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1, INTRODUCTION

A part of the completed UNDP/WHO-assisted project "Pilot Zones for Water Guality Manage-
ment” (HUN/71/3503 -~ HUN/PIP Q01), the Regional OQffice for Europe of the World Health Organization
held a seminar in Budapest from 30 November to 2 December 1877, in collaboration with the
Government ¢f Hungary.

The seminar wes designed to bripng together ewperts, mainly from countries riparian to the
river Danube, to review and discuss both the techniques and practical aspects of water quality
monitoring and water guality modelling employed on the project. The results gained in these
subjects during the five years' life of the project (1972=76) were carefully examined to szee
whether they might form = basis for formulating a future intercountry cooperative programme to
investipgate the quality of water in the river Danube and 1ts tributaries. it was felt that
the deliberations of the seminar could help significantly in recommending the best way in which
the guality of water in the Danube could be safeguarded, particularly as many of the problems
of the Danube needed investigatlon over the basin as a whole.

The seminar was attended by 71 participants from eight countries and by representatives of
the Danube Commission, the Beonomic Commission for Burope of the United Natioms {(Environment and
Human Settlements Division), the Internatlcnal Institute for Applied Bystems Analysis, the
Intornational Limnology Society the tUnited Nations Development Programme, the United Nations
Envirenment Programme, and the WHO Regional Office for Furepe (& complete list of participantis
is given in Annex 11D,

Seven general reports and 22 discussion papers presented by Hungarian experts, covered all
aspects of the work of the project (see section 2). In addition, the two WHO temporary
advigers presented papers on the optimization of water quality monitoring networks and on
sediment transport and deposition,

One soction of the programme was devoted to hearing statements from the experts of the six
riparian countries present (sse section 3,1), dealing principally with the work being carried
out in esch country on Danube water gquality problems. Statements were alszo made by partiecip—
ants from organizations in attendance (see section 3.2),

Dr 6, I111és, Vige-President of the Hungarian National Water Authority, welcoming particip-
ants, described the two pilot zones that had been established under the UNDP/WHO-assisted
project, one on the Danube upstream of Budapest, and anather on the Sajo’ fiver, which was both
used as a water supply and = channel for the dispesal of effluent by the industries within its
catchment area. Water gquality problems had Ilncreased rapidly during recent decades in the two
aaones,

The objective of the project had been to provide answers to problems and practical guidence
for the abatement or prevention of water pellution, the conseguences of which had imposzed an
increasingly serious burden on the Hungarian economy.

Intarnational experts visiting Hungary had provided considerable help in the shape of
guidance and advice. Perhaps just as important had been the fact that wmore than 130 Hupgarian
spocialists in the enginesring, legal and economic¢ problems associated with water quality and
pollution control had been given the opportunity to expand their knowledpe through study tours
to countries with advanced water quality management sSystems, Dr T1lés stressed that the
instruments purchased with project funds had assisted greatly in modernizing the equipment of
the laboratorics,

He expected that by utilizing the results of the project and the seminar, and by integrat-
ing the efforts of the water suthorities and other officlal agencies in the Danube countries,
prograss would be made in solving the often soricus water quality problems of the basin,

Dr Leo A, Kaprie, WHO Repional Director for Burope, reviewing the purpose of the seminar,
also stressed that the project implementation had confirmed that international cooperation in
the field of water quality protection, especially for Hungary, was vital and necessary. As
Hungary derived 96% of its water rasources from other countries, the Hungarian authorities geve
high priority to future international cooparation over the Danube's water quality,

Though the river was not at present as polluted as some other Europsan rivers, the
expected rapid sconomic devolopment along the middle and lower reaches of the river following
the opening of the Rhine-Main-Danube canal in the nineteen-eighties would, unless sultable
effective water quality management plans were made, cause a further degradatiﬁn in gquality
of the river waters,




There had already been a preliminary exchange of views with interesated governments and the
relevant specialized agencles of the United Nations on possible cooperation in the assessment
of the water quality of the river Danube, This seminar, which marked the formal closure of tho
UNDP/WHO-azsisted project in Hungary on water quality mapagement, might beo considered an initial
step in bringing together sclientifie and other institutions in 811 the riparian states so as to
arrive at a common methodelogy for assessing the quality of water in the river Danuha,

Dr R, Muts, Director of the Hungarian Institute for Water Management, stressed the value
of the project and expressed the readiness of his institute to help in the water quality manage—
ment effort by, for example, developing short-, medium~ and long-term reglonal studioes, It had
a gpeclal interest in the water guality problems of rivers flowing through more than one
country,

A statement by Dr G. Fekete, Director of the Danube Commission, is summarized under
section 3.2 below, a8 45 & speech by Mr 8. Andersen, Assistant Administrator and Director of
the Buropean Office of UNDPR,

Dr O, Btarosolszky was e¢lected Chairman of tho seminar, Mr D,H. Newsome actoed as Rapporteur
and Mr I, Matrai as Ce-rapporteur,

2, PILOT ZONES FOR WATER QUALITY MANAGEMENT IN HUNGARY

A total of seven general papers and 22 discussion documents were presented by Hungarian
gpecialisats during the s?minar. In addition, twe papers of invited foreigp lecturcrs wore
pregsented and discusased.

2,1 Research and development

2.1.1 Introduction (by Dr P, Benaedek, Rescarch Centre for Water Resources Daevelopment,
VITUKI, Budapest)

Dr Benedeok gave a syneptiec view of the water resources in Hungary, explaining that 96% of
1ts surface water originated in other countries and suppllies of good quality groundwateor avail-
able ot reasonable ecost had been exhausted. Additional supplies had therefore to he derivod
from surface water reacurces.

The Danube was the prineipal source of water; even the shortages cccurring in the Tisga
bagin would be alleviated in the distant future by water transferred froem tho Danube,

At present, over almost its entire length the Danube was ¢capable of assimilating the pol-
lution load from its effluents discharged to it, On the Hungarian ptretch of the rivor however,
some determinands, especially bio-resistant substances, had already attained the limit heyend
which wastewater trestment was nccessary,

The relatively low level of sewerage facilities, the rapld development of industrialization,
the shift to intensive farming in Hungary and further rapld development of urbanization moant
that an increase in pollution was uvnavoidable unless strong counter-measures were taken. There
way, therefore, a need to formulate pollution control strategles, in which legal regulations and
sconomic lncentives would play an important part, and to lay the foundations for omploying
advanced water quality management technigques,

The riparian ecountries were concerned to preserve unobstructed havigation in this intear-
national waterway but this could not be maintained without the construction of 4 series of
harrages acrogs the river. Such barrages could alsc be used for hydroclectric power generation
to make a contribution towards moeting the demands for additienal electrical encrigy ol the
riparian states.

While there had been cooparation between Hungary and its neighbours 1n CMEA, 1t was no
Jonger enough and more extensive international cooperation was necessary if the Danube
was to be restored to ita one—time quality,

1
A summary of the repoerts and discussions is given here; the full texts are to bo published
by the Hungarian Natlonal Water Authority (a list of working documents ig givoen at Annex II),




2.1.2 Discussion

(a) Comments by Dr Gy. Kovdcs (Humgarian National Water Authority, Budapest)

Dr Kovaes agreed that dus to rapld economic development in the last few decades, fresh—
water resourccs were no longer adeguate to meet safely the ever-increasing demand for water.
Rational control of the enviromment therefore ineluded both the quantity and gquality aspects
of water management,

The environmental problems of water resources development had been summarized recently in
a UNEP document as follows:

the forecasting and contrel of future demands; analysis of and regulation of
quantity and quality requirements;

- egstablishing an inventory of the gquantity and quality of avallable water resourccs
and the formulation of measures to both conserve the rasources and improve their
quality;

- qguality eontrel of solls, surfece and groundwater including methods of wastewater
treatment, lecalization of pollution problems and the slowing=-up of eutrophication;

— the control of the secondary effects of large-scale water resources projects e,g.
irripation, storage, land and swamp reclamation and groundwater exploltation,

Dr Benedek had not only emphasized these points but also the close comnexion between the
three interrelated media, alr, water and soil, The research and development of water auality
contrel therefore required the use of multidiseiplinary tosms composed not only of sclentists
but people with experlence of the practical problems too. To be sucesassful, thore must be
gontinuity between pure and applied research, the development and practical application of the
results obtained by such teams, The planning of research and development should therefors
always start with the identification of the practical objectives to be achieved, The medium—
and long-term research and development plans of water management 1n Hungary had been prepared
on this bagis,

Some rescarch topics on the practical objectives included!
- the development of a uniform monitoring network for surface and groundwater;

- the derivation of guidelines for sampling methods, sample snalysis and the
davelopment of = network of automatle nonitors and new sensors for them;

— the cstablishment of emergency teams whose duties would include the protection of
wator against accidental pollution and the minimization of damage caused by such
pellution incidents, (The development of suitable equipment and warning systems,
the preparation of practical guidelines for their operation and the organization
of the teams, were assoclated research and development topics, );

- water quzlity modelling for the prediction of water guality at certain river
seotions was particularly important;

- the standardization of wastewater treatment techniques, the development of standard
prefabricated treatment plant and the automation of the operation of treatment
plant;

- the disposal of zludge and other wagtes;

- quality control of water in reservoirs;

- the protection of soil ageinst salt accumulation by land drainage.

The UNDP/WHO-zssisted project had enabled a start to be made on many of these topics and
had proved to be an excellent basis for further development work,




(k) Comments by br F. Papp (Hungarlan National Water Authority, Budapest)

The sclutions outlined by Dr Benedek would not be engy to achieve, especially in Hungary
where the natiopal boundary was crossed by no less than 89 streams, Because streoams hoth,
entered and left Hungarian territory, Hungarians were acutely awaro of the harmful effects of
relluted streams on downstream neighhours, Thug, the riparian countries were mutually inter—
dependent not only in time of floods but throughout the year, In 1875 for example there had
been nearly 20 accidents in the Danube catohment Solely due to defects in oil pipelinos, and
the incidence of these was liable to inerease in the future, Such ocourrences undorlinod the
nead for closor cooperation between the riparian countries In protecting thelr envirommond aned
in partieular the agquatic environment.

Dr Benedek had given the proper priorities to the demand for recreational aclivitics in
the Danube Bend and in the Rachéve Danube Arm, the nature conservation aspects of the Comenc
Yorest, and the ecological lmpact of tho proposed Gaboikovo-Nagymaroa hydro-clectric project.

It was important for the interrelationships between the threc most important alements of
the natural environment (seil, air and water) to he considered simultaneously, and for water
guality management tc be considered copprehensively from the atmosphere to groundwator and over
the entire catchment, It was also essentlal for thorough comprehensive technical analyses to
be conducted before embarking on any economice studies,

He did not agree that Hungary's groundwater resourcoes had largely boenh exhausted. Thoy
should not be reparded as capable of yielding only a fixed quantity, because water manigamant
techniques were in existence which could inerease thoe vield of aguifers, while still congerving
the quality of the water they contained. It was for reasons such as thiz that the catchment
area should be astudied as 3 whole,

2.2 Data collection systems in water quality managoment

2,2,1 Introduction  (by Mr G, Pinter, VITUKI, Pudapest)

The main objectives of the data collection earried out in the UNDP/WHO-assisted project
had been to provide the necessary informetion for operational, planning and rescarch purposes,
Mr Pinter said, The basis of the system was the use of data collected rogtinely by various
wator management suthorities, but the frequency of eollection and, in some cases, the actual
sampling sitoe had been changed to sult the needs of the project, Thiz had como to be yup—
plemented by the use of intensive surveyz of water quallty of comparatively short duration
(two to seven days) and the installation of automatic water quality monitors at certain sites
which recorded data on an hourly basis.

Describing the data processing, storage and retrieval system, and the data base crwealed
for water quality modelling in the Sajo"and Danube pilot zonea, Mr Pintor concentrated on Lhe
practical experience gained during the course of the project, particularly the difficultics
experlenced in tho operation of auvtomatic water quallty monitors.

Tho experience gained in the pilot zones had been used to extend and develop the oxisting
water quality data collectien system on the River Damabe,

4,2,2 WHO Workshop on the optimlzatien of water fuality monltoring networks (by
Mr D.H. Newsome, Water Pata Unit, Reading, United Kingdom)

Mr Newsome rocalled that the Workshopl had received descriptions of water gquality moniloring
policy and activity from all the participating nationel representatives, esnd also the interna-
tional GEMS programme.

The objectives of water gquality monitoring networks had beon congidered and classified
into;
Organizationsl levels : Loacal, area, national, intornational

Managemnent functions H Operations/contrel, planning/rosearch,
special sctivities

Oparational state of the system Routine, emergency

-

1 WIO REGICNAL OFFICE FOR EUROPE, The optimization of water gquality monitoring networks,
report on a workshop, Reading, 4-14 January 1977, Copenhagen, 1977




Each class had been examined and recommendations had been made regarding frequency and time-
liness of reporting, Determinands of interest had been listed,

Guidelines had beon set down for network design to meet particular objectives, covering,
inter =lia, sampling sites, sampling techniques, frequency of reporting and methods of
analysis,

A subgroup had studied the structure of & water quallty information system (clearly only
che part of an overall water information system) and determined the structure and inter-
connexion of the main elements of such a system,

A general philosophy had becn sugpested Tor establisﬁing and developing the information
system which recommended that"area centres" be established first, Lower level "local centres’
would be introduced as the need arose.

The group had also studied the range of data and information and facilities needed at
sach level in the general scheme.

Important conclusionz of the Workshop had ineluded:
(a) the naad to define the objectives of water guality monitoring schemes;

(b) the need to design water guality networks within a poliey for the development
of an effective and comprehencive water data/information aystem, while recognizing
the existence of political and other constraints; and

(o) the need to invelve preliminary study and pilot operations in the process of
developlng water quality networks,

The Woxkshop had recommended that:
(a7 an advisory group be eatablished, with broad terms of reference;

(b) =2 thorough review be made of biolegical teshniques in the measurement of water
quality;

{(c) studies be made of pollutants in bicta and bed sediments; and

(d} the Workshop discussions be utilized in the sstablishment of the GEMS network,
particularly in the WHO European Region.

2,2.3 Disgusgion

(a) Comments by Dr Zs, Desk (National Institute for Hygiene, Dudapest)

Dr Deak described the results of a bacteriological survey of the River Danube betweon
June 1973 and December 1978, apalyzing 455 samples collected from 11 sites betwaen Rajka and
Fudapest, with the goal of determining the extent and variatien of faecal and non—faecal
pollution and their effect on water use, The apalysis included the determination of faecal
and non-fascal indicator bacterla and, to obtain some epldemiclogical information from water
guality, the analyses were extended to include the recovery of enteric pathogenie bacteria
belonging to the salmonells group and to bacteriophages.

The survey indicated that at the beginning of the section at Rajka, the density of faecal
and non-faecal bacteria was significant, Pathogenic bacteris were detscted in all samples
teasted, Over the section, the river chapged in character from & mountain to lowland=-type
river, It had = great assimilative capacity and the pollution as measured in terms of
bactericlogical parameters decressed substantially, but in wet years the count of Clostridia
inereased considerably due to the disturbance of bottom silts,

On average the counts of faeecal indicator bacteria decreased by TO% hetween Rajka and
Budapest, and others also decresssd, Only the resistant spore-forming Clostridia showed no
docrease. The incidence of Salmonella remained significant over the whole length of the
section and during the survey 1,035 strains of Salmonella were isolated at the 11 sampling




points., The highest rates, 390 per litre, were observed in the autumn, Typhelid and para=-
typhoid bacteria were also observed,

According to recommendsations by WHO and the US Environmental Protection Agency, the
eritical water quality parameter for water contact recreation was the fascal coliform count,
with & limit of 2/ml, The data collected showed that the faecal pollution of the Danubo was
10=60 times higher than the recommended value. Simllarly, the CMEA water quality critoria
issucd by the Council for Mutual Economic Assistance (CMEA) recommendod that for water supply,
recreation and lrrigation, sultable surface waters are those where the coliform count Ls Ieoss
than 100/ml and where no pathogens can bhe detected. Clearly, the polluted Rivor Danube could
not be recommended for water contact recreational purposes and a8 8 eonsequenc: the coaty of
treatment of water for public supply are more costly. too,

Under unusuzl conditions of high flow and in winter a considerzble increzsc in the
Clogtyidia count was observed close to the Budapest water supply intakes, The poor rivor
water quality affected the quality of water put into supply in the metropolitan area and
resulted in an objectionable Clostridia count. This Indicated that resistant microorganisms
like spore-forming Clostridia and hacteriophages can survive the water treatment and dis-
infection proceases, This suggests the possibility that enteroviruses may also ba able to
get into the water supply.

Finally, a preliminary analysis of the bacteriological characteristics, stroam flow and
wator temperatureo had revealed that the last two variables influenced the numboer, spocies
survival and rogrowth of the bacteria, It was alzo of interesat to note that stormwater
runeff changed the composition and density of the bacterial population.

(b} Comments by Dr F, Literfithy (VITUKI, Budapest)

Dr Literfthy said that five zutomatic water qualitiy monitors had been established us
part of the project: three on the 3aje), and two on the Danuba, All were at important sites
and their inzstallstion was therefore justifled, even though they mensured only the determinands
monitored commonly elsewhere in the world. Temperature, pH, disaclved oxygen, conductivity
and turkidity yielded lnadequate information on certain kinds of pellution, but the evaluation
of large velumes of the data produced by the automatic moniters revealed that they provided no
better informaticon than that obtained from the analysis of 52-104 mapual samples per annum,
It was therefore his view that automatic water quality monitors displayed a poor cost/henefit
ratio,

Moreover, instruments designed specially for the measurement of certain specific
pollutants, e.g. the measurement of ultraviolet absorption on 254 nm wavelength, the datection
of petreleum pellution by the fluorescence principle and the measurement of the disselvad iren
content had been tried but, due to operational problems, 211 had failed to live up to
expectations.

It was thercfore thought to be not sconomicelly advisable to invest in additional auto-
matic water guality monltoring stations before the required sensors had heen developed. Thusg
the principal immediate task was that of sensor development.

Dr Literéthy queted from the experience of ORSANCO in the USA and from Japan, where
similar experience had heen gained. It was Iinteresting to note that in thoe Ohio basin,
DRSANCO wore installing miniature laboratories at ten gauging creoss-sectieons where continuous
samples would be analyzed hy gas chromotography with great frequency.

In conclusion, the installation of numbers of antomatic water quality mopitoring stations
should be aveided, but thosze built at key points should he capable of monitoring the typiecal
pellutants at thoze sites,

(c) Comments by Dr I, Hoffmann (VITUKI, Budapest)

Dr Hoffmann described the steady improvements in the instrumentation used by laboratories
as a result of the project. Initially they had been able to perform the classical routine
analysea only. With the installation of advanced apparatus, such as apparatius to determine
TOC and TOD, an atomic absorption spectrophotometer and a gas chromatograph, they could now
carry out the most advanced analyses and dotoct most pollutants. There had been threo phiases
in upgrading the instrumentation: training Hungarian specialists in the use of the instruments,
commissioning the ingtruments and finally putting them into operation,




{(d) Comments by Dr B, Csormik (Water Management Institute, Budapest)

Dr Csermik was impressed at the progress made both in this field and in data procassing
during the past few decades. He pointed to the remarkable similarity between the concepts
and methods used by experts in assessing the guantity of the available water resources and
those now being used by experts assessing the guality of the resources,

Until the mid=sixties in Hungary, data had been collected in & random and non-uniform
manner by different bodies, 50 that ¢omparisons hagd been impossible, in the mid-gixties,
however, the National Water Authority had adopted CMEA recommendations which had led to the
progressive harmonization of data determination and measurement, collection and storage.

The project had accelerated this process. The standardization of data collection and
processing was an essential step in identifying the minimum amount of date needed in order

to zatisfy demands for information and to anawer all questions. Nevertheless even after almost
a decade of the lmplementation of standards, there were still occazions where, at the
boundaries between operational areas of two regional water authorities, anomalous results
emergad,

The Institute of Water Management was also bepinning to accumulate data on the demand for
water and the volume of wagiewaters, but seme time would elapse before there wag 3 bank of
time=series data that would be useful on a district or national szcale.

Finally, models constructed to support practical engineering problems were of little use
if the data fed inte them were not reliable; data gquality control was therefore very important,

(e) Comments by Mr K. Almfs (Water Management Institute, Budapest)

Mr Almis said that under the project, computerirzed data processing had besen intreduced
in 1974 to aid the study of surface water pollution, Datz wera mainly collected from the
standard observation network of stations in Hungary but to serve the moxre sophisticated
objectives of the project additionazl data were collected from zites in the pilet zones,
Most of the programmes used were standard programmes for processing surfacs water data, but
some additional programmes had been written specially te meet the needs of the project.

He classified them under the following headings:

- processing data on the quality of surface waters,

- processing monitored dats recorded at hourly intervals,

- processing the records of regional centres collecting monitor data,
- processing data on micro—pellutants, and

- printout of data on pollution sources,
Statistical analyses could be carried out on all the data,

{(£) Gemneral discussicn

In reply, Dr Benedek said that resesarch wes only useful if the reszults were ifmplemented
in practice. The establishment of VITUKI as the research and development centre and the
¢lose cooperation that had developed between it and the Instituts of Water Management, in
asgsociation with the various field agencies, meant that research results would he widely
disseminated and put to practical use.

The available groundwater rescurces had been reassessed in the past two years and he
agreed with Dr Papp that there waz still some potential for development,

2.3 Engineerigg/ecnnnmic models

2.3.1 Introduction by Dr G. Bora (Karl Marx University of Econemics, Budapest)

Dr Bora sald that one of the basic aims of the UNDP/WHO-assisted project had been to
construct an engineering/economic model of the Sajo’River basin whieh would contain all the
mest important aspects of water mansgemont. It would take into account the hydrologieal,
technical, economic and social aspects of water guality management.



He outlined the concepts behind the model's formulation, its requirements for datn, the
variables included, and the results obtained, He recommended that, In future oxtensions to
the model, there should be an investigation into the reduction of water consumption by
industry in which the technelogical and coat implications would be weighed againat the
regulting economic and environmental benefits, Water recycling costs would be comparod
against the costs of abstraction and treatment plus the cost of wastewster troatment.

2,3.2 Discussgion
{a) Comments by Dr G. Muesy {VITUKI, Rudapost)

In his contribution Dr Mucsy argued that the basiec information nNeCeszaAry wak i L[horough
knowledge of the sources of poliution in the catchment and an inventory of the major ones,
Information peeded ineluded the technology of production, the materials used, and data on
water use by factories and other industrial activities including the nature and volume of
wastos and the method and efficiency of any trsatment they recelved. Mificultiaes were
paturally to be oxperienced in large industrial complexes, hut the most effective way of
tackling complex problems was to invelve the professional staff of the industrial undertaking
to assist in the work,

Secondly, it was important to guin some knowledge of the development plans for Lhe
factory and the likely saffects that these would have on the nature and volume of offluent
produced, The game was true for the development of new industry, with the additional nead
to congldor the increase in population that would occur as a result of the industrial
development, From this information the effect of these developments on the receiving waters
had to be predicted, e,g. veriations in streamflow and water gquality characteristics,

Recommendations had then to be formulated on the appropriate treatmont to give each
effluent, so that water resources could be used as economically as possible.

Roeyeling of water was of great importance because it reduced the volume of freshwator
necded as well as reducing the volume of offluent produced, Frequently it also brought
about radical operatienal changes in the production process at a given factory.

It waz important to test several alternatives for both engineering and economic feasibil-
ity belore any decisions were made. Even the volume and progremme of production should bo
considered and the relevant changes suggested.

In the Sajo’pilet zone, 17 major sources of pollution had been identified, and 53 altorha-
tive combinations of wastewater treoatment methods had been considered for them which weorc used
in the optimization process. Unece the data for the large number of alternatives wore availa-
ble, topather with the basic conditions of the receiving waters, the model could be formulatod,
put on a computer and programmed to produce a solution which would rezult in the desired water
quality in the river at least in terms of costs of censtruction, oporation and majintenance.

(b) Comments by Dy G. Recszey (Karl Marx University of Economics, Budapest)

Dr Reczey was concerned with obtaining cost data from which he could predict the capital
and eperating ¢osts of sewage treatment plants with different qualities of effluent at various
points on the river, It was not too difficult to econstruct the ecapital and oparating cost
functions corrpelated to the technical parameters for propoged plants, begausc they wore hesed
on data from exlsting plants, provided by several agencies, but principally by VITUKI and
MELYEPTERY (The Planning Institute for Civil Engineering).

Dr Reczey concluded by giving examples of the cost funetion equations that had bwen
derived and discussed their advantages and drawbacks,

(¢) Comments by Mr J. Pinter (Karl Marx University of Economics, Budapest)

The bhaslc aim of the engineering/econcmic model for the Sajo’ region wasz to optimive the
capital and operating costs of water pollution control while meeting the stipulated technical
and economic requirements, The constraints in the model were based on the mixing and solf-
muriflcation characteristics of the receiving waters, Mr Pinter said,




Jeveral alternative treatment facilities were conzidered for each source of pollution,
along with their associated cost imnplications.

After some trisl runs, the model was sucgessfully formulated and run and a scheduling
model for optimizing the planned development programme was also constructed using integer
programming methods.

{d) General discussion

The philogophy of use of gutomatic water quality monitoring was questioned. It was
thought that too much was expected from them in terms of accuracy and the view was expressed
that it was relative measurement that was needed: it was the change im value that was
critical, If that was zccepted, the need for acecuracy was not 50 important and many
sensors, particularly selective ion elactrodes which had previously failed on the grounds
that these were insufficiently accurate, would be worth re—-examining in the light of the
philosophy explained, If that fact was recognized, measurements could be made of pollutants
that were of real interest rather than the ones which could be measured at the moment,

Use of the present antomatic water gquality monitors was defended and examples given of
how they had detected pollutants whieh would probably have heen migsed by other sampling
methods.

It was conceded that automatic water quality monitors had g role to play, but they werc
5till of limited use. Careful thoupght should thersafore be given before the installation of
one was recommended. In particular, the cost/benefit ratio should bhe considersd,

2.4 Descriptive dispersion model for the River Danube

2.4.1 Introduction (by Dr L, Somlyody (VITUKI, Budapest)

In the Danube, because the level of pollution was low and the transverse changes were
predominant, and the impact of planned barrages was unclear, a conventional one—dimensional
model was no use. A twor-dimensional dispersion medel had therefore been formulated as a
first step towards the formulation of a two-dimensional water dquality model,

The model, which was a steady state one, utilizesd depth integrated values written in a
curvilinear co-ordinate system and the numerical solutlon was obtained by using the method
of finite differences. Stability eriteria were given and the model was tested.

The velocity distributions were obtained by field observations or by empirical relation-~
ships based on the observations. To determine the transverse dispersion coefficient, tracer
measurements were performed which verified the Elder formula. The &ffect of bends was cal-
culated approximately using the formula derived by Fischer,

Dr Somlyedy said that an attempt had been made teo make the model fit several hundred
kilometres of river while relying only on routinely coellected date, but it would be dependent
on variations due to change in flow in the river, For this application, the flow had to be
simulatoed using a one=dimensional hydrsulic model.

The practical applications of the model were illustrated by three examples. The
length of the longest reach successfully modelled was 59,4 km and the fair agroement hetween
the values computed and those observed demonstrated the validity ef the modeol formulated.

2,4,2 Discussion
{2) Comments by Dr U, Starosolagky (VITUKI, Budapest)

Dy Starosolszky sald that a physieal model capable of reproducing the mixing process was
the only method of tracing the variations of the water quality in large rivers. Effluents
dischargod were freguently distinguishable from the general river water for many kilometres,
The length of the "plume" depended on the flow conditions prevalling in the river., From
many field investigations it was apparent that the mean concentration of a pollutant at a
cross—gsection might not therefore be representative of the pollution in the rlver.




The integrity of the model was influenced largely by twe factors:

(1) the velocity profile perpendicular te the cross section must be known;

(2} at lesst a fair estimate must be made on the trapsverse dispersion coefficlent.

Dr Starcsclszky believed that it was important te inltiate intornatlonal co-operation in
agsesaing water quality in large rivers, He had made thls polnt at the clesing conforonce of
the International Hydrological Decade in 1974 and although & UNESCO/THP working group had bheen
eatablished for studying mixing conditions, he believed that the need for better, more accurste
understanding of the dispersion coetfficient for future water guality modeiling should not he
underastimated.

(k) Comments by Mrs M. Puskis (District Water Authority, Budapest)

In the Hungarian section of the Danube, some 400 km long, uniform water quality at a
crose section was virtually unknown. The gquality was said to be non-uniform if the scatter
of analytical results was greater than the error of observation (uncertainty of sampling and
raproducibility of analytical methods).

Therefore a number of sampling points was chosen taking into account the channel config-
uration, the width of water surface and the distribution of flow velocity. Mrs Puskaszs saild
that samples in the Danube weore usually taken from a launch from four-six depths at sach of
five-nine verticals i.e, from 20-54 points,

To determine the ohscrvation error, five samples were taken simultanecusly from a single
section of each of which five parallel anazlyses were made for each determinand.

From the analytical results, iso-concentration curves were derived which demonstrated the
non—uniformity of the water quallty at the cross sectien,

These results in association with the flow distribution at the section were used Lo
compute tho pollutien load. The cross~section analysis work was too time~consuming to be
performed frequently, but results did suggest sampling locations where a representative
sample could be obtained with that flow distribution.

The results showed however that different sampling locatlons were necessary to obtuin
representative samples of different water quality components, Again, these largely depended
on the flow and if an agourate assessment was required, sampling from a number of locotions
had to be carried out,

(¢) Comments by Mrs M. Abraham (District Water Authority, Gyor)

Mrs Rbrahﬁm aaid that 141 km of the Danube from stations 1830 to 1709 were the responsib=
ility of hor authority, Of this length, 140 km formed the Hungarian frontier and upstroam of
the Rajka cross-section the Danube received domestic and industrial effluent. Information on
water quality, the determination of trends and the rate of varistion of quality was ssszential
to water abstraciers in Hungary,

For this reason, regular weekly sampling had been introduced almest 10 years ago and
some gquality characteristics had beon measured and registered continuously for the past your
by tho monitoring station built under the Project, The pollution load and its distribution
arriving at the Rajka cross—zection had been assessed guarterly since 1974,

Results showed that the biodegradable organic load was steadily lncreasing as was thoe
concentration of plant mutrients. The frequency and saverity of oil pollution arriving at
the cross-section diaplayed a similarly lncreasing trend which affected the entire length
of the scotlon under the jurisdiction of her authority.

To be able to asseass the water quality of thisz section of the Danube it was essential to
ba able to have access to data about the pollutlon scources upstresm of the Rajka cross—-soction
as wall as the sources discharging to the section. Without thls information, it was impos-
aible to prepare a reliable hydro-chemleal profile, Nor could the assimilative cupocily of
the river be taken fully inte account unless details of the pollutants ware known.
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No country, however striet it was in its own territory, waz capeble alone of preventing,
or even moderating, the present rate of quaelity deterioration. Protection of the river water
quality called for coordinated efforts in the entire river bagin by all interested countries.

(d}) Comments by Mr I, Matral (Water Manapement Inmstitute, Budapest)

The total installed power goneration capacity on the Danube was astimated Lo be about
BQ00 MW and of the 31 barrage projects contempizted batween Regensburg and the Black Sea, 12
had already been completed and the construction of several others had heen approved,

The construction of the Gabeikovo-Nagymares Hydroelectric Project was a joint venture
between Crechoslovakia and Hungary and it was the possible effects on mixing and hence water
guality due to the changed hydrological conditions that he wished to discuss,

The main elements 0f the Project comprised the Dunakiliti Dem and reserveir, the 25 km
navigable canal which would provide the water power, the Gaboikovo power generating station
and, further downstream, the Nagymargs power generating station, The power canal would
carry the high normal-flow of 4000 m” /see and exceptionzlly 5270 m /zec and only the nbligatory
flow of 50 m /sec would be allowsd down the Danube, excebt in times of fleood, The 200 km
flood plan would therefore be lnundated much less fregquently,

The Gabeikove power station would operate onco per day at times of normal flow and twice
per day at tiges of high flow. The turblne discharge would yary widely, e,g. at a streamflow
rate of 900 m /sec, the discharge would vary from O to 4450 m /zee and unsteady conditions
would be created with flows which would resemble the passage of flood waves characterized by
2 steeply rising front, At the flow rate of 900 m” /sec the water impounded over 18 hours

would be released in six hours. The rise in watoer level would exceed 4 m downstream of the
Gabcikovo barrage but would still be of the order of 1 m at the mouth of the Val River. The
passzage of the flood wave would cnuse the flow to be reversed at low streamflow rates, It

was predicted that the poliuted plume of the Vaj which ¢ould be detected 50 km downstream
would be subjected to much more intengive mixing than under the present flow regime.

Thus it had been found advisable to extend the mixing studies to unsteady conditions in
order to explore in more detall the impact of the Gabeikovo-Nagymaros project on water quality.

2.5 Assgescment of water quality, bio-resistant materials, bottom sediment, etc.

2.5.1 Introduction by Dr P, LiterBthy (VITUKI, Budapest)

The control of micropollntants, mainly bioresistant substances of industrial origin, was
an important part of water quality management, One of the main objectives under this section
of the preject had been to study these pollutants and, as a result, to characterize water
quality changes,

The River Sajn'which was heavily polluted by bioregistant substances, mainly heavy metals,
which accumulsted in the bottom sediments and could be released from them, had been the subject
of a detailed study. One benefit had been the establishment of a suitable technique for
sediment analysis, Following the work carried out under the project, an investigation had

been carried out to assess how the Sajo’ River affcoted the sediments present in the Kiskore
Rosarvoir,

Bioresistant substances had also been investigeted in the Danube and special attention
had been paid to mercury which had a characteristic feature, viz. its heterogeneous distributien
in a cross-section. The mercury concentration in the Danube exceeded the toxie limit in several
cases, but the concentration had shown signs of diminishing in 1876 and 1977. Bottom sadiments
Trom the Danube had also beesn anslysed for mercury, Though the content of these was much
loss than those from the Sajo’ it was still high enough to be harmful to aguatic life and
undesirable in water abatracted for treatment for drinking purposes.

Further investigations should he carried out on the subject.
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2.5.2 Total rivor basin assessment of sediment-erosion-transport-deposition processos
by Dx G. Fleming (University of Strathclyde, Glesgow, Unlted Kingdom)

Dr Fleming said that river basin sediment processes were ceptral to the assessment of
both hydrological and water gquality varlables, All must be fully understood in order to
formulate effective plans for river basin management, The three facets of water rezourcems
assessment were complex since they were an aggregate of the many inter-active sub—processas
which varled with time and space with a mixture of deterministic regularity and stochastic
variabllity. Added to this was a river basin with international sub-eatchmonts and the
result was an addition to the problem of all the socloeconomic, legal and political facets of
water resource agsessment. The decision-makers would need assessment sound sclonlific tech-
niques which could adequately represent the many component processes which contribulod Lo
river basin response.

This outline of the processes as they related to practical sodiment probloms, existing
methods for assessing sediment processes, including measurement, enpirical formulas and
mathematical models, led to a discussion of the relevance of mathematical modclling of river
basin sediment processes of the river Danube.

2.5.3 Discussion

(a) Comments by Mr F. Liszl18 (VITUKI, Budapest)

One of the difficulties in presenting the results of bottom sediment analysis was thelr
interpretation, It was only partially pesslble to differentiate between compononts of a
geochemical origin and those due to human activities, The latter was incorporated mainly
in the ignition loss and in the acid-goluble part so that it might be a better way of nsseus—
ing the pollution rather than relating it to kilograms of dry substance which was tho
common practice,

A reasonable way of obtaining the quantitative content of polyeyelic aromatic hydrocar-
bens was through the total amount of extractable substances, bocause the relative changa
indicated the degree of biorssistance. The eritical stages werc separation and propor
detection.

In the case of heavy metals analyses, an impertant process was digestion and for atomic
absorption spectrophetemetry, nitric acld plus hydrogen peroxide mixturc had been found to

he suitablae, For mercury 1t was important to know the portion of some forms 23 well as ihe
total content.

The unidentified erganic pellutants present in bottom sediments caused considerable
enalytical problems, Gas chromatography fingerprints were helpful, particularly in providing
information about changes along a watercourse. Identification of the econstituents separatod
by thin-layer chromatography was usually attempted by infrared spectrophotometry, while GO
separated compounda could be identified by a gas chromatograph-mass spectrometer systom,

(b} Comments by Dr P, Benedek (VITUKI, Budapest)

Suspended sclids in the Danube variéd from 30 to 100 mg/l but in floods could be as

high as 1500 mg/1, Plankten floating in the water consisted mainly of distoms, tho assinilatod
brown pigments of which pave the brown colour to the water. The bottom congisted mainly of
gravela2 gravelly sand and sandy loam and the biomass of the bottom faunz amountod to only

56 g/m .

Three factors were dominant when considering the prospective water quality of tho Danubeo:
the rapidly growing industrialization in that part of the catchment area covering tho CMEA
countriss, the growlng urbanization and reduction of flow veloeity caused by tho wator bar-
rages either under construction or being planned. Three barrages were to be constructed,

for example between Bratislava and Budapest, and the plamming of the GabolkovosNugyme ros
Barrage wags at an advanced stage,

The effect of the barrages would ba that the time of travel of water over lhe 200 km

would be increased from twe to five and a half days and the average veloclty would docrease
from 122 cm/sec to 40 cm/sec,




Over a 70 km river stretch downstream from Bratislava, the suspendad solids had shown a
30% fall=off, This would incremrse to an estimated 55% after the construction of the
aratisiava and Gebrikove barrages. In addition, the decomposing organic and pathogenic
microorganism content would result an anaercblc decomposition with consequent oxygen loss in
the bottom sediment, This would create bhetter conditions_ for the growth of #oo-benthos and
it was expected that tho blo-mass might reach over 100 g/m” in backwater reaches above the
barrages. No significant changes were expacted in the fleating zoo~ and phytoplankton
which would probably still continue to be dominated by diatoms.

The above-mentioned factors made it necessary to have representative, reliable data in
order to forecast the water quality which would result from the construction of the barrages
and inerease in pellution load,

It might also become necessary to prescribe water quality standards for the numerous
important tributaries at their confluence with the Danube, Drinking water supplies were
vital to the riparian populations. Far the efficient development of these standards,
reliable data were also neeoded.

In the project, Hungarisn water management bodles had worked out advanced water-guality
monitoring principles which had been tried on the Hungarian part of the Denube and might be
of interest to all riperian ecountries,

(c) General discussion

The discussion focussed on the practicabillity of being able to medel the whola of the
Panube basin =zlong the lines that Dr Fleming had suggested in his lecture, Doubts were
expressed about the amount and cost of the data eollection that would be neceszary.

The objectives of such a model must he thorsupghly understood and for it to become a
practical proposition there was an overwhelming need to rationalize data collectlion, which
was not as integrated as it might be, some being undor~used and some not used at all, of
gpecisl interest were the bioresistant substances, which bhecame adsorbed on to sediment par-
ticles, and the changes that occurred between their dissolved and solid phasos, another reason
for modelling the sediment movement in tha basin as a whole, Moreover, while retention times
for water in resarvoirs behind barrages were gquoted, short circwiting would ocour at certain
flows and make nonsense of A model 's results,

An alternative gscheme, of making statistical analyses of the data on 100 years discharge
and 30 years sediment was advocated, but it was pointed cut that this approach would have to
be trezted with caution because of the pumber of variables involved, e,g, wet versus dry
weather and land use,

The timescale for the develomment of a large model was important. It was really needed
hefore the barrages were built,

Dr Fleming suggested that a common basis for analyses would have to be chosen for the
comparison and exchange of data, that, with wholehearted cooperation, one year would be needed
to agsomble the data, that a first-order sedimentation model could be ready in one year and a
complete model within three years. He advocated modelling sub=basing, e,g, the Tisza and
the Morava and integrating these, Similarly the main river could be divided into segments
according to the different slopes, soil characteristics, whether there was a reservoir, and
50 on, Whilec model makers did not understand the whole process, they understood very clearly

what was practical, It was his helief that an integrated model for the whole of the Danube
encompassing hydrology, sediments and water quality should be constructed and was practicakble,
He quoted the exampla oﬁ g river basin in South Ameriea which he had modelled, This had a

catchment of 747 000 km and five reservoirs had been planned for it, This work, under
extreme pressure (and at high cost) had been completed in four months.

2,6 Legisglative methods used ip Hungary for water guality manapgoment

2.6,1 Introduction by Dr A, Homennzy {(VITUKI, Budapest)

Economic incentives had proved to be successful in encouraging the necessary investment
in effluent trestment plant. If the necessary plant were not instelled, the basis for fining
the offender was the amount he should have paid to treat the wastewater, Continual infringe-
ment and the consequent fines were such that over a period, offenders would pay or exceed the
sum necessary for the installation of the proper treatment facilities, based on capital plus
operating costs,
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To permit this course of astlon, current legislation had had to be revised to allow its
intreoduction on a country-wide basis, while sdhering to a practicable technical framework,

2.6.2 Iigcugsion
{a) Comments by Mr £, Katona (National Water Authority, Budapest)

Mr Katons recalled that before 1945 water management sctivities in Hungary bad boon almost
exclusively copfined to water licensing, but this on its own had proved inadequste. The founda-
tiens for o mere advanced regulating system were laid in a Government order in 1961 and followed
by a bill in 18964 which subsequently became known as the Water Act. Both moasures had since
been frequently reviewed and improved by the ehactment of additional leglslation,

Dr Homonnay claimed that the legislation had proved to be effective and comparablo with any
elsowhere in tho world, He supported this claim by producing evidence of the changpos in tho
water quality situation recorded, using a definitiem of efficiency of water management as the
ratic of streamflow rates to pollution loads ecarried by the water,

The quantity of polluting substances discharged inte receiving waters by tndustrial and
agricultural operations, communities and instltutions had increased quickly at first but,
starting in the late nineteen-sixties the rate of increase had dimipished, in sphtc of the fact
that the sconomy had developed vigorously throughout the period,

A slow increase in mass flow of pollutants entering the country had also Been recorded.
The ovorall pollutant load balance for the country was s+il) considered accoptable, =ince the
pollutants leasving Hungarian territery had been reduced by 33%. Thus the water discharged Lo
downstream ugsers was, with fow exeeptions, cleanor than that received. To maintain and improve
this gituation, a sum of almost 25 000 million forints (USH 1 200 200 000) had heen authorized
Tor the fifth five-year planning period,

The present water guality management regime had evelved under the combined impact of those
processes and was still effective, The objectlve, to control the aceelerating rate of wator
pollution, had been achieved.

However, in the future, the amount of pollution penerated would continue to grow and tha
available water in dry weathor would diminish; the incidence of accidental pollution would
increage both in frequency and in the damage caused, and new sources of harmful pollution would
arise, The combination of these factors could result in a substantial deterioration of water
guality which Hungary would net be able to tolerate. It therefore followed that the institution
of remedial measures was one of the most important tasks of water mansgement and environmental
protection in general, In particular, an imporvement of the repuleatory system was necessary,
because in 1ts present form it would no longer be capable of containing the future situation,

(b) Comments by Dr P. Pasztd (Water Mapagement Institute, Budapest)

The congept of the enviromment as a whole had not appeared in Hungarian legislation until
tho early seventies, but there had bheen earlier efforts at contrel in various sootors; for
example, water quality had beon protected since the turn of the cantury.

The interaction between the individual sectoxrs had only been recognized in recent years,
in the passing of the Environment Protesction Act, but some revision of the legal measures had
taken place in parallel with this prior to the integration envisaged in the Environment Protoot-
ion Act. For example, the "fining for pollution" legislation had been revised seven timos since
1961 and, as Dr Homonnay had pointed out, more revisions were to be axpected,

While the public would welcome more universally stringent standards, there were thozse whose
eveonomic philosophy was “1iving standard” orientated and who advoeated the mpplication of ditfer-
ent standards based on the asgimilatlive capacity of the sector at the point of dizcharge.
Logislation itself, and its enforcement and compliance, all lagged far behind Lhe demands of
seclety for the protection of the envirenment in general, but in particular becsuse of man's
increasing expleitation of it,

Advances 1n technology and economic progress imposed s patehwork character on leglslative
actions, A mass of variously permissive, restrictive and prohibitive measures and economic
Incentives had developed and needed to be rationalizmed, The legislators found themzelves in
an umigusal pesition; instead of deriving the general principles for the formulation of socio—
logal concepts from analysing living conditions, they wore compelled to draw tho philesophy of
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lagal regulation from a poorly defined set of environmentsl concepts,

1t should be noted that the term "environment” did not stand alone; it had to be the
environment of something or somebody, Thus the terts "onviremment" must be understood to cover
the human environment, Enviromental protection was not an end in itgelf, it must serve the
interests of man, Mistakes had been made when this hasic prineiple was forgotten.

Duc to the complexitlies in considering the envirorment as a whole, the hydrologist should
limit his concept of the enviromment to ths blesphere. This was understood to bhe the physical
enviromment inhabited by living organisms in which wovement was maintained by the energy of the
sun, Thus the elements comprised the atmosphers, the hydrosphere and the lithosphera.

Environmental protection comprised a set of functions having the cbjectives ofs

- protecting man from environmentally harmful effects;

controiling the detrimental impact of natural reasources;

hushanding svailable natural resources;

developing the assimilative and regenerative capaclty of the enmvirconment in the
interest of human welfare,

The solution of this =et of functions consists in optimizing the tension between the
environmental demands of soeiety and the sbility of the enviropment to endure the social
impact of pollution.

In water guallty management (which also comprised the four functions above) it was not
enough to control the interchange of pollutants in the hydrosphere alone, hegause the latter
was clogsely rolated to the atmosphere and lithosphere, Thus, the substances decomposed or
reclaimed in the course of wastewater treatment must be harmlessly disposed of in the hydro=
gphere (eutrophication) in the lithosphere (sludpe disposal) or in the atmosphers {sludgae
incineration). Moreover, in this process, even the Interchanges between the different
gectors had to be regulated,

In addition to wastewater treatment, there were a pumber of alterpative techniques which
might be adapted, such as the siorage and periocdic release or recycling of wastewaters by
industry, the use of diluting water released from a reservoir or the reoxygenation of streams
by artificial re-aeration,

Finally, Dr Plsztd turned to planning. Tt was no use now dealing piecemoal with effluents
as and when they aroszse, The entire system of interreglonal and interresources impacts of
volumes and gualities had to ba appreciated and planned for and the lmplementation of all
aspects of the system had to be enforced by legislation. Thus, future legislation must be
founded on systems plamning and, in the law itsgelf, the logal sanctions in water quality manage=
ment must he established, including fines, the payment of damages and criminal prosscution.

2.7 Water gquality models as 8 tool for modelling

2.7.1 Introduction by Mr B, Hock (VITUKI, Budapest}

The objective of formulating a mathematical model was to develop a tool for decision—
making by management. The hasic concept of a water quality management model was to pptimize
the net snnual sewage and wastewster treatmont costs, taking into congideration the river
water's quality and self-purifiecation characteristics.

On the abeve principle, the objective was defined as being the development of a complex
model which toek into account the hydrological cenditions of the Saje, set the river water
gquality standards, related a system of zlternative seowage and wastewatexr treatment technologies
to the most important point pollution sources and selscted an economically optimim selutlon by
minimizing the net ammual costs. The model was designed to operate over a long time period
and sewage and wastewater discharge data for 1985 would he predicted.

The inplementation of the programme would result, even in low flow conditions, in achiev-
ing along the total Hungarian length of the Sajo” {ome of the most polluted watercourses in the
country), a water quality at least as good as CMPA quality standard Clage II.  This would in
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turn wake a ecoptribution to improving the quality of water in the streteh of the Tisza River
immediately downstream from its Junction with the Sajo”

2.7.2 Discusslon

(a), Comments by Mr L. Balizs (Distriet Water Authority, Miskeis)

Mr Balizs said that the Sajo’ basin through its ingustry comtributed 12% to the gross
national product of Hungary and accommodated 7% of the population, The water resources of
the basin were 90% fully utllized and oach downstream tactory waa forced to re-use tho pol-
luted offluents discharged into the Sajo”by those situated upstream,

The growth of the present wiler management system in step with industrial doveloapent
could not yeot be considored effective in controlling elither the quantity or guality of {the
water, The principal task of any water autherity was to ensure that the users had sulficiont
water of a quality suitable for their needs and that future demands for addifional water
could be met,

Thus, the problem consilszted in ensuring the raticnalized operation of exlating facilitios
such as treatment facilities, abstractions, and storage reservelrs, and the developmont of now
ones 50 that the optimal operation of the system as a whole could be gueranteed ln future.

This made it essential to provide the requisite quantity of water of suitable guality at
least cost ("cost" being the sum of capital plus operating eosts).

There were many matters to be considered: abstractionz, inter=-plant wateyr managematit,
recirculation and water managemont cogperation opm an international lovel, Congideration
hed alse to be given to the pretreatment of polluted waters within plants, the reclamation af
valuable materialzs and advanced wastewater treatment. There was alge the poszibility of
projects to enhance the flew through atorage anhd trapsfer of water, whereby the allowable
pollution load might be increased. After consideration of all these and all appropriate
combinations thereof, the optimal solutien should be found within the practical limits af
the time and funds available,

Among the measures alrcady taken were the development of closed water use systems and
sorles comnexlon of ecirculation systems, veduction of offluent volumes diseharged; troatment
of effluents, cooperation between industries, etc.

In recent years, pollutien had stopped increasing as a result, the guality of some surfuce
waters had improved and water management by industry had alse become more sfficient. Wutler
quality management declsions hewever were becoming inereasingly diffieult to make bocause of
the complexity of the system, Tho advent of the mathematical wodol was thereforc a grant
halp,

(b) Comments by Dr G. Jolankai (VITUKI, Budapest)

One effort under the project had been to establizh how Tar downstyream of certain key
effluent discharge points on the Bajo river 1t tock for total mixing te cccur. Tha purposa
of this work was to establish for all important sources of pollution whethor il was rexasonable
to assume perfect, instantanecus mixing, 2= had beon done in the nedel . Thiz had turned out
to be a falrly realistic approach because complete mixing had ogcurred within 1000 m of the
discharge point for each case examined and was much less than the scale of roaches used in
the medel,

Although the work was only 2 small item in the preject, some interesting facts had
bocome apparent. For example, 1t had soon bocoms evident that the use of conventional
tracer techniques should be avoided because:

= the pollution at most sites was so great that vary high tracer concentrations
WOre NecoSsSAry;

- from the practicel viewpoint, a contimmeous release of tracer was degirable to
discover the shape and extent of the plume. This would have involved still
greater quantities of tracer with consedquaent expense;

- repoated studies st very short notice were needed at many sites which ncecessitatad
the introduction of some very rapld and effective method,
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The solution to these problems waszs to use the so=-called "matural tracer” technigue where
& clearly distinguishable quality characteristic of the affluent discharge under examination
was selected as the tracer, The field work then comprised the following steps:

- flaw rate measurement in the receiving water downstream of tho diseharge;
= discharge measurement of the effluent;

- frogquent gquality sampling of tho effluent;

= background quality sampling upstroam of the source;

~ sampling in at least two cross—sections downstream of the sources with a minimum
ol 10 samples taken at each soction.

Finally, the method for computation of the results was desaribed, A combination of rapid
and cost effective fleld studies and computerized modelling would enable management to deal
with increasingly complex situations.

(o) Comments by Dr A. Fzold (District Water Authority, Miskolc)

Water quality had been surveyed intensively on four occasions at different flows along
the Sajo”River to detexmine the assimilative capaclty of the river for pellution at each, On
each occasion, between 48 and 68 samples had been taken over the 124 km length of the river in
Hungary, including samples taken simultanecuszly from the effluent discharges. From the re-
sults many longitudinal profiles had heen constructed,

The results of the assimilation studics showed that regardless of the improvement in COD
values the quality of water in the Szjo"was still far from satizfactory, One of the principal
‘problems was due to the lignine sulfonic acid contained in the river water as it entered the
country, It did not decompose and its concentration diminished only as a result of dilutien.
Another was the total dissolved solids content which resulted in additional industrial water
treatment costs at abstraction points,

It was realized that within the water quality management system of the 8ajo, the water
management practice by the successive industrial undertakings depended on, and interacted with,
aach other, Because of the significanco of tetal disselved solids to industry, it was decided
that they should be modelled mathematically on a stretch, divided into thres sub-reaches, between
the border and the town of Miskole, Over the section, three tributaries and five affluent dis-
charges were considered, Three objectives were established:

= to prevent the quality of water entering the country (as background pellution)
frem deteriorating further and to make the best use of the diluting effect of
the Rodva creek;

=~ 10 ensure that the total dissolved sollds should meet legel requirements, viz
they should never exceed 2000 mg/l in the effluents; (This called for considerable
reductions. )

- to onsure that the total dissolyed solids in the Sajo”should meet CMEA standards
for Class I water quality i.e. ‘“max === 500 mz/ 1. {It was recognized that this
would bo idealistic and eould not be attained even in the distant future because
the water entering the country failed to meet the standards,)

The water gquality medel provided the basis for economic analyses which after further data
had been eollected eould alsoc be used in compiling an economic model, This was important
because, if water quality of Class I were available, the capital eost of the treatment plant
at one factory could be reduced by 82 million forpints (USE 3 942 000), the cost of treatment
chemicals by 40%, saving about 10 million forints (US$ 481 000). Also by complying with the
legal requirements, the chemical industry would save about 100 million forints (US$ 4 210 000)
over a five-year period,

{d) Comments by Mr K, RSszler (Watar Management Institute, Budapest)

The growth of population, urban dovelopment and the increase in agricultural/industrial
production needed to improve the standards of living had sent water demand rocketing in reeent
years, Fixed rescurces had therefore made water mapagenent essential.

Wastewaters had been produced in increasing volumes which had resulted in inereasingly
heavy pollution of both surface and grounawaters, which thereby became unsultable for re-use,
or required extensive treztment. Thus the growing demand for water was being accompanted by
an incroasing need for water quality protection.




Regional weter manapement planning was not related to pelitical or national houndaries but
to bydrological boundaries, and water management problems eould not be solved by romaining con—
fined to the houndaries of political entities.

Regional planning was 2 complex problem in which water quality management was of great
impertance, The results of the UNDP/WHO-assisted project were expacted to make a substantizl .
contribution to these tasks, The experience galned had demonstrated that in planning, the
regional and comprehensive approach must be extended still further and must not bo restricted
by national or political boundaries. Ideally, they should alsc include the air and soil
sactors foo.

2.8 Highlights of the discussion

2,81 Domand for water

The growth of populstion, urban development and the increase in both agricultural and
industrial production needed to improve the atandards of living of the people had caused tho
demand for additional water supplies to increase rapidly.

The riparian countries woere concerned to Preserve unobstructed navligation on the Danubo,
but this could not be maintained without the constructien of a geries of barrages acrozs the
river, Hydroelectrie power peneration would mean that these barrages would help meet the
additional electrical energy needs of the riparian states,

2.8.2 Resources

No less than 96% of the surface water resources of Hungary originated in other countries.
While there was still some potentianl for further development, the supplies of good quality
groundwater were for the most part fully utilized,

The Danube was the principal scurco of water and it was envisaged that even the shortages
that occurrod from time te time in the Tiaza valley would be alleviated in the futupe by wator

transferred from the Danube,

2,8.3 Quality conslderations

Over almost its entire length, the Danube was at present capable of assimilating the pol-
lution load from the offluents discharged to it. Soms of the determinands in ihe Hungarian
section of the river however, especlally bio-resistant substances, had already attaincd the
limit beyond which wastewater treatment WAS Necessary, For water contact recreation, the
critical water guality determinand was the faecal coliform count, The count for the Donube
varied from 10=-60 times the recommended limit of 2 mg/%. It thearefore followed that tho river
could not be recommended for water contact recrestionsl purposas,

To assess the water quality of a section of the Danube, it wes essential Lo pain access to
data on the pollution sources upstrean as well as the sources discharging to the section, This
wis nat always available, but without the information, it was impossible to prepare a reliabla
hydro-chemical profile. In addition, the asaimilative capacity of the river could not he
taken fully into esecount unless details of the pollutants were known.

The relatively low level of sewerage, Lhe rapid development of industriaifzation, the
changeover to intensive farming methods and the further rapid development of urbanizatlion meant
that an increase in pollution was unavoidable unless strong countermeasures were LaKon,

No ecountry, however strict the measures it introduced in its own territory, was capable
alone of preventing, or even meoderating, the present rate of guality deterioration. Protection
of the quality of the river water called for coordinated efforts in the entire river basin hy
all interested countries,

2.8.4 Automatic water quality monitors

The philosophy of the use of automatlc water quality monitors was guestioned. It was
thought that too much was expected of them in terms of acouracy and the view was expressod that
it was relative measurement that was needed, 1,e, changes in value were more impertant than
abzolute values. If that were accepted, the neod for zccuracy was not so important and many
sensors, particulariy selective ion electrodes whieh had previously been discarded on tho
groynds that they were insufficiently accurate, would be worth re—examining for possible use,
1T that were accepted, measurements could be made of pollutants that were of resl interest
rather than the ones belng measured at present.




It was not thought te be economically advisable to invest in additlional automatic water
quality monitoring stations before the required sensors had been developed; the principal
immediate task was, therefore, that of sensor development.

It was nevertheless conceded that auntomatic water quallty monitors had a role to play,
evan though they were of limlted use at present, Careful thought should be given hefore mak-
ing a recommendation to install an automatic monitor, In particular, cost/benefit should be
examined,

2,.8.5 Mathematlcal modsals

The ohjective of formulating a mathematical model was to develoap a tool for decigion—
making by management, The basic concept of a water quality management model was to optimize
the net annual sewage and wastewater treatment costs, taking account of river water duality
and self-purification characteristics.

River bazsin sediment processes were central to the assessment of both hydrological and
water quality variables. ALl must be fully understood if effective plans for river basin
nanagement were to he formulated. While it was admitted that model makers did not understand
the whole process, they understood very clearly what was practiecal, An integrated madel for
the whole of the Danube system, encompassing hydrology, sedimemts and water gquality should
therefore be constructed,

The practicality of being able to model the whole of the Danube basin along the lines
suggested was questioned, While there was agreement in prineiple that it would be a good
thing, doubts were exprassed ahout the amount and cost of the data collection which would be
necesgsary. To obtain any practical proposition at all, there was an overwhelming need to
rationalize data collection by the riparian countries, because some were being underused,
some were not used at all and gsome were not yet collected, As & first gtep, for the construc-
tion of & model, the importance of international cooperation in this field eould not be over—
emphasized,

2,8,6 Envirommental protection and its impact on water resources management

Envirommental protection consisted of a set of functions with the goal of:

1

protecting man from envirommentally harmful effects of pollution;

1

controlling the detrimental impacts of natural resources;

1

husbanding available hatural resources;

1

developing the assimilative and regenerative capacity of the environment
in the interest of human welfare,

1t should be noted that the term "environment" did not stand alene; it had to be the
onvironment surrounding something or somebody, It must thus be understood zs covering the
human environment, Envirommental protection was not an end in itself, but must serve the
interests of man, Mistakes weore made whenever thils basic principle was forgotien.

For cxample, it was no longer any use dealing with effluents on an ad hoe basis as and
when they arose, The entire system of inter-regional and inter-resources impacts of volumes
and quantities had to be appreclated and planned and the implementation of all aspects of the
system must be enforced by legislation,

While the public would welcowo more universslly stringent standards, there were those
whose economic philosophy was "living-standard" orientated; thay advocated the application of
different standards based on the agsimilative capaclity of the sector at the point of diseharge,
Legislation itself and its enforcement and compliance, all lagped far behind the demands of
society for the protection of the enviromment in general, but in particular because of man's
increasing exploitation of it,

Advances in technology and economic progresa inposad a patchwork character on legislative
action and a magss of severally permlssive, restrictive and prohibitive measures and economic
incentives had developsd which needod retiongalizing. In the water sector, regional planning
should not be related to political or national boundaries but to hydrological houndaries.
Water mapagement problems were impossible to solve in area units confined to political
boundaries,




3. BTATEMENTS BY PARTICIPANTS

3.1 Participants from individual countrles

Statements by participanta from the countries present were given outlining the activitics
in which they were engaged,. These are summarized below:

3.1.1 Austria

(a) Dr K, Megay, speaking in his personal capacity, sald that as he wasz an ¢buaerver ho

was not authorized by the Austrian Government te give a gtatement econcerning tho future programme
of activities in the field of water quality control in Austria, but so far as water quality in
the River Danube was concerned, effortzs were being made to cnsure by permanent contrels that at
least the present state would be maintained and pollution by sewage would be avoided. Botween
Linz and Vienhna, the water of the Danube and the groundwater in its vicinlty wero subjected to
frequent and regular chemical and biclogical asesay and efforts had been made to promote soewuge
troatment for domestic and industrial wastewater.

Problems of water guality were being studied coptipususly by different scientific inztitutos
belonging to universities and federal government authorities,

{b) Dr J. Sas-Hubicki, speaking as a WHO temporary adviser, sald he was concerned thal
future activities should bhe planned. He gave a general description of the Austrian hydrology
network of stationg to record hydrological and meteorclogical data, This was now complete and
included medels for predicting flood levels. Some of the Danube stations transmitted data
automatically to a central computer in Vienna. From the data, river levels were predlctod in
£lood or other unusual conditions. There were 2lso some water guality monitoring statlions and
more were planned to keep pace with the development of new projects such as hydrowleclric plants,
river ports and new lndustrial sites. A large sowage treatment works for Vienna was undar
construction to the east of the city. Austria was on the point of putting all its records on
computer, and a feasibility study had been started, which was looking at the available diestion
aries, systcms and programmes, in particular these produced in the Federal Republic ol Gormany
and Unitod Kingdom Water Data Unit in Reading.

Deoscribing the useful contacts with ocolleagues in neighbouring countries both upstream and
downstroam, he wondered whether, in helping to simplify the complicated task of bringing tho
appropriante people together, the way ahead in cooperation would not be to try to agree on a
standard dicticnary of determinands, both chemical and biclogical; to try to agree on standurd-
ized sampling methods; te try to agree on synchronized sampling programmos from time to time,
and to arrange for the different computers to be fed with common informatlon, for example by
the exchange of magnetic tapes. At the same time he ¢onceded that the fact that not all
countries used the same chemical and biological language made for difficulties.

3.1.2 Crechoslovakia

Mr R, Chrast speaking on bahalf of the Cmech participants noted that & common featureo of
most of the papers had been the stress laid on the complexity of water quality control problems
and on tho needs for wmore in-depth research. Some speakers had also pointed out that effective-
ness in solving water quality control problems on an international river would be premoted by
intornational coopsration, Somve areas of possible cooperation had alse been suggestad.

Various aspects of water guality had been among the main problems investigateod during the
UNDP/WHO project im Crechoslovakla concluded successfully in March 1877, Probloms of water
quality contrel also formed an imporiant part of the activities of the Czechoslovalk Centre for
the Environment in Bratiszlava.

After a detailed evaluation of results so far and in the lipght of ncods expected Lo arise
a3 a result of further development, it was cons%ﬁered useful to extend gradually the scope of
cooperation in solving envirenmental problems. His country's water management bodies could
effectively contribute to such coeperation, particularly as regards methods for water quality
evaluation and development, and as regards the application of wathematical modsls.

In Czecheslovakis, a water gquality monitoring network for main profiles and main sources
of pellution had heen designed and was being implemented gradually. On the Ohre River, as an
interim stage, the network was designed to measure dissclved oxygem, conductivity, turbidity,
pH, redox potential, and organic matter absorbed in the uV renge. Other parameters ware also
to he monitored at a later stage, The objective of the work was to estabklich an
integrated weter menagement system for the Ohre River. In his country, they were fully
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aware of the advantages, and disadvantages, of automatic monitoring stations, The main effort
was centred, however, on steadily upgrading claszical monitoring systems, based on manual methods.

Apart from the physical~chemical parameters, considerable attention was also devotad to
microbiclogical, virological, ete,, aspects of water quslity, including the incidence of hetero=-
trophiec bacteria, entero=-bacteria and viruses, Investigations were also going on into biomass
production, the production of biogenic oxygen and trophic potential, The problems of standard-
izing methods of water quality management and evaluatlon were considered to be very inmportant.
Simple mathematical models had been applied, in some cases, to establish the relationship between
some water guality parameters and river flow, For smaller rivera, =zeveral types of simulation
models had been wsed, depending on the objectives of studies, Eutrophication modals had been
developed as well, based either on statistical analysiz of directly relevant variaobles using
observed values, or on the guantification of relevant processes and simulation of variables.
They were alsc developlng dynamic systems for real-time management of selected river systems,

3.1.3 Federal Republic of Gormany

br P_. Kothé described the present investigations of the Federal Institute of Hydrology into
the water quality of the river Danube. They mainly concerned a navigable streteh of the river
from Danube km 2415 to the Austrian border. In this reach, a large navigable canal linking the
rivers Rhine, Main and Danube, was being constructed, Under Federal German law, planning permis-—
sion was required before regulation or construction of new federal waterwdys might be undertaken,
to ensura that the intended works would not cause harm or that measures would be tzken to minimize
unavoldable damage, For the purpoazse, evidence of the river's condition must be obtained bofore
construction work was started, and for the canal project, the TFoderal Institute of Hydrology had
baen mapping underwater and riverhank plant assoclations; wmaking chemical and biologiesl examina-
tions of surface waters, ineluding a hioloegicasl inventory of the bottom population and of the
periphyton (benthos) in the longitudinal profile of the entire reach of the Danube river bottom,
banks, tributarles and abandoned channels; drawing up lopgitudinal oxypen profiles covering day
and night variation curves in oxygen content; seaven—hour biochemical oxypen demand, additional
consumption for peptone and glucose, oxygen production potential, and the "biogenic aeration
rate'; and carrying out special investigations into fish foed organisms, All that was in
addition to the studles being made by Bavarian institutes on river—-fishing conditlons, chemieal
exanlpations of Danube river guality, in normal and flood conditions, and quantitative
hydrological measurements,

In sddition te investigations belng conducted in connexion with planning permission for
navigational works, routipne measurements taken by Bavarian agencies for monitoring water
quality were concerned with the maximum reduction of Pollutant wastewater discharges, ineluding
monitoring of settling selids (COD), towicity relative to fish and the mercury and cadmium
rates. Ong aim was to ascertain the effects of wastewater discharges and the pollution lead
carried upstream from water abstraction points,

Other specific studies by the Federasl Institute of Hydrology in recemt years had bean
measurenents of the carbon budget to determine the proportion of bloresistant organic substances
in the Danube river water, and a programme, over several years, which investipated the relation-
ship between the celonlzation of the river bed by benthid organisms and the bhedload transport.

Bezsides the Federal Imstitute of Hydrology, a number of other academic and government
agencies and scientific institutes, enpgaged in research work on the Danube and its tributaries,
ware grouped together in the German section of the International Working Group for Danube
Research, {(IAD, Internationale Arbeitspsmeinschaft Donau.) Under the IAD, cooperation with
exparts and research lnstitutes in other riparian countries of the Panube was maintained on a
non-governmental basis. This cooperation and teamwork ensured international contacts along
the Danube, without impesing on the natiomal authorities.

3.1.4 Hungary

Mr L. Toth said the seminar had proved again the productive and useful cooperation that
could be maintained betweon the bodies of the United Natlons and different countries, and had
shown that Hungary had been able to benefit from the sclentific and technical potential creatsd
by the agszistance of the UN agencies, The seminar had shown that similar methods of cooperation
among everal countries would make it possible to ohtzin comprehensive results for other
sinternational rivers and grest lakes, Improved protection for European yivers, amohg them
the Danube, was a natter of urgency for all the affectad countries, The deterioration of water

quality was a danger to sconomic development, to the hygienic sltuation and to the protection
of nature,




The water mahagement bodles in Hungary had been active In such United Nations efforts as the
UN Water Conference and the ECE Committes on Water Problems. Hungary had bilateral agreements
on water management with neighbouring countriesa; played an actlve part in similar activities
of CMBA; supported the Pucharest initiative and was actlve in its work, His country considetred
that all theso efforts would hélp it make better progress in the common cause and centribute much
to the wator protection of Danube and other waters.

3.1.3 FPoland

The Polish participants, Mr B. Skowyrski and Mrs B, Stoch, indicated that in Poland a
national reasarch and development programme on the utilization of water rescurccs had heen pro-
pared, providing a basls for water management and protection of water resourcos. In drawing up
thosa regional and othor programmes, sexperience gathered in Poland, abroad and from internationil
organizations was taken into consideration, That included the results of the project on "Pilot
Zones for Water Quality Management".

0f all the themes important for overall water quality contrel, simulation medels of the
pollution process and data collection for use in the quallty control of water were the most
important,

He was sure that for the improvement of water gquality protection, the positive results
achisved in the UNDP/WHO-assisted project and research by Hungarian water experts should be
continued and further develeoped.

The results and propesals of the seminar might be useful for the countries invelved, bhoth
in the proper selection of scientific research and desipn approaches and in speeding up the
answers to a great many difficult problems, such as simulating water pellution or im conzstructing
water preotection programmes,

3.1.6 USSR

Dr P, Khatitov sald that in assessing the value of automatic water quality monitoring systems,
it should be remembered that all they were intended to do was to determine, comparatively guickly,
certain chomical constituents, He felt that at the present time it was advisable to use both
putomatic and conventional methods for epidemiological chemical investigations, In migrabio=
logical analyses, of equally great epidemiological importance, only the traditional wethods woero
vet available, Nevertheless, autometic monitoring instruments had good future prespects.

A general plan for utilization and conservation of water resources until 1980 had becn
Tormilated in the USSR in the early nineteen-sixties, Among those who had played a part in
this planning actlvity had been designers, water management, hydrology, apidomielogy and sanita-
tion experls, The involvement of the latter group had ensured cloge attention to the hygienoc
needs of the Soviet public, in any case protected by law, Part of the planning had included
local projects for the protection of certain rivers, lakes and seas (for example, in the Volga
and Ural rivers, Lake Baikal, and in the Black Sea, the Baltic and the Caspian). Large invest-
ments hod becn allocated by the government for water protection, and for example slmost all of the
cities along the river Volga were now equipped with effective piological sewage treatmont plants.

Industrial establishments in the Soviet Union had been active in improving technologlcal
processes and water management balances (including the use of non-water technology), water reuse
and the design of wastewster treatment plants; legislation empowered hygienc and waloer manage—
ment hodies to shut down establishments with no wastewater treatment plants and which wero not
propared to take water protection measures in good time. New industrial cstablishments were
not permitted to start cperating if they did net have wastewater treatment plants, At prosent,
they were formulating a general scheme for the overall utilization of water resources up te tho
year 2000, The Danube problem wss a very difficult one for watcr management in the Soviel Union
because by the time the Danube reached the USSR it was carrying the residual pollution from all
the countrlies upstream. Stressing tho great value of the work carried out by the Hungarian
exports in water gquslity management in the pilet zenes, he expressead the heope that the bodies
concerned would find much that could be of pfactical use fo them,

His country was ready to cooperate with all the riparian countries. 1ts offer stoemmed
trom Soviet forelgn policy, which states the willingness of the USSR te cooperate with all ather
countries in environmental protection problems. The Kiev Institute of Hygienc and other estab-
lishments of epidemiclegical snd sanitary - service were carrying out investigations in the lower
reachas of the Danube. Put to achieave effective results in improvement of wator quality, the
offorts of all interested countries had to be caordinated so as to formulate an integratod pro-

gramme and methodical appraach. if this could be achieved, the eountries of the Lanube basin
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would be in a pesition te work out and implement purposeful and satisfactory measures for water
quality protection.

3.1,7 Yugoslavia

Mr M. Miloradov enumerated the wide range of tasks required in the protection of water
quality, from observation and research, through the implementation of river training works and
wastowater treatment facilities, to legislation and economic fnecentives,

Yugeslavia had been working intengively on such problems for a.number of years. Legisla-
tion had been enacted, systematic measurement and ohservation of river water quality organized,
specific regsearch on a wide range 0f relevant topics had been carried out, and projects to pre=-
vent the discharge of wastewater into watercourses had heen completed,

Water quality was one of the key components of the environment, and it was vital for the
problems to recelve Tull attention hoth at national and at interpational level,

Pollution centrol on major international rivers like the Danube waz of preat importance,
and it was to be hoped that the resultsz of the Sominar would further that goal,

3.2 Participants from organizations in attendance

3.2.1 Unitcd Nations Development Prosramme (Mr §. Andersen, Assistant Administrator and
Director of Furopean Qffice, UNDE)

Mr Andersen felt that the results of tha project were not just academiec tut that the

Hungarian Governmont had already begun to put to use some of the 1mportant findings on an
extonded scale and not only in the pilot areas,

Il was the greatast encouragement for UNDP when its staff could see that their
efforts had & multiplying effect and led to true change = economic and social. He also
hoped that the efforts made in Hupgary, somewhat similar to the efforts ot the national level in
other countries along the Damibe, would further activities that might be of 3 more international
charscter, The WHO Regiomal Director for Furops haed, in his opening address, mentionsd that the
sominar could be considered an opening for collaborative efforts in tho continued assessment of
the quality of Datube waters so as to provide information for identification by the riparian
governments of national and possibly intermational sctions which might be desirable in order to
protect and enhance the environmental fduality of the Dapube and its tributaries, It was not
necessary to repeat the seversl expressions of intorest made by governments in such cooperative
efforts or reassert the UN system's willingness to respond, There was, in any case, in Burope
an increasing tendency towards cooperation in accord with increasing emphasis on the eatablish—
ment and strengthening of netional institutions and activities, especially in the spirit of the
Helsinki Conference and its Final Act.

In recognition of the added dimensions to the problem as it appeared at the end of the
UNDP/WHO=assisted project, immenge benefits might alsoc be derived from such projects for countries
outside Europe. Similar activities were under way in Asda, Africa and Latin America. The
valuable examples given in the relatively highly developed countries in Europe eould often point
out institutionally and technicaily, how to go about sush projects in less developad parts of the

world. That was particularly true as regards applying the resulis of the UNDP=spongored coopera—
tive programme for Burope,

Commenting on the harmoniou® way in which all bodies associated with the project had worked,
in particular the other international institutions, such as the United Nations Economic Commission
for Burcope and the Environment Programme, he pointed out thet 1t waz of course the ultimate
respongibllity of each country and esch povernment to determine toe which degree such problems
could be resolved at the national level and to which degree international cooperation was neces—
sary to hring about the desired results,

A numbar of representatives of international bodies also made atatements during the seminar
and their remarks are summarizod hereunder.

3.2.2 Danube Commiszion (Dr G, Faketea)

Dr Fekete spoke of the long-standing links bhetwesen the Danube Commission, an intergovernmen-
tal organization and WHO. In 1961, the formulation of hygiene rules for the Danube navigation
had begun, and still earlier, in 1257, the Danube Commission had adeopted recommendations econcern-

ing common phytosanitary and veterinary rules on the Danube, both sets of repulations being drawn




up ih collaboration with WHO experts,

To prevent the pollution of Demube water by navigation, formal decisions had beon taken by
the Danube Commission in 1960 prohibiting the discharge from ships of anything that could pollute
the water, The declsions had heen incorporatad in recommendations in 1961 to provide vesrels
with cleaning facilitles and, to establish in the main ports, waste—oll and wastewsater receivers.
These requirements were laid down in the Fundamental Rules of Navigation on the Danubes Hiver.

Popllution and damage causcd to the river hy navigation were regularly discusscd and the
subjoct of damage caused by pelluted water to navigation (i,e, to ships, cnglnes and gspecially
to the erew) had rocently been given consideraticn by the XXIVth Congress of the Permanent Inter-
national Association of Navigatiopal Congresses (PIANC), Leningrad, Scptember 1977. In fact a
meeting of experts under the Commission's auspices had just eclosed, at which the topic had been
one of the matters discussed. This was, of course, in conformity with the Fipal Act of Lhe
Conference on Securlty and Cooperation in Burope, Chaptor 5, which dealt with épvironmontal
issues, where safeguarding of waters from pollution was meniioned as 8 very important field of
concern to all.

All of thoso present at the seminar, as people 1iving, had a responsibility for the general
living conditions of future generations including the meintenance of clean water, and it was =lszo
the duty of those present to assure for navigation and pavigators reascnable conditions on naviga~
ble waterways everywhere, The worthwhile resulis obtsined iz the project could provide a sound
basis for developing coordination of activities in menitoring and for evaluating water quality
throughout the Danube and on other rivers.

Representatives of the Danube Commissiom had attended the very important UNDE/WHO seminar
on systems analysis in water gquality management, in February 1273, and he himself had taken part
as a temporary adviser in a WHO Regional Office for Burope Workshop on the study and asseszment
of the water quality of the Danube 1n Copephagen in March 1875, He felt that the two sctivities
aa well as the seminar and the active UNDP/WHO-assisted project had served to further the protec—
tion of Danubo water, human health and interssts of navigation.

3.2,3 Inteornational Institute for Applied Systems Analysis (Dr M.B. Beck)

Dr Beck, describing the objectives and mature of ITASA's research activities, particularly
8s regards their relevance to watcr quality management in the Danube basin, prefaced his remarks
by saying that hisz statement did not necessarily represent the viows or opinlons of the Intorna-
tiomal Institute for Applied Systems Analvsis (I1ASA) or of the natlonzl member orpanizations
supporting the Inatitute,

IIASA had bean conceived as an institute where seientists and engineers from different
nations could work together to solve the many problems now confronting the technlcally developod
eountries; it was a non-govermmental institution supported by 17 natlonal member organizations;
and apart from the USA and the USSR, moat of the participating countries were in east or wost
Buropo.

In undertaking research inte problems which cut acrdss national houndaries, and acting as
a forum for east-west gonsideration of 1ssues that affect all zmocieties, YIABA waa cengaged in
one ares of intarest to participants 1ln the seminar, the Resources and Environment Area, led by
Professor 0. Vagiliev from the Soviet Union, where it had five projects, known in the Institute as
tasks:
Task Regional water mahagement,

Task Models for envirommental dquality comtrol and management,
Ta sk Environmental preblems of agriculture,
Task Regional enmvironmental policy design and management,

Task Global climate.

Dr Bpck's own interests were in the application ¢f system identifiecation and parameter
estimation techniques to inland river water quality modelling and control. Others associated
with the same task had a very streng fluid mechapics/eivil enpinearing background; attached to
1t there was a hydrobiochemist frem the Soviet Undon, for example, and frowm time to time both
sanltary ongineers and systems ecologists had visited the Instltute and provided additional
contributions. Some of the staff were actlve in model develepment and application for lako
ecosystems (eutrophication) and thermal cooling ponds (slso problems of reservoir stratitication).
One collaborative case study had successfully set cut to investigate how best to allocate water




for varicus types of crop proaduction in the Siligtra region of Bulgaris, The tulk of the
study's work was distributed between the Bulpgarian Ministry of Agriculture and Food Industry and
a small group of three specialists at ITASA ~ thesc three scientists represented three different
coumtries, Bulgaris, New Zealand, and Popland, A second example of collaborative rosearch was
the Czechoslovak project for water quantity apd quality management in the Ohre River Basin,
There, it was hoped to sclve some of the technical problems by mtting the Ohre River Board in
contact with already existing relevant technical expertise at IBM Pisa (Italy) through the good
offices of ITASA, And lmstly, IIASA was coordinating the production of a menograph on the
actual statc of water quality modelling,

As regards the Danube, participants in the seminar had hoard that under the UNDE/WHO=assisted
project a water quality monitoring system had been installod, that a batter as=essment of present—
day pollution of the Danube was available, and tha< preliminary models and plans had been formuls-
ted for the management of water quality in Hungary,

For th= future, many problems still had to he solved hoth at a Planning and an operation
stage. All too often it was forgotten that the management of environmental impacts was not
only a function of building, ssy, betiter wasie troatment facilities, but also a function of
operating the facilities mora efficiently once they had heen built. The sclution of such
problems in the Banube basin requirad above all;

(i} internationsl, cooperation;

(ii} an integrated approach, which could doal with ali Zacats of the problem: and
(iii) =& multidiseiplinary approach.
In 3¢ deing, there was scope for applied systems analysis to be used in contributing to an
understanding of how we might best husbapt the qurlitative resources of the Danube which wes so
urgently needed for the future.

3.2,4  International Limnology Society (8IL) (Professor A. Berezilk)

Professor Berczik reminded participants of the origins of the International Research Group
on the Danube, founded under the auspices of the International Limnology SBceiety in 1956 with
the objective of premoting cooperation among hydrobiclogists of all riparian countries in the
regular and concerted study of the Danube, a professional basis rather than as an intergovarn—
mental activity. The nature of the Ressarch Group had helped work start promptly, kept adminis-—
trative costs down and assured lively discussions, and in the two decados of its existence had
resulted in the publishing of several hooks, and the presentation of many hundreds of papers
and lectures at conferences organized by it. Research activities, results and work so far had
been characterized by open—mindedness and & sensn of responsibility among all professionals
partieipating in pollution control and water resources development, but had shown up the differ—
ences existing betwoen rescarch activities io the various Danubse aountries, Although the group
had succeaded in mehilizing the professionals, in formulating recommendations and in coordinating
their activities, it could not resslve tha differences in the make-up of professionals from the
various countries, the differences in technical facilities, instrumentation and =o on, The

group's activities had demonstrated the paramount importance of maintaining cooperation among
neighbours,

In spite of the difficulties, a comprehensive picture had been obtained during the past two
decades on the biglogical state and brincipal processes in the Danube, and a professional commun-

ity had sprung up which understood the State and changes in Danube quality and was rich in exper-
ience and capablo of dynamic development.

The International Research Group on the Panube had noted with satisfaction the interest and
participation of WHO in its meotings and activities; n~ffuctive cooperation had developsd in the
countries having WHO Danube projects between the professionals of the project and members of the
group, For its part, the group was incorporating in its activities technigques and recommenda=—
tlons suggested by WHO,

4, SUMMARY AND CONCLUSIONS
4,1 Summary
The two pilot wzones of the UNDPAYHO-assistaed project in Hungary had boen carefully chosen,

One was 2 typical reach of wain river which had proved to bha a good example to demonstrate the
long-distande effects of pollution and their impact on the public water supply of a eapital city.




The ather was a small tributary, the Sajd, notin itself vitally important except for the provis=
ion of water to loecal industry and as a drainage chapnel for its effluents, It feeds, however,
the Tisze which was a much bigger river and z2n important natiopsl water resource, used princip-
ally for irrigation purposes. Multidisciplinary teams had been employed in each pilot zone
angd in the Sajo’basin had developed = menzgement plan for the catchment, baged on studies of
alternative strategies. The limitations on developing the Tisza for irripation purposes ware
also known. These were due in large measure to the nep-bicdegradable pollutants, many of
which were transported not in the waterhody itself but in the sediments of the bed of the river.

Similarly, the cheice of the section of main river had led to the development of a philos-
ophy which might be applicable to each sectlon of the Denube without having firat to engege in
long and detailed investigations.

However, no pilot zone could be treated in isolation, beeause of the many effects from
outside the area, Therefore the validity of emphasis on the noed to integrate efforts ovor
the whole of the Danube catchment was beyond gquestion.

The first step was to bulld on the experience giained from the two pilot zones which had shown
how 2 patienal water quality wmanagement plan could be established from the viewpoints of legia-
lation, surveillance, the abatement of pollution and the relationship between pollution control
and physical planning.

Howover, such a national plan could net be developed without repard to external interna=
tiocnal factors, The development, both propesed and actually being carried out, in the Danube
catchment, was on an enormous scale and included the construction of new navigation channels
which would involve the transfer of water between the Danube and other major river baslins;
largo~acale hydroolectric and thermal power station development (including the use of nuclear
technelegy); vast irrigation schemes; greatly increased demands for water, purticularly by
industry and the great and ever—increasing publiec interest in the amenity value of opon waters,

There wag irrefutable evidence that the Danube was Taeing a ¢risis which could have untold
sociceconowmic effects in the years te come.

Cne of the most serious of the long-term problems was sediment transport with which bio-
resistant substances such &s heavy metals and polyveyelic aromatic hydrocarbon® could not he
diasoeciated. Both of them had adverse effocts on both huwan health and the ecosystem, but the
problem could not be dealt with in iseolation as one of pollution control, because it was
intimately connocted with the hydrological regime of the river and man's distortion of it,

In the Danube, each country through which 1t flowed had to defend lts legitimate interests.
Since in any river systom there was a conflict botween upstream and downstream imterests, proper
acecount of this fact had to underpin any endesvour to huild a community of interest for tho wel-
fare and improvement of the Danube as an international waterway.

4,2 Conclusions
After discussion, partic¢ipants in the sewinar reached the following conclusions:

(1) The River Danube is experiencing the effects of very rapid sociceconomic develojment.

The very great oxpansion in all Danubian eountries of industrial and agricultural production

iz resulting in rapidly increasing redquirementz for water supply and the reclamation of used
wators. Increasing urbanization alse means that inereasing supplies of drinking water are
roguired, Most of this will have to come from the Danube and therefere any turther detoriora-
tion in the water quality may be harmful te human health. To minimize this possibility, inter-
national cooperation is reguired. The river water iz being increasingly utilized for hoth
hydroelectric ang thermal power produgtion and & number of large barrages are being constructed
which will alter its flow regime. Furthermore, a number of connecting channels are emvisaged
to other river systems for international navigation.

(2) There was gehceral agresment that many of the problems now being faced by the River Danube
and its tributaries are of a fundamental nature and decisions now being made will inevitably
affect the river regime hoth in the short term and also over very long periods of time.

(3} Sodiment transport, with associated bloresistant substances such a5 heavy metals and
polyaromatic hydroecarbons, is a major leng term problem, with potential effects both on human
hecalth and the ecosystem.:
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(4} The presemtations by participants from six of the riparian countries confirmed the very
large smount of work which is in Drogress concerning the various water quality problems now
being experienced. There was a general view that many of the problems could not ha solved
within individual countries and that extended cooperation was increasingly becoming necessary,
This should build on existing work, both that carried out by the countries themgaelves, and also
in cooperatioh with international agencies, Participants from several countriea emphasized
the relevance and value of UNDE/WHO activities such agz the Hungarian project im this regard,

(5 The conflicts between upstream and downgtream interests are recognized and must be taken
fully into account in develeping any form of international collaborstion,

(6) Data collected in the past are storod in many countries.  Some of these would be very
ugseful for the construetion of methomatical models. The exchange of these data could be an
early step in internationsl cooperation, For such data and future data to be available to =23l
countries, a common format and coding system is required, The conclusions of the Reading
Workshop (4 - 14 January 1977) should be taken into account inm this regard and the possibility
of using common chemical and blological data formats examined,

(7) Statements were proszented by the Danube Commission, IIASA and S1L which emphasized the

importance of international collaboration concerning the water quality problems of the Danube
and the representatives of UNDP and WHO both stressed that their organizations were ready to

react to requests from governments in this regard.







30 November 1877

(1) COpening of seminar

(2) "Pilot Zones for Water Quality Management in Hungary," presentation of reports
on project

(3} Lecture on WHO Workshop on The Optimization of Wataer Quality Monitoring Networks,
Reading, 4 - 14 January 1977

1 Decomber 1877
(1) Continuation of presentation of reports on project

(2)  Lecture: TTotal River Basin Assessment of Bediment Erosion-Transport-
Deposition Processes by Mathematical Model"

(3) Diseussion

2 December 1977

(1) Summary by Rapporteur: first two days of Seminar

{2} Statements by participants of the six riparian countries present
(3) Statements by internationel orgapizations in attendance

{4) Discussion

(5} Summary and conclusions
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Discussion papers
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Discussion papers
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Problems in assessing the pollution load in the Danube, hy Mrs M. Abriham
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by Mr I, Matrai




Annox 11
page 2

General report No, &

Supplementary studies noeded for assesiment of water quallty bioregsigtant
materials, bottom sediments, etc,, by Dr P. Literithy

Invited lecturs

Tetal river basin assessment of sediment erosion~transpori-deposition processos
by mathcmatical model, by Dr G, Flemibg

Discussion papors
Anulylical problems of bottom sediment investigations, by Mr F. Labzld

Water pellutien probloems caused by the Gabcikove-Nagymaros barrage systam, hy
Dr P, Bohnedek

General rceport No, &

Dovoleopment of leplslative methods for water quality management in lHungary,
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Bohaviour control and environment protection, by Dr P. Pisztd
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Mr B, lioclk

Discussion papcrs
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Study on Lhe assimilating capaclity of ;he River Sajc”and the mathematical model
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Reglonal planning, by Mr K, Részler

Othoer documents presented

Experionce gained in Czecheslevakia in UNDPAWHO project on evaluation of water
quality in the River Danube, by Dr I. Fratric

Yome rosults of research on water dquality, dispersion characteristics and
sediment transport in the Yugoslav scctor of the River Danuke, by Mr M, Miloradov
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