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COMPLEX A: ECONOMIC AND SOCIAL ASPECTS OF EUTROPHICATION

GENERAL REPORT
by
S. V, GANAPATI
Univereity of Baroda, Faculty of Science, Biochemistry Dept.
Indila

15 scientific papers were received from eight countries; and they
are 1 from Egypt, 6 from GDR, 2 from India, 2 from Poland, 1 from
Spain, 1 from Sweden, 1 from Hungary, snd 1 from USSR,

The papers are alphabetically listed below:

Paper No. 1: "BEutrophication of the Swedish
Great Lakes - sensitivity, state, and
future” by T. AHL
from Sweden
Paper Wo., 2: "To the problem of complex
management of impoundmeni reservoir
catchment aress with the gosl to
prevent eutrophication® by E. BEUSCHOLD
from GDR
Paper No, 3: "Integrated measuree for
control and utilization of aquatic
weedB" by D. K. BISWAS
from India
Paper No. 4: "Investigations on anthro-
pogenous eutrophication of inland

waters (fresh waters) of the USSR" by Ju. A, CHUGUNOV
and V, I. MALYUK
from USSR
Paper No, 5: "Operating conditions for
maximum phoephorus removal®™ by F. A. EI~-GOHARY
from Egypt
Paper No, 6: "The importance of the sub-
ject to economic development” by S. V. GANAPATI
from India



Paper No. 7: "Problem relating to the
long-term planned use of the natural
water resources in GDR"

Paper No. 8: "Freshwater fishery and
condition of waters™

Paper No., 9: "Effeots of Ffertilizing
forest areas on the eutrophication
of waters®

Paper No. 10: "Pertilizer application
and eutrophication®

Paper No, 11: "The integrated Water Re-
sources Control System of the
German Democretic Republie™

Paper No., 12: "The influence of tourism
and recrsaiion on the eutrophication

of freshwatera "

Paper No. 13: "The relstionship betiween
leke Balaton and its catchment area"

Peper No. 14: "Euircphication in Spanish
man-made lakes"

Paper No. 15: "Butrophication of waters
and problems of the special pro-
tection of nature"

by W. GRINGMUTH and
H, ROOS from GDR

by H. HEROLD &nd
D, BARTHEIMES
from GDR

by T. KOQOCAN
from Poland

by H, KORIATH
from GDR

by W. OTTC
from GDR

by E. PIECZYNSKA
from Polsnd

by I. SZABO
from Hungary

by J. RUIZ DE 14
TORRE, J. L. 0, Ca-
SAS and J, A, GARCIA
from Spain

by H. WEINITSCHKE
from GDR

Additionally the precious report by L. LANDNER from Sweden, pre-
pared by order of the WHO have been used for information:"Eutro-
phication of lakes - its causes, effects and means of control
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with emphaeis on lake rehabilitation"; WHO-Long Term Prograc
in Envir, Poll, Contrel EURC 3130.

The 15 papers have been sub-divided into:

{(a) Control of the external influx of nuirients from

(1) pin-point scurces (Paper Ko. 5);

(?) surface run-off from fertilized arable land (Paper
Fo. 10); '

(3) drainage from forest arems in the catchment area (Paper
No. 9}; and :

(4) from the entire drainage basin of the catchment areas
(Paper No. 2).

(b) Limnological surveys of lakes to determine their trophic
status and the causes of eutrophication in them (Papers
Yo. 1, 4, 12, 13, and 14).

{(c) A plea for nature conservancy (Paper No. 15).

(d) Planning the water wealth of m state for multipurposee
(Papers 7, 8, and 11),

(e) On reuse of waste water (Paper No. 6).

{(f) Control of water weeds (Paper No. 3).

The salient features of the papers contiributed under each of the
8ix subheads are discussed below,

As the subject of Complex A is about eutrophication it will
be proper to begin with & definition of the term eutrophication,
types of eutrophication, symptoms of eutrophication, sources of
nutrients of biologicel significance and the key nutrient phos~
phorus, and why rehabilitation measures are nacessary, ag briefly
as poesibie to begin with.



1. Definition of eutrophication

Butrophication may be defined in several ways, It is popularly
defined as "enrichment of water, be it intentional or uninten-
tional." It is & slow process of aging in nature and the natural
process i accelerated by man's activities, It may slsc mean en-
richment in nutrients leading progressively to the luxurient
growth of plants. In a restricted sense it may mean the enrich-
ment of & water body by inorganic plant nutrients especially
compounds of nitrogen and phosphorus. Some others mean it ag the
incresse in primary production, and LANDNER would like to adopt
the definition: "all espects of biological productivity."™ Eutro-
phication may mean also pollution if the resulis are undesirable
according to MORTIMER.

2. Types_of euirophicaticn

There are several types of eutrophication such ae (&) incipient
eutrophication; (b) sdvenecing eutrophication; (c) seasonal or
pericdic eutrophication; and (4} peeudo-eutrophications.

{a)} Incipient eutrophicatiocn

The ineipient eutrophication may mean biologically a guantitative
increase in Dbiomessa; qualitative end guantitative changes in the
littoral, benthic, planktonic and inm fish population. On the
physico~chenical side the term may mean decreesing iransparency
and change in colour of water; overall decline in dissolved
oxygen centent in the hypolimnic layers of a lake during summer
thermal stratification and the resultant build up of the chemi-
cally detectable aversge nutrient level of nitrogen and phce=-
phorus,

(b) Advanced eutrophication

It mey mean that the above symptoms have become more pronounced,
A luxurient growth of phytoplankton particularly the blue-green
algae: complete absence of dissolved oxygen; in summer in the
bottom layers and accumulgiion of the resultant products of
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gnaeroblic decomposition; and the disappearance of the fauna may
be noted.

(c) Sessonal andfor periodiec eutrophication

This results from a gradusl decrease in water level due to
evaporation and drew-off for irrigetion purposes in man-made
lakes in the tropics with a concomitant increase in organic
matter content 8o that one can easlly calculate the values for
organic matter content from the lake or reserveir level,

It is not known whether the type of eutrophication defined
above 18 the same as or different from gnthropogenous eutrophica-
tion of CHUGUNOV and MALYUK (Paper Fo. 4), They define it es
"s disturbance due to the incresse in level of primary produc-
tion of organic substences on the basis of anthropogenoue growth
of nutrients which keeps developing according to ROSSOLIMO.™

(d) Pseude~eutrophication

It is another kind of enrichment in organic matter when the
water from s men-made lake is used for elow sand filtration in
summer months. Anaerobic conditions are crested inslde the three
feet depth of fine ssnd imyer of a slow sand filter when the
sulpbate reducing Spirillum desulfuricans begine to be active
and reduces the sulphate in raw water %o HQS and the concomiltant
production of sulphur bacteria or sewage fungus in the filtered
water,

3. Symptome and indices of sutrophication

Microscopic algee or macroscopic water weeds when seen in abun-
dance in any pie;ce of water, indicate eutrophic conditions. Both
of them seldom reach their dominance in the same water body, for
there is always & keen competition between the two for attain-
ing dominance. Several indices of eutrophication have been re-
ported in literature. ey are: (1) UHIMANN and HRBACEK's in-
dices based on the trophic status or standing crop or changes

in the rate of primary production, i,e. chlorophyll content;

{2) changes in the diversity of phytoplankton; (3) increased



values for chlorophyll-a and decreased SECCHI dise readings and
(4) VOLLENWEIDER's guide-lines of ranges in plankton produc-
tivity,

4, Sources of nutrients of biological significance and the key
autrient phosphorus

They are: (1) regeneration from biota; (2) exchange with bottom
gedimente; and (3) from sources external to the water body. The
nutrient pubstances of biological significance are organic and
inorganic compounds of carbom, nitrogen-containing and phos-
phorus-containing inorganic substances, The key nutrient is con-
sidered to be phosphorus-containing inorganic substances because
the other two substences are essily obtainable from atmosphere.
Most of the attempte being made for controlling eutrophication
are for the almost entire removal of P,

T™e nutrients may be obtained in two ways. They may be of
(1) allochthonoue origin, which includes pin~point and diffuse
sources; and (2) autochthonous origin such ae exchange witk bot-
tom deposits and regeneration from biota ae already stated.

5. Econcmical and Bocial effects of eutrophication

Bxcesalve growth and development of aquatic weede and/or micros-
copic algae are a source of nuisance, ceuwse health hazarde, eco-
nonic water loes due to evapo-transpiration, toxic effects on
fish, poultry and animals; fishing, boating, skiing, bathing are
often made impossible, Such waters have io be treated at great
co8ts for drinking purposes although they mey be increasing the
bicmass or standing crop which may be used for producing fish,
oyeter, lobster, and algae for low-cost protein, irndustirial and
medieinal producte, so rehabillitation measures for their centrol
are necessary.

LANDNER hag reviewed exbaustively the literature pertaining
to eutrophication amd rehabilitation after 1968 to 1976, He has
suggested 6 rehabilitation techniques for preventing further
deterioretion to water resources themselves and for "de-eutro-
phication" of the external influx of nutrients. Briefly stated
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they are: (1) taking measures affecting the oxygen reserves in
hypolimnion; (2) reducing the period of stagnation; (3) by in-
activation or removal of nutrients; (4) measures affecting the
influx of nutrients from pin-point sources; (5) of orgenic mat-
ter; (€) preventing oxygen consumption by bottom depoeita.

He hae not mentioned any techniques for eseparating the micro-
scopic algae from the highly eutrophied watere of Europe and Ame-
rica for their use as "low-cost protein" about which IBP has
emphasized., The future of mankind is closely linked up with the
urgent need for maes production of cheap protein and pure water
which sre in short supply on account of increasing population
and industrial development, S0 new techniquees and new socurces of
supply must be sought, This cen be partly achieved by ireating
the vast volumes of ssnitary whate waters produced by the world
population and industrial development to such an extent that they
can be used straighit wey for water treatment for drinking, irriga-
tion or industrial purposes, At the same time the fertilizing
elements i.e, N and P from the wastes c¢an be profitably used in
the large-8cale menufacture of edible protein for animale and
men, All these triple benefite can be had at one stroke by em-
ploying the aerobic lagoon process in which the principle of
photosynthetic oxygenation is solely employed (GANAPATI, 1975)
wherever possible, This process Professor OSWALD (1962) of ihe
University of Californias hailse as "The Coming Industry of Con-
trolled Photosynthesis." This 1s one of ‘the several nature's
glfts to man.

GRINGMUTH and ROOS {Paper 7) have suggested that they pro-
pose to utilize nature's another gift i.e. the self-purifying
capacity of running waters in artificially created installations.
So, why not the other gift of nature i.e, the radiant energy
from the sun he used in western countries for artificial illumina-
tion for the manufacture of low-cost protein for the teeming
millione of the world, A suggestion for consideration!

(a) Control of the externel influx of nutrienis from

(1) Pin-point sources (Paper No. 5)
EL-GOHARY of Egypt hes suggested a reliable method of control
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with operating conditions for the meximum removal of the key
nutrient P from sanitary, industrial and agricultural wastea. A
combination of a biologlcel high rate, plastic-packed trickling
filter unit followed by a chemical coagulation and flocculation
unit is recommended,

The methods suggested for treatment are sll right for those
places where land is not cheaply aveailable, But in the develop~
ing countries of the world whose land is cheaply available low=
cost methods of treatment should be employed. Also, the treat-
ment units should be gimple to construct, have the least amount
of mechanization and require litile or no skilled operation and
comparatively cheaper, All these requirements are met by ths so-
called "low cost waste treatment methods", which may be tried in
the interests of economy in cepital and running costs.

(2) Surface yun-off from fertilized arable land (Paper No. 10)

In GBR intenaified food production is done by the exiended ap-
plication of inorgenic fertilizers and cattle organic manure on
land in the catchment srea of a lake or reserveir, At the same
time a code of practiice has been evolved as a result of which
eutrophicetion of ground and surface waters has been greatly
reduced, How thie state has been reached is discussed by KORIATH
in thie interesting paper.

If intensive agricultural practices are 1o be employed on
gnd for increased food production, leakage of N from soils can-
not be althogether prevented. But it can be considerably reduced
by edopting indicious policies formulated jolnily with depart-
ments of agriculture, water management, and environment protfec-
tion. Similar rules and regulations can be worked out for each
country where intensive agricultural practicee are adopted for
increasing food production by examining the slope of land, under-
ground water level and the location of surface waters.

{3) Drainage from forest areas in the catchment area (Paper No.9)

KOCAN of Poland discusses the toxic side effects of using fer-
tilizers for increasing the growth of timber by intensive use of
mineral fertilizers containing salte of N, Por K _The residue left
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over are carried to lakes and rivers after each rainfall, thus
leading to eutrophication of surface waters, Toxic pollution of
ground water may slso result causing an extraordinary danger to
the environment. So, eppropriate measures should be taken in
foreat arems after carrying ocut certain scientific investigaticns
for protecting surface waters, They are (1) not to use mineral
fertilizers on mountain slopee and in foreste with highly per-
mesble Boils; in forests weated in water sheds and in water hold-
ing forest aress. Grass, bushes, shrubs etc, should be grown on
foreset-free water banks.
In fertilized forest aress with high ground water levels,

pyknometric instruments should be installed at appropriate inter-
vals, Soil and water samples should be collected for analysis to
determine the changee in the properties of water, soll end
planis, The results of analysis should be used for correcting

the relationship between fertilizer use aend soil conditions, snd
for use of underwood and brush vegetation for controlling the
humue ~ontent of scil and for reducing the input of nuitrlents.

In this way pre-conditions for complete consumpiion of water by
the eoll and water can be effected. For fertilizing foreet areas,
it is therefore necessary to carry out complex research on hydro-
logical, physiological, forestation and fertilizing aspecte so as
not to endanger water resources, These szteps are worthy of adop-
tion in forest arees in the catchment of lakes and rivers in
other countries.

(4) Prom the entire drainage basin in catchment sreas (Paper No,2)

BEUSCHOLD of GDR has discussed how far & raw water storage re-
servoir used ag a source of raw-water supply can be allowed to be
poliuted with sanitary sewage, agricultural drainage water and
forest drajinage in the catchment ares of a lake or reservoir,
This has been viewed from the point of view of the key nutrient
element P in the water. He has also discussed the relation be-
tween the cost of manitary measures and the expenditure involved
in water treatment for drinking purposes under the optimum con-
ditions of production in the case of the Rappbode reservoir in
GDR. This paper presente an excellent accounting of cost/benefit
ratios of sanitary meassures and water treatment.
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(b) Limnological surveys of lekes to determins their trophic
status and the ceuses of eutroghlcatlon in them (Papers

No, 1, 4, 12, 13 and 14)

In Paper No. 14, RUIZ DE LA TORRE et al, hseve carried out limno-
logical surveye of almost all the reservoirs of Spain during the
last three years; snd the results of 300 reservoirs sre discus-
sed with special reference to factors governing biological pro=-
duction and the causes of eutrophication in them, They have
classified the lakes into 5 groups on VOLLENWEIDER's criteria
taking into account the dividing line betueen mesotrophic and
eutrophic watera, They consider 20 mg/m of total P and 300 mg/l
of N content as the limit between the two types of waters. They
have concluded that the major reasons for increassing eutrophica-
tion in the man-made lakes of Spain are due to increseing popula-
tion in the catchment areas, heavy cattle raising, long residence
time, and summer stagnation conditions, They propose to reduce
the degree of eutrophication by graduslly incrsasing waste treat-
ment practices,

In Paper No. 12, PIECZYNSKA of Poland has discussed the ef-
fect of touriem and recreation on eutrophication of freshwaters
in Poland. The suthor has suggested that research is necessary on
the effect of the different forms of recreetion activities with
speclal reference to the negative effect of tourism on water
bodies due to inflow of sewage and destruction of water plants.
Other impacts have not yet been analysed. Littoral zones are af-
fected considerably. The location of recreation centres, bost
housea etc. cause definite changea in water quality. Interna-
tional water fowl Research Bureau, IBP, and MAB are studying these
problems now.

The Polish National Committee of MAB is inveatigating the
effect of touriem and recreation on water bodies at nationel and
internationael levels., A questionnaire prepared by the Depariment
of Hydroblolegy at Warsaw University has been sfnt to all people
in Poland and overseas and the results of aenelysis will be die-
cussed at this Symposium, From & study of the Masurian lakes of
Poland with reference to tourist pressure and recrsation on their
pollution, it has been found that the inflow of sanitary and in-
dustrial waste waters has considerably increased pollution.
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Shores have been demaged by wave action and motor oil, Over 50 %
of the lakes are visibly affected by tourism which is confined to
summer seagon. After this short term pressure, it hes been found
that degenerastion of water quality is quicker tharn restoration.
So, there id a dire need to plan the touriet usage of 1lakes and
reservoirs, Speciml precautione are necessary,

SZABO reported upon according conditions and requigitions
from Hungery to protect the lake Balaton (Paper No. 13).

In Paper No. 1, the results of studies made on the Swedish
great lakea - Vinern, Vdttern, MiElaren and HjHlmaren - gre dis-
cussged by AHL, The state of eutrophication in them is discussed.
A figure of 1.3 kg N/ha.year is typlcal of N loss from forest
area8, of which 75 % ie organic and the rest nitrate; and a loss
of 0,06 kg P/ha.year has also- been noted, He has found the na-
tural loeding of P and N related tc mean depth., The first two
deep lakes were originally oligotrophic, and the other two meso-
or eutrophic. The results show that the water quality in the great
lekes a8 observed during the last one decede as excellent for
SECCHI disc readings were 15 m for Vittern end 5 m in Milaren.

In Peper No. 4, CHUGUNOV and MALYUK have discussed a new
type of eutrophication in the lakese of USSR where they call as
ngnthropogenous eutrophication" of inland waters. A lot of work
is reported to have been done in USSR and a second symposium for
this type of eutrophication is considered necessary. Eutrophica-
tion is caused by preoduction of mllochthonous organic matter and
aleo due to sutochthonous organic matter., Considerable increase
in biomass of phytoplankton ie due to P, which is supplied mainly
by sewage pollution while N is obtained from the catchment area.
The author has made regicnal gtudies of thie type of eutrophica-
tion in USSR and has suggeeted several control measurea.

(c) A plea for "Nature Conservancy"

The author of Paper No, 15 of GDR pleade for the preservation and
augmentation of rare, culturally valuable species of birds, and
plants in certsin lakes and reservoirs as "beauty spots™ for peo-
pie to visit, In GDR laws have been framed for the premervation
of netural "beauty spots" reputed for rare plants, birds and
animals in selected reserves as national trusts. Such places are
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called Nature Conservancy which are controlled by speciglist
orgenizetions devoted to preservation of wild life for aesthetic,
scieatific and educationel purposes,

There are 700 such landscapes in their typical development
stages of which 13 % or 44 reserves are lakes of different iypes
which are mainly eutrophic, multipurpose storage reservoirs used
for boating, sporting, fish breeding and agricultural purposes,
They merve iwo purposes: a allow a balanced exploitation of the
water wealth so as to restore the old conditions of eximtence
before demage was caused, and as "heauty spots", In such cases
chemical or biological methods of treatment are not to he al-
lowed.

(d) Plenning the water weslth of a_state for multipurposes

(Pepers No. 7, 8 and 11)

GDR hae an exiremely tight water budget, being densely populated,
heavily industrialized and is intenaively exploiting the arsble
lgnd. For meeting the present and future demends, it is neces-
sary to know exactly the seasonel variatione in quality and
quantity of ground and surface waters. S¢, a cenirally run,
highly mechanized, integrated water resources control system was
evolved and he8 been In use for several years. It provides the
conditions required for full-ranging, quick informetion for short-
term, medium~-term and long-term planning.

The Paper No. 11 by OTTO of GDR explains the basic princi-
rles underlying the integrated system of control for measuring
water quality, quantity, selection of criteria %o his measure,
measuring techniques with special references to lakes and re-
servoirs.

It is & highly complicated mechanized system of water re-
pources control worthy of edoption in the technically advanced
countries of the west,

GRINGMUTH and ROOS in Paper No. 7 have described the natural
water resources, develepment demand by 1980, and water quality
and pollution in GDR. There is water pollution and a growing
demand for water quality end quantity. So, considerable efforts
are being made for the conatruction of biological waste treat~
ment plante followed by land treatment of the effluents in order
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10 retein the inorgenic nutrients of biological significance in
the seil, The increase in treatment costs ie due %o chemical con-
tamination, For these reasone the water economy in the state haa
to be planned in a uniform manner for meeting the ever growing
requiremenis of the population, A long-term planning of the water
econoemy inveolving a cloge relationship with the planning of en-
virormental protection and the conservation of the naturael con-
ditiones is found absolutely necessary.

HEROLD and BARTHEIMES of GDR (Paper No. 8) had developed a
concept as to how fish farming can help to solve the problem of
eutrophication. Thie ie proposed tc be done by increesed stocking
of fish of different food spectra for a better utilization of the
biotic potential of eutrophic waters, while at the same time im-
proving the water quality. An attempt haa been made to shoot two
birds at one shot, In the Madras State (now Temil Nadu) the
Figheries Dept. is trying to increase fish production by stocking
ponds with surface feeders, column feeders and bottom feeders to
obtain the maximum fish preduction, As a general rule, & pond is
stocked with 50 % fingerlings of surface feeders, 25 % of column
feeders and 25 % of bottom feeders. MACAN et al. (1942) have
suggested a formula for calculating the total number of finger-
lings with which a pond should be stocked. The Bame formula can
be improved in GDR.

Do fish pollute water? Normally they are considered as the
unfortunate casualities of water pollution! Under what circum-
gtances can Tish be a source of pollution of water? Scientists
at the University of Georgia under SERL sponsorship are investi-
gating thia question now.

(e) On_reuse of waste water (Paper No. 6)

Sconer or later the world population increasing at the rate of
1.7 % annually will have to face a very serious water famine on
account of explosive population growth and increasing agri-
culturel and industrial developmente, Added to this menacing
gituation is the inereasing eutrophication of surface and under~
ground waters, which not only has reduced the available pure
water supplies and aleo lowered their quality, Costly esnd com-
plicated purification tresiments are found necessary for treating

the polluted waters,
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The poesible lines of action for saving menkind from the
impending catastrophic situation within the next Tifty years or
B0 are; (a) tc meek new sources of water supply, ¢.g. by tapping
the enow-clad mounteins, antarctic icebergs, purifying sea or
brackish water, making artificial rains, changing the climate,
or to exercime control over the use of existing sources of supply
by careful plamning or trying to reuse the ssme water as meny
times a8 poasible eitiher for the same purpose or for different
purposes,

This line of action hae been initiated in certain coastal
areas of the north-east and middle~east regions and in western
countries, Serious attempts are being made to convert seas water
or brackish water into sweet water in countries which now lack
adequate quantities of good water. The techniques being used for
the purpose are distillation, freezing, hydration, reverse
osmosin and electiro-dialysis.

Reuse of waste water was anticipated by Karl IMHOFF as early
as 1931, who showed the possibilities and limitatione of water-
sewage-water cycle, According to him a city is required to
furnish ite regular supply only to the extent of 10 % of the col-
lected sewage volume a8 pure water, the remeining can be met
from its own sewage.

An examination of the actual position exieting today in the
highly industrialized countries of the West shows that it is
technically feasible and possible to reuse sewage after purifica-
tion and natural or artificial regeneration, We have also the
evidence of current research into the provieion of water for
cosmonteuts by complete recirculation., So, increasingly reliable
methods of sewage purification and regeneration with have %o be
systematically adopted in future; and sewage effluents or used
water will become an important means of increasing supplies of
drinking water, water for agriculture and for industrial purposes
ag in GDR today.

In the techrically-advanced countries of the West, increes-
ing volumes of gewage and/or industrisl effluents were being
discharged intoc etreams, rivers, lakes and reservoirs whoee
insufficient dilution took place. The conventional weste treat~
ment processes are unable to treat effeciively the inorganic
nutrients of biological significance with the result that when
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they are discharged into receiving waters cause eutrophication,
So, attempte are belng made to remove completely the chief
nutrient P from sewage effluente.

An additional stage in waste treatment known as "polishing"®
or tertiary itreatment for final treatment of sewage effluents has
come into vogue, The imporiant forms of such treatment are:
lagoon trestment, intermittent rapid eand filtration, micro-
ptreining, slow sand filtration, treatment in grass plots (not
land irrigation) etc., Of these treatments lagoon itreaiment in the
go-called "maturation ponde® ie most economical, But it can he
adopted only in such places where land 1s cheap, climatic con-
ditions are suitable, organic loadinge fluctuate widely and funds
gre limited. Moet of these conditions are satisfied in tropicel
countries like Africa, Middle East, Nesr East and the Psr East.

Maturation pond systems are useful in minimizing the
hitherto un-controlled eutrophication of rivere, lakes, and
reservoirs receiving purified sewage effluente to suit various
useful purposes, The effluent %o be put into maturation ponds
should be already well stsbilized in the conventional sewage
trestment plants or from a series of etabilization ponde, In
meturation ponde purification is effected primarily with reference
to bacteriologicasl quality, TAYLOR, the former Direcior of the
Metropolitan Water Board in London, has summarized the results
of hle three year etudy of the method of lagoon treatment of en
effluent from the conventional sewage treatment plants at Rye
Meads, Hertfordshire in England, A pert of the fully treated
effluent was passed through three shallow lagoons of depth very-
ing from 5.3 to 11.5 £t working in series and having a capacity
of 30 million gellons st a flow raete of 1.5 mgd. This gave a
retention time of 3 daye in the firaet lagoon, 5 days in the
second and 9 days in the third lagoon before final discharge
into the river Themes after 17 days. The results were found to
be highly satisfasctory. A final effluent having s quality stan-
dard comparable to that of a good river water in every respect
was produced, The lagoons acted a8 a "buffer" between the treat-
ment plant end the river. Also this afforded protection to fish
1life in the river from any harmful matter in the sewage effluent,
An putstanding feature of the lagoons treaiment was the dis-
charge of a fully oxygenated effluent into the river, avoiding
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any harmful effects on the figheries. Another note worthy feature
of the lagoon ireatment was the reduction in the number of faecal
bacteria by 99.5 %. Pathogens like the Salmonella group had
virtually disappeared after pasaing through the lagoons. Entero-
viruses were also isolated from the plant effluent on occcasions
tut they were present in onrly twe of the samples discharged from
the third lagoon to the river during the three year period.
Public Health Engineers in USA are slready thinking in
terms of closing the gap between the end of sewage treatment and
the beginning of water supply altogether so that in s sewered
city it may be posaible to produce from the city's sewage, water
that is suitsble for further treatment in the asme city's water-
workes for domestic water supply.

(£) On_control of water weeds (Paper No. 3)

In Paper No, 3 BISWAS discusses the nature and magnitude of the
problem of weed control in surfece waters in India. He has rTe-
commended an integrated approech for their control arnd use for
geinful purposes,

Weed conirol is & serious practical problem throughout the
world. What weapons are now available to control weeds is the
important problem for consideration! About 90 % of the free
floaters can be cleared with 2,4-D, MCPA, Gremoxone, and Diquat.
Acrolein acis effectively on marginal and submerged aquatics, If
a chemical control is to be of use in the developing world it
should come out of local research centres, At doses of 12-15 %
ammonia kills 90 # of all submerged weads. An aqueous solution
of Keroeere, urea and socap was found to be highly specific for
desiroying Selvinia. Research hes also shown that rooted weeds
will not grow in seil until they heve been coniinuelly submerged
for at least six months.

Menual or mechanical remeval of weeds will make more sense
if something useful ¢an be done with the dying vegetation. The
mogt promising line of ection seems to be biological control,
Manatee, & large herbivorous animal is behaved to gobble up
water hyacinth. An English farmyard duck is called the "Khaki
Campbell" ie reported to comirol Salvinia. Cerps have shown con-
siderable promise in clearing submerged weeds. Two weevils, two
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moth borers and a suite which attacks water hyacinth, 2 semi-
agquatic grass-hopper, 8 borer seen to effect considerable con-
trol, But the control measures cannot be applied universally., So,
research must go on for bioclogical control.

Summing up:

There is a growing awarenesas on tha part of those responsible
for water menagement and snvironmental protection that both
hydrophytes and microscopic algse which occupy the seme environ-
ment are very important for the enhancement of water quality up
to a point. Anything in exceas is undesirable, Our knowledge about
the nutritional regquirements of aquatic weeds is very poor; and
the cost of conirol measures appears to be very high. Informa-
tion relating to weed and algal population contrel is still in

a very primitive stage although a legion of methods has been
suggested for their control. Nome of the methods suggested ie
outetandingly excellent for universal adoption, A multitude of
mechanical devices such as flushing a lake with clean water,
pumping surface water to the bottom, temporary lowering of water
lavel, pumping out hypolimnic water; a veriety of biological
agents such as snall, cray-fish, carps, mammal, duck, beetles
and chemical herbicides like 2,4-D, MCPA, Diquat etc. have been
guggested, 99 % of the efforts at control of algel populations
and blooms are aimed at the nutritional level of reducing the P
content within & lake or outeide i%.

So, the present state of the art of weed and aigal control
is such thet more research is needcd to design a comprehensive,
fully integrated, economic approach to the problem. Effective
practical control will not be possible until extensive basic
regearch has been carried out. A better understanding of the
real cause of slgal blooms is required and extensive environ-
mental models need to be devieed taking environmental veriables
into account before eny control measures are actiually undertaken
in the field, Algal and weed control are not more scientific in-
veatigations, It ie a serious practical problem demending urgent
sclution everywhere.
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Therefore, research will have to be carried out in‘Research
Institutes specially established for the purpose in different
regions of the world under the suspices of UNEP for water manage-
ment, eutrophication control and education of the people at dif-

ferent strata of society.
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TO THE PROBLEM OF COMPLEX MANAGEMENT OF IMPOUNDMENT RESERVOIR
CATCHMENT AREA WITH THE GOAL TO PREVENT THE EUTROPHICATION

E. BEUSCHOLD
VEB Fernwasserversorgung Elbaue - Ostharz,Wienrcde
German Democratic Republic

Summary

At the example of the East - Harz - storage reservoir system
from the point of view of the drinking water supply will be
discussed the question, whether and in which amount it is neces-
sary to prevent or Testrict the eutrophication of storage reser-

volirs,

On the base of a phosphorus balance for the Rappbode impound-

ment reserveir and for its catchment avea the possibilities of
influencing the nutrient import into the storage reservoir will
be demonstreted and the corresponding degrees of bemefit will be

discussed.

with about 1,8 g F/n? . a the phosphorus loading of the Rappbode
storage reservoir is very high. 66% of the total phosphorus
amount coming into the storage reservoir are originated from the
domestic sewages and 34% from the plain leaching - out. The share
of the agricultural using at the phosphorus input mekes up about
9%, By large - scale sanitation measures in the catchment area
with an investment amount of about 92 000 C000,~ M the totml phos-
phorus loading of the storage reservoir could be lowered from

originally 0,19 to 0,12 g P/m°.a.

Ar economic comparision of the expenditure of the operating ex-
penses for the sanitation measures with the lowering of the wa~
ter treatment expenses being attainable by the sanitation shows

the disadvantageouws relation expenditure : advantage of 26:1.
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The asked question "maximum keeping back of eutrophicating sub-
stances or optimizaticn of the relation between sanitation mea-
sures and technical expenditure of the water treatment" is dis-

cussed.

A drinking water storage reservoir can be considered as a teche
nicel installation, those loadibility with respect to the eutro-
rhication corresponding tc economic points of view can be used

up to a certain degree.

Also in the field of eutrophication, especially in the context
with the drinking water supply from storage reservoirs, an eco-
nomic way of consideration will more and more assert, At this in
an increasing measure it will be the point, that the sanitation
measures in the catchment areas, aids in the storage reservoir
itself and the possibilities of the water treatment techniques
will be considered as a complex and in optimal way balanced one

upen anocther,

1. Formulation of the problem

In the Harz in the years 1952 uatil 1961 the Rappbode lmpoundment
reservolr with it's system of preimpoundment reservoirs was con-
structed. It's main geal is the gaining of raw water for the
drinking water supply. The catchment area of the storage lake
comprehends 270 km°, of which 227 kn° are wooded and about 42 km2
are used by agriculture, i.e, as meadows and fields. Along the
intlow rivers 10 villages with 20 700 inhabitants are situated.
Additionally about 1C 0OC holiday - makers are recreating heie,
80 that the population density makes out 116 inhabitants/ka.

The 9 villages being situated on the territory of the GDR are
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disposing of central water supply installations. Central sewera-
ge# and sewage purification plants had not been available., How=
ever the kitchen waste waters and the surface runnings of the
streets and of farms were predominantly arriving the influxes.
Besides this the tendency came out, that besides the recovery
astablichments also the inhabitants of the villages in an increa-
5 ing degree are aspiring to an individual sewage sanitation of
their estates by the construction of small sewage clearing sets
in order to improve the sanitary conditions in these places.
Such measures however are followed by a raising increase of the
phosphorus import into the storage Teservoir, Additionally the
increasing use of fertilizing substances and the strong ¢oncen-
tration of the cattle breeding occured in the scope of the socia-
list reorganization of the agriculture with the changings in di-

rection towards an industrial organized preducticn,

Due to this situation which hes been described the question arxose
about the necessity and the amount of sanitation measures in the
catchment area in order to prevent a too strong eutrophication

of the Rappbode storage reservoir. With this from the first it
had not been expected, that by means of the sanitation measures
it would be possible to provide oligotrophical conditions in the
storage reservolr, It was rather the goal to keep the irophy de-
gree within such o rders, that the storage reservoir water still
could be treated by the planned treétment technology of the wa-
teryorks 10 an uncbjectionable &rinking water. In order to at-
tain this goal the following complex sanitation program was estab-
lisheds

- It ie the task of the sanitation measures to provide to the



villages the possibility of modernization of the sanitary
conditions, without any increasing of the phosphorus import

into the Rappbode storage reserveir.

~ Construction of central sewerages and of bioclogical treatment
blants with serial connected third purification step
for the phosphorus elimination for the villages Hasselfelde,
Stiege, Bennec kenstein and Trautenstein in the partial catch-

ment area of the Rappbode and Hassel,

- Renunciation of ratlioning of the water amount of the both pre-
impoundment installations at the Hassel =and Rappbode, in order
to attain a maximum phosphorus elimination in the two dam up

basins by continuous full dam ups

- Introduction of measures in the cooperative and public sectors
of the agriculture, which are restricting the phosphorus carry
off from thearable plains while the agricultural productivity

is completely granted.
- Farm sanitation in the estates with individual cattle keeping.

- Fixation of protection zones corresponding to the lawful basics.

A series of investigations has been carried out in order to estab-
lish the effectivity of the sewage sanitation measures, the in-
fluence of the preimpoundment installations on the phosphorus_
‘influx and the amount of the phosphorus leaching out of agricul-
turelly used plains and the forestry plains, Moreover it was
tried to cconsider in oppositior the sanitation effect each with
ite corresponding sanitation expenses and thus to carry out an
economic comparision between these sanitation expenses and the

expenses due to the drinking water trecatment.
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2, The impoundment reservoir system

The Rappbode impoundment reservoir which is dammed up by a con-
crete wall with 106 m of heizht at normal dam up is BS m deep

andg about 8 km long. It is an expressed groove basin. The instal-
lations which habe been set up at the Rappbode and Hassel have

a depth of 14 m. They are serving to the preliminary purificatien
of the influx water. In order to catch the particular steep flood
runoffs from the Brocken area the hizh water protection basin
has been constructed at the Cold Bode, Below the fiowing together
of Cold Bode and Warm Bode the transfer reservoir raises the

Bode water level up to such degree, that through a tunnel to the
Rappbode storage reservoir can be conveyed about 504 of its in-

flux per year from the Bode.

Below the junction of the Rappbode still & further dam up wall
was established, The lake of this Wendefurt storage reservoir

is reaching up to the base of the dam up wall of the Rappbode
storage reservoir. The Wendefurt storage reservolr does not be-
long to the drinking water storage reservoir system. It scrves
besides the tasks for the high water protection, low water rai-
sing and energy gaining alsc to the close by - recreation and to
the fishery for feeding of trouts. In the table 1 are gathered
those dates about the Rappbode storage reservoir and 1its pre-
impoundment installaticons wiich are most essential for eutrophi-

cation problens,

N
o
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Table 1

Hydrolozical conditions in the storage reservoirs at normal dam
up resp. at mean water delivery of the influxes

height  dam lake dam mean stay
above up sur- up depth time
normal volu- face helght
Zero me
o hm3 hs m m d
Rappbode
impoundment
raservoir 422,2 1C3,4 365 83 28,0 370
Hascel preim-
poundment
reservolr 433,0 1,5 26 14 5,6 29
lappbod 2 pre=-
impoundment
reservoir 43930 1,5 23 15 6,4 29
transfer
reservoir 423,2 1,2 29 9 4,2 4
high water
protection
basin 454,0 0,5 12 9 443 T

%. Ihe phosphorus import into the storage reservoir
s alculation basics

Since 1959 investisgations about the phosphorus occurence in the

catchmant area ¢f the Rappbode storage rescrvoir and about the
influencing of the phesphorus load in the storage reservoir sy-
stem were carried out f1], [ 2}, 31,041, [5_] . From the in-
vestigations results obtained for the paper in hand the following
data zathered in tab. 2 have been derived:

2g
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Table 2

Phosphorus discharge per year from differently used plains and
phosphorus discharge of villages without and with sanitation.

total ortho~
1. Discharge from plains phosphorus phosphate
amount
kg P/hasa kg P/ha.a
forest plains 0,126 0,037
extensively used meadow plains 0,180 0,074
intens ively used meadow plains 0,552 0,274
of that natural share 0,124 G, 037
of that share from agri-
cultural using 0,429 0,237
total ortho-
2. Discharge from villages phosphorus phosphate
amount

kg P/Pers.. a

kg P/Pers.. &

unsanitated village
{central water supply,

but no sewerage) 0,11 0,04
sanitated village
(central sewerage and
biolo%ical waste water
plant
- waste water plant infiux 0,90
- waste water plant delivery 0,56 0,40
sanitated village,
additionally with
post-purification pends 0,28 0,22




In the table 2 the fields are not represented amons the data about
the phosphorus discharge from the agriculturally used plains, be-
cause in the catchment area the arable plains are situated only

on the rideges and separated from the influxes in each case by
extended meadow plzins. At present in the catchment areas in the
average 120 kg l/ha-a and 28 kg P/ha.n are used as fertilizer at
the agricultural plains, The v?lues for the plaln leaching out
given in the table were derived from mean values. They shouid

not deceive over the fact, that in dependence of the hydrelogical
cohditions and eapeclally of the intensity of the melting water
delivery the amcunt of the nutrient leaching out during the snow
melting is very different. from year to year. In averesge 884 of
the total phospihorus plain leaching out occurs in the time from

October until May.

In the second part of the table is mentioned the phosphorus dis-
charge from the post - purification ponds as & form of a third
purification step for the nutrient elimination, it fs still
relative high, because temporarily in the ponds oxygenium fading
occurs, Due to this phosphurus which already had been kept back
1s Bet free again. Here aeration devices will enable an increa-
se of the phosphorus elimination. The two installations being
available are consisting of each 4 resp. 5 serial connected
ponds with 30 up to 40 days stay time for the biologically puri-
fied sewage.

The total phosphorus elimination in each of the preimpoundment

installations is shown by the following putting up:
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preimpoundment instsasllation total phosphorus

elimination
in %

Hassel preimpoundment
reservoir 58
Rappbode = preimpoundment
reservoir 58
high water protection
basin 25 (October - May)
transfer reservoir 17 (October -~ May)

For the two reservoirs mentioned last the elimination is given
for the time from October until May, because predominantly only
in this time water from the Bode is guided over into the Rappbode

storage reservoir,

3.2 Phosphorus balgnce

Applying +the investigation results having been put up in the
previous sectlon for the system of the East Harz storage reser-
voirs and those catchment area now a total phosphorus balance has
been calculated. The result is shown graphicelly in fig. a and b.
The figures show in a balence disgramm the average load of total
phosphorus amount per year and ite alteration by the influence of
sanitary measures, of the preimpoundment resexvolrs and of the
diversion of a part of the Bode water out of the catchment area

by the river water delivery from the transfer reservoir,

At this the phosphorus load is still separated into it's shares
of different origin, as village sewage, natural plain leaching

out and phosphorus leaching out on the base of the agricultural
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using. The load is represented in megapond/a, at which also the
absolute numbers are entered into the graphical scheme additio=~
nally, At the first view it is recognizable, how much the total

phosphorus share from the village sewazes is dominating.

Among the primary occurence (1) of 26,86 Mp F/a about B2% P ori-
ginate from the sewage, 11% from the leaching out of forest plains,
5% are due to the influence of the agricultural using. The remai-
ning 2# load share are the natural leaching out of the agricultu-
ral used plains, which occura alsc without the agricultural intenw
sivation, As primary occurence of the sewage phosphorus has been
calculated the P - amount occuring in the rehabilitated villages
in the sewerage influx plus the P - discharge per year of the un~

rehabilitated villages into the corresponding rivers.

Approximately 75# of the inhabitants and holiday ~ makers in the
catchment area up te present have been connected with central se-
werages with biological purification plants, By these purification
installations the P - primary occurence from the sewerages is re-

duced by 36# and the total primary occurence still by 29% (II).

About 45% of the total sewage, occuring in villages with sewerage
and biological purification after the passasge through the purifi-
cation installations is submitted additicnally to a further P-eli-
mination in the two post - purification plants in Hasselfelde and
Benneckenstein, In spite of this relative small connecting degree
with the ponds the phosphorus originated from the sewerage 1s rew

duced by approximately 10%,
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The following sections (IV, V, VI} of the balance graph in fig.1
are demonstrating the influence of the different preimpoundment
reservoirs, In those now besides the sewage - P the phosphorus
being originated from the plain leaching out is comprehended too.
Because of the very different long stsy times which have been
pointed in table 1 these reservoirs have a different P - elimina-
tion effect. Besides this through these storages different shares
of the total influxes are running to the Rappbode storage reser-
voir. Those are at the high water protection basin 14%, at the
transfer reservoir 53% and at the two preimpoundment reservoirs

at the Eassel and Rappbode total 37#4.

Among the reduction of the total phosphorus primary occurence
the high water protection basin takes part with only 0,7%, the
transfer reservoir with 5,4% and both the preimpoundment storages

at the Hassel and Rappbode with 16%,

While now the influx water, coming from the prelmpoundment reser-
voirs at the Happbode and Hassel, altogether arrives into the Rapp=-
bode storage reservoir, of the transfer reservolr influx water

only & share of about 54% is transferred through the tunnel into
the Rappbode (VII}. The remaining 46% are delivered to the river
current of the Bode. With this water share alsc is diversed a

part of the phOSphorﬁs load from the catchment #rea, by this addi-
tional 14% of the primarily occured phosphorus are kept away of

the Rappbode impoundment reservoir.

By the totality of the measures described, which are serving part-

ly exclusively, partly as additional functions to the phosphorus
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elimination, consequently the total phosphorus amount per year,
occuring primarily in the catchment area, is reduced from appro-
ximately 26,9 to 65,42 kp F before it arrives at the Rappbode
impoundment reservoir. This corresponds to a lowering by approxi-

mately T76%4.

The P - share originating from the sewage is reduced stronger
than the P - ghare from the plain leaching out., While at the
primary occurence the sewage - P made out 82%, amonz the input
into the Rappbode impoundment reserw ir are occuring only still
66% of the total P - input. The share from the agricultural
using raises from originally 5% up to 9% in the storage reser«

volr input,

In the fig. 1 in the balance graph is given too the phosphorus
amount which is delivered again from the Rappbode impoundment
reservoir (VIII), This quantity was derived as a several years
mean value from the measuring results of the continuously run-
ning phosphorus evaluations in the raw water taken from the sto-
rage reservoir. Puttinz in opposite this phosphorus delivery of
3,1 lip P to the calculated mean input per year of 6,42 Mp P the
total phosphorus elimination in the Rappbohe storage reservoir

would amount to approximately 52%.

4, The plankton development

In the Rappbode impoundment reservoir the investigation results
of many years are proving the phosphorus as trat substance that
restricts the phytoplankton production.
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If the plankton development has tc =zttain only a small amount
the phophorus import into the storaje reservoirs shall not ex-

ceed a certein degree.

VOLI..ENWEIDER[G] has proved such a border range between an oli-
gotrophical esnd an eutrophiczl lake in its. dependence of the
average lake depth for the loading with biolegical active total
phospliorus amounts, He relates the P - imrort per year to the

size of the lake surface and specifies this surface loading in

g P/m2-a. By this for the Roppbode storage reserveir the "tolerab-
le loading" would be 0,2 g P/m2-a and the already "dangerous loa-
ding"™ C,4 7 P/mg-a. If one tazkes as base the total phospherus im-
port of 6420 kp F/a into the Rappbode storage reserveir that has
been determined in the phosphorus balance, then hence results for
this storage reservelr a surface loading of 1,76 g P/mz-a. Even

if one stipulates together with GACHTER[T] , that eventually
only about the half of the total phosphorus import is "bilological
active™, then the phosphorus load remaines just still more than
twice above the "dangerous loading® and thus far within the eutrow

phic range.

IMBCDEN [ 8] tntroduces additionaliy into his phosphorus model
5till the hydrsulic loading of the lake in order to pay into
account besides the mean depth also the mean stay time of the
water in the lake. In applying those relations as "maximum to-
lerable loading™ a value of approximately 0,2 g P/mzoa results,
Indeed the Rappbode impoundment rese:voir on this high phospho-
rus imrort reacts with a sirong plankton mass development. At

this the diatamees plankton dominates, As up to present maximum
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in April 1968 40 000 000 cells of the diatomacecus Asterionella
formosa were found in one litre epilimnion water. That corres-
ponds to a displace volume of 30 zm?/1 or to a living weight of

about 30 mg/l.

Hitherto the phosphorus lecading of the Rappbode impoundment re-
servoir was different from year to year. On the one hand this is
at least partly a followlng of the changing hydrobiological con-
ditions, but on the other hand a dependence of the sanitation
happening in the catchment area is noticeable too., The fig. 2
shows that at the example of the orthophosphate concentration in
the impoundment storage at the end of the springtime full circu-
lation in the course of the 13 years from 1963 to 1975. The in-
creasing tendéncy is reflected by the year by year growing connec-
tion degree of the places with canalization in the villages in
the partial catchment area Rappbode -~ Hassel, After conclusion
of these village sanitations in the last years again a decrea-
sinz tendency of the phosphate concentration seems to appear.
Without already having corresponding proofs nevertheless could

be supposed already herein first results of further continued
sanitation efforts in the catchment area, To this are belonging
the begirning optimization of the fertilize spell and the remcval
of the hitherto bringing out of ligquid manure out of the catch=-
ment area, At the post - purification ponds improvements have
been introduced. In the transfer reservoir changings have been

carried out in order to raise the P - elimination,

If one compares this demonstration of the phosphate concentration
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with the colunn diagram for the hypolimnical plankton amount in
fig. 2, then between both yet a significant connection seems to
exist, The diatomees biomass in principle shows in its changings
the samne tendency as the phosphate concentration. If one compares
for instance the both spaces of time of each five years 1963/67
aend-1969/73 an increasing of the phosphate concentraticn by 3,3
times resulis., The mean value of the hypolimnical diatomees volu-
me increased by 8,4 times. Also the shortening of the phosphate
concentration in the last years is answered by a diminuatiocn of

the mean hypolimnical diatomees volume.

5, Bconomic questions of the eutrophication and sanitation

The question has been put at the beginning about the permissible
degree of eutrophication of the Iimpoundment reservoir and about
the necessity of further sanitation measures, this question now

shall be discussed.

With this flrst of all are to be answered the following partial

questions:

- Which disadvantages are resulting from the high exceedings of
the tolerable and slso of the dangerous phosphorus loading li-
mits according to VOLLEMWEIDER[6] for the water condition in
the Rappbode impoundment reservolr and for the, drinking water

treatment %

- Is a lowering of the present phospheorus loading or the impound-

ment reservoirs necessary ?

= Which measures for the decreasing of the phosphorus import into
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the storage reservolr are realizable and which use effectivity

they will obtain 7

To the first question:

Here first of all it is of significance, how much is the plankten
content in the raw weter which is taken from the storage reser-
voir for the drinking water treatment. The fiz. 2 informs about
this especially by the entered monthly mean values of the hypolim~
nical plankton displacing volume of the diatomees whick have been
measured in the raw water,These are the highest montkly mean va-
lues found in the space of time from April to October in the se-

parate years.

At a specific weight of the plankton of approximately one a dis-

3 corresponds nearly one milligram plank-

placement volume of 1 mm
ton fresh weight or 0,1 mg organieal substance at diatomees and
about 0,2 mg organlcal substance at other plankton algae, The
highest menthly mean va;ue having been hitherto established was
according to fig. 2 7 mﬁa diatomees plankton/l raw water, It has
been measured in May 1973, The highest value per one day of the
hypolimnical plankton cohtent within the last 10 years lay at

11,3 mmB asterionella plankton/l., These amounts cause no diffi-
culties at the drinking water treatment with the traditional treat-
ment techrology (aluminium sulphate contact filtration, open
rapidfilters with 3,2 m/h filtration velocity, sand grained 1,5 =

2 mm and addition of 3 g active carbon powder / m? raw water).

The filter operating time was at 11,3 mm’ plankton / 1 still

about 50 hours. In the epilimnion at this time were found at
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maximum 32 mm3 diatomees plankton / 1. Consequently under the
given circumstarces the plankton organisms themselves don't act
disadvantageously upon the drinking water treatment. The same is
valid too for the consequences of the plankton development which
has been hitherto observed in the Rappbode impoundment storage,
as the decreasing of the oxygen content and the increasing of the
concentrations of carbonic acid and manganese in the hypolimnion
and the occurence of substances being intensive as to smell and
taste In the raw water. With exception of the first years after
the primary dam up of the impoundment reServeir also at the dee-
pest position of the lake the oxygen content did not sink below
2 mg 02/1. In the range of 20 to 60 m depth at the end of the
sumner stagnation the O, concentration hitherto lay between 6,3
and 8,8 mg 05/1. In the last years the mean hypolimnical 0, ~
fading intensity lay between 0,020 and 0,025 g Oz/ma-d.

The carbonic acid concentration attained values of about 10 to
13 mg 002/1. The mangeanese content regularly raises in the depth
water not highey than 1 mg Mn/l, The iron content remains still
lower. Consequently the hypolimnion in the Rappbode impoundment
reservolr in spite of the relative high phosphorus import inte

the lake is not inadmissibly loaded.

The volume proportion of epilimnion to hypolimnion in the storage
reservoir makes out in May 1:4,in July 1: 2,1 and in Septembder

1: 1,2, In the course of the summer stagnation the the original
hypolimnion water is about one time let out by river water deli-
very and raw water teking and replaced by water following after

from the original metalimnion.
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Now to the answering of the second questicn, if a diminuation

of the present P - loading of the Rappbode impoundment reservoir
is necessary. Corresﬁonding to the explanaticns just made the ans-
wer should be "no", But here still additionally concluded is the
question about the stability of the hitherto conditions for the
impoundment reservoir which have been described, i.e. the guestion,
if at an phosphorus input of 1,76 g P/mg-a must be reckoned with

a sudden cropping up of the water conditions that cannot be maste=-
red. However as to the plankton development for the Rappbede im-
poundment reservoir was shown already formerly [-5] s that, also
in accordance with observaztions at other eutrophicated lakes and
impoundment storages, an essential increasing of the plankton bic-
mass beyond the meximum values which have been measured hitherto
in the storage reservolr is very imprcbable. With such & high
phosphorus supply a raising of the phosphorus input within the
alteration renge that has been shown in fig. 2 is no longer an&-
wered by an essential increase of the maximum values of the plank-
ton biomass. The reaction is rather an increasing of the biopro-~
duction by & duration lengthening of the plankton maxima, By this
an over - pretension of the oxygen supply in the bypolimnion is
more or less poscible first of all in single years. The causes
would be an oxygenium leakage, an increasing of the concentrations
of carbonic acid, of manganese and ¢f organic substances and in
extreme cases the occurence of free hydrogen sulphide, Regarded
from the present state oftthe water treatment techaology such con-

sequences of a too strong eutrophication in the impoundment reser-

voir would not absolutely exclude the gaining of drinking water,

with a water treatment technology that is adapted to this also
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from such storage reservoir water with normal expenditures can
be gained drinking water, that satisfies thg *"TGL" =« system of
technical standarde of the GDR. At tae tzeutment of ground water
the complete lacking of oXygen, carbonic acid concentrations of
50 to 100 mg c02/1, iron concentrations of 10 mg Fe/l and more,
manéanese concentrations of 1 to 2 mg Kn/i and the presence of
free hydrogen sulphide are still regarded as normal and are tech-

nically mastered too.

In contrary lodeed problematlical as comsequence of a too strong
eutrophication is the occurence of hyglenic doubtful organie
substances belng contented in the plankton or of metabolic-
products, provided that the occur in concentrations which
cannot be eliminated in a sufficient degree from the raw water
ueing the available treatment technology, If in order to elimi-
nate such contented substances additionally to the normal treat-
ment technology will become necessary a raised addition of flok-
king substances, a long - term employment of active carbon and
eventually an ozonization too,.then a Btate 1s reached, where
also at an impoundment reservoir water supply hae to be put the
questlion, if not a comprehensive sanitation in the siorage re-
servoir catchment area for economic remsons is more advantageous
than the extension ¢f the treatment technology }n the water -

works,

Thue these problems guide over to the third questicn, which fure
ther sanitation measures are practicable in the catchment area

of the Rappbode impoundrent reservolr and which use effectivity
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they could have, The answer is given by the fig. 3, in which are
summarized the hitherto carried out sanlitation measures and those
still being considersble, and that in their consequences upon the
calculable phosphorus loading of the impoundment reservoir, the
investment expendltures and the expenses for the drinking water
gaining, According to this the total phosphorus loading of the
Rappbode impoundment reservoir in the inital condition before the
realization of the sanitation'meaaurea was 1,93 g P/mz-a. In the
inital condition (I) only Braunlage had a central sewerage and a
biological purification plant. The preimpoundment reservoirs at
Rappbode and Hassel were not yet existing. By the construction

of the sewerages in Hasselfelde, Stiege, Trautenstein and Ben-
neckenstein (1I)} then without cleaning of the sewages in the
purification plants the phosphorus loading would increasse to
nearly 5 g P/mgoa. By the 4 conatructed purification plants (III)
it is lowered to 3,7 g P/a°.a. The post - purification installa-
tions in Benneckenstein and Hasselfelde (III) and the high P -
elimination in the preimpoundment reservoire (V) are lowering
then the P loading below the original degree down to 1,76 gF/m.a,
For this an investment expenditure of 47 million M was neéessary.
With a delivery of 60 000 000 o’ per year the expenses for the
drinking water supply would be debited by the now yearly occuring
T6T 000,- operating expenses of the sanitation with 1,278 Pf per
w’ drinking water, The next column (VI) in the fig 3 shows, by
what a relative small value the P -~ loading of the storage reser-
voir will increase again, if in the villages which not yet have
been sanitated the imﬁrovement of the sanitary conditions follows

by Belf - actions, 1l.e. by constructing of small sewage purifi-
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cation sets based ¢n individual initiatives. The columns VII,
VIII and IX mzke clear, that with a central sewage sanitation
plant in these villages, with the additional construction of che-
mical precipitation plants and of an additional preimpoundment
reservoir in the Warm Bode yet only a rather small lowering of
the phosphorus loading below the measurements at present (V) is
possible. But for this relatlve small effect an additional invest-
ment expenditure of 45 000 000 ,~ M would be necessary. By this
at 60 Q00 QOO ma/a drinking water ireatment the sanitation ope-
rating expenses would debit the water supply with 2,675 Pt/m°>
drinking water and would amount to about 1 600 Q00 ,~ M per

Jesr.

The treatment expenses for chemicals and filter rinsing being
additionally ceused at present by the plankion content in the
Taw water are however in dependence of the plankton development
amounting only to 25 Q00 ,~ up to 65 00C ,- M per year. That
correaponds about 0,042 up to 0,108 Pf/m3. With realization of
all sanitation measures mentionaed in fig, 3 these additional
treatment expenses could be lowered at the most only by 50%, be-
cause based on the still remaining phosphorus loading of the im-
poundment reservoir of about 1,1 g P/m2-a a very strong reduction

of the plankton development couldn't be expected.

The comparision of the cperating expenses that additionally aise
by this, i,e. of expenditures of 836 0C0 ,- M/a for the sanita-
tion measures VII, VIII and IX according to fig. 3 with the lower-
ing of the drinking water treatment expenses thus attainable from

65 000 ,~ to 32 500 ,- yields a relation of expenditure : use
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af 26 :+ 1, In arder to lower the treatment expenses by 1,- M
consequently 25,- M additional sanitation operating expenses

would have to be spended.

From fiz. 3 is visible, that the operating expenses for the sani-
tation measures hitherto reslized amount to 767 000 ,~ W/a, The
futher sanitation measures which are still represented as rea-
lizable ir the figure would lower the phosphorus loading of the
impoundment resexrvolr from 1,76 only to 1,12 g P/mz-a and for
this as equivalent provide additional sanltation operating ex-
penses with an amount of 836 000 ,- M/a. For the same amount of
expenses per year in the wgterworks they cold dose continuously
additional 3 g active carbon powder / m> and 1 g KMn04jm3, double
the guantity of flocking substances and cover the filter rinsing

expenses which are increased by this,

The investigations about the use effectivity of the sanitation
as to the phosphorus loading and the economic considerastions are
showing 2t the example of the Rappbode impoundment reservoir,
that the senitation gquestions can be rather problemetical ang
that decisions about the necessity and the amount of sanitation
measures in the impoundment reservolr catchment areas with regarad
to the possibilities of the water treatment technique are valu-

sble with economic respect too,
The following common pointaof view can bhe derived:

- Using the treatment procecdures being available at present in
a sultable state for the practice dso the water of an eutrophi-

cated impoundment reservoir can be treated again to a drinking
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water that corresponds to the hygienic demands and to the
existing standards, provided thet the eutrophlcation does not
exceed a degree, which is still compatible to the treatment

technique.

Very decisive is the question, where on the one haad lie the
borders of the modern treatment technique and ¢n the other
hand up to which degree can be admiiied the eutrophication of
a surface water that serves to the drinking water galning.

A drinking water impoundment reservoir can be considered as
a technical installation, those loadivility as to eutrophica=-
tion due to0 ecopomic points of view can be utilized up to a

certain degree,

M=o in the field of eutrophication, especially in the context
wlth the drinking water supply, an eccnomic way of considera-
tion will more and more dominate. At this in an increasing
degree it will be the point, to comsider as a complex and in
optimael way to make agree the sanitation measures in the catch-
ment ares, aids in the water itself ( deép water =aeration, em-
ployment of algicides, ligating of the carbonic oxide by means
of calcareous hydrate, destratification, turbulence generating)

and treatment - technological measures.

Besides the efforts for a continuously improving theoretical

penstration and practical mastering of the eutropbication pro-
cesses a purposeful further development af the water treatment
technique 1is necessary in order to remove with economic accep-

table expenditures the consequences of the eutropbication every-
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where there, where an eutrophicstion is unavoidable and to pro~

duce an uncbjectionable drinking water.
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Fig.2: Storage reservoir Rappbode 1963 to 1975

Orthophosphate concentration at the end of the spring
cverturn and average values of the digtom biomass in the
kypolimnion feor the period April to OCtober3

The displacement volume of the diatomsin mm~”/l is used as
meagure Tor the amourt of the biomass,
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INTEGRATED MEASURES FOR CONTROL AND UTILIZATIGN OF AQUATIC WEEDS

D. K, BISWAS
Department of Science & Technology, Government of India, New Delhi
India

Bummary

An aquatic weed 1is defined as any wabter plant which causes adverse
affects on water bodies. While moderate growth in aquatic vegeta-
tion is uwseful for maintenaunce of ecclogical equilibrium, eutro-
phicﬁtion leads to a series of epvironmental problems interfering
with the efficient utilization of water resources, Nature and
magnitude of the problem is discussed in the paper with particular
reference to the Indian situation. The results of an Aquatic Weed
Survey conducted by the National Committee con Environmental Flan-
ning and Coordination, Government of India are presented. Inte-—
grated approach for control and utvilization of aquatic weeds is
recommended in view of the limitations in di fferent eradicaticn
measures and potentiel uses of aquatic weeds for gainful purposes
like manure, animal feed protein extraction etc.

Iatroduction

Any squatic plant which causes adverse physical, chemical gr bio-
logical effectz on water bodies may be termed as weed, It éan
also be simply defined as a plant that grows when and where it is
not wanted. The threshold limit at which the aquatic plants may
be classified as weeds depends on several factors among which the
major uses of water and density of vegetaticn are the most impor-
tant, An aquatic plant may be desirable in one area or by one
intereat and undesirable in another, For instance, a deccrative
plant like water lettuce may add to the scenic beauty bubt on the
other hand provides an ideal habitat for breeding of mosquitoes.
Moderate growth of water plants is inlierently ugeful for the
aguatic environment as food and shelter, while eutrophication is
harmful. for the fish population.
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The aquatic plants like other green vegetation use aenergy froo
the sun for synthesis of carbohydrates. Part of the energy is
stored for the growth of the plant itself while excess energy
supports the living organisms in aguatic environment., Thus
aguatic plants play an important role in the plant - animal food
chaing. The presence of aguatlic vegetation also helps in protec-
tion of water quality. Submerged plants contribute to the water
enviroument by taking in carbon dioxide and releasing oxygen
during photosynthesis. While the presence of aquatic plants 1s
conducive to the ecclogical structure, their excessive growth
often becomes s menace to the population dependiung on it. In
such situation, aguatic plaunt contrel becomes necessary for all
aspects of water use including irrigation and drainage, human,
anima} apd industrial consumption, recreation, navigation,
abatement of poliublon and public health hazards.

Cause and effect of the problem

The first step in any weed control programme is the identifica~
tion of noxious species, cause and effect of their multiplication
s0 as to ascertain the nature and magnitude of the problem.

Free—floatihg weeds sucth as water hyacinth, water fern and water
lettuce; rooted submerged weeds such as Hydrilla varticillata,
Vallisneria spiralis and pond weeds; rooted floating weeds such
as lotus and water 1lilyi emergent weeds such as cattails ana
alligator weed; and algae such as Chara and Nitella are some of
the noxious weeds that are characterized by their fast rate of
growth and multiplication thus interfering with the efficient
utilization of water resources.

The aquatic plants reproduce from the seeds as well as vegeba-
tive fragmentation, the latter being more hazardcus %o céntrol,
particularly wihen mechanical methods of removal like cutting and
raking are used, If an underwater moving machine 1s employed,
fragment s of the moved plant float with the curreng and LAy grow
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new roots, anchor and thrive in another area. As a result, the
problem instead of being eliminated, is intensified. The activ-
ities like construction of dams, reservoirs and irrigation
networks provide new habitats for the aquatic weeds. The weeds
are carried to new aguatic locations by different agents in-
cluding water currents, birds, wind etc. In many places, cattle,
pigs and domestlc buffaloes also sct as the carriers of aguatic
weeds.,

The chemicals (mainly nitrogen and phosphorus) from the effluents
of sewage plants, domestic waste dispesal systems, industrial
ingtallations and run off from agricultural fields are some of
the major stimulants for the' prolific growth of aquatic weeds,
Developmental programmes on water resources withcut proper ecolo
gical considerations and management techniques have alsoc been
responsible for the explosive spread of aguatic weed infestation
in many areas.

Environmental factors which inhibit the growth of aquatic weeds
are deep water, steep shoreline slopes, unstable bottoms, cold
water, coloured or turbid water and water of liow fertility. On
the other hand, lakes or ponds that are subject Tto dense aquatic
plant growth usually have to or more of the following charecter—
istics: ghallow depth, gently sloping shoreline, stable bottoms,
warn water, clear water and water of high fertility.

The magnitude of aguatlc weed problem varies from ome region to
another depending on the consumption characteristics of water,
socio-economic status, technological develcpment as well as
climatic conditions. According to a survey report by SOERJAHI
and PANCHO (1974), the direct and indirect effects of aguatic
weed infestation in the tropical climate of South-East Asian
countries are as follows ln order of their relative importance:

Direct effects:

1. Retardation in the growth of cultivated crops

2. Interference with irrigation and Grainage systems



3. Interference with the nydroelectric power schemes
4. Covering of impcunded water surface

5. Hindrance to fisheries

6. Interference with navigation

7. Loss of wahter through evagotranspiration

&, Decreased real estate value and unpleasent odour to
drinking water

9, Public health preoblews in the riverine com.unities -
encouraging the growth cof insect vectors of epidemiolo-
gical diseases.

Indirect effects:

1, Silting of rivers, canals, lakes and reservoirs by
reducing the rate of water flow

2, Promoticn of anaerobic conditions leading to production
of hydrogen sulphide which seriously affects the generat-
ing equipment in case of hydroelectric installasions

3. Promoction of eutrophication and water blooms

4, Creation of unaesthetic conditions.

Aquatic weeds in India

Ah aquatic weeds survey was recently conducted by the National
Committee on Environmental rlanning and Coordination, Department
of Bcience and Technoleogy, Goverument =f India in order to assess
the nature and magnitude of the problem in different parts of the
country. According to the information collected in the survey,
the following have been identified as the most widely-stread
aquatic weeds in India.
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Table A

Noxious aguatic weeds in India

Botanical name

Common name

Type

1.

10,

Eichhornia crassipes.
Nywmphaea stellata
Nelwmbo nucifera
Hydrilla verticillata
Typha sp.

Lemnoids

Vallisneria sp.
Potamogeton sp.
Pistia stratioctes
Salvinila sp.

Water Hyacinth
Water Lily
Lotus

Florida Elcdea
Cattails
Duckweeds

Tape grass
Pondweed

Water Letiuce

rican byle
(later fern)

free floating
rooted flcating
rooted floating
rooted submerged
emergent *
free floating

rocted submerged

rooted submerged

free floating

free floating

Among the abovementioned weeds, the water hyacinth is reported to
be the most troublescme ip India as well as in nsighboucing
countrles of South-Bast Asia like Indonesia and Thailand, The
trends of aquatic weed infestation in India during the past ten
years (1965 — 1975) also reveal that the water hyacinth is rapid-
ly enveloping the inland water surface,

Table 2

Btatus of aquatic weed infestation in India during 1965 -~ 1975

Number of districts showing

51, Tncreased decreased constant
No, Specles infestation infesvation  infestation
1, Eichhornia cragsipes 54 6 21
2. Typha sp. 28 1 15
3, Pistia stratiotes 20 2 11
4. Hydrilla verticillata 14 5 18
5. Lemnoids 42 1 8

- 56 .



51, . Number of districtg showing

Species Increased " Decreased Constant
Ko. infestation infestation infestation
Ge Salvipnia sp. a0 1 5
7. 1pomoea 8p. 10 o] 1
8. Vallisneria sp. & 4 9
9. Nymphaea stellata 8 3 16
10. Potamogeton sp. ? 2 23
11. Nelumbo nacifera 6 14 18

The majfor problems caused by the aquatic weeds 1n India as
identifled from the dietrictwise reports are as followss

1) covering of impounded waters )

2) hindrance to fisheries

3) choking of flowing waters

4} interference with growth of cultivated plants

5) pollution of water

6) increased logs of water

7) dissase problem

8) impediment to pavigation

9) hindrance tc aquatie sports.

The nature end magnitude of aquatic vegetation in India &re quite
slarming. It is estimated that uearly 40 % of the total cultiveble
waters (80,000 hectares) is infested by weeds in West Bengsal,
Bilhar, Orissa end Assam and 20 -~ 25 per cent in the rest of the
country, The water hyscinth itself covers a vast stretch of water
surface - 1,50,000 hectares in Beongal alone and 5,00,000 hectares
throughout the country.

The beautiful lakes in Kashmir are now heavily iufested and
polluted, with 20 - 40 per cent laks area being covered by the
aguatic weeds. The mquatic weeds in Kashmir include all life forms.
The two submerged species (Myriophylium spicatum and Geratopbqllum
demersum). together cover an area of more than 60 ﬁ in various
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waterbodies, causing great difficulty in fishing, swimming,
boating, skiing and other types of aquatic sport. The most
dangerous weed 1s Salvinia patans, which 1s spreading fast and
causing immense problems in potential sitea for fish culture due
to its high capacity of regeneration and vegetabive reproduction.
The mat formation of this Bpecies sherply changes the physico-
chemical characteristice of water, resulting in oxygen depletion
and fieh mortality. Noxious macrophytlc growth has also adversely
affected the smesthetic value of this scenic tourist spot. So far,
oply occasional dredging and manusl eradication hag been attempted
in localized areas which has evidently proved futile.

In the Kakki Reservoir, Kerala, the introduction of salvinig took
place in 1966 and within the next 4 yeara nearly 60 % of the total
water surface was infested by this weed. Many rivers, irrigation
channels, lakes both nmatural and manmade are ¢hoked by the
explosive growth of aguatic weeds. Some of the river valley
projects like Chambal Irrigatlion, Bhakra Nangal Canal, Punjab are
seriously affected by aquatlc weed infestation. Within three years
of operation in Chembal Irrigation System, the canals could not
pose the designed discharge, even though they were run 15 cm. abuve
the full supply level. Heavy growth of aquatic weeds 1ip the canpal
syatem 1s a significant cause of reduction in flow besides other
factors like irregularity of bed slopes, erosion of banks, nature
of solil, seepage etc. According %0 an estimate in the Chambal
Irrigstion System, the evapotranspiration losses caused by aguatie
weeds would otherwise be enough to irrigate about 1,716,800 hectares
of wheat or 46,720 hectares of paddy fields.

Measures for control

Various measures used or attempted for removal of weeds include

1) physical removal by manual labour or meckanical means

2) use of chemicals and weedicides

3) bioclogleal control,
The physical removal of aquatic weeds by menual labour or mechanic-
a2l devices is sultable for small and ghallow water areas. But this
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method cannot be used for larger water areas slnce the results
are far from satisfactory in view of ths recurrent sfforts and
expenditure involved.

The chemical method is quite suitable for larger water areas but
for the following drawbacks:

(a) The chamicals being toxic may be injurious to fisgh
population

(b} Introduction of chemicals may lead to water pollution

(¢) Certain chemicals after losing their initilal toxicity
may act a8 manure resulting ia luxuriant growth of weeds

(d) The method requires expert supervision in handling the
chemicals

(e) Removal of dead weeds as a result of chemical treatment
also becomes difficult at times.

The increasing cost of labour and material and the risk of
polluting 1nland aquetic ecosystem by continued use of chemicals
nake it lmperative that sultable biologicel methods are evolved
for control of weeds, Blological control, if successful, will
provide long term benefits at lesser cost.

Bxperiments conducted for eradication of aquatic weeds in the
Chambal Irrigation ProJect have shown that judiclous stocking with
the weed eating grasscarp fish can be very effective for control
of weed growth, It has alsc been observed that the grasscarp does
not cause any damage to the fish population.

The Commonwealth Institute of Biological Control, Bengalore, has
iovestigated the possibility of biologleal control of Eichhornia
cragsipes and Salvinia auriculata. Surveys tarried out ln northem
South America and in the West Indies have yielded some host=-
gpecific natural enemies which are copsidered to be guitable for
field trials in other areas. These include two specles of weevils,
Neochetina bruchi and N. eichhornise, two lepidopterous borers,
Acigona infusella and Eplpagis albiguttalis, and & mite Ortho-~
galumna terebrantis (all attacking water hyacinth) a semi-aquatic
grasshopper .— Paulinia acuminata, a lepldopterous borer - Samea
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multiplicalis, and & weevil - Cyrtobagous singularis (all attack-
ing water fern)., Studies on their blology and screenlung tests
carried out with a number of economic plants at the C.I.B.C.
Stations in Bangalore and Trinidad have shown that these natursl
enemies are specific bto Hhe wo weeds and worth field trials in
other areas. 1f they become established in one or more parts of
India where these weeds oceur, and are themselves free from
attack by indigénous parasites, predators or pathogens they may
gradually build up their populations and suppress, if not eradi-
cate the weeds.

Mechanical and biclogical methods may prove valueble in dealing
with submerged aquatics. In the case of emerged and surfeace
aquatic like cattails and water hyacinth, mechanical and chemical
methods may be useful. Chemical methods appear promising against
weeds on ditch banks., In irrigation channels, chemicals, partic-
ularly the scil sterilants, would be useful. When water is not
flowing through the channels, these can be applied to control
weed growth for varied lengths of time. Whatever be the method
adopted for contreol of weeds, timély, concerted operations in-
¢luding follow-up management measures and proper utillzation of
cleared areas for fish culture or other utilities are the most
essential requirements to avold the recurrence of noxious
vegetation,

Integrated approach for control and utilization

No single method of pest control can be claimed as full proof and
effective encugh for eradication of aquaetic weeds. A combinaticn
of different methods may be required depending on the nature and
magnitude of infestation, As such, an integrated approach needs to
be evelved and employed so as to not cause any ecological disturb~
gnce nor create pollutional problem, This would definifely require
an appreclation of the function of the ecosystem as a whole which
will involve a study of the process, interaction and trapsfer
rates of different organisms as well as organisms and their
environment, Surveillance will also be necessary to obtain precise
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and timely informaxtion in the initial svages of infestation so
that the malady is nipped in the bud befors any wildespread and
intensive damage is done.

One of the major handicaps in eradication of aquatic weeds is
tHe ¢cost function. Therefore, any ratlcnal programme should bvake
appropriate acticns so as to recover the expenditure ipvoived in
eradication of weeds., The control measures cannot, therefore, be
congidered in an isolated manner withouh axploring the possibil-
ities of utilizing the aguatic wseds, as such, or in processed
form for some gainful purposes, A plant is only a weed 1f it is
worth nothing, Hence it will be appropriate to define a weed as
being a plant whose usefulness has yet to be discerned in the
gsituation in w hich it is flourishiog. The aguatic weeds are
green plants containing valuable nutrients like protein, carotsne,
carboliydrate etec. The large amount of water in the aguatle weeds
dilute thelr nutritive content and adds to the labour and cost
of transportation. But if the weeds cost moré tc harvest, they
cost nothing to grow either,

One of the practical and profitable ways for utilization of
aguatic weeds would be the preparation of manure by composting.
The chemical analysis of water hyacinth compost shows that bulk
for bulk, it is nearly twice as rich as town compost and &4 times
ae that of farmyard wmanure in e contents of plant putrienss
(nitrogen and phosphorus).

Table 3

Chemical composition of compost manures (dried)

Water-hyacinth Town Farmyard
composh compost manure
per ceant per ceut per cent

1. Nitrogen 2405 1.0 0. 50
2, Phosphoric acid (PZOS) 14710 1.0 0.25
3. Potash (K20) 2.50 Q.80 0.30
4, Lime (CaQ) 3.9 3.0 - 5,0 0.2

5. C/N ratio 13 10 12 - 13
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The proposal Ffor eradication of pernicious aguatic weeds like
water hyacinth through production of compost manure is not only
self remunerative but alsc technow-economically viable like the
towm compost and other allied schemes. Moreover, the water
hyacinth and for that matter most of the aquatic weeds are easily
gusceptible to anaerocbic bio-degradaticn. The rate of their bio-—
conversion is also guite satisfactory which can be exploited for
production of bio-gas and bio-fertilizer particularly in the
developing countries suffering from the shortage of fuel and
plant nutrients, Some of the research findings regarding utiliza-
tion of aguatic weeds for extraction of leaf protein, growth
hormone and carotene etc. are quite promising and worth further
exploration, The plant residues if used as mulches, can help in
g0il melsture conservation and at the same time prevent the
growth of undesirable weeds in the soil.

Another potential use for the plant material is to supplement it
as aninal feed which will however require detailed studies bo
assess the various aspects of nufrition, palatability and storage
of plant materials. Production of fast growing aguatic plants may
be considered as one of the effective fechmigues for exploitation
of solar energy by bicloglcal means to preduce the animal as well
as human food, The laboratory experiments have shown that it is
possible to grow as much as 0.75 ¢ per hecfare per day of algae
while the vleld for food crops is limited %o nearly 7.5 t per ha
per year only,

Considering the vast amount of raw materials available from the
aquatic plants, it is surprising that c¢oncerted effort has not yet
been made for their utilizaticn, altough the unit operations in-
volved in harvesting, drying, ¢rushing and processing are
relatively simple,

Based op the above discussions, 1t may be conclyded that in the
rrocess of eradication, certain rebturus capm be obtaiped from the
aquatic weeds, However, the possibility of utilizing these weeds
should not lead to a laigsez-—faire policy with regard to thein
spread, which was rightly pointed ocut as early as 1917 by the then
Agricultural Adviser to the Government of Indiae while comnenting on
& paper entitled "Water hyacinth, its value as a fertilizer". '
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INVESTIGATIONS ON ANTHROPOGENCUS EUTROPHICATION OF INLAND WATERS
(FRESHWATERS) OF THE USSR

J+A., CHUGUNOV and V.I. MALJUK
Gosudarstvenny Komitet Soveta Ministrov SSSR po Nauke i
Tekhnike, Moskva
Union of Soviet Socialist Republics

Under the conditione of growing technicel progress snd increase
of population in the course of time, the concern for the purity
of waters movee more and more into the centre of attention on a
global scale. Theoreticians and practicians mutually agree that
the danger of the gqualitative explcitation of resources together
with their pollution and eutrophication represent a much more
gerious problem than the danger of their physical inaccessabili-
ties (25). Water quality worsens as result of anthropogenous
effects on waters in the following three main directions: pol-
lution by toxic waste products of industry and pouring toxic
chemicals into the water inflow areas, eutrophication and heating,
as well as "“thermal pollution'.

The main drawback on water quality in future will be anthropo-
genous eutrophication, This resulte from the procese of sub-
stance transformation and equilibrium in the ecologicel aystem
of the waterse and the growth tendency of anthropogenous influence
on the biosphere.

Toxic agents (with few exceptions) esre subject to irreversible
detoxication proceeses, heavy metals are deposited in the soil,
the use of toxic chemicals will be regtricted and gubstituted

by eapily decayable onee. Eutrophlcation will however continue
with growing speed. This will be caused by the increased drainage
cf nitrogen and phoephorus from water inflow areas and from
gewage as well a8 their continuous renewal resulting from internal
water processes of the substance equilibrium, The denitrification
process of compounds into molecular nitrogen and its separation
from the cycle no longer compensates for the addition of solid
nitrogen compounds resulting from natural and artificial nitrogen
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fixation. The worldwide production of nitrogen fertilizers, for
instance, from 1850 to 1968 increased by five times to level

off at about 30 million tons per yeer. Forecamts expect an annual
production of 1 billion tone of nitrogen fertilizers in the

year 2000 (14), The deposition of phosphorus in the soll alao
lega behind the rate of ite being added to the waters.

In the last years a number of papers have been published aon the
guestione of anthropogencus eutrophicetion of waters as conse-
quence of the broad front of research works in our country. In
September, 1974 the Institute of Inland Water Biology of the .
Academy of Sciences of the USSR conducted the first All-Union

Symposium on anthropogenous eutrophication, which was organised

by the Academy of Sciences Commission on the protection of

natural waters (3}. A summarising report on anthropogenous eutro=-

phication of dams wes publighed in "Vodnye resursy” (42)}. The

paper of A,N., MUSATOV (30) includes data on anthropogencus

eutrophlecetion from 138 sources of literature (including 127

foreign). Many papers were published in the hydrobiological

magazine, including the work of L,L., ROSSOLIMO with a theoretical
charecter. Extensive data on the characteristics of the ganitary

etate, pollution and anthropogenous eutrophication are included

in the collected works of the consultations on results of re-

search work on the Volga and Volga dams '"“Volga 1" and "Volga 2"

as well as in the materials of the All-Union Conference in Term

on the problem of complex exploitation and protection of water

resources of the Volga basin (11,12,27).

Soviet suthors participated in the work of a eymposium in the

GDR on eutrophication and water protection in October, 1973 (50).

A sizeable number of articles on the problem of Ypure water”,

eutrophication and the sanitery condition of waters sre included

in the collected volume of materials of the III Republic Confe-

rence of the Ukrainian Branch of the VGBO (39), in the collected

volumes of the III VGBO Congress (44}, in the collected volume .
of materials of the Second All-Union Symposium on sanlitary

hydrobiology (4) and collected volume of the scientific-techno-
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logical All-Union Congultation on Working and Orgenising out
Complex Water Protection Measures (36).

Let us take a closer look at the general questions of anthro-
pogenous eutrophication,

On causes snd parameters of eutrophication of waters

L.I. ROSSOLIMO definee anthropogenouge eutrophication as follows:
it is "a disturbance in the limmetic ecology system due %o the
increase in the level of primary production of organic gubstances
on the baeis of anthropogenous growth of nutrients which keeps
developing” (37). In the ecological system of lakes this is
noticed in the tremendous development of phytoplankten (water
"blooming" mostly with blue-green algae) or in intensified
growth of shallow water or higher water plants, by thread algae
and in the expangion of phytc~microbenthos, In most cases the
causes ere minersl phosphorus compounde as well as nitrogen
compoundg together with the presence of certain components of
mineral compogition and environmentel conditions (temperature,
insolation of deeper water layers, presence of & substrate, and
meany morg) which limit nutrients. It is important to stress that
the disturbance in the limnic ecological gystem happens ag result
of hyperproductién of organic matter, with & biological pollution
‘effect at 8 definite level. In eutrophication the processes of
production overweligh the degatruction of orgenic matter, the
relationship of primary gross proeduction A to complete destruction
P being charascterised by the pogitive factor A:P » 1. An equi-
librium of this process A:P = 1 ig the optimum condition for the
proper operation of the ecology system. A collection of biomass
producers causes a retrograde process leading to superiority of
destruetion as compared to production. The positive correlation
between biomase of phytoplankton and rate of photosynthesls in
the ¢ollection of blue-green elgee gbove 100 grasma/square metre
is destructive. For gome kinde of algae a reverse dependency
exigte between these process on different biomass size, With a
collection of thremd algae, oxygen production exceeds destruction
at biomaea emounts of 5 to & kg/square metre, and higher amounts
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cause biological pollution lesding to a lack of oxygen due to
the intensified destruction. In the Kremenchug Reservoir high
growth esnd intense collection of biomaes causes higher water

plants which lemd to swampiness of this reservoir {18).

The following situetions should be taken into consideration:

1. In cheracterising the ratioof gross production to reduction
for the ecogystem we should not gpesk of a superiority of
production over degtruction but of ean optimum ratio of
these processes in which the gquantities characterising these
processes are close to one (0.8 to 1.2 ).

2. The phenomena of anthrcopogenous eutrophication apply not
only to lakes but also to water courses with relagtively
retarded flow (rivers in flatlands, brooks, canais)., In the
latter the excesslve accumulation of biomass and the biolo-
gica) digturbances are mainly due to the respective pro-
ducers (macrophytes and phyto~micrcbenthos). Investigations
by the Institute of Hydrobiclogy showed that this is to be
obmserved to a lesser degree in canals with a natursl (sandy)
bed surface snd to a greater extent in canals embanked with
gravel or concrete (33). Alao_typical for water courses is
the incresse in nutrient content in time. Many yesrs of
atudies on smegll rivers in the Ukraine have shown that the
mineral nitrogen amcunta in emall rivers in the mteppe zone
of the Ukraine increased from 0.1 to 5.0 milligrame/litre
according to data taken from 1971 te¢ 1973 and in some cases
even increased to 12.5 mg/l (35).

BEutrophication is ceaused not only by the production of auto-
chthonous organic matter but mlso by the flowing off of all«
ochthonous organic matter (deitritus, dissolved organic sub-
stances, bacteria and other organisms)}. This is indicated.by
a digturbed equilibrium of primary production towards a de=
creage of the A:P > 1 ratio.
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On_the bigelement content and inflow sources

Extengive literature is availeble which has largely been sum=-
merised in articles by A.N. MUSATOV (30), A.V. TOPASEVSKIJ et al.
(43) dealing with biogenous elements which limit primary pro-
duction in waters with their contents and the sources of their
suppiy into the water. Considerable increase of the biomeasa of
the phytoplankton is usually due to the gupply of phosphorus
whose content in waters is often found to be & minimum. The
limiting value of phosphorus in primary producticn was discussed
at length at% the XIX Iimnological Conference (8). Phosphorus

is spupplied to the waters mainly by sewage whereas nitrogen is
supplied by the territories of the water catchment area. We do
not want to repeat the quantitative parameters of these pro-
cesges which are stated in literature. The question of cor-
recting snd complementing existing standards for permissible
limit concentrations of biogenes in waters of different types

is conejdered significant.

Specifying the permissible limit concentrations biogenocus ele-
ments is important on two grounds. Firstly, for important waters
instruments should be introduced which automatically record the
concentration of the most important biogenous elements meaning
reliasble signalisation of any undesired consequences to eutro-
phication. Secondly, in the not too distant future limitations
will be worked out on the addition of sewage to waters. Ir this
cgge it would be easier to fix the limite of sewage additives
according to the readings of instruments.

Currently under discussion ies the question of fixing reliable
limits on the disposel of waste products into waters which shall
be proposed to each factory giving off sewage (34).

Bioelements are supplied to the waters mainly by the water catch-
ment areas and by sewasge from populated sreas and industrial
centres; atmospheric precipitation, erosion and damages to banks
are Involved to a certain extent in this process. The specifie
percentage of these sources in the enrichment of waters with
biogenes varies mccording to landscaping, physical and geographic
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conditions of the water catchment arees, the degree of soil
cultivation, population of the area (easpecially of the areas
cloge to the banks of water courses) and the industrial develop=-
ment of the area (number, capacity and arrangement of industrial
egtablishments).

Inland water procegges of the bigelement cycle

Surfece and ground waters first of all fiow into smell waterways,
and from there following the erosion slope, go into lakes,
regervoirs and oceans, wiere the aerosols, biogenic and organic
substances aarried with it and accumulate., The trarsit of bio-
elements in rivers ie no condition for the cycling and for an
intensive increase of the biosctivity of phytoplankton, In restric-
ted flow sections however (below 0.5 metres/Becond) the permenent
character of supplying biocelements in incremsed quantities entails
a congiderable boopt of biomass and a rise in their bioactivity.

The bioelements consumed by the autotrophic organisms during
photosynthesis are returned to the water in the exchange pro-
cesses of the organisms of the ecosystems and in the bacteriel
deatruction of the dissolved organic matter. This is the essence
of metabolism. In this context the speed of decomposition of
nitrogen organic substances in waters has heen studied (38).

An equation for the rate of decomposition of protein was worked
out., The rate constant of decompositlon depends on the temperature
and oxygen saturation of the water; in aerobic conditions de-
composiiion is fegter by between 1 and 2 orders of megnitude
than in @naerobic conditions,

Repional studies on anthropogenous eutrophication gnd limitation

. meagures thereof “

The large lakes of the north-western Furopeen territory of

the USSR (Ladoga, Onega and Karelic Lakes) have so far undergone
little changes and retain the peculisrities of their limmological
specific nature (31), The waters of the pre-Baltic, the Daugave,

the smaller rivers and lakee on the other hand have been affected
strongly by pliution and eutrophication (22}, Eutrophication of
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Lake Sevan resulted from deverting its original water reserves
{(up to 24 km3), by lowering its water level by 18 metres, re-
ducing the depth, uncovering the litorel, and the supply of
biogenes from the depths in the destratification of water mass
(24). The disturbed structure of the ecoasystem of the litoral
of Leke Baikal results from raising the water level of the lake
due to the damming effect of the reservoir on the Angarae and the
effects of supplying industriel sewage {19). The concern for
the protection of this unique lake, its water resources and

its endemic fauna is underlired by relevant resolutions passed
by government bodies, The water reservoirs on the Volga and
Dnieper were subjected to particularly heavy pollution and
eutrophication. Especially in the Dnieper reservoirs intengive
"water blooms" caused by blue-green algee ard extended biological
poliution was observed (43). The Inetitute of Biology ef Inland
Waters of the USSR Acedemy of Sciences, the Institute for Weter
Affairs of the USSR Academy of Sciencee and a number of other
institutions have been studying the Volga for m number of years.
Scientists from 27 organisations and scientists from 35 organi-
sations took pert in the first complex expedition on the Volga
in 1971 and the second in 1972, respectively (35).

The main task of all these studies was to work out the scientific
basis for ensuring water protection of the river basins, work out
measures on restoring the natural guality of water and on im-
proving the complex use of the bioclogicel and water resources

of these rivers. Combatting eutrophication was a focal point of
the XIX Limnological Conference, especially the oligotrophication
(rehabilitation) of waters by diverting sewage, chemicdal pre-
cleaning of sewage by precipitating phosphorus with aluminium
sulphate and iron sulphate and other resgents.

The Inestitute of Hydrobiology of the USSR Académy of Sciences
together with the Institute of Hydromechenics have developed
a technique for removing the seston biomass from reservoirs in
collecting pointas of blue-green algae with subsequent use of the
same as raw material to obtain complex amine of fertilizers.
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Coneluding we note that the extent of research work being
carried out in the USSR on anthropogenous eutrophication of
waters is such an amount that & second symposium could be sum-~
moned to deel with the resulte thereof.

We would be pleaged if our peper has given a general idea on
the state of research in this field in the USSR.
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OPERATING CONDITIONS FOR MAXIMUM FPHOSPHORUS REAOVAL
F. A.EL-GOHARY
Watar Pellution Control Dept., National Research Centrs, Cairo,

Fegypt

Summary
The extensive discharge of wastes from rapidly expanding

municipal, industrial and agricultural complexes initiates and
aggravates the process of eutrophication. This nutrient enrich-
ment in water resources results in both economic and assthetic
problems. Phosphorus is considered by many investigators to be
the key nutrient in breaking the eutrophication cycle. Attention
has been fooussed on the use of biological processes for
phosphorus removal. As a result of this, considerable contro-
vergy has been developed with regard to the phosphorus removal
capacity of the activated sludge process and the mechanisms
involved.

On the basis of a series of batch laboratory studies, it has been
conaluded that a proportional relationship betwesn phosphats
uptake and sludge load exists, On the other hand, a decrease in
the amount of nitrogen upbake was observed by raising the sludge
loed.

Removal by biological means, however, 1s limited to cell metaboli
negd ard what ever excess phosphorus can be encouraged to bs talm
and stored by the cells. Key design criteria and opsrational
parameters have not bgen sufficiently isoclaeted and identified to
affectively implement controlled phesphorus removal by solely
metabolic machanism., Therefore, if phosphorus should be reaocved
from wastewater on a reliable basis, we must choose the chemical
methods.

Comgulation with subsequent flocculation has been shown to be
suitable for phogphorus removal., Because coagulation is principal-
ly a process of high opersting costs, it would be interesting if
such‘costs could be partly offset by a saving in the costs of
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biological treatment.

Continuous laboratory studies using high-rate plastic packed
trickling filter followed by chemical ceagulation achieved
phosphate removal up to 97.5 %. In addition bacterial cells were
destabilized and removed conc¢urrently with other colloidal matten

I. Introduction )
Historically, the reduction of the carbon and suspended solids

was the principal objective of wastewater treatment. Recent

research however, has demonstrated that when there is increased

demand by population and industry on limited resources, the high-

eat degree of treatmant may not be sufficient to prevent the

deterioration of receiving waters through sutrophication.

The tragedy of eutrophication, by contrast with ordinary pollut-
ion, is that once it has become astablished it is virtually im-
possible to reverse the process, even if the source of nutrients
is sliminated (1). This nutrient enrichment in water resources
Tesults 1ln both economic and assthetic problems of major pro-
portlons.

A great deal of thought and study has gone into how these valu-
able fertilizing elements might be recovered and returned to
agricultural lands where they belong, and through their Temoval
prevent fertilization of receiving waters. Early studies (2)
showed that both nitrogen and phosphorus could be removed almost
completely by activated sludge treatment, if the sewage was
fortified with sdequate amount of carbohydrate matter. Such
practice was ¢onsidered impractical for most situaiions and
attention was then turned to removing either nitrogen or phos-
phoTus.

It was soon found that it is extremely difficult to remove all
forms of nitrogen (ammonia, organic, nitrite, amnd nitrate}, by
any single mesns of treatment, Furthermore, it became apparent
that the growth of all forms of algae could not be controllbd
by limiting nitrogen, because certain blue-green algae, with
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great nulsance potential, were capable of utilizing nitrogen
from the atmosphers (3).

Thus, removal of phosphorus is considered by many investigators
to be the key nutrient in bresking the eutrophication c¢ycle (4,
5). Researchers, howevar, disagree on what the lowest allowable
limit should be, but a frequently mentionsed figure is 0.03 mg/l
as PO, after the effluent is mixed with the stram (1.

The major sources of phosgphours contributing to eutrophication
are domgstic sewage, indugtrial wastes and agricultural rumoffs.
Bomestic sewage is the primary source in critical areas.
Prosphate gain entrance to sewage from human body wastes and
through the use of condensed inorganic phosphate compounds as
builders in detergent formulations. Each of these sources
accounts for about half of the phospheorus in domestic sewage (2).

IT, Pheogphorus removal

The matter of phosphorus removal has been attacked by many
invegstigators. In general, two approaches have been considerad
namely, biological and chemical technigues.

II,1, Bioclogical removal

It has been reported by several experts that, because of the
unfavourable ratio of carbon, nitrogen and phesphorus in sawage,
it 1s not possible to rewove more tham 25 to 50 per cemt of
goluble phosphorus from domestic sewage by biclogical processes

(6,7,8).

However, deaspite this unfavourable ratio, several investigators
have demonstrated, using both full scale and laborétory units,
that when operated under certain conditions, the activated
sludge process can remove significant amounts of phogphorus
from sewage (9,10,11).

It has been reported that activated sludge microorganisms are
capable of bilologically removing and storing phosphorus consider-
ably in excess of what they require for growth through the
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mechanism of "luxury uptake" (12,13).

As more deta have been collected, an aliernative chemical
explanation has been advanced. MENAR and JENKINS (14) have
postulated that high removals occur bacause of chemical precipit-
ation of phosphates and subsequent entrapment of the precipitate
in the matrix of the biologlscal fleoec. This amount of precipitat-
ed calcium phosphate, especially in hard water areas, and the
precipitation of additional phosphorus by traces of iron,
sluminium, and magnesium normally present in wastewater would
produce an efficient overall removal. If this contention is
correct, efficient phoasphate removal by activated sludge requires
a change in the chemical environwent, particularly pH.

Optimum removal of phosphorus requires not only that uptake be
maximizéd, but alse that subsequent release of sgoluble phosphorus
back to th? effluent supernatant be minimized. It has frequently
been observed that, following uptake during substrate stabilizat-
ion, the overall efficlency of the process was significantly
lowered by desorption of phosphorus during continued aseration

and or final clarification (10,11). As with uptake, the mechanism
of release involved and the parameters asaociated with such a
release, remain in dispute.

‘The literature indicates that several factors exert an influence
on blological phosphorus removal., The rate of aeration and the
aaration time have been indicated by most investigators as the
most important eriteria. There is some disagreement in the
literature with respect to the optimum concentration of mixed
liguor suspended solids (MLSS). Apparently, increased uptake has
been attained at both low and high MLSS from 500 mg/l up to

4300 mg/l. At the San Antonio, Texas treatment plant, the
optimum appeared to be 1000 mg/l or sligh%ly higher (12). It was
algo found that the maximum overall phosphate removal occured at
organic lcadings of 45 to 55 pounds of BOD/day/100 pounds of
MLSS under aeration., Other researchers have reported that
blological phosphate uptake is always proportional to the new
sludge growth (15,16,17).
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II.1.1. Report on laboratory investigations

effect of aeration period and sludge-load on pbosphorus and
nitrogen uptake .

In an attempt to define the nature and elucidate the mechaniam
of phosphate and nitrogen uptake and release by activated sludgs,
several research investigations have been conducted by the author
and NAWAR (18). The research emphasis has besen primarilly direct-
ed towards the effect of aeration periocd and sludge load. Results
obtained from batch laberatory sxperiments using desize and

desize-kisr waste mizbure are illustrated graphically in figs,

(1-7).

From Fig. 1, it may be seem that the amounts of nitrogen requir-
ed increased gradually during the first hours of aeration after
which a gradual decrease was observed %till the twenty fourth
hour of aeration.

The amount of phosphorus utilized was found to range from C.65
to 1.1Eg F/100 Eg BOD removed when the detention period was one
bour. This value reached its maximum at the fourth hour of
earation after which a gradual reduction was observed till the
twenty fourth houzr of aeration (Fig. 2). The same trend recorded
for desize waste was observed in the experiments carried out
using kier—-desize waste mixture (Fig. 3, #4).

From Fig. 7 it may be concluded that a proportional relationsghip
between phosphats requirements and sludge load exists. On the
other hand, a decrease in the amount of nitrogen required was
obgerved by raising the sludge load (Figs. 5, 6).

This may be due to the fact that in a ecomplex waste mixture at
high BCD concentration, the rate of synthesis is independent of
feed concentration. As a result, there is a constant and maximum
rate of c¢ellular growth. At this stage the phosphorus require-
ments increased gteadily with the increase in growth rate.

When the rate of removal begins to decrease, the sludge still
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contains unassimilated organic carbon. While removal is pro-
gressively decreasing in time beyond this point, synthesis will
continue at a maximum rate untl) ths excess carbon concentration
in the cell is depleted by conversion into cellular mass. This
causes a rapid decrease in cellular carbon and phosphorus Te-
quirements accompanied by a corresponding incresase in cellular
nitrogen. This phencmencn has been demonstrated by several
investigators (19,20,21). GAUDY (22) in the treatment of pulp
mill wastes, showed a peak in cellular carbohydrate after 3 hours
aeration with a corresponding cellular protein peak after & hours
aeration.

Mc WHORTER and HEUKKEIEKTAN (19) showed that in tha presence of
avgllable external substrate the nitrogen content of the cells
was 8 to 9 per cent by weight and increased to 12 per ceant when
the stored carbon was used for synthesis. The rapid decrease in
a cellular mass after substantial exhaustion car bs attributed

to conversion of stored carbohydrate to cellular protoplasm (21).

This may explain the reduction of nitrogen requirements with
inscreasing the orgamic load.

II.2. Chemical removal

Fhosphorus removal by chemical precipitation is out of the
rogearch stage. Field experience on full-scale and large .
demonstration pilot plants shows that iron salts, aluminium salts
and lime can be equally effective as phosphorus precipitants in
wastewater.

The chemically bound precipitated phosphorus is removed with the
gludge and is not resolubilized during sludge disposal unless
the pE is substantially lowered.

Chemical doses of irom and aluminium salts are related to the
phosphate content and the requirement to provide sufficient
bydrolysis products of the metsl. A laboratory study in
Cincinnati obtained 80 and 9C % phosphate removal with an 115+:P
molar ratio of 1.5 : 1 and 1.4 ¢ 1, respectively (23). THOMAS
(24) has indicated a dosaga of 2.05 mg/l of Fe ' as being
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required for the removel of 1 mg/l of P, BARTH and ETTINGER
indicated a need of 1.8 mg/l of A]}+ for the removal of 1 mg/l of
P (25).

Strict chemical methods precipitate phosphorus either in the
primary settler or im a tertiary clarifier. The chemical-bioc-
logical methodé employs direct chemical dosing to the seration
tank of an activated sludge plant. For trickling filter plants,
the chemical precipitation should be accomplished in the primary
tank, Direct dosing of chemicals to the trickling filter has not
proven to be highly effective. Subsequent passage through
trickling filter to satisfy metabolic needs serves as a polish-
ing step.

With an activated sludge plant, it makes very little differerce
where the point of addition of the metsl lon 1s. Efficient
removals havae been obteined when dosing wastewater after primary
settling, in aeration tank, or near the mixed liguor exit peint.
Howsver, the overall plant efficiency is dependent upon the
ability of the biological floc to collect these dispersed pre-
cipitates snd remove them from the firal plant effluent.

II.2.1. Laboratory investigation

Because doagulation ig principally & process of high operat-
ing costs, it will be interesting if such costs could be partly
offset by a saving in the cost of biological treatment.

Continuous laboratory investigatiohs to gtudy the optimization
of the treatment of sewage by & combination of high rate plastic
packed filter with chemical and physical treatment were carried
out. Flg. (B) shows schematically the basic plant flow. Average
results obtained are given in table (1). Chemical coagulation
was carried out using non-setteled biological sffluent.

Anslysis of the data obtained shows that effective removals of

the organic compounds present in trickling filiter effluent were

achieved when aluminium ard ircn salts were used at their optimal

dogsages and pH-values. COD removals ranging from 93 to 95 % were
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attained. Corresponding BOD removals varied from 95 to 97 %.
Bacterial cells were destabilized and removed from solution
concurrently with coagulation of other ceolleidal material. Appro-
ximately 91 per cent of the viable bacteria initially present
were removed at the optimum ceagulant dose. In addition, the
¢oagulation process schieved eignificant removals of the nutriants
responsible for eutrophication. Total phosphate Temoval up to
97.5 % was recorded.

The addition of an activeted carbor fllter showed an increase in
the treatment effioclency. COD removal ranging from 46 to 78 %,
from ohemically treaed effluent was attained., Residual total
organic carbon varrying from 0.5 t¢ 5 mg C/1 was recognized.
Further 9C % reduction of the viable bacsterial cells were achiev-
ed, Effluent phosphorus c¢oncentration less than 0.05 mg P/l was
recorded,

III, Discussion and conelugions

From the results of these investigations and the literature
reviewed, it may be concluded that the removal of phosphorus by
biological synthesis and "luxury uptake" 1s not a controllable
procese., Key design criteria end operational parameters have not
been sufficiently, isolated and identified to effectively prediot
and implement controlled phosphorus removal by sclely metabolic
‘mechaniem. If we are to reliably remove phogphorus from waste-
waters on a sustained bagls, we must ohoose the chemical or the
chemical~biological metheds.

Coagulation, however, is principally a process of high operating
costs. Therefore, it would be interesting if such costs could be
partly offset by a saving in the cost of biologiocal treatment.
EDEN (26) found that the BOD production of an effluent of 20 mg/l,
in one stage by biological filtration followed by humus tenk will
require a filter loaded at about 0.15 1lb BOD/IdB/d. An effluent .
of BOD, say, 50 mg/1 could, however, bse produced from an average
sewage by treatment in a high-rate biolegical filter at a load~-
ing of 1.5 1b BOD/Yd3/d with a very considerable saving in filter
capacity. The plan area of the filter would be further reduced
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if'plastics media are used, since the filter could be made much
taller. In general, in addition to the advsntages of high-rate
Plastic packed biofiltration systems mentiocned befors, (27-23),
the combination with coagulation flocculation unit has been
shown to offer a number of advantages.

Analysis of date and review of the operating experience present-
ed permlt the following conclusions:

1. Effective remcvals of the organic compounds present in

trickling filter effluent were achieved when aluminium and
iron salts were used st their optimal dosages and pH~-values.
COD removels from 93 to 95 % were attained. Corresponding
BCOD removals varied from 95lt0 97 %. Bacterial cells were
destabilized and removed from solution concurrently with
coagulation of other colloidal wmaterial, In addition, the
coagulation process achieved significant removals of the
nutrients responsible for eutrophication, Total phosphats
removal up to 97.5 % was recorded.

The addition of an activated carbom filter would increase
the treatment efficiency. This is particularly suitable for
application to certaln wastewater trestment facilities that
require high levels of treatment. Residual percentage COD
removal of 46 to 78 % from chemically treated effluent was
obtainegd. Resgidual total orgaric carbon ranging from 0.5 to
5 mg C/1 was recognized, Further 390 % reduction of the
viable bacterial cells was achieved.
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ECONOMIC AND SOCIAL ASPECTS OF EUTROPHICATION; THE IMPORTANCE
OF THE SUBJECT TO THE ECONOMIC DEVELOPMENT

5.V, GANAPATI
Department of Bilochemlstry, University of Baroda
India

Compared to the ‘total area of oceans and seas which occupy ’
three-fourths of the earth's space, the sources of fresh water,

both lenitic and lotic aseem to be ineignificant., Also, the

ambunt of water beneath the surface of land is very great,

although the actual quantity is not known.

In spite of this, sooner or later the world with the existing
population of about 3,000 million and increasing at the rate

of 1,7 % annually, may be faced with & very serious water famine
due to the explosive population growth and incrsaeing agri-
cultursel and industrial developments, Added to this menacing
gituation ig the lncreasing eutrophication of surface and under-
ground watere, which not only reduces the available purewater
supplies and lowers their quality, but also irvolves costly and
complicated purificetion treatments, Without an adequete supply
of pure and sefe water, nations cannot exist and also cannot
produce the food required for their survival.

The possible lines of action for seving mankind from the im-

pending cetastrophic situation within the next half a ceantury

or so are: .

(1) to seek new sources of water supply, e.g. by tapping the
antarciic ifcebergs, purifying sea water, making artificlal
rains changing the climate etc. (3); or

{ii) to exercise control over the use of the exigting sources
of supply by preventing their unnecessary pollution, by
trying to reuse the water as many times as poseible,
elther for the seme purpose or for different purposea
until i1t finally becomes so polluted ae to necessitate
regeneration before further recirculation (4).
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New sourceg of water supply

Thig line of action has already been initiated in certain
coastal aremas of the north-east and middle-east regions and in
western countries. Serious attempts are being mede to convert
sea or brackish water into sweet weter in countries which now
lack adequate quantities of good water. The technigques being
used for the purpose in the technologically advanced countries
of the west are: distillation, freezing, hydration, reverse
opmosie and electrodialysis. The first three methods are thermal
in nature and are based on temperature changes which remove

the dissolved sclids by either vaporising or solidifying the
water. The last two methods are based on separation of the galts
from the water by the use of membranes.

Converglon of sea or brackish water into sweet water

Important studies towards reduction of the cost of desaglination
of brackish waters through the development of nuclear-powered
electric piants are underway in USA. The basis of this approach
ig to use the excegs steam produced in the muclear plante for
degalting sea water, thus making the procees economical.

At pregent water is being pumped to Benghazi in Libya from bore-
holes some 30 km away from the town. It is brackish and has

650 to 2,000 ppm of total dissolved solids compared to 350 ppm
in Londecn's water supply. Brackish water which has lower salinity
than sea water is more economically desalted by electro-dialysis
than by any other method., A giant plant for supplying 5 million
gallons per day has been conetructed by Britain. Coneidering the
fact that the residents of Benghazi heve been drinking water
with up to 2000 ppm salinity, the new plant will be a boon,

A scheme is reported to be in hand in Ierael to reclaim all

sewage in Tel Aviv region, purify it in the sand dunes to the

south of the oity and rediastribute if for use in factories,

kitchens and farms, The sewage reclamation and purification

sehene has not been conceived as an isolated measure. It is
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connected with another scheme which envisages the setting up of
a sea water desalination plant on the Mediterranean cost. Bach
scheme will sugment Israsel water resourcee by 100 million gallons
per day. It ie propoeed to combine the iwoshemee so es to make
them economically feasible. The treated sewage water by itself
would be Inexpensive and pure but too salty for wide spread

use, On the other hand desalted Mediterranean water would be too
coatly. A blend of the two in equal proportions, however, would
mgke farming as well as any other use to which the water is put
simultanecusly safe and inexpengive.

Re-~use of waste water

Thig line of action was anticipated by the German sanitary
Engineer Karl IMHOFF, who had stated as early as 1931 the pos-
gibilities and limitations of water-sewage-water cycle as fol-
lows: "Viewed from the stand point of water purification and
as a reeult of observatioms from nature and experiments, there
can be little doubt that a city's sewage can be purified and
reuged in rotation ag meny as ten times. This implies that in
order to halt the increesing salinity, a city is required to
furnish ite regular supply only to the extent of 10 % of the
collected sewage volume., Merely this 10 % plus evaporation loss
ig required as pure water brought from without. The cilty's
remaining requirements can be met from ite own sewage" (5).

This line of action is feamsible for cities and towns which are
located in arid and semi-arid regions and/or far away from
coaestal areae, In fact, reuse of sewege effluents seems to offer
the only way of meeting the increasing weter shortage due to
eutrophication in these places at the present time.

An examination of the actual position existing today in the
nighly industrialized countries of the west shdwe that it is
technically feasible and possible to reuse domestic sewage after
purification and natural or artificiasl regeneration. At Chanute
in the United States, the city's weste water is being purified
in sedimentstion tanks, while at Bielefeld in Germeny the sewage
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effluents ere being treated biologically and returned tc the
underground table from which the c¢ity draws its water supply.

We have also the evidence of current research into the provision
of water for commonautse by complete recirculation.

It will be evident from the foregoing thet increasingly reliable
methods of sewage purification and regeneration will have to be
systematicelly adopted in future, and sewage effluents or

Yuged water" will become an important means of increasing sup-
pliee of drinking water, or weter for agriculture and/or in-
dustrial purposes (&),

Existing situastion

In the technically advanced countries of the west, increasing
volumes of sewage and/or industrial effluents {or factory
liquid wastes) are being discharged into streams, rivers and
lakes and reservolrs, where insufficient dilution takeas place
with very good quality of water., The conventional waste tresat-
ment processes are unable to treat effectively an expanding
liet of "refractory™, compounds from factories manufacturing
detergents, pesticides, herbicides etc., and these may have
disastrous effects even in minute concentrations, as dilution
water is becoming lees and lees avallable, and stream gelf-’
purification, generally, doee not work for inorganic stream
pollution and for orgenic compounds have which already resisted
wagte treatment (7).

In Great Britain, i1t was found that in the beginning of this
century, the rivers generally had a 5 day BOD value of 2,0 ppm.
During the next 50 years or so, the condition in the rivers had
radically changed for the worse. Thereé is an increasing rate of
gbatraction of river water end its repleacement by an equal
volume of sewage and/or industrial effluents of one kind or the
other. Therefore, reliance can no longer be placed on dilution
to reduce the effecte of pollution caused by purified effluents,
containing inorgenic salte and highly complex organic substances,
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Besides, industries keep on introducing newer organic compounds
as detergents, pesticides and herbicides. Some of these organic
pollutants are not onty extremely refractory but also remsin
potent even after extensive dilution. So, must of the water
supplies which draw water from polluted streams and rivers in the
west et present are endangered by "creeping pollution® (8).

An additional stage in waste treatment known as "polishing® or
"tertiary treatment™ or final trestment of sewage works ef-
fluents hes came intc vague., The important forms of such treat—
ment are: lagoon treatment, intermittent rapid sand filtration,
micro-straining, slowsand filtration, treatment in grass-plots
(not land irrigation), chlorination, adscrption by mctivated
carbon, ion-exchange resing and membranes, Of these treatments,
iggoon treatment in the so-called "maturation ponds™ is most
economical. But it can be adopted only in such places where land
is inexpensive, the climate conditions are suitable, organic
loadings fiuctuate widely and funds are limited. Most of these
conditione are satiefied in trophical countries like Africa,
Middle East, Near Easst and Far East,

The National Institute for Water Research of the South African
Council for Scientific and Industrial Research has been carrying
out regearch on the use of oxidation pond systems for purifica-
tion of sewage and sewage effluenta, and the results of these
investigations have formed progressive applications in South

and South-West Africa (9). Their important findings are that

the system of treatment by the oxidetion pond method (or stabi-
lization pond method) has the advantages of economy, simplicity
of construction, ease of operation and maintenance. The re~
sulting effluent is fit for reuse, and the system provides better
barriers against pcllution in the event of mismanagement than
other conventional treatment systems.

Maturation pond systems are useful in minimizing the hitherto
uncontrolled eutrophication of rivers, lakes and reservoirs -
recelving purified sewage effluents to suit various useful pur-

poses. The effluent to be put into maturation ponds should be
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already well stabilized in conventional sewage treatment works
or from a series of stabilization ponde. In maturation ponds
purification is effected primerily with respect to bacterie-
logical quality and advanced biochemical purification as il-
luptrated by further reduction of synthetic detergents. This
improvement in chemical quality i® often masked by profilic
algal activity,

The biological processes which improve a sewage effluent chemic-
ally and bacteriologically slsc bring about virclogical puri-
fication., From the viroclogical poiﬁt of view a pond syestem
should be as shellow as possible and so extemnsive that the re-
tention period exceeds the normal survival time of an infecticus
virus. This stresses the importance of preventing shorteircuting
and points to the necesgpity of having a number of ponds working
in series for tertiary treatment of sewage or sewage effluents,

Lagoon Trestment: TAYIOR (10) has summarized the results of his
three-year study of the method of lagoon treatment of an ef-
fluent from the conventional sewage disposal plante at Rye Meads,
Hertfordehire in Englend. A part of the fully treated effluent
was pagged through three shallow lagoone of depths varying from
5.3 to 11.5 £t working in geriem and having = capacity of 30

million gallons at a flow rate of 1.5 million gallons per day.
Thies gave & retention period of 3 days in the first lsgoon,

5 daye in the second and 9 dayes in the third lagoon before final
discharge into the river Thames after 17 days. The results were
nighly eatiefactory, A final effluent having a gquality standard
comparable to that of good river water in every respect was
produced. The lagoons acted as a "buffer" between the treatment
plant and the river in that any excese of suepended sludge or
humus was held back in the lagoons or a sudden "wedge" of the
toxic or undesirable substance in the plant effluent was di-
luted by the large volumes of the recurring waters in the
lagoons. Also, this afforded a protection to fish life in the
river from eny harmful matiter in the sewage effluent.
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There was aleoc coneiderable improvement in the orgsnic quality
of the effluent efter passing through the lagoons. An ocut.
standing feature of the lagoons treatment wae the discherge of
a fully oxygenated effluent into the river, avoiding any harm-
ful effect on the fisheries. Algal growth did not adversely
affect the suspended solide and BOD valuea; and it was the usual
experience te obtein values below 5 mg/l for thesz two para-
meters. An effluent of this consistently high quality could be
pafely discharged into the receiving water course even if the
flows in the latter were only of the order of twice the volume
of the effluent, or even lesga if the quality of water in the
gtream were exceedingly good. Another noteworthy feature of
the lagoon treatment was the reduction in the number of sewage
indicating bacterim by 99,5 %. Pathogenic orgsmisms such as
those of the Selmonella group haé virtually disappeared after
paseing through the legoons. Enteroviruses were alsoc isolated
from the plant effluent on occaeiona, but they were present in
only two of the samples discharged from the third lagoon teo
the river during the three year period.

It follows that lagoon treatment in a series of ponde ig highly
effective in removing pathogens, parasites and viruses.

‘Stabilization lagoons st Ahmedabad, India

The Ahmedabad Municipal Corporation was perhaps the first in
Inéia to construct a series of 8 lageors as an experimental
meagure through which about half & million gallons of raw,
settled domestic sewage was passed every day before the final
effluent was discharged into the Sabarmati river. The ponds have
been in existence since 1962. They were examined during dif=-
ferent seasona of 1966 and 1967 for physicochemical, biochemical,
bactericlogical and biological aspecte in order ito assess their
performance a8 to their gbility to produce at all times a final
effluent complying with the standards of purity fixed by WHO
and the Indian Standards Institution (I.S.I.) for raw water used
as a source of water supply before further treatment so that it
can be used in an emergency for potable purposes after treatment
in the water works.
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The ponds were self-reguleting requiring very little attention
in the nature of operational contrcl. From the examination of
their effluents for nearly 2 years, PAREKH (11) concluded that
the physiccchemicel variables in the Ffinal effluent showed con-
giderable improvement. Bacteriologically the final effluent con-
formed to the WHO and I.5.I. Standarda fixed for raw water used
as a gource of water supply and was also free from pathogens.
Retention in a lagoons for 42 days was expected to make the final
effluent free from entero-viruses.

Development of the concept of waste water rehabilitation

The need for reuse of wamte water is increasing as fresh water
resources become exheusted. It ig little realized thet reuse is
inherent in the duel water supply and waste water disposal prac-
tized all along the American water courses. So, if a city or an
industry were to reclaim 80 % of the waler it uses, its existing
fresh water supply could be enlarged effectively fivetimes (7).
Conpiderable effort is being expended in the west in educating
the public on the concept of using recovered water and on the
degirability of eliminating the unrealigtic divieion between water
and waste water, As the demand for water increases and sewage
effluents and river waters are used more extensively, the guality
will be determined by the use to which & weter is put rather than
the need to prevent nuisance or support fish. The gep between
the end of sewage treatment and the beginning of water supply
will soon be narrowed down. Public Health Engineers in USA are
already thinking in terms of closing this gap altogether so that
in a sewered city it may be possible to produce from the city's
sewage water that is suitable for further treatment in the same
clty's water works for domestic water supply. Alternatively it may
be possible to produce an effluent which can be used either in-
directly in pewer production, industry or egriculture, as com~
pensation water or for recharging aquifers or indirectly for
replenishing the depleted flow in a river which may itself sub-
sequently be used as a source of raw water (12). So, water cannot
be used once and diecerded. "Water must be used, and then reuged,
and reusged
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PROBLEMS RELATING TC THE LONGLTERM PLANNELD USE OF THE NATURAL
WATER RESOURCES IN THE GERMAN DEMOCRATIC REPUBLIC

' W. GRINGMUTH and H. ROQS

Akademie der Wissenachaften der DDR, Zentralinstitut fir Wirt-

gchaftawisgenschaften, Berlin

Cerman Democratic Republic
-

Summary

The water resource situation, the water balance and the develop-
ment of demand are shown. The water economy of the GDIR has to
use the multiple utilization of water because of the high
demands of the developed socialist society., &4 long-term, planned
use of the resource water can only be attalned through the
further development of the forms of intensification of water use
in particular the multiple utilization of water. The quality of
water of the running waters and lakes reflects on the one hand
the considerable water utilization and the adopted production
techhologies as well as efforts undertaken the cleanse the

waste water. Treatment is given %o measures taken in the GDR
for a planned utilization of wabter

The German Democratic Republic (GDR)Y is amongst the highly
industrialized states with an intensive agricultural and
forestry sector.

Conseguently high demands aro made in the GDR on all natural
resources in particular in regard to water. The water balance
shows that with an average annual prec%pitation of 628 mn and
an input of Elbe River and Oder River corresponding to an annual
precipitation of 88 mm the GIR evidences the lowest water re-
gsources of all industrial countries., Whereas in all Europeaan
states the avallable water resources per inhabltant are above
2,000 ma, in the GDR it is only some 900 m3; However ouly about
helf of this water quantity is available for utilization, This
yields a stable wqter regource of 8;7 thousand million m3/year
whereby in low water periods an addition of one thousand,
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million m3 is available from reservoirs and controlled lakes.
As regards ground water the reserves on hand during the five-
year plan period 1971 %o 1975 were sufficient at 120 million
m3/a; on the other hand the goal in respect of hydro-geological
investigation for the period 1975 %c 1980 is in some 140 g
160 million m”/a.

The degree of utilization of water in the GIR is about 40 per
cent and this heads the table of industrial states of the
worid. (Comparison: the degree of utilizetion of the remaining
Eurcpean states is less than 17 percent). The multiple utiliza-
tion of water can at present during dry months increase to the
factor 1.5 whereby in the agglomeration areas a value of 3 to

4 is abtteined.

This relatively constant water supply was counterposed by the
following water demand:

Table 1

Water requirements in the GDR (millious of m3[a1
1970 1975 increase (%)

Population 930 1,130 21
Industry 5,520 5,860 11
Lgriculture 290 1,110 40
Total 7,240 8,100 12

The euvisaged development of demand in the GDR to the year 1990
expects the greatest increase in agriculture, a doubling of the
reguirements of the population and a slight increase in industry.
The development of water demand indicates that in 1990 the water
demand in the GDR will, on the average, reach the stable water
resources. In the following years a multi utilizadtion of water
has to be substaptially increased, this in turn ﬁecessitating
further water economy measures for the intensitve extension of
the natural resource water in particular for the improvement of
the water quality.
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As regards the anticipated considerable expansion of irrigated
ﬁgrioultural land, measures are necessary by the authorities
responsible for the water quantity management. Irrigation which
indicates a level of 50,000 ha of agricultural area in 1970 1is %o
expanded till 198C by sbout 480,C00 to 520,000 na, As the re-
quired water cannot be wholly derived in the vegetation period
from running water, in future strong increase in reservolr
capacity is necessary. Such an increase of reservoir capacity
for agricultural purposes alone will then require a consider-
able share of the planned reservolr capacity inc¢resse eanvigsaged
by 1990. By 1980 an extension of the volume of water siorage to
1.4 thousand million m” is planned. . ]

The economic and scclal-political objective laws operative in

the developed scclalist soclety require a high growth rate of

the national economy. This exerts an influence on the water
economy too: Thus a high part of 4.8 per cent of totael invest-—
ments were invested in the water rescurces policy (1974). The
branch water economy has a very considerable stock of capital
assets(only in communal field 14.700 thousand million marks). This
zeane thet there exists a share of water economy capital assests
of 6.8 per cent of the capitul accets of industry; here the water
economy capital assets belonging to industrial enterprises have
not been included. These figures show that in the GDR very
considerable sums are allocated in order to guarantee meeting

the growing demands on the water supply.

The tendency of increasing water requirements is continuing
although -simulteneously in the GIR comsiderable efforts are being
uuder%?ken to reduce the specific water use and, in particular,
water use with losses in the national economy through technolo-
gles rgquiring less and even noc water at all. The Directive of
the 9th Party congress of the SUP for the develppment of the
National Economy of the BIR envisages a reduction of the

specific water utilization by industry of 20 per cent by 1980

and to inerease multiple utilization. The water demand of our

- 106 =



society shows an absolute upward trend alongside the economic
development as a whole (growth of production) and above all as
a conseguence of the improved meeting of the living reguirements
of the population (construction of flats and social buildings
as well as the qualitative improvement of older dwellings) as
well as on account of the unity of economic and social polieies,
The water use of the population is a significant factor in in-
creasing water utilization as a whole. In Berlin, for example,
use during the winter months is todey as great as five years
ago in summer, The difference in water use in va;ious types of
flats is shown in the following table:

Table 2

Water use in the inner districte of the Capitel, Berlin

1/day/peraon (average)
40, - 70  in old dwellings
M0 - 115 in modernised dwellings
125 - 135 in pew flats

Increasing important is also accerueing in respeot of water also
for retaining the ecological functions and for the stabilization
of the blogeozenoses in the intensively used territory of the
GDR,

At the present time there are no practicable possibilities for
an abaolute increase in primary water volumes, that is to say an
extensive expansion of the natural resource water., The objective-
1y growing demards on the natural resource water can only be met
in GIR through an intensification of water utilization. The
intensification thus becomes the main problem in the rational

use of the naturel rescurce. It 1s realised here in two ways:

— 1n the multiple ukilization of water which is at the same time
usually a multi-purpose ufilization

- in the reduction of water use and water uéage in the national
economy in particular related to each unit of production.
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This method of economizing is generally not applicable as
regards the requirements of the population. In the materials
published in connexion with the 9th Party Congress of the
SUP water supply and waste water treatment for the housing
construction programme is characterized as the decisive tgsk
of water economy in this five-year plan period.

In 1975 water regquirements in the GIDR were met 3/4 from surface
water and 1/4 from groundwater. The increase of water earmarking
to satisfy the growing water recuirements will ensue both throug
increasing groundwater hzuling and above all also through greater
withdrawals of surface water. Key here is the improvement of the
quality of water in running waters, the reduction in the degree
of eutrophication in the lakes and reservoirs as well as in-
creasing the share of steerable surface water through reservoir
installations. This proporticn is present thecretically some

1/5 of the surface water withdrawal and thus already indicates

a relatively high degree of steering.

Because of the high demands of the developed socialist society
and of a population with a high per head usage of water and a
bigh population density the water economy of the GDR has virtu-
ally necessary the multiple utilization of water., A long-term,
plamned utilization of the natural resource water in countries
such as the GIR evidencing a high utilization intensity can only
ensue given the further development of specific forms of inteunsi-
fication of water utillzation., That is to say all pre-conditions
for such an intensification through the multiple and multi-
purpose utilization must be created. Such pre-conditions include
the following:

- the reduction of the nutritive matter content of the surface
water with the consequent pronounced production of biomass,

— the development of commensurate tecbnoiogies to prevent yield
of such nutritive metter as a means to this end and
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~ 1n %he economic field the hindrance of the costs
progression in the multiple utilizatlaw of the water
per unit of water with growipng degree of eutrophl-
cation,.

The struggle against the esutrophication of the waters as an
important problem as regards the quality of water shows
that in oountries with intensive utilization of territory
society has already for a long period found it necassary
tc intervene in the stebilization of the bicsphere. Now,
becauss of the high costs alongside improved utilization
of available effective principles (technologies, procedure)
for such a stabilization, alsc new ones (for instance
nutrient elimination from the water) have to be employed.
In this stabilization a new level 1ln techoology and economy
has to be attained.

The guality of water of the running waters in the GDR
reflects on the ome hand the considerable water utilization
and the production technology which stems from capitalist
conditions as well as, on the other hand the efforts for
cleansing sewage. Despite the high production increase

in the GDR 2/5 of the rTunning waters are either clean or
somewhat contaminated. Great successes have been recorded
regarding the connexion to the ecentral water network and
canalisation (with effects on the quality of water) as
indicated by the following table:
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Table 3

Capacity and Performance of Water Supply and Waste Water

Ireatment Units

Year Available Supplied water
maximum capa— amount per
aity of 4rink~ head of per—
ing and usage sons connect-
water ad to the

central water

(mill. m3/d) (1/4)
1965 3.8 93
1970 5.1 100
1974 5.8 112
1980 6.8

Inhabitants
connected
to the ocen-
tral water
net wark

(% of
total
popula-—
tion)

Inhabitants
connected to
canalisation
Total of whom -
% con-—
nected to
sewage
‘treatment
plant
5% 39
60 43
63 45

By means of economic provisions (water usage levies, sewage
intreduction and bewage levies on the basis of limit values) the
cleansing of the waters are stimulated as a result of which in
some river sections the quality of the water could be improved
by one or two utilization categories. In accordance with the
Water Resources Law of the GDR programmes for a step by step
rastoration were drawn up for all river basins.

However the territorial structure of the national economy of the
GDR must be particularly taken in consideratiéon for it is
characterized by strong spatial concentration. Half of the indu-
strial production takes place onr ouly 15 per ocent of the area of
the state in question on which 2/3 of the population is concen-
trated, Consequently water contamination in the industrial
agglomeration remains high. Seen from the hydrographical angle
*me reason is that of the four agglomeration areas in the GDR
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' (Berlin, Leipzig/Halle, Karl-Marx-Stadt/Zwickau, Dresden) in

which half the industrial production is concentrated, only
Dresden has a position on an efficient river. The Vereinigte
Mulde, a river with a medium discharge of some 60 mB/sec abéorha
the sewage of two industrial agglomeration areas.

The lakes and reservoirs of the GDR show generally a high
degree of eutrophication. Thus within the framework of the bio-
activity of the waters they show a high intensity of primary
production, Oligotrophic lakes are rare. BEutrophic on the other
hand are both the biggest GIR lake, the Miritz as well as the
7.7 sq.km big Miggelsee (lake also) with an average depth of
five metres which lies within the Berlin c¢ity boundary and is
important for Berlin's water supply. Many lakes &o not possess
aerobic hypolimnion and thus no certain phosphate connexicn in
the sediment,

The high nutrient content of the natural lakes in the GDR which
are mainly in the northern and central parts of the country is
based on the intensive utilization of %he natural resource water
and the soll., It bases on the multiple utilization of the water
and the utilization for wvarious purposes, for example for the
intensiva livestock raising of fishes and water—fowl, the re-
creatlional utilization and the absorption of communal and indu-
strial sewage of various degrees of cleanliness. Finally erosion
products of the intensively used cultivated areas go into the
lakes.

The intensity of the agricultursl land uwtilization in the GIR
which 1lufluences the eutrophication is shown in the following.
Particularly sipce 1960 there is a gsharp increase in the amcunt
of mineral fertllizers in evidence. Compared to 1960, in 1973, in
respect of the decisive nutriernts for the eutrophication, almost
three times as much nitrogen and almost twice fthe amopnt of
phosphorous acld was used. An annual average for the period 1968
to 1972 shows that 236 kg of fertilizers (nitrogen, phoaphorous
acid, potash) were used per ha of agricultural lamd. For 1980
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some 340 kg are envisaged for the same 'area. The relationship
between N : P : K was 1 : 0.4 t 1 (1970, Above all the usage
of mineral fertilizers is important in a water economic
connexion and overrates visavis the employment of organic
fetilizers. As regards the total nutrient supply for our terri-
tory the organic fertilizers account for only 27 per cent in
respect of nitrogen and 20 per cent in respect of phosphorous
acid. As regards %he territory af the GDR one assumes that some
3/4 of the nitrogen entries and 14 per cent of the phosphorcus
entries in the waters stem from our agricultural used areas.
.Under our eccnomic and natural conditions 1 ha of agricultural
used land regarding water locad pertains to 8,71 inhabitants in
respect of nitrogen and 0.4 ichabitants in respect of phosphorous
acid.

Degspite the development of new effect principles for the
reduction of the relatively high fertilizer losses (switch to
highly concentrated mineral fertilizers, more favourable
galection of the timing of fertilizer treatment, urease- nltrifi-
eation restralnt) the steering of the agriculturally conditioned
water contamination is not yet sufficient to perceptibly reduce
the eutrophication of the waters. i

The increased water transformation in the natural budget, to be
precise the increasing irrigaticn of agricultural surfaces as
well ag the drainage with its greater drain efflux, given the .
same fertilizer effect principles, causes an increase in the
mineral flushing from the ground.

Another factor results from the high level of lndudtrial-like
production methods in livestock breeding which causes increased
quantities of liquid fertilizers (liguid manure) which takes
first place in respect of its nutrient richness amongst the
organic waste products. These animal waste products give rise to
particularly high demands regarding their harmless siimination
visavis the protection of the ground and surface water. They are
used in the GDR by means of the soil, in the plant production.
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This is the most efficlent method at favourable costs from the
polnt of view of using the nutrients and the organlic sub-
stances. It does, however, promote HThe eutrophication of the
waters. Research regarding other usage and employment of the
lignid manure are undertakXen in an intensive manner in the GDR
bezause the necessary agricultural area for the usage of liquid
manure is not on hand at svery site of animal production.
Moreover it is basically advantagecus to have available various
and variable procedures for an envirommental-prone handling and -
employment of waste products because, in this manner the
gpeoclal envircnmental and local ecoundltions as well as scercain -
aimg (desodoration, nutrient diminution, river suitability) can
be more readily taken into conaideration.

The guality of the surface waters is furthermore dependent on
the extent of sewage and thelr degree of cleanliness as well as
an the self-cleansing potential of the waters. In this coanexicn
in the GDR industrial sewsge assume considerabls lmportance for
the gquality of the water. More than half the industrial sewage
stem from enterprises.of the coal and ensrgy sectors as well as
the chemisgal industry.

The self-cleansing potential of the surface waters must be re~
tained, This 1s a free service by nature of great significance
and very pronounced efficlency. The national economy of the GIR
1la particularly required to use this potential. It is not
rossible to yield accumulation funds so that these cleansluog
processes may be solely and wholly undertaken in artificially
created installations.

A further pre-condition for retaining the self-~cleansing poten-—
tial in the GIR is that the considerable warming of the surface
waters through industry and powerstations (with commensurate
influence on the eutrophlcation) is mitigated. The GDR has a
‘very intensive electro -~ power national economy in particular
#lso as a consequence of the high share of the chemical industry.
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The GDR, recording an eleactric power production of 80 thousand
miliion kWh and & per hsad snd year usage of 4.750 kKWh and is
thus amongst the leading power production countries. The
artificlal warming which takes place on account of power
‘gtations and other industrial processes must be seen as a
water contamination cause and as a factor of neutrophication. .

Another complicating factor is the great range of toxic ingre-
dients in ouwr waters which stem, above all from our industrye.

Thae in the GDR there ig water pollutior alongside a simulbane-
ous high demand on water resources regarding amount and
quality; These requirements are even still growing, amongst
other reasons because the water is increasingly involved in

the 1lnterterritorial divisior of labour and interlocking
(regional redistribution) which slsc raises certain demands in
respect of the degree of eutrophication of the waters,

In the GDR considerable efforts are undertaken by means of the
gonstruction of waste water treatment plants with biological
cleahsing and partly with subsequent soil treatment to keep
hack more nutrients frem the surface waters.

Alongside the intensification of water utilization, with the
multiple utilization of the water and the ¢loser and closer
interlocking of the natural water circulation with the social
reproduction process the running water contemination initially
inoreases as well as the eutrcphication, at least as a tendency.
The six to eight-fold utilization of the water which may be
rogarded as a meximum in respect of multiple utilization has,
on'averége, by o means been attained in the GDR but in the
industrial agglomeration areas there 1s sometimes already an
approximgtion to this level. Such an increase in the lntensity
of water utillzatlion leads even where the customary waste

water treatment is assumed to a high residual ‘contamination and
requires in the fubure a further elimination cf nutrients.
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This requires considerabla costs of cleansing the running
waters and lakXes, PFor this purpose mathematical models for
the optimization of the costs for the eounstruction of waste
water treatment and water preparation installations has been
developed and tested in agglomeratlons areas, Accord_ing to
LEHMANN 1971, the following cost values pertain for the direct
preparation of river water according to the gquality of water:
Illustration (now at the end).

Thus there amerg\es a clear serles of dependsancies of the water
treatment costs in line with raw water conditions and quality.
The 1lnerease of the costs alongside greater contamination of
the raw water given direct 'for conditioning arises principally
through the absorption of chemicals costs. From a certain
limit the preparation costs rise sharply alongside increasing
raw water contamination. In a model calculation for the Ver-
elnigte Mulde River the oosts of wagte water treatment and the
thas avolded costs for the enterprises using this river water
were detemilied-shcwing the fdllowiug results:

Table 4
Assuned Decomposition Avoided Costs of Water Treatment in per
in the River cent as related to Costs of Waste Water
Treatment
1 (light) 68 - 49
2 (heavy) 114 - 84
3 (none) . 160 - 118

In view of the fact that the assumed decomposition 2 and 3
predominate 1n this running water the (quantitative) avoided
costs of water treatment are greater than the costs for waste
water treatment. Thus there arises an economic effect. We have
here not an economic load caused by environmental measures
(waste water treatment) but economic ‘advantages.
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Forms and measures in detall in respect of a long-term, pianned.'
utilization of the natural resource wabter and their intensive
use in the GDR for the prevention of water contamination and
waber eutrophication are:

- the implementation of state water management research pro-
gremmes with a unified plan (above all Ministry of Environ-
ment Protection and Water Management, Mipistry of Science and
Technology) '

- the preparation of loag—term gtrategy models for river basins
and reservoirs by means of which the usable water output
¢ould be increased by 10 per cent

~ %he control and operating of groundwater by means of the
employment of gechydraulic models

- orientation on the utilization of groundwater above all for
drinking water and the surface water increasingly as usage
water

- reduction of the surface water withdrawasl, of the bilologlcal
oxygen requirements (in German BSBs) as well as the entry of
nutritive matter into the waters by means of economic stimuli
(up to thanging production processes; water circulations)

- the construction of Jjoint waste water treatment plants
(municipal and industri_al waste waber together) stimulated
through the soclalist ownership of the means of production

~ the ircorporation of the agricultural (also forestry) utiliza-
tion into the waste water treatment process (third purification
stage){ transformation of out-moded sewage irrigation fields
in the vicinity of the cities

~ researches about national economic expenditure for the con-
struction of separate canalisation systems in the new housing
areas in order to reduce the volume of waste water.
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Under the oonditions pertalning in the developed soclallst soclety
in the GDR the water economy reproduction process is planned 1a a
uniform manner in the territory. Goal is by means of the necessary
water-economic measures, to meet the correspendingly growing re-
quirements of both naticnal economy and population and to yield
the greatest possible national economic structural effects in the
spirit of an intensive extended reprcduction. Alongside the grow-
ing degree involvement of the naturel resources, including water,
in the economiec reproduction process the intensive expansion of
the natural euviroumental conditions is assuming enhanced impor-
tance and requires a long-term planning of the water ecconomy
which includes a close relationship with the planning of environ~-
meutal protection and the conservasion of watural conditions.
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FEFSHWATFR FISHERY AND CONDITION OF WATERS
H. HEROLD and D. BARTEELMES
Institut flr Binnenfischerei, Berlin

German Democratic depublic

Summary

The planned increase ‘in freshwater fishery preduction in the
GDE is a trend imn keeping with the world-wide need for opening
up all reserves for food production. At the same time, it tskes
into account the specific situztion in the GDR with regard to
water resources. The limited utilizebility of inland waters in
the GDR for fish production due to sewage inflow and excessive
eutrophication are some of the factors which make it necessary
to intensify fish preduction in the remaining areas. Intensi-
fication of production has and is focussed on fishery ponds.
In spite of the heavy nutrient inputs in ponda, thers is no
risk of en additional eutrophication of the recipients, whereas
this has to be anticipated to a certain dagree for the planned
gxtension of industrial-type fish farming in lakes. However,
the organizational conditions hava'been provided which will
enable these effects to be kept within narrow limits so that
they will not become apparent in the majority of casas. At the
same time, a concept was worked out as to how fish farming
megtheds could help solve the problem of lake eutrophicationm.
Increased stocking with fish of different food spectram is to
afford a better utilization of the biologicel production
potential of eutrophic waters by the fisheries while helping
te improve the quality of the water. By our present gtate of
knowledge such an approach is feasible and promising., In the
long run, the highly diversified effects brought about by
various fish stocks let expect that we will be able to make
ever better, well-aimed use of these effects in the interest
of optimigsing the exploitation of waters for the national

economy as a whole,
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The task set to the GDR freshwater fishing industry is to
rzgise the production of freshwater fish by over 40 % within the
next five years. This target is in keeping with the trend to
be observed the world over arising from the need to enhance
humgn food production as quickly as possible. In setbing this
target full sllewarce has been made for the specific conditions
of the exploltation of rivers and lszkes prevailing in this
country, eg an extremely tight water balance, heavy pollution
by industrial waste waters and growing euvtrophication. Under
these specific conditions the f{reshwater fishing industry, like
all other users of water, has to find an economically optimum
method of water exploiiation. The possibilities for freshwater
fishing in the GDR depend to a great extent on the interactions
between fishery and the condition of the waters.

Ever sgince the last century, the pellution load on weters
has limited the poetentialities of freshwater fishing. The first
to decline was the once profitable river fishing industry.
According to ROCELITZER (1965), over BO % of the GDR's major
running wateras had to be c¢classed as Grade IIT waters in 1963,
that is waters with a high incidence of fish mortality. These
nuisances, most of which date to the capitalist period of
developrment, take a long time to elimirate., Ir the past, damage
was caused mainly by industrial end municipal wastewaters,
whereas in recent years there has been an increasing pollution
by agricultural effluents. Fish mortality dus Yo oxygen defi-
ciency is & more and more frequent occurrencs (MULLER 1969,
ANWAND 1975). The reasons are primarily oxygen-depleting sub-
gtances in the water, but also the influx of putrients associat-
ad with it which leed to an extreme trophic state. The majority
of our stratified lakes exhibit an anaérobic hypelimnion in
midsummer so that large areas of the lakes cannot be used for
fish farming.

This limitation imposed on the utilizability of fresh waters
for fish production is ome of the reasons why production in the
Temaining areas is intensified more or less heavily. This
applies first of all to pomd fishery which has to provide the
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bulk of the production increase in freshwater fishing by 1980.
What matters here 1s the broadscale introduction of intensive
methods using full-value pellat fodder. In spite of the large
amounts of nutrients supplisd with the fertilizer =mnd fodder,

no edditional loading of the recipients with nutrients is te be
expected (BARTHELMES, 1975). The ponds are generally operated
without a stream of water being passed through them. OUnly the
smnount of water lost by evaporation and infiltration is re-
placed. Totel-P concentration on draining the ponds in autumn
does not exceed that in the water used for flooding, taking
inte account the 'thickening' of the pond water during the
season. Concerning nitrogen compounds, the ponds act mow as be-
fore as de-aerators, At the end of a season the water in the
ponds centains only about half as nuch nitrogen as the water
usad for flooding (refilling) the pond. Zven if intensgification
is further stepped up, the nutrient budget will remain well-
balanced as the supply of nutrients for fish farming purposes
cust not be increased further in the interest of favourable
oxygen levels and a low ammonium content. The export ¢f nutrients
will be enhenced eg by regular dredging which is necessary for
technical reasons of fishing-cut. Alsc planned are polycultures
with herbivorcus fighes which would likewise mean an accelerated
removal of nutrients (see BARTHELMES' article "On the effact of
Hypophthalmichthys molitrix irn the lake and pond ecosystems™).
On balance, it is tc be expected that neither will pond fishery
as the central point of intensification in freshwater fishing
be disturbed by deficiencies in water guality caused by its own
fault nor will it add to the deterioration, of profound economic
implications, of the quality of the recipients dus to eutro-
phication. *

Lake fishing is also going to be intensified but on a much
smaller sczle, the inbention being to fully exploit the bilolo-
gical production potential which is steadily ihereasing as a
result of eubtrophication. On a lesser scale, lakes and running
waters ware to be utilized for extending fish production on
pellet fodder in reserves wired off with nettimg. In order to
avold a further acceleration of the eutrophication of water-
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ive studies into this issue have been reported by HRBiéEK and
co-workers (HRBAGEK 1958, HRBACFK, DVORAROVA, KORINEK,
FPROCHAZKCOVA 1961). In carp ponds and small waters iﬁ’the Elbe
lowland extremely large fish stocks with a biomass of up to
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courses in the GDR because of this, an action plan was signed in
1973 between the managerial bodies of the Freshwater Fishing
Industry and the linistry for the Protection of the Fnviron-—
ment and Water Kesources. Its purpose is to make the by now well-
known amounts of nutrients supplied with the pellet fodder for
carp and trout in wired off reserves (KNUSCHE 1971, ALBR<CHT
1972, ROHDE 1973, BARTEELYES 1975) largely unavailable for fur-
ther eutrophication by suitable place . At the moment there are
two alternatives: a) to dimension the wired-off reserves in a
given body of water such that their share in the total nutrient
supply and B.0.D, will amount to not more than a few per cent,
which may be neglected in the nutrient balance or their con-
centrated use in waters where,light rather than nutrients has
become the factor limiting primary production so that artificial
aeration is sometimes inevitable. The action plan also provides
for amplifying research efforts into nutrient recovery and
artificial oligotrophication by the fishing industry and water
resourceq. This has been done and in this context a number of
fish farming methods have been worked out which will help to
solve the problem of eutrophication and will be outlined in
separate contributions (JAHNICHEN, BARTHELMES).

The task of freshwater fishery to fully exploit the steadily
growing production potential of the lakes resulting from eutro-
pPhication cannot be attained by conventional means and methods.
With conventional management of the lakes using the natural fish
population, the yield follows a curve with an optimum. The most
favourable yield ratios are obtained in the range of the low-
mesotropic eutrophic state (see Fig. 1). With a very low nutrient
state the yield rises initially with the trophic status. In more
eutrophic waters the yield is again tending to decline. This
point had been reached in many lakes in this country during the
first decades of this century. Fishermen complained of a grow-
ing 'deterioration of the lakes' with the water becoming turbid,
water plants scant and hydrogen sulphide developing in the deeper
parts of the lakes (WUNDSCH 1940, SCHAPFRCLAUS 1941). At the
same time there occurred changes in the structure of the fish
stock causing the yields to decline in spite of growing primary
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and secondary production. On the one hand some species of table
fish were forced back into the lakes owing to biological changes.
This is true particularly for the smsll whitefish, but equally
for pike and tench. On the other hand the trend to over-
population and hence, to small and slow growth became more and
more apparent in the widespread Cyprinids, the bream, for example.
This was due partly to the thinned-out stocks of pike, partly to
a growing imbalance between the conditions for the brood becom-
ing more favourable in the littoral and feeding conditions
aggravating for the older fish living on the bottom because of
oxygen depletion and the formation of hydrogen sulphide in the
deeper parts. Nowadays it is possible to push up the trophic
limit at which quantitative damages to fish farming will occur
by increasing the fish stocks. This holds especially for stock-
ing with Cyprinids from the Far Fast which graze on plankton but
also for the increased stocking with indigenous species like the
eel. Considering the present conditions in freshwater fishing it
can be said that fish yields may increase with growing trophic
state up to a limit when regular fish mortality results owing
to oxygen deficiency or high pH and ammonium values. However, a
lasting damage caused by eutrophication is the relatively early
disappearance of the above-mentioned fine figh species. This
qualitative damage cannot be adequately compensated far by stock-
ing since the living conditions generally fail to meet the re-
quirements of these species. The aim of freshwater fishing to
make reasonable use of the increased natural productivity of the
lakes can be obtained on principle by modifying the composition
of the fish, with intensified stocking as quoted above being

an important preliminary. It generally raises the question as to
the effect produced by the fishes on the trophic status of the
water.

Considering the interrelations on their own merits one could
easily arrive at a negative assesswent of the role of fish in
the sense that they increase the trophic state. The mggt exhaust-
ive studies into this issue have been reported by HRBACEK and
co-workers (HRBAGEK 1958, HRBACFK, DVORAOVA, KORINEK,
PROCHAZKOVA 1961). In carp ponds and small waters ip™the Elbe
lowland extremely large fish stocks with a biomass of up to
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courses in the GDR because of this, an action plan was sizned in
1973 between the managerisl bodies of the Freshwater Fishing
Industry and the ilinistry for the Protection of the Fnviron=-

zent and Water Hesources. Its purpose is to make the by nowm well-
known amcunts of nutrients supplied with the pellet fodder for -
carp &nd trout in wired off reserves (EKNU3CHE 1971, ALBRACET
1972, ROHDE 11973, BARTEFLIFS 197%5) largely unavailable for fur-
ther eutrophication bv suitahle nlasa . 4% tha mamont +heme ae--

1 ton/ha and a low weight per pigce were found to canse an
intensification in the production and respiration of the waters,
The excessive grazming pressure of the fishes causes a shift in
the species compositon of the planktonic filterers towards less
ancassible species. Smaller species are selgcted which by their
fagter metabolie rate tend to increase the trophic status.
Conversely, in low density fish populationsz or in wabvers con-
taining poisoned fish, large filtering animals are predominating
in the zcoplankton which, con the one hand, graze effectively on
the phytoplankton thinning out the stock of algzae to clsar-water
lavel and reducing bicactivity as a whole on the other. At the
same time it became evident for the first time by nutrient ba-
lance studies carried out by HEDLICI (1965) and HRBi&EK (1965)
in the reservoirs of 3eidenbach and Slapy that the diract removal
of blomass and nutrients with the c¢rop is in general coumpletely
irrelevant. Although both reservoirs are only fished, it follows
from the ration of magnitude of the elements in the balance that
even conventional fish farming with yisids up to 100 kg/ha . a
would change nothing. Conszequently, the effects produced by
heavy fish stocks, that is an increase of the trophic state due
to a shift in thae biocoenotical structure, are not counter-
balanced by any appreciable output of nutrients with the fish
¢rop. Under these aspects it is only logical when RUDOLF (1365),
for example, underlines the tirea’t whick the numercus malformed
perches present to the Daphrnia opopulation, which are considered
to piay an important rcle in water-supply, in the Ssidenbach
reservoir, and HRBACEX (1965) arrives at the opinion that fish
had better not be kept in impounding reserveirs. But this view
falils to take inbto account every aspects of the problem. It can
thetefore hardly be maintained. First it is to be stated that
all natural waters contain by nature fish stocks which of ten,
especially when not exploited for fish farming, develop into
extremely large populaticns of a slow growth rate, shOwiBg in an
even more pronounced manner the effects cobserved by HRBAC £K.
Further, all heterotrophic organisms, not only fish, have on
principle a regulating effect on the trophic status of rivers
and la%es which grows as their nuzber increases, for they re-
legase bound nubtrients and thus provide conditions which are
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essential to an acceleration of the nutrient cycla. Of decizive
importance, howsver, is the concentration of consumers. “When
thege put an excessive sirein on a given population of nutrient
organismg, a shift in the domlnance structure and in the funct-
ion of the system will rsesult. By this definition, too larse
stocks of fish graszing on zooplenkten act up te that point basi-~
¢ally in the same way as too large populations of Daphnia measur-
&d hy the same standard. Daphnia reduce the species of algae and
aligal stages of suitable size and favour, while releasing
nutrisnts, the formation of ¢lear-water stages, but alsc the
fermation of water blocoms consisting of large phytoplankton
associations which, when grown-up, cannot be filtered off any
more, #hen there is no excaessive strain on the populations of
nutrient crganisms by the consumers and when these are utilized
such that they Jjust about balance the loss by grazing - which is
wellwkrown tc be possible within wide limits - then there will
e herdly any changes in the dominance spectrum. The processes
quotad by HRBEEEK for large fish stocks would then be of se-
condary importance to regulatory trorphic variations of a differ-
ent kind in eutrophic waters and bs virtually irrelevant. It is
evident that the intended intensive stocking in freshwater
fishery will provide a better pcssibility foar adjusting the re-
quired level of fish stocks then if the fish stocks and the
populations of organisms depending on them would be laft to
themselves. The concept developed here is tantamount to a
reasonable exploitation of all trophic levels and a comparatively
strong energy degradabion. In our opiniecn it makes equal allow-
ance for wabar resources and fishery considerations, To trans—
late the concept of the reasonable exploitation of all trophic
levels into practical terms would reguire that we supplemsnt

our lakes with primary consumers, in particular, According to
the data available by now and with due consideration of the
principles outlined, fish yields car be lmproved in the order

of several 100 kg per hectare by stocking with silver carp, a
srecies which grazes on phytoplankton. Good results ﬁay also be
expected from stocking with other species of fish, depending

on tha prevailing conditions. Finally, presupposing a sound
Imowledge of the cause—gffect relationships, it is possible to
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.xtend stocking beyond the level described by using species of
different nutritional spectra with the aim to bring about the
desired changes in the ecosystems of rivers and lakes (for
examples see the contributions by JAHHICHEY and BARTHRELMES).
The more is learnt of the interactions the more widely cam this
knowledge be applied in practise wherever the orgapizational
conditions have been advanced accordingly. The freshwater fish-
ing industry of the GDR follows this road to help find an eco-
nomically optimal solution to the problam of eutrophication and
to scale down the disproportion between the biological production
potential of the lakes and their yields of fish meat.
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EFFECTS OF FERTILIZING FORESTED AREAS ON THE EUTROPHICATION OF
WATERS. GENERAL THESES

T. KOCAN
Polgka Aksdemia Nauk, Warszaws
Poland

1. Increasing the groewth of timber by useing fertilizere offers
the desired results, the side-effects however represent a
danger to the purity of watere. This problem is intense in
economically developed countries today, and the game danger
is also expected for the other Furcpean countries.

2. An intensive uge of mineral fertilizers in forests in pure
form at a dosia of about CaCO3 - 2,000 kg/hectare, ¥ - 200
kg/hectare, P205 - 125 kg/hectare and K0 - 80 kg/hectare
can cause & surface ergsion of fertilizer residue not used by
the plents from rainfall which cen lead to the eutrophication
of rivers and lakes,,

3. An intemsive use of mineral fertilizers in forests of the
following kinds: moist coniferous foresta, young coniferous
forests, young mixed foreets, alder woods, etc., with a high
ground water level and dosls exceeding the absorption capa-
bilities of the soil and trees can cause a toxiec pollution of
the ground water, a reduction of its economie and general
applicability, and affects the soll-water enviromment of the
forest.

4., The intensive use of mineral fertilizers in forests on per-
meable light or mountesinous soile infiltrates toxic ground
water into the deep waters of the first and second horizon,
poisoning them continuously.

5. Considering the water-controlling part of foreste as source
of pure water and as blo-regulator for toxic damages, it can
be noted that the phenomenon dealt with here represent an
extraordinary denger for the environment. As team-mete for
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the protection of nature and the waters, forestry becomes a
dangerous enemy of water protecticn.

Without overlocking the necessity of intensifying commercial
timber preduction, the appropriate measures in forests must be
taken (after previous scientific investigations) the objective
of which is water protection,

Seientific investigatione should be based on the following:
refrain from using mineral fertilizers in mountainous forests,
foreste on highly permeable soilg, in watershed forests and
go=called water~holding forests.

Stripe with eppropriate vegetation - grass, bushes or copse
vegetation -~ with adaguately high regulating effect on the
humes subsirate should be made on forest-free water banks
(towards the lake or river), such strips should also be used
on the territory of common forests to counteract the flow off
of surface watere oversaturated with mineral solutions, with
a similtaneous complete utilization for the production of
biomase.

In fertilized forested areas with high ground water levels,
pyrometric instruments should be instelled at appropriate
intervals, Samples should be taken, and chemical water and
goil analyses as well as chemical and morphological-physio-
logical analyses of the assimilation aparatus and wood roots
performed to asgese possible reeults of changes in the pro-
perties of water, soil end planta,
Analyees results must eerve as basis of correcting the re-
lationghip and intensity of using mineral fertilizere in
forests, and for deciding on the possible use of underwood
and brush vegetation for increaming the controlling effecte
of the humus layer of the soil aes well as withdrawal of ex-
cespive nutrients from the ground water and eoil as added
by the mineral fertilizers and not consumed by the trees.
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10. An appropriate dosis of mineral fertilizers creates the pre-
conditions for complete congumption thereof by the soil and
trees. The use of mineral fertlilizers in foresta together
with pure water irrigation limits the negative side-effects
of mmelioration to a natural level. Of couree this operation
muet be repeated several times during the vegetation period
and in the eppropriate periods of the production cyecle. Such
a kind of research work naturaily jumps ahead of the current
pituation as today noted in forests, it is however atill
réquired in consideration of the growing demand on wood and
principle adherence to the previous production areas.

In relation with the use of fertilizers in forests it is
necessary to conduct complex research on the problems cohe
nected to hydreclegical, physiological, forestation and ferti-
lizing aspects.

It is regretful that forest scientiete who protect the wood
as a whole only follow steps in their own interest without
considering the dangerous gide-effects for the watera., Proof
of this is offered by the international symposium from

12 to 14 Auguet in Klagenfurt {Austria) on "Increasing Wood
Production by Using Fertilizers in Mountainous Forests",
which dealt with the effeciency of using fertilizers, however
which also neglected the after-effects of thus poisoning the
waters, Apparently we must challange such actions of the
forest scientists., They should first of all conduct scientific
investigations so as not to endanger such a vital elemenis as
water in their aime of success.
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FERTILIZER APFLICATION AND BUTROPHICATION

H. EORIATH
Akademie der Landwirtschaftswissepschaften der DDR,
Tostitut fir Diingungsforschung, Leipzig und Potsdam
German Democratic Republic

Summary

By the extended application of mineral and organic fertilizer, the
problems of the eutrophication_of water in research, as well as in
the practice, is given great attention in the GDR. In the paper,
results of field and lysimeter tests on nitregen dislocation and
removal through manuring with fertilizers and liquid manure will
be presented. By far the greatest part of the washed-out nitrogen
comes from the reserve in organic comnected agricultural soil, In
comparison to fertllizer, the liquld manure given up to 320 kg
N/ha led to no higher rate of removal. On the other hand,
connections exist between rainfall, the quantity of leakage water,
the scll texture, vegetable stock, the amount and the time iitquid
menure i 8 given. The manuring recommendations used in the GDR and
which are got by means of the eleotroanle data processing take into
account such parameters, which limit the eutrcphication effects

of the fertilizers applied.

For the lntensification of the food;stuff production, the optimum
nutriment supply of vegetable stocks bulld a significant founda-
tiocn., The 1ncreased yields in vegetable production which has been
reached 1n the German Demccratic Hepublic, has its basis to 50 %
io fertilizing. By the extended application of mimeral and organic
fertilizer, the problems of the eutrophication of water in research
g8 well as in the practice, is given great attention, particularly
oonsidering that the high production yields and the shaping of an
efficlent culture landscape have equally significant tasks 1in the
soclallst agriculture of the GDR. The measures taken to keep out
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hammful influences on the soclal reproductiom process form an
integral part of the production process, and should be conceedsd
as such. This meeting of equally oriented interests im agriculture,
water-management and esvironmental protection 1s expressed par-
ticularly in the demand of a high soil-fertility and the best
possible cultivation, Connected with this are the bioclogical,
biophysical and bloehemical conditions and processes in the soil,
which are responsible for autriment storage, nutriment transfor-
mation and layer build-up, They influence the heat and alr re-
sources, the watsr capacity, the equilibrium between the organlsms
of the soill population and finally the phyto-sanitary antibedy

of the s0il as well as, on the whele, his capacity to reduce harm--
ful ingredlents. These peculiarities, qualities acd effects of the
soil determine hie precedented impcrtance as place, means of pro-
duction and object of vegetable production, and consequently a8
the main means of production in agriculture. They are at ths same
time declsive for the high purificetion efficiency of the system
soll-vegetation, & function, which adds an sver-growing importance
to the shaping and keeping the biocsphere healthy in connection
with increased intensification of the production and the indus-
trialisatiocn,.

By tests on the possible eutrophication of ground and surface
waters by means of fertilizers, the vegetation nutriments nitrogen
and phosphorus take an important place. The mobility of the nitro-
gen forms, which appear in the period of the turniog over of
fertilizers containing amid and ammonium, Iincrease in the order of
ammonium-N € urea N < nitrate-N, through which loss by washing-out
oecur almost entirely in nitrate form. The ammoniuﬁ ions are to a
great extent adsorbed by the socil-colloid. Apart from nitrogen
manuring, which is justified according to demand and mesasured in
an opbimum for the individual fruit-types, the form of N-fertili-
zers and the time of application are therefore important oriteria:.
for the prevention and limitation of losses through washing.
During the period from 1968 to 1972, the washing-out and removal
of nitrogen by means of plants with isctope-marked and unmarked
urea in monolithical field lysimeter om five places with different
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goil textures were tested /1/. The average of five years of tests
on gll sites show values of wash-out between 8.8 and 16.7 kg N/ha
per year. An exceptiorn to this is the site with loese black earth,
where the value of wash-out reaches only 0.9 kg N/ha yearly. From
the total washed-out nitrogen, only 10,5 to 15 % were accredited
to the fertilizer-nitrogen, so that the main part or the washed-~
out quantity were due to soil-nitrogen. The washing-out of the
fertilizer-nitrogen in tests perfommed, amcunted to between 1.8
and 2,5 kg N/ha or 1,5 and 2.1 % of the nitrogen given over,

Even-by intensive vegetable producticon with sprinkling, only in-
pignificant or no nitrogen shifting couvld have been discovered
after six years of apprlication of nitrogen (table 1).

Table 1

N -contents (%) in the =201l by a high quantity of nitrogen and
sprinkling (from JAUERT and ANSORGE /2/)

Manuring Sprinkling Average contents
before testing-plant after & test-years
kg N/ha : 0.20 ecm 0-20 cm 20-40 cm
Black earth
0 without 0145 0.159 0,137
235 without 0,145 0.158 0.133
347 without 04145 0.162 0,138
0 with 0,145 0.152 6,137
235 with 0. 145 0.154 0.138
347 wlth 0.145 0.155 0.136
Clayey sand
o without 0.075 0.076 0.041
235 without 0.075 0.076 0,049
347 without 0,075 0,082 0.048
2
0] with 0.075 0,080 0,046
235 with 0.075 0.078 - 0.042
347 with 0.075 0,078 0.042
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The results of long-year tests from PFAFF /3/ show that no in-
crease in the washing-out of nitrogen has ocecurred due {0 soil-
sprinkling, although nitrogen were given up to an amount of
320 kg N/ha, and the quantity of leakage water even reduced.

The erop increase led to a higher utility of water and nitrogen,
Under the climatic conditions of the German Democratiec Republic,
nitrogen 1s seldom lost through washing-out from soil grown with
cultivated plants and which have no ground-water during the
peried of vegetation. An Influence of nitrogen fe;filizers on
eutrophication occur more through the increase of production of
roots and crop-arrears, which have its effect on the raising of
the contents of organic-connected nitrogen in the soll, a part of
this undergoes the washing-out process during the vegetation-
breakx of plant-growth. This is mobilized as nitrate. This relation
between the sign of higher soil-fertility, like the ¢ontents of
organic substance and nitrogen in the soil as wsell as its soil-
biological movement, and the factors which thrive:r the washing-
ocut of nitrogen, lead to the already mentioned occurrences, that
the far greater part of the washed-out nitrogen comes from the
s0oil reserve. The works of the Soviet scientists ANDREEV and
MICHEEV /4/, BOBRICEKAJA /5/, SMIRNOV /6/ a.o, have sipificantly
contributed to the clarification of this set of related problems,

Out of the to date known scilentiflic knowledge on the causes of the
wash-out of nitrogen, conclusions in manuring praetice in the GDR
were drawn and which were considered in the mapuring recommenda-
tions deriving yearly from calculations from data processing. In
these calculations, hlgh quantities of nitrogen given will be
handed over, subdivided according to the development stages. The
exacting of the nltrogen fertllizer in the spring, especlally ino
recording the nitrogen excess from the past year, is carried
through by means of on-the-spot soll-tests. In order to determine
the optimum gquantity of the 2nd nitrogen dose on grains, the pro-
cess of plant-analysis is used., The autumn manuring of fallow orop
with urea may only be doue on clay and earth-en soil, then only at
the beglnning of November., By temperatures uader ‘10 °=C, the chavgs
of urea into the aumonium form takes place slowly, and by
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temperatures under 5 °C one can only expect a very small nitri-
fication, The ammonium formed in November undergoes no change in
the niltrate form, which is worthy of mentioning. No nitrogen
manuring i1s done in autumn on the winter crops. An exception is
only made by straw-manuring in autumn. Wheun plantlng winter rape-
seeds, nitrogen to the ratic of about 40 kg N/ha is only given in
antumn when the grains were provided for as preliminary froit.
After fallow crops or leguminous plants, winter rape-seeds also
regeive oo nitfogen manuricg in auvtumn. The nitrogen manuring in
the sarly spring should not be given on hard-frozen soil or on the
snow-blanket, since this in the first place on hangiang ground
shrough the wash off can lead to loss and %o eutrophication of
the waters.

Of great importance for the prevention and limitation of the
nitrogen wash-out is the intercropping. It shortens the vegetation-
break and increases the plant cultivation utllity of the mebilized
nitrogen. This effect of intercropping will bDe made clear through
the fact that the highest washing-out of nitrogen is found on un~-
cultivated lands, whereby the oy-far smallest amcunt of nitrogen
wash-out exists on greens.

On the question of phosphorus manuring the present test-results
are coufirmed, that phosphorus succeeds only in extraordiparily
amall guantities out of the cultivated soil into the waters. In
the forefront stands the locally limited wear through erosion or
surface outflow of rainfall during the period of the vegetatien-
break, Agaiust this, the amelliorative and cultivaticn measures do
work, like 2.8 the giving of the phosphorus manyring before
plough furrow,.

In the fleld of organle manuring, & strong change has been perfec—
ted in the last years ip the GDR. With the transition to irdustry-
like process of animal production, the amount of liquid manuring
has enormously increased, at the same time the gtall-dung has
shown a decrease. The detemmining factors for the use of liguid
manpre goes from the fact that the signiflicant quantity of %this
liquid organic manure can be used for the reproduction of the
soll-fertility. By storage, transport and the bringing-out of 1i-
quid manure, the demands of the envirommental protection on the
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stall-dung management have been very strongly increased. For an
absolute erradication of local eutrophication of ground and
surface waters there exist lawful regulations.

These derive from the constitution of the GDR, according to which
all economi¢ branches, enterprises and citizeans are cbliged 0
keap waters clean and to protect the surroundings. The storage of
1liguid manure is orly allowed in impermeable containers; the
transportation to the utilization areas must be carried out with
vehicles or by pipe~lines, which exclude an uncoptrolled leaksgs
of the liguid manure. For the manuring of the agricultural areas
with liquid manure, the state-institutions for agriculture and
the water-management cfficies have lald down compulsory directives,
which provide optimum amcunts and limits after taking the types
of liquid manure, the soil and the planted fruit-types ilato
aceount. On sites identified as drinking-water profection areas,
flocd areas ard hsalth-resorts, special instructions are valid
for the crganic and mineral fertilization.

An important problematic is the cone that liquléd manure must be
brought out even during the vegetdcion—breaks in autumn and win-
ter, since, from an economical point cof view, the storage capaclty
c¢ould not be measured as being so great as one wishes, In order
to get parameters for the measuremeunt of the quantity of liquid
manure given during the yearly pericds, depression lysimeters
were Installed in different soils five years ago. These soils re-
ceive liquid manure with 160 to 320 kg N/ba alcpne, as well as in
a combination with straw-manure or intercrop green manure by the
rotation of the crop-types potatoes ~ winter rye < gilo maize -
cats. The quantity of leakage-water are measured in 1 m depth,

A first interim analysis of the results shows that the liguid
manure given in an amount reaching from 160 to 320 kg N/ha in bi-
annval turns, led to no higher or significantly more washing-out
of nitregen than the fertilizer. On grounds of periodical testing
of leakage water, it was concluded that the first and fourth
quarters of the year are significant for the washing-out and dis-
location of nitrogen in the under-soil, During the time of vege-
tation, i.e. in the second and third quarters, gquantities of
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leakage water with nitrogen contents appear in small amounts, and
especially when little plent-growths and high rainfall are re-
corded. A part of bthe test-results with hligh amounts of liquiad
manure on sandy soils are shown in table 2.

Table 2

Nitrogen dislocatlion in kg/ha and year by higher liquid manuring
in autump on sandy soll, according to tests in depression lysi-
meters (1 m depth)

Year Type of orop without 320 kg N/ha 320 kg N/ha 320 kg N/ha
manure as liquid ag liguid as liguid

manure manure with manure with
straw-manure intercrop-

ping manure

1972 Potatoes 44 48 28 12
1973 Rye 20 23 18 30
1974 Silo-maize 30 22 33 4
1975 Oats 20 &2 48 27
114 155 127 73

X 28,5 38,8 30.1 18.2

In camparisbu to the variants not manured, liquid manuring effect
with 320 kg N/hs in the average rotation an increase on the wagh-
out nitrogen to an amount of about 11 kg N/ha a year. By the com-
bination of liquld manure and straw-manure a clear reduction of
nitrogen washing-out occur through immobllizing the nitregen of
liquid manure. The lntercrop green manuring with winter rape-seeds
reduces the nitrogen wash-out during the autumn and winter months
very raplidly. This effect is caused by a smaller rate of leakage
and an increased nitrogen removal. The test-resulis presently at
our disposal show that in the case of liguid manuring, the nitro-
gen wash-out 1a dependent on the period and the amount of liquid
manure, vegetable stock, amount of rainfall and the quantity of
lenkage-water, as well as on the texture of the soil, From the
present avallable lysimeter-tests, one can further conciude that
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the organic and mineral harmful matter in water could itself be
effectively eliminated from the soil, This also sapplies for the
appearance of coliform bacteria in leakage waser /7/. The re-
duction capaocity and the natural-bioleogical cleaning effects
oaused by the scil during the agricultural use of liquid maanure
and waste-water amounted to over 90 % and even reached wvalues cf
pearly 100 %, This performance of the scil, and here especially
the blological active and fertile soil, is difficult to reach
with the same economical effect through artificial-technical

process,

The calculated optimum criteria for liguid and other organilc
manuring are taken into account in the ¢aluclation of manuring
recommendations got from the electronic data processing.

For certaln sltes there are prirnciple restrictions, independent
of the type of vegetable prodwction. No application of liguld
manure given to gites with a ground-water level of under Q.4 m,
For lowland sites wlth a ground-water level between 0.4 m and

1,0 m the organic-mineral manuring 250 kg N/ha per year should not
be exceeded, On flatland soil over cleft and carst stones 1n the
mountains, the amount of manure is limited to a total of 300 kg
K/ba. per year. On application areas with hanging tendency and
whioh borders on Surface waters, minium intervals of 10 m to 100 m
depending on the siope of the ground and the soll-fertility, must
be kept during the process of liquid manuring.

By the increase of the soil-fertility and the intensification of
the vegetable production, the washing-out of nltrogen from the
80il ocannot be disregarded altogether. Through certaln measures
of manuring and cultivation, however, it could be strongly re-
duced. These measures, aimed at satisfying the ccncrete site
situation, is a task, which agriculture, water-management and

environmental protection are together incumbent.
i
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THE INTEGRATED WATER RESCURCES CONTROL SYSTEM OF THE GERMANW
DEMOCRATIC REFUBLIGC

®. QTTO
Institut fir Wasserwiritschaft, Beriin
German Democratic Republic

Summary

The contribution defines the principles underlying the infe-
grated system for measuring water quality and water quantity.
1t deals with the economic aspects, the selection of criteria
to be measured, the measuring techniques and their representa-
tion in ccurse of time. The c¢lassification of control systems
in general and with reference to measurements in lakes and im-
pounding reservoirs is outlined. Finally, it details the scope
and the manner of primary data determination, data acqulsition,
transfer and reduction.

Intreduction

The territory of the GDR has an éxtremely tight water budget,
being at the same time densely populated and heavily industria-
lised, with large agglomeration areas and infensive expbita-
tion of the arable land. This calls for a central management

of water resources.

In order to meet the present and future demands on drinking
and industrial water supplies as well as water for irrigation
purposes, the sector of Water Resources and national economy
as a whole need to have full-ranging information on the gquali-
ty and quantity of surface and ground-water resources inelu-
ding their tendencles to wvariation.

To fulfil these tasks it is planned to set up a standardised
system for measuring the quality and quantity of watér re-—
sources and to radically improve measurements in water manage-
ment processes in the GDR.
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Principles underlying the set-up of the control system

The function of a control system is to gather, record, trans-
fer, condense and evaluate different data in a sultable and
organized manner. These data occur at different times and
places and are sufficiently suitable for describing the na-
tural or technical process in a body of water in such a waj
as will enable to intervene in the process by such general
means of regulation as are available, in a qualitatively and
guantitatively correct and welltimed manner.

By control system we understand the implementation in con-
crete technical terms: buildings, instruments and equipment
for data logging, transfer and evaluaticon, with some of these
functions being semi- or fully automatic or te be carried out
manually. The control system includes, in addition, statio-
nary and mobile automatic measuring devices as well as sta-
tionary and mobile laboratories.

To define the scope of the water rescurces control system in
terms of equipment and perscnnel we proceeded from the fol-
lowing questions:

Why do we measure (economlic aspect)

Every measurement must be utilisable for irnformation and
control purposes, otherwise national capital spending is not
justified.

Generally speaking, we understand by contrel, as used in this
context, the purposive control of natural and technical water
management processes, which may be short-, medium- or lopg-
term processes, and which range from the purely technical
intervention, eg in a sewage treatment plant or the warning
issued to a reciplent in the event of an extreme water supply
situation, to complex-scale process control, for instance in
a partial area {combined reservoir water supply) and to the
working out of the scientific basis for long-range planning
of water management measures aimed at a thorough improvement
of rivers and lakes, eg by water clearing plants, impounding
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reservoirs, enabling economy to make optimum multiple use of
the waters, general measures to protect water, particularly
groundwater, as a natural resource.

What do we measure (selection of criteria)

The criteria to be measured have to provide the information
needed with regard toc time and place. Which criteria are se-
lected depends mainly on

~ the scientivic-technical facilities for their determina-
tion

- the access time reguired

- the need %o control the measured state.

The selection of criteria is governed by stabutory provi-
gions in the form of standards

- classification of the quality of running waters
-~ water quality management in lakes

- drinking water quality requirements

- weter quality control

How do-we measure (techniques)

The methods to be employed for measurement are standardised,

comparable, manual, semi-autematic and fully automatic. The
aim is to use a standardised stock of equipment. The person-
nel engaged in the measurement, transfer, condensation and
evaluation of the data has to have the necessary qualifica-
tionsg. The methods and techniques are subject to continuocus
medifications aimed at streamlining, automation, and the
elimination of error sources; new metheds have to be deve-~
loped for substances not studied so far.

Where do we measure (density of controcl stations)

The density of control stations depends on {he nature and
the intensity of the demands made by the economy on the na-
tural resource of water. Co-operation with other departments
and institutions and the resultant interlecking of control
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systens will only in some cases enable us to reduce the num-
ber of our own control stations. The density of control sta-
tions will continue to depend on

- the water turncover rate of the river basins,

- the agglomeration areas of the population, industry and
agriculture,

- the size of and technology used, in water management plants,

- the role of water as a future source of water supply and
recreation within a particular territory.

How often do we measure (representation in course of time)

The frequency of measurements is determined by the tendency
of conditions to persist. At present, mostly seasonal samples
of an inadequate number are examined, from which conclusions
are drawn by statistical generalisations as to the general
trend which fall however %c be scientifically substantiated.

This shortcoming is %o be remedied by the use of

- automatic laboratory equipment for handling larger series
¢f samples

~ aubomatic control stations %o measure the quality of sur-
face waters,

- automatic water level gauges and

- automatic measuring instruments in water supply instal-
lations.

Owing to their adequate representation in course of time con-
$inuous samplers used in surface waters and water supply in-

stallations as laboratory aids replace in many instances con-
tinuously measuring, recording and transmitting facilities.

In order to estimate the optimum density of the control system
and the optimum representation in course of time area-speci-
fie studies are necessary, such as river basin simulation,
process control models.
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Classification of the conbtrel systems

In the GDR the water resources control system for quality and
quantity measurements breaks down in the parent system, the
monitoring and control system and the speclal system.

Parent system

The water resources parent system covers the whole of the
GDR. It has been in use continuously for many years. Its func-
tion ist to provide a body of data which covers sufficiently
closely the area and period concerned, containing as many as
possible of the criteria (of a general nature or relating to
the specific area) essential tc the information needed now
and. in the future. The measurements are carried out in the
water environment or in the laboratory. By carefully co-ordi-
nating the water guality system with the corresponding water
quantity system it is to be ensured that quantity related
information will be obtained on the guality of the water.

Monitoring and control systems

These ‘are continuously operated measuring stations for the
provision of data reguired in menitering, forecasting, and
controlling bodies of water unless this information is provi-
ded by measuring stations which are part of the parent system.
Measurements in water supply installations.

Functions:

- to monitor the guantity of water drawn off and the amount
and condition of incoming sewage (off-limit checking)

- to provide input data for forecasts and operative routing
of messages to water users and residents to warﬁ then as
early as possible of c¢ritical situations and to start
protective measures.

- field measurenents for process control and off-limi%
checking in water supply and sewage treatment plants.
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Special gystems

- Measurements of limited duration in extreme situations
and the event of damages to monitor the running processes
and their effects.

- Expeditionary measurements to record in detail certain
conditions and processes in rivers and lakes and instal-
lations.

- Detailed process studies in experimental and representa-
tive areas and at selected sites.

- Speclal systems for preparing and carrying out special
water management measures, investment projects, etc. to
study and compute eg groundwater streams in natural and
controlled regimes.

— 8pecial measurements at specific hydraulic engineering
abjects and water supply facilities, such as monitoring
of the functional reliability of inponding reserveirs,
dykes, etc.

Measurements in lakes and artificial reservoirs

In future, quality measurements in lakes anéd artificial re—
gservoirs will be carried ocut and graded as follows:

Parent systenm:
Grade I:

Survey cycle over one or several successive years with more
than five surveys a year during the winter stagnation, the
circulation periods and, at ieast, at the beginning and at

the end of the summer stagnation. Repeat examinations at least
every three to four years. Deep sampling with about 20 infor-
mative criteria. The criteria are selected according to the
astandard "Water Quality Management in ILakes" and with regard
to certain service requirements.

In drinking water impounding reservoirs at least once a month
a series of samples from the deeper parts is tc be teken du-
ring the ice-free period.
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Grade II1:

Survey cycle of one year with between four and five surveys
a year during the periods of stagnation (at least at the end
of the summer stagnation) and during full circulation. Repest
surveys at least every five to six years. Deep sampling with
about 20 informative criteria.

Grade II1:

Burvey cycle of one year with between two and four surveys

a year, but at least at the begirning and at the end of the
Summer stagnaticn. Repeat surveys at least every eight years.
Deep sampling with about 2C informative criteria.

Monitoring and control system

Water quality analyses are carried out o control the inflow
and runoff rates and for off-limit checking. The number of
samples depends on the given purpcse. Mostly the number of
criteria examined is smaller.

Special systems

These are systems operated temporarily in extreme situations
and the event of damages and which are varied according to
requirements with regard to the place where samples are to be
taken, the frequency of sampling and the numberof criteria.

The control system for running waters, ground water and water
management installations is composed analogously to a parent,
mornltoring and control system, including special systems.

Primary data collection

In the aress administered by the five Wafer Management Boards
which cover the whole of the GDR there exist at preseni about
9,000 control stations for surface water quality control
which carry out about 800,000 separate operations a year.

The number of separate operations is to increase to about
1.3 million by 1980 and to over 2 million by 1985. Apart from
this increase innumber many investigations are becoming more
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complex and time-consuming, such as studies of the saprobic
level, bacteriological conversion, boxicological findings,
analysis of plant protectives, ete.

As the supply of manpower for sampling, sample analysis and
evaluation is expected to increase by a limited extent only,
it is necessary to considerably raise the labour productivity
of the individual investigeting units.

This is effected by

- centralizing laboratories in efficient units even at the
expense of longer sample transport routes

- using inereasingly mobile laboratories (laboratory trucks
and boats)

— using high-productivity automatic laboratory eguipment for
determining frequently recurring criteria in routine ana-
lyses

- using test siations for the continuous measurement and re-—
cording of automatically determinable water quality para-
meters at certain critical points of surface waters and the
trensmission of the test results to the headquarters of the
Water Management Boards.

Data acquisition

The preparation of EDP-based methods of data acquisition must
proceed from the fact that by 1980 the annual volume of cha-
racters to be handled will amount to 150 million, reaching a
total of 225 million by 1985,

All measured data are recorded on standardised data sheets
suitable for FEDP. Because of the specific criteria applying
to lakes and seas as well ms impounding reservoirs, special
types of registration documents are used. A unified number
system is appilied.

Data transfer

The measured values recarded on the primary data sheets in a
mgnner suitable for EDP are transmitted via cable, telephone
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or telex, either available or %o bhe ipstalled to the head-
guarters.

Data evaluation

The dabta are evaluated by electronic data processing machines
at the Water Management Boards enabling the competent Divi-
sions of Water Supply

- to conirol water management processes in the catchment areas
of the rivers which fall within their provinge

- t0 pass management decisions quickly and correctly

- to evaluate measured data for trend calculations

- to file condensed primary data provided with wverbal com-
ments in such a way that they will be readily accessible
at any time.

For the GDR there exists a central office equipped with con-
puting machines for this purpose. Its function is

~ to colleet the condensed and commented data from the heard-
quarters by means of EDP

~ to provide information for central decisions to be passed
by the Water Resources authorities of the GDR.

A centrally-run water resources controlling and monitoring
system of the kind described above provides the conditions
for full-ranging and fast information as well as for short-
term, medium-term and long-term planning.

Thus the branch of economy ‘water management' is paying an
important contribution to fulfill the task set by the Party
and Government to the national economy of the GDR, i. e.
ensuring the implementation of the housing programme (con-
struction or reconstruction of 850 000 flats within 5 years)
and steady supply of population, industry and agriculture
with water. At the same ftime it helps to reduce national spen-
ding on the building and operation of water supply installa-
tions (eg comprehensive sanitation of entire river basins,



restoration of lakes, bullding of impounding reservoirs,
distant water supply, sewage treatment).

Making use of the advantages of a socialist economic system
thig water controlling and menitoring system has created cer-
tain conditions which are beneficial the community Llife and
avoided other which are unfavourable to it.
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THE INFIUENCE OF TOURISM AND RECREATION ON THE EUTROPHICATION
OF FRESHWATERS. GENERAL TEESES

E. PIECZYNSKA
Department of Hydrobtiology, Zoological Institute, University of
Warsaw
Poland

In many countries lakes, reservoire, rivers and other waters are
under heavy touristic and recreational pressure. Among various
human impacts the tourism 1s responsible for the most dif-
ferentiated, although perhaps not the most importent disturbances
of waters. Tourist centres built close to water bodiea, roads,
parklngs, harbours, angling, swimming, water skiing, shooting,
motor-boats ete. vary in their influence on the ecosystems.

Changes in chemical composition of water due to sewage inflow,
the mechanicsl destruction of vegetation and shores, changes in
the amount end quality of inflowing allochthonous matter caused
by the disturbance of drainage basin, direct effect on particular
animal populations due to angling and hunting, produce complex
reactions of aquatic biocenoeis, disturb the biocenotic balance.

In many cases thé water bodies used by tourists are mlso altered
"by other activities of man. Thus the research is necessary to
estimate the joint effect of recreation and other land and water
ueage containing difficult to estimate synergic interactions.

The effect of different forme of recreational activities on
aquatlc ecosystems has been little investigated from the ecological
point of view.

In such studies usually one chosen kind of tourist activi%ies ise
teken into account. Few more general analyses dre known, They
are based, for example, on comparisons of long-term changes of
the number of tourists, sailing intensity etc. with the changes
of limmological indices of pollution and eutrophication of
weters,
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Among practical and theoreticel problems of recreational usage
of freshwaters the following seem to be of primery significance:

Quantitative determination of the effect of different tourist
and recreationel activities on the water bodies,

- Restoration of degraded ecosysteme,

~ Eptimation of potential sbility of different ecosystems to
absorb varying typea of recreational usage,

« Elaboretion of models for proper tourist and recrestional usage
of waters.

Tourist ugage causes the dipturbances of water bodies primarily
if the number of tourists lg too high for the ecological capacity
of ecosystem and when the locality of recreational facilities is
not well chosen and also wrongly utilised. Usually 211 these
unfavourable factors occur together. The negative effect of
tourism on water bodies due to the inflowing sewage and mechenicgl
destruction of shore and vegetation have been meinly investi-
gated. Cther impacts are little analysed yet. Thus it is of
primary importence to elaborate indices which can be used for
complex estimatlion of effects of varying forms of recreational
usage, to separate the mechaniem of particular effects and
eatimate the eynergism of pollutants. In spite of scarce data

a preliminary synthesis is neceasary to estimate the present
ecosysten damages.

Touriet usage of water bodies which frequently caused wnfavour-
able ecosystem changes provides simulteneously ar inspiration
for restoration works. Some regulations and tourists require-
mente determine for example the quality of waters uped for
swimming. Verious kinds of restoration of equatic ecosystems
are applied / diversion of sewage, aeration, removal of vege-
tation and other organisms, artificial turbidity etc./. These
methode can be also uped for the restoration of weteras destroyed
due to tourism and recrestion. Nevertheless, the specific re-
action of particular ecosystems requires a thorough ecological
analysip of individual water bodles.
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The proper tourist usage of ecosystems should aim in the di-
rection of the smallest changes of natural corditions. There-
fore it is abeolutely necessary to determine the ability of
ecosystems to absorb recreational usage, to estimate the poten-
tial capacity for various forms of use. Now, in some cases the
indices are epplied when areas are plenned for such purposes
/e.g. permissible number of people per 1 ha of beach/. But
these estimations are very formal, and they do not include the
gpecificity of individual ecosystems, Depending on the state of
biocenotic balance, succesgsion stage and synergic reaction with
other factors particular ecosystema may react quite differently
to the same intensity of tourism pressure.

Ecological grounds for beet recreational management of fresh-
waters require multidisciplinary works on aquatic ecosystems

and their drainage bagins. Only part of the touriast pressure acis
directly upon the water enviromnments. A considerable influences
are due to changes in surrcundings of water bodies. Some general
degiderata /protection zones with specially planted vegetation
in areas close to water bodies etc./ are widely discussed by
different specimliste interested in this problem. Lese common

are the detailed ecological expertises made for individual areas.
But it should be pointed out here that ecclogy has a number of
metiods which can be used for recreational planning of areas.

As an example the phytosociological methods can be mentioned,
where on the basis of analyses of habitat, actually exlsting
vegetation and potential natural vegetation there is & possibi-~
lity of indicating the areas in the surrounding of water bedies
fit for exteneive touristic use, the areas where cnly limited
penetration is possible and also areas on which touristic acti-
vities should be prohibited.

A considerable part of "directly agquatic" tourist and re-
creation impacts concern mainly the littoral zorne - the most
differentiated part of water bodies. The gtudies on the lake
littoral show that some parts of the littoral may utilize a
considerable amount of anthropogenous effects, heing simultane-
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ously a protective barrier for the lgke, whereas other parte

are quickly damaged even under a smaller pressure. This depends
on the configuration of near shore shallows, exposure to wave
action end to a great extent on the character of vegetation
/species compoeition, life cycle, condition etc./. Therefore

the loeality of recreation centres, bost-houses etc. can besical-
ly decide about the changes in water biocenosis,

The increesing effect of tourism and recreation on aquatic
ecosystems is analysed by several international organizations
gclentific programmes e,.g. formely International Biologicszl
Programme /IBP/, and now UNESCC/MAB ~ Programme on Man and the
Biosphere.

Tourism and recreation in Poland is dynamically developing in

the last years. Thus it is very importarnt to elaborate ecoclo-
gical grounds for rational guidence of this kind of ecosystem
usage, At present, several institutes concerned with the eco-
logy of water bodies take into consideration tourism and re-
creation among the factors of anthropopressure and these problems
have the priority.

Poligh National Committee for MAB Programme analyses the effect
of touriem and recreation on surface waters on a national and
internaticnal scale, In the first gtage the results of a
questionnaire /prepared in the Department of Hydrobiology at the
University of Warsaw/ sent to several hundred institutes in
Poland and abroad are being anelysed thus providing information
about the kind and degree of tourist pressure on aquatic eco-
systems and about the state of ecological investigetions in this
field. Thig analyses will be presented during the Symposium.

Department of Hydrobiolegy at the University of Warsaw within
the research of Masurisn lakeland /northern Poland/ also analyses
the tourist-recreation impact on lake ecosystems. Masgurian

lakes are under heavy recreational pressure and the recently
obeerved increase of eutrophication and pollution of these lakes
ig largely due to the tourist usage of the area. The inflow
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of sewage and wastes increases, the shores and the littoral are
mechanically damaged, the high number of motor boets is respen-
gible for wave-creation and oil-pollution. Over 50 % of lakes
in this area are visibly changed as a result of touriesm.

The most distinct changes which can be quantitatively estimated

ere:

- local transformations near big recremtion centres

- intense changes in lakes at the height of tourist season
/July, August/.

In some lakee the local degradation of environment is so great
that it can no longer be used by tourists.

A detmil analysis of littoral z2one in the direct neighbourhood

of the tourist centres shows visible transformetions. Plant

and animel communitiee are degraded. Digtinct changes in chemical
composition of water and transformation of sediments are ob-
sperved. Two littoral zoneeg are ususally obeerved in the pelluted
area. The zone directly affzcted by sewage /saprotrophic zone/
is characterized by prevalence of decompesition processes and a
strorgly reduced biocenoeis. The second zone, in the immediate
vicinity of the former, is fertilized by diluted sewage. This Is
& polytrophic zone in which biologicael production is high and

the plant and animal organisms are abundant.

The gtrong effect of tourist activities on water bodies ise
limited to the summer period under our climatic conditions.
Therefcre the possibility of natural restoration of ecosystem
after heavy but short-term pressure is the main aspect here.
Seversl field experiments were conducted in our Department in
order to determine the intensity and rate of changes of biocencsis
under the infliuence of various envirommental conditions. The
principle of experiments was moving of several pommunities /oeri-
phyton, plankton, macrophytes/ from polluted littoral environmente
to the unpolluted ones and vice versa, The results have shown

that degredation of.biocenosis is a much quicker than process of
biocenosis regeneration. Some changes are irreversible. Therefore
when planning the future tourist usage of waters speciai re-
cautions should be taken.
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EUTROPHICATEON IN SPANISH MAN-MADE LAKES

J. RUIZ DE L& TORRE, J. L. CRTIZ, J.A, GARCIA
Directibn General de Obras Hidrhullcas and Centro de Estudlos
Hidrograficos, Ministerio de Obras Phbilcas, Madrid
Spain

Summary

About 27 % of 296 Spanish reservoirs sorveyed were found be eutro-
phic and 11 % meso-eutrophic. Central and northeastern watersheds
account for the highest percentages of eutrophic reservoirs in
each major drainage basin, amounting up to 50 % in Eastern
Pyrennees and about 60 % in fajo Valley.

Major causes of eutrophication in Spaln appear to be the cecur-
rence of upstream urban concentrations, heavy cattle raising in
drainage basins, Gecomposition of natural submerged vegetation in
new reservolrs, and feeding from upstream sutrophlc lakes, to-
gether with high residence time and hard summer weather. All thes
putrient socurces but cattle manure and vegetation decomposition
are expected %o exert increasing impact in future.

Introduction

Impounding naturally flowing waters is the logical responmse to
the challenge pesed by the background cornditions Spain has ever
been faced to. In fact, rainfall shows very high differences in
diatribution both in time and space what results in a large por-
tion of the country commonly refered to as the "dry Spain". On
the other hand, landform turns out to be quite rough all over
most of the country, the average elevation amounting up to 7060 m
above sea level., Keeplng 1n mind these two factors it will be
eagy to understand why there are about 700 peserveoira all over
the country thus placing it among those with the highest number
in dsms, In this wWay an array of purposes concerning water re-
sources management are achleved: hydroelectric power develepment,
flood control, agricultural irrigation, domestic and urban water
supply, recreation activities, and industrial water supply,
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The increasing worldwide concern about water quality preservation
along with the great natiounal ilmportance of the water resources
impounded in our man-made lakes led ths General Directorate of
Water Works, of the Ministry of Public Works, tc sponsor a number
of monitoring projects involving the study of autrophication in
freshwater bodles.

Two nationwide 1imn0;ogical surveys have been carried out during
the last three years. One iz already completed by the University
of Barcelona, Department of Ecology, while the other will be
completed in 1977 by the Center of Hydrographic Studies. The
former Llnvolves about opne hundred reservolrs while the latter
covers nearly three hundreds. In this paper we shall deal just
with the latter.

Other projects also carrled out by the Center of Hydrographic
Studies are concernsd with the study of eutrophication trend im
three selected reservoirs, snd the assessment of the relationship
between of trophie degree and nutTient aocurces in the dralnage
basing,

A limnological survey of reservoirs

The first stage of this project was intended to supply an acknow-
ledgement of the current water quallty conditlions in reservoirs
regarding the factors governing biological productiviiy and
studying the causes of deterioration in eutrocphi¢ water bodles,

The second stage allowed us to assess the trend of water quality
in the previcusly surveyed reservoirs and to approach the influ-
ence of the different causes of degradation. In some cases it
will be posslble to suggest some measure for either preservation
or restoration.

The program consisted of the measuremeat of a small number of
parsmeters 1n all the reservoirs, The selection of the parameters
and methods for their determinatlion was made ac¢cording the gulde-
lines given by the Sector Group of Water Management cf the Gsneral
Direetorate of the Eavironment, OECD.

The following parsmeters have been measured in all the reservoirs
inciuded 1n the program:
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Physical: Secchidisk transparency, coclour, temperature,
conductivity.

Chemical: Dissolved oxygen, chemical oxygen demand, pH,
total phosphorus, total organic nitrogen,
ammonia, nitrite, nitrate.

Biologlcalt Tlankton specles determinati on and cell counting,
Background information about nekton population,

On the basis of these parameters a classification has been out-
lined according the trophle condition in the water body. Five
groups have been considered chisfly based on phosphorus coacen-
ration, nitrogen concentration, dissclved oxygen profile, chemi-
¢al dxygen demand, biomass, and overall composition by biotie
communities, Although no single classification has been followed,
the ranges suggested by THOMAS and gquoted by VOLLENWEIDER (1968),
have been basically kept in mind., In broad terms, 20 mg/m3 for
total phoaphorus and 300 mg/m3 for inorganic nitrogen have been
regarded as the limit betwen mesceutrorhic and eutrophic. Soms-
timesa, however; exceptions have been made whavever other para-
meters suggested to do so.

Table No. 7 shows the numerical distribution of all the reservoirs
ineluded in the survey into the five categories refered to as
above end dccounting for the different major hydrographic arsas.
As it can be notleed in this tabla, most of the reservoir located
in watersheds draining to the Cantabric Sea turn ocut to be oligo-
trophic in spite of high humen population density and heavy cattle
raising. Several reasons account for this, namely wet~temperature
climate, high forestation coverage area, scattered dairy farm
operations and spread human population.

The scarce cases of eutrophic reservoirs iv this area are due to
either domestic wastes from some major c¢ity (i.e. Oviedo, as the
main nutrient source in Prianés Reservoir), or agricultural
fertilization (i.,e. Limia agricultural area, which causes eutro~
phication in Las Salas Reservoir).

In the Central Plateau about half of the reserveirs appear to be
in eutrophic condition. Major nutrient sources are domestic
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sewage and ocattle ralsling. Oligotrophic lakes are all lccated 1in
the upper reaches of the basins, where vegatation is usually quite
dense and climate is cold. Special lmportance 1s played by the
¢ity of Madrid discharglng a great amount of partially treated
munic¢ipal waste water into TajJo river, where 60 % of the reser-
volrs studied turn out o be eutrophic.

In Southern Spain asbout ome third of the reservoirs were found to
be eutrophic, major nutrient scurces being domestic sewage and
oattle feedlots. There are a number of new reservoirswhers de-
composition of submerged vegetation accounts for present deterio-
ration in water quality (i.e. Guadarranque, Guadateba, La Con~
cepaibn, Guadalhorce, etc.).

In the eastern basins (Segura, JGear) sutrophigation is mainly
saused by agricultural fertilizatlon. About ome third of the re-
servolrs are to be regarded as eutrophle, It should be pointed out
here that most of the man-made lakes in this area are located in
the uppermost elevations, surrcunded by forest vegetation and
aubjected to rather cold weather conditions,

Finally, in ths Ebro Valley and the Northeasterno area of the
country about 25 % of the reservolrs are either eutrophie or meso-
eutrophic. Aslide from municlpal wastewater, the most important
source of nutrients are often industriel wastes, such as the ones
from paper mills and food industries.

As a result of the survey we can conciude that among 296 reser-
voirs studled, 79 are 1n eutrophic condition and 32 are msso-
autrophic. The hydrographic regions supporting the highest numbers
of eutrephic reservoirs are Tajo, with 60 %, and Pirineo Orisatal
with 50 %, Watersheds showing the best conditions as far as eutro-
phication is ¢oncernsd mre Northern Spain and Ebro, supporting 4 %
and 12 % of eutrophic reservelrs, respectively. These low values
are due to the fact that a great proportion of man-made lakes
occurring in these two large areas are rather small impoundments
loeated in high elevations surrounded by forests.

Majer reasons for incressing eutrophication in Spanish reservoirs
turn out to be the oecurrence of urban populations upstream from
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the concernmed lakes, heavy cattle raising and feedlots in drainage
basins, and recent beginning of impoundment. These factors are
often enhanced by long impounded residence time and long hard
summer weather conditions. Nutrient scurces from municipal wastes
aTe expected to grow up, while cattle ralsing will keep steady or
glightly decreasing. However, the consequence from domestic and
industrial discﬁarges must be gradually diminished, as a result

of extended waste treatment practlces.
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THE RELATIONSEIF BETWEEN THE BALATON AND TIPS CATCHMENT AREA
I. SZABO
Oregzfgos Viziigyi Hivatel, Budapest

Hungary

Introduction

The Balaton is the largest lake in Hungary., It needs very long
time for weter renoval and ite water i8 used primerily for re-
creation and water sports. From the point of view of quality of
woter the greatest dangers for the imke are its great size, the
in pert slew circulation of water, the greatly increased touriem
in the summertend the demande made of a caichment ares that ought
10 gerve other comparsble areas of land. The lake can eatisfy
these demande and conditions, today and in the future, only if
steps are taken to protect the quality of the water., Considered
from the point of view of using the leke as a place of recrea-
tion, the main teek is slowing down the process of eutrophica-
tion, Ae in the procese by which mud is created there are other
gources of danger or dengerous influences that need to be con-
gidered. In order to attain this objective, moet if not all
branches of acience have to be drawn upon., Just as pollen ana-
lysis wes of considerable velue in congolidating measures io
hinder the development of marshes, it 18 likely that other
branchee of chemietry and biology, for example in employing iso-
topes or applying the systems theory end modern data processing,
could contribute to making comparable the various influences of
pollution and the results, which today are not yet homogeneous.
On the baesis of the conclueions thus drawn the main tendencies
and methods, to which future efforts should be directed,-can be
congidered and planned, However all the local end certral organs
of state, the plants end fectories, and all the scientists (each
within his own field), must alresdy do everything poseible today
in order to protect the Balaton, the health resoris round it and
its catchment area, so thet both we and future generations may
continue to rejoice in ites exceptional beeuty. These problems
can be solved by suitable public campalgns as well as by in-
dividual end coordinated activity at & high level,



1, Formulation of aims

Working out plans for future development is always a very com-—
prlicated task, solving which of course demands knowledge about
the past gitustion, that of the present and an eatimete of
changes that are to be anticipated. The role of the environment
in planning, or even the planning of the environment, are con-
cepta met with ever more frequently, One could alsc put the
question whether plans need to be worked out from the ecological
point of view, having regerd, that is, to the environmentel
egpect, or whether, starting ocut from the changes of relations
in nature, one should ettempt to create a new environment, Thus
the question is whether we should be concerned with protecting
the environment or with developing it (1), However #here is no
subetantial difference between these two concepis,

The Balaton, Hungary's largest lake, merite careful atten-
tion on mccount of ite particular importance in the field of
recreation, The so-called regional plan for the development of
the recreational area of the Balaton wae first worked out st the
beginning of the sixties (2), and this laid down the messures for
development, meeting the needs of recreation and starting out
from the characteristice of the settlements along the shore. The
central progremme, completed in 1969, for developing the Balaton,
in which the area taken into mccount wae somewhet reduced, set
out the most importent directions of development for the 40
towns end villages along the Balaton (figure 1) for the 4th
five-year planning period (3). Already at this time it became
clear thet ihe development of this area would require a detailed
examination of the lake and of its nearer and more distant en-
vironment (catchment area and bordering territories)}., The central
Balaton water supply progremme (4} serving these aime was passed
end implemented. Numerous measurements, examinations, tests and
interim plans preceded the working out of the total plan for the
development of the catchment srem, serving regional aims. Never-
theless this plan needs to be supplemented in some respects and
developed in further detail,

The Balaton is treated ae & unified system, but its links
with the environment in the broader sense show nevertheless that
the lske is part of a further more extensive system., Prom this
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it follows that it does not suffice, for a complete and detsiled
examination of the lake, that one should just analyse the proces-
geg going on in the leke and interacting with one another within
it. It is neceesary that the whole character and development of -
the interaction between lake and cetchment ares should be ex—
plored, It ie & matter of uncovering the factors that influence
it, and, starting out from the demands that will be made on the
future use of the lake, of working out a comprehensive plan for
the development of the catchment area, which must then be set out
in more exact detail (5), The ultimete mim is to work out a plan
making it possible to undertske some charges, in which neverthe-
less everything is done in order to ensure a "gurvival®™ of the
environment (6).

The government of the Hungarian People's Republic has de;
cided: "The principal objective in developing the environment of
the Balaton is fo satisfy social needs with regard to recrea-
tion", The aim of this contribution is to set out the tasks on
the besis of an analyeis of the interasction between the lake and
its catchment ares and the changes coming about there, Despite
the growing dangers, &clving these tasks can ensure that bathing
in the Baleton and recreation slong its shores will long remain
poasible,

2. The importmnce of the laske and principal data

Long ago, lakes, just like rivers, constently offered favourable
preconditions for the development of towns and villages, for
traffic, and as a source of weter etc, In recent years their im-
portance has grown further in view of the increasing significance
of recreation and water sports. 0.3 % of the total fresh water
reserves in the world are to be found in the natural still waters
of lakes with a capacity of altogether 125,000 km3 (the volume of
man-made lakes amounis to about 5,000 km”), The mass of water in
lake Baikal amounts to 23,600 kma, which meens that 1t is as much
a® in the American great lakes teken together, The capacity of
the Balaton amounts to 1,800 km3. The most important piece of
data respecting lakes however is not the quantity of water but
the reserves of useful water, the gquality of the water, these
being data that frequently depend on the natural characteristics
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of the catchment area, Date of several lskes follow as informs~
tion,

Table 1: Characteristic features of several lakes

Name Average Sur- Length Capacity Catch- Relation-
depth face of (niil. nent ship of
(m areg shorse m3)} ares  area of
(km=) (km) catchment
area to
thet of
lake
Ieke Geneva 150 582 167 89000 8000  13.7
Balaton 3 596 197 1800 5180 8.7
Lake Fertd 0.8 280 100 250 1019 3.6
Lake Velence 1.30 25 26 31 615  23.7

The Balaton, with its area of 600 kmz, is the largest open
area of lake in Hungery and Central EBurope., It has an organic
relationship to ite catchkment esrea with an area of 5,200 kmz.
Itae favourable geographical area, ite large capacity, its open
waters and the rapidity with which they warm up are at the same
time & source of danger. In this leke all the phenomena may be
perceived which, directly or indirectly, exercise influence on
it. Further factors to be considered are the initial composition
of the water in the Balaton and the process of water renoval.

3, The changing of weter in the Balatorn end the influences to
which it is subjected

The examination of the composition of the water in the Balaton
respecting ite source and the changing of the water wae carried
out by SZESZTAY (7, 8) and BARANY (9}, On the basis of the meas-
urements carried out by BARANY the following facts are known to
ug: '

- The figures for the composition of the water reserves
gccording to their source, going back over a number of years,
vary along the length of the lake, while the reserves of water
originating from other sources reach their highest proportion at
about 90 % in the area of Kezthely, and the lowest propertion,
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at about 50 %, in the area of Sidfok. The relations between re-—
gerves of water from rainfall are reversed,

- The average renoval of the water is 15 months in the area
of Kezthely, 4 years in the arem of Szigliget-Fonydd, 6 years
in the area of Balatoneskali-Szemes and in the area of Sidfok 9
years,

- The gverage emount of time needed for the water to bhe
changed in the area of Siéfck im at the same time the toiml
spean_of time required for chenging the water in the Balaton
as_a_wnole.

- A firet step on the way towards developing the use of the

water resources of the lake is to take account of the factors
that influence the lake, itas water reserves and the quality of
the water. By regulating the water level of the Balatoen, limiting
its catchment area and by being stricter in the ispue of permits,
it has been poseible to ensure that the water reserves of the
Balaton in ell probability will not need any replenishing for
geveral more decades (10). The sources at our disposal for re-
plenishment are unfavourable from & qualitative point of view
and thus unsuitable either for replenighing the weter or for im-
proving its quality. The most recent resulia of teate carried

out at the Research Inetitute for Water Supply indicate a further
increase in the level of eutrophication in the year 31975, The
increase in the smount of slgee and the rapid rise in the quan-
tity of bacterias have already extended to the most northerly bay
of the lake, The phosphate content in suspended subetances irv
organic compounds has increased within the whole area of the

leke (11)., The danger is increasing continually, and recording,
evaluating and analysing the harmful influences a8 well as
establishing a reduction of these influences have become an
urgent problem. A solution of this problem is perfecily poesible,
As an example we should like ito refer to research into the for-
mation of layers of mud (12), the results of which led to the
measures that were applied at the end of the sixties., The in~
fluences determining the qualitiy of the water ere coneidered in
three groups ap follows: immediate influences on the lake, in-
fluences of the shore erea snd influences of the caichment ares,
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4.7, The development of direci influences

A source of direct influences of this kind is the air (atmos-
phere); these influences come about in the water and on the sur-
face of the water, and in this wey they influence the qualiity of
the water.

- Componente encouraging pollution enter the water from the
air by means of dust end rein. The atmosphere in the area round
.the Balaton ip already e danger (13). The phosphorus content in
rainfall varies within the range of 0.3 mg/l to 130 mg/l (14).
Ite influence makes itself felt to differing degreses in the
course of the whole year,

=~ Illusiration 2 shows the development of the number of
bathers in the Balaton, although these numbers are to be regarded
a8 average values, there being e particularly large number of
bathing enthusiastes at weekends, not all of them of course being
in the water at the same time. The adverse effects resulting from
thie lead in the couree of the three months of the holiday season
to a direct pollution of water with detergents, o0il, etc, One
can only guess at the totael impact (in 1975 the numbers recorded
staying overnight in public rented establishmente amounted to
5 million; this season that number is expected to almost double).

- The number of motor-boats orn the Balaten (Hungsrian and
foreign) is at the present time approaching the thousand mark
{(15). the pollution caused by operating these bosts and putting
in fuel has, even if only to a small extent, 2 harmful effect on
the quality of the water in the holiday season. If the use of
motor-boate is banned within a short time, this source of danger
will be eliminated.

- The places on passenger ships amount at the present time
clese to 2.5 million. Three shipping firme transport 1.5 million
passengers on the Balaton and plans envisage a growing number of
passengers. There being no collecting tenks, all the wasie metter
from wash-basing end toilete is discharged strgight into the
water, This source of danger cen be removed by the installation
of collecting tanke and central drasinage for weste substances.

- PFreighters and shipping cranee sail on the Balaton
throughout the whole year, except when the lake is covered with
ice. Here the kinds and methods of pollution and ways of prevemt-—
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ing it are of the ssme order ae in the examples indicated above,
On account of the growing amount of traffic on the water, the
building of collecting tanks 1is to be recommended in this in-
stance too,

The area covered with reedes is continually expanding. At
the present time 3 % of the total surface of the Balaton, that
ip 18 hectares, is covered with reeds, which are harvested only
in part or not at all. Several tone of organic material fall
into the water in the form of dried reeds, The area thickly
covered with a tangled growth of water plents is slso growing,
and procedures for harvesting and removing this are only at the
experimental stage. Harvesting the reeds and removing the water
plants will lessen thie socurce of danger,

- Today there amlready exist possibilitiea of pollution as
8 result of chance and these possibilities will incresse in the
future (resulting from fuel from ships, goods being transported,
etc.), Lessening these risks can be made possible by means of
stricter regulations and checking measures.

Thus the totality of influences that pollute directly is
tending to rise in quantity, a fact that must be teken into ac-
count when considering the uses to which the Balaton can be put
(see Tables 1 and 2).

4.2. The development of direct influences of the ghore area

Unfavourable influences of the shore ares are: the growth of the
population, purified and unpurified waste water, pollution caused
by industry, continuing or chance pellution from settlement
areas.

- The influence of the growth of the populstion, By shore
area of the Balaton we understand the health resort area to which
the 40 towns and villages shown in figure 1 belong, their popula-
tion numbering in 1975 in all 120,000, In the summer season the
total number at weekends is on average four times higher than
the number given above, and et peak times the rush of vieitors
exceeds 1t by even 500 %, 1f one counts both holiday-makers and
people on day visits, Figure 2 shows the growth of the population
in the belt of health resorts up to the present day and its future
development (the future development will also be taker into
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account in the detalled planning). Including the allotment
gardeners the average total population st weekends in the year
2000 may well reach a million persone in the summer season (five
times the permenent population). This 1 of course considerably
more than the optimal density previoualy established (600,000
persone). In the intereat of s reduction of the dangers, g limita-
tion of population numbers appears to be desirable.

~ The influence of removal and purification of waste. At
the present time the belt of health resorta has at itm disposal
a total capacity of 23,500 m3 per dey, 30 % of the waste water
being in part or entirely purified, the rest flowing directly or
indirectly into the Balaton. The third stage of water purifica-
tion wae begun recently in order to protect the Balaton. Dif-
ficult problemes and great dangers are encountered in the holiday
eeason, By the year 2000 total purification (90 %) of waste water
is envisaged {(16), and even the purified waste water is to be
drained sway from the Baleton, s0 that the tendency reapecting
the guality of the water is a favourable cne.

Unpurified waste water 1s at the present time a threast in
part to the groundwater, in pert to the environment on account
of there being insufficlent places for collecting the water and
directly te the lake itmelf, The Bame applies to sewage carried
by sewage vehicles. The installation of purificstion plants
however makes it pomsible, even with a growing population, to
kesp the amount of pollution over a certain period of time at
the eame level, or later even to reduce it.

=~ Pollution of industrial origin arises in factories in
towna situsted in the belt of health resorts, At the present
time the greater part of this waste is purified. In the future
this proportion will grow, In consequence of the uneven level
of activity in the course of the whole year, this problem merits
particular attention, A& ban on the development of industry will
only be able to reduce the level of pollution jin the helt of
health resorts at some time in the future,

- -~ An important future source of pollution is the washing
away through rainfall of rubbish from towns and villages in the
health resort belt, for example from built-up areas, and the
growing motor traffic and increase in the number of filling
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stations. It has been established thgt substantiel rainfall
wapghes away more polid rubbish from settlements than drainage
doea, In the USA the phosphorus content for example amounts fo
0.1 mg/l - 4 mg/l, and e conaiderable amount of pollution fros
0il and other sources has been established (17)}. The problem
arises in individual cases, and, spread over the whole year,
ineresses steadily, .

- Influences of a chance character include collisions on
the raillways or on roads and the pollution caused by componentis
in oil, which, as may be obBerved, sseeps out when tanks in fac-~
tories are demsged, The poseibility of this happening is increas-
ing steadily, and it may moreover do 8o at any time., The needs
of protection demand careful organization and planning and im-
plementation of the necessary measures immediately the centre
causing the pollution hae come into being.

Summerising thie discussion, we should like to draw atten-
tion to ths urgent need ito take sccount of the harmful influences
from the belt of health resorts that cen affect the quality of
the Balaton. These influences are listed in Table 2.

4.3, Indirect influences of the catchment area and factors in-
dicating thst they should be recorded more thoroughl

The changes already taking place in the catchment area of the
Balaton, and changes that will take place in the future, in-
fluence the quality of the water to a steadily growing extent.
It is almost impossible to summarise these influences, but the
tendencies asre already apparent. Figure 3 shows the distribution
of the cetchment area of the Balaton. The indirect influence
which this cetchment area has on the quality of the Balaton com=-
priees the following factors: number of settlements and size of
population, industrisl development, traffic, the use of chemicalse
in farming, large plants for animal production, machine centres,
etc,

In accordance with the statistice issued by the Central Of-
fice for Statistics, Tabie 3 liste all the places outside the
health resort belt along the Balaton and the size of population,
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with the corresponding subdivieions. In the catchment area of
5,200 km2 we find sltogether 317 towne and villages outside the
belt of health resorte, and of these 275, that is to say 64 %,
lie in the catchment area of the river Zsla. The large number of
small towns end villages, which is hardly likely to get any smal-
ler in the future, must be taken fully intoc account.

The size and distribution of the populstion is of sven
greater importance. Outside the belt of health resorts the Bala-
ton is polluted and thréatened by the activities of 300,000 in-
habitante., Drainage and purification of waste water are only
slowly being developed in the small places, In the long term
400,000 people outelde the season, and in the season 1,300,000
peorle, will gtay in the catchment areas, a fact which simply
cannot be ignored.

Table 3: Villages in the catchment srea of the Balston and size
of populetion, based on statistics issued by the Central
Office for Statistics for the year 1970

Kame of reglon Number of villages Size of population in
thousends
outelde 1n catca~ outside 1n Zatch=-
the the ment the the ment

health health area health health area
resort resort as a resort resort as a
belt belt whole belt belt whole

Catchment area
of the river
Zala 176 1 177 176 4 180

Northern catch-
ment area of the
Baleton 50 24 T4 44 62 106

Southern catch-
ment area of the
Balaton 49 17 66 65 54 119

total e7s 42 ka¥i 285 120 405

- There has been hitherto no important indusiry in the
cetchment erea. Unimportant enterpriees in oil, light industry
and foodetuffs may be mentioned here. In the interests of the
full employment of a1l working people in this area too, some

development is expected, As & result the danger of pollution
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will also rise, Effective wasgte water purification ard a more
effective protection of the quality of the water can be & means
of limiting the pcllution,

= In the field of transport the pollution caused by pas-
senger and gocds treffic on the roeda is e particularly dangerous
factor, but railway traffic ehould also not be ignored. The de=
velopment in this field too shows & rising tendency, so that
both constant and change pollution mey be anticipated. The task
of environmenisl proiection will grow,

~ An intensive usge of chemicels in the area in question
began 20 years ago. For example the application of artificisl
fertilizers in the three areas along the Balston hes risen by
700 %. As is also the cese abroad, a further rise in the use of
artificial fertilizers is expected. If we assume that as little
ag 2 - 4 % of the active materials in the fertilizer introduced
into the soil get on to the surface of the water, this means
that even so seversl hundred tons of nitrogen eand phosphate, not-
withetanding every care in using the fertilizers, will arrive in
the Belalon every year. In the event of careless use, this amount
will be Atill higher. The application of plant protective agents
is equally an immediste and continually growing source of pollu-
tion. Both these problems make themselves felt throughout the
year, while after rainfall, when the water level rises, a rapid
inerease in the amounits recorded is to be obmerved, The run-~off
can partly be kept under control by mesns of preimpoundment
basins, At the present time however the level of efficiency of
preimpoundment and the retention time neceassary for removing the
nutritive meterials are still unknown to us.

- On the Balaton there are some 70 large plants for animal
production, In 19 of these considerable quantities of manure are
produced, Reducing and regulating the influence that thie has is
vitally important. In future the need to build more plants of
this kind will grow in the interest particularly of supplying
the population, Even while these plante are being constructed,
ueing forms of construction that exclude pollution of the en-
vironment, account has to be taken of chance, unplenned negative
influences caused by them.

- The machine centres and the plants for processing farming

products represent, with their purified or unpurifiled waste
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waters, significent sources of pollution and denger factors for
the quelity of the water in the Balaton (waste water containing
eil, pollution from wine producing combines, waste water from
bottling plants that contains detergents, etc.,). In the future
the number of machine centres and the machine storage unit will
grow, Temporarily damaging influences can (however) be kept with-
in limits by more effective environmental protection (for example
buying up waste o0il etc.).

= The poseibility of polluting of chance character and
origin will increase in the future (defects in oil pipe lines
or tanks, or damage to storage units for fertilizere or chemicals
can occur at eny time, and if the necessary measures are not
taken very quickly, mean even extreme danger for the Balaton).

The indirect harmful influences asrising from the catchment
erea phow a rising tendency. Teken as a whole, one may regard
them as & major source of denger. In the Table they are also
listed in generel terms,

5. The development of faciors influencing the guaslity of the
water considered from the point of view of time

The most dangerous factor affecting the Balaton directly or in-
directly is the influence of the caichment area, which, along
with factors heving their effect along the shore, has a growing
direct impact on the Baleton., The registration or assessment of
the problems just in our view be undertaken starting out from
two factors, The first of these factors relates to problems ex-
perienced at particular times of the year or throughout the
year; the second type of problem has to be considered from the
long~-term point of view (Tables 1 and 2). The measures necessary
to protect the quality of the water and their efficiency can
only be implemented and assured on the basie of these faciora.

More and more writers are attempting to prove that draining
wagte water and purifying it can solve the pro%lem of protecting
the quality of the water in the Balston. The facts referred to
above do not give unqualified support to these claims.

The same applies to procedures tried out in other countries.
Among the acknowledged methode used in improving water quality
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(17), that of changing the water of the Balaton, a water of high
gquality, cannot be recommended. One aleo caannot recommend direct
treatment of the water, nor even the replenishment of the lake
(16), Our ultimate aim coneiete in maintaining life in the 1lske
by reducing the components that get into the lake and cause ite
pollution, by Blowing up the process of eutrophication. As we
know all the limits, we must endeavour to make all the influences
reconcileble with one another. Above all it 1s a matter of neu-
tralizing the sources of pollution, even though they may appear
at first sight to be insignificanit., Removing them can leed to¢ an
improvement of the quality of the water, not only in the Balaton
but also of other lakes, We muat overlook neither the cheracter
of the lakes, which is that they are dependent on rainfall and
influenced by the catchment anes, nor the danger of harmful sub-
gtances in thease lakes and the growing danger of eutrophication,
It is not s metter of chance that the USA and Canada have
copcluded & treaty on reducing the pollution of the Great Lakes
(19) end that has been worked out corresponding recommendations
for leke Como (20)., The rise in the standard of living and of the
length of holideys leads throughout the world to waters, parti-
cularly those of lakes suitable for recreational purposes, being
more intensively used. The growing degree of use requires a
higher level of water supply, dralnage and waste water purifica~
tion, The increase 1n transport and the harmful influence of the
environment demand that greater sttention should be pald to pro-
tecting the quelity of the water and of the enviromment., ZTheee
teska can be solved if substential investment end expenditure
are devoted to them, these being accounted for in large~scale
extensive research and established in complex perspectlive pleans,

Referances

not presented by the author
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EUTROPHICATION OF WATERS AND PROBLEMS OF THE SPECIAL PROTECTION
OF NATURE

H. WEINITSCHKE

Akasdemie der lLandwirtechaftswlesenechaften der DDR, Imstitut
flir Landschaftsforschung und Naturschutz, Halle/Salle
German Democcratic Republic

The preservation and augmentation of rare, scientifically or
culturally valugble or peculier and especiglly etriking species
of plents and animals, the conservation of protected natural
objects as well as the choice and cultivation of reservationa
are diverse taske of the special protection of nature. In this
connection not so much the form of the protection of such ob-
jects is decisive for the general characterization of the work
on the protection of nature of a country than rather the aim
related thereto, i.e. the social problems which are solved with
the aid of the protection of nature.

In the Germen Democratic Republic these problems are settled
by laws in which at the same time the importance of the special
protection of nature within the social development is fixed.
Like all socimel ranges the protection of nature in the GDR also
contributes to the further incremse in the substantiel and
cultural stendard of living of the populatior and to the satis-
faction of scciel needs.

The selected reservations protected by legal status and systematic-
ally cultivated serve in our Republiec for the docurmentation of
characteristic bicgeocenoses, as areas of ecological research

as gtabllizers of the landscape and its household as well as for
purpoges of education and training.

The waters of our country as well have been utilized by mankind
for centuries and have been influenced by it in a different
manner: Although the original character of waters was changed

by men, & number of running or stagnant waters or at least

parts of them have been incorporated into the system of nationel
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trust properties in the GDR. This type of national trus proper=-
ties comprises a wide spectre of various forms of waters dif-
fering from one ancother in their genesig, in their former utia-
lizaticon, and in the natural usage and conditione. Hydrographical,
hydrological-limnological, botanical, or zooleogical pecularities
are the reasgons of choice and placing under cover by character-
izing at the same time the spectre of feasible or nsceasary
gecientifical investigations in these regervations.

On the baeis of legal provisions was built up in the German
Democratic Republie, with the aid of the scientifical insti-
tutions assisted by the naticnal executive organs, a system

of national trust properties, which comprises within the reser-
vations altogether 700 the characteristic formes of landscape
of our country in their typical development. Such forms do not
only result from the natural usage but also from the economic
sphere of influence of men.

A scientific target of the work on the preservation of nature
with & clear tendency, the promotion of the protection of nature
by the putlic executive organs, and first of all the manu-
facturing conditione, i1.e. the social property of the abundant
beautiful scenery, are the prerequisite to this. All these
factors exist in tL¢ German Democratic Republic.

The territories protected and belonging to the system of re-
gpervations are divided into various categories according to
their environmental forming, their function and the reasondf
their plecing under cover.

The category of reservetions with lakes comprises approx. 13 %
{94 reservations) in the GDR. In this category we distinguish
various types which are characterised by the dimensions, the
manner of arigin, and firat of all by the trophic level of lakes.
Especially oligotrophic lakes and other stagnant waters are
rare because the utilization of nature by men in the past ahd
in the present time in most cases contributed to a secondary

eutrophication of waters.
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The water regervations are preeminently considered as natural
resources of high economic value. Stagnant waters are aiso made
use of today and in future for various purpoeses. They repregent
water reservcirs for the drinking-water and process water sup-
rlies, may be storage basine for the imigation of agricultural
cultivations, serve for the breeding of fishes, and gain more
and more importance to aquatice and bathing sport, particularly
in the favourite holiday centres. As already explained above,
they have a high scientific or cultural and consequently sccial
value algo, st the same time as objects of the special preser-
vation of natural beauty as the characteristic form of landscape.
From the constantly progressing development in the GDR results
the socielly involved repeated utilization of the landscape,
which is fixed in the law governing the planned forming cf the
sociaelist land improvement in the GDR. This law governs all
questions alluding to the naturel environment incliuding the
gpecial preservation of natural teauty.

The principle of repeated utilization also fully applies to
waters as components of the landscape and as netural resources
of the society. In most cases the aim is a complex muiti-variate
social utilizetion, and in each case it muat be decided which
forms and which proporticns can be used on behelf of a utili~
zgtion which is as lasting as possible.

Not a1l the forms of utilization are likewise applicable to

all waters. Vearious functions of waters are mutually exclusive.
Thig specially in case that definite types of waters in reser-
vations shall retain their characteristic condition. The planned
exploitation of natural repources in the GDR on behdalf of the
whole gociety on the basis of the social property on the lakes
is the prerequisite o the well-timed bringing in line of the
various social interests; on the other hand, it provides the
poggibility to restore demage, if any by systematic treatment.

Such a case is to be represented following the example of the
national nature reserve "Galenbecker See' where in consequence
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of utilization damage was caused which could be repaired by
means of time-coordinated measures of the protection of nature.

Situated in the north of the Republic, lake Galenbeck with a
surface of the water of approx. 700 he and a mean depth of 1 m
is an example of extremely flat lakes. It belonge to the largest
lakes in the north-east part of our country. 4 lake being
eutrophic by nature is involved, which is not subjected to any
secondary pollution by bringing-in orgenic foreign substances.
The water is extremely clear because the plant nutrients
originating from the drainage area are for the most part not
embodied in the plankton but in a luxuriously developed sub-
mersed vegetation. The low «depth of water joined with poor
development of planktons is the prerequesite t¢ the excellent
lumincus effecte in the lake, This encoursagesthe development of
the subwmersedly living plant suppliee, in which characeme take
part in e high degree. Investigations carried out from 1959 to
1962 revealed thet espeoislly the species Chara tomentosa, Ch.
ruadis, Ch. fragilis as well as Nitellopsis obtuszs are wide-
spread. Such plant pupplies are extremely rare and are protected
for this reason. The available organic substance from the rich
vegetation is steédily deposited, in &n extensively oxidized
form, as thick sludge layers at the bottom of the lake,

The abundent subaquecus vegetation completed by a wide bank of
reeds at the water's edge.shapes lake Galenbeck into an important
breeding and resting place of waterfowles with plenty of apecies.
A number of 106 species could be determined as hatching birds,
and another 50 gpecies as temporary visitors to the dietrict
which is therefore one of the most important waterfowl habitatiouns.
The frequent occurrence of the swan (Cygnus olor) mist be
emphapized, which belonged to the species threatened with dying
out in the GDR up to the new legal regulation ¢f the year 1970.
The numerous swans gave the lake Galenbeck the denomination

of "Swan's lake". A pimilar concentration of these swans can be
encountered only just in the district of Olsztyn in the north-
east of the Pecple's Republic of Pcland where a "Swan's lake"

igs elsoc pretected as an ornitheclogical reservation.
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Ag the lake conted by nature smong the eutrophic lakes the
pogpsibilities given for intensive carp- breeding should be
utilized much more. The stock already existing of carps
(Cyprinus carpio), which, however, is very moderate, was in-
creased in 1965 by artificially brought in young animals of
thie species in order to obtain additional fieh to provide a
better supply of the population. The food offered for animale
was increased by artificial feeding with wheat. An approximate
quantity of 240 tons of corn per year was used for feeding.

But elreedy after one year a cleariy negative development was
shown. The formerly clear waier of lake Galenbeck was troubled
by the carps which were seeking their food in the muddy depcsits
of the lake. By this an important factor for the growth of the
sbundant subaqueocus vegetation, viz. the light, reached the.
downward scale. The submersed vegetaticn slowed down very mucha.
The constant turning up of the soil reduced the possibilities
of its cclornizetion with subaqueous plants..The nutrients which
existed in the water were now no longer consumed by the sub-
mersed vegetation bui promoted the development of the plankton,
which involved further troubling of water and even stronger
gsuppression of the gubmersed vegetation. The incomplete re-
ception of the feeding corn by carps casused the remaining stock
to decompose, which was gradually fermented., The chemical com-
pogition of water underwent a teotel change perticularly within
the range of feeding places, Invesgtigations carried out by a
diving group revealed that approx, 20 % of the feeding corn
were not consumed but deposited in the lake,

The oxygen content of water was further decreased by the destruct-
ion of the submersed vegetation. Thie encouraged an intengifi.
cation of anaerobic processes resulting in a further production

of plant nutrients.

Enormous were the effecte on the feathered world of the lake.
The species exigting there in great numbers slowed down to

one tenth of their stock or even more. Particularly hard af-
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fiieted waes the population of the swan (Cygmus olor). In 1966,
one year after the beginning of the intensive keeping of carps,
numerous perished young swans were found, Veterinary-hygienical
investigations steted a mycoeis as & cause of death, which,
however, was primarily attributed to =& total debilitation of
young swans due to the shortage of fodder. This swan chiefly
feeda on feeding off submersed plent supplies. This is absolute-
1y posseible up to a depth of water of 80 - 10C cm. The low
depth of lake Galenbeck thus offered ideal conditions of feeding
the, ewans. The dying dewn and exterminating, respectively, of
the submerged vegetation destroyed the food-basis of the swan
(Cygnus olor) and was therefore undoubtedly the primary reason
of 1ts retrogression, particularly owing to the high mortality
of the young swans.

The changes occurred in the biogeocenosis proved to be adverse
to the challenge and the value of lake Galenbeck as a nature
regerve, On behalf of a further support of the reservation it
was necegsary to alter the condition immediastely.

After a discussion and voting between the interested parties
it wee 1sid down that the intensive keeping of carps on lake
Galenbeck should not be continued., The young carps already put
into the lake were fished out as fast as pessible. This res
quired a longer time because not all the carps could be caught
at once on sccount of the thick sludge deposits on the bottom
of the lake, in which fish were living.

The feeding of corn still necessary for the preservation of the
remalning stock wag temporarily reduced to one third and was
discontinued completely after & short time. The limited feeding
only took place in one section of the laeke.

By adopting these measures it was brought abouy that as early
as 1968 the number of carps were already reduced in such & manner
that the stock correspond to the situation before the begirning

intengive keeping.
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In the following years began a gradual redevelopment of the
biogeoncenosgis into the condition existing before the intensive
keeping. The ftroubling of the water slowed down, the sub-
aqueous vegetation prospered again and little by 1ittle also
the formerly cobserved waterfowl species began to freguent the
leke, The following chart gives a survey of the development of
the pupplies of a few selected species of bird significant as
indicators in the years 1962 (before the intensive keeping),
1966 {after a one-year intensive keepirng), and in 1974 and 1975
after sexannial regeneration,

Table 1 - Changes in the stock of selected species of bird
in the nature reserve lake Galenbeck
(countings were each performed in October)

1962 1366 1974 1975

Swan

(Cygnue olor) 240 40 269 330
Broad=bill

(Spatula ¢lypeata) 240 10 80 235
Dunbird ’ .

(4ythya ferina 200 19 240 250

It is to be expected that ir addition to the species of bird
staying here at the time of passage alsc the hatching bird
populations will develop in the same manner. A continucus
check is enpured end observations made of late plead for the
“normalization® of conditions.

The example of lake Galenbeck proves that even in the waters
which are eutrophic by nature another eutrophication can teke
place by economic measures, Such interferences as disregard
from the firei ell possible kinds of secondary effects to the
full involve basic changes in the biogeocenosis, as the con- .,
sequence of eutrophication in the example,
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Cn the other hand, lake Galenbeck alsc shows that it is absolute-
1y poseible not only to hold up but slso to cancel again any
negative developments which have come to pass in ordexr to pre-
serve the scientifical and cultural value of a nature reserve

for the future.

It ie true that the necessary prerequigite is a universal con-
cordance of interesfs, it being esesential not only to start
from economical lnterests. Te preserve the reservation it was
indispensable to rencunce the additional production of carps.
This was only possible because neither private interests nor
economical advantages of individuals were decisive for the
further cultivation of lake Galenbecker See but the interests
of the whole society.

The prineciples of the protection and the utilization of nature
and its resources by men are embedded in the legal fundamentais
for the preservation of naturel beauty in the GDR and are fuily
used in the furiher opening up of natural resources. Planning
executive organes and speclally trained economists will see to
it that in addition to economicegl interests alsc the problems
of the proteotion of nature and the conservation of a feathered
world abundant in species are fully regarded and treated on a
bagis of equality.

In this way only the economical utilization of natural resocurces
and its simultenecus protection can be ensured in the long run
in the socimlist society.
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WATER -I1ED RECREATION AND EUTROPEICATION

H, KLAPPER *) and W. GRINGMUTH **)

+) Institut fir Wasserwirtachaft, Berlin
++) Akademie der Wissenschaften der DDR,
Zontrelinstitut fir Wirtachaftewissepschaften, Berlin
German Democratic Republic

The contributlion "Problems cf a long-term, planned utilization of
the natural resource of water in the GDR" (GRINGMUPFH/ROOS), which
is published in the Proceedings, has atteched chief importance .to
the economical aspect of the utilization of waters and the water,
respectively, spesking in a narrowar ssnse.

In this contribution to discussion another aspect of the utiliza-
tion of waters is to be embarked upon, i.e, the utilization of
recreation and its relation to eutrophication.

It 1s the alm of the soclalist society and its national economy
to constantly increase the substantial and cultural standard of
living and to satisfy more end more the growing and varying needs
of the society. This was again confirmed during the IXth Party
Conference of the Socialist Unity Party of Germany (SED).

An acknowledged and growing need is the sactive recreation on the
waters, All activities with and without the bodily contact with
the water will increasingly become indispensable to the human
organism as well as the preservation and the restoratiom\of the
working-power. The wateps and their Punctions on behalf of the
reproduction of the human working-power will constantly incresase
thelr importance. This means at the ssme time that any reduction’
of the efficlency of waters may be in consequence of eutrophica-
tion is s loss to the soclety respecting the utilization of re-
creation,

This is particularly declsive for the GDR, which is a country with
a emall area and a dense population (157 inhabitants/km"). The
natural recreative potential of the GDR is divided into 24 re~
creative landscapes, which chiefly serve for a long~time recrea—
tion, These landscapes comprise an area of approx, 20,000 km, which
sorresponds to a share of 18,5 % 1n the territory of the GDR,
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Besides, there are $ill many smaller portions of landscapes which
are particularly aulted to the short-time recreation, To thes
above figure may be added approx. 6,000 lma, which corresponds te
a 5.5 percentage of the atate territory.

This means that recreatlive lsndscapes are only avallabls to a
restricted extent in the GDR. This will require an extensive

utilizetion of &ll avallable means of recreation and in this
connection, too, on the waters ln particular.

Considering the landscspe typse the water-tled recreation appears
especially

- by the sher#-side of the Baltie, which has approx; 40 % of the
capacities of holiday-mekersa'places, 1in which case camping has
been developed very much;

- in the lake landscapes particularly io the nortbern and middle
section (Mecklenburger Seenplatte, Havel- und Spree-Seengebiet)
ecomprising approx. 30 % of the holliday-makers' c¢spacity and &
little more then half the camping capacity of the Republic;

— on the artificisl reservoirse and the running atreams in the
uplands,

The travelling and recreation frequancy must alsc be considered.
Already 1n 1966 nearly 50 % of GDR citizens started on a holiday
trip every'you. This quota has constantly increased from year to
year. Based on these¢ figures the GDR la among the top-ranking

nat iong on an interpational level, Not to forget the great lapor-
bvance of the short-time close range recreation for the population
living in large towns and sgglomeration districts, and this
featire will galn more and more impertance im cempliance with the
provided general introduction of the 40-hour week and the increas-—
ing motorization,

ELAFPEE has developed an evaluation scale for judging the utiliszae-
tion effect of waters for recreative purposes., In this connection
a subdivision Ilnto the three main groups will be made:

4 Pectors of enviroumentel forming,

B Faotors characterizing the degree of preparation for the
utilization of watera for recreative purposes,
C Peotors diminishing the utilization of recreation of waters.
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With reference to A the following comment is given: ?he reliefs
formation, the recreative value of surroundings, the formation of
shorea, the development of the surface water and subagueous flors,
the trophic degree, and the bioclimatic conditicns.

Factor B asks for: The recrsation required on a ¢lose range level,
the treffic eonnegtions, the supply facllities, etc.

Pactor C reveals utilization which are adverse to recreation such
&g waste water inflows and duck feeding on open surface water;
furthermore, hygienic conditions, moise amnoyance, alr pollutien,
ingects, and overburdening by toe many visltors.

The ipdividual facters (seven in each case) of the main factor
groupse A, B, C are steadily evaluated with figures O to 2, in
which case normal conditions are estimated at 1, conditicns ad-
verse to recreation at < 1, and e¢speclally favourable counditions
at figures ranging between 1 snd 2.

By means of the formuls

7 7
j &y ; By !
[ | JLAN——
1= 1 +ial 4
7 7
. 1+ 1 = T
2 ” w

a complex factor is then obtalned as a numerical value (]?') from
@ll these values, This factor ensbles already a ¢ertaln comparison
%0 be made of ilndividual waters, On this basis it would be re-
commendable to make further-reaching economical investigetions for
the determination of the expenditure (coests) on bebalf of ths re-
creative efficienuvy of waters,

The restaurative anti-eutrephication measures tendiug tewards
lowering the nutritive content of the waters to be evaluated,
towards removal of weed and mud, keeping out the waste water, and
reatrictlion of utilization adverse to recreation ﬁnﬁ expresgslion
in the increased means of recreation; and verious restoration pro-

cessea will become ocomparable in a reasonablé manner,
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THE MANAGEMENT OF ECOSYSTEMS, BASED ON SCIENTIFIC CONSIDERATINS,
AND ITS ROLE IN THE STRUGGLE AGAINST EUTROPHICATIMN

R, KLAPPER end E, SEIDEL
Institut fir Wasserwirtachaft, Berlin
German Democratic Republic

The solution of the problem of the eutrophication of waters re-
quires the Jjoint activity of natural sclentlists, technologists,
economists and scclologists for the purposes of a new disciplioe:
the management of ecosystems for the systematic menagement of the
water quality of stagnant waters.

In connection with natural sciences, a deepening of the knowledge
about ecological factors in the system configuration, the hydro-
graphie, physical, chemical and biotliec factors and their inter—
actlon is necessary. With respect tc sutrophication, the causal
relations between the nutrisent offer and bio-production, the
effect of ar lncreasing nutrient load and bio-~preduction {eutro-

phication) or the extraction of nutrients by restoring intsrven-
tlone (oligotropuication) in the system conflguration, respective-
ly, are of apecial interest. A heavy nutrisnt load is in corre-
gpondence with a high blo-production iesding, on the one hand, to
& decrease in nutrient content (blological self-purification) but,
on the other hand, strongly effecting high utilizationg such as
drinking-water supply or recreation, or making them impossible
(eolouration by vegetation, lake blooms, oxygen depletion,
weodinesa, sludge accumulation, aggradatioa).

Although stagnant waters should be regarded as cpen systems, they
have, due to thair low rate of regeneration (often less than 10 %
/&), a conslderable inertia (UHIMANN and KLAPPER, 1973). In addi-
tion to the detention period, buffering mechanisms within the
lakes hgve stablilizing effects. Only if critical icad values are
excegeded, qualltative changes are to be found, e.g. concerning the
maga trensfer on the sediment, Numerous individuaily processes
were observed in nature and confirmed by laboratory tests, series
of measurements were processed by variation stetistics, so that
the time has come to pass from the descriptive stage on to the
consclous and systematic environmental management. Methematical
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modelling (at least of partial processges), knowledge about the
eritical load values as well as Tthe limiting factors of bio-
production, the mapping of waters and other information now
available may serve as a basis of an chjective daclsion-making in
the management of ecosystems.

The gocialist states are aiming at the long-term planning of the
social, economic and technical potentials for utilizing, and
drawing on, the natural environment in such a way that, within the
responsibility to coming generations, a stable supply, e.gs -of
drinking water, 1s guaranteed also in the future,

The role of technology is shown most impregsively where large
{partly huge), new ecosyshems of waters are crested by dams,
impounding reservoirs of rivers, depleted open pits, quarries etc.
These "man-made lakes" are excellent cbjects of study for ecolo-
gical research, e,g. concerning first settlement, devel opment of
biocerosss and of the biological equllibrium,

The technician and technologist should be informed alsoc on the
effect of water-engineering activities on the water gquelity.

The siting of a dam decides on the fact whether the future dam
will have steep banks {(with small coastal strips) or will be
shallow, At present, the scope of design and the height of the
retaining construction, and thus the water vclume, are always
determined by the economlc aspects of the cost of construction,
But the depth of water, the extension of the hypolimnion and thus
the oxygen conbent of depth water are also decisive for the
emerging bio-preduction and therefore influence the cost of sub-
gequent water treatment or the yields of fish to be expected.

In the GDR, there are design guidelines and a standard for the
systematic use of prelimipary dems for eliminating phesphate

(TGL 27 885/02). But the construction of big dems has also un—
wanted and unintentional gide-effects, not only of an econmomic
nature but also strongly influencing sociological factors, Such
Africean reservoirs built, above all, for energy generailon as Lake
Volta, Lake Eariba, Lake Nasser brought up problems of resettliing
the population and an economic boom of fishing and agriculture
(irrigation) but also unexpected problems of weediness even ip-

volving the dmerease of fishing and the impasgsability of great
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lakes for water tramsport., The weediness created new biotopes for
the Bulipus end Blopbalaria snail genera as intermedliate hosts for
parasites of the Schistosoma genus causing the notorious bilharzia,
and some more helminthoses were alsc favoured (GCLTERMAN, 1975).
Here the solution of weediness problems has become an urgent
economic and sociological task within the framework of the eco-
system management.

Man-made ecosystem modifications should be taken imnto considera-
tion even in the phase of planning to observe the critical values
from the begiuning =nd to avoid any exceeding of them which would
result in collapse. Not only the safety of comstructional amgi-
neering but also of ecology should be observed to eliminate ir-
reversible consequences.

In the GDR and the countries of the community of socialist states,
acological problems are solved by imterdisciplinary and interna-
tional cooperation in accordance with the objective soclal poten-
tialities. National economic taske of general management are solved
by ingtitutes of the disciplines concernsd on the basis of a
partnership with equal rights.

In order to enable technical experts for the far-sightedness re-
quired for ecologlcal problems, environmental questions are
considered even in college and university training basad on
differentiated curricula. Ecological problems during the prepara-
tion of construction work may also be solved by systematlc
cooperation, Thus in the GDR, ¢.g. for each shrinkage stoping,

e limnologicel opinion is to be obtained during the phase of
planning, in which the development of the future ecosystem is
assegsed and the project planner is advised on the suitable con-
structional design from the sspect of the management of water
quality.

The ecological science becomes directly a productive force by
providing the fundamentals of planuiag for an cbjectively justi-
fied extent of design, e.g. of drinking-water dams, for the re-
covery of the drainage area, the constructiorn eof third purifica-
tion plants of sewesge treatment, the construction of preliminary
dams, and others,. TS



The rapid development of recovery processes creates new techno-
logical tasks, e.g. ¢oncerning the wmethods for de-sludging lakes
and utilizing sludge, impounding lakes, precipitating nutrients
in water, diverting depth water, the mechaniecal, chemical aud
biologicel combatting of plants, supporting the oxygen balance
by artificisl aeration (surface ameration), destratification or
depth-water aeration.

The economic connections between plankton development and drink-
ing-weter treatment &re well-known, The oligotrophication of a dam
by recovery measures may be compared with the salternative lncrease
of the expenditure for water treatment (to achieve an equivalent
improvement of quality) also by cost-benefit analyses (ﬁEUSCHOLD,
1976), Due to the importance of c¢hanging the condition, e.g. by
sutgrophication, which influences the entire national economy and
even soclial policy, the economists endeavowr %o evaluate alsoc the
natural envirenment functlions of waters (KLAFFER, 1972; SALTANKIN
and SHARAPOV, 1974), The above mentioned restoring measures should
be expressed in an inerease of the value for recreation, The expen-
diture for increasing the use-value by different regovery methods
should be objectively comparable. Whare considerable state funds
are invested for the manageme¢nt of egosystems, the systemetic use
bagsed on selentific considerations 1s an order given by society,
which cannot nearly be carried out by the limnologist or techni-
cian alone.

Together with other disciplines, ways and methods for a suitable
economic integration of restoring measures should be prepared, &n
integration which should be as sultable as possible, The FDP-
fertllizing recommendations binding on the socialist agricultural
enterprises of the GDR, for instance, are directed to minimum
wagh-out losses and take into consideratlon also the interest of
water management in a minimum discharge of nutrients into the
waters, Leke sludge used for improving soil and increasing 'soil
fertility ralses the sorption capacity of the soil, thus de-
creases the wash-out of putrients and improves the ecosystem of a
lake and its environs. This contribution aims at pleading for a
close cooperation of all scientific disciplines concerned within
the framework of the conscious environmental management for the
welfare of society.
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COUMENTS ON THE GENERAL REPORT TO COMPLEX A

D. UHIMANKN
Technigche Universit&t Dresden, Sektion Waaserwesen

German Democratic Hepublic

On behalf of the delegation of the GDR I should like to
exprees my apprecistion of the extensive work done by the rap-
porteur. As hae been outlined by Dr. GANAPATI, the consequences
of eutrophication immediately injure the living conditions of
hundreds millions of people in the developing countries by af-
fecting health and lessening the food supply for the population.
Eutrophication furthermore implies not only increased costs, but
alao lower stability in drinking water supply, simulteneously
cauaing losses of nutrients which are needed for food production.
The delegation of the GDR wishes to emphasize the conclusion
drawn by the repporteur that more attention should be given to
those sewage treatment practices which simultaniecusly can con-
tribute to intensification of food production. Indeed most of
the present biologicel and chemicel sewage treatment systems
primarily result in a destruction, a biockemical combustion of
gubstances which also could be converted fo digester gas, to
food for stock farming and for irrigation, fertilization and
structural improvement of soils. Recently in the GDR good results
were obtained in recycling of wastes for sgricultural purposes,
Oligotrophicaetion of lekes by diveriing nuirient-rich water from
the hypolimnion may be combined with the irrigstion of fields,
Removing the mud from eutrophicated lakes contributes to improve-
ment of poor eoils, eapecially for fruit cultures. In the GDR
measures which try to find e good combination of ecological end
economical points of view in arecawide water quality planning sub=-
stantially are favoured by the social-economic conditions.

Small man-made lakes slso are able {0 serve as nutrient
traps, thus protecting succeeding drinking water reservoirs from
eutrophication. These installations are able to treat or to
store nuirient-rich effluents from non-point pollution sources
which cannot be cmtched by conventional practices. The self-
regulatory properties of such artificial ecosystems mean, that
the demand for workmer in general and for trained persconnel in
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particulsr is small, These advantages in many cases compensate
for the subetantial areal demand, As the design procedures for
ponds and preimpoundment reservoire tested in our country not
geem to he only of regionel applicability, we hope that they also
can contribute to help pome developing countries in solving re-
lgted water quality problems, Our delegation should like to
emphasize the statement met by the rapporteur that the conver-~
sion of sewage into algal biomess serving as a protein source
deserves increased attention, In developing countries the ex-
tremely high production potential of algae - up to 0.75 1 dry
matter per ha and day as favoured by the climatic conditions -
may help to increase food production, We suggest that UNEP should
give thie question a high priority and promote the activities
concerning the development of the acientific base and of appro-
priate technologies which are able to combine remedial or pro-
phylactic measures against eutrophication with the reuse of
water and nutrients for agricultural production.



MANAGEMENT MEASURES FOR THE UTILIZATION IN DRINKING WATER GAIN-
ING IN CATCHMENT AREAS OF ARTIPICIAL LAKES
U, . WEGENER

_Akademie derLandwirtschaftswissenschaften der DDR, Imstitut fur

Landschaftsforachung und Naturschutz, Halle
German Democratic Republic

In closely colonized countries with smaell water resources besides
the forestry areas also the agricultural used regions have to be
taken up for the drinking water gaining, This leads to remarkable
function superpositione in the utilization of the pleins. For the
security in the drinking water gaining an exact voting is needed

" between the economic branches being situated within the terxritory,

including compromises with respect to the utilization intensity.
On this symposium especially by BEUSCHOLD, KALBE, KRAMER and
others is pointed to the relevance of the complex maenagement of
drinking water catchment areas. Punction superpositions are exis-
tent preponderently between waste water-producing industrial
branches, the agriculture, forestry and municipal economy on the
one hand &nd the drinking water gaining on the other hand. By

its utilization methods used at present the foresiry is contri-
buting to the preservation and improvement of the water quality.
Questions of a restrictive water amount planning by forestiry
menagement measures are still remaining unconsidered. At the same
time with a. total nutrient balance forestry plains are buffering
unadventageous influences on the water quality. The voting of

the agricultural production to the concerns of drinking water
gaining prepares increased difficulties, because the nutrient
gources are diffusely distributed, and can be influenced only
hardly by water management measures, besides this considerable
nutrient concentrations are appearing in certain points.

In mountain sites the maximization of the agricultural pro-
duction leads by force to an injury of the water body quality.
An optimization of the production branches is, therefore, un-
avoidable. The injury of the water quality is frequently caused
not by intensive management procedures themselves but by manage-
nent mistakes.

Tn the GDR in the districts Magdeburg, Gera and Kerl-Marx-
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Stadt there are examples which have lesd %o a successful eccom=
plishment of the rehabilitation of drinking water reservoire by
measures of utilization coordination. This pregumed that the
economic management orgens, the municipal organs, the enterprises
(egriculture, forestry and industry), regional planning organs,
acientific institutions and institutes of hygiene under ihe di-
rection of the water management organizations elaborated and
accomplished a concept for the rehabilitation of the territory.
According to investigationa of BEUSCHOLD (1975 as result of a
coordination in an example - region of the district Msgdeburg
the niirogen load hes been remeining constant for more than 10
Years with simultaneously plenned intensivation of the agri-
culture, whereas the nitrogen load in other sgricultural managed
catchment areas is showing sn increasing trend.

Purther exsmples from drinking water catchment areas in the
districts Gers and Karl-Merx-Stadt, where partially more then
90 % of the N leadings are caused by agriculture, ars showing,
that optimizatione of the production which have to be summsrized
t0 an utilization coordination are the base of reasonable re-
havilitation meapures,

The jeoined effortes of all orgena mentioned will lead, espe-~
¢ially in the district Gers, to & trend inversion of the nitro-
gen load in the preimpoundment flooding irstslletions, which was
strongly increesing until the year 31976. In his contribution to
this eymposium WEGENER mentionee single measures for the egri-
cultural management of catchment areas of artificial lakes, The
most importent measures are:

- According to the electronic deta proceseing fertilization
model the fertilizetion should be carried out in the opiinum
times, paying sttention to the restrictions included here.

= The cultivation structure should be changed favouring the
forage cultures and meadows.

~ Slope Bites, spring areas and meliorsted areas are re-
quiring an especial management being voted to the drinking water
gaining.

Ccmprehensive landscape ~ cultursl measures ageinst the
surface erosion should be introduced,
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In the GDR measures of the agriculture within the utilization
coordination with the water management are facilated by:

- the large-scale plain management which can be controlled
in centralized manner by the municipal organs in the territory,

- the concentrated cattle = keeping in large installstions
with sewage purification and recyeling plants, underlying con-
trol of a water management assignee,

- a comprehansive educational work on the eignificance and
the protection‘of the weter resources in the territory, espe-
cially the postgraduational educstion and treining in the agri-
culture and forestry with the aid of the Agricultural Science
Society, the Chamber of Techniques and the Society for the Pro-
pagation of Popular-Scientific Knowledge.

In this coordination work the reginal planning organs are
bearing in great responsibility, whereass by long-term landscepe
developings plans the concerns of the main users could be real-
ized 8till better and by creating of appropriate landscape - plan-
ning organe a Btill more effective rehabilitation of drinking
water catchment arsess will be poesibla,
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PROTECTIOR OF KATURE AND SOCIAL PROBLEMS
‘H, WEINITSCHEE
Akademie der Landwiftschaftswissenschaftan der DDR,
Institut fiir Landschaftsforschung und.Néturschutz, Halle
’ German DemocTatle Republic

Waters including ground water form an indispensable base of social
process of reproduction perticular %o drinking water supply, to
requirements of industrial water, to lrrigation water used im the
sociallstlc agricultural and forestry production and mareover to
inland navigation and fishery.

Resulting from these facis the water resources are to preserve and
to use rationally. The prevention of water pollution will be se-
cured to a contipbual development of political economy, to the aid
of malth, to pesople's recrsation and to physical tralning and
sport,

These facts were formalized in the law for systematic management
of soclalistic enviromnmentel conservation on GDR and 1t regulsates
the principles of water use and water protection in our republic.

The treatment of water is contained full inm the efforts of our
society, to manage the natural enviromnment in such a way, that it
is posgible to satisfy man's demands to-day and in future.

The great number of poséfbilities for utilization but also being
in great need of actions in protection and maintaining require a
systematic cooperation by all industrial and sgricultural plants
and glsc by people and thelr cocperative organizaticns which wers
guided for this reason by executive authorities ia each case 1n the
territory.

Thls cocperation also in water use and water protection is the
base priaocliple in all operations of environmental comservation and
environmental management and contributes even in this sphere to
the increasing of material and cultural life of citizens.

These global problems are specified in the water ack with its
pertinently regulations. Especlially economical fixations to the
prevention of water poliution and to rational use of ground and
surface water determine the how of stimulation actions of a more
efficient use of surface water with the support of water use
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recompense. Beslides by way of sewage payment restraints are given,
to ebserve 4he determined marginal values of water atress by

86WAReB.

The siressed water balance in GDR demands a careful end economlc-
al treatment and use of the water resources, The executives are
competent for the establishing of water reserves im order to
gegure use of water resources which primarily serve for people's
water supply.

It is possible to make kpnown in thease areas use limits snd in-
Juaciions which are particularly of practical use in the protection
of water for pollution.

In these areas the eutrophieation and its restraint respectively
prevention plays g domimant rele. Those water reserves with
functions as catchment aress of drinking water reservoirs or as
drinking water winning sreas form an important part of agri-
gultural end forestry production., Here are to develop ways and
meang for quantitative and qualitative operations to meet the
danger of eutrophication.

After ronsulting agricultural and forestry plants executives
formulate the different regulations referriog to drinking water
regervo irs and reserves. They ¢ontaln problems such as soil
utillizetion, Bselection of crop specles and crop rotationm, treat-
ment of steands as well ss fertilizing and the application of
pesticides. In those territories available water in best quality
tekes precedeunce for other economical demands. These regulations
presuppose the soclallstic property in nsture and naturel re-
sources and the planful and proportional development in all bran-
ches of polltiecal economy.

Both premises are given in GDR and therefore the possibility for
the rational and careful use of water resources too,

The methods and problems of using water reserves related more
specifically to agriculture and forestry are cbjects of somes papers
and discuesions in this symposium.

Another aspect which demands economical regulations in water use
includes the maintaining cf nature reserves sharacterized by stamd-
ing or running water or parts of tham,
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In Centra)l Eurcope original naturs regions are nearly non-existing.
Alac the reserves with water bodies are impacted and changed by
men, The further intensive utilization of water im nature re-
serves will be only possible if sclentific problems and ob-
Jjectives which will be settled in reserves suffer no ilmpairments.

The tenor of adjustments in these cases tends to an effective
utilization of nature rescurces under keeping and aimful develop-
ment of the natural contains of the reserves whichk must correspond
to cooperative aims.

The reasons for aestablishing reservates coften are not only the
water body but the connecting flora and fauna.

Water body 1is 'the most remarkable geiement of the biotop and it
will be managed in such a form whick helps to fill the tasks of
the nature reserve.,

That are only scme aspects lb 80 many demands of the society %o
waters and which need great efforts for their realization.Be-
eldes materisl-technical suppositions 1t is necessary to awake
and to deepen the understanding of complicated interrelationships
between waters and the other parts of landscape.

Treatments in schools, high schools arnd universities help us in
thig field but also a wide enlightenmeant in publieity.

All those principles are fixed in the laws of envirommentsal and
nature conservation in GDR., The great attention of party and
goverament in this field helps us better and better in further
forming the developed socialistic society filling the problems
which are connected with utilization and protection of water
bodies.
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THE EFFECTS OF USE OF AGRICULTURAL CHEMICALS ON EUTROPHICATION
QF WATER

S, WROBEL
Folska Akedemia Nauk, ZakJed Bilologii Wod, Krakow
Poland

The use of chemicals in agriculture and ite effects on sutrophi-
cation of surface water is very wide problem and I should like
to limit it to the influence of inorganic fertilization on this
process.

The high growth of population ard decrease of cultivated ares
force to insensificaetion of food production first of all.

It concerns many countries and among them Polend, where we
only have less than 0.50 ha available erable soil per person, We
inteneify our agriculture and applied more then 170 kg/ha NFK.

Poland ie very poor in water, we have 1,700 m3 per perdon per
year, The characteristic feature of our watereg is large enrich-
ment in nitrogen compoundme, The ratio between mineral carbon and
nitrogen in minerel forme is lower then 10 gnd it is very gimilar
to ratio in 2lgae, This enrichment causes the big development of
algee not only in stegnant water but elso in rivers.

For inetence, in our main river Vietula the highest number
of mlgae exceeds 290 mil, ceils per liter (RORUM 1976). The dam
reservoirs built on Karpathien rivers receive high load of nitro-
gen and phosphorus (17 g N/mg. year; 3,9 g P/mz. year, after
PLUZANSKI (1976).

The ggriculture influences these changes of chemical and
biological features of surfece weters. Intensification of agri-
culture increases the eutrophication of soil which ie clesely
connected with eutrophication of water,

~ 206 -



