is treated after it is drawn from
the ground, for example, to remove iron and manganese. As a rule a
precautionary dose of chlorine is given.

Similarly, in Sweden, lake or river waters are used to augment the
natural replenishment of glacial sands for drinking-water supplies. As a
rule the raw water is filtered through rapid or slow sand filters before
being introduced into the infiltration basins. These also have a layer of
sand, 1 m thick, on the floor as a filter.

The infiltration basins vary from 2 m to 25 m above the water-table.
The rate of infiltration varies from 2 m to 16 m per day and the distance
between the basins and the wells from which the ground water is drawn
varies from 100 m to 1100 m.

Experience has shown that even heavily polluted river water can be
purified through some 200 m of glacial sand and even less where the sand
is fine-grained. At two works post-treatment is necessary to remove iron
and manganese.

Recent practice has been to build the basins as high as possible above
the water-table to allow the infiltrating water the maximum time in the
zone of aeration. To assist oxidation of organic matter, air has been
injected into this zone but without much benefit.

In the Netherlands also, artificial recharge is practised. At Leyden,
for example, water from the polders is pumped to the higher parts of the
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sand-dunes into which it is allowed to percolate without any treatment
other than settlement of suspended matter. Initial difficulties due to choking
of the sand with iron oxides were overcome by construction of special
collecting wells.

Recently, arrangements have been made for this method of replenishment
to be greatly extended by the infiltration of River Rhine water into the
sand-dunes after pre-treatment of sedimentation, rapid sand filtration and
chlorination if necessary.

Experimental Investigations

There have been very few attempts to carry out strictly controlled
experiments on the purification of polluting matter as it travels through
the ground. This is doubtless because of the extreme difficulty-almost
impossibility-of accurately simulating natural conditions while retaining
the necessary control. If natural ground is selected there are the problems
of confining the descending liquid to a particular area and sampling at
different depths; if a sample of ground is taken and placed in a container
where control can be adequate, the disturbance of the soil and rock may
invalidate the results.

An experiment is in progress in the United Kingdom on the rate of
purification through sand and gravel of water contaminated with domestic
refuse. It contains large numbers of coliform bacteria and both colloidal
and dissolved organic matter, together with some ammonia. It is being
allowed to percolate continuously and horizontally at a rate of about one
third of a metre per day through narrow open channels of different lengths
containing sand, graded gravel and ungraded gravel. Final results are not
yet available, but after some months the indications appear to be as follows:
the bacteria are entirely removed in a distance of a few metres; the colloidal
matter is similarly rapidly removed, particularly in sand, from which the
effluents are perfectly clear; but there is little, if any, removal of ammonia
by oxidation to nitrate, and the effluents contain no dissolved oxygen.
This emphasizes what we have said before about the importance of a supply
of oxygen in the right place in order that purification may take place.

The Water Pollution Control Board of California has recently published
in great detail the results of experiments on the travel of pollution in natural
ground. The polluting liquid-a diluted sewage-was pumped into the
ground through a bore hole and its progress, radial rather than downward,
was followed by sampling from surrounding bores. The results may there-
fore not apply in all respects to the more common downward percolation,
but it is claimed that they are not limited in applicability by the nature of
the aquifer used, which was calculated to be only about 1.3 m thick.
The rate of recharge was high, and the travel of the water underground
was many times more rapid than natural flow normally is, yet coliform bac-
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teria were rapidly removed. The rate of removal was logarithmic, which
enabled a filterability index to be calculated. This corresponded to about
20% removal for each foot (30.5 cm) of travel. The figure was not greatly
influenced by the proportion of sewage in the discharge water and appeared
to be independent of radial velocity underground within wide limits. The
chemical changes were not nearly so clear-cut and amenable to general-
ization.

We have not been informed that any such controlled experimental
work is being or has been carried out in Europe.

Ways of Protection against Ground Water Pollution

The only absolutely certain way of avoiding ground water pollution
is to prevent any polluting matter being discharged, placed or produced on
the ground surface. Highly fissured rocks, as we have stated, have no
significant purification capacity and, to protect the water, something
approaching this absolute prohibition is necessary. A common method
is to establish a " zone of protection " on the gathering ground, or round
points from which the water is withdrawn. Within this area the discharge
of sewage and other wastes is prohibited, the application of organic manure
to the land is not allowed and, occasionally, even the use of artificial
fertilizers and the grazing of animals may be forbidden too. This method
of protection is widely used.

In areas where the ground is porous and has a large filtration capacity,
such extreme measures are not necessary. Even here, however, it is essential
to ensure that the discharge of polluting matter, its amount and rate and
position of application are such that the polluting matter is removed before
the water level or the source is reached and none of the undesirable indirect
effects of pollution occur. Where there is no danger that this will not be
the case, active control may be unnecessary, but with the continuing increase
in the amount of pollution produced, the whole question should be reviewed
periodically.

The diversion of pollution from fissured rocks may sometimes be a
major operation. In one or two cases in England it has been necessary
to pipe an effluent some distance in order that it may discharge, not into
limestone, but into a stream flowing over non-permeable land. Also in
various places in Europe cases have arisen where rivers have had to be
specially diverted in order that they should not discharge their polluted
water into fissured formations from which public supplies are drawn.

Another method of protection is by preliminary treatment of the pol-
luting liquid. If this treatment is taken to completion then there is, of course,
no limit except the physical one to the amount of liquid which can be
discharged into ground. There is a case in England where water is discharged
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into the ground (chalk) by way of wells from which it is at other times
pumped. Consequently the water introduced must be, and in fact is, potable.

More usually, treatment is more limited in extent, some reliance being
placed on the purifying capacity of the ground. In Britain there is an
instance of sewage being given full biological treatment and then allowed
to percolate into sandstone by way of lagoons, which are used in rotation.
Even after two or three decades no pollution of ground water has been
observed and its available quantity must have been increased by at least
230 000 m3 per annum. Unfortunately the passage of the water through
the ground has not been followed nor the rate of purification determined.

More generally, less comprehensive treatment is given and, where there
is the deliberate intention of augmenting ground water, a less impure
source, e.g., river water, is used. Usually it is desired that the rate of per-
colation shall be high, in order to minimize the area of land required, and
there is consequently less chance of oxidation being complete in the top
layer of soil. If the land is perpetually flooded so as to get maximum
percolation, the supply of oxygen near the surface will also be reduced.
Furthermore, there is an increased risk of blockage of pores by the filtration
of suspended matter. Consequently, even in circumstances where the
discharge of a small quantity of relatively polluted water would be safe
and effective indefinitely, the discharge of large volumes of much less
polluted water requires preliminary treatment.

This treatment is aimed primarily at the total removal of the suspended
solids, and sand filtration is employed for this purpose in Germany. The
water is conducted into channels containing graded sand which is recon-
ditioned as necessary. The sand also provides an opportunity for biological
oxidation. The matter has already been discussed in the section on artificial
replenishment.

It need hardly be added that the treatment necessary for industrial
wastes must depend upon their composition. In some cases treatment
may be virtually impossible and discharge might have to be completely
forbidden. We have, however, had no specific instances drawn to our
attention.

Treatment of Water after Abstraction

In cases where protection against pollution fails, then, if the water must
be used, it must be treated after it has been withdrawn from the ground.

In Europe, water for public supply is rarely filtered immediately on
being drawn from the ground, the exception being where it is cloudy with
suspended matter introduced by melting snow.

Aeration is adopted in some areas to remove gases-for example,
carbon dioxide, methane and sulfuretted hydrogen-or to assist precipitation
of iron and manganese, which are subsequently removed by sand or special
filters.
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Some public supplies are softened. Less frequently excessively soft
ground waters are hardened by the addition of chalk or lime. Sterilization
is carried out where necessary.

Treatment of private supplies is the exception rather than the rule,
although industrial supplies are treated to meet special requirements.

The Legal Position

A few countries provided detailed particulars about the laws relating
to the protection of ground water; in most cases, however, we obtained but
little information. It is obvious that the situation varies so much that it
could not well be discussed within a reasonably small compass. In some
countries governments have power to prevent the discharge of effluents
or other waste products becoming a nuisance to ground water supplies,
or to take remedial measures. Not all of them, however, find it necessary
to exercise these powers. Some have powers which they find quite inade-
quate, while in other countries the matter is not subject to statute law at all.

In many countries there is some local control of pollution. This is as a
rule exercised by a health department where medical officers or sanitary
inspectors operate under local regulations. This is generally effective in
protecting public supplies but less so in dealing with private supplies which,
in some instances, are not subject to control or even inspection. Some of
the local laws permit warnings to be given about polluted supplies without
granting powers to prevent their use; others permit the forcible closure of
public or private sources where necessary.

It is, of course, a matter of extreme difficulty to devise a code of law
which is at the same time sufficiently simple, reasonably precise and definite,
readily enforceable, and yet not unneccssarily restrictive on those who,
for whatever reason, desire to discharge polluting matter on to the ground.
Before the problem was thoroughly understood it was almost inevitable
that laws should be either inadequate, or too restrictive, or too vague.
In the light of increased knowledge it should be possible to be more realistic
and practical, and some countries have recently made much progress.
But geological and other conditions within most countries vary so widely
that a single set of regulations can hardly apply unless provision is made
for variations to satisfy local needs and demands, on which a judgment can
only be made if based on local knowledge.

SUMMARY AND CONCLUSIONS

Much polluting matter of various types occurs, or is placed, on the
surface of the ground in Europe in circumstances where it can percolate
downwards to the ground water. Often it has no observable detrimental
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effect upon the ground water. This is due to dilution, dispersion and, in
particular, to the purifying and filtration capacity of the ground.

There have been cases where ground water has been contaminated, so
much so that it has become quite unsuitable for drinking and sometimes
other purposes. Some of these cases have been very serious and they
constitute a grave warning for the future.

Some types of rock, e.g., open-fissured limestone, allow pollution to
travel long distances with little if any filtration or purification. It is clear
that preservation of water quality in such rocks requires that the applica-
tion of polluting matter to the surface above these rocks should be kept
at the absolute minimum. Even then it should not be assumed without
proof that the water is in fact unpolluted and safe for drinking. This does
not, however, apply when the rock does not reach the surface but is covered
with either an impermeable layer or one which is able to affect filtration
and purification.

Many permeable rocks are effective filters and can remove bacteria
within a relatively short distance. So far as these organisms are concerned,
there is no reason why polluting materials should not be disposed of on
such land, provided other contaminants are also removed (see below) and
that the place of percolating is sufficiently far removed from places where
ground water is withdrawn. The establishment of zones of protection
round a source within which polluting matter is not discharged has generally
proved effective.

Polluting matter containing bacteria also contains organic matter. This,
too, can be removed in the ground, so that it does not reach the underlying
water. Often it is oxidized biologically, and this is the most satisfactory
way of dealing with it. The supply of oxygen, except near the surface of
the ground, is, however, strictly limited, and it is therefore very advisable
to make the discharge in such a way that oxidation takes place in the top
few centimetres of soil. This involves making the discharge over as wide an
area as possible and in such a way as to ensure that the ground does not
become waterlogged and unable to obtain atmospheric oxygen readily.
Intermittent discharge, the periodic cultivation of the soil and the growing
of suitable crops on it are useful means of maintaining oxidation capacity.
Sufficient information does not yet exist to enable the oxidation capacity
to be calculated.

If organic matter is allowed to travel well below the surface of the land,
it may still be oxidized or removed in some other way, but undesirable
effects may follow. The ground water may be contaminated with iron,
manganese, sulfide and excessive carbon dioxide. This has happened in
some cases and their removal is a source of considerable expense.

Suspended solid matter and solid matter formed during biological
oxidation is filtered out as the water passes through the pores of the soil
and underlying rock. These pores may thus become blocked and the
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capacity of the rock for allowing water to pass reduced or destroyed.
This is especially the case with the biological slimes produced in the oxida-
tion of organic matter. It can be a very serious matter, and to avoid it,
water which is being deliberately applied to land to augment the ground
water is often filtered first. Where, however, the solids present and produced
biologically can be retained in the top few centimetres of soil which is
periodically cultivated, they may do little harm. In this case the filtering
capacity of the soil is a permanent resource.

Neutral salts, in sewage, trade wastes, mine waters etc., in general pass
through the ground unchanged and enter the ground water. A decision
whether to allow solutions of such salts to percolate should depend upon
the total quantity of salts involved, the volume of water into which they will
eventually find their way, and agreement as to how great a concentration of
salts in the water would be tolerable.

There are a number of chemicals which are destroyed in the ground
only very slowly and perhaps not completely. These include phenols and
nitro-compounds which have both given trouble. It seems that these
should never be discharged into ground where the ground water is impor-
tant, except perhaps when present in very dilute solution with another
polluting material which it is known will be purified. Thus gas liquor
should not be discharged, but this is no reason why a sewage containing
say 1% gas liquor should not be discharged if it is known that the discharge
of the sewage alone is permissible.

Finally, substances which are harmful and which it is known pass through
the soil unchanged, such as chromates, should not be discharged into the
ground at all if they are likely to reach potable ground water.

RESUME

Les reponses de 21 pays d'Europe et d'Afrique du Nord au questionnaire de l'OMS
au sujet de l'utilisation et de la pollution des eaux souterraines sont comment6es dans
cet article.

L'auteur situe le probleme g6ologique et hydrographique en rappelant le r6le des
roches de diverses permeabilites dans l'infiltration et la dispersion des eaux dans la
profondeur du sol.

La pollution des eaux souterraines captees pour la consommation et l'industrie peut
provenir de la decharge des effluents dans la terre ou les cours d'eau sans traitement
appropri6 ou de leur deversement dans des endroits improprement choisis, sans que l'on ait
tenu compte de la situation des terrains aquifbres ou de la direction des eaux souterraines.
Elle peut etre due aussi au mauvais choix des points d'eau, a la construction d6fectueuse
des puits ou, dans le voisinage de la mer, 'a un pompage excessif qui provoque l'infiltra-
tion de l'eau salee. Outre la texture des roches, leur structure peut influer sur la continuite
et la direction du cours d'eau souterrain, par cons6quent sur la diffusion de la pollution.
Le courant pollu6 peut etre entranme vers un puits par l'inclinaison des couches de terrain.
11 peut au contraire etre d6tourne par un pli ou arret6 par une faille. Enfin, des discordances
de terrain, dont on ne se doute pas en surface, peuvent accelerer la diffusion de la pollution.
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Apres avoir passe en revue les r6ponses recues des divers pays, relatives a la quantite
d'eaux souterraines utilisee, au contr6le de la pollution et A la legislation, l'auteur enumere
les divers cas de pollution qui peuvent se presenter, celle qui resulte des activites agricoles,
industrielles et menageres, en particulier celle qui est causee par le petrole et les sels dits
neutres, qui ne sont pas transformes par passage au travers du sol. II indique les facteurs
qui neutralisent la pollution ou en attenuent les effets (dispersion, dilution, oxydation
biologique) et, d'autre part, ceux qui l'aggravent (action bacterienne ana6robie donnant
naissance a des sulfures, a des sels ferreux et manganeux, frequemment observee en
Europe). La protection des eaux souterraines se resume A faire en sorte que la quantite
et la nature des matieres polluantes deversees n'excedent pas ce que le sol est capable de
purifier de fagon continue. I1 est difficile d'evaluer le pouvoir purificateur d'un sol, qui
depend de la nature de la pollution (certaines impuretes ne sont sensibles ni A la filtration,
ni A l'oxydation biologique, ni A l'adsorption), de la nature des couches geologiques, de
la profondeur de la nappe aquifere, de la vitesse de l'eau A travers le sol, du rythme de
pompage de l'eau.

I1 semble, d'apres les donnees recueillies, que les cas connus de pollution des eaux
souterraines soient assez rares en Europe. L'impossibilite presque totale de reproduire
experimentalement les conditions naturelles limite la validite des experiences d'epuration
de l'eau polluee par le sol qui ont et tentees. Certaines precautions permettent de dimi-
nuer les risques de pollution. Elles consistent, en particulier, a maintenir autour des points
de captage une zone de protection ou ne seront deposees aucunes matieres polluantes,
a eviter le deversement dans des terrains rocheux fissures qui laissent la pollution se
propager A de longues distances, A eviter de faqon generale la penetration dans le sol, a
proximite des nappes souterraines, de produits chimiques qui ne sont pas detruits ou ne
sont decomposes que tris lentement, tels que les chromates, les phenols et les nitroderives.
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