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PREFACE

The Senminar on Progess in Water Protection Measures
was convened by the Governnent of Finland at Hanasaa-
ri Cultural Centre, Espoo in October 1983 to review
the available technology for protecting the Baltic
Sea from pollution originating from |and-based

sour ces.

This seminar was the seventh in the series of sem
inars convened by the States parties to the Conven-
tion on the Protection of the Marine Environnent of
the Baltic Sea Area - the Helsinki Convention - to
discuss in detail water pollution control technology
and thus to contribute to the work of the Hel sinki
Commi ssi on.

The first of these seminars was held in 1976 in

Fi nl and. Denmar k, Sweden, the Federal Republic of
Germany, the Union of Soviet Socialist Republics and
Pol and organized in 1978, 1979, 1980 and 1982 sem nars
to elucidate various aspects of water protection
nmeasur es.

The aim of this seventh semnar was to review the
progress in water protection technology since the
signing of the Helsinki Convention in 1974, to

anal yze the present state, and to give views of the
future prospects.

Representatives of all the seven Contracting Parties
to the Helsinki Convention attended the sem nar, i.e.
Denmark, Finland, the German Denocratic Republic, the
Federal Republic of GCermany, Poland, Sweden and the
Uni on of Soviet Socialist Republics.

The sem nar provided a forum for dissemnation of

techni cal know edge and open discussion on relevant

probl ens. The national reports, technical papers,
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and witten statenents presented are conpiled in
this publication. These valuable docunents and the
expert know edge of the participants contributed to
t he success of the sem nar.

The conclusions drawn by the seminar (cf. page 2)

were inmediately presented to the Scientific-Techno-

| ogi cal Committee of the Hel sinki Comm ssion. The
Committee noted the high value of the deliberations
and resolved to take theminto account in the planning
of future activities aimed at protecting the Baltic
Sea from pollution from | and-based sources.

The deliberations of the sem nar were further sub-
mtted by the Conmttee to the Hel sinki Conm ssion,
which at its fifth meeting, held in March 1984 at
mnisterial level to comenorate the tenth anniver-
sary of the signing of the Helsinki Convention, took
note of the deliberations and stressed the inport-
ance of these semnars for the future work of the
Commission in the field of science and technol ogy.

The Hel si nki Conm ssion further decided to publish
t he proceedings of the seminar in the Baltic Sea
Envi ronment Proceedings series, the volume being
jointly sponsored by the Comm ssion and the

Gover nnent of Finl and.

The Advisory Board for the Marine Environment of
Finland was responsible for the organization of the
sem nar. An executive conmmittee was nom nated by the
Board for the purpose with M. Seppo Ruonal a as
chairman, M. Aaro Haverinen, M. Risto Kuusisto and
M. Antti Soikkeli as menbers, M. Aarno Kavonius as
advi ser and M. Juhani Puol anne as secretary.

M. Juhani Puol anne and Ms. M kael a Forsskahl were
responsi ble for the practical arrangenents of the
semi nar and the technical editing of this

publ i cati on.
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REPORT OF THE SEMINAR ON PROGRESS IN WATER
PROTECTION MEASURES

The Seminar on Progress in Water Protection Measures
was held in Finland at the Hanasaari Cultural
Centre, Espoo, from 17 to 21 October 1983. The
Seminar was the seventh iIn order in the series of
seminars arranged by the Baltic Sea States iIn the
framework of the Scientific-Technological coop-
eration under the Helsinki Commission. The aim of
the Seminar was to

- review the progress in the fTield of water protec-
tion technology and measures in the Baltic Sea
States after the signing of the Helsinki Conven-
tion and

- analyze the present state of water protection
technology and its future development in order to
advance the implementation of the Helsinki Con-
vention.

Experts from Denmark, Finland, the German Democratic
Republic, the Federal Republic of Germany, the
Polish People®s Republic, Sweden and the Union of
Soviet Socialist Republics attended the Seminar.

The Seminar was opened by Mr. Holger Rotkirch,
Assistant Director, Chairman of the Finnish Advisory
Board for the Marine Environment. Mr. Lauri Tarasti,
Secretary General of the Ministry of the Environment,
presented an address of welcome. Professor Aarno
Voipio, Executive Secretary of the Helsinki Commis-
sion, addressed the participants on behalf of the
Commission.



Seven National Reports, eighteen technical papers
and three back-ground papers were presented. The
latest achievements iIn water protection technology
were comprehensively reviewed. In addition to
control strategies, evaluation of purification re-
quirements, experience gained iIn wastewater treat-
ment and new technology, also specific pollutants
as well as airborne pollution were discussed.

The Seminar arrived at the fTollowing conclusions:

Conclusions

The years after the signing of the Helsinki Conven-
tion (1974) can be characterized as a period of
increasing consciousness on water pollution
problems. Legislation, administration and technol-
ogy regarding water protection have been developed
in many ways taking into account the Helsinki Con-
vention and also other relevant international
agreements. There has also been a clear progress
towards more stringent water pollution control
requirements. The requirements are continuously
reviewed in order to meet the information offered
by experts.

Considerable sums have been iInvested in water
protection measures - an indication of growing
effort towards the protection of the Baltic Sea.
The measures already carried out have considerably
reduced the discharges of pollutants despite the
increase in population served by sewer systems and
the growth in industrial production.

In municipal waste water treatment, biological or
other treatment of equal efficiency, is applied
generally. Phosphorus removal is widely practiced



in several countries, while renoval of nitrogen
conmpounds has so far only a few full scale applica-
tions. Internal and external water pollution
control measures have decreased the pollution |oad
fromthe industry. This is true especially of sone
har nf ul substances, such as e.g. nmercury, which has
been succesfully di m nished in discharges. The
neasures already carried out are encouraging and in
the right direction, but not always sufficient.

The follow ng trends further influencing water
protection technol ogy and neasures as well as the
pollution |oad introduced into the Baltic Sea can
be observed:

- continuing urbanization in sonme Baltic Sea
States

- rationalization and intensification of agricul-
ture and forestry

- changi ng structure of industry.

Attention should be paid to municipal wastewater
treatment with special enphasis on elimnation of
nutrients, to reductions in water use and to
internal process nodifications in industry that
make external wastewater treatnent feasible. As
regards such external measures anaerobic treatnment
is of current interest for sone industries. Pul p
bl eaching as a source of pollution requires high
priority attention and the question was raised as
to the necessity of bleaching to the present ex-
tent. Also the coordination of research resources
shoul d be focused upon.
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More knowledge and research are required e.g.
concerning

- stormwater equalization and treatment,

- input of nutrients from diffuse sources i.a.
agriculture and forestry,

- pathways and environmental effects of harmful
substances iIncluding persistant contaminants,

- iImportance of nitrogen compounds elimination.

The Seminar provided an important forum for dis-
semination of technical knowledge and open dis-
cussion on relevant problems, the acknowledgement
of which is likely to provoke new research. The
necessity of continuing the series of seminars on
water protection technology in the framework of the
Helsinki Convention was stressed upon. It was
generally felt that in future work sectorial or
branchwise approach should be considered.



OPENING OF THE SEMINAR

Holger Rotkirch

Assisstant Director, Chairman of the Advisory Board
for the Marine Environment

Finland

Water is an absolute prerequisite for life. Fresh-
water, the basic necessity of human life, forms
only 0.8 per cent of the total water reasources Iin
the world. An unknown part of this freshwater
supply is polluted. Contaminated water together
with insanitary living conditions constitute the
main cause for diseases iIn the Third World. In
1981 the United Nations General Assembly declared
the fTollowing ten-year period the International
Drinking Water Supply and Sanitation Decade. One
of its basic goals is to ensure safe drinking water
and sanitation for all people by the year 1990.

Contamination of freshwater is, however, not only a
problem fTor developing countries. Recently growing
concern on the quality of freshwater has also
arisen in Europe. The reason is the increasing
threat of contamination of groundwater.

The task of this seminar on Progress in Water Pro-
tection Measures is not to secure the supply of
safe freshwater but to review available technology
in protecting the Baltic Sea from pollution
originating from land-based sources. However, also
in this context we should keep in mind the necess-
ity of water protection in a comprehensive manner
for the well-being of the peoples iIn the Baltic Sea
States. I would like to emphasize the importance
of the work carried out by each of you who partici-
pate iIn this Seminar - in protecting the perhaps

most basic need of man, water.
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The common concern of all the States bordering the
Baltic Sea for the health of “our®™ sea led to the
Convention on the Protection of the Marine Environ-
ment of the Baltic Sea Area - the Helsinki Conven-
tion. All the seven Baltic Sea States are Parties
to the Convention. According to the Convention the
Baltic Sea States shall individually or jointly
take all appropriate measures iIn order to prevent
and abate pollution and to protect and enhance the
marine environment of the Baltic Sea Area.

The convention entered into force in May 1980. The
Helsinki Commission, established by the Convention,
was immediately convened to its Tirst meeting which
was held at a ministerial level. The Commission
was preceded by the Interim Commission which was
constituted in 1974. To commemorate the tenth
anniversary of the signing of the Helsinki Conven-
tion the forthcoming 5th Meeting of the Helsinki
Commission in March 1984 will again be held at a
ministerial level.

To advance the work done within the Helsinki Com-
mission and its predecessor, the Interim Commis-
sion, each of the seven Baltic Sea States has since
1976 organized seminars, workshops and symposia on
matters pertinent to the Convention and its imple-
mentation.

The aim of the series of seminars on water protec-
tion technology has been to gather information and
material on measures aimed at diminishing dis-
charges into the Baltic Sea. These seminars
provide valuable background information for the
Helsinki Commission 1in preparing recommendations
for the limitation of discharges of various harmful
substances from land-based sources. These recom-
mendations are prepared within the Scientific-
Technological Committee of the Helsinki Commission



as well as within a special group of experts. In-
formation on discharges and the occurrence in the
marine environment of various harmful substances
has been collected on a lead country basis. This
information is further evaluated and processed 1in
order to find common criteria for reducing dis-
charges of these substances and their occurrence in
the marine environment.

The seminars on water protection measures form a
forum for exchanging basic information on the pre-
sent state of water protection technology, the
possibilities for its development and its effect on
the reduction of the pollution load on the Baltic
Sea. It is also important to review legislation,
administration models and water protection require-
ments in the different Baltic Sea States. Valuable
ideas might thus emerge for the development of
water protection policy on the national level as
well as within the Helsinki Commission.

The seminars are further necessary as a means of
acquainting the participating experts with the
development of technological methods. The seminars
also provide a possibility for informal discussions
and the exchange of 1ideas.

A water protection seminar similar to this one was
arranged in Finland In 1976. The date of that sem-
inar held seven years ago in these same premises
coincides precisely with that of the present sem-
inar. This might be seen as a good omen. That sem-
inar was the first of the series of seminars on
water protection technology arranged within the
framework of the Helsinki Convention and it
discussed the development of water protection
technology in the Baltic Sea Area until 1976.



When Finland in 1981 presented the idea for
arranging this "review seminar®™ on water protection
the goals of the seminar had already been defined.
Taking also into account the forthcoming tenth
anniversary meeting of the Helsinki Commission in
1984, the aim of the present seminar is

- on the one hand to review the progress in the
field of water protection technology during
1974-1983 since the first seminar and the
resulting reduction of the pollution load, and

- on the other hand to analyze the present state
of water protection technology and its future
development iIn order to reduce the pollution
load of the Baltic Sea.

We can thus hope that the seminar will review the
achievements so far, as well as give impulses and
open new prospects in the field of water protection
technology for the next decade of the Helsinki
Commission. The goals of the seminar have
therefore been set rather high. We hope that this
seminar will produce summaries of the present
development of water protection technology and the
resources provided for water protection, which can
be of use for the Commission®s tenth anniversary
meeting.

The other task of the seminar - to analyze the
present state of water protection technology and
its future development - will hopefully produce
knowledge which can form the basis for defining the
goals and possibilities of water protection in the
Baltic Sea Area.

The organizer of this seminar, the Finnish Advisory
Board for the Marine Environment, highly values the
work to be undertaken this week by experts of the



Baltic Sea States. Therefore representatives of
the Finnish administration and industry have been
invited to follow the seminar. This explains the
somewhat more numerous participation than usual.

I would like to conclude by wishing the distin-
guished experts of the other Baltic Sea States a
most pleasant stay in Finland and all the
participating experts every success in your
valuable efforts for the protection of the Baltic
Sea. With these words, | bid all of you most
heartily welcome and declare the seminar opened.

2 4085002545-12
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ADDRESS OF WELCOME

Lauri Tarasti

Secretary General at the Ministry of the Environ-
ment

Finland

Ladies and Gentlemen,

Soon a decade has passed since the signing of the
Helsinki Convention. Those ten years have been a
period of upheaval and transformation iIn many
respects. The world has been aroused to awareness
of the fact that the natural resources on which our
prosperity is based are not inexhaustible - and iIn
some cases very limited indeed. This observation
has affected each and every one of us and impelled
measures to use alternative forms of energy. More
attention has been focused on renewable sources of
energy, energy savings and recycling of wastes.

Environmental protection has also undergone a com-
plete transformation in the past decade. It has
become a key factor in all activities that influ-
ence the delicate balance between Man and Nature.

Water pollution control is a good example of the
development that has occurred in environmental
protection in Finland. At the beginning of the
1970s, a building programme for municipal sewage
treatment plants was well under way. As more
information about the eutrophying effects of nutri-
ents on our shallow and ecologically vulnerable
water bodies became available, phosphorus reduction
was also included in water pollution control
measures. Today, we have arrived at a point where
we have to turn our attention also to toxic and
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other harmful substances. And we do not even know
yet all the effects of these substances. As soon
as we have managed to limit the detrimental effects
of one substance by prohibiting its use, it is
replaced by several substitutes which may in turn
prove to be toxic themselves.

Environmental protection knows no national fron-
tiers, as the substances that pollute the water and
the air travel freely over geographical boundaries.
Thus international co-operation is a natural
starting point in developing environmental protec-
tion. International co-operation, and joint inter-
national research in particular, can help to speed
up the development of environmental protection
measures. It can also help to standardize environ-
mental protection measures iIn such a way that the
benefit gained accrues to all parties concerned at
moderate cost. Indeed, 1international co-operation
in this field is based on the common interests of
those involved. As in the case of the Helsinki
Convention, it also often covers a particular
geographical region. The Convention is based both
on common environmental protection problems and on
a defined geographical region. Thus the prospects
for successful co-operation are exceptionally good.

All of the countries bordering the Baltic Sea have
always depended on the sea as a means of transport.
It has also provided a recreational amenity and a
source of food. Thus the iInterests of these
countries fully coincide. Joint measures have been
taken by these countries, In the frame of the
Helsinki Convention, to counter the many forms of
pollution that are affecting the Baltic Sea,
perhaps irreversably.
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The past ten years have been important from the
viewpoint of the Baltic Sea. That period may form
only a moment in the lifetime of the sea. It is
an important moment nevertheless, because the
decisions taken and still to be taken will have a
decisive effect on the health of the Baltic Sea for
many decades ahead. After the signing of the
Helsinki Convention, the countries around the sea
have consolidated their efforts to protect it.
This consolidation phase does not represent a
pause, but rather a new basis for future efforts
for the protection of the Baltic Sea.

You have gathered here at Hanasaari as representa-
tives and experts of the States Parties to the
Helsinki Convention to assess the development of
water pollution control technology and to discuss
relevant measures iIn reducing the pollution load on
the Baltic Sea. Another aim is to consider the
opportunities that exist for further developing
water pollution control technology and applying it
in practice. Everything indicates that our joint
efforts have yielded good results, but that a lot
still remains to be done iIn the decades ahead.

On behalf of Finland®"s newly-established Ministry
of the Environment, 1 wish to emphasize our firm
commitment to develop protection of the Baltic
marine environment in every possible way. I would
like to welcome you, on behalf of the Government
of Finland, to this seminar and to wish you every
success In your work and a pleasant stay iIn our
country.
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ADDRESS

Aarno Voi pi o
Executive Secretary of the Hel sinki Conmi ssion

M. Chairman, Ladies and Gentl enen,

This seminar on progress in water protection
nmeasures wWill to ny understanding not only summar-
ize and review the progress nmade in this field
since the signing of the Convention but is also an
outset for the new phase in the work of the Hel sin-
ki Conmmi ssi on

The earlier phases which are the preparative phase
before the signing of the Conmi ssion, the Interim
Commi ssion period and the conmencing of the regular
wor k of the Hel sinki Conmmi ssion, have nore or |ess
been concluded. W nust now | ook at the future,
focus our attention to the evidently lengthy dis-
cussions on how fast the goals of the Convention
regardi ng the |and-based pollution can be inple-
nmented taking into account the practical
possibilities within the seven Contracting Parties.

Naturally it is also necessary to sunmarize the
past achi evements in order to find out which
| essons have been | earned.

Personally, | have no conpetence to deal with the
| essons | earned about water protection technol ogy.
| am therefore, |ooking forward to the results of
this seminar: what is feasible to do using the
present know how and how the research and devel op-
ment work shoul d be designed to inprove the ful-
filment of the goals of the Convention.
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Having a marine scientific background I, however,
woul d like to pinpoint the outcone of the
Assessnent of the Effects of Pollution on the

Nat ural Resources of the Baltic Sea, 1980, as well
as the subsequent scientific results.

In a nutshell, the contents of hazardous substances
in the various conpartnents of the Baltic Sea show
delighting negative - or should | say-positive -
trends, anyhow decreasing trends thus encouraging
the continuation of the efforts of the Contracting
Parties.

At the sanme tinme no clear inprovenent in the
contents of noxious substances listed in Annex Il
of the Helsinki Convention has been recorded

excl udi ng perhaps nmercury. On the contrary, the
only so far proved trend has been an increase of
phosphorus conpounds in the surface waters of the
open Baltic Sea.

Remenbering agai n ny background as scientist | have
also to renmind that no generally agreed opinion
regardi ng the reasons to the trend nenti oned has
been found. W are still asking to what extent the
increase in the phosphorus contents is caused by
the activities of man and which is the role of
natural changes.

However, we all have to admt one fact: The Com

m ssion has not yet seriously discussed the joint
gui delines on how to reduce the nutrient discharges
into the Baltic Sea in spite of the fact that sone
countries have carried out very effective neasures
to that end or are in process to construct effi-
cient purification plants.
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The present joint activities regarding the inple-
mentation of Article 6 and Annex Il of the Conven-
tion conprise the elaboration of guidelines for the
di scharge reducti on of sone substances to which
high priority is given. They are nercury, cadm um
lead, copper, zinc and oil. As nost of you wll
know, sone concrete proposals, that is, draft
HELCOM Recommendations, w |l be considered already
next week by the Scientific-Techol ogical Committee.

The progress with these high-priority substances
has after all been rather slow As far as |
understand, it is not caused only by the limted
know edge on dose/effect relations but also by the
demand of additional technol ogi cal know how, at

| east on economcally feasible neasures to reduce
the input of high priority substances into the
Baltic Sea Area.

The Conmi ssion instructed the Executive Secretary
to draft a Medium Term Plan for the Commi ssion to
be considered at the Review Meeting of the

Conmi ssi on next vyear. In ny proposal | have nade a
suggestion which, to ny mnd, is an inportant step
forward if the Conm ssion is ready to accept it.
Again in a nutshell, the high priority status
within the Annex Il substances should al so be given
to nutrients and oxygen consum ng substances, that
is, to the domestic sewage and waste waters from
pul p and paper industry. | know that there are

qui te many persons who would be ready to go still
further and are expecting a concrete schedule for
measur es. However, | personally feel that further
steps can be planned only after reaching a
concensus in this inmportant principle.
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In any case, | can foresee that the implementation
of this potential decision will need much techno-
logical expertise to design the quidelines for
reduction of the input of substance groups mentio-
ned. 1 hope that this seminar could, among others,
contribute also to this end.

Mr. Chairman, let me once more thank you and
through you the organizers for the kind invitation
to give an address at this important meeting and
let me wish every success for the Seminar on Prog-
ress in Water Protection Measures.

Thank you, Mr. Chairman.
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THE CO-OPERATION WITHIN THE HELSINKI CONVENTION FROM
THE STANDPOINT OF THE SCIENTIFIC-TECHNOLOGICAL
COMMITTEE

Lars G. Thorell
National Environment Protection Board

Sweden

Already at the beginning of the Convention on the
Protection of the Marine Environment of the Baltic
Sea Area the iImportance of scientific and
technological co-operation in the protection and
enhancement of the marine environment of the Baltic
Sea Area is noted, particularly between the
Contracting Parties.

The Contracting Parties shall take all appropriate
measures to control and as far as possible limit
land-based pollution of the Baltic Sea Area.

The Contracting Parties undertake directly, or when
appropriate through competent regional or other
organizations to co-operate iIn the field of science,
technology and other research and to exchange data
as well as other scientific information.

The Scientific-Technological Committee (STC) 1is
advisory to the Commission and its terms of
reference are shortly to advise the commission to

~ collect and review scientific and technological
data and knowledge and to promote the exchange
of information

- elaborate and periodically review co-operative
monitoring programmes
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-~ el aborate methods, nodels and techni ques, taking
into account the need for intercalibration and
st andar di zati on

- el aborate criteria and standards for the
abatenent of |and-based pollution.

The STC (earlier STW5 has in different ways tried
to fulfill its duties. Wthin the framework of the
activity of the STC these has e.g been arranged and
carried out

- semnars

- nmonitoring progranmes

- assessnent of the pollution effects
- conpilation of pollution discharges
- intercalibrations

- bi bli ographies

The sem nars have mainly concentrated on fields of
special inportance to the protection of the Baltic
Sea Area. The exchange of information has enhanced
t he general know edge within the fields discussed,
but above all a better understanding of the water
protection problens and water protection policies
of the participating countries have been achi eved.
The information spread at the sem nars has
generally not been purposefully utilized in the
work of the STC

The work on the nonitoring-programme for the Baltic
Sea is inits first stage. The participating
countries have co-ordinated their efforts and

di vi ded the sanpling work between the countries
concerned. The Baltic Sea States al so agree on

whi ch paraneters to nmeasure and which methods to
use. In this work there has been a conprehensive
co-operation nmainly with the International Counci
for the Exploration of the Sea (ICES), the Baltic
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Marine Biologists (BMB) and the Baltic
Cceanographers (cBo). Evidently a great deal of
the work has been done within the framework of the
Convention, such as intercalibration exercises and
t he preparation of the nonitoring programe.

The co-operation on the programme now works excel -
lently. The main goal of the first stage is
therefore fulfilled, that is to co-ordinate the
sanpling of the participating countries, and to
agree on suitable research and anal yti cal nethods.

However, it is now essential to realize that it

wll take long tinme before the programme shows any
evident trends in the pollution status of the
Baltic Sea. And it will take even |onger tine
before the results fromthe nonitoring programe

w |l give indication on neasures to take to inprove
the marine environment of the Baltic Sea.

The STC has at present two working groups:

- an ad hoc_.Wrking Goup on Criteria and
Standards for Discharges of Harnful Substances
into the Baltic Sea (WSS).

- an ad hoc group of Experts on Assessnent of the
State of the Marine Environnent of the Baltic
Sea (GEA).

The main issues of the WSS are substances of

hi ghest priority and estimtes of the anounts dis-
charged into the Baltic Sea. Substances of highest
priority are

- DDT

- PCB’s and PCT’s

- nercury

- cadm um

-~ lead
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- copper
- zinc
- oil

The work with these substances is organized accord-
ing to the "lead country"-principle and the nain
goal is to denonstrate the effects of the sub-
stances in the environnent, and to find possible
ways to reduce discharges of these substances to
the environnent.

The di scharges into the Baltic Sea from each
country shall be reported annually. The discharges
from industries, nmunicipal sewage treatnment plants,
wat er courses and atnospheric deposition shall be
conpiled. Due to the difficulties in each country
to obtain all necessary information the conpilation
has so far covered organic material, phosphorus and
nitrogen. To be able to succeed in a relatively
accurate estimate of the total pollution load to
the Baltic Sea, essentially nmore resources and
engagenent are required.

The principal duty of GEA is to nake an assessnent
of the state of the marine environment of the
Baltic Sea. The work will be based upon, and be
a followup of the assessnment nmade in 1981 and
which is estimated to be ready in 1986.

The principal duty of STCis to give advice to the
conmm ssi on (HELCOM) .

The nost inportant advice, which HELCOM has
accepted and devel oped to recommendati ons are:

Limtation of the use of PCB

El i mnation of discharges of DDT
Protection of seals in the Baltic Sea Area
Amendnent of PCT’s to Annex 1

B ow e
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In 1981 the Conm ssion nmade a reconmendation in
regard to the "assessnent of the effects of
pollution on the natural resources of the Baltic
Sea". The Baltic Sea States shoul d observe the
results fromthis assessnent when taking nmeasures
to mnimze the pollution of the Baltic Sea. The
recommendation is so generally formulated, that it
seens difficult to know how to fulfil the recomen-
dati on.

By the review of the work of the Conmm ssion which
w || take place on account of its 10th anniversary
the effects of the recommendations in the Baltic
Sea States will hopefully be assessed.

Has the work, so far perfornmed, to mnimze the
pollution from | and-based sources been sufficient?
No, that can hardly be stated, because nany

pol lution problens still remain. Have any results
been achi eved? Yes, especially for hazardous
substances, which have been given high priority
DDT and PCB. Surveys show that the limtations on
DDT and PCB have had intended effects. These
substances have dimnished in the organisns in the
Baltic Sea, so the trend is positive, even if
harnful effects still remain.

Regar di ng ot her hazardous substances, such as ner-
cury, cadmum |ead, copper, zinc and oil conpre-
hensive work is going on in the individua
countries to find solutions to mnimze the dis-
char ges. For exanpl e discharges of nercury have
di mi ni shed, so that several areas earlier black-
listed due to high mercury content in fish no

| onger are bl ackli sted.

How is the work to be perfornmed in the future7 It
is inportant that the work on substances with high
priority continues and to a larger extent is
directed towards various kinds of technical neasures
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to minimize discharges both from point sources and
diffuse sources. This work ought to be
supplemented by more general measures to minimize
pollution taken within various important Tields
such as agriculture, urban areas and heavy
industries.

Considering the costs involved iIn environmental
protection measures, but also considering the
environmental protection effects it is iImportant
to give the right priority to the measures. In the
continous work of the STC it is therefore important
to get a better understanding in several fields:

- the technological knowledge of which measures
to take iIn industries, municipalities,
agriculture etc to minimize pollution discharges
ought to be developed

the control and estimates of the amounts of

pollution ought to be imporoved

the effects of the discharges in the coastal areas
ought to be studied and assessed together with

monitoring programme of the Baltic Sea, which
ought to be developed so as to give information
on pollution important to reduce, and iIn that
way iInfluence which measures to take at fTirst
hand to improve the marine environment of the
Baltic Sea.

To be able to perform a long-term meaningful
environment protection work in the Baltic Sea, it
is important that great iInterest and sufficient
resources are given to all these fields.

Even now there is, however, comprehensive knowledge
of which measures to take to minimize the pollution
discharges from many different kinds of activities.
For the STC it would be very valuable to get
proposals from this seminar for concrete measures
to reduce pollution to the Baltic Sea.
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ASSESSMENT OF THE STATE OF THE BALTIC SEA *)

Terttu Mel vasal o
Mnistry of the Environnent
Fi nl and

ABSTRACT

An attenpt was made to identify changes in the
Baltic marine environment and their causes on the
basi s of whether such changes could be attributed
to natural causes alone: partly natural causes and
partly due to human activities: and wholly due to
human activities. The changes which are consi dered
to be due to natural causes alone are the increases
in tenperature and salinity in the deep and bottom
waters of the Baltic Sea. Several changes
identified for which doubt exist as to whether they
can be attributed to natural causes, anthropogenic
influences or both. One of themis the decrease

of oxygen content of the bottomwater of the Baltic
Sea. Anot her change observed attributed to m xed
causes is the increase of phosphate concentrations.
Finally, the changes which can clearly be attribu-
table to human activities are those in toxic or
harnful synthetic organic chemcals (e.g. PCBs,

DDT, chlorinated terpenes, PCTs) and organic
wastes, which are not natural in origin (e.g.

lignin sulfonates), as well as for increasing the
amounts of certain natural substances (e.g. nutri-
ents, trace elenments, and hydrocarbons) in the
marine environnent. The nobst serious effects on
biota from these substances have been attributed to
t he organochl orines, DDT and, especially, pcBs. Gl

*) This paper has been printed in the journa
Aqua Fennica 14,1:15-20 (1984).
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spills have al so had considerable effects on cer-
tain of the areas where they have occurred,

depending on the location of the spill and the tine
of the year. Additionally, the contam nation by
nmercury is still very serious in nmany coastal water
areas.

| NTRODUCTI ON

The nost pessimstic forecasts predict a catas-
trophe in the Baltic Sea at the end of the

m || eni um QG hers think there mght yet be some 30
years left. These predictions, however, have not
been nade by the scientists who have partici pated

in the marine research carried out on the basis of

t he Convention on the Protection of the Mrine
Environment of the Baltic Sea Area (The Hel sinki
Convention). These scientists know that information
on, and conclusions derived fromthe coordinated
research on the Baltic Sea will certainly be brought
to the attention of the State authorities, who

deci de on steps and neasures affecting the Baltic
Sea. The authorities deciding on the use of various
t echnol ogi cal neasures are in a key position.
Informati on on the devel opnent of the state of the
Baltic Sea should be applied, when possible errors
are corrected or preventive neasures taken agai nst
the pollution of the Baltic Sea.

In this paper | intend to present a sunmary of the
state of the Baltic Sea based upon the information
gathered by the scientists in the different fields
of the Baltic marine research {(Melvasalo et al.
1981). This information has served as a basis for
the joint conclusions on the state of the Baltic
Sea and on the devel opnent of the condition of the
sea within the framework of the Hel sinki Convention
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In addition, an assessment of the importance of
human activities on such changes which have been
observed in the Baltic Sea have been made.

3. ON THE OXYGEN DEPLETION IN THE DEEP BASINS OF THE
BALTIC SEA

When speaking of the depletion of oxygen in the
Baltic Sea we mean a deficiency of oxygen in such
areas and such depths as remain beneath the
permanent halocline. Those are the basins where
water renewal in the layers nearest to the sea-bed
Is slow and/or occasional. The organic material
produced iIn the euphotic layer sinks down to the
sea-bed and is degradated. In this process,
nitrogen and phosphorus nutrients are released, and
oxygen is consumed. The result is that the oxygen
content of the stagnated water decreases.

Where there is a lack of oxygen, toxic hydrogen
sulphide is generated. As a result there are so-
called dead deep basins. The maximum value of such
dead bottoms was estimated to be 100 000 km? in
1975. Thereafter, it has been possible to observe
recolonization by fauna of such area iIn some deep
basins (Table 1).

3 408500254J-12
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Table 1. Decrease 1In oxygen concentrations at
stations in some Baltic basins. (Matth&dus
1978, 1979, in Melvasalo et al. 1981,

p- 144)
Basin and station Depth
{m) 1900-197s 1952-1974
Arkona Basin 45 -0.76
Bornholm Basin 80 -2.33 -0.75
Gdansk Basin 100 -2.02 -1.18
Eastern Gotland Basin
BY 9 100 -2.43
BY 15 100 -3.33 -1.13
150 -3.05 -0.95
200 -2.69 -1.44
BY 20 100 -3.51 -1.03
150 -2.54 -0.42
Northern Central Basin
BY 28 100 -3.27 -1.44
150 -2.99 -1.36
BY 31 100 -3.08 -1.28
150 -3.10 -1.25
200 -2.93 -1.31
300 -3.06 -1.31
400 -2.87 -1.19
Western Gotland Basin
BY 32 100 -4.06
150 -4.37
BY 38 100 -3.66 -1.68

The variations iIn the quantitites of water with
higher salinity, entering the Baltic Sea through
the Danish Sounds seem to be the main cause of the
variations in oxygen and hydrogen sulphide in the
deep basins. Now and then the pulsating of heavy
saline water, rich in oxygen, renews the water
stagnating iIn the basins. A new body of water is
now transferred from one basin to the other.
Whether all layers of the waters near the sea-bed
are replaced in the deep basins or only some of

them, depends on the quantity and density of the
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waters penetrating into the Baltic. Often the
water In the deep basins is more dense than the new
water pressing into these basins, and in these
cases the entire body of the waters near the sea-
bed is not replaced. In the most important
research area, the Gotland basin (240 m), there
have occurred 21 new water impulses in 1954-1979.
Since 1957, there have occurred eight periods of
stagnation, which means that all oxygen is used up
and hydrogen sulphide developed.

The Gulf of Finland is part of the Northern Baltic
Proper. The changes taking place in the Baltic Sea
proper are reflected here. On the other hand, the
Gulf of Bothnia is separated from the Baltic Sea
proper by low thresholds south of Alland. Therefore
deep water from the Baltic proper does not pen-
etrate into the Gulf of Bothnia. Permanent salin-
ity stratification is not generated there either,
and the vertical mixing conditions remain Tfavour-
able. Oxygen depletions, consequently do not occur
near the bottom. Only in coastal areas especially
in the archipelago, where the water convection is
prevented, harmful oxygen depletions can be
observed. The main reason is the too heavy load of
pollutants for the tolerance of the water.

From the beginning of the century, the oxygen
contents of the Baltic Sea have decreased in the
deep basins from 3 to O cm3/dm3. The studies

of sediments show, however, that hydrogen sulphide
periods often occurred in the Baltic Sea as early
as several centuries ago. The decrease of oxygen
in this century is connected with two great pulses
of saline water, the Tfirst occurring during the
First World War and the second in 1951.
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It has been suggested that an essential reason for
the alternation of oxygen and hydrogen sul phide
lies in nature's own rythm which significantly
depends on geophysical and neteorol ogical factors.
However, theresults do not nake the Baltic Sea
States free fromtheir responsibility upon the
pollution of the Baltic Sea. However, the pollu-
tants discharged into the Baltic Sea are an inport-
ant factor influencing on how soon the sea wll
recover the stagnation periods and how | ong a new
period will last. In addition, the occurrence of
the natural rythm of alteration periods in the
Baltic Sea depends on the devel opment of the
pollution load into the water.

Even if what is said above gives quite a favourable
interpretation of the oxygen bal ance of the Baltic
Sea, it does not obtain it for the coastal waters.
In the coastal waters off nost inportant

muni cipalities and industrial plants, the oxygen
contents of those layers nearest to the sea-bed are
di m nished to an alarmng degree, or at |east there
are periods when such a situation prevails. One
gets the inpression that the coastal waters, and

in particular, the large archipelago serve as a
sieve, a filter retaining the major part of the

pol lution | oad discharged to the coastal waters.
Contrary to what is the case in the open Baltic

Sea, the cause of the di mnishing of oxygen or
oxygen deficiency in the coastal waters can with
few exception be traced to human activities,
directly or indirectly to the increased |oad of

pol | utants. In this way, the coastal waters serve
to purify the Baltic marine environment from oxygen
consum ng substances.
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PHOSPHORUS AND NI TROGEN COVPOUNDS AND THE
PRODUCTI ON

During the last decade, phosphorus and nitrogen

di scharged into the sea or ending up there have
risen, in spite of nore effective neasures for
purification of sewage and waste water. The

i ncreasing use of fertilizer, extension of the
sewage di sposal system and even the |oad inposed
on the sea fromthe air are of great concern to the
scientists. Even if, the load inposed by airborne
pollution is not taken into account, the annual net
| oad of phosphorus in the Baltic Sea is assessed

at 26.000 tons. This is about 6. ..8 per cent of

t he phosphat e- phosphorus quantity in the depths of
the Baltic Sea (Table 2).

Table 2. Mass bal ance of phosphorus in the Baltic
Sea. (Melvasalo et al. 1981, p. 167)

[ nput Phosphor us
WY )
Domestic and industrial wasters 33 000
Dunpi ng 0
At nospheric fall out 9 000
Dani sh Straits 10 000
Natural river input 3 000
Shi p- gener at ed wast es ?
Rel ease from sedi nents 7 000
Sum 62 000
out put Phosphor us
WY )
Dani sh Straits 10 000
Sedi ment ati on 22 000
Fi sheri es 4 000
Aerosol s 0
Sum 36 000

Net Supply

26 000
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4.1 LONG TERM MONI TORI NG RESULTS

Long-term nonitoring results show the phosphorus
contents of the sea increasing. Mor eover, it has
been stated that there is a close correlation be-
tween phosphate and salinity and al so between
nitrate and salinity. This mght mean that at

| east part of the increase of phosphorus is con-
nected with |ong-time hydrographic changes in the
Baltic Sea. To what extent, the eutrophication
caused by human activities is responsible for the
i ncrease of phosphorus in the deep basins of the
Baltic Sea is open.

The increase in the concentration of nutrients has
caused an increased production of algae, a phenom
enon well-known in the coastal areas. As for the
open sea, it has not been possible indisputably to
prove an increase of production wth the research
nmet hods at our disposal, even if we do possess

results which seemto point in this direction.

4.2 ON THE ALTERATI ON OF THE PRCDUCTI ON OF THE ALGAE

In certain coastal areas, directly bordering on the
open sea, the production of filanentous and
epi phytic al gae has substantially increased in the

ni net een-seventi es. Indirectly this has led to
| ocal di sappearance of the bl adder-w ack, Fucus
vesi cul osus. In the eighties, however, signs of

a reversal of this trend have been observed.

A typi cal phenonenon, of the Baltic Sea, is the
bl oons of the blue-green algae in |late summer.
Thi s phenomenon is caused by rising phosphorus
contents of the water and the inbal ance between
nitrogen and phosphorus as conpared to the actua
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need of the plants. So far, we have not scientifi-
cally proved results of expanse and possible

i ncrease of this phenonenon. On the other hand,
there are experienced scientists, well-

aquai ntained with the conditions in the open sea,
who say that such an increase is obvious.
Arithnetically this theory is supported by the fact
of the annually increasing | oad of phosphorus.

This kind of blue-green al gae have the capacity,
unparal l el ed by other algae, to exist by utilizing
wat er - sol ubl e nol ecul ar nitrogen. Wen al gae
disintegrates, this nitrogen is released in the
form of nitrogen conpounds, which can be used by

ot her al gae.

4.3 ON THE | MPORTANCE OF NI TROGEN

I'n connection with the N,-fixation by blue-green
al gae nitrogen has been released in the biologic
cycle and the nitrogen load of the Baltic Sea has
risen again. The amount of nitrogen fixed in this
manner has been estinmated at 100 000 tons nitrogen
per year for the Northern Baltic Proper and the
@l f of Finland. This figure is of the same

magni tude as the |and-based nitrogen |oad intro-

duced into the marine environnent. Consequently,
the sole addition of phosphorus - since nol ecul ar
nitrogen is available in unlimted quantities - is

sufficient to create conditions favourable for the
devel opnent of the blue-green al gae and, conse-
quently, for the increase of the nitrogen |oad of
the Baltic Sea. In this manner, the phosphorus

| oad can regul ate the algal production in the sea.

Wien naki ng observations on the primary production
in the coastal waters in recent years, an answer
has been sought to the question, whether
purification of sewage and waste waters should al so
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comprise the elimination of nitrogen as well as
phosphorus, and whether the result of this will be
increased production of algae, as described above.
However, in the light of research results now at
our disposal, it does not seem probable that this
will happen. On the other hand, a heavy nitrogen
load has clearly a harmful influence on the balance
of nutrients in the coastal waters. Consequently,
the problem will probably be one of finding an
effective and economic purification technology and
its i nplenentation at our disposal.

HEAVY METALS

Heavy metals have become a problem for the
environment research in all countries. Owing to
difficulties of analysis, no reliable iInformation
is as yet available on annual fluctuations as
measured in the sea water itself.

However, by analysis of sediments deposited in the
deep basins, it has been proved that the heavy
metal Ffindings can be classified in three groups.
To the first group belong for instance, nickel and
chrome. No variations were found in the concen-
trations of these metals even during long periods.
In the second group we include metals, whose
concentrations have risen about 1.5...2 times, such

as zinc and lead. In the third group we find
metals whose concentrations more than tenfold exeed
the basic values. Such metals are mercury and

cadmium. The last concentrations are exceedingly
high ones, especially compared with those found in
sediments of the ocean deep basins.

Heavy metal concentrations have been measured in
organisms living in the Baltic Sea for a short
time, only. Therefore, we have no long-time
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comparison results at our disposal, so far.
However, some scientists have lately discussed on
the decrease of mercury concentrations in Fishes.

CHLORINATED HYDROCARBONS

In addition to heavy metals, chlorinated hydro-
carbons, i.e. the pesticide DDT, formerly used in
the agriculture and forestry, and PCBs, still iIn
use In certain branches of industries, have been
investigated. Besides direct discharges, these
substances have been found to spread through the
air as well. It has been shown that they are
involved in the rapid decline of the breeding
capacity of the Baltic seal (PCB), and the drastic
thinning of the shells of the eggs of certain
predators, such as the white-tailed eagle,
razorbills and certain guillemots (DDT), which
prevents the normal development of the young birds
from such eggs. After the Baltic Sea States had
prohibited the use of DDT, reduced DDT contents in
certain fTishes and seals have been reported upon.

The feeding of predator birds which has been
introduced in certain regions has also had a bene-
ficial influence and caused a decrease of DDT
contents in the birds. As for PCB substances, such
a positive development has not yet been observed.

NEW HARMFUL SUBSTANCES IN THE FIELD OF RESEARCH

New causes of concern for the Baltic scientists are
new harmful substances in the marine environment.
Reports on such substances are coming in from
abroad, and therefore we have begun to Iinvestigate
them. There is, Tfor instance, the PCT group
(polychlorinated terphenils), which recently were
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recommended for the classification anong the nost
hazar dous substances, also anong those enunerated
in the Helsinki Convention. Qher "new' harnful
and accunul ati ng substances - the occurrence of
which in organisms in the Baltic Sea is the subject
of research nowadays - are chlorinated terpenes,

hal ogenat ed paraffins and chl ordans.

A new subject of research in the Baltic and North
Sea countries are various anonalies in fishes as
wel |l as genetically induced di seases which may be
connected with the occurrence of various harnful
subst ances.

Wien investigating the consequences of oil spills
and oil accidents, it has been found that they
depend to a significant degree on the place where
the incident occurred and on the tinme of the year.
The greatest damage has been suffered by the bird
popul ations and the popul ations of organisns |iving
in the vicinity of the coast and the sea-bed. In
the open sea proper, the consequences of oil

acci dents soon disappear, while the recovery of the
sea- bed popul ations takes several years.

In addition to the toxic chemcals |isted above,

we have a long range of chem cals used by the
industry, or such as are generated as secondary
products of the industry, which with good reason
can be supposed to be harnful to marine life in the
Baltic Sea. However, the research needs nore tine
inthis field. One nmatter on which we have no

| ong-term research is radioactive isotopes.

Geat concern is noreover felt over the waste water
di scharged into the sea by the wood-processing
industry. In addition to local pollution, it has
been found that certain substances, as for
instances the lignin sulfonates, have spread over
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the whole Baltic Sea as a result of the activities
of this industry. Even if, i1t is still impossible
to give a detailed description of the damage

caused, this is a good example of the "infestation”
of the whole Baltic Sea by foreign substances. The
same can probably be said of the substances used
for the bleaching process of the wood-processing
industry.

HUMAN OPTIONS

The state of the Baltic Sea is a matter of concern
to all neighbouring States, and this concern has
grown so serious that the Convention on the
Protection of the Marine Environment of the Baltic
Sea (The Helsinki Convention) has been concluded.
Both iIn the co-operation with each other and
individually the Baltic Sea States have started
important 1investigations and monitoring projects,
and information on causes and consequences is being
compiled. The prohibition of the use of DDT and
mercury iIn most Baltic Sea States has already
brought encouraging results iIn the decrease of the
contents of these substances in the ecosystem of
the Baltic Sea. Yet these good results fade into
insignificance before the steadily growing number
of causes fTor serious concern.

Do we really make the best use of the Helsinki Con-
vention? This question is open to criticism. Are
our limited means jointly and individually directed
at the most important objects? Changes in the con-
dition of the sea at certain points in time have
been reported upon, and we have tried to clarify
the causes with the help of such information as we
have at our disposal. Researchers and investi-
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gators have been working and still do their best to
place as accurate information as possible in the
hands of the authorities and co-operating bodies.

However, from the point of view of the researcher,
there i1s a very long distance between receiving
pertinent information and arriving at conclusions
and decisions to take the appropriate measures.

And while this long process takes i1ts course,
dozens of new problems can appear with the old ones
still waiting for solution. The strict limitation
of our means can limit and delay information on
what is really happening in the waters, in the
organisms and the sea-bed of the Baltic Sea. But
in those cases, where the necessary information is
at hand and the necessary technological skills
exist, there is, from the point of view of the
Baltic Sea, one viable alternative only: Immediate
action must be taken.
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CO- OPERATION I N THE FI ELD OF WATER PROTECTI ON
TECHNOLOGY

Aaro Haverinen
Mnistry of Agriculture and Forestry
Fi nl and

The first joint semnar in the field of water pro-
tection technol ogy was arranged between the Baltic
Sea States at the Hanasaari Cultural Centre in
Espoo, Finland seven years ago in 1976.

That sem nar and proceeding neetings of the Interim
Baltic Marine Environment Protection Conm ssion
(the Interim Conm ssion) and neetings of the

Sci entific-Technol ogi cal Wrking Goup had observed
that there was no direct co-operation between the
authorities responsible for the practical water
protection neasures and other experts on water pro-
tection technology of the Baltic Sea countries,

wher eas between the experts on nmarine research of
the Baltic Sea such co-operation existed, the

Bal ti c Cceanographers and the Baltic Marine

Bi ol ogi sts having their contacts regularly, and the
International Council for the Exploration of the
Sea (the ICES) having a special group for research
of the Baltic Sea. The Helsinki Convention had
however, changed the situation and established the
framework for the co-operation in the field of the
wat er protection technol ogy.

One of the main purposes of the first water protec-
tion technology semnar was to find out the forns
of co-operation to be devel oped between the Baltic
Sea States inthis field. Considering it essential
to strengthen the co-operation the sem nar proposed
to the Interim Conm ssion, anong other things to
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- activate the arranging of sem nars, expert
nmeetings, courses, etc. for different problem
areas in water protection technol ogy

- draft a progranme of sem nars, expert neetings
and other fornms of co-operation in water
protection technol ogy

Co-operation in the field of water protection

t echnol ogy has been di scussed at the neetings of
the Hel sinki Comm ssion and its subsidiary

conm ttees and working groups. The follow ng

i mportant aspects have been presented at these
meet i ngs:

- technol ogi cal factors are essential in the
i npl enentation of the Helsinki Conm ssion

- semnars in the field of water protection
t echnol ogy increase the exchange of information
and intensify the co-operation: they provide an
opportunity for the authorities responsible for
wat er protection neasures and the experts on
protection technology to get together and to
exchange ideas and experiences on mnutua
probl ens

- sem nars should be arranged at regular inter-
val s, perhaps once a year, on the average

- semnars are a valuable tool for the Hel sinki
Commi ssion in finding out possible problem areas
for the inplenmentation of the Convention

One of the nost significant consequences of these
efforts to inprove the co-operation was the
decesion taken by the Comm ssion soon after the
first semnar on water protection technology to
establish a special working group, the ad hoc
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Working Group on Criteria and Standards for
Discharges of Harmful Substances into the Baltic
Sea Area. This ad hoc working group subordinated
to the Scientific-Technological Working Group
(later called Scientific-Technological Committee)
has focused at the problems in water protection
technology.- In particular, the working group has
prepared the ground for measures directed at
decreasing the emission of harmful substances.

After the first seminar on water protection tech-
nology iIn 1976 seminars have been arranged once a
year on the average. The following is a short
review of the aims and achievements of the earlier
seminars. The purpose of the review is to orient
the participants of the present seminar.

The second seminar on water protection technology,
“Seminar on Heavy Metals, Technology Methods for
the Limitations of Discharges™, was held in
Kollekolle in Denmark in 1978. There were numerous
profound papers presenting problems connected to
discharges of heavy metals, their effects on the
marine environment, and the know-how on the reduc-
tion methods of heavy metals discharges.

The third seminar was held in 1979 in Stockholm in
Sweden. The title of the seminar was 'Seminar on
practical and municipal water protection measures
in Sweden". The seminar was based on excursions.
The participants visited different industries,
municipalities, and their treatment plants to
discuss and exchange information iIn situ. It was a
practical and very useful contribution to the co-
operation.

The fourth seminar on water protection technology
was held in 1980 in Liibeck in the Federal Republic
of Germany. Its name was '"Seminar on Control
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Techni ques for Minicipal and Industrial Sewage
Treatment Plants". The sem nar consi dered conpre-
hensively the existing juridical regulations
concerni ng conveying of waste waters, the re-

qui rements established by the permts and ot her
regul ations, as well as the control and anal yzing
of the waste waters and the instrunentation of the
treatment plants. Parallel with the sem nar an
excursion to waste water treatnent plants was
arranged.

The next seminar, the fifth one, on water protec-
tion technology was held in 1982 in Tallinn in the
Uni on of Sovi et Socialist Republics. [ts name was
"Sem nar on water protection in fish industry"”

The sem nar reviewed many-sidedly nmatters rel ated
to effluents fromfish industries and different
possi bilities of dimnishing the pollution |oad.
During the semnar it was also possible to visit
certain fishery collective farns and to get

acquai nted with fish-processing and the treatnent
of wastes there. The pollution caused by fish
breeding and the preventive neasures to protect the
wat er were al so di scussed.

The sixth sem nar on water protection technol ogy
was al so arranged in 1982. That was the Interna-
tional Hel com Semi nar on Agricultural Utilization
of Sewage. It was held in Wrockaw in Poland. The
semnar reviewed wdely the utilization of waste
water, waste water sludge and nmanure in agriculture
and related technical, econom cal, environnental
and health aspects.

The consideration above indicates that severa
interesting semnars on water protection neasures
have been arranged. Undoubt edl y they have
benefitted the activities that aim at inproving
water protection at a national |evel.

4 40850025475-12
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On the other hand, there remain several problem
areas, which have not yet been comprehensively
reviewed at the joint seminars of the Baltic Sea
States. Therefore such seminars should be arranged
frequently, conscious of the problem areas.

The participants at the earlier seminars have
emphasized the need for arranging seminars on the
special problem areas of the water protection
technology. Also lists of possible conversation
items for the forthcoming seminars have been
prepared. It is an advantage that the participants
at these seminars officially or inofficially
outside the agenda discuss the problems that could
be focused upon at the forthcoming seminars.
Perhaps also this seminar would like to propose in
its report themes for the next seminars. Another
point that the seminars have stressed is the need
to familiarige larger groups of people and experts
with these matters, not only the authorities
responsible for the implementation of the Helsinki

Convention.

The seminars on water protection technology are not
implemented by the Helsinki Commission. They are
arranged by the individual Baltic Sea States at
their own initative in the framework of the Conven-
tion. Since the seminars do not derectly prepare
the implementation of the Convention the dis-
cussions between the experts can and should be as
open as possible in order to clarify the techno-

logical and economical possibilities.

I hope these considerations inspire you at this
seminar to an open discussion and an exhange of
knowledge related to the water protection
technology applied in the Baltic Sea States.
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NATI ONAL REPORT BY FI NLAND: PROGRESS | N WATER
PROTECTI ON MEASURES AND TECHNCOLOGY DURI NG AND AFTER
THE 1970'S

Runo Savi saari
Nati onal Board of Waters
Fi nl and

| NTRODUCTI ON

The past ten years, starting fromthe signing of
t he Hel si nki Convention, can be characterised as
a period of increasing consciousness of water
pollution effects. This holds true for inland
waters as well as for the Baltic Sea.

The progress in water pollution control neasures
and technol ogy was very rapid during the first half
of the 1970's. This was due to grow ng public con-
cern over water pollution at the end of the 1960's
and the consequent establishnment of the Nationa
Board of Waters in 1970 as well as to strong econ-
omc growth before the oil crisis. During the
latter half of the decade and the begi nning of
1980's this progress halted to some extent, but
today activities seemto be reviving again.
Enphasi s has been increasingly directed to the
economcs and reliability of water pollution
control neasures, waste nanagenent, air pollution
probl ems and the presence of a nunber of persistent
contam nants.

Due to a slight statistical |ag the data presented
here does not conpletely cover the ten years after
the signing of the Hel sinki Convention. However ,
the data do adequately reflect the progress in

wat er protection nmeasures and technol ogy.
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URBANI SATI ON AND CHANGES IN THE STRUCTURE OF
| NDUSTRY AND AGRI CULTURE

The pace of urbanisation has been constant over the
past decades. It has continued into the 1970's but
today has clearly slowed down, as illustrated in
Table 1. Another inportant phenonenon is interna
m gration. In addition to grow ng urban centres,

| arge nunbers of people have noved from sparsely
popul ated regions to |ocal population centres, or
villages, which is not shown in Table 1. As trade
and services and other conveni ences of nodern

soci ety have spread to the countryside, people have
t oday becone nore reluctant to nove away fromtheir
roots (Table 2).

Table 1. Population in urban centres and rura
areas in Finland (%).

Year Gtres and Rur al
t owns nuni ci palities
1970 50.9 49.1
1972 55.0 45.0
1974 58.1 41.9
1976 59.0 41.0
1978 59.7 40. 3
1980 59.8 40. 2

Table 2. Direction of internal mgration.

Year Urban centres U ban centres rural areas Rural areas
to yiban. . to rural to yrban o to rural o
nunici palities nunicipalities municipalities nunicipalities

1970 72 155 63 700 84 244 47 645
1975 89 703 57 615 61 666 30 555
1980 71 447 49 333 50 027 26 796

1981 70 065 49 334 48 098 26 350
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The popul ati on served by public water works, sewer
systens and wastewater treatnment plants is
illustrated in Fig. 1. \Wter consunption has
devel oped al ong the follow ng [ines:
1970 308 |/ person/day
1975 328 "
1980 297 "
1982 283 "
Population( mill. )
5
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Fig. 1 Population served by public water works,

sewer and wast ewat er treatnment

pl ants

syst ens,

The sewage quantity and characteristics (influent
to sewage works) show other trends which can be
expl ai ned by hydrol ogi cal phenonena as well as by
the increasingly effective nonitoring of overflows
and by-passes (Table 3).
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Table 3. Sewage quantity and characteristics.

Year H ow Characteristics (g/person/day)
(I /person/day) BOD, Tot. P Tot. N

1972 (335) 93.1 3.0 13.0

1975 406 95.0 3.6 15.6

1980 430 86.1 3.4 15.9

1982 460 87.9 3.6 16. 4

Table 4 also clearly shows the trend of

devel opment, especially in the reduced nunber of
people working in agriculture and forestry. As a
results, an increase in the size of farms and a
rationalisation of agricultural production have
taken place (Tables 5-7). From the standpoint of
water protection it is significant that the field
area for hay silage has grown very rapidly from
52 200 hectares in 1970 to 244 100 ha in 1982.
Respectively, the hog stock has increased by 50 &
while the the nunber of pig farns has decreased by
70 8. The cattle stock has declined (by 10 %)
along with the nunber of cattle farnms (by 60 8).
The expanding size of farnms brings with it the
growi ng potential for water pollution problens.

Table 4. Economcally active popul ation by
i ndustry (%).

| ndustry 1970 1975 1980
Agriculture and forestry 20. 3 15.0 12.6
Manuf act uri ng 25.9 27. 2 26.3
Construction 8.3 8.5 7.1
Conmerce and trade 18.9 19.3 19.1
Servi ces 18.1 20.9 24. 8
Q her 8.5 9.1 9.1

Total 1 000 people 2119 2121 1984
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Table 5. Nunber of farns according to arable area
(ha).

Year -4.99 5-19.9 20-49.9 50-99.9 100-Total ha

1969 108 806 179 812 20 625 1 620 292 297 257
1975 80 967 142 027 23 305 2 085 352 248 736
1980 69 444 125 978 26 346 2 566 387 224 721

Table 6. Use of arable land (1 000 ha)

Year Cereals Vegetables and HaY Gher  Total
field

root crops
1970 1 197 87.4 1171 212 2 667
1975 1 312 91.5 970 267 2 641
1980 1171 76.9 951 364 2 563
1982 1 170 79.3 926 342 2 517

Table 7. Livestock (1 000 ani mals)

Year Horses (Cattle Pigs Poultry Sheep Relndeer

1970 89.8 1 873 1 047 8 264 189 150
1975 38.2 1 843 1 078 8 669 124 156
1980 22.4 1 738 1 451 8 476 106 210
1982 20.3 1 705 1 505 6 913 104 208
Forest covers 30.5 mlIl. hectares of Finland, 74 %

of which is highly productive. Forest fellings,
given below, are an indicator of the economc
activity:

1970 39 900 cu. m
1975 29 300
1980 38 500 "
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The load of nutriens to bodies of waster is partly
dependent on the rate of fertilizer application.
The quantities of mneral fertilizers used in
agriculture and forestry were:

1970 1 058 mll. kg to agriculture, 184 000 ha of forest
1975 249 000 "
1980 | 126 " 87 000 "

Table 8 lists the estimated quantities of wastes
which can be used directly or indirectly in
agriculture and their corresponding current
utilisation rate in agriculture.

Table 9 illustrate some aspects of industria
activity.
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Table 8. Estimated currentwaste quantities in Finland.

Waste Potential max quantity Current
utilisation
(m3/a) (tTS/a) rate
2
Deconrposable
household refuse 700 000 0
Human faeces
-sewage sludge 930 000 130 000 40
-septic sludge 350 000 10 500
-other faeces 350 000 26 000
Animal wastes
-totalquantity
{incl. outdoor
grazing)
-manure 12 500 000 2 500 000 100
-urine 6400000 320 000 100

~ proportion of
above total

production
collected
- manure 6400000 1 200 000 100
- urine 2 600 000 130 000 100
-liquid manure 3 500 000 350 000 100
Silage liquor 700 000 28 000
Straw and tops 5000000 100
Organic wastes
fran food proc.ind. 310 000 47
Other organic
wastes 350 000 34
Pulp and paper
industry sludges 300 000 75 000 35
Slag fran
metal industry, etc. 1 400 000 52

Ash fram power
stations and sulphate
liquor 830 000 25




Tabl e 9. | ndex of

i ndustria

(1970 = 100)
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production

Year Total I|nvestm

Consumers Wood, pul p Metal O her

goods. goods and paper ind. manuf.ind.
1975 122 178 110 89 150 122
1980 155 242 138 133 185 145
1982 159 244 134 123 200 144

Fur and fish farmng have increased dramatically in
Finland in the 1970°s, giving rise to serious

concern about water pollution.
has only grown 1.5 fold from 1970 to 1982,

Wiile mnk farmng
f ox

farm ng has grown 30 fold conpared to the 2 fold

growth in the nunber of farns.

The production of

fish farns has risen from1 800 tons in 1975 to

6 100 tons in 1982.

G oss donestic product

Tabl e 10.

Table 10. G oss donestic product
(mll. FIM

Year G oss donestic product

1970 84 150

1972 92 160

1974 101 290

1976 102 140

1978 104 850

1980 119 630

1981 121 220

has devel oped as shown in

in 1975 prices
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3.  WATER PROTECTI ON ADM NI STRATI ON AND WATER PROTEC-
TI ON REQUI REMENTS

3.1 WATER PROTECTI ON ADM NI STRATI ON

The adm nistration of water protection is in prin-
ciple based on three |evels:

- water adm nistration
- water courts
- nuni ci pal water boards

The national water authority in Finland is the
National Board of Waters and its 13 Water D strict
O fices. The National Board of Waters was founded
in 1970 and was subordinated to the Mnistry of
Agriculture and and Forestry. In Cctober 1983 the
M nistry of the Environnent was established. The
new mnistry has assunmed responsibility for envi-
ronmental protection, nature conservation, outdoor
recreation, water protection, oil pollution,
protection of the marine environnment, assessment
and control of environnental hazards from toxic
substances and other chem cals, l[and use planning
and matters within the scope of building and
housing, to the extent to which these do not fal

w thin the sphere of conpetence of sone other
mnistry. Since the beginning of Cctober 1983 the
Water Adm nistration is attached to the Mnistry of
the Environnment as concerns natters of water
protection. The National Board of Waters will thus
continue its work under two ministeries. Several
alternatives for possible additional reorganisation
are under deliberation.
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The function of the Water Admnistration is to
pronote the utilisation, managenent and research
of all Finnish water resources and water areas.

It supervises the exploitation of waters and the
preventi on of damage and accidents. The Wter
Adm ni stration al so nanages water bodies in state

owner shi p. Most Finnish water areas are privately
owned.

The legal responsibilities of the Water Adm nistra-
tion are, in particular:

- integrated water resources devel opnent pl anning

wat er pollution control

devel opnment of water supply and sewerage

pronotion of the recreational use of waters

pronotion of the use of water power

fl ood control

supervi sion of bodies of water and their
expl oi tation

pronoting and conducting water research.

National Board of Waters

Director general

Planning secretariat

Chief director Chief director Legal office

—

Office for timberfloating

1 1

Water resources department

Water pollution control
and water supply department

Administration department

Water research institute

Water resources office

Water protection office

Administration office

Hydrological office

Planning office

Water supply and
sewerage office

Financial office

Water research office

Construction office

Industrial office

Organization off ice

Technical research office

Water district offices

Inspection offim

Research laboratory

I R e o e | | |

Fig.

2 Finnish water
1981

adm ni stration from March 1,
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The Water Administration employs 1 200 people on a
permanent basis. Moreover, 440 people are employed
on a temporary basis, and about 700 people are
working at the maintenance and repair shops and on
field construction sites. The staff is highly
qualified and comprises the expertise of lawyers,
economists, hydrologists, limnologists, engineers,
chemists, biologists, microbiologists, geologists
and other professions.
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A reorganisation of the Water Administration was
carried out in 1981 (Fig. 2-3). This
reorganisation endeavoured to improve co-ordination
between the different sectors of expertise and
interests within the Water Administration and to
further refine the quality of work, iIn response to
public criticism of the administration.

J

Applicotion

Water court ordoins on inspection
to be held ond requests the
Notiongl Boord of Waters to
assignh an engineer

Initiation

l

Assignment of engineer
Persons of Trust
Assiisting officials ond experts

public announcement

] Initial session (olso in O locgl newspaper)

Examingtion ond completion of
< the plan and drofting the
inspection document

Disdplaying the plan and
4 the inspectbonl document n n o u n c e m e n t
(ir] the woter board)

Inspection

(

~| -] Inspection session (sessions) public announcement

Drafting of statement by members
of inspection boord

% 45 days

L Disploy of stotement of inspection bli
boord ( in municipal offices) public onnouncoment

Reminders to the water court
with the threat of Loss of the
. right to speak in court {30 days)
Comments by the outhorities

( 60 doys }

5 30 days

Fig. 4 The inspection procedure
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The Courts of Law responsible for granting permits
concerning closing off, altering or polluting a
watercourse have basically remained the same over
the last decade. The Water Courts, where such
matters are Tirst introduced according to pro-
cedure, are illustrated in Figs 3 and 4. The
courts of appeal, the Superior Water Courts, the
Supreme Administrative Court and the Supreme
Judicial Court, retain jurisdiction over the Water
Administration to see that the Water Act and
decisions and regulations under it are observed.
Since the Water Act has such far-reaching iImpact
upon society, several minor amendments have been
made to it. A more comprehensive reform is also
under preparation.

Every self govering municipality in Finland (there
are nearly 500 municipalities) must have a Munici-
pal Water Board. The function of the Municipal
Water Board is to act as a local supervisory auth-
ority concerning drainage, water supply and
wastewater. Other boards associated with water
affairs are the Municipal Board of Health, which
supervises local public health conditions even as
far as concerns waters, and the voluntary Municipal
Utilities Board which administers local waste man-
agement. The voluntary Municipal Environmental
Protection Committee is also of influence in this
context. At present, the role of the local envi-
ronmental administration is under reconsideration.

Other progress of importance in this context has
taken place in many other sectors of governmental
administration. Examples of new legislation are
the Act on the Prevention of Marine Pollution and
the Waste Management Act. Legislation on air
pollution control has recently passed the Parlia-
ment.
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In the Ministry of the Interior the Department of
Environmental Protection was established in 1973.
This department, now incorporated in the Ministry
of Environment, administered many environment pro-
tection matters outside the scope of other govern-
mental bodies, such as the development of waste
management, air pollution control and noise abate-
ment and respective legislation. Regional adminis-
tration for environment protection is vested in the
Environmental Protection Sections established in
each Provincial Office.

In addition to the authorities and bodies above
many other ministries and national boards are to
some extent naturally involved iIn the protection
of water bodies. Moreover, there are a number of
advisory boards also taking an interest in envi-
ronmental protection and matters related thereto.
For example, since 1981 matters related to the work
of the Helsinki Commission have been co-ordinated
by the Advisory Board for the Marine Environment,
established by the government.

Also worth mentioning is the recently begun con-
struction of a special hazardous wastes treatment
plant. The plant will certainly contribute in

reducing the discharge of harmful substances into

the environment.

Moreover, a number of unofficial organizations
such as the voluntary water protection
associations, the Water Association, and the
Finnish Limnological Society, take an iInterest in
matters related to water protection. Several
federations of municipalities and industrial
branches also look after the interest of their
members In water affairs.

5 408500254712
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WATER PROTECTI ON REQUI REMENTS

The specific conditions for wastewater discharge
permts are laid down as shown in Fig. 4 in the
Water Court. In drafting the conditions the
Nat i onal Board of Waters gields significant

i nfluence, since the comments of the Board are
usual ly strongly reflected in permt conditions.
The conditions for discharge permts are usually
revised periodically. Thus it is possible to
reconsi der conditions taking into account the
recent devel opnent of the state of the watercourse
concerned and the technologial potential to reduce
pol | uti on.

The Water Admi nistration establishes nediumterm
nati onwi de principles of water pollution control
as well as regional water resources devel opnment

pl ans. These are used as guiding instrunents
inter alia in defining the specific conditions for
wast e di scharge permts.

The conditions for waste water discharge permts
have been considered case by case taking into
account the followi ng factors: the characteristics,
protection and use of the watercourse in question,
the characteristics and quantity of wastewater

exi sting treatnment installations and |ocation of
the treatnent plant, available treatnment nethods,
costs of treatnment etc.

The reguired degree of treatment has been increased
step by step. Usually the permt conditions are
largely uniformall over the country. Excepti ona
requirements are, on one hand, usually based on a
special need to protect the watercourse in question
or, on the other hand, on a situation which cannot
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be essentially inproved even by effective

wast ewater treatnment. Sea areas have not had
significantly different requirenents conpared wth
inland waters.

In the beginning of the 1970's phosphorus renoval
was found to be necessary due to the shall owness
of watercourses and long detention tinmes in |akes
as well as in the many shal | ow bays protected by
i slands on the coastline of the Baltic Sea.
Therefore the first neasures for mnunicipal sewage
often consisted of chem cal precipitation instead
of biological treatnent. The optinmal start to pulp
and paper effluent treatnment was nechanica
treatnment and internal process nodifications.
Later on these neasures are to be conplinented by
bi ol ogi cal and, if necessary, chem cal or other
treat ment processes.

The conditions for waste discharge permts today
are nore stringent than they were ten years ago
(Table 11). Typical inprovenents for nunicipa
sewage works are inclusions of percentage renova
requirenents, nore stringent requirenents,
especially for simultaneous precipitation, and
al nost complete abandonnment of periodical or
continuous disinfection due to the disadvant ages
of chlorine conpound introduction in the water
envi ronnent . In addition to these conditions,

ot her requirenments have recently been introduced
in the terns of waste discharge permts, such as
the obligation to

- reduce the quantities of drainage and infiltra-
tion waters in sewers to a m nimum

- see that industrial wastewaters and ot her
exceptional waste disharges are appropriately
pretreated before discharge into municipa
sewers to avoid any disturbances in the sewage

network or at the treatnent plant
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- treat and dispose of sludge so that it will not
cause pollution of water

- monitor influent and effluent flows and quality,
performance of treatment and influence on
receiving waters in a way which has been
approved of by the water authorities.

Table 11. Typical requirements for municipal sewage
treatment. The requirements concern
average results during a specified time
period (3,6 or 12 months), including
by-passes. BOD, refers to determi-
nations including nitrification (without

ATU).
Treatment 1975 1983
method Effl.conc. Effl.conc. Removal %
(mg/1) (mg/1)
Simultaneous
precipitation 25 1.5 20-25 0.8-1.5 85-90

Post precipitation

or simultaneous

precipitation

including sand

filtration < 20 0.5-1 < 20 0.5 > 90

No requirements have so far been set for total nitro-
gen reduction. However, the removal of ammonium
nitrate has been required in a few cases, by
nitrification in the activated sludge process. In
these cases, the maximum permitted ammonium nitrate
concentration has been 4 mg/l with a requirement of
80 per cent reduction.

Utilisation of sewage sludge is regulated by heavy
metal contents and the calculated addition of Cd via
sludge. Stabilization is required if the sludge 1is
utilised. Sludge dewatering i1s required for sewage
works serving more than 1 000-2 000 inhabitants.
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The conditions fTor industrial wastewater discharge
permis are different, since a number of internal
process changes and modifications often are
extremely important. It is therefore meaningful to
define the maximum discharge figures in terms of

- total discharges per time unit or

- specific discharges per product units or

- concentrations and removal efficiencies instead
of, or in addition to, the previous.

In reality, two of these alternatives are usually
stated In the permit conditions.

In the beginning of the 1970"s the main water
protection measures in the pulp and paper iIndustry
were devoted to reduction of solid discharges.
Towards the end of the decade, however, BOD,
discharges have received increasing attention.
Recently also phosphorus, chlorophenols, lignine
and COD discharges have been introduced as
parameters in discharge permits. The special
discharge figures for BOD, have been as follows
(achievable figures for new processes are 1iIn
brackets):

- sulphate pulp 12-38 (10) kg/t
- sulphite pulp 56-76 (20) "
- chemimechanical 12-25 (15) "
- mechanical pulp 1-35 (2-10) "

It should be emphasized that the above variations
in range are due to the different age of and
process technology in individual mills and the
condition of the receiving waters.

The conditions for waste discharge permits for
other industries are very difficult to describe
concisely due to the multitude of parameters used
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in individual cases. Most Toodprocessing, textile
and leather industry are connected to municipal
sewer networks. Examples of different requirements
for plants with own sewerage are:

- petrochemical and plastics industry: lately nu-
merical values for phenols, oil etc. discharges

- TFertilizer industry: 7-30 kg/d phosphorus
discharges

- chloroalkali industry: 0.2-0.25 g Hg/t CI
produced

- TFood processing industry:

- potato processing: wastewater irrigation

sugar beet processing: one year storage of
wastewater
dairies: BOD, 30 mg/l and tot.P 1.5 mg/1
slaughterhouses: BOD, 50 mg/1 and tot.P
1.5-2.0 mg/1
- textile industry: BOD+ 35-70 mg/1, removal 60-
90 &, and tot.P 0.8-3.0 mg/1
- leather industry: BOD; SO-75 mg/l1 (2.5-4.0
kg7t of treated leather), also obligation to
limit tot N, Cr and sulphide discharges to the

extent possible

~ mining 1industry: limit values depend on the type
of the industry. Conditions for metals and As
exist as well as an obligation to recirculate
process water and enrichment chemicals in order
to reduce oil, ammonium, cyanide and sulphuric
acid discharges

- steel industry and other metal industries: metal
discharges limited in terms of concentration and
total discharge, also obligations to implement
direct measures exist

-~ surface plating industry: Ni 3 mg/l, Zn 5 mg/1,
Cu 2 mg/1l, Cr 2 mg/1, Fe 5 mg/1
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During the last few years a nunber of instructions
on supervi sion have been issued. They set require-
ments on sanitary landfills, manure utilisation,
silage liquor utilisation, fur farmng, fish

farm ng, peat production, forest drainage etc., to
prevent water pollution. They contain extensive
detailed information on storage arrangenents,
techni cal structures, capacities, spreading
limtations etc. that |ie beyond the scope of this
paper. The objective of these instructions has
been to reduce the pollution of waters wherever it
is technically and econom cally possible.

The principles of water pollution control were
first established in 1974. The purpose of these
principles was to serve as guidelines and define
objectives to water authorities in devel oping

di scharge criteria. The objectives listed in Table
12 were approved of, after a w de round of opinion
of all those concerned was heard. Comments
concerning the reduction of other undesirable or
harnful substances were al so submtted. The status
of these principles is not nmandatory, but they
instead provide the framework for devel opi ng

nati onw de water pollution control neasures.
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Table 12. Pollution load fromdifferent sources
and respective goals according to the
first principles of water pollution
control (t/d)

Sour ce 1972 goal s goal s
1980 1985
Muni ci pa
sewage
- BOD, 126 60 45
- tot. P 6 3 2.5
- tot. N 26 Stop increase
Pul p and
paper industry
- SS 750 200
- BOD, 1 300 650 400
- tot. P 1.9 1.5
- tot. N 15 Stop increase
- lignin 500
Fertilizer
i ndustry
- tot. P 0.8 0.2 0.1
- tot. N 3.5 2 1
Q her industry
- BOD4 100 20 10
- tot. P 1.2 0.2 0.1
- tot. N Stop increase

As mentioned earlier, unexpected changes

i nfluencing the previously steady econom c growth
took place in the 1970's. These changes necessi -
tated the reconsideration of the pollution control
principles once again. This work was initiated in
1982 and will be finished at the end of 1983. The
new principles will then be distributed for comrent
to all those concerned and will be finally approved
of on a high governnental level. At this tinme it
seens that the new principles wll focus consider-
ably nore attention on industrial discharges and
various harnful substances than the previous

pr ogr ammes. Thus the past ten years can be
characterised as a decade of increasing awareness

of these substances.
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Regional water resources development plants have
been made for 19 regions covering the whole country
and forming convenient hydrological units. Even
these plans do not have an official or mandatory
status, but they serve to promote the appropriate
use of water and protection in the regions
concerned. The plans span:

- water supply

- water pollution control

- recreation

- TFisheries

- hydropower

- timber-floating and traffic
- Tlood control and drainage

- water landscape conservation.

The iIntention was, depending on the region, to
revise the plans about once every five years to
enable updating of the plans in accordance with
changing environmental conditions and the needs of
society.

In addition to planning of this nature, the water
administration also carries out separate regional
or local planning concerning e.g. water supply and
water pollution control. These are especially
important in areas where the co-operation of
different municipalities is obliged due to problems
caused by Hlimited or low quality water resources.
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4. I NVESTMENT AND ANNUAL OPERATI NG COSTS OF WATER
PROTECTI ON MEASURES AND THEI R FI NANCI NG

4.1 PRI NCI PLES OF FI NANCI NG

According to the Water Act the polluter is
responsible for all costs of pollution control
nmeasures taken as well as conpensation for danage,
i.e. the polluter-pays-principle is followed in
wat er pollution control. However, since large and
urgent investnent has been needed for carrying out
wat er supply and water pollution control projects,
the state assists in arranging the financing of
investnments during a transition period.

To cover the cost of water supply and water

pol lution control neasures nunicipalities can
receive interest subsidy |loans to cover a maxi num
of 60 & of the investnent in population centres and
75 % of the investnment in sparsely popul ated areas.
Muni ci palities can also receive water pollution
control subsidies covering up to 30 % of the

i nvest ment . However, the total ampunt of interest
subsidy | oans and state subsidies may not exceed
60 % of total investnents. In addition to | oans

and subsidies the state itself carries out water
pol lution control projects.

Since 1974 the state has al so arranged, in the
framework of the financing system of industria
wat er pollution control, lowinterest state |oans
and interest subsidy |loans for existing industry,
covering 38.5 & of investnent in nonprofit water
pol lution control nmeasures. Qher loans from
public sources at slightly |ower than nornal
interest have been arrenged to cover an additiona
38.5 % of investnent.
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INVESTMENT

Investments in municipal water pollution control
are presented iIn Fig. 5, showing the substantial
increase in investment in the beginning of the
1970°s, followed by a small decline to then level
off. Annual investment including the different
forms of state support are given in Table 13. On
an average 20 % of investment has been financed by
interest subsidy loans and 10 % by direct financial
state support.
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Fig. 5 Municipal investment in water supply and
sewer systems

Investments in 1industrial water pollution control
encompass internal measures concerning processes
as well as external measures including sewerage and
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sewage treatment plants. Annual investnent is
given in Fig. 6. The annual figures for low inter-
est loans and for other public |oans are presented
in Table 14. Al the figures point to a consider-
abl e decline after the mddle of the 1970's with a
recovery towards the end of the decade. Oy an
average 22 % of investnent has been financed by |qgw
interest state |loans and interest subsidy |oans zngd
26 % by other types of public |oans.

mill. FIM
300 }
PULP AND PAPER INDUSTRY

2501 -

200 | -

150 |-

100

%
/
ik

=13 -

MANNN

NN
NN

SN

AN

/
%

N

-
w
~4
-h

mill. FIM
OTHER INDUSTRY

150 [~

100

50 |-

AN

7M
Y % Yt

-76 -77 -78 -719 -80 -61 -82

N
MW
NN

%

-h
[ -]

71 -1

N

73 74 7

(&)]

D process technology treatment and sewerage

Fig.6 Industrial investnents to water pollution
control in the 1970's in 1980 price |evel
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Table 13. Municipal and state investment in water
pollution control in mill. FIM without
index adjustment.

Investment 1971 1973 1975 1977 1979 1980 1981 1982

Direct from the
municipalities 31 106 123 96 75 131 103

Interest subsidy loans 6 13 36 17 68 35 45 47

From the state

— direct subsidies 2 12 a 0 6 7 a
- sewerage projects 5 a a 9 10 9 a
- unemployment grants 2 0 1 0 1 1
Total 37 126 181 129 153 182 165 160

Table 14. State loans, interest subsidy loans and
other public loans granted for iIndustrial
water pollution control in mill. FIM
without iIndex adjustment according to the
financing system for industrial water
pollution control.

Investment 1974 1975 1976 1977 1978 1979 1980 1981 1982

State loans and interest
subisidy loans 41 63 49 15 22 15 44 48 77

Post office bank loans 2 7 4 4

Mortage of Bank of
Finland Ltd. 54 70 52 19 11 13 57 31 73

Industries” own share a9 109 33 138 97 77 51 74 163

Total 186 249 138 176 130 105 152 153 313
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4.3 OPERATING COSTS

The operating costs (operation and maintenance) of
all sewer systems including also sewerage without
sewage treatment, are shown in Table 15. The
annual operating costs per connected inhabitant
reflect the increasing efforts devoted to sewage
treatment during the past ten years.

Table 15. Operating costs of sewer systems in
Finland. The total operating costs are
at the price level of the year concerned.
The annual operating costs per connected
inhabitant are in 1980 prices.

Year Total operating Annual operating costs
costs per connected inhabitant
(mill. FIM) (FIM/person)
1971 23 26.4
1972 34 40.2
1977 189 78.9
1978 221 84.8
1980 298 90.5
1982 377 90.4

The operating costs of industrial wastewater
treatment are illustrated in Table 16, revealing
a clearly increasing trend.

Table 16. Operating costs of industrial wastewater
treatment in 1980 prises (mill. FIM).

Year Pulp and paper industry Other 1industry
Internal External Total

1971 13.2 13.2

1972 0.7 27.0 27.7 25.4

1973 0.9 34.5 35.4

1974 2.2 41.2 43.5 30.2

1975 8.8 45.2 54.0

1976 11.1 51.2 62.2 39.5

1977 13.8 53.8 67.5

1978 16.9 60.6 77.6 62.1

1979 17.8 58.7 76.5

1980 16.9 58.8 75.7 76.9
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WATER POLLUTION CONTROL TECHNOLOGY

MUNICIPAL SEWAGE TREATMENT

In a sparsely populated country like Finland, the
number of treatment plants is TfTairly high as the
average plant scale is very small. The size
distribution of municipal sewage plants is given
in Table 17. However, it is important that this
statistical information does not contain the
majority of the smallest sewage works (for less
than 200 inhabitants), the number of whixh exceeds
3 000.

The progress in offering water supply and sewerage
services to the population is reflected In Fig. 1.

Perceatage of pepulation served

31.12.11983
1

100
%
90 4

1%

80 Septic tamks

70+

Chemical
40 4 94%

30 -+

Biological
20 -1

10-

Biological - chemical

T T T Y T T T Y
1970 1975 1980

Fig. 7 Development of municipal wastewater treat-
ment in 1970-1982



72

The methods applied In sewage treatment can best
be i1llustrated by Table 18. Comparing this table
with Fig. 7 gives the sharpest picture of progress
in exploiting technology.

Table 17. Size distribution of municipal sewage
works according to design flow in 1980

Design flow (m3/s) Number of works
199 112

200 - 499 149
500 - 999 93

1 000 - 1 999 68
2 000 - 4 999 68
5 000 - 70
Total 560

As can be seen, simultaneous precipitation, 1i.e.
using ferrous sulphate in the activated sludge
process, 1is employed for treating two thirds of
sewage. This technology is very economical in
terms of iInvestment and operating cost: the
inclusion of ferrous sulphate precipitation into
the activated sludge process is extremely simple
and ferrous sulphate is abundantly available as an
industrial waste product. The sewage treatment
results are sufficient in most cases and
practically no operating problems are encountered.
However, 1in some cases treatment needs to be even
more effective. In such cases, and especially in
the future, further upgrading of treatment will be
required at many treatment plants. The obvious
alternative will perhaps be to include sand
filtration with simultaneous precipitation, which
at present is the case only at a few small sewage
works. The requirements for ammonia removal will
in the future probably be met by designing the
biological processes in accordance with nitrifying

processes.



73

Table 18. Minicipal sewage treatnment plants by
treatnent method 31.12.1983

Tr eat ment Nunber of Nunber of persons
nmet hod treatnment plants served

1 000 1nhab. ¢

Septic tanks 46 1.3
Mechani ca

t r eat ment 3 2 0.1
Chemi cal

precipitation 57 483 13.9
Bi ol ogi ca

filtration,

oxi dati on ponds 37 34 1.0

Oxi dation ponds
w th chemi cal

precipitation 50 69 2.0
Si mul t aneous
precipitation 389 2 579 74.3
Pre- or post
precipitation 40 256 7.4
Tot al 576 3 469 100.0

Since 1974 efforts have been nmade to discover the
reasons for poor operation and to inprove the
functioning of existing sewage works. As a result
of this systematical work the performance of many
sewage wor ks has been inproved.

Leakage and storm water inventories have recently
started and no information on trends are at present
avai |l abl e. However, the requirenments to minimze

| eakage etc. have already proved to be nore than
justified. By renovating and renew ng sewage
networks, a considerable reduction of the load to
wat er cour ses can be achi eved w thout involving
treatment plants.

6 408500254J5-12
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Sewage sludge treatnment has becone nore conplete
as a result of guidelines, commonly requiring
stabilization and dewatering of the sludge.

| NDUSTRI AL WASTEWATER TREATMENT

Reduction of wastewater discharges from industry
has been attained through internal process neasures
as well as external wastewater treatnment neasures.
Usual Iy, both neasures are applied.

The pul p and paper industry is using the follow ng
process neasures:

- dry debarking which reduces the BOD | oad by two
thirds

- increasing the recovery of sulphate liquor from
96-98 % to 98-99 % and sulphite liquor from 85 %
to 95 %

- stripping of cooling water by steam

- reduction of occasional overflows or their
col l ection and treatnment

- reduction of water consunption by closing sone
wat er cycl es

- reduction of Dbleaching effluents by
recirculation of chemcals, external effluent
treatnment or selection of |ess polluting
bl eachi ng chem cal s.

External wastewater treatnent neasures are as foll ows:

- mechani cal sedi nentation

- bi ol ogi cal treatnent

aerated |agoon

biofilter

t he Pekil o-process

anaer obi ¢ treat nent

- chem cal treatnent (only to the extent of using

|

I

chemcals to inprove sedinentation).
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The water pollution measures of other industry vary
according to the branch concerned and from one
factory to another:

- petrochemical and plastics industry: chemical
and biological treatment, 1incineration, process
modifications

- TfTood processing industry: recirculation,
sedimentation, oxidation ponds, infiltration,
irrigation, biological treatment, connection to
municipal sewers

- mining and metal industry: recirculation,
process modifications, sedimentation,
neutralisation and precipitation

- textile industry: process modifications, bio-
logical treatment, connection to municipal
sewers

- leather industry: reduction of water consump-
tion, biological treatment

DIFFUSE SOURCES

As stated earlier (chapter 3.2), requirements con-
cerning diffuse sources and including relevant
technological measures have appeared in many
instructions on supervision. They cannot be
explained in detail in this context.

ESTIMATED EFFECTS OF WATER PROTECTION MEASURES ON
THE POLLUTION LOAD ON THE BALTIC SEA

The water protection measures described above have
resulted in considerable reductions of the pollu-
tion load to watercourses, especially when the
increased number of the population connected to
sewerage systems and increases in industrial
production are taken into account. The effluent
and discharge requirements are basically the same

inland and on the coast.
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6.1 OVERALL POLLUTI ON LOAD REDUCTI ON | N MUNI Cl PAL
DI SCHARGES

The devel opnent of the pollution |oad on water-
courses is illustrated in Fig. 8 and 9.  Mini ci pa
sewage treatnment had reached the goals set for the
total discharges of phosphorus (tot.p) for 1980
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in the first programme, the water pollution control
principles. The BOD, reduction goals had not

been reached owing to unpredicted difficulties in
the economy mentioned earlier. Further goals will
soon be established in the new water pollution
control programme under preparation.

N
25000
t/a
20000
16000 Crude load
—
I
10000 k/
Recidual lnld
5000
[ ]
"wn "7 "wrs L 1 17 1981 "

Fig. 9 Nitrogen load in municipal wastewater 1971-
1981

6.2 OVERALL POLLUTION LOAD REDUCTION IN [INDUSTRIAL
DISCHARGES

The progress in pulp and paper industry wastewater
discharges and the respective volume of production
is illustrated in Fig. 10 and 11. The development
of waste discharges from other branches of industry
is shown in Fig. 11. Studying the goals set for
1980, it is apparent that the phosphorus reduction
goals have been reached, while the rest of the
reductions have not quite yet been realized.
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Fig. 10 The production and the suspended solids
and BOD, |oads of pul p and paper
industry in 1960-1980 as well as the
respective goals for 1980

6.3 OTHER POLLUTI ON LCAD REDUCTI ONS

The load fromagriculture, forestry, scattered

dwel lings etc. has not been eval uated systemati -
cally. No trends can therefore be given. However,
many recently issued requirements have not yet
produced an effect on the pollution [oad. Addition-
ally, their influence may be nore pronounced in

| ocal circunstances than is reflected in nationa
revi ews. The difficult-to-control or-limt run-off
fromagriculture and forestry and factors |ike the
price of mneral fertilizers seemto create
stronger short-term effects than the |ong-term
requirements on reducing the pollution |oad.

Discharge
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di scharges in the 1970's

6.4 QUALI TATIVE CHANGES OF FINNISH WATERCOURSES

The quality of |ake water has inproved to sone extent
during the last decade due to water pollution control
nmeasures (Fig. 12).

The effects on river water quality are less favour-
able (Fig. 12). This is partly due to the initially
lower quality of river waters mainly caused by dif-
fuse loadings, parly to extensive hydraulic

engi neering activities.
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of inland waters in Finland.

1970-71 1976-77 1980-81

Lakes (km*)
Good/Excellent
Satisfactory
Passing
Poor

Rivers (km)
Good/Excellent
Satisfactory
Passing
Poor

24 550 24 950 25 000

5 950 5 850 5 900
850 550 500
150 140 130

11 500 10 900 11 500

7 300 7 700 7 400

1 900 2 000 1 800
200 200 160

Note:

The quality of inl

Excellent (1):

Good (2):

Satisfactory (3):

Passing (4):

Poor (5):

and is classified as:

Very adequate for all purposes.
For municipal water supply only
mechanical treatment and
disinfection are needed.

Adequate for all purposes. For
municipal water supply chemical
treatment is often needed due to
humic acids common in Finnish
waters.

Adequate for many purposes, but
only to a limited extent.
Adequate for irrigation.

Efficient treatment measures and
continuous quality monitoring are
needed In municipal water supply.

Adequate for navigation, timber
floating and hydropower
production. Adequate only to a
limited degree for irrigation and
cooling purposes.

Inadequate for any purpose.

Chemical and physical parameters are used to define
the classifications.
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Fig. 12 Usability of inland waters in 1976-77

The evaluation of the quality of the Finnish
coastal waters is based on another classification.
About 320 km? of the coastal water area was
estimated to be polluted in 1980-81. The polluted
areas are around the outlets of municipal and
industrial effluents and river mouths. Measures
to reduce the pollution will therefore have a
direct impact on the quality of sea water.

POLLUTION LOAD ON THE BALTIC SEA

The discharges of organic matter and nutrients to
the Baltic Sea are given in Table 20. As shown,
rivers carry a considerable volume of substances
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into the Baltic Sea. The fiqures are not directly
comparable, however, since hydrological and other
uncontrollable factors play a major role and since
e.g- phosporus in river waters may be mostly bound
to solids. The water pollution control work
undertaken iIn the 1970°s and thereafter is to some
extent visible in municipal and industrial
discharge fTigures for phosphorus.

In addition to the conventional discharge
parameters illustrated above, much more progress
has been achieved in reducing many specific
pollutants. Examples of these are the following
reductions achieved in industrial discharges in the
1970"s:

Mercury > 90 & reduction
Cadmium > 60 % "
lIron > 85 & "

Oil > 78 %
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Table 20. Discharges of organic matter and nutyients
into the Baltic Sea fran Finland (10°t/a>

1972 1974 1976 1978 1980 1982

GULF OF FINLAND

Ri ver discharges

BOD-, 36.0 32.0 45.5 47.0

P 0.40 0.47 0.60 0.49

N 8.00 9.10 11.9 12.0
Miuni ci pal discharges

BOD, 7.11 5.27 550 535 542 554

P 0.55 0.52 0.51 0.41 0.20 0.21

N 1.98 3.14 3.26 3.84 4.29 3.84
I ndustrial discharges N

BOD 40.15, 37.10 23.90 21.00 25.20 22.6

P 0.05, 0.04 0.04 0.05 0.04 0.04

N 0.47 0.49 0.62 0.51 0.35
THE GULF OF BOTHNIA
Ri ver discharges

TOC 450 450 600 780

P 1.7 2.0 2.2 3.2

N 29 20 34 48
Miuni ci pal di scharges

BOD~ 8.95 7.60 6.53 5.74 595

P 0.45 0.35 0.25 0.22 0.24

N 1.92 2.81 2.89 294 3.09
Industrial discharges

BOD, 100.7 88.5 60.6 51.6 65.4 55.4

P 0.25 0.23 0.17 0.22 0.25 0.23

N 1.87 3.20 197 212 229 2.53

* Includes discharges fram pul p and paper
i ndustryonly
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CONCLUSI ONS

The water pollution control problens today are
quite different fromthe situation faced before the
signing of the Hel sinki Convention. The applica-
tion of nodern technology to water protection
measures has resulted in considerable reductions of
many di scharges.

It seens today that the nost significant reductions
of many paraneters have al ready been achi eved,

al t hough progress has not been quite as rapid as
was originally pictured. Conpleting the neasures
aimng at reducing the |oad of oxygen-consum ng
subst ances and phosphorus is still necessary.
However, the challenges of the future definitely
lie in the careful consideration of the necessity
of nitrogen renoval and especially in the reduction
of persistent harnful substances. Deci sions on the
approach, further technol ogical devel opment and
requi red measures nust be taken soon.
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THE DANISH NATIONAL REPORT

Gunver Bennekou
National Agency of Environmental Protection
Denmark

INTRODUCT ION

In Denmark the supply of water is almost fully
based on groundwater resources, and the groundwater
may be used almost without prior treatment.
Therefore, a very high priority is given to the
protection of the groudwater resources. Only the
waste water of about 1 million person equivalent
is disposed of by land treatment. Percolation
concerns mainly sewage from rural and recreational
areas with summer houses, whereas irregation of
waste water 1is permitted only for special types of
waste water from the food industry.

In order to protect the groundwater, most of the
waste water 1is discharged to rivers, lakes and the
sea.

The Danish waste water policy is based on two main
pinciples. First, the discharge of particularly
harmful substances shall be reduced to the greatest
possible extent, and, second, the discharge of
other substances whose impact is more moderate and
confined to the local area, shall take place with
due consideration of the quality objectives laid
down for the receiving waters in question.
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URBANIZATION AND CHANGES IN THE STRUCTURE OF
INDUSTRY AND AGRICULTURE

Denmark covers an area of 43 100 km? with a
population of 5.1 million people. The population
density of 118 inhabitants per km? is high
compared to the other Scandinavian countries, but
relatively low compared to the continental
countries. However, the Danish population is very
unevenly distributed in the country. About 1/3 of
the population is living in the Copenhagen area on

the eastern side of the island of Zealand.

In spite of the fact that formerly Denmark was
known as an agricultural country most of the
population is living In towns - that is to say
around 4 mill. people. About 300 000 people live
in villages and about 700 000 live in scattered
builtup areas. This scale has not changed much
during the last 10 years.

The economic crisis has had a great influence on
industry. The crisis as well as the modernization
and rationalization have caused a drastic reduction
in the numbers of jobs in the industry.

With regard to water pollution especially two facts
are of interest, namely the development of the
chemical industry and the location of the
industries.

The chemical industries and especially the medical
industries have expanded enormously during the last
10 years as well with regard to production as to
employment.
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This development has among other things caused that
part of the chemical industry has moved from the
towns into less built-up areas, for instance out
along the coasts. Also other large new industrial
works have to a considerable extent been estab-
lished outside the towns.

The agriculture has during the last 10 years
changed very much. The total agricultural produc-
tion has been almost unchanged, but the production
takes place on fewer and larger and more special-
ized farms today. The number of farms with cows
has been halved during the period in question, and
the same has occurred to farms with pigs. These
circumstances have sometimes caused water pollution
problems, as some farms have been unable to use the
farmyard manure on their own fields. The total
consumption of fertilization has 1iIncreased during
the period especially with regard to nitrogen
fertilizer.

WATER PROTECTION ADMINISTRATION AND WATER
PROTECTION REQUIREMENTS

Since 1974 the planning of the water quality has
been carried out within the framework of the
Environmental Protection Act which aim is to
prevent and combat pollution of air, water and the

soil.

The central authorities have not laid down national
emission standards -~ in Denmark the planning of the
water quality takes place at the local level, i.e.
by the regional and municipal authorities.

However, the National Agency of Environmental
Protection, NAEP acts as adviser to the local
authorities, and i1t has for instance issued
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gui delines for the discharge of waste water. The
guidelines list exanples of particularly harnful
substances that should be controlled at the source,
for instance nercury, cadm um and hal ogenated
phenol s. It further gives guiding directions for
the em ssion values to be applied to a nunber of
substances, e.g. nutrient salts and nmetals -
differentiated according to the nature of the
receiving waters (Table 1). These guidelines have
to a very large extent formed the basis of the

di scharge permts issued by the |ocal authorities.

Table 1. Quiding discharge limt values for
recel ving wat er s.
a b c d
Lakes and wat er cour ses Landl ocked Qpen  bays,
wat er cour ses to open bays, inlets and straits,
Par anet er to lakes and straits, belts other encl osed belts and
| andl ocked and the sea salt and the sea
inlets brackish waters
pH 6.5 - 8.5 6.5 - 8.5 6 -9 -
Tenper at ur e 30° ¢ 30% ¢ 30° ¢ 35° ¢
T
BOD, 20 ma/l 20 mg/l 100 ma/1 400 ma/l
modi fi ed modi fi ed
CoD
(Cheni cal
oxygen demand)
NH,=N: (NHy+NH, ") 2 ma/l
Total N
Total P 1 mg/l | mg/1
Settable matter 0.5 ni/l 0.5 m/l 1 m/l 1 m/l
gﬁﬁ:f;ﬁé’es ““““““““““ should not be wvisible * v
Suspended sol i ds 30 mg/1 30 mg/l 80 mg/l

(TSS)
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The NAEP has al so issued guidelines for the region-
al authorities surface water quality planning. The
gui del i nes contain the objective set in EC Direc-
tives concerning salmonid waters, cyprinid waters
and shellfish waters.

The paraneters stipulated in the Directives are
incorporated in the formof quality requirenents
for the objectives in question. Besi des the

gui delines contain provisions for the content of
iron conpounds, saprobie index and flow of water in
wat er cour ses.

The NAEP is the authority of appeal concerning nost
of the decisions made by the | ocal authorities.

Some of the decisions made by the NAEP especially
concerning discharge permts and approval of
certain categories of industries can be appealed to
an Environnental Appeal Board which is independet
of the politically controlled authorities.

Denmark is divided into 275 nunicipalities and 14
regional areas. |In accordance with the provisions
of the Environnental Protection Act the regiona
authorities are responsible for the quality of the
receiving waters. Each regional authority has in,
co-operation with the nunicipalities involved,
prepared a provisional plan for the quality of the
receiving waters in its area. The plan sets up the
obj ectives to be achieved in the individua
receiving waters - i.e. watercouses, |akes and
coastal waters.

After 1984/85 these plants will be binding for the
muni ci palities.

Each of the nunicipal authorities has, partly on
the basis of the regional surface water quality
plans, partly on the basis of the physical and

econom ¢ devel opnent in the area, worked out a

7 408500254J~-12
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waste water disposal plan. The plan contains
informati on on existing waste water treatnent
plants and information on how the waste water is
di sposed of in the area, for instance by
percolation, irrigation or individual discharge.
The plan has further to describe necessary new
plants and to show which surface waters to be used
for waste water discharge.

Before the regional council approves a waste water
plan, the plan shall be presented to the public,
and a hearing shall be nade in order to hear the
opi nion of the |ocal residents.

Wien the waste water plans are approved, the
regional authorities grant a permt to discharge

the waste water concerned. It is then up to the
muni cipalities to have a plant designed which is
able to neet the discharge permt. No design

gui del i nes exist fromthe NAEP, as such guidelines
are believed to act restraining on the devel opnent
of new technologies. |If the plant fails to neet
the discharge permt or creates other nuisances to
t he nei ghbourhood the regional authorities can
demand changes nade in the operation of the plant.

I N\VESTMENT AND ANNUAL OPERATI NG COSTS

In Denmark the disposal and treatnment of waste
water are financed primarily by the producers of
the waste water.

The nunicipal authorities are responsible for the

construction and running of public sewage systens

and wastewater treatnment plants. The costs

invol ved are paid by the users according to rules

| aid down by these authorities, and the principles
governing the distribution of costs vary through-

out the country.
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The costs are divided between 3 groups of users,
private househol ds, industry, and the nunicipality.
Al users are charged with a contribution to con-
struction and an annual contribution to operation
and nai nt enance.

It is statutory for the nmunicipality to contribute
to at |east either construction or running costs.
On average these authorities finance 20 % of the
construction costs.

As a main rule the charging systens are based on
the quantity of waste water discharged to the
public systemand its content of pollutants. In
this context domestic waste water sets the

standard, and consequently an additional charge per
unit (m3) is put on industrial effluents with a

hi gher degree of pollution.

An inportant difference between Denmark and nost
other countries has been that no governnment grants
to the municipalities exist to aid themin
financing the treatnent costs. As a consequence

t he Danish treatnent plants have been constructed
on a lower cost than in the neighbouring countries,
where such grants have exi sted.

Private sewage discharges, for instance industria
enterprises, discharging directly to surface waters
via its own waste water treatnent plant, pay the
expenses thensel ves.

However, the state has had the possibility to grant
contribution to the investnent on special occasions.
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During the last 10 years on an average 1 000 mill.
DKK have annually been invested in public sewers
and waste water treatment plants. The operating
costs represent above 1 000 mill. DKK annually.
(usg = DKK 9.50 (1983)) (Fig.- 1).

a iokr.
1.500
1.000 \/\/ capital expenditure
500 //’
eurrent expenditure
0 L
I 72' ] -75 i ] v 3 IBO 1 1 -83. ]

Fig. 1. Current and capital expenditure of sewage
and waste water treatment plants in 1977
prices.

Since 1980 the annual capital costs has decreased
from 1 200 mill. DKK to 800 mill. DKK in 1983.
Around 200 mill. will this year be invested in
treatment plants only. Running costs have been
increasing and will this year amount to 1 400 mill.
DKK.

The industries have since 1974 invested 40-100
mill. DKK annually in waste water treatment plants.
The running costs for the iIndustries are approxi-
mately 5-10 mill. DKK annually.
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WATER POLLUTI ON CONTROL TECHNOLOGY, METHODS AND
THEI R APPLI CATI ON

92 ¢ of the Danish popul ation discharge their waste
water into public sewers. At present about 65 % of
the waste water is biologically treated, 25 %
nmechanically treated and about 10 %untreated. 5 %
of the waste water is treated for either nitrogen or
phosphor us. This effort neans that alnost all the
waste water discharged to inland waters now is
either biologically or nore advantageously treated.
However, as sone of the pollution especially caused
by nutrients have been noved to the coastal zone,
sonme events of |ow oxygen concentrations and al gae
bl oons have been observed here during the | ast

years. These problens are currently investigated to
find out, if the causes are the increasing use of
fertilizers in the agriculture, waste water

di scharge or just natural variations in the

envi ronnent . As a consequence an increased nutrient
renmoval fromthe waste water may be a necessity in
the future

During the sixties and the early seventies nany of
the largest cities in Denmark were buil di ng conven-
tional mechanical plants or trickling filter plants,
typically designed for a capasity of 50 000-150 000
popul ati on equival ents (PE).

Most of these plants are still in operation. For
the cities situated along the coastline, the
effluent quality is often sufficient to get approval
fromthe regional authorities, but for the cities

di scharging into streans and | akes an upgradi ng has
been required during the last 5-10 years.

Upgrading is normally performed by activated sl udge
treatment, either as an additional step or as a new

one-step process.
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During the last 15 years about 500 treatnment plants
in the size of 1 000-30 000 PE have been put into
operation. Alnost all of themare activated sludge
plants, of which about 50 % are oxidation ditches.
Today the oxidation ditch is the type of plant nost
frequently used for smaller communities.

The design and operation of these oxidation ditches
are carried out individually according to the
various discharge requirenents regarding
nitrification, denitrification, and phosphorus

r emoval

Because of its size, the wastewater treatnent
system for Copenhagen is not conparable to that of
any of the other cities in the country.

Copenhagen' s sewage corresponds to about 2.4 mll.
PE, of which about 50 % is donestic waste water and
the remaining part is comng fromdifferent

i ndustries.

After a nunber of different pilot plant tests
carried out during 1972-1978, a pure oxygen plant
was chosen. The plant, called Lynetten, was
designed for a dry weather flow of 300, 000
ov.m/day of approximately 500 mg/1. In 1980 the
pl ant was put into operation, and the effl uent
quality is now satisfying the intergovernnent
agreenment between Denmark and Sweden for discharge
into @resund.

Only Lynetten and one nore large treatnent plant in
t he Copenhagen area use incineration as neans of

sl udge disposal. The anmount of sludge fromthese
two plants corresponds to 40 ¢ of all wastewater
treatnent sludge produced in Denmark. The

remai ning 90 000 t dry sludge produced per year are
evenly disposed of to landfills and agriculture.
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Dewat eri ng before disposal to landfills is normally
performed by filter presses and sieve belt presses.

The big cities nornmally have private consultant
engi neering conpanies to make the design of new
pl ants or upgrading old plants.

For smaller cities, comunities, and industries it
is common to invite tenders for the treatnment
plants as turnkey jobs. Wen evaluating bids the
muni ci palities consider the cost of operation just
as inportant as the cost of construction.

This market situation has resulted in a very strong
conpetition between the different Danish

engi neering conpani es, who have devel oped sone very
sinple treatnment plants, low in investnent and
runni ng costs.

The performance of the turnkey plants is nornally
guaranteed by the contractor.

The research and devel opnent in treatnent plant
design has especially dealt with new nmethods for
nitrogen and phosphorus renoval, as wll be
described in the technical papers from Dennark, and
with automatic control of treatnent plants.

A main difference fromthe wastewater policy of
nost other countries is that no centrally issued
desi gn guidelines exist for the construction of
waste water treatment plants. \Wen a regiona
council has issued a discharge permt, it is the
responsibility of the nunicipality to nmett the re-
qui renent s. The municipality needs no approval
froma higher authority of the technical design of
the treatnent plant. The econony of the plant is a
muni ci pal responsibility too, as there are no
governmental grants to help them cover the costs.
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ESTIMATED EFFECTS OF WATER PROTECTION MEASURES ON
THE POLLUTION LOAD OF THE BALTIC SEA

As mentioned earlier almost all the waste water
discharged to inland waters is now either
biologically or more advantageously treated.

In 1972 only about half of this waste water was
treated biologically or chemically. The increasing
treatment and the facts that part of the waste
water which was earlier discharged to the inland
waters is now discharged to the marine areas have
caused that the water pollution in the inland
waters has been reduced by more than 50 %.

In the area of @gresund the treatment of the waste
water has improved very much. In some other towns
discharging to the marine area the situation has
been iImproved.

Many municipalities have plans for better treat-
ment. In 1990 it is expected that more then 50 %
of the waste water from sewers discharging to
marine waters shall be treated biologically.

The ongoing iInvestigation of loss of oxygen in the
Danish marine waters among others have the purpose
the explain whether the plans made for treatment
are sufficient in order to avoid loss of oxygen.

Besides, the pollution from discharge of waste
water the Baltic Sea is polluted from agricultural
discharges and atmospheric fTall-outs.

The National Agency of Environmental Protection has
made a calculation of the pollution of the Baltic
area with regard to N, P, and organic matter (COD)
during the years from 1975-1981 (Table 3 and 4).
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In this calculation the |oad of waste water is
estimated unvariable. The above nentioned

nodi fications are of special inportance to the

di scharge of COD, which is smaller at the end of
the period than nentioned in the table. The
increasing discharge fromagricultural areas is
caused exclusively from the increasing run-off
during the nmentioned peri od.

Table 3. Estinated total |oads from Danish |land to

the Baltic sea in the period 1975-81.
Measured in tons per year.

Total -N Total -P Total COD

Aver age 90 000 10 000 500 000
Maxi mum (1981) 120 000 11 000 550 000
M ni num (1976) 60 000 9 000 450 000

Table 4. Load distribution related to source (to
the nearest five percent) on average over
the period 1975-81.

Total -N Total -P Total COD

Sewage plants 30 75 50
Di rect discharges

fromindustries 5 10 25
Fish farns (no) (no) (no)
Contribution from

rural areas 40 5 (no)
Ur ban run-off {no) (no) 5

Scattered housings

pl us discharges from

farm areas (liquied

manure etc.) 25 10 20

100 100 100

However, many other substances than N, P, and COD
are discharged with the wastewater.

The National Agency of Environnental Protection has
started an investigation of the circunstances, but

the conclusions of the investigation are not yet

avai |l abl e.
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WATER PROTECTI ON | N THE FEDERAL REPUBLI C OF GERMANY
UP TO 1983 FROM A LEG SLATI VE PO NT OF VI EW

Bernd Bayer
Federal Environnental Agency
Federal Republic of Gernany

ABSTRACT

Fol l owing a brief description of the organisation
and major responsibilities of water protection in

t he Federal Republic of Germany, a survey is given
of the nunmerous |egal regulations and conpl enentary
measures. A distinction is nade between nationa
regul ations, EECregulations, international regula-
tions - including agreenents in the framework of
the Council of Europe, international river basin
conventions, conventions for the protection of the
marine environnent, work undertaken by the United
Nations, by CECD and NATO -, regul atory actions
having an indirect effect in water protection, as
wel | as conpl enentary neasures such as investnents
aids, research and devel opnent projects, expert

opi nions by the Council of Environnental Advisors,
and the inplenentation of nonitoring progranmmes.
The Federal Governnment and the federal states
(Lander) are naking efforts to ensure consistent
conpliance with three principles of environmenta
protection policy: the principle of anticipatory
action, the "polluter-pays" principle, and the
principle of co-operation. Owing to the fact that
waters are subject to various and sonetimes
conflicting user clains, conprom ses nust be sought
as a rule. In principle, limtations of em ssions
are preferred to regulations for the control of
immssions. As a result of the considerable
efforts undertaken in particular during the past
decade - for instance, the proportion of inhabitants
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connected to biological sewage treatnent plants was
virtually doubled - it was possible to inprove the
quality of many waters considerably; this is proved
by the exanple of different sets of nonitoring data
fromthe river Rhine. However, nunerous problens
have yet to be solved; in the first instance these
are problens connected with the dispersion of
critical pollutants in the environnent. Attention
is drawn to a nunmber of further concrete and basic
task of focal inportance to be tackled in the future.

| NTRODUCTI ON

In recent decades - and especially since the begin-
ning of the 1970's - many waters of the Federa
Republic of Germany have been subjected to increas-
ing strains as a result of hazardous pollutants and
waste heat. The first and initially the nmost im
portant counter measures for the protection of waters
are concentrated on elimnating the worst pollution,
particularly that caused by easily degradabl e
substances, which provide and i medi ate danger to
aquatic life due to their consunption of oxygen.

Now it is nore essential than ever to conbat also

ot her kinds of water pollution, caused by other

har zardous substances, particularly those which are
harder to break down and have nore |ong-term effects,
such as heavy netals and organic mcro-inpurities,

i ncl udi ng chl oro-organi c conpounds, sone of which
have carcinogenic effects. To deal with this range
of problems, especially in the last 10 years the

exi sting regul ations have been extended and new ones
have been set up.
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ORGANIZATION AND COMPETENCES

To understand the relativly complicated water
protection-organization in the Federal Republic of
Germany it is essential to know that pursuant to
Article 75 para 4 of the Basic Law (Grundgesetz)
the Federation has only the right to enact general
provisions concerning water management. The
remaining legislative competence concerning water
management in particular as regards TfTulfilment of
the framework specified by the Federation and
organization of execution, is in the hands of the
Laender (estates).

In this way the Land and municipal anthorities
competent for water management and water rights and
whose competence varies from Land to Land attend to
the licensing procedure in accordance with the Land
Water Laws and issue the appropriate notices on
water rights.

The Land anthorities are also responsible for
fulfilment of obligations and ensuring that they
are complied with. Several regional water boards
have, 1in accordance with the Land water laws, been
assigned competence governed in the various Land
Water board Laws. They are of considerable
significance.

Waters pursuant to Article 1 Federal Water Act (1)
are:

- surface waters
- coastel waters and
- ground water

The areas of the High Seas of the Baltic Sea and
the North Sea that means areas outside of the

national territory are not covered by these classic
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water laws. The protection of these are mostly
regulated by international conventions. The
fulfilment of obligations of these conventions are
in the responsibility of the Federation.

Measures in the fields of air pollution, waste
management or chemicals, which are also partly very
important for water protection, are regulated by
federal laws. In these fTields the Federation has
the right to enact comprehensive laws. The execu-
tion of these laws, however, is also iIn these
fields largely in the hands of the Laender
authorities.

LEGISLATIVE REGULATIONS AND SUPPORTING MEASURES

NATIONAL REGULATIONS

The most important regulations within the field of
water protection are the TfTollowing three laws:

- Federal Water Act, (Wasserhaushaltsgesetz, WHG)
in the version of 1976, (1)

- Waste Water Charges Act, (Abwasserabgabengesetz,
AbwAG), 1976, (2)
and

-~ Detergent Act, (Waschmittelgesetz), 1975, (3)

The 1976 version of the Federal Water Act, together
with the water Ilegislation of the various Lander,
covers the entire field of water management. It
imposes the following basic regulations on the
discharge of waste water into waters:

- any release of waste water into waters 1s
subject to the approval of an appropriate
authority:
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permission to release waste water many only be
issued iIf certain minimum requirements are
fulfilled, which comply with the generally
acknowledged rules of technology. This means,
for example, that municipal sewage must be
purified in a fully biological way. This also
applies for sewage released into coastal waters:

- management plans are intended to regulate the
various uses of waters. Priority is given to
obtaining drinking water. Particularly strict
requirements can be imposed on the treatment of
sewage and waste water.

The 1976 Waste Water Charges Act concerns the
following basic regulations:

- a levy i1s payable on the release of waste water
into waters, and this i1s assessed according to
the hazardous nature of the waste water. It
applies regardless of whether the receiving
waters are of good or poor quality;

- the levy is used for cleaning up the receiving
waters.

Previously there had been no such levies, and this
regulation represents a considerable iImprovement.
It exerts and economic stimulus for the construc-
tion of more water purification plants, for
improving the available sewage treatment, for the
development of manufacturing processes producing
little or no waste water and for the introduction
of such processes as well as a reduction in the
amount of products that can only be manufactured
with large resulting quantities of waste water, and
for the more Hlimited use of such products.

On the basis of Article 7a Federal Water Act up to
now 27 General Administrative Regulations (4),
containing minimum requirements for the discharge
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of wastewater into waters have been enact ed.
Another 5 CGeneral Administrative Regulations are
ready to be issued in the near future.

On the basis of the Detergent Act of 1975 two

Adm ni strative Regul ati ons have been enacted,
setting mninum requirenents for the degradability
of anionic and non-ionic tensids (at |east 80 %)
(Adm ni strative Regul ati on concerning Tensid) (5)
and the concentration of phosphate in washing and
cl eansing agents (Adm nistrative Regul ation
concerni ng the maxi mum anount of phosphate) (6).

4.2 EEC REGULATI ONS (= supranational regul ations)

As well as the Federal Governnment with his environ-
mental program of 1971 the European Econom c Commu-
nity began a |arge action-program concerning envi-
ronmental protection by a correspondi ng decl aration
of the council in 1973 (7). EEC-regul ati ons con-
cerning environnmental protection are enacted in
formof directives pursuant to Article 100 and
Article 235 of the Agreenent on the foundation of

t he European Econom c¢ Community (8). Nationa

| egislation is being increasingly supplenented by
the lawgiving activities of the European Comunity.
In the past 10 years nore than 50 directives
concerning environnment have been laid down which
are binding for the nmenber states. Wthin a
certain period, nostly 2 years, the menber states
have to transfer these directives into nationa

| egi sl ation.

In Table 1 EEC-directives relevant to water
protection (the offical titles of the directives
are listed in the chapter References) are |isted
(9-31).
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The nost inportant of all these directives is the
"Water Protection Directive", the so - called ENV
131, in its basic function for far-reaching
requirements for the discharge of pollutants not
only into waters but also into sewerage systens
(indirect discharge). This directive represents a
franework, i.e. concrete requirenents for
particul ar substances are set in special followup
or execution directives. Up to now, two follow up
directives were enacted:

- Directive on nercury-em ssions of chlor-alkal
el ectrolysis industry
and

- Directive on cadm um di schar ges.

O her followup directives are in preparation, at
present a directive on nercury discharges by
sectors other than the chlor-alkali electrolysis
industry is discussed.

Besides the directives exists furthernore a

deci sion of the council on introducing an uniform
procedure for exchange of information on quality of
surface fresh water in the EEC (31).

4.3 | NTERNATI ONAL REGULATI ONS
4.3.1 COUNCI L OF EURCPE

Even before the EEC becane active in the fields of
water - and environmental protection, the Counci

of Europe passed sone inportant resol utions. So on
May 6, 1968 the European Water Charta was decl ared
which pointed out for the first time international-
Iy the significance of water as base for |life and
economnmy and which put water protection within the
field of water nmanagenent in the centre of interest

as a priority task to be solved internationally.
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Table 1. EEC Regul ation (9-31)

Directives Deci sion
- Degradability of -waste from the - Exchange of
tensid (3 directives) titanium oxid information on
i ndustry quality of

surface fresh
water in the

EEC
~ waste oil di sposal - Toxic and dan-
gerous wastes
- Quality objectives - Quality of fresh
for surface water for water to support
drinking water fish life
abstraction
- Waste - Phyto-pharmaceuti-
cal products
- Quality of bathing - (Qassification,
wat er Facka?l ng and
abel [ing of
dangerous  substances
- PCB’s and PpCT’ s - Methods of
measurement

analysis surface
waters f or dri nki ng
water abstraction

Waters favourable to

- Protection of

surface waters shel [ fish growth
- Mercury from chlor- - Goundwat er
alkali electrolysis
i ndustry
- Cadnmi um - Quality of water for

human ~ consunpti on

Issue and application
of dangerous substances

In 1968 the inportant "European Agreenent on Deter-
gents" (32, 33) was passed which contains simlar
regul ations as the above nentioned "Administrative
Regul ati on concerni ng Tensids" (5) resp. the
correspondi ng EEC-directives on the degradability
of anionic surfactants (9, 10, 29, 30). In 1972
this agreement was transferred in the Federa
Republic of Germany by law into national right (33).

Furthernmore it is necessary to point to the prep-

aration of a "European Water Protection Convention”
whi ch exists only as a draft.

8 4208500254J-12
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| NTERNATI ONAL RI VER BASI N CONVENTI ONS

Internationally agreed regul ati ons and prograns -
especially for rivers belonging to severa

countries - are very inportant for a succesful
water protection. As effective instruments are to
denom nate international river basin conm ssions as
it was set in force, e.g. 1961 for the rivers Msel
(34) and Saar (35) and 1963 for the river Rhine
(36). Wthin the scope of the Internationa

Commi ssion for the Protection of the Rhine against
Pol lution there have been conventions since 1976
governing the reduction of salinity (37) which is
unfortunately not yet in force - and the avoi dance
of chemical pollution (38). A convention on
l[imting the thermal |oading of the Rhine is being
drawn up.

Ext ensive water protection neasures were agreed
upon in the International Conm ssions for the
Protection of the Msel and Saar Agai nst Pollution
and also in the Water Protection Conm ssion for
Lake Constance (39).

On the basis of bilateral agreenents the Federa
Republic of Germany | ooks after the interests of
boundary waters together with its neghbouring
countries.

4. 3.3 CONVENTI ONS ON PROTECTI ON OF THE MARI NE ENVI RONVENT

Appropriate conventions exist as regards the
prevention of pollution of the marine environnent:
t hese conventions also contain guidelines on the
prevention of pollution of the marine environment
outside the EEC. The nost inportant international
regul ations are:
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- Convention for the Prevention of Marine
Pol lution by Dunping from Ships and Aircraft
(Cslo 1972) (40)

- Convention for the Discharge of Waste into the
Sea (London 1972) (41)

- Convention on the Protection of the Marine
Environnment of the Baltic Sea Area (Hel sinki
1974) (42)
and

- Convention for the Prevention of Marine
Pol lution from Land-Based Sources (Paris 1974)
(43).

The Federal Republic of Germany participates in the
work of the menber country conm ssions set up by
the Conventi ons.

4.3.4 UNO, OECD AND NATO

For the sake of conpleteness it is nentioned that

there exist partly extensive works within the CECD
the uNo and even NATO in the field of water - and

environnental protection (Table 2).

Table 2. International activities on water
protection. Regul ations with indirect
effect for the water protection

UNO OECD NATO
UNEP Recommendat i ons, e.g. CQVE:
1972 Conference - Analytical nmethods St udy
St ockhol m Degradability of Advanced
Tensids Wast ewat er
t reat ment
1982 Conference - Control of Eutro-
Nai r obi phi cati on of Waters
Control of
Pol | utants
ECE Testing of Chemcals

1980 Principles -
Water Protection

1982 I nternationa
Co- operation -
Commun Wt er
Resour ces
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Tasks of the UNO - important for the Federal
Republic of Germany - are executed within the
European Commission of Economy (ECE). So in 1980
e.g. very important principles in the field of water
protection were adopted and in April 1982 passed a
further resolution concerning the international
co-operation as regards commun water resources.

Within the Organisation for Economic Co-operation

and Development (OECD) since many years recommenda-
tions in the field of environmental protection are
prepared by various groups of experts. These rec-
ommendations often served as a basis for supra -and
international regulations and measures. Important
for water protection are e.g.:

Recommendations on methods of determing the

degradability of anionic and non-ionic tensids,

- Recommendations on the control of water
eutrophication,

- Recommendations on strategies of controlling
specific pollutants,

- Test guidelines and principles for Good-
Laboratory-Practice (GLP)
and

- Methods of testing chemicals on properties
relevant to the environment.

Within the North Atlantic Treaty Organisation (NATO)
the Committee on the Challenges of Modern Society
(ccMs) was created in 1969 to assist member states
in the exchange of technical research and iIn co-
operative projects on commun problems. So in 1980 a
study on Advanced Wastewater Treatment was Tfinished.
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4.4 REGULATIONS WTH I NDI RECT EFFECTS FOR WATER PROTEC
TI ON

More and nore the interaction of the various envi-
ronmental nmedia are realized, e.g. air, water and
soil mutually and as living space for human bei ngs,
animals and plants. The transfornmation of these
under standi ngs into | egal regulations, however, nay
be duplicated only step by step.

The following regulations are indirectly of partly
great inportance to water protection:

- Chenicals Act (ChemG) on protection against
danger ous substances (1980) (44); this lawis
based on the

- EEC-Directive relating to the classification
packagi ng and | abelling of dangerous substances

(1979) (22)

During the tinme before the Chem cal s-Act cane into
force on January 1, 1982 inter alia the follow ng
ordi nances have been enact ed:

- Ordinance on existing chemcals (1981) (Art. 28
para 2, Chen(3 (45).

- Ordinance on the notification and the dossier of
data (1981) (Art. 10 para 1, Chenm3 (46) and

- Ordinance on designating the conpetent anthority
to recieve the notification according to the
Chem cals Act (1981) (Art. 12 para 1, Chen(
(47).

Qher inportant regulations are:

- Federal Inmmssions Control Law (BImSchG) for the
prevention of harnful effects on the environment
caused by air pollution, noise, vibration and

simlar phenonena (1974) (48),
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- Ordinance on limiting PCB, PCT and VC (1978)
pursuant to BImSchG (49),

~ First general administrative regulation
pursuant to BImSchG:
Technical instructions for maintaining air
purity (1983) (S0),

- DDT-Law (1972) (51),

- Waste disposal Act (AbfG) (1972) and amendment
(52) of 1982 as legal basis for
- Ordinance on sewage sludge establishing limit

values for heavy metals in sewage sludge and
soil receiving sewage sludge (53),

- Plant protection Law (1968) (54) which is
revised at present,

- Federal law on epidemic diseases (1961), last
amended in 1975 (565) as basis for the
- Ordinance on drinking water (1976) and (1980)

(56),

- Foodstuff Law (1974) (57),

- Environment statistics Law (1974 and 1976) (58)
as basis for offical statistical investigations
and until now three
- Ordinances on the harmfulness of wastewater

(1975, 1977, 1979) (59-61).

SUPPORTING MEASURES

Besides this rather extensiv package of regulations
a lot of supporting measures with important effects
for water protection are undertaken by the
Federation and the Lidnder (estates), some of them
are, e.g.

INVESTMENT AID
For the construction of treatment plants and

sewerage systems municipalities invested approx. 39
Mrd. Deutschmarks (DM) only in the time from 1971
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to 1982, nerely since 1975 27 Md DM About one
third hereof was given as investnent aid by the
Federation and the estates.

The grants of the Federation are from

- Rhi ne-Lake Constances-Programmes (1972 to 1982),

- Community task "Amelioration of the agrarian
structure and the protection of the coasts" and

- Community task "Anelioration of the regional
structure of econony".

In addition to that in the years from 1975 to 1981
favourable credits up to a total of 2.13 Md DM was
granted from the ERP-Wastewater Treatnent Program

4.5.2 RESEARCH AND DEVELOPMENT PRQIECTS

The preparation, the execution and the realization
of regulations concerning water protection require
as a rule an intensive acconpanyi ng research.

The necessary neans for this are to be raised mainly
by the public authorities.

So, the Federal Government raised since 1975 in the
field of water protection about 250 MII. DM for
research and that essentially in the frane of the
research point "New technol ogi es of wastewater- and
sludge treatnment” of the Federal Mnister of Re-
search and Devel opnent (BMFT) and in addition to
that within the environnental research plan
(UFOPLAN) of the Federal Mnister of the Interior
(BM) for the devel opnent of legal norms in the
field of water protection.

In the scope of basic research of the German Society
for the Advancenent of Scientific Research (DFG

since about 1975 neans of annually 20 to 25 MII. DM
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could be raised for projects in the Tfield of water
protection. Other bodies for research are iIn this
connection the EEC, board for water management and
the estates which are responsible for the execution
of the water laws.

REPORTS OF THE COUNCIL OF EXPERTS FOR ENVIRONMENTAL
QUESTIONS

In the beginning of the 1970"s a Council of Experts
for Environmental Questions was appointed by the
Minister of the Interior. This Council published
since then, 1in addition two comprehensive annual
reports (62, 63), also other important reports
concerning water protection, such as:

- Wastewater charge (1974) (64),

- Environmental problems of the Rhine (1976) (65)
and

- The state of the North Sea (1980) (66).

These reports helped to work off and to assess the
existing knowledge, to inform wide sections of the
population, as well as to initiate further dis-
cussions among experts and politicians.

MONITORING PROGRAMMES

The success of any measure concering water protec-
tion stands and falls with the efficiency of its
control. For this purpose every wastewater dis-
charge and all important waters are monitored in
the frame of individual monitoring programmes.

Relating to emissions, 1in the case of wastewater
discharges, the objective a sensible combination
between a regular self-control of the manager of a

wastewater treatment plant and a more seldom
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practised control of the authorities. The notive
powers for this nonitoring systemare the

WAst ewat er Charges Act (2) which becane effective
on January 1, 1981 and the new m ni mum requirenents
pusuant to Article 7a Federal Water Act (4).

In the field of inmm ssions various nonitoring pro-
grammes are practised by the Federation and the
estates relating to the different requirenments on
waters concerned. The follow ng nonitoring pro-
grammes nerit to be nentioned:

Moni toring programes of the German and I nterna-
tional Conmission for the Protection of the Rhine
agai nst Pol | ution,

Moni toring programme of the International Comm s-
sion for the Protection of the Mdsel and Saar
agai nst Pol | ution,

Moni toring programe of the International Water
Protecti on Comm ssion for Lake Constance,

Moni tori ng programe of the working groups of the
Laender for the conservation of the El be and
Weser,

Commun coastal nonitoring programme of the Feder-
ation and the Laender,

German-Dut ch nonitoring progranme for the conser-
vation of the Ens-Estuary,

Moni toring programes of the German Hydrographic
Institute (DH) for physical and chem ca
investigations of the North Sea and the Baltic
Sea in the area of the high seas,

International nonitoring progranmes in connection
wi th the conventions for the Protection of the
Marine Environnent.

These nonitoring programmes are regulary adapted to
new know edge and requirenents. The results of the
investigations are normally published in the form
of annual reports and nunerical tables.
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RESULTS OF WATER PROTECTI ON MEASURES

Consi dering the enornmous effort which was pursued
especially in the | ast decade for water protection,
successes did not fail to appear. Sone exanpl es
wll clarify this:

It has been possible to achieve a considerable
increase in the nunber of treatnent plants built.
Wiereas in 1969 approxinmately 35 % of the popu-

[ ati on had access to biological treatnent plants,
by 1981 this figure had risen to over 65 %. As a
whole in the Federal Republic of Germany there are
over 7.000 such treatnment plants in operation,
dealing with the sewage fromnore than 80 % of the
popul ation (Fig. 1).
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Fig. 1 Biological wastewater treatnment in the FRG
% of the popul ation connected to a public
sewage treatment plant

One particular solution for treating wastewater
that had previously been rel eased into | akes has
been the construction of sewage drains in a ring
around these |lakes, with a centrally |ocated
treatnment plant below the |ake itself. This has
taken place with considerabl e success.
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One of the main aspects of the water protection
policy in the 1970"s has been the cleaning up of
Lake Constance, along with the Rhine and 1its
tributaries (Rhine and Lake Constance Programme).
Pollution is caused to rivers and canals by the
pumping of bilge water containing oil by ships.
Special vessels are now being used to prevent such
pollution, and will accept such bilge water free of
charge.

Investments by iIndustry aimed at protecting waters
have been in the scale of about 12 Mrd DM. So
meanwhile it was possible to suppress largely the
emissions of the hard to break down lignin sulphonic
acid, Tfurthermore in 1981 in one cellulose plant the
chlorine bleaching was replaced by oxygen bleaching
which 1s due to a reduction of the charge of chloro-
organic compounds.

In a big plant of the chemical industry on the Rhine
it was possible to reduce within a few years the
emission of chromium by 99 8, of mercury by 94 % and
of chloro-organic compounds by about 95 % with a
combination of in-plant measures and putting iInto
operation a central biological wastewater treatment
plant. All these various measures have resulted 1in
a measurable improvement in the state of waters.

Concerning this some examples from the river Rhine
at the station of measurement Bimmen/Lobith at the
German-Dutch boarder pursuant the measurements of
the International Rhine Protection Commission:

The mean annual concentration of BODg sank since
1971 from about 10 mg/l to 4 mg/1 (Fig. 2), of
Ammonium from 2.5 mg/1 N to less than 1 mg/1 N (Fig.
3); in the same time the average oxygen content rose
from 4.3 mg/1 to approximately 9 mg/1 (Fig. 4).
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Due to the important iImprovements concerning the
technology of the chlor-alkali-elektrolysis the
concentrations of mercury sank in the same time
from about 3 ug/l1 to values less than 0.5 mg/1
(Fig. 5). Similar reductions were detected for the
various pollutants that do not easily decompose and
which represent a hazard like DDT, PCB’s, HCH and
HCB.

CONCLUSION

With the survey of the numerous legal regulations
and complementary measures which are despite their
big quantity only a selection of all activities, it
was organized a largely designed instruments for

water protection.

Based on the Environmental Programme of the Federal
Government in 1971 and by its addition in the
Report of the Environment in 1976 (67), the
Federation and the Estates are endevoured to follow
consequently three principles of their

environmental policy:

- the principle of precaution
- the polluter-pays-principle and
- the principle of co-operation.

The principle of precaution means: environmental
policy is not limited merely to resisting menacing
dangers and eliminating damage that has already
occurred. The balance of nature as a whole must be
protected and any claims made upon it should be as
sparing as possible in order to maintain the
ability of such systems to function over a long-
term period. The principle of precaution iImposes
particular requirements on all levels of planning,
and all planning decisions should take into account
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their possible effects upon the environnment (envi-
ronmental inpact assessnent). Al those with a
social and governnental responsibility are obliged
to act so as to protect the environment. Mor eover
relief in one area should not |lead to added press-
ure in other areas. The interconnection should

al ways be kept in mnd between natural systens and
those created by nmen, particularly those of a
technical and industrial nature.

According to the polluter-pays-principle the costs
of avoiding, elimnating or conpensating for envi-
ronmental pressures are to be borne by those
causing them  This principle is one of cost
accountability, and does not provide the basis for
any obligations regarding damages or liability.

The main instrunments for inplenmenting such a prin-
ciple consist of process and product standards,
rules, prohibitions and special individual regula-
tions. These also include offset regulations,
produci ng an econom ¢ inducenment for the origin-
ators of environnental pollution to reduce or
conpensate for such pollution fromtheir own neans
and resources. This principle does not exclude the
application of state funds in particular cases, if
it proves inpossible to determne who is respon-
sible or if it is not possible to solve acute
probl ems qui ckly enough.

The polluter-pays-principle represents the applica-
tion of free-market principles to environnental
probl ens.

The co-operation principle is a recognition that
effective environnental policy relies on the co-
responsi bility and involvenent of those concerned
be they industry and science or the individual.

For this reason it is both desirable and is indeed
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encouraged in the Federal Republic of Germany to
i nvol ve various groups of society in the process of
environnental initiatives and deci sion-maki ng.

One indi spensabl e basis for the preparation of
programes and steps to be taken in environnental
protection is the invol venent of science and
research. A working group for environnental
matters, the "Arbeitsgeneinschaft fir Umel tfragen
(AGU)", has been set up to ensure a constant ex-
change of information and views between state and
all those effected by its actions. Envi r onnent al
associ ations are working in this group with repre-
sentatives of the various governnents, industry and
the trade unions.

Despite increased manufacturing activity and the
rise in consunption, inprovenents have been
achieved in a nunber of areas. In other areas it
has at | east been possible to avoid exacerbation of
the situation.

Since about 1975 the quality situation of |arge
surface waters in the Federal Republic of Gernany
has in part markedly inproved or remained stable.
Neverthel ess the concentrations of hazardous
pol l utants such as heavy netals and hal ogenat ed
organi ¢ compunds are still considered too high
especially with regard to drinking water supply.

Efforts should be made in the follow ng direction:

- substitution of dangerous substances,

- nore stringent discharge requirements on the
basis of followup directives relating to the EC
Counci| Directive 1976 for the protection of
waters, especially the establishnment of maxinmum
perm ssible pollutant [oads relating to specific
production sectors or substances (for the par-
ticularly hazardous substances or groups of

subst ances),
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~ followup (tightening) of the m nimum require-
ments to be met by effluent discharges pursuant
to the Federal Water Act,

- approxi mation of the requirenents to be net by
indirect discharges with regard to hazardous
substances to those to be net by direct dis-
chargers.

This environnental policy is being pursued
uninterrupted in the 1980°s, despite unfavoural be
devel openent of econom c conditions.

Obj ectives for the future are to consolidate what
has been achieved already and to build upon this
basi s. In this respect, efforts will concentrate
on protecting actual resources and using them nore
carefully. The long-term aspects of all kinds of
intervention in the balance of nature nust be
studied and taken into account to a greater extent
than has so far been the case. W nust learn to
understand the bal ance of nature as an overal
system in which negative effects often appear in
areas where no direct involvenent is apparent.

The mai ntenance and inprovenent of the environnent
on a domestic and an international level is a
common goal of all the major political and soci al
forces in the Federal Republic of Gernmany. Envi-
ronmental protection is regarded by our popul ation
as being of major significance. This is apparent,
for exanple, in the work of environmental associ -
ations and citizens' action groups.

The probl ens nentioned above cannot be sol ved by
any nation on its own. \ether the solutions refer
to specific regions or are world-w de ones they
nust be prepared and carried out by nmany people
wor ki ng together, and we nmust act according to the
know edge at our disposal. The Federal Governnent

is prepared to play its part.
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REVI EW OF CHANGES | N STATE OF ART, METHCDS AND
MEASURES FOR WATER PROTECTI ON I N PCLAND I N THE
YEARS 1974 - 1983

Zdzislaw JarmoXowicz
Nati onal Inspection for Environmental Protection
Pol and

| NFRASTRUCTURAL, ECONOM C AND ECOLOG CAL PRECON-
DI TI ONS

In the period under review in Poland particularly
dynam ¢ devel opnment processes of various

technol ogies and first of all industrial ones have
occurred. OmM ng to the natural |ocation of the
nort hern macroregion of Poland, closely connected
with the Baltic Sea, especially rapid devel oprment
of maritime econony and other conplenmentary indus-
trial branches has occurred there. Locati on and
extension of harbours within the seaside zone of
Pol and contributed to the devel opment of shipyard
i ndustry, trans-shipnment and other maritine

br anches. The devel opnent of industry has al so
caused dynam c urbani zation processes and

devel opnent of centralized industrial areas.

That concentration mechani sm under the influence of
maritime econony has particularly occurred in the
regi ons of agglomerations of the Vistula river
estuary and the Qdra river estuary.

In those regions essential denographic changes
resulted from a considerable increase of popul ation.
Strong devel opnent of maritine econony and other
industrial branches of various interdependence wth
seasi de |ocation has caused sone disproportions in
the sphere of technical and social infrastructure in

both of those harbour aggl onerations.
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The area of Poland nearly totally, i.e. in 99.9 %
bel ongs to the catchnent of the Baltic Sea. That
catchment covers the area of 311 400 km? and

i ncl udes the drai nage-basin of the Vistula river
174 300 xm?, of the Qdra river - 106 200 km?

and parially of the rivers of the littoral zone,
Pregola and N enen.

Thus, it is evident that the pollution load is

di scharged into the Baltic Sea al nost fromthe
whol e area of Poland and is transported mainly by
the Vistula river and the Qdra river.

However, the sanitary-epidemc state is, first of
all, influenced by the pollution sources located in
t he seaside zone.

The nunber of those sources has increased owing to
the dynam c devel opnent of conplenmentary industrial
branches to the maritime econony, and by the
essential denographi c changes.

That situation is illustrated by exanples in Tables
| -5. E.g. the Gdansk agglonmeration introduces into
the coastal sea waters in the direct and indirect

di scharges approx. 90 mllion m® of waste water
per annum (therein approx. 75 % of nuni ci pa
sewage) .

Table 1. Share of particular pollution sources in
annual |oad of organic substances
di scharged fromthe area of Pol and

No Source of pollution BODgt O,/a
1. Vistula river 183 300
2. Qdra river 52 530
3. Rivers of the littoral zone 11 680
4. Direct spot discharges 13 010

Tot al 260 520
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Table 2. Specification of anmounts of waste water

in 1981

No Amount  of

Voi vodeshi p waste wate

of in mll. | a
1. Elblag 43. 3

2. Gdansk 117.5

3. Koszal in 35.3

4, SXupsk 23.5

5. Szczecin 166. 9

Tot al 386.5

Table 3. Specification of the anounts of pollution

em ssi ons

No Dust pol | ution Gaseous pollution
Voi vodeshi p em ssi ons em ssi ons
of in 1 000 t/a in 1l 000 t/a
1. Elblag 6.7 4.5
2. Gdafisk 24.8 50.9
3. Koszalin 4.4 6.4
4, SZupsk 3.2 3.9
5. Szczecin 38.8 165.5

Tot al 77.9 231.2

Table 4. Specification of industrial wastes and
muni ci pal sewage generated in the seaside
voi vodeshi ps

No [ ndustri al Muni ci pal

Voi vodeshi p wast es wast es

of in 1 000 t/a in 1000 t/a
1. Eblag 899. 4 161. 1

2. Gdansk 9 025.0 610. 3

3. Koszal in 192.0

4, SXupsk 122. 4 111.5

5. Szczecin 29 288.4 490. 8

Tot al 39 335.2 1 565.7
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Table 5. Dynam cs of changes in ﬁopulation nunber
in the seaside voivodeships in 1975 and

1981
1975 1981

No
Voi vodeship  Nunber 3 Nurber Nunber % Number
of of pop. of pop. of pop. of DPD of pop. of pop.

t ot al in towns tota in towns pe

in 1 000 iﬁE in 1 000 km5
1. Eblag 423 53.8 69. 3 446 57.6 73.1
2. Gdansk 1 249 75.4 169.1 1 345 76.3 181.9
3. Koszalin 435 57.1 51.3 465 60. 6 54.9
4,  SXupsk 356 49.2 47.8 374 53.0 50. 2
5. Szczecin 854 72.0 85.5 907 73.9 90.8

In the areas of the seaside voivodeshi ps the

em ssion of dust and gaseous pollutions in 1981 was

reduced in conparison with 1980 by:

32 229 tons / annum - dust pollution
12 503 tons / annum - gaseous pol | ution.

The anount of the emtted dust and gaseous
pol lutions fromindustry reges from
50 t/km? in the voi vodeshi ps of Gdahsk
and Szczecin
to 5 t/km? in the voi vodeshi ps of
El bl ag, Koszalin and sZupsk.

A crucial influence on the anmount of dust
pol | uti ons have heat and power generating plants,
shi pyards and gas-pl ants.

In the seaside zone only the voivodeship of
Koszal in represents the area of alnost natura
paranmeters of the natural environment. The ot her
voi vodeshi ps include the areas which are nore or
| ess degradat ed.
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The aggravated pressure on the environment, and
first of all the marine environment has caused
serious effects iIn form of excessive pollution,
mainly of the coastal water bodies and resulted in
occurrence of individual disease epidemics in Tish.
The further development of that macroregion has
been hampered by the essential ecological barrier,
which undoubtedly can not be surpassed. Bearing in
mind the above, iIn result of the signing inter alia
of the Helsinki Convention, Poland has taken a
number of actions and measures TfTor counteracting
the progressive degradation of the marine
environment.

CHANGES IN PRINCIPLES AND REQUIREMENTS FOR PROTEC-
TION OF MARINE ENVIRONMEN AND PARTICULARLY SEA -
WATERS

Directly after signing the Helsinki Convention 1in
1974 a program for the marine environment protec-
tion was elaborated.

That program involved:

1. Determination of quantities and types of pollu-
tions discharged into the Baltic Sea from

land sources by water ways and as airborne
pollution
- ships and fTloating Tacilities

harbours and seaside objects
exploitation of the bottom and subsoil of
the sea.

2. Forecast of the pollution increase up to 1990
relative to the planned development of the
country.
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3. Assessnent of possibilities for pollution elim
ination: state of legal regulations; scientific
and research works as well as control and in-
vestigati on works under inplenentation.

4. Determination of particular requirenents and
tasks connected with inplenmentation of the
obligations arising fromthe Hel sinki Conven-
tion provisions.

That program approved by the Decision No 44/77 of
the Government Presidiumdated April 29, 1977 has

been under inplenentation.

That programis at present anended. Si mul t aneousl y
work aimng at regulation of legal principles for
the water environment including the narine
environnent was carried out. A part of those

probl ems had al ready been regul ated previously.

The process of nodification and codification of the
environnental laws was initiated with establishing
the water law in 1974, which covered with its
provisions internal sea waters, and in the range of
wat er protection against pollution as well as flood
protection it also refers to the territorial sea
wat ers.

Sonme of the executory regulations are essentia
fromthe point of view of the responsibility for
damage, and in particular |legal acts concerning
wat er protection, protection against flood,

supervi sion of the water managenent and finally the
wat er Managenent Fund.

The adm nistration and | egal standards dealing wth
the problens of damages are contained in 1956
Decree on the protection of the national frontiers.
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A new legal act in that context is the Act of 1977
on the territorial sea waters of the Polish
Peopl e's Republic.

The problem of wutilization of marine living
resources was regulated in 1977 by the Act on
establishing of the Polish marine fishing zone.
The earlier legal acts are dealing with the
rational cultivation of the sea, i.e. Act on the
geol ogi cal law (1960) and Decree on the mining |aw
(1953) as well as Chapter XX of the Penal Code of
1969 concerning pollution of the sea by harnful
substances (Art. 140 para 1 item 2 of Penal Code)
amended by Act dated June 7, 1982 which inreases
fines for offences, and also the offence Code of
1977.

However, The Act nentioned above on the fishing
zone establishing fines for offences (Art. 8 para
1) and the Act on the continental shelf of 1977
(Art. 8, para 1l and Art 8, para 2) should be
considered as the turning point in the |egislation
policy in the sphere of penal responsibility for
damages caused to the coastal state. Irrationa
cultivation or pollution of the sea cuases al so
civil-legal consequences.

The principal law in that range is the Act on the
protection and devel opnent of the natural
environnent of 1980 inclusive the executory orders
concerning the marine environment (Chapter 2 Art.

18 and 19). However, the text of the Act did not
contain a particular regulation of the problem of
the marine environment protection. That problemis
to be regulated in a separate Act on the marine
envi ronnent protection.

A sucessive draft proposal for that act is under
di scussi on. As it has been nentioned above the

fundanmental inportance for the water protection has

10 408500254J-12
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the Water Law, which adapted inter alia to the
internal law the provisions of Article 5 and Annex
| of the Helsinki Convention (ban of the discharges
of DDT and its derivatives and of PCB), and al so
sone provisions of Art. 6 and Annexes Il and |11
Article 7, para 2 of the Water Law provided that
its regulations concerning the protection of sea
wat ers against pollution deal, first of all, wth
internal, and in alimted range territoria

wat er s.

Waste waters discharged into those water bodies
shoul d not contain: easy settleable suspended
matter, floating solids, oils in quantities causing
visible spots on the water surface, substances
causing a permanent snell and taste to the water or
to fish in a catch, norbific bacteria, hazardous
substances, heavy netals and other toxic substances
in quantities hazardous to human health or harnful
for the marine living resources as well as

radi oactive substances in quantities greater than
determ ned by separate regul ations.

Article 48, para 3 of the Water Law provides a
total ban for general utilization of extraction of
gravel, sand and other materials as well as cutting
out of any plants. In accordance with Article 77,
para 3 regul ation and mai ntenance of sea waters and
sea-shore belong to the conpetence of the narine
adm ni stration bodies (Marine Boards in Cdyni a,
Koszal in and Szczecin).

Irrespectively of the Water Law, specific harbour
regul ations dealing with appriopriate equi pnent for
ships securing the narine environnent protection,
especially oil separators of 15 ppm have been

i ntroduced. The harbour regulations introduced in
1980 established a ban for discharging pollution
and danping of wastes in the territorial waters of

Pol and.
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However, the supervision system and the system of
adm ni strative and | egal prosecution of polluters
of the sea waters outside the harbours is stil

i nadequate. The level of fines is very |ow and
does not create an effective repression instrunent.

A separate package of problens involves matters
concerning conbating extrene hazards for the narine
environment. Conbating those hazardous inpacts in
the marine environment belongs to the authority of
the marine admnistration, and on the sea-shore it
is the obligation of the |ocal governnment bodies
co-ordinated on the nmerits of the case by the

Nati onal Inspection for Environnental Protection.

The principles and nethods of the procedure in that
range have partially been el aborated, the others
are still under elaboration and the technica

equi pment of respective service groups is stil
conpl et ed.

An essential influence on inplenentation of inter-
nati onal requirenents for the marine environnent
protection is brought about by respective Conven-
tions ratified by the States concerned and by
adapting the national regulations to the provisions
of those Conventions.

The Polish People's Republic has ratified inter
alia the followi ng Conventions of | M

- on prevention of pollution of the sea by oils
(OILPOL - 54),

- on intervention at open sea in case of oil pol-
lution (Intervention - 69) inclusive Protocol on
intervention in case of pollution by other sub-
stances than oils (Intervention Protocol - 73),

- on prevention of pollution of the sea by
di scharges of wastes and other materials

(Dunpi ng - 72),
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- on civil responsibility for damages caused by
oil pollution (CLC - 69).

However, the follow ng Conventions have not been
ratified yet:

- MARPCL 73/78,

- SOLAS 74/78,

- FUND - 71 and anendments to O LPOL - 54 of 1969
and 1971.

Those matters are essentially connected with the
provi sions of the Hel sinki Convention.

Bearing in mnd that a part of the provisions of
MARPOL 73/78 enters into force in 1983 or by July
1, 1984, Poland has been taking respective neasures
for adapting and providing the ships with

i ndi spensabl e facilities.

The present state of equi pnent of the nerchant
marine and fishing fleet with those facilities is
conparatively good. The new tonnage is constructed
and aquipped on the basis of the internationa

provi sions of MO Wiereas the ships under
exploitation are successively nodernized. The nost
expensi ve works connected with adaptation of 16
tankers to the requirenents of MARPCOL 73/78 - have
al ready been conpl et ed.

The sea ports are provided, within the allocated
investnent limts, with specialistic equipnment for
washi ng, cleaning and reception of wastes from

shi ps. Inter alia the Northern Harbour in Gdafisk
has been provided with a treatnent plant for
bal | ast waters.

Pol and has actively been participating in providing
security for the shipping in the areas under the

Polish jurisdiction in accordance with the
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provi sions of the Helsinki Convention, i.e. in
conplying with relevant principles of transport and
rel oadi ng of harnful and hazardous substances,
establishing a reporting and warning system on the
shi ppi ng of hazardous cargoes, establishing of open
sea pilotage and delimting permanent international
shi pping routes, etc.

I N\VESTMENTS AND QUTLAYS

The financial funds for investnents in the range of
the natural environment protection are nainly
designated fromthe central or |ocal budgets.
Tables 6 and 7 illustrate the |evel of those
outlays in the years 1976-1981.

Tabl e 6. I nvest ment outlays for the natura
environnent protection in the years 1976-
1981 (according to voivodeships - current
prices in mllion PLZ)

No Year

VFivodeship 1976 1977 1978 1979 1980 1981
0

1. El bl ag 45.2 245.6 363.2 698.3 311.4 106.7
2. Gdahsk 173.1 321.2 270.0 248.8 287.2 274.5
3. Koszalin 34.6 74.5 49,6 130.8 50. 2 38.6
4, SXupsk 33.0 45. 0 24.7 16. 2 31.5 25.7
5. Szczecin 216.0 220.2 260.8 315.7 359.1 425.8

Tabl e 7. I nvestment outlays for the air protection
(according to voivodeships - current prices
in mllion PLZ) in the yaers 1975-1979

No Year
Voi vodeshi p 1975 1976 1977 1978 1979
of

1. Elblag 46. 2 166. 5
2. Gdarsk 120.1 9.7 103.3 105.0 97.9
3. Koszakin - 3.0 22.1 0.1 1.4
4, SXupsk 0.1 -

5. Szczecin 103. 7 40.9 52.1 42.0 46. 1




142

The greater investnents, e.g. the sewage treatnent
plant in Elblag are financed from the central
funds. However, the majority of the sewage
treatment plants is constucted by the |ocal funds.

The problemis partially resolved by additiona
financing fromthe fund of the water nanagenent and
environnent protection. A part of those centrally
desi gnated nmeans renmins at the disposal of the

| ocal authorities (voivodeships).

The outlays planned in the years 1983-1985 (for the
seasi de voi vodeshi ps) amount to 13.8 per cent of
the national outlays for the investments under

i npl enent ati on. In the same period it is planned
to designate for the new investnments 3.6 mlliard
PLZ, therein in the voivodeship of Gdahsk - 1.9
milliard PLZ (52.8 ¢).

Anong the nobst inportant investnments in the sphere
of the natural environnent protection is to be
considered the extension of the sewage treatnent

pl ants Gdardsk - East and Gdyni a - Debdgorze.

The investment outlays planned for the next years
wll involve:

1. Tasks in the sphere of conbating oil spillages
at open sea. Those tasks will be inplenented by

the Polish Sal vage Conpany, responsible for
technical matters of salvage in catastrophic

cases.
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It is plannet that the Polish Salvage Company will
be provided with 3 sets of equipment for
elimination of oil patchiness and modernization of
tugboats and land back-up facility will be carried
out.

2. Tasks in the sphere of wastes reception from
ships and maintenance of cleanness in the
harbour docks and basins.

It Is plannet to purchase transport vehicles and
construct prototype floating vessels for
collection of wastes and garbage from harbour
water surface and reconstruct the sewage system
in the area of the harbour of Gdynia.

Figures 2-6 present the organization schemes for
reception of those pollutants.

COMERCIAL PORE : FISHERY HARBOURS:
GdaAsk | Gdynia | Szczecin Kotabrzeg , Darlowe , Hel |
Swinoujscre wiadyshkawowo | Ustka

1. Group 1I:

Merchant ships out of the Baltic Sea
2. Group 11:

Baltic Sea merchant ships

3. Baltic Sea merchant ships and fishing vessels
4. Barge equipped with garbage incineration plant
5. Garbage from oleaning holds

6. Barge for garbage transport

7. Segregation

8. Ashes

9. Containers

1

0. Oil recovered in fuels regeneration plant
11. To garbage dumping ground

12. To Purchasing Center of Recyde Stock

Fig. 4 Diagram of reception and utilization of
garbage from merchant ships and fishing
vessels.
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Fig. 5 Diagram of reception and utilization of foul
Sewage from ships in harbours: Gdansk,
&dyni a, KoZobrzeg Szczecin, Swinoujscie

3. Tasks in the sphere of modernization of merchant
marine and fishing fleet.

It is assumed to replace the old type oi
separators by new ones neeting the international
criteria.

It is assessed that better effects in the sphere
of the marine environnent protection nay be
achieved in result of inplementation of the
program for construction of rmunicipal sewage and
industrial wastes treatment plants as
fundanental neasures for the purity of the
Vistula and the Qdra rivers to be located in the
interior of the country and in the seaside zone.
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washi ngs from cl eaning rolds

SUPERVI SI ON AND | NSPECTI ON OF ABI DI NG BY REGULATI ONS
ON THE NATURAL ENVI RONVENT POLLUTI ON

At present working investigations on unification of
the control -measurenent system inplenented by
environnent protection and sanitary service groups
in the coastal waters zone as well as on the in-
shore nmonitoring and in particular in the @ulf of
Gdansk and in the Qulf of Szczecin (Zatoka Ponorska)
have been caaried out. The surveillance in the
range of detection of pollutions is taken over by
the aircraft teamin Gdansk. Technical tests with
the helicopter "Falcon" (SokoX), and al so work
aimng at the construction of a "surveyor" prototype
has been carried out.
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POLLUTI ON LOADS AND TECHNOLOGQ ES APPLI ED

The estimated effects of reduction of the pollution
| oad discharges into the Baltic Sea are difficult
to determne at the present stage. At present work
on el aboration of the protection program of the
Baltic marine environnent in Poland is carried out
for the years 1983-85 and the foll owi ng years.

Among the effects achieved so far, to the nost
spect acul ar ones bel ongs a ban on production and
trade of DDT and its derivatives, and in
consequence a reduction of DDT | oads.

In connection with the above a systematic reduction
of concentrations in the flowing up waters, mainly
in the Vistula river, has been determ ned. A
reduction of oil pollution fromships after
starting operation of the ballast waters treatnent
plant in the Northern Harbour of Gdarsk has al so
been determined. The scientific and research as
wel | as technol ogi cal investigations have been
carried out by nunerous stations and scientific-
research institutes. Those investigations are
aimed at el aboration of technol ogies for reduction
of pollution discharges directly in industria
plants and nunicipal works. However on Septenber
1, 1983 a separate central agency dealing with the
natural environnent protection and the water
managenment was established. Thus, it wll be
easier to co-ordinate nunmerous, hitherto scattered
activities for the benefit of the environment
protection, inclusive the marine environnment. It
is also assunmed that certain anendnents to the
standards concerning the water protection against
pollution will be nade.
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Annex 1

List of Legal Acts on Problenms of Water Protection
against Pollution in particular sea waters.

Laws

1) Act of April 19, 1969 - Penal Code (Nation.
Reg. of 1969 No 13, para 94; anendm: Nation.

Reg. of 1974 No 27 para 157).

2) Act of May 20, 1971 - Code of O fences (Nation.
Reg. No 12, para 114).

3) Act of Cctober 24, 1974 - Water Law (Nation.
Reg. No 38, para 230).

4) Act of January 31, 1980 - on protection and
devel opnent of the natural environment.

Decrees of the Council of Mnisters

1) Decree of the Council of Mnisters of March 24,
1965 on establishing protection zones for water
intakes and springs (Nation. Reg. No 13, item
93; anendm: Nation. Reg. of 1970 No 22, para
181.

2) Decree of the Council of Mnisters of Cctober
30, 1975 on charges for special use of water
and water installations (Nation. Reg. No 33,
para 181).

3) Decree of the Council of Mnisters of No 29,
1975 on classification of waters, criteria for
waste waters and fines for violation of those
criteria (Nation. Reg. No 41, para 214).
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Decree of the Council of Ministers of August 6,
1976 - on works and activities forbidden iIn the
vicinity of water installations (Nation. Reg.
No 30, para 174).

Decree of the Council of Ministers of September
30, 1980 - on the natural environment protection
against wastes and other pollutions as well as

maintenance of cleanness and order in towns and
settlements (Nation. Reg. No 24, para 91).

6) Decree of the Council of Ministers of September

7)

8)

9)

30, 1980 - on detailed rules for creation and
utilization of the Natural Environment
Protection Fund and relevant bodies for managing
of this Fund (Nation. Reg. No 24, para 94).

Decree of the Council of Ministers of September
30, 1980 - on detailed rules and procedure for
the Minister of Administration, Local Economy
and Environment Protection iIn the sphere of co-
ordination of activities concerning the
environment protection (Nation. Reg. No 24, para
95).

Decree of the Council of Ministers of September
30, 1980 - on the National Inspection for
Environmental Protection and carrying out
inspection in the sphere of the natural
environment protection (Nation. Reg. No 24, para
96).

Decree of the Council of Ministers of September
30, 1980 -~ on organization, detailed rules and
terms of reference for the National Council of
Environmental Protection (Nation. Reg. No 24,
para 97).
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10) Decree of the Council of Mnisters of Septenber
30, 1980 - on principles of co-operation in
t he sphere of natural environment protection by
the |l ocal bodies of the national admnistration
W th other bodies and organi zati ons (Nation.
Reg. No 24, para 98).

11) Decree of the Council of Mnisters of Septenber
30, 1981 - on the level, principles and
procedure for adm nistering and defining fines
owng to violation of the natural environment
protection requirenments (Nation. Reg. No 24,
para 99).

Q her regul ati ons

1) Act of Decenber 17, 1977 on the Continental
Shel f of the Polish People's Republic (Nation.
Reg. No 37, para 164).

2) Decree of May 6, 1953 - Mning Law, unified
text, (Nation. Reg. of 1978 No 4, para 12).

3) Decree of the Council of Mnisters of June 2,
1978 - on detailed rules for protection of

mning areas (Nation. Reg. No 15, para 64).

Har bour Requl ati ons

1) Routine Order No 1 of the Director of the
Marine Board in Gdynia of Decenber 10, 1979.
Har bour Regul ations Reg. of Voivodeship Council
in Gdansk of 1980 No 1, para 1.

2) Routine Order of the Director of the Mrine
Board in Koszalin of Decenmber 30, 1972.
Har bour Regul ations - Reg. of Voivodeship
Council in Koszalin of 1973, No 1, para 1.
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Routine Order No 4 of the Director of the
Marine Board in Szczecin of Decenber 30, 1972.
Har bour Regul ati ons - Reg. of Voivodeship
Council in Szczecin of 1973, No 5, para 26.

Orders of Mnisters

1)

2)

3)

4)

Order of the Mnister of Agriculture of
Novenber 8, 1977 on sewage disposal from ships
(National Mnitor No 30, para 149).

Oder of the Mnister of Agriculture of July
11, 1979 - on water neasurenent facilities and
shi pping marks (National Mnitor No 17, para
108) .

Order of the Mnister of Helath on the sanitary
regulations in sea ports and |anding - places
(Nation. Reg. of 1948 No 45, para 335; anendm:
Nati on. Reg. of 1954 No 37, para 160).

O der of the Mnister of Shipping No 31 of
April 21, 1967 - on prevention of the sea
pollution by oil introducing into force the
provi sions of the London Convention of 1954
with amendnents of 1962 (Nation. Reg. of the
Mnistry of Shipping No 5, para 26, anendm:
Nati on. Reg. of the Mnistry of Shipping of
1968, No 1, para 5).

Orders of the President of the Central Agency._for

Wat er Managenent (CUGW.

1)

Order of the President of the Central Agency
for Water Managenment of February 7, 1969 - on
the range and delimtation of the area
boundaries for protection zones of water

i ntakes and springs (National Mnitor No 5,
para 53).
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2) Order of the President of the Central Agency
for Water Management of April 18, 1971 - on
classification of internal sea waters 1in
respect of the permissible pollution (National
Monitor No 27, para 175).

3) Order of the President of the Central Agency
for Water Management of February 15, 1972 - on
classification of a number of rivers in respect
of their purity (National Monitor No 15, para
103).

11 408500254J-12
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PROGRESS OF WATER PROTECTI ON MEASURES AND TECHNCL-
OGY | N SWEDEN 1974 - 1983

Qunnar Sedval | son
Nati onal Environnent Protection Board
Sweden

STRUCTURAL CHANGES AFFECTI NG THE ENVI RONMVENT

Changes in the |location and production of industry
and energy producing facilities, in agriculture, in
transportation and in urbanization will have
effects on the environnent.

During the | ast decades the concentration of indus-
trial production to fewer, bigger and nore nodern
pl ants has been quite evident. Several new plants
have been |ocated to the south and west coasts of
Sweden. Exanpl es are oil refineries and petro-
chem cal industries. At the same time many ol der
plants in the inland and along the north coast have
been shut down.

During the period 1970-1980 nine out of 38 iron and
steel works were shut down. The production of
crude steel has decreased fromsix mllion tons in
1974 to about four mllion tons at the beginning of
the 1980's. Only two works are now produci ng steel
starting fromiron ore, one in Luled on the

Bot hnian Bay, the other in Oxelssund on the Baltic.

There has been a drastic change in the structure of
t he Swedi sh pul p and paper industry. In the year
1970 there were 106 pul p and paper industries.
During the 1970's 21 industries were shut down
conpletely and 12 partially. The capacity at the
remai ni ng factories was increased and one new
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factory was constructed at Braviken on the east
coast . Despite the shut-downs the capacity for
pul p production increased up to the year 1978 and
has since then stagnated. The production of pulp
decreased from9.8 mllion tons in 1974 to 7.7
mllion tons in 1982. The pul p and paper industry
is muinly |located along the east coast and around
Lake Vénern.

In the energy sector the production of electricity
has increased in nuclear power plants and decreased
in fossil-fuelled condense power plants. [ n urban
areas nore and nore houses are heated by district
heating.  These and other changes nean that the
burning of fuel oils has decreased from 21 mllion
cubic netres in 1974 to 13 mllion cubic netres in
1982. This means | ower em ssions of sul phur and
nitrogen oxides to the air and thus |ower pollution
of the Baltic Sea.

The urbani zation process in Sweden has continued.

In the early 1930's half of the population lived in
the countryside and half in population centres with
nore than 200 inhabitants. Since then the

popul ation in the countryside has decreased,

whereas 83 percent of the population lived in
built-up areas in 1975. The trend has continued,
but at a very slow rate. In recent years the

popul ati on has even decreased in many |large cities.

The popul ation centres in Sweden are relatively
small.  Only 18 have a popul ation of nore than

50 000 (Fig. 1). The figure also shows the very
uneven popul ation distribution. Only one seventh
of the Swedes live in the northern half of the
country.
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1.2Mitlion

Fig. 1 Population distribution.Cty with nmore than
50 000 inhabitants e

The growth of the urban areas entailed sanitary
problems in and around the cities as a result of

t he discharge of waste water and the production of
solid waste. The problens |led to demands for
countermeasures, and in the 1930's the first big
treatnent plants were constructed.

Transportation of goods and people has shown a
great increase in the |ast decades. Goods are now
to a greater extent than before transported by
lorries, and people travel in private cars. That
is one ofthe reasons why the em ssions of nitrogen
oxi des increased from 115 000 tons in the year 1955
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to 317 000 tons in 1978. Part of those em ssions
has undoubtedly been transported to the Baltic sea
by streams and rivers or by direct deposition.

The centre of gravity of industrial production has
shifted in a south-westerly direction. The popul a-
tion has increased nore in Southern than in
Northern Sweden. The consunption of fuel oils has
decr eased. These facts have had a profound inpli-
cation on transportation in Swmeden. The trans-
portation increases have been bigger in Southern
than in Northern Sweden. For certain products the
transports in Northern Sweden and on the Bothni an
sea have decreased.

The agricultural area in Sweden is 3 mllion
hectares, which is equal to 7 percent of the |and
area, wWth a concentration of agriculture in

Sout hern Sweden.

The increase in agricultural production per hectare
during the last 30 years is a result of many
factors, one of which is the increased use of
fertilizers, Fig. 2. The efficiency of fertilizers
decreases with increasing input. Thi s neans

i ncreasi ng amounts of nitrogen and phosphorus

di scharges to the environnment at a higher intensity
of agricultural production. The |eaching of
nitrogen is noderate up to 80 - 100 kg/ hectare of
application and is then very drastic, see Fig. 3.

The figure even illustrates the great dependence on
climate (precipitation) for the annual run-off and
thus the | oad on water courses.

The load of nutrients on groundwater and surface
water from agriculture has increased during the
last 15 years. As at the sane tine the |oad from
muni cipalities and industries has dimnished, the
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role of agriculture has increased. Since soils are
"slow" systens big and rapid changes are not poss-

i bl e (except on sandy soils). However, as there
are certain threshold effects in eutrophication,
even smaller inprovenents are of inportance.

The | osses of nutrients to the environnent can be
di m ni shed by:

application rates of nutrients which are governed
by the actual needs

field production nthods which give greater safety

much greater use of aninmal manure in agriculture

storage capacity for manure products for applica-
tion close to the spring sow ng period.

The Swedi sh guidelines for animal production have
been revised considering the increasing role of
agriculture as a source of pollution by nutrients.

— T a v T T
W48 1951/58 1967/68 wTR

Fig. 2 The use of comercial fertilizers in Sweden
1947-1978 in kg/ha of nitrogen, potassium
and phosphorus.
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Fig. 3 Nitrate leaching as a function of nitrogen
dose. From pl ot experinents with conmercia
fertilizer on clay (a. Lanna) and nanure on
sand (b. Pldnninge). N Brink 1982.

The conclusion of the structural changes nentioned
is that the location of activities in Swmeden has
shifted in a south-westerly direction. That sould
lead to positive effects vis-d-vis the Baltic Sea
and especially the Bothnian Sea. However, there are
al so changes negative to the Baltic Sea, e.g. the

i ncreased em ssions of nitrogen compunds,
acidification, and the increased comsumption of
products with harnful consequenses to the environ-
ment .
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2. WATER PROTECTION ADMINISTRATION AND WATER PROTECTION
REQUIREMENTS

2.1 THE NATIONAL SWEDISH ENVIRONMENT PROTECTION BOARD

The Environment Protection Board is the central
administrative authority iIn the environmental field,
i.e. the authority which has to execute the deci-
sions of Parliament and the Government in this
field. The Board also has to watch over develop-
ments and to suggest any necessary measures to the
Government. In some fileds of environment protec-
tion, the Board has a direct decision-making
function, while in others it has influence as an
expert or advisor. It is also the central supervis-
ory authority under the Nature Conservancy Act and
the Environmental Protection Act and the Act on
Products Hazardous to Health and to the Environment
and this involves a certain amount of control over
the work of the county administrations.

Under the environment protection legislation, the
Board has primarily advisory functions. It has also
the right to appeal to the Government and to the
Franchise Board. Under the legislation of products
hazardous to health and the environment, the Board
has a preparatory function, in that it furnishes
office facilities to the responsible decision-making
body. Under the Act prohibiting the dumping of
waste in open waters and the Act on sulphur-
containing fuel, the examination of applications for
permissions and the admission of exceptions from
general prohibitions or other general rules are the
Board®"s duties. The means of control which the
Board uses iIn most cases consists of subsidies,
grants and supervision.

A central water protection authority has been one of

the cornerstones of Swedish water conservation policy.
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2.2 THE NATIONAL FRANCHISE FOR ENVIRONMENT PROTECTION

The Franchise Board for Environment Protection has
functions similar to those of court of law. Its
activity fTalls entirely within the schope of the
Environmental Protection Act and consists chiefly
in examinig applications for permits to carry on
activities that are injurious to the environment,
and to grant permits for such activities.

2.3 THE PRODUCTS CONTROL BOARD

2.4

The Products Control Board®s fTield of activity lies
within the framework of the legislation on products
that are hazardous to public health and to the en-
vironment, and the Board is a completely indepen-
dent authority. It issues general regulations for
the handling, storage, etc. of products that are
hazardous to health and the environment, decides on
questions concerning the registration of pesti-
cides, insecticides and weed-killers, and publishes
lists giving guidance on poisons, dangerous sub-
stances, etc. However, applications for permission
to trade, manufacture and use such products 1in
individual cases are generally examined by other
authorities.

THE COUNTY ADMINISTRATIONS

The County Administration is the regional authority
for environment protection. The greater part of
the decisions made under the Nature Conservancy Act
and the Environmental Protection Act devolve upon
the County Administration.
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2.5 THE MJUNI Cl PALI Tl ES

Consi derabl e responsibility as regards environnental
protection falls upon the municipalities, in which

t he housing commttee and the public health commt-
tee have a particular responsibility. Especial |y
the public health commttee has in recent years
increasingly appeared as the nunicipality's environ-
ment protection agency.

2.6 WATER PROTECTI ON REQUI REMENTS

Perm ssi on nmust be sought to carry on activities

whi ch are adjudged to involve particularly serious
interference with the environment. The Franchise
Board and the county adm nistration, which are the
authorities which exam ne applications for such
perm ssions - the Franchise Board exam ning the nore
conplicated applications and the county adm nistra-
tion the others - wll notify the conditions as
regards nmeasures of environment protection, etc.

whi ch nust be satisfied before the activity will be
permtted to be carried out. In laying down the
conditions, the starting point of the authorities
will be what is technically feasible. The financial
reasonabl eness will also be assessed and, in addi-
tion, public and private interests will be taken
into consideration. The legislation also contains
rules on supervision to conplenent the exam nation
of applications for permssions. This refers both
to activities for which perm ssions have been
notified to the Board and other activities which in
any way interfere with the environnent. The super-
vision is exercised nationally by the Environment
Protection Board and locally by the county

adm ni strati on. In some cases al so the nunici-
palities have voluntarily taken responsibility for

parts of the supervisory work.
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Legi slation on the assessment of installations has
made it possible to make assessnents from case to
case, thus avoiding fixed immssion or em ssion

st andar ds. Such standards tend to tie the terns of
permts to know edge and val ues that soon becomne
out dat ed. This has been particularly true of water
quality problens in industry, where frequent
changes in production have required now permts.

In this way it has been possible to nmake use of the
| at est advances in wastewater treatnent technol ogy.
The individual assessnment prosedure has made it
possi bl e for new advances in this field to be
applied pronmptly, thus greatly accel erating progress.

A typical permt for a nunicipal waste water treat-
ment plant normally requires that the discharge
concentration should not exceed 15 mg/1 of BOD,

and 0.5 mg/1 of total phosphorus. Dependi ng on the
wast ewat er characteristics, the treatment process
and the capacity of the recipient, the discharge
permtted usually varies between 10-20 mg/1 of

BOD, and 0.2-1.0 mg/1 for total phosphorus.

Lately, nitrification has al so been denanded for

di scharges in exceptionally sensitive waters.

Up to now, the environment protection efforts in
i ndustry have nostly concentrated on a nunber of
very obvious and serious environmental effects
calling for counter-neasures. Exanpl es of such
effects are, in the aquatic environment, oxygen
[imtation resulting in fish nortality, severe

di scol ouration and eutrophication of receiving
water bodies. At the sanme tinme, the nunber of
technically feasible alternatives to reduce

di scharges has been linmted. In many cases only
one technical solution has been possible. [f that
sol ution has been econom cally acceptable, it has
been rather easy to agree on its inplenentation.
The counter-neasures have alnost all ained at
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reduci ng the total discharge of pollutants, as
neasured by for instance total flow, suspended
material or COD. The greatest effects have
primarily been achieved through internal process
alterations and inproved technique, and secondly by
treatment of waste water. The BCD anal ysis has

al so been used to neasure organi ¢ substances in
general although this nmethod in reality is related
to an environnental effect, oxygen limtation.

Today, it has becone clear that the |ong-termen-
vironnental effects, due for instance to discharges
of persistent and toxic conpounds, could be nuch
nore serious and nore difficult to detect than the
obvi ous effects which have been focused upon
earlier. At the sanme tinme the main interest in the
ri sk assessnent has shifted from genera

consi derations of the amounts of pollutants towards
know edge about the effects of the discharges.

Al so the nunber of economically acceptable

techni cal neans to reduce the discharge has
increased. This inplies that the authorities today
have a much nore difficult choice to nake.

To speed up the investnents in environnental
protection equipnment the Swedi sh Governnent used
subsidies and grants. Subsidies are now used only
for new technology or if the waste water is going
to be discharged into especially sensitive waters.
More than before, the problemis nowto see to it
that the equipnent is used in the right way - that
is a question of supervision for both industry and
the authorities. The Environmental Protection Act
was anmended two years ago so that it is now easier
than before to nake industry or municipalities pay
fines or fees if the discharge is higher than
permtted.



165

It is now being discussed whether industry and
municipalities should pay for permits and
supervision iIn accordance with the Environmental
Protection Act. That would be an extension of the
“"polluter pays principle™.

2.7 CONTROL OF [INDUSTRIAL LOCATION

For a long time it has been possible to prevent in-
dustrial facilities, which iInvolved serious water
pollution, Tfrom being inappropriately sited from
the viewpoint of water quality protection. Thus in
the mid-sixties steps were taken to prevent the
establishment of a new pulp mill on the shores of
Lake Mdlaren, which provides about 1.5 million
people with fresh water and which is also an
important recreation amenity.

Due to factors such as the intense competition for
coastal sites earlier, Parliament has decided to
protect certain stretches of coastline from indus-
trial development and to direct the establishment
of heavy and environmentally disruptive industry to
suitable areas. Industrial facilities of this kind
may not be established without Government per-
mission, which is preceded by a special assessment
procedure in which other aspects besides environ-
mental implications are taken into consideration.

3. INVESTMENTS AND ANNUAL OPERATING COSTS OF WATER
PROTECTION MEASURES AND THEIR FINANCING

During the fTive-year period ending in 1974 invest-
ments in environmental protection measures within
the industry were slightly more than SEK 400
million per year, on an average and in current
prices. Subsidies from the Swedish state were
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around 30 per cent. Qperational and capital costs
for environnmental protection neasures have for the
sanme period been estimated at SEK 1 000-1 200
mllion per year in current prices.

In 1979 investnments in environnental protection
neasures in the industry were around SEK 500 m | -
lion and that figure was estimated to increase to
600 million per year in the period 1980-1985, of
which 55 per cent were for water protection
measur es.

The corresponding cost in 1979 was SEK 1 600 m | -
lion and for the period 1980-1985 it was esti mated
at around 2 000 million per year.

During the six-year period ending in 1974 invest-
nments in nunicipal wastewater treatnment plants were
slightly nore than SEK 400 mllion per year, on an
average and in current prices. Subsidies fromthe
Swedi sh state were nearly 50 per cent. Oper at i onal
costs for treatnent plants were around SEK 500 m | -
lion in 1974.

In 1979 investnments in municipal wastewater treat-
nment plants were nearly SEK 500 mllion and they
have been estimated to decrease to 280 mllion per
year for 1980-1985, expressed in the prices of
1979. (Qperational costs for the period 1980-1985
have been estimated at around SEK 800 million per
year.

A rough estimate of the investnments in water
protection measures in both industry and mnunici pa
wastewater treatnent plants in Sweden in the 1970's
amounts to SEK 500-700 mllion per year. The
correspondi ng yearly costs are two-three tines

hi gher.
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WATER POLLUTI ON CONTROL TECHNCOLOGY, METHODS AND
THEI R APPLI CATI ON

MUNI CI PALI TI ES

There are about 1 300 munici pal wastewater treat-
ment plants Sweden, treating a total of 1 500 m| -
lion m3 annually.  This corresponds to a waste
load of 9.4 mllion person equival ents (pe), of
which 2.2 mllion are of industrial origin.
Qutside urban areas treating 0.3 mllion pe.
Approximately 1 mllion people have their own
sewage facilities.

Currently, 75 per cent of the urban population are
served by advanced treatnment plants equipped wth
bi ol ogi cal treatnment and chem cal precipitation - 2
percent of these plants also have a fina

filtration unit. 2 percent of the popul ation are
served by plants equipped nerely with prinmary
clarifiers. Alumis the principal chemcal used
for phosphorus renoval, but many large facilities
have switched to iron salts. The use of line is

al so increasing.

| NDUSTRY

I ndustry has al so considerably reduced the pollu-
tion load in its effluents. I nternal neasures were
first applied, such as process changes or even
appl yi ng new processes, use of new raw materials
and better process control. If these neasures did
not prove sufficient external treatnment was applied.

Smal l er industries are often connected to a
muni ci pal sewage treatnment plant but in many cases
it is nevertheless required that those industries

pretreat the waste water e.g. by pH-adjustment or
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Fig. 4 Munici pal wastewater treatnment in Sweden
1965 - 1981

sedi nent ati on. Heavy industry nostly has its own
treatment plants. Nearly all pulp and paper

i ndustries have sedi nentation basins for the waste
wat ers. Chemi cal precipitation and biol ogi cal
treatment are also used to a great extent.

Those nethods are also used in the iron and steel
industry, the chenmical industry and in oil
refineries. Oher methods used are oil separation
and sand filtration. Mst of the advanced treat-
ment plants in industry were installed in the
1970' s.
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CGenerally, there are two ways to reduce the negative
effects of a discharge. The first one involves
consi derations of the discharge itself. The

di scharge from for instance a chem cal industry
contains at least traces of all the raw materials
and additives used as well as all the various wanted
and unwant ed products and byproducts of the
processes in the industry. The discharge thus
consists of a mxture of a great nunber of chem ca
conpounds. In the predom nant nunber of cases, it
is not possible to make a thorough analysis of al
these conpounds, followed by a risk assessment of
the different chemcals and finally of the discharge
as a whol e. In nost cases it is morefruitful to

| ook at the discharge as a whole fromthe start and
in some cases to conbine this approach with chem ca
anal ysis of a few sel ected conpounds. According to
today's thinking in Sweden it is desirable to test

di scharges (or part-streans) directly with biolo-
gical test nethods. The negative effects thus
indentified can then be reduced by external neasures
or by changes in the industrial processes. The
different neasures of interest could be tried on a

| aboratory scale, and the resulting wastewaters
could then be subject to further biological tests.
In this way it is possible to select the
purification nethod that is nost appropriate from
the environnmental point of view, w thout having to
do a very extensive, and expensive, chenica

anal ysi s.

The second way to reduce the negative environnental
effects of a discharge concerns the different chem -
cal additives used in the industry and other activi-
ti es hazardous to the environnent. Thi s approach
will be applicable where a |ot of different chem -
cals are used, and where the chemicals pass through
the industrial processes to the wastewater. The
different chemcals used are evaluated and ranked

according to environnental properties. If the

12 408500254J-12
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chemicals iIn such an evaluation are interchangeable,
it will be possible to substitute more harmful
substances for less harmful ones for a given appli-
cation. Three sectors have been studied in this
respect in Sweden, namely the tanneries, the textile
industry and the paper industry. Certain groups of
chemicals that are widely used in society have been
identified as being of iInterest for this type of
study. Consequently projects on surfactants and
synthetic lubricating oils are presently running.

Close co-operation between industry and the environ-
mental authorities has played an important part 1in
the development of water protection measures.

ESTIMATED EFFECTS OF WATER PROTECTION MEASURES ON
THE POLLUTION LOAD OF THE BALTIC SEA

As can be seen from Figure 4 the 1970%s can be
characterized by a very quick introduction of
advanced methods for the treatment of municipal
sewage water. As a consequence the content of
polluting matter in the sewage waters has decreased
drastically.

DISCHARGE FROM MUNICIPAL TREATMENT PLANTS IN 1980

Only plants located directly on the coast

ton/year BOD~ Total-P Total-N
Bothnian Bay 1 470 62 480
Bothnian Sea 1 740 142 1 310
Baltic Proper 4 200 239 6 140
Total 7 410 443 7 930

The dominating emissions of organic matter measured
as BOD, comes from the pulp and paper industry

(Fig. 5), which has also very high emissions of
fibres, measured as suspended solids. Even 1f most
of those 1iIndustries have now reduced their emissions
considerably, and many have been shut down, there

still remain very high loads.
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Fig. 5 Swedish wood pulp industry

DISCHARGE FROM THE PULP AND PAPER INDUSTRY IN 1981

Only plants located directly on the coast

ton/ year BOD+ Suspended solids
Bot hni an Bay 14 600 7 340
Bot hni an Sea 86 300 30 400
Baltic Proper 28 250 5 550
Tot al 129 150 43 290

Total for Sweden 195 200 80 400
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In the year 1975 the di scharge of organic natter
was 360 000 ton, neasured as BOD,, Whereas the
suspended solids were 90 000 tons. The anmount of
suspended solids did not decrease so much between
1975 and 1981. Partly that depends on the fact
that the em ssions of suspended solids were reduced
to a nuch greater extent in the period 1969 to

1975.

The chem cal industry situated al ong the coast re-

| eased approximately the same anount of organic
matter in 1972 and 1982, according to the BOD4-
neasurenents, which were about 2 000 tons both
years. The fact that the amobunt has not decreased
in spite of water protection neasures depends on
changes in production. The anmount of nitrogen-
conpounds on the other hand decreased from1l 970 to
60 tons per year between 1972 and 1982.

There are four big netal works along the coast, two
producing iron and steel in Lulea and Oxeldsund,
one producing copper and |lead in Ronnskdr and one
produci ng alum niumin Sundsvall. The

envi ronnental problenms connected with those works
are, of course, the considerable anount of netals
rel eased to the atnosphere and to the water. The
anmounts have decreased during the |ast decade, as
can be seen in the exanple.

DI SCHARGE OF METALS TO WATER FROM THE COPPER-
SMELTER | N RONNSKAR ON THE BOTHNI AN BAY

t on/ year 1974 1981
Copper 28 5
Lead 30 4
Zi nc 70 7
Cadm um 3.3 1
Arsenic 1 037 96

Mer cury 0.6 0.1




173

The discharge of netals to the atnosphere fromthe
copper-snelter in Rénnskdr is higher than the dis-
charge to the water. The atnospheric em ssions
will to some extent be deposited in the water and
thus influence the environment in the Bothnian Bay.

Besides the direct discharges to the Baltic there
are al so discharges fromthe streans and rivers.
The di scharges of organic material, nitrogen and
phosphorus conpounds from the rivers are higher
than the direct discharges from onshore activities.
The total anount of organic carbon is 880 000 tons,
whi ch corresponds to an oxygen consunption of nore
than 2 000 000 tons.

5.4 DI SCHARGE FROM STREAMS AND RI VERS | N 1980

ton/ year Organi ¢ carbonl! Total-P Total -N
Bot hni an Bay 250 000 930 14 000
Bot hni an Sea 470 000 1 240 23 000
Balti c Proper 160 000 750 21 000
Tot al 880 000 2 920 58 000

1) Measured with KMnO,,

As can be seen fromthe presented facts about water
protection nmeasures in Sweden, the em ssion of or-
ganic material mnmeasured as BOD and the em ssion of
suspended solids and nutrients from industry and
sewage treatnment plants have decreased considerably
since 1974. The discharge of metals fromthe big
netal works has also decreased and it is probable
that the total discharge of netals has also

decr eased.

This is to sone extent due to the structura
changes descri bed above. Smal | and old industria
pl ants have been shut down and production has been

concentrated to bigger and nore nodern plants. The
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construction of those plants has been relatively
easy to adapt to new concepts of pollution control.

After all, discharges are still too high and the
work to nmake them snmaller nust continue. A problem
is the difficulty to correlate the di mnishing

em ssions with positive effects in the environnent.
Speci al consideration should be given to the

effects in the coastal area.

On the whole, technical problens in reducing

di scharges from point sources has now been solved -
at |least when it comes to conventional discharges
i ke degradabl e organi c conpounds and nutrient
salts. A renaining problemarea is the em ssion of
pollutants with large effects in space and tine,
many of them not even known to us today. Pr obabl y
the nost difficult problemand a problemthat wll
remain for a long time is the pollution |oad from
non- poi nt sources as agriculture and deposition
from the atnosphere.
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NATI ONAL STATEMENT OF THE RESULTS ACH EVED BY THE
GERVAN DEMOCRATI C REPUBLI C | N APPLI CATI ONS OF
TECHNOLOG ES OF WATER PROTECTI ON AFTER THE
CONVENTI ON ON THE PROTECTI ON OF MARI NE ENVI RONVENT
OF THE BALTIC SEA AREA WAS SI GNED

Kl aus W nkel

Mnistry for Environnental Protection and Water
Managenent

German Denocratic Republic

The Convention on the Protection of the WMarine

Environnment of the Baltic Sea Area signed on
March 22, 1974 was ratified by the Staatsrat of the

German Denocratic Republic on Novenber 5, 1976.

On January 6, 1977 the ratification document was
deposited with the government of Finland being the
depositary of the Convention.

Keeping the Baltic Sea clean and its protection -
these are inalienable prerequisites for ensuring

further use of the Baltic Sea in recreation system
traffic, fishery and civil engineering as well as
for the purpose of water nmnagi ng.

In this connection the Gernan Denocratic Republic
proceeds from the basic idea that any efforts nust
be made to preserve environnent for the human being
in order to ensure that also future generations nmay
peacefully co-operate and live together in the
Baltic Sea area.

At this place | wish to draw your attention to the
bookl et published under the headline "Baltic Sea
protected", which was already handed over by ne to
al | del egations.
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The progress made in the activities to protect

mari ne environnment of the Baltic Sea area was l|aid
down in |egislation, when the Water Act was passed
by parlianment of the German Denocratic Republic,
the People's Chanber. The Water Act together with
its inplenenting regulations defining the general
conditions regulates any activities related to
utilization of the water resources in nationa
econony as well as in the private sphere of the
popul ati on. These | egal regulations replaced the
Water Act of April 13, 1963.

Said Act covers inplenentation of all tasks related
with water managenent beginning with preparation of
| ong-term conceptions on utilization of water,

wat er supply and treatnment of sewage up to

mai nt enance of waters, protection fromflood and of
coast i ne.

Above law, which is binding on the whole German
Denocratic Republic, also fully covers, therefore,
the catchnent area of the Baltic Sea and, of
course, includes the inland sea waters and
territorial waters in its operation.

Al binding requirements raised to utilization of
water and waters as well as to its protection,
which are in line with the nodern state of science,
were fixed in said conplete |egal regulation. To
fully cover the need of potable water and water for
industrial use it is urgently necessary to nake use
of water several tines and to ensure its capacity
of sel f-cleaning. Mul tiple use of water
necessitates its profound cleaning, before it is
returned to the cycle of nature. The cleaner the
wat er discharged is the less are the harns caused
to waters and the lower are the costs to be spent
for repeated treatment. The costs to be spent for
treatment in order to produce incontestable
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industrial water out of polluted waters will rise
imrensely in line with increase of the degree of
pol | uti on.

From poi nt - of -vi ew of national economny profound

cl eaning of sewage, on the other hand, wll cost

| ess than recovery of water for industrial use from
severely polluted waters, because very conplicated
procedures of treatnment will be necessary to be
applied for this purpose. On the other hand, waste
endangers life of plants and fish living in our
waters and severely effects possibilities of
recreation.

Under the instructions given by the council of
mnisters in relation with efficient utilization of
water | oad of waters shall be reduced during the
period from 1981-1983 by neans of profound cleaning
of sewage to such dinmension, which is equivalent,

on an average, to the annual quantity of sewage
produced by househol ds of five mllion inhabitants.

The provisions of para 2 of above Act request to
protect water and waters from influences, which nay
effect their utilization, endanger life and health
of citizens, and lead to harns in national econony,
flora and fauna or to other adverse consequences.
Therefore, the principle is applicable that a
consent will be necessary, if due to use of waters
adverse effects may be caused.

The requirenents of protection defined in para 24
of above Act generally request to deal with solid
matter, liquids or gases in such a manner that
wat er of water supply plants as well as waters will
not be exposed to adverse effects.

Under the provisions of the Water Act the polluter
havi ng caused spillage of noxious substances is

responsible to conbat it.
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To increase effectiveness of the provisions
relating to protection of water and waters dealing
with highly hazardous substances noxious to water
as well as long distance pipe lines which are to be
established for carriage of any kind of substances
noxi ous to water shall be notified under para 26 of
sai d Act. Under those provisions storage of
definite quantities of poisons as well as of
mneral oils and their products, which may be
different due to the degree of their noxiousness,
nmust be notified to the National Water Inspection
Boar d.

Legal powers of the National Water |nspection Board
relating to their influence on harnm ess storage of
substances noxious to water were nuch extended.
Hereunder the National Water |nspection Board was
enpowered to check observance of the ligal
obligation to deal with substances noxious to water
in a not harm ng manner. As far as neasures wll
arise there from which are to be taken to protect
waters, the National Water Inspection Board is
authorized to inpose appropriate injunctions. In
this connection restriction, time-limt or
prohibition of the activities notified is possible.

Since discharge of sewage may endanger or effect
waters in many respects, necessary provisions were
included in Article V of above Act referring to
fixation and application of limt values. Thus
quality of the term "limt value" which was applied
so far in connection with use of water only was
raised to a higher |evel.

The regulation which proved to be good wll
furtheron rule as main principle that sewage is
allowed to be discharged within the Iimt values
only fixed by the National Wter |nspection Board.
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The provisions of this regulation ensure that ef-
fects on the water will be restricted to an accept-
abl e or unavoidable extent and will not lead to any
adverse consequences.

The linmt values fixed for the ingredients of the
sewage were defined to be maxinmum val ues. Her eunder
strict observance of those values is definitely
requested at any tine, otherwise naterial responsi-
bility will be applicable. Enterprises are legally
obliged to make any efforts to keep bel ow those
limt val ues. Her eunder they are induced not to
make full use of the load of waters allowed to them
for discharge of sewage. Rat her they are requested
to decrease sewage |oad by optinmal operation and

mai nt enance of the plants, inprovenent of effi-
ciency, reduction of quantity of sewage, recovery of
val uabl e substances out of sewage or by other possi-
bilities.

Further progress was made, when the regulation to
conbat spillages of noxious substances in the Baltic
Sea was adopted on March 11, 1982. Under the provi-
sions of said regulation it is definitely fixed,

what are the activities to be conducted by
authorities and conpetent establishnments for com
batting spillages of noxious substances in the
Baltic Sea. The preanble of the law explicitly
refers to the Baltic Sea conventi on. The provisions
of said law fix anmong others to form a commandi ng
centre for conbatting spillages of noxious
substances at the Baltic Sea under the suspices of
the Board of Navigation of the German Denocratic
Republic, where responsible nmenbers of all conpetent
authorities are represented to co-ordinate the work.
Two marine bases forming the material basis of the
conbatting activities are being equipped at Rostock
and Sassnitz. Those marine bases will be able to
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comply with the tinme periods requested for ini-
tiating conbatting activities in the coastal area
of the German Denocratic Republic. Under said
regulation the legal principles are laid down for
conducting efficient conbatting activities.

The administrative tasks to inplenment the l|legal re-
gulations are being fulfilled by the National Water
I nspection Board of the German Denopcratic Republic
for many years. They are the national body to
regul ate among others use of waters and check ob-
servance of the legal regulations pertaining to use
and protection of waters and water. They enj oy
extended legal powers to inpose binding injunctions
for use of water as well as use and protection of
waters. Those injuctions may be enforced by sanc-
tions. The tasks of the National Water |nspection
Board are being executed by the Directorate of
Water Managenent Coast. The very extended checking
activities lead anobng others to an effective
reduction of discharge of noxious substances into
the water from |land bases and thus also into the
Baltic Sea.

After the Baltic Sea Convention was put into force
on May 3, 1980 check of the degree of pollution and
thus of further reduction of sewage |oad becane a

forcing necessity for all the coastal states of the
Baltic Sea.

The Baltic Sea Convention is being inplenmented in
the German Denocratic Republic by neans of the
programe devised to keep the Baltic Sea clean.
Said progranme is being prepared and accounted for
for a period which is identical with the period of
the five-years-plan.

Such progranme includes a number of activities
referring to supervision and decrease of |and-bases



181

pollution as well as requirenents directed agai nst
pollution of the marine area from ships trading
t here.

Bel ow picture can be obtained fromthe anal ysis of
the results achieved so far:

By establishing sewage treatnent plants in areas,
where waters are, in particular, endangered by

di scharges of sewage major inprovenments were
attained in cleaning of domestic, industrial, and
agricultural sewage.

During the period from 1976 to 1980 the sewage | oad
was reduced - which also was due to the activities
conducted at the Oder and Neisse rivers as well as
on board the vessels and at ports - for 540 000
popul ation equivalents. This is equal to a
reduction of the |oad of sewage discharged for
about 16 p.c.

To inplenent those neasures a total anount of about
270 mllion marks was spent.

Those objectives were achieved anong others due to
construction of sewage treatnent plants at
Sassnitz, Barth, Wsnar, Biitzow, Schwerin

Neubr andenburg and Pasewal k.

In the catchnent area of Oder/Neisse there the
pl anned activities were continued at Eberswal de,
Zittau and Goérlitz.

In the field of marine and port service a bilge and
bal | ast water treatnent plant was put into
operation at the Rostock sea port, which is an
essential prerequisite for dealing with oily water.
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I n consequence of inplenenting the technica
results achi eved during research and devel opnment
activities for treatment of oily waste water a
total quantity of nearly 177 000 t of such waste
wat er could be treated by nmeans of the bilge and
bal | ast water treatnment plant and in this
connection nore than 14 000 t of oil were

recover ed.

By operating port cleaning boats at the Rostock and
Wsmar ports as well as at the Stral sund Vol kswerft
prerequisites were sinultaneously created to clean
the port water fromoil and other pollutants

di scharged into the water

As far as possible, the vessels of the fleets of
fish industry as well as of shipping and port
industry were equipped respectively additionally
equi pped with sewage treatnent plants, bilge water
de-oilers, faeces tanks, garbage containers and
incineration plants for garbage. Such activities
are being continued and prerequisites created to
produce those plants.

The German Denocratic Republic fulfilled their
programre referring to nonitoring cruises by
operating 5 cruises per year, which cover a period
from2 to 4 weeks. During those cruises al
nonitoring stations existing in the appropriate
trading area between the South of Kattegat and the
@l f of Finland are being called at and oper at ed.

Standard regulations to classify quality of surface
water were drafted for the inland waters and put

into operation.

In this connection should be nentioned:
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- Standard No. 22764 "Classification of quality of
running water", binding as fromMarch 1, 1982 as
well as instructions for application of Standard
No. 22764, binding as fromApril 1, 1983.

- Standard No. 27885/01 " assification of stil
inland water", binding as fromJanuary 1, 1983.

- Instruction by the Directorate of Water Manage-
nment Coast for classification of quality of sea
wat ers of the German Denobcratic Republic, bind-
ing as fromApril 1, 1983.

By neans of classification of surface waters a
profound total idea of the quality of water can be
obtai ned in consequence of conparative assessnent

of different criterions of graded concentration
intervals. At the sane time, the bases are hereby
formed to take neasures for protection of water and
i mprovenent ofquality of water. The target to be
achieved in this connection is anmong others to
reduce di scharges of noxious substances of high
priority, viz. Cu, Pb, Hg, Zn, Cd, and oil
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FUNDAMENTAL TRENDS FOR THE DEVELOPMENT OF WATER
PROTECTI ON ACTIVITY IN THE SOVI ET UNI ON FROM THE
MOMENT OF SI GNI NG THE CONVENTI ON OF THE PROTECTI ON
O THE MARI NE ENVI RONMENT OF THE BALTI C SEA AREA

Leonid Soum n

The USSR M nistry of Land Recl amati on
and Water Managenent

Uni on of Soviet Socialist Republics

The Convention on the Protection of the Marine En-
vironment of the Baltic Sea Area, signed in Hel-
sinki, had a whol esone effect on the inplenentation
of the work in the Soviet Union ained at marine
envi ronnment pollution prevention.

A wi de scope of neasures on the fulfilnent of this
Convention was envi saged by the decree on intensi-
fication of pollution control neasures in the
Baltic Sea basin, adopted in 1976 by the Council of
M ni sters of the USSR

In accordance with this State act the governing
body of the mnistries and organi zati ons were ob-
liged to take all necessary actions for inplenenta-
tion of a conplex of neasures ensuring by 1985
conplete halt of untreated industrial and munici pal
wat er di scharges into the rivers and other water
bodies in the Baltic Sea basin.

In conpliance wth the program devel oped for the
prevention of water pollution in the Baltic Sea,
the construction of water pollution control works
was developed in large scale in the cities, at en-
terprises and organi zations situated in the Baltic
Sea region, controlled by the Soviet governnent
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bodi es of Union Republics and Water Inspections in
the systemof the Mnistry of Land Recl amati on and
Wat er Managenment of the USSR

As the Soviet side transferred to the Hel sinki

Comm ssion Secretariat the USSR National Report for
the 5th Meeting, which contained data on pollution
loading in the Baltic Sea, in this paper there are
only fundanmental trends for the devel opment of
water protection of the Baltic Sea area since the
Convention was signed.

In the Estonian Soviet Socialist Republic within
the period from 1976 to 1982 over 580 nunicipal and
industrial water treatnent plants were constructed.
The | argest sewage treatnent systens were
constructed in the cities of Tallin, Narva, Kohtla-

Jdrve, Parnu, etc.

Consi der abl e anobunt of work was conpleted on the
construction of local treatnent plants in the
Kohtla-Jdrve industrial region. Local bi ol ogi ca
treatnment plants wth capacity of 55 000 m3/day
and a nunber of local treatnent plants at the
industrial enterprises of the region were built.

Besides, on the basis of the Soviet-Finland Wrking
G oup reconmendati ons on water protection in the
basin of Gulf of Finland, projects for construction
of |low capacity biological treatnent plants with
extended aeration and capacity of 25-1000 m3 /day
wer e el aborat ed. During the period up to 1982 over
950 treatnent plants were built and put into
operation in the Republic in agricultural areas,
which allowed to reduce the organic and biogenic

| oading into the sea fromthe catchnent territory
essentially.

13 408500254J~12
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For the nentioned period in the cities, at working
enterprises and organi zations on the territory of
the Lithuani an Soviet Socialist Republic 686 |oca
wat er treatnment systens were constructed.

Wthin the |last years al one biological treatnment
plants were built in some cities and at 30 enter-
prises of mlk and food industry and other branches
of industry of the Republic, sewage treatnent
plants are being constructed in Vilnius, Kl aipeda
and other cities and at a nunber of enterprises.

Wien inplenenting water protection neasures during
the period fromthe nonment of signing the
Convention over 1 000 munici pal sewage treatnment
plants nostly of |ow capacity were constructed in
the Latvian Soviet Socialist Republic. Biologica
treatnment plants are being constructed in Riga,

Li epaja and other cities.

On the territory of the Russian Soviet Federative
Socialist Republic in the Baltic Sea area water
treatnment plants were constructed at 17 industrial
enterprises. Construction of such plants is being
carried out in some cities and at 37 enterprises.
In Leningrad a chem cal - bi ol ogi cal sewage purifi-
cation plant is being constructed and the first
stage with the capacity of 750 000 m3/day is

al ready under operation, the second stage of the
sanme capacity will be put into operation in the
near future.

Thus, during 1976-1982 in the cities and at
operating enterprises located in the Baltic Sea
area over 2 500 treatnent plants and other water
protection facilities were built, including 1 800
bi ol ogi cal purification plants with total capacity
of up to 4 000 000 m3/day, that is about 60 per
cent of all waste water.
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Substantial work on marine environment protection
was carried out on the ships of passenger, cargo
and fishing fleet of the USSR in the Baltic Sea
area.

Al ships registered to home ports of the USSR zone
are equipped with oily-water separators and fil-
ters, providing treatnment of oily-water up to
permssible imts (15 mg/1) or with accunul ating
reservoirs and systens, delivering oily-water to
floating or coastal reception facilities. The
ships are to be soon equipped with simlar
facilities for donestic sewage. Reception devices
and facilities available in ports conpletely neet
requirements for discharging sewage and gar bage
from shi ps.

Port operation service provides a twenty-four-hour
control over aquatorium purity and effective

gui dance on elimnation of accidental oil spills of
small scale in the aquatoria of ports. For this
purpose the Baltic Sea ports are equipped wth
appropriate technical facilities (skimers, boons
and ot her ships of service and accessory fleet).

Thus, due to tinely taken neasures with use of
various technical neans the accidental spillage of
fuel oil fromthe tanker "G obe Assim" in Novenber
of 1981 in the port of Kl aipeda was conbatted and
the results are considered to be successful.

One of the principal tasks in the field of water
bodi es pol lution prevention, brought forward before
the industry by the directive docunents is the
devel opnent and pronotion of waterless technol ogi es
and water managenent systens of industria
enterprises wth maxi mum water use in recirculating
wat er supply elimnating wastewater discharge into
wat er bodi es.
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Significant progress in this respect is achieved in
oi |l -shal e industry where use in the recirculating
wat er supply anounts to 70-80 8 of total water
consunption: pollution load on treatnent plants at
starch and treacle enterprises is reduces due to

i nprovenment of technology up to 80 %, pollution
load in meat and mlk industry is reduced by 20-30
%, etc.

Wthin ten years which passed fromthe noment of

t he adoption of the Convention the country gained
sonme experience in scientific studies on creation
of new nore effective technol ogi cal processes and
designs of facilities and equi pnent for wastewater
treatment, ensuring protection of water bodies

agai nst pollution, and succesfully introduced at
enterprises, organizations and nunicipal facilities.

To prevent eutrophication of water bodies we need a
chem cal precipitation of biologically treated
sewages. This is under investigation in the USSR

Thus, in Radvilishkis city in the Lithuanian Sovi et
Socialist Republic a pilot plant for chemical-

bi ol ogi cal treatment of municipal sewages with
capacity of 10 000 m3/day was put into operation.
Ferrous(green) Vvitriol and polyacrylam de are used as
reagents. darification of wastewater is carried out
in radial-flow clarifiers on two-layer filters and
advanced waste treatnment in aerated oxidation ponds.
In Tallin a chem cal - bi ol ogi cal sewage treatnent
plant with total capacity of 370 000 m3/day is

under construction. Bi ol ogical treatnent is to be
carried out in aeration tanks w th sinultaneous
precipitation with alumnium sulfate. The first
stage conprises mechanical -chem cal purification and
a 3 kmlong sea outlet. Sludge treatnment is nmade on
centrifuges with subsequent drying in driers with
countercurrent gas jets.
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However, as practice shows, separate efforts on

i npl enentation of |ocal water protection nmeasures
inspite of considerable expenditures do not always
give a desirable effect. Further increase of water
protection activity efficiency is possible on the
basis of a water planning progranme: creation and
realization of conplex water planning programmes
representing the aggregate of neasures ained at
achi evenent of a certain goal, that is standard
water quality in water consunption places, and

i nked anong thenselves by ternms of inplenentation
and availability of resources.

The inportant elenment for further regulating of
water protection planning is the rating of maxi num
al | owabl e di scharges (em ssion standards) of

har nf ul substances entering water bodies wth

wast ewat er taking into account ecological criteria
of water bodies. Wth observance of the
establ i shed maxi num al | owabl e di scharges the water
quality in streams and water bodies wll correspond
to ecol ogical standard indices stipulated by the
Rul es of surface water protection against pollution
by wastewater (im ssion standards).

Ascertai nment of maxi mum al |l owabl e di scharges is
such a planned index by neans of which the vol une
of water protection nmeasures is defined. The
realization of these neasures should envi sage stage
by stage reduction of wastewater discharge vol unes
on the basis of avail abl e resources.

Geat work is carried out in the Soviet Union on

i mpl enentation of the provisions of internationa
agreenents, including the Convention on the
Protection of Marine Environnent of the Baltic Sea
Area ained at sea water pollution prevention.



190

At present, new rules of coastal sea water protec-
tion against pollution are under preparation. They
w Il increase demands for sewage water discharges
quality.

Apart from the sections containing rather strict
requirements to the order of marine water use for

di scharge of industrial, sewage, drainage and ot her
types of wastewater, these Rules will contain also
the List of substances harnful for the public health
or living resources of the sea, the discharge of
which is prohibited (DDT, PCB). The Rules will also
i ndi cate maxi num al | owabl e concentrations of harnful
substances in water bodies used for donestic, public
anenities and fishery purposes. This List includes
about 800 denom nations of various harnful sub-
stances, including the substances nentioned in the
Convention on the Protection of Marine Environnent
of the Baltic Sea Area.

The above nentioned Rules will inpose stringent
demands upon the equi pnent of ports, termnals,
ship-repairing yards, floating and stationary
facilities for exploration and mning of the sea
soi| resources by technical neans to prevent

pol lution of the sea.

Serious measures were taken for arrangenment of
service controlling the inplenmentation of the na-
tional legislation and provisions of the Convention
on the Protection of the Marine Environnent of the
Baltic Sea Area.

Such control of sewage di scharges is now being exer-
cised on the Baltic Sea by 8 basin (territorial)
departnents for water nmanagenent and protection

bel onging to the USSR Mnistry of Land Reclamati on
and Water Managerment. The USSR State Committee for
Hydr onet eor ol ogy and Control of Environnent exerc-

ises control of water bodies and airborne pollution.
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Control authorities nmake systematic observations of
the state of the sea surface with the help of
special ships and aircraft.

Besi des, chenical nethods are applied to keep
regul ar control over the quality of wastewater

di scharged into the sea by industrial, agricultura
and ot her coastal enterprises.

Al'l cases of sea pollution are thoroughly studied
and the culprits reconpense the State for the
damage in complience Wth the |laws of the USSR
The National "Procedure of Calculating the Damage
Inflicted on the State through Violation of the
Water Legislation" is being developed in the USSR
for cal culation of such damage.

Pur poseful water protection activities including

| ong-term planning, utilization of achievenents in
wast ewat er treatment, inprovenent of technol ogies
and arrangenent of efficient control systens,
present protection of water bodies, help inprove
their condition and create prerequisites for their
normal functioning in future under the conditions
of rapidly devel opi ng econony.
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FEDERAL WASTEWATER DI SCHARCGE STANDARDS | N THE
FEDERAL REPUBLI C OF CGERVANY

Bernd Bayer
Federal Environnmental Agency
Federal Republic of Gernany

ABSTRACT

By the 4th anendnent of the Federal Water Act of
the Federal Republic of Germany in 1976 an Article
7 a has been inserted which enables the Federa
Governnment to set uniformemssion quality
standards (M ni mrum Requi renents) for the discharge
of wastewater into waters. The Federal Government
is authorized to enact with the approval of the
Bundesrat general adm nistrative regulations which
clearly determ nde what it means to purify waste-
wat er according to the generally acknowleges rules
of technology. About 50 Working groups were
established in 1977 by the Federal Government to
make proposals for mninmum requirenments on an

i ndustry-by-industry basis. The Federal Governnent
is transferring these mnimum requirenments into
General Adm nistrative Regul ati ons.

Up to now the Federal Government and the Bundesr at
have passed 27 of these Regulations and 5 nore are
ready to be issued.

In connection with the Wastewater Charges Act which
was enacted in 1976 the Federal Republic of Gernmany
created an instrument to notivate dischargers to
reduce the discharge of untreated wastewater
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In accordance with the basic law (constitution) for
t he Federal Republic of Germany the Federation has
in the field of water managenent not the concurrent
| egi slative power but only a general |egislative
conpet ence. The authority of detailed |egislation
and inplenentation is assigned to the Laender
(states).

To safeguard or restore the ecol ogi cal bal ance of
the waters the Federal Governnent enacted two
general laws in 1976:

- the 4th Amendnent of the Act of the Regul ation
on Matters relating to Water (Federal Water Act,
VHG (1) and

- the Act Pertaining to Charges Levied for
Di scharging Wastewater into Waters (\Wastewater
Charges Act, AbwAG) (2).

Maki ng these |aws, the Federal Government foll owed
two principles, inportant for the environnental
protection:

- the principle of precaution and
- the polluter pays principle.

By the 4th Amendnment an Article 7a has been
inserted into the Federal Water Act which enabl es
the Federal Government to set uniform em ssion
quality standards (M ni num Requirenments) for the
di scharge of wastewater into waters.

The Wastewater Charges Act rules that a charge has
to be paid discharging wastewater into waters.
Both Acts are linked through Article 9, para 5 of
the Wastewater Charge Act which rules that the
charge to be paid nay be reduced by 50 per cent if
the M ninum Requirenents are conplied with



194

Article 7a of the Federal Water Act prescribes the
fol | ow ng:

"(1) A pernit for discharging wastewater shall
only be granted if quantity and nociousness
of the wastewater is kept as low as is pos-
sible if the processes in question are
carried out according to the generally
acknowl edged rules of technol ogy. This shall
not affect the provisions of Article 6. The
Federal Governnent, wth the consent of the
Bundesrat, shall issue general adm nistrative
regul ati ons concerning the mninum require-
ments to be net by effluent discharges in
line with the generally acknow edged rul es of
tehchnology as stated in sentence 1.

(2) If existing effluent discharges do not conply
with the requirenents under the above para.
1, the Laender shall ensure that the
necessary measures are taken. The Laender
may set specific tinme limts within which
these neasures nust be conpleted”.

The mnimum requirenents apply to discharges into
inland and coastal waters and are enforced by the
responsi ble Laender authorities. The term "m ni mum
requirenments” and the term "generally acknow edged
rules of technology” which is joined to it, inply
that nore stringent requirenents nay be inposed,
both in individual cases and

- in the case of entire river basins or parts of
river basins, e.g. on the basis of managenent
pl ans pursuant to Article 36b of the Federal
Water Act and

- in the case of specific pollutants, groups of
pollutants or branches of industry, e.g. on the
basis of clean water regulation pursuant to

Article 27 of the Federal Water Act or EC

directives or international agreenents.
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Such stricter requirenents have been inposed in a
nunber of cases. Mreover, it is prohibited to

i ssue a discharge licence if the common good m ght
be affected, especially if a hazard to the public
wat er supply would have to be expected (Article 6,
Federal Water Act).

Basically, the mninmumrequirenments apply both to
new and to existing effluent discharges. In the
case of existing effluent discharges which do not
yet neet the mninumrequirenents, the Laender have
to see to it that the nmeasures needed to inprove
the situation are taken within an appropriate tinme
[imt (Article 7a, para. 2 of the Federal Water
Act).

To ensure the best possible inplenmentation of the
clause "if the processes in question are carried
out according to the generally acknow edged rul es
of technology" (Article 7a, para. 1, first
sentence of the Federal Water Act) for the various
types of effluents and manufacturing activities,
separate mninum requirenents are laid down for
muni ci pal effluents and the various types of
industrial effluents.

The general admnistrative regulations are being
prepared in close cooperation between the Federa
Republic of Germany and the Federal Laender and
will, essentially, be conpleted by 1983. A tota
of about 40 general admnistrative regulations are
to be expected. Twentyseven of these genera

adm ni strative regulations had already been
publ i shed by March 1983. (3)

The material needed in the preparation of these
general admnistrative regulations was el aborat ed
by representatives of public authorities, science
and the individual branches of industry in about 50



196

wor ki ng groups.  Thorough consul tations have

yi el ded new insight in nmany areas and nade waste
wat er managenent, i.e. the effluent treatnent
conditions as well as the use of preventive
neasures during the production process, nore
transparent. They have, in particular, stinulated
the discharges to use new preventive neasures and
al so shown where this devel opnment should be en-
hanced, for exanple by supporting specific research
and devel opnment projects. Mre advanced processes
and equi prment which prove to be useful will in nmany
cases have to be introduced as "generally acknow -
edged rules of technology". The administrative
provisions will in future have to be adapted to
this devel opment fromtinme to tine. In some areas
where this devel opnent is already loomng up, it is
envi saged to up-date the mnimum requirenments in
the near future.

To facilitate the practical application of these
requirenents, the information and experience which
was gained in the working groups dealing with the

i ndi vi dual sectors of production was sunmarized and
publ i shed in individual reports. First reports are
avail abl e as | oose-leaf edition (4). The publi-
cations are introduced by a general part wth
chapters on general and conprehensive questions,

e.g.:

| egal framework of the adm nistrative provisions

m ni mum requi rements, nonitoring result, maxi num
perm ssi bl e concentration, normal concentration,
ref erence val ue

eval uation of neasurement results

irrigation techniques (flush and spray irriga-
tion)

The above-nentioned reports of the working groups
(4) contain supplementary or explanatory

information on the scope of application and on the
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wast ewat er treatnent nmethods used in the individua
sectors as well as on the preventive neasures that
may be taken by the operator. If in the individua
case a discharge does not clearly fall under one of
the general admnistrative, regulations, conparable
cases falling under specific regulations may be
used in the enforcenment practice or m xed cal cu-
lations may be carried out on the basis of nore

t han one adm nistrative regul ation.

The effluent situation is also considerably

i mproved by the fact that, in addition to the new
requirements pursuant to Article 7a of the Federa
Vater Act, the Wastewater Charges Act (AbwAG) (2)
provi des further notivation. D schargers conplyi ng
with the m nimum reguirenments (provided that no
stricter requirenents are applicable) enjoy a 50
per cent reduction on the usual rates (Article 9,
para 5 of the Wastewater Charges Act). The charges
| evied on the residual noxiousness of the wastes in
question are low - for correspondingly purified
muni ci pal sewage they are generally less than 10
per cent of the charges levied for untreated

sewage.

Finally a few remarks are added to explain struc-
ture and contents of our general admnistrative
regul ations |laid down there:

The admnistrative regulations are structured
according to the follow ng uniform schene:

1. Scope of application
2. M ni mum requi renments
2.1 Individual values
2.2 Analytical nethods
2.3 Method of eval uati on.

A regul ation according to Article 7a, Federal Water

Act consists of two parts - the scope of applica-
tion and - the m ni num requirenents.
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The scope of application is defined by a positive
and by a negative statement. The positive
statenment defines the scope of application, the
negative statenent has to delimt the regulation
agai nst ot hers.

The follow ng quotation fromthe Second Adm nistra-
tive Regulation may be an exanple for the positive
statenent of the scope of application:

"This general adm nistrative regulation applies for
t he di scharge of wastewater, the pollutants of

whi ch essentially derive from the production of
lignite briquets, including |inked power stations
or which are obtained in connection with the
production”.

The word "essentially" is included for pragnatic
reasons. It shall establish the application of the
regul ation even in the case of small quantities of
other types of wastewater which can be treated
together with the main stream

The follow ng quotation fromthe adm nistrative
regul ation on the processing of potatoes may be an
exanpl e for a negative statenent:

"This general admnistrative regulation does not
apply to discharge of wastewater

- deriving fromdistilleries, strach factories,
factories working on the dehydration of
veget abl e products for the production of fodder
and plants for the production of fruit and
veget abl e products,
deriving from cooling systens (once through -
and circulation systen) and industrial water
preparation”.
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The second part of an admnistrative regulation is
entitled "Mnimm Requirenents”. In this second
part, first the mninmumrequirenents are
quantitatively listed, that is to say - paraneters,
[imt values and the nodalities of the sanpling are
assigned to each other. The limt values are fixed
in ternms of concentrations and/or |oad of pollu-
tants specific of products and in special cases
addi tionally as anmount of wastewater specific of
products (see Annex 1, list of M ninmm Requirenments
pursuant to Article 7a, WHG of 27 branches).

Secondly the analysis procedures underlying to the
m ni mum requirenment are stated; thirdly the

noni toring nmethod concerning the control of the

m ni num requi renent fol | ows.

Looki ng at recent standards, it should be taken
into account that analytical nethods and eval uation
nmet hods played a far nore inportant role than

hi t herto. A nore prudent assessnent was necessary
in particular with regard to the new paraneters
that were introduced into practice only now

(chem cal oxygen demand and toxicity to fish),
taking into account that the definition of the
mninum requirenments is indirectly affecting the
wast ewat er charges to be paid or the 50 per cent
reduction of the normal rates envisaged in Article
9, para. 5 of the Wastewater Charges Act for cases
in which the mninmumrequirenents are net.

The future inplenentation of the new regulatory

(Federal Water Act) and |evying (Wastewater Charges
Act) provisions was harnonized and further inproved
by the establishnent of these m ninum requirenents.

In this context the fact is also of particular
i nportance that the relevant anal ytical measures
are being adapted to the technol ogi cal devel opnent
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and to the requirenments of practical inplenenta-
tion. This task is carried out by the German
Standards Institute (DIN) in close co-operation with
representatives of authorities, science and indus-
try. This work has been conpleted for the para-
neters of the Wastewater Charges Act, and the
correspondi ng anal yti cal nethods have al ready been
published: they will be published in the near future
for the other relevant paranmeters (5).

The provision under 2.3 of the adm nistrative
regul ati ons ensures that the adm nistrative
expenditure of the responsible water authorities
will keep within limts. This inplies that a
specific figure nmust be conplied with or that the

m ni num requi renment is also considered to have been
conplied with if the arithnetic mean of the results
fromthe last 5 tests carried out by the authority,
as far they were nade within the last 3 years, is
not exceeded. In the case of the fish test, it is
not the mean that counts but the question whether
four out of five paraneters have been conplied

wi t h.

The authorities responsible for inplementation wll
in many individual cases, as appropriate, conduct
nore frequent tests or charge the operator with
addi ti onal self-nonitoring.

The nost inportant pollutants/paranmeters for which
m ni num requi renents are to be fixed are those for
whi ch wast ewat er charge has to be paid.

*

- Settleable soils, COD, Cd, Hg, Toxicity for fish -

Besi des these paraneters in certain branches m ni num
requirements will be set for the follow ng pollu-
tant s/ paranmeters: BOD, Hydrocarbons, Phenols,

Cyani de, Heavy Metals, Halogenated Hydrocarbons,

Sul fi de, Ammoni a, Fluoride, Phosphorus, TSS.
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On the other hand there will be no m ni num require-
ment fixed for pH-value and tenperature because
[imtations for those paraneters will be set by the
state authorities in accordance with the need of
the receiving water.

In cases where industrial wastewater of different
originis treated jointly in one nunicipal waste-
water treatnent plant there may be nore than one
m ni mum requi renent conpet ent. In those cases a
proportional addition of the conpetent m ninmum
requirements will be applied (mxing calcul ation).

For wastewater from |arge chem cal factories with
nunmer ous productions and even for wastewater from
muni ci palities which contain a high anmount of
different industrial wastewater it is at present
not possible on the basis of "generally acknow -
edged rules of technology” to fix mninumrequire-
ments for the discharge in terns of fixed concen-
trations and/or |oad of pollutants and/or specific
of products. In those cases the Federal Government
sets only minimumrequirenents in term of reduction
rates for COD, leaving the responsibility to limt
concentrations to the state authorities. [t was
shown, that nost of these discharges can reach a
reduction rate of 75 per cent of the COD raw | oad
when applying biological treatnment in connection

W th special pretreatnments.

The Wastewater Charges Act rules, that a charge has
to be paid for discharging wastewater into water
bodies. The anount of the wastewater charge
depends of the noxiounsness of the wastewater which
shall be determ ned on the basis of the vol une of
wast ewat er and the paraneters

- (1) settleable solids,
- (2) oxidizable substances nmeasured as chem ca

oxygen demand,

14 408500254J-12
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and

(4)
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expressed as toxicity for fish

content of mercury and cadm um

The nunber of units of noxi ounsness may be infered
from Tabl e 1.

Tabl e 1.

Wast ewat er
ness

Pol | utants and groups

Char ges Act

- units of noxious-

Nunber of units of noxi ous-

of pollutants assessed ness for each full neasuring
uni t
Unit of
noxi ous-  Measuring unit (s)
ness
1. settleable solids Annual volunme in
containing at least 1 cubic netres or,
10 per cent organic respectively, in
mat t er tons should Ar-
ticle 3, para 4
be applicable
2. settleable solids Annual volunme in
contai ning | ess 0.1 cubic netres or,
than 10 per cent respectively, in
organic nmatter tons shoul d Ar-
ticle 3, para 4
be applicable
3. oxidizabl e substan- Annual vol unme of
ces expressed as 2.2 100 kil ograns
Chem cal Oxygen
Demand (COD)
4. Mercury an its Annual vol une of
conpounds 5 100 grans of
nmercury
5. Cadmumand its Annual vol unme of
conmpounds 1 100 grans of
cadm um
6. Toxicity for fish 0.3 6y ¥) Annual waste-
wat er vol ume of
1 000 cubic netres
+) at which

G, represents the dilution factor

wast ewat er
GF = 2,

loses its toxic effect on fish.
the figure applied shall

When
be 0.
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Met hods of anal ysis:

- (1) The volume of settleable solids shall be
determ ned after a two-hour settling
peri od.

- (2) The chem cal oxygen demand shall be deter-
mned in accordance with the dichromate
procedure, silver sul phate being applied as
a catal yst.

- (3) The effect in fish tests is determ ned by
using the species orfe (Leuciscus idus
nel anotus) as a test fish and applying
various degrees of wastewater dilution.

- (4) Mercury and Cadm um shall be determ ned by
way of atom c absorption spectronetry.

The liability to pay wastewater charges becane ef-
fective on January 1, 1981. The revenue accruing
from wast ewat er charges can only be used for

speci fic purposes connected with measures for

mai ntai ning or inproving water quality. The annua
rate levied per unit of noxiousness started with 12
DEMin 1981 and steadily rise to 40 DEMin 1986.

An inportant point of this Act is, that the dis-
charger has not to pay for the actual |oad which he
di scharges but for the load he is permtted to dis-
charge by his licence. This way has been chosen,
because it is too difficult and costly to determ ne
the actual | oad.

Except in the case of rain water the wastewater
charge shall be reduced by 50 per cent for those
units of noxi ousness whi ch cannot be avoi ded
despite conpliance with the mnimum requiremnment
resp. the nmore stringent requirenments set by the
state authority.
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M ni mum requi renents pursuant to Article 7a Federa
Water Act are Em ssion Standards on a technical-
rel ated base which have no connection to quality
objectives in regard to the receiving water body.
More stringent requirenents based on | nmission

Obj ectives may be enforced by the states (Laender)
pursuant to Article 36b Federal Water Act.

During the extensive work done in the preparation
of mnimumrequirenents to be net by effluent

di scharges it becane evident that the new

provi sions of the Federal Water Act and of the
Wast ewat er Charges Act are suited to effectively
improve the effluent situation. Al effluent

di scharges will in the near future conply with the
new requirements: this will further inprove the
quality of our waters in |arge areas.
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<& | Branche of Industrie Sasple nj/t sl/1 ag/1 GF
16 | Hard-coal processing St 0,5 | 100
2h 100
Hard-coal processing St 0,5 100
and hard-coal briquetting 2h 200
Pottery and ceramics St 0,5
2h 100 80 0,1 1
Sugar production St 0,9
exept water of condensation 2h 500 50
and seal water {pumps)
_ | 2h 450 40
Water of condensation and seal St 0,3
vater {puaps) 2h 60 30
Cellulose' St 3 * all valuos in kg/t
half - 24h 100 5 80 30
St 45
not bleached 24h 150 1.9 120 40
St 6
B bluc_hei 24h 200 10 220 70
St 7
refined, of leaf-vood 24h 230 1,5 | 350 | 120
St 1
refined, of conifers 24h 230 11,5 | 350 80
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Discharger -
g 2|z z
: 213 5
2 s2) £/ 3 |z e
- -0 -~ - © =~
£s 2ol 2|22 -~ 3
23 x| El3i|Z|s |8 £
£§F 3 5
=<a | Branche of Industrie Sasplef o7/t | a1/l sg/1 F
19 Pulp and paper production ’ St 05 * 28h - measurements in kg/t
to bd g0t sized, wood-free 24h 6 3
cont1 """"""""""
St 0,5
sized, vood-free 25h 8 3
St 0,5
highly extracted 24h 15 6
St 0,5
coated 24h 2 0,70 ']5, it > 501 therno-echanicnl,
st 0,5 pulp
— °resp. 25 ag/1 Concentration
| ._lig_nogua_ ________ 24 5 0,8 *resp. 25 agfl !
St 0,5
_ froa recycling-paptr | 24h 6 1,2
St 0,5
parchaent 24h 1 6
20 ] Rendering plant St 0,5
2h 300" ] 40 8__§ 400, if > 501 blood
21 Malt houses St i 0,3
2h 140 30
22 Nfixed sewage St 0,5
2h . *15% Reduction rate

cle
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PHOSPHORUS | N AQUEQUS ENVI RONVENT AND METHODS FOR
REDUCI NG THE LCAD ON WATER- BODI ES

Haral d Vel ner
Tallinn Polytechnical Institute
Union of Soviet Socialist Republics

Enn Loigu
Baltic Branch of Institute of Applied Ceophysics
Uni on of Soviet Socialist Republics

Ain Lé&d&ne

The USSR State Conmmittee of Hydroneteorol ogy
and Environnental Control

Union of Soviet Socialist Republics

In resent years in the Estonian S.S.R the use of
phosphorus compounds has considerabely increased and
first of all, on the account of the usage of
pesticides, detergents, fertilizers as well as

devel opnent of phosphorus consum ng industry. Thi s
has given rise to eutrophication processes in snall
rivers and |akes (I|-4).

Investigations on the marine environnent of the Bays
of Tallinn, Narva and the @ulf of Riga have indi-
cated an increase in the concentration of phosphorus
compounds in the near costal waters, which has |ead
to their eutrophication. In the inner part of the
Matsalu Bay of the Qulf of Riga a belt of about 30
km? overgrown with reed is forned. During the

last 13 years (1962-1975) the nmean density of bottom
fauna in the bay has increased about 5 tinmes (from
3 100 sp/m? to 15 000 sp/m2) (4).

Pol lution of water-bodies w th phosphorus compunds
is a result of concentrated discharges of sewage
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(poi nt sources) or discharges fromthe whole river
catchment area (non-point sources). Phosphor us

pol lution from point sources is easily stated,
controlled and regulated. The existing treatmment
nmet hods and technol ogi cal neasures enable to reduce
the pollution load. The estimation and limting of
diffuce pollution |oads from non-point sources is a
rather conplicated task since it depends on conpli -
cated and rapidly changing natural conditions.

Bal ance cal cul ations el aborated for the Estonian
S.S.R have shown, that the main amount of phos-
phorus, 85 8, is introduced to water-bodies wth
sewage waters, in municipal effluents phosphorus of
detergent origin nakes up to 43 % of the total
amount of phosphorus (Table 1). Table 2 presents
the | oad of organic substances and nutrients to the
@l f of Finland, convyed fromthe Soviet Union near
to the sea by rivers and munici pal effluents having
a direct inpact on the quality of the sea water near
coastal area. The effluents from Leningrad and
small communities, primarily treated in biologica
purification plants (750 000 m3/day) are

di scharged to the River Neva.

Table 1. Amounts of nitrogen and phosphorus conveyd
to Estonian water-bodies from main
pol | uti on sources

Pol | uti on source Phosphorus % Ni trogen %
t/a t/a

Muni ci pal effluents 5507 56 2 900 13
I ndustrial effluents

(food industry etc.) 280 29 1 500 7
Ef fluents from

arabl e | and area 150 15 18 000 80
Tot al 980 100 22 400 100

*Including 235 t detergents used



217

Table 2. Load of organic and phosphorus compunds to
the Gulf of Finland in 1978-1980

Sour ce BOD+ "total
t/a t/a
Ri ver Neva 165 500 2 460
Ri ver Narva 27 100 570
R ver Luga 7 460 240
Ri ver J&dgala 1 630 43
Ri ver Pdrnu 3 600 120
Kohtla-Jarve 500 140
Talli nn 36 800 360
Total anobunt 242 590 3 933

The signing of the Convention on the Protection of
the Marine Environment of the Baltic Sea Area in
1974 has given rise for creating and reconstructing
sewage treatnent plants for towns and industrial
enterprises in the Baltic Soviet Republics. The
building of the sewer system of Tallinn is under
way. Till 1978 before the first stage of treatnent
plant was put into operation 360 tons of phosphorus
and 36 800 tons of organic substances (expressed as
BOD,) were introduced to the sea. The nean
concentration of phosphorus in nunicipal sewage
does not exceed 4 mg/l, e.g. less than usual.

After the mechanical treatnment plants and the deep
sea outlet were put into operation, the pollution
load to the Bay of Tallinn has decreased about 15-
20 8, but in 1985, when the chemical after-
purification conmplex will be conpleted a reduction
of phosphorus | oad by about 80-85 % can be

achi eved. In 1988 when the Il stage, the

bi ol ogical treatnment plant, is to be conpleted no
harnful substances will be introduced to the Bay of
Tal i nn. It nust be enpasized that planning and
construction of sewage purification plants is based
on long-term thorough research and design studies.
The advanced experiences of the countries of the
Baltic Sea Basin are also appreciated (Fig. 1).

15 408500254J-12
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Fig. 1 Dynam cs of the decrease of phosphorus

load to the mar .ne environnent from towns
of the Estonian S.S. R

The first stage of the all-town sewer system of the
reconstructed sewarage network of Pdrnu is put into
operation and the construction of chem cal precipi-
tation units providing the purification efficiency

of about 80 % has been started.

The expansi on of biochem cal treatnent plants of
the towmn Narva and the conpletion of |ocal treat-
ment plants for the industrial region of Kohtla-
Jdrve reduces the pollution load by 80-85 %in the
nearest future. Further investigations are ainmed
at the reduction of the pollution load to the
Baltic Sea by the inprovenent of the operation of
great treatnment plants and creation of automatic
managenment systens for nunicipal sewerage networks
to equalize the flows of stormwater and snow

mel ting.

The studies of the |oad of phosphorus conpounds
entering the sea with river discharges have shown
that the main pollution sources of phosphorus are
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smal | towns and comunities as well as farm ng.
Wthin 15 years in the Estonian S.S.R about 1 000
smal | biological treatnment plants w th extended
aerati on have been put into operation. Donestic
and foreign studies have shown that the purifica-
tion efficiency of phosphorus is strongly dependent
on the influent load and in the treatment plants

W th extended aeration does not exceed 10-20 %.

In the 1970's large scale | aboratory and field

i nvestigations were conducted in order to obtain a
better efficiency of phosphorus renoval. For
phosphorus renoval in the biological treatnment
process it was proposed to use line instead of
ferrous sul phate in batch treatnment plant. An

el ectrochem cal nethod for phosphorus renoval from
sewage in treatnment plants of the type BIO raises
the anticorrosive properties of netallic construc-
tions of the plant.

Non- poi nt sources of phosphorus are of various

ki nds (atnospheric precipitation, discharges from
arable land, effluents from nunicipal areas etc.).
Intensive use of land contribute to the increase of
phosphorus wash-off fromthe soil. The wash-off of
phosphorus from arable |and is varying, depending
on the climate, intensity of erosion processes,
season and quantity of fertilizers applied etc. As
a rul e phosphorus is washed-off to a mnor extent
fromthe soil since phosphates are easily absorbed
by soil conplexes and | osses in phosphorus may be
consi derabl e due to erosion only. The wash-of f of
phosphorus from the catchnment area depends on the

i ntensi ve devel opnent of catchment (Fig. 2) and may
be characterized by the foll ow ng dependence

y = 11.85 1g (x + 1) + 1.76,
wher e y = wash-off of total phosphorus fromthe
catchnent area kg/km?/year
X = percentage of arable land in the

cat chnment.
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Thus, the wash-off of phosphorus even at conplete
devel opnent of the catchment area i S unconsiderable
and makes up no nore than 1 8 of the applied anount
of fertilizers. From t he vi ew point of
eutrophication, nitrogen conmpounds constitute

consi der abl e danger.

—
>
c‘)E‘tbO [
o Y=, 851g (x+i)+ 1,76
s’ r=080 n=13
Q*_SO
P = / °
g.ao -~ ob
; o /
y
Q
0 oo

0 20 40 ¢0 80 100 L%]
arable land areas

Fig. 2 Dependence of wash-off of phosphorus of
the percentage of arable land area in the

cat chnent

Table 3. The wash-off of nitrogen and phosphorus
fromintensively cultivated catchnent

ar eas
Wat er cour se Cat chmrent Phosphor us Nitrogen Wash- of f,
area 3-_ - % from app-
5 lizer
km kg/ha.a ka/ha.a P N
Pilot section | 22.7:: 0.14 0.25 24.9 30.0 0. 95 31.6

Pilot section Il 6. 43 0.10 0.24 25.2 30.1 0.75 25.1
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Concl usi on

1. The conpletion of the building of chemical-
bi ol ogi cal treatnent plants for the towns
Leningrad, Tallinn, P&rnu, Kohtla-Jidrve and the
reconstruction of nunicipal sewer system of the
town Narva provides the reduction of 80-90 % of
the direct |oad of phosphorus conpounds to the
Baltic Sea.

2. The subsequent work is directed to the
el aboration of an automatic nanagenent system
for sewerage networks and inprovenent of
technol ogy of industrial enterprises permtting
t he decrease in the anount of phosphorus
conpounds entering mnunicipal sewerage networKk.

3. Chemcal after-treatnent is needed in small
treatnment plants to reduce the |oad of
phosphorus in effluents discharged to the sea
by rivers and operation of the treatnment plants
needs to be inproved.
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UTILIZATION OF DOVESTI C AND | NDUSTRI AL SEWAGE I N
AGRI CULTURE

Kl aus W nkel

Mnistry of Environmental Protection and Water
Managenent

German Denocratic Republic

The nmet hod of sewage treatnent by the soil is
gai ni ng nore and nore inportance.

This feature is due to bel ow aspects:

- inmprovenent of protection of waters by devel -
opi ng the sewage cl eaning effect:

- multiple use of water, also and in particular,
for irrigation purposes;

- use of the nutrients contained in sewage as
secendary raw material in the sense of econony
of nmaterial.

According to assessnents, the annual quantity of
sewage presently available in the GD.R is 6.2
billions of cubic neters. Qut of this quantity 14
% originates from popul ation, 84 % fromindustry
and 2 % fromagriculture (liquid manure is not
included). By the year 2 000 above quantities wl|
increase as to population to approximtely 180 %
as to agriculture to 230 % but as to industry to
116 ¢ only. Altogether, the quantities will in-
crease by 28 % On the other hand, the vol ume of
extended treatnent of sewage by the soil wll
increase for 230 % during the sane period and wil |
cover approximately 556 mllions of cubic neters
per year spread on an area of 139 000 ha. In
conpliance with this calculation 7 % of the
quantity of sewage available in 2 000 will be

treated by the soil.
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Presently about 3.7 % are being used in agricul-
ture.

According to assessnents, the potentially usable
proportion conplying wwth the requirenments set to
quality of the irrigation water is approximtely
45 % of the total quantity of untreated sewage,
respectively 58 % of donestic sewage and not nore
than 40 & of industrial sewage.

Al so when considering the limting |ocal conditions
consi derabl e reservations for using sewage are
evi dent.

The cleaning effect of different methods of sewage
treatnent is nmentioned in Table 1.

Table 1. Conparison of the cleaning effect (%) of
different sewage treatnent mnethods

Substance Local artifi- Sewage treat- Domectic sewage
cont ai ned cial-biologi- nment by the fram sugar factories

cal method soi | artificial- treatnent
bi ol ogi cal  of sewage
method by the soi
N 24 to 28 90 36 90
P 20 to 25 100 63 89
K 4 90 18 36
BSBg 70 to 95 100 26 to 99 85

In general, a better cleaning effect can be achieved
when applying the nethod of sewage treatnent by the
soil instead of using the artificial-biologica

cl eaning nethod, which shall be taken into account
when nmaki ng any further respective decisions in the
future.
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For domestic and industrial sewage, to which the
nmentioned nethod may be applied, rates of

el imnation of phosphorus and of organic substances
of 100 ¢ and of nitrogen of nmore than 90 % are
possi bl e according to the structure of operation -
harmoni zation of irrigation level, kind of the soil
and use. Those high rates of elimnation and the

i ncreased absolute cleaning effects arising

t herefrom through the processes of seepage of water
into the ground are appearing nmainly indi pendent of
the concentration of substances in the sewage so
that the method of sewage treatnment by the soil is
nore qualified for sewage of a higher content of
substances than other alternative nethods.

Furthernore, one should take into account that al
ki nds of costs and expenditures arising in
connection with treatment of sewage by the soi
refer to its quantity and not to concentration.

The pollution potential of domestic and industria
sewage of the GD.R is approximately 60 mllions of
i nhabi tant equi val ents.

By the method of sewage treatnment by the soil the
waste |load is being reduced presently to approxi-
mately 3.6 mllions of inhabitant equivalents, i.e.
a proportion of 5.3 $ only. This fact again is
denmonstrating the necessity to extend treatnent of
t he sewage by the soil. I nvestigations prove that
an increase in yield of 10.6 cereal units per ha was
achi eved on average during several years by using
the nethod of sewage treatnent by the soil instead
of sprinkling treated water (29.9 cereal units per
ha instead of 19.3 cereal units per ha).

In general it may be stated that treatnment of sewage
by the soil up to 50 000 inhabitant equivalents
requires less investments than the artificial-
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bi ol ogi cal nethod. As far as this characteristic
is concerned, this nethod may be reconmended, in
particular, for this size of facilities.

The question of "treating or not treating sewage by
the soil" may be answered only, when all conditions
of water managenent, hygi ene and ot her conditions
prevailing at the respective locality were assessed
intheir conplexity. The water nonitoring author-
ity will decide, what cleaning goal nust be
achieved. The higher the cleaning effect to be
achieved will be, the higher will be the costs and
material expenditure for the artificial-biologica
method, which is in contrast to the nethod of
sewage treatnment by the soil

Basi ¢ decisions on the reception and utilization
regi ne covering the whole year and including the

di scharge operation shall be prepared, in the
course of which the requirenents of protection and,
in particular, of protection of the waters as well
as the respective operational and organi zational
conditions of the parties (supplier, user of
sewage) shall be fully taken into account. Those
parties shall decisively participate in preparing

t he mentioned decisions. The degree of necessary
pre-treatnent nust be determned. To conply with
the provisions of the standard TGL 26567 referring
to "Sewage treatnent, sewage treatnent by the soil"
and to secure a nationally high effectiveness
mechani cal pre-treatnent of domestic sewage w thout
t he subsequent artificial-biological stage for
l[imt values below 100 000 inhabitant equivalents
as well as application of a reception reginme by the
sewage users during the whole year are to
reconmend.
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In future time reception and utilization of sewage
shall be controlled in conpliance with the present
hydrol ogi cal regime - quantity of discharge and
temperature of the water. Those values are nmainly
i nfluencing the degree of contam nation, concentra-
tion and intensity of transformation processes of
subst ances (analysis).

The followi ng kinds of treatnment shall be taken
into account:

The nethod of sewage treatnent during the
whol e year by the soil is to be preferably
used in agricultural areas, in the course of
whi ch di scharge areas for 60 days in w nter
tinme shall be included.

| The nethod of sewage treatnent during the
whol e year by the soil is to be used in
agricultural areas, in the course of which
di scharge areas during the period outside
vegetation up to approximately 130 days shal
be increasingly included.

1l The method of sewage treatnent by the soi
during the vegetation period is to be applied
in agricultural areas, in the course of which
di scharge areas during approximately 30 days
are to be included. This nethod is to be
conbi ned with other cleaning methods to
di scharge sewage treatnent by the soil and to
secure sewage treatnent outside the vegetation
period.

Above alternatives shall be preferably applied:

Alternative I: In case of groups of inhabitants
up to 25 000;
Alternative II1I: In case of difficult or mssing

areas available for utilization
of sewage, mainly for groups
above 75 000 i nhabitants.
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Approxi mate values of the total |oad |evels per
year referring to various species of crops are
grouped in Table 2 according to the conditions of
the soil.

On industrial conditions of production the arable
 and conditions recommended in Table 3 should be
realized for the main |ocations of sewage treatnent
by the soil together with proof of alternative and
per cent ages.

The degree of concentration of species of crops
necessitating irrigation as well as their nost
favourabl e 1 oad during the whole year determne the
size of the sprinkling areas necessary for sewage
treatnent by the soil as well as of the necessary
discharge facilities. The size of the area to be
opened up for an extended sewage treatnent by the
soil shall be calculated by nmeans of the follow ng
forml a:

Fp - area opened up (sprinkled area) in ha:
Qa - available quantity of sewage in m3/d;
9B - |oad of the area in m3/ha x d.
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Table 2. Approximate values of total load |evels per year in m

crop species Conditions of the soil
[1ght sorl madi unsol | heavy sol |
vegeta- vegeta- vegeta- vegeta- vegeta- vegeta-
tion tion tion tion tion tion
period rest period rest period rest
cereals 60 60 60 30 60 30
maize 60 60 60 60 60 60
potatoes
rRG *) 1& 11 60 60 30 60 30 60
R Il tov 90 60 90 60 60 60
sugar - beet s 300 180 180 180 120 180
tum ps 300 180 180 180 120 180
silo-maize 90 90 90 90 60 90
field-ass 200 300 360 300 300 300
cl over 300 240 210
cl over-grass 360 300 240
lucern 240 180 150
intensely used
pasture 500 300 360 300 300 300
i ntermediate
summer crop 180 120 90
internediate
wi nter crop 120 - 60 60

*) = ri peness group

Table 3. Aternatives for conditions of arable land arcas in g

G oup of Li ght soi | nedi um soi | heavy soil
crop Speci es A B C A B A B
field food 50 80 35 50 66. 7 40 66. 7
root crops 30 20 35 30 33.3 30 33.3
cereals 20 - 30 20 - 30 -

interm. Crops 10 - 20 10 - 20 -
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Sonme exanpl es specifying the areas required as a
function of the limt values are nentioned in Table

4.  In this connection the follow ng val ues were
used for specifying the |load |evels:

l'ight soil 1.4 mmd

medi um soi | 1.0 i d

heavy soi | 0.9 mid

Table 4. Exanples specifying the size of areas
required for extended sewage treatnent by

the soil
Nunber, of Quantity of Necessary area to be
i nhabi tants avail abl e opened up
connect ed sewgge (Fg) in ha
m/a [1ght medium heavy
soi | soi | soi |
10 000 1 200 85 120 135
20 000 2 400 170 240 270
50 000 7 500 535 750 835
100 000 20 000 1 430 2 000 2 220

In addition there to discharge areas will be
necessary for the frosty period. Basi c data
referring to size and operation are laid down in
Table 5. Organi zation of work specified in the
cultivation as well as irrigation programe shal
conply with that of the sewage reception progranmme.

During the vegetation rest the areas are to be
sprinkled or irrigated up to the nonent, when
severe frost wll set in.
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Table 5. Exanpl es specifying requirement of
di scharge areas during 60 days

Nunber of Quantity Necessary di scharge areas
i nhabi tants of sewage in ha at a |oad
connect ed avail abl e of
n§/d 33 mmd 25 mmd 20 mmd
l'i ght medi um  heavy
soi | soi | soi |
10 000 1 200 3.6 4.8 6.0
20 000 2 400 7.3 9.6 12.0
50 000 7 500 23.0 30.0 37.5
100 000 20 000 61.0 80.0 100. 0

Appliability of industrial sewage and of sewage
from production of farms for being treated by the
soil is to be defined in conpliance with the
provi sions of the standard TG 6466/01.

See Table 6 for assessnment of applicability.

Table 6. Assessnent of applicability ofindustrial
sewage and of sewage from production of
farnms for being treated by the soi

Ki nd of sewage Classification Characteristic factories Remarks concerning pre-treatnent
and farns
well suited sucar factories, breweries, in ceneral nechani cal cleaning
by organic sub- starch flower factories, only, internmediate storage for
stances and/ dairies, slaughterhouses, continuous discharge for treat-
Of nutrients farms, animal production nent by the soil I's possible.

establ i shnents

suited cokina plants, gas works, frequently factory-owied faci-
textile, cellulose, paper litlies are necessary for chemi-
factories cal and artificial-biological

pre-treatnent

mainly | oaded

wel | suited aarochemical centres depends on the ratio of conponents,
addi tional methods, e.q. dilution,
precipitation, to reduce toxic
substances (biocides} or their
concentration are necessary

suited in a chemcal works, netal for taking decisions expert opinion

limted way workina factories will be necessary; 1in general,
sewage treatment by the soil will
be possible, if the sewace
concerned is beina cleaned directly
or mixed with water by the
artificial-biological cleaning
met hod
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The method of sewage treatment by the soil is
applicable to clean domestic and industrial sewage
in compliance with the provisions of the standard
TGL 6466/01, in case the sewage concerned does not
contain any components of toxic concentration being
harmful to plants. The above method shall be
preferably used for sewage originating from food
industry and sewage produced by production of
farms.

To comply with technology of operation the sewage
doses under the meteorological conditions
prevailing in the G.D.R. shall be determined
differently by approximation as follows (Table 7):

Table 7.

Sewage doses

Method Mean value Maximum value
mm mm

Annual doses:
- sprinkling including
discharge 375 800
- among the areas
sprinkle discharge
areas during the
vegetation rest 800 2 000
- drrigation 1 000 4 000

Individual doses:

- sprinkling 40 60
- discharge 100 500
- drrigation 200 500

The annual dose applied to discharge areas of light
soil may be increased for maximum 500 mm to cover
the requirement of irrigation during summer time.
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The method of sewage treatnent by the soil is not
applicable for w despreed distribution to areas
having a ground water level below 1 m and for dis-
charge areas having a ground water |evel below 2 m

Geographic as well as neteorol ogical factors such
as:
levels (fromthe sea |evel) above 350 m
nean annual rainfalls above 700 mm
mean annual tenperatures bel ow 7°c
restrict the application of the method of sewage
treatment by the soil in sonme |locations of G D R
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REPORT ON METHCDS AND TECHNOLOG ES FOR | MPROVEMENT
OF COASTAL WATER QUALI TY PRESENTI NG THE EXAMPLE OF
THE GULF OF PUCK

Mar ek Kam eni ecKki
Voi vodeshi p Bureau in Gdansk
Pol and

The Qulf of Puck constitutes the western part of
the Qulf of Gdafisk delinmited fromthe Wst and
South - West by the abrasive-accumul ative sea-coast
on the stretch from Gdynia to wXadystawowo and by
the accunul ative form of the Peninsula of Hel from
the North-East.

From the point of view of norphonetry and norphol -
ogy of the sea bottom and the existing
oceanographic conditions the Qulf of Puck presents
a distinctly dual form The eastern part - the
Geat Qulf of Puck - has a character of declining
asymmetric syncline of the axis running in the
direction NW - SE and at the depth bel ow 20 m (max.
50 m). I n geonorphol ogi cal, hydrol ogi cal and

bi ooceanographi c sense the GQulf of Puck is
nonoaqueous wWith the other part of the @ulf of
Gdansk.

The other fragnment of the @ulf of Puck located in
NE part - the Small @ulf of Puck - shall be the

subj ect of further considerations of the present
report. The reason for taking this water body into
consideration is its particular character both in
nor phol ogi cal as well as in oceanographic sense and
far progressed degradation of that valuable
ecosystemin the scale of the Baltic Sea.

16 408500254J-12
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The Small @l f of Puck has the surface of approx.
103 25 kxm? and the water volune approx. 0.3 km3.
That is a shallow water body of differentiated

depth, averagely 3 mand max. 9.4 m The form and
depth differentiation is a result of post glacia
origin of this water body (9, 10). The system of
overdeepenings, gullies and ridges creating the
bottomis an extension of geonorphol ogi cal forns of
sea-shores, nodified by |ithodynam c processes on
the contact |line of the sea-coast and the coasta
zone. The south-western and western sea-coast
consists of alternate abrasive-cliff shores, created
on the edges of Pleistocene holns fornmed from ground
undul ating norai ne and accunmul ative formations
occuring on the contact line with the system of
proglacial streamvalleys. The proglacial stream
val l ey system of Pleistocene drainage found its
continuation in the area of the present small Gulf
of Puck formng the depth differentiations of that
wat er body.

The north-eastern boundary of the small Qulf of Puck
constitutes the Peninsula of Hel formed mainly of
sandbank formations, and the shores of the Peninsul a
fromthe side of the small @il f of Puck easily turn
into a shall ow subnmerged platform of the Peninsul a
ground course. The small Gulf of Puck is separated
fromthe Geat @ulf of Puck by the shoal of the Sea
Swal  ow Shel f periodically energing to the surface
In those situations the water exchange between those
two water bodies is limted to the two artificially
dredged water courses at the apposite shores (2, 9,
18). The water body of the Small @ulf of Puck
consists of greater depths called Charupska,
Kuznicka and Rzucewska hol | ows, which are separated
by the shelf shoals. Those general formations are
covered by nerescal e subaquatic norphol ogi ca
shal l ow-water formations of insufficiently known
genesis (9, 10, 18). At the part of accunul ative
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sea-shores occur trough systens and at the Peninsul a
of Hel - a wide sandy platform On the platforns

at the holns occur gravels and post-glacial boul ders
as an abrasive residuum (9, 18). The primary char-
acter of bottons resulted fromthe structure and
l'ithology of post-glacial formations, and was char-
acteristic for alnost exclusive occurence of fine
grain sands and silty sands (11, 18, 20, 24, 25).

At present in connection with progressing

eutrophi cation of deep sea the character of the
surface bottons has al so changed (13, 18). As a
result of the above, particularly in the hollow and
at the river estuaries silts and |loans as well as
organi ¢ | oans occur. The nor phol ogy of the Smal

@l f of Puck conditioning its significant isolation
fromthe other water bodies has caused, inclusive
external inpacts fromthe land (rivers, sewage,

at nosphere, surface run-off), formation of a speci-
fic ecosystemand its further conplex evol ution.

In connection with the genesis of the Small Gulf of
Puck the organisms living in that water body are
both nmarine and bracki sh species as well as fresh-
wat er organi sns (22, 24, 25). The catchnent of the
Smal| @Qulf of Puck has the surface of 774.3 km?

(14). The surfaces of particular catchments and the
structure of the land use are presented in Tables

1 and 2. It is necessary to point out that 55.4 %
of the area are arable |ands and green grounds, and
37.8 ¢ - forests. Thus, the spatial and |inear

di scharge of pollutions, and in particular biogenic
conmpounds is connected with agricultural utilization
of the catchment (6, 8, 18).
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Table 1. Surface of drainage area in sGp™)
catchment acc. to (14)

Ri ver or Surface of_drainage
wat er - course area in k

Reda 496. 7
zZagdrska Struga 128

PXutnica 80

G zdepka 31.7
BXadzikowski 26. 8

in the region of

WX ady sYawowo 11.1

Table 2. Forms of |and use in drainage area of sep™)
(share in %) acc. to (14)

Type of land use Share in %
Arable |and 34.8

G een grounds 20. 6
Forests 37.8

Wat er tanks

O hers 6.0

*) s@P - the Small @l f of Puck

Since the annual inflow of river water into the

Small @l f of Puck anounts to 180-200 x 10° m3,

when the volune of the water body is of the order

300 x 10° m3, the Qulf is under a significant

influence of fresh waters. In connection with the
above the average salinity of the Small Gulf of

Puck oscylates around 5.5-6.5 ©/oo reaching in the
estuary regions the value approx. 2-3 °/oo (2, 3, 9,
18). The effect of the above is the necessity of l|iving
of the nmajority of organisms, both marine brackish
species as well as fresh water organisns, in extrene
ecol ogical conditions. Since the rivers and effluents
transport into the Qulf considerable amounts of
pollutions, its ecosystem has been under the conditions
of continuous inpact.
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Table 3. Average concentrations in mg/dm3 of tot.
N and tot.P and COD in runoff waters from
areas of various |and use acc.to (8)

Arabl e |and Land use pasture Green ground
season season season season season season
I ndex with with with with with with
snow rain snow rain snow rain
tot. P 0.44 1.05 0.67 0. 49 0.43 0.35
tot. N
met. Kejdakla 2.1 2.6 3.3 1.7 2.8 0.8
COoD 49 148 69 49 62 22

The primary conpositions and the state of waters
and living organisns was highly oligotrophic.

The vulnerability of the water body to pollutions
is increased by practically annually occurring ice
cover in winter season and inpeded water exchange
(9, 10, 18).

In result of the above the increased input of pol-
lution, and in particular of biogenic origin has
brought about considerable changes in chem cal
composi tion and encroachnment of elenents circul a-
tion cycles in the environnent. Particularly
drastic effects are to be observed in the range of
water eutrophication and its biocoenotic conse-
guences (Tables 3-8) (2, 3, 11, 13, 14, 16, 17, 18,
22, 24). The max. concentration of NH', in

that water body anounted even 13 ugat/dm3 (2).

The quantity of biogenetic substances discharged
into the water body is sufficiently great so that
in the regions of river estuaries and sewage inputs
the phenonena of biogenic exhaustion into phyto-

pl ankt on devel opnment do not occur.
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Tabl e 4. DlS §arge of certaln pol lutions into
acc.to (6, 14) in kg/a

sGP*) (rivers a. Reda

| ndex sewers) without river Tot al
t he Reda river for
for period 1982

V. 1982-1v 1983

BODg 381 629 882 000 1 263 629

tot. N 161 708 345 800 507 508

Ammoni a

ni trogen 72 905 92 300 165 205
Nitrite nitrogen 1 530 6 610 8 140
Nitrate nitrogen 26 915 32 100 59 015

tot.P 17 763 24 700 42 463

Table 5. Average daily vol unmes of Yer waters and
sewage di scharged into SGP
acc.to (6, 14)

Name of water Liquid vqlume
couse 0OI Ssewer N

Sewers in wWXadysXawowo 917
PXutnica 54 740
BXadz ikowski Sewer 8 468

G zdepka 29 130
Sewer at Reda 6 127
zagbérska Struga 116 813

Rewa Sewer 3 823

Reda river 315 000

[otal of wat er courses 535 0/8
Mechani cal Plant 1 n Puck 580

Town Puck 2 000
Rzucewo 84

lotal of sewage 7 664 - -
*) s@P - the Small @ulf of Puck
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In the period of recent dozens of years great
changes in quantitative and qualitative state of

bi oceonosis in the GQulf have occurred. The genera
trend is typical for water bodies under degradating
impacts, i.e. increasing quantitative and

qual itative dom nation of m crophytoplankton and
zoopl ankton and simul taneous regression of plants
and hi gher animals.

Table 6. |Indices of approach intensity of N and P
by rivers and in waste water to certain
wat er bodi es

Wat er body Quantity Intensity Intensity
t/km3xa t/km2?xa
N (t/r) P (t/r) N P N P
Baltic Sea 53 000 2. 44 0.128

V=21.7-103km3
S=415+103km2

Bal ti c proper 1 000 000 76. 34 4.72
V=13.1-103km3
$=212.103km2

SCGP *)

507.508 42. 463 1695 141.54 4.92 0.41

Cal cul ations by the author acc.to norphonetric data and pollution
| oads acc.to (1, 6, 14).
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Table 7. Extremal and average concentrations of
COD, tot.N and to% P insomewater courses

flowing into SG® ? in mg/dm> acc.to
(6, 14)
Wat er course | ndex Concentrati on
mn max. aver age

Sewer Cob 28.6 216.0 75.9
WXasysXawowo tot. N 0.78 2.22 1.13

tot.P 0.014 0.31 0. 079
PXutnica CcOD 13.9 (2.0 32.1
river tot. N 0.74 1.85 1.36

tot.P 0. 006 0.59 0.17
Sewer COD 9.8 98. 1 45. 5
BXadzikowo tot. N 2.1 40.0 9.34

tot.P 0. 021 3.0 0.81
Gizdepka CcOD 10. 3 46. 0 20. 4
river tot. N 0.91 2.62 1. 66

tot.P 0. 03 0.73 0.23
Zagdrska COD 7.2 47.38 7.7
Struga tot. N 0.94 2.48 1.67
river tot.P 0. 06 0.42 0.15
Reda COD 9.2 31.0 22.3
river tot. N 0.5 1.686 0. 341

tot.P 0. 026 0. 205 0. 083

*) s@P - the Small Qulf of Puck

In the period 1947-1978 the nunber of taxons in
phyt opl ankt on was reduced from 260 to 210, and

si mul taneously the nunmber of taxons of Diatoma was
stabile, whereas the nunber of taxons of the al gae
Cyanophyceae increased by 10 units (17). A greater
dom nation by Diatoma appr ox. 75 % of taxons has
been determned in the Small @il f of Puck, however,
the quantitative sanples are poorer than from open
waters of the @ulf of Gdansk (17). The reduction
of phytoplankton in the Small @ulf of Puck and
progressi ng devel opnent of zooplankton is dealt
with in the elaboration (18).
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Tabl e 8. Concentration of phosphates and gwméﬁia in
surface and bottom | ayers of SGP / in
period 1975-1978 in particul ar seasons of
the year acc.to Fal kowska (13)

Sur f ace Bott om
PO4 - P spring av. 0. 32 0. 32
(u gat/dm3) max. 1.13 0.91
m n. 0. 06 0.12
sunmer av. 0.51 0.53
max. 2.13 2.81
m n. 0. 05 0. 05
aut umm av. 0. 96 1.08
max. 7.04 7.04
mn. 0.22 0.12
winter av. 1.12 1.25
nax. 1.16 3.08
m n. 0.42 0. 47
NHY, - N spring av. 1.00 1.06
(u gat/dm3) max. 5.98 2.59
m n. 0. 06 0. 14
sunmmer av. 1.00 1.10
nax. 21. 60 6. 43
mn. 0. 07 0.10
autumn av. 2. 380 3.20
max. 11. 68 10. 54
m n. 0. 30 0.13
W nt er av. 4, 31 2.10
max. 22. 80 7.19
m n. 0.79 0.71

*) s - the Small @l f of Puck

The work (18) points out 10 times greater quantity
of zooplankton in the Small Qulf of Puck than in
the Southern Baltic Sea and 6 tines greater than in
the @ulf of Gdansk, and sinmultanously the reduction
of phytopl ankton of the number 21-91-103

units/m3 in the Small @ulf of Puck in conparison
with 21-238-103 units/m3 in the Qulf of cdarsk

and approx. 1.10° in the Southern Baltic Sea

(19). The data nentioned above indicate a highly
advanced degradation and transition of the water
body into the state of saprotrophy (18). Based on
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METHODS FOR REMOVAL OF NUTRI ENTS FROM WASTEWATER

Eri k Bundgaard
Akvadan Division
Denmar k

I NTRODUCTI ON

In Denmark the devel opnents regardi ng wastewater
treatment have been substantially different from
those in other Scandinavian countries! Full

bi ol ogical treatnment, BOD renmpval and nitrification
have been required for all discharge of treated
wastewater to fresh waters, as the basic philosophy
has been to mininmze the imredi ate oxygen demand in
the streans as nuch as possible. These regul ations
have resulted in the construction of nore than 400
extended aeration activated sludge plants in
Denmark, mainly of the oxidation ditch type.

Wthin the last 10 years, processes for nutrient

renoval, i.e. nitrogen and phosphorus renoval,
suitable for extended aeration systens have been
devel oped. The devel opnents as regards nitrogen

renoval have their background in conprehensive
research activities carried out by the Departnent
of Sanitary Engineering, Technical University of
Denmark, and Akvadan A/ S. These activities were
started in the early 1970's. A process - the Bio-
Denitro process - was developed (1) and research
still takes place for further devel opment.

Phosphorus renoval has mainly been carried out by
the sinmultaneous precipitation process with ferrous
salts used as precipitant, for econonic reasons.
Recently a new nethod for biological phosphorus
renoval has been devel oped. The process is now
being tested in pilot plant studies and a full

scale plant is in construction.
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In result of the eutrophication of waters and
bottons a nunber of characteristic species reduced
their range of occurrence, and some fragments of
the sea bottom covered with organic detritus
(Kuznicka Hol I ow, region near Puck and the estuary
of the Reda river) are devoid of benthic flora (13,
16, 18).

A particular reduction of range, quantity and
bi omass of Fucus vsicul osus and Furcellaria
fastigiata and sinultaneous dom nation of

Ect ocar paceae from the species Ectocarpus
siliculosus and Pilayella litoralis have been
observed (11, 16, 18).

The excess of organic value of thallophytic al gae
(Thal I opyta) and the class Chl orophyceae

(Ent eronor pha sp.) causes that they occupy the
coastal waters and the sea-shore creating sanitary
hazards by toxins, and in particular nycotoxins and
devel opi ng on them bacteria species. The changes
in zoobenthos mainly mean reduction of nussel

bi omass (Mtilus edulis) by approx. 66 8, and

si mul t aneous nai ntenance of the nolluses dom nation
i n zoobenthos (21, 24).

A transition of max. productivity to deeper zones
and a reduction of bionmass of shellfish
(Crustacea), being the food base for fish, and

i ncrease of function of nolluscs - philanthropists
has occurred.

The progressing euthrophication, changes of matter
and energy circulation cause particular inpacts for
i cht hyof auna.

In the years 1964-1979 the share of fresh-water fish
in total catches in the @Qulf of Puck increased from
25.5 %to 45.1 % at the same tine the share of



10.

315

Dall, S

Effluent filtration, practical experinents. (In
Dani sh) .

Effluent filtration, Nordforsk-project:
Wastewat er treatnent plant operation, report No.
2, 1979, pp. 163-183.

Fitzpatrick, J.A et al.

Frequency distribution of secondary and tertiary
ef fluent paraneters.

Proc. of the 31st Int. Waste Conf. 1976, Purdue
Univ. pp. 1034-1045.

G os, H & Mbrgeli, B.:

Opti mal advanced treatnent and phosphorus
renoval by deep bed filtration. Prog. Wat. Tech
Vol. 12, Toronto 1980, pp. 315-332.

Hedberg, T.:

Filtration investigations at the Royal Institute
of Technol ogy and Chal mars University of

Technol ogy, Sweden.

lbid. 3, pp. 13-30.

lves, K. J.

Specifications for granular filter nedia.

Ef fluent and Water Treatnent Journal, 1975, Vol.
15, pp. 296-305.

lves, K. J.

The basis for the application of multiple |ayer
filters to water treatnent.

Z.f. Wasser und Abwasser-Forschung, 1979, Vol.
3/4, pp. 106-110.

lves, K. J.

Filtration in waste water treatnent.

Irib. Cebedean, 1980, Vol. 33, pp. 455-461.
lves, K. J.

Deep bed filtration: Theory and practice.
Filtration & Separation.

March/ April 1980, pp. 157-166.



245

vol une from the nunber of inhabitants of the order
60 000-80 000 in the season and 15 000-25 000 out
of summrer season.

The total |oad of those sewage inputs has at present
a direct or indirect influence of eutrophication and
pollution of the Small Gulf of Puck (18). The first
stage of construction of that sewage treatnment plant
"Swar zewo" for the towns Puck and wZadysXawowo shal
be conpleted by 1986. In that year the pollution

| oad discharged into the Small @ulf of Puck is
expected to be radically reduced. Sinmnultaneously,

ot her nmeasures aimed at reduction of the nunber of
point and area pollution sources in the river
catchments feeding the Qulf shall be undertaken.

In the light of those assunptions, starting from
1986 it should be possible to observe a set-back of
the present degradating trends, a reduction of
pol l uti on concentrations and bi ogenic conmpounds as
well as an actual elimnation of bacteriologica
contam nation of the greater part of waters. Sinul-
taneously, it is expected that conditions favourable
for augnenting self-regulation processes in

bi ocoenosi s shall occur. In result of the above the
present treands of changes in quantitative and
qualitative conmposition of flora and fauna should be
restrained and then the trend mark of environnental
processes should get changed. The present state of
know edge on the Small Qulf of Puck environment as
wel | as a nunber of outcones and observations in
that water body incline to make a forecast for a
positive trend in environnmental changes, a trend for
augnenting the self-regulation processes (2,3,4,6,
18,22,23,24). The effects of that trend should be a
succession of the flora and fauna previously
characteristic for that water body. The directions,
scale and intensity of that succession as well as a
probabl e degree of simlarity to the "primry"

conditions should beconme the subject of detailed
i nvestigations.
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DI SCUSSI ON

At sgholt wastewater treatnent plant, an effective
filtration pilot plant has been build up in pilot-
scale. It was statistically proved that there are
no scale effects between the full-scale filter and
the pilot plant. The many results obtained in the
experiments, of which only some are shown in this
work, have been put into a database, and software
to present the results has been devel oped.

One of the nost inportant results in this work is
the good survey, which the experinental apparatus
gives of the head loss profiles. Not until the
appearance of the experinmental results was it

known, that what was believed to be a deep bed
filtration in reality is a surface filtration, wth
the resulting |acking solids capacity of the

filter. The question remains, in how many other

pl aces the sane applies.

Two solutions are given to the surface filtration
probl em Ei ther the uppernost filter nedia may be
changed with a nedia with a greater grain size (and
possibly a third filter nedia in the mddle), or

t he worki ng nethod may be changed, as the solids
capacity can be better utilized by short termed air
injections during operation.

The contact filtration experinments show that the
content of dissolved phosphorus in the effluent may
be reduced to a lower Iimt of 0.05 mg/1.

The experinments show that there is no distinct
difference in the results of contact filtration,
wher e FeSO, was used, or in cases where FeCl 4

was used. The content of the dissolved phosphorus
in the effluent may be regulated with the nol ar

21 408500254J9-12
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the places of occurrence or by culture. That
undertaki ng on the mass scal e can involve only
fish-culture, and it is inplemented at present
in the range of the fam |y Sal noni dae (13).

5. O eaning of the bottons of excess organic
matter.

6. Culture of macroal gae and vascul ar plants as
deent rophi cators (7,16,20,25).

7. Aeration of bottomwaters in the KuZnicka
Hol | ow (5).

On the basis of elaborations and investigations
carried out hitherto (4,7,13,15,25) the nethods ad
1°-4° may be applied on a wider scale for
achieving effects in the area of the whole water
body. The other nethods nay be applied in
macroscal e for obtaining detailed data on environ-
mental and bi ocoenotic changes in small parts of
the water body. The nethod of active bottons

el aborated and anal ysed al so in sone regions of the
Small Qulf of Puck (4,15) consists in putting up
old fishing-nets for facilitating the devel opnent
of periphyton.

The sel ected organisns fromthe epi phyte system
anal ysed from the point of view of productivity
yield significant bionmass (Table 9) (4).

Table 9. Wet biomass of some nore inportant taxons
of epiphyte systen1fron1n3ts I nvesti gat ed
in various seasons in g/n¥ of net
surface. Acc. to (4)

Taxon Season Jul'y Sept enmber  Novenber Max.
Ganmar us 11.9 12.5 65 179.7
| dot hea 2.2 29.5 4.6 48. 4
Sphaer oma 0.4 4.3 not found 13.2
Mytilus not found 24.8 36.0 47. 3
Bal anus not found 39.1 76.9 133.9
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The results fromthe experinments show that a "safe"
typical concentration of suspended-phosphorus after
the contact filtration wll be 0.2 mg/1.

In the two exanples, the required effluent qualities
are for total -phosphorus concentration after filtra-
tion: ex. 1: 0.7 ng tot-P/l and ex. 2: 0.4 ng tot-

PIl1.  Wth these requirements the concentration of
di ssol ved- phosphorus after filtration will be 0.5 ny
diss.-P/l, respectively 0.2 my diss.-P/I. The

results are summarized in Table 5 and 6, which
clearly shows the advantage of the two stage
process. The stricter requirenents, the greater
savings in chemcals.
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Fig. 11. Results from 3 sinultaneous precipitation
pl ants using ferroussul phate as precipita-
tion chem cal.
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The application of methods ad 1°-4°, parallely
besi des a great anount of information on ecosystem
reaction and its particular conponents, shal
probably enable the acceleration of self-cleaning
and self-regulation of the matter and energy
circulation in biocoenosis of the Small @ulf of
Puck.  The other nethods shall enable obtaining
interesting investigation outcomes which nmay be
utilized in the future in practice for

recul tivation of the coastal water bodies of |ower
ecol ogi cal val ue.
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Tabl e 4 shows renoval of suspended solids, total
phosphorus, and dissol ved phosphorus from 3

simul taneous precipitation plants w th subsequent
contact filtration with iron. In all three plants
the results are nean val ues. The nean val ues from
Sgholt are based on experinments with both Fe (I1)
and Fe (111), while the nean values fromthe two
other plants are experinments with adding of Fe
(1. (1, 2) use, besides adding of iron, also a
non ionic polyelectrolyte (Meyprofloc P-3) in a
concentration of 0.1 mg/l.

Table 4. Results fromcontact filtration. Values
before and after filtration.

Sgholt Boller et al. Pet er son
& Var
Ss (mg/1) before filtration 15 12
after filtration 1 3
before filtration 0. 87 1.43 1.55
tot. -P (mg/l) after filtration 0.22 0.38 0. 34
% renoval 75 73 78
before filtration  0.47 0.74
Diss-P (mg/1) after filtration 0.17 0.27
% renoval 64 64
Molar ratio Fe/ di ss.-P 4.0 2.3 5.6"

*) Feltot.-P

It is seen that sgholt has the snallest concentra-
tion of phosphorus in the effluent, but at an
expense of a higher nolar ratio. It is also seen
that the simultaneous precipitation works better at
Sgholt than at the other plants. The pro rata
renoval of phosphorus in the three cases is seen to
be the same. The explanation to the fact that the
molar ratio at Sgholt is greater than in the
experinent performed by (1, 2) at the sane pro rata
renoval of phosphorus is, that the renoval of
phosphorus at sgholt happens at |ower absolute
concentrati ons. This is also illustrated in Fig.
10, where the content of dissolved phosphorus after
the filtration is shown as a function of the nolar

rati o Fe/diss.-P. used.
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SUSPENDED SQL10S (MG/L) SUSPENDED SOLIOS (KG/D)
{nfluent Effluent Influent Effluent
Number of samples 44 53 Number of samples 44 53
Mean 9.3 1.7 Mean 166 .3 28.5
Standard deviation 8.5 1.1 Standard deviation 1721 18.5
Median 6.9 1.4 Median 115.6 24.0
90%-quantile 20.1 3.6 90’ -quantile 358.5 54.2
10°.-quantile 2.4 0.6 10%-quantile 37.3 10.6
Correlation 0.93 0.81 Correlation 0.97 0.93

Fig. 7. Cunul ative frequency distribution of Sus-
pended Solids concentrations and daily
| oadi ngs before and after filtration at
Sgholt.
Reduction (nean) 137.5 kg SS/d (83 %)-.

In Fig. 8 is shown a simlar diagram for the content
of total number of viable cells at 37 ©c. The
sanple periods are distributed over 3 years, wth
the highest frequency in the sunmer periods.

o—e TILTER “FLUCHT
——a FILICR (FFLULNT

FERCENTAGE < INDICATED VALUE

200 $00 1000 2000 $000 1 0000 20000 $0000 1900000

TOTAL HUMBER OF VIABLE CELLS AT 37 °C/ML

Influent Effluent
Number of samples 26 26
Mean 19510 2820
Standard deviation 11275 1830
Median 16890 2365
90%-quantile 52265. 7910
10%-quantile 5460 710
Correlation 0.95 0.98

Fig. 8. Cunul ative frequency distribution of total
nunber of viable cell concentrations before
and after filtration at Sgholt.

Reduction (nean) 86 %.
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No of
treatment plants

D Riological) and chemical
treatment

1600 400 B chemice] treatment
1400 . Biological treatment
1 200 1 300 Mechanical treatment
1000 4
600 - 200
6004
2007 '
1972 <500 500- 2 000- § 000- >20 000
1976 197 6 1980 1982 2 000 5 000 20 000 Design  connection (pe)
Fig. 1. Total No of munici pal Fig. 2. No of treatnment
wast ewat er treat nent plants in Sweden 1
plants in Sweden 1979 according to
1972-1982 (1) size and treatnent
process
PERCENT OF THE POPULATION
IN URBAN AREAS
100 2%
80 5%
70 4
SEDIMENTATION/
60 /
o LLL
BIOLOGICAL TREATMENT 73%
40
30
20
10
0 | 3%
1870 1975 1980 1882
Type of sewage Number of treat-|Number of persons
treatment ment plants served
1982-01-01
No treatment 7 000
Sedimentation 109 138 000
Bioclogical treatment 284 1 206 000
Chemical treatment 165 311 000
Bio. chemical treatment 711 5 262 000
1 269 6 924 00
Urban areaswith atleast 200 inhabitantsaccount for approximately
83\ of the populationinSweden.
Fig. 3. Devel opmen of nun .cipal wastewater treatment in Sweden (1).
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The effluents content of suspended solids and total
phosphorus in the pilot scale experinmental runs is
shown in Table 3. The treatment plants investigated
by (4) are biological plants, those investigated by
(13,181 are simultaneous precipitation plants,
whereas the filter investigated by (20) is
filtrating secondary precipitated waste water. The
tabl e shows a renmoval of suspended solids of approx.
75 % varying from55 %to 85 %  The simultaneous
precipitation plants show a renoval of total
phosphorus of approx. 55 g due to the filtration.

Table 3. Conparison of effluents. Al values are

aver age.
Sohot Fitzpatric et al. Thol ander Latvala Vtk
all experinents North South 4irslet  Askola Hyvink#i Kjeller
Anthracite (cm} 60 53 23 90 50
arain size (mm) 1.6-2.5 2.7 1.7 1.3 0.8-1.2
Sand (cm) 40 61 56 50 100 100 0.4~0.8
dJrain size (mm} ag.8-1.2 1.4 0.7" 0.6-0.9 - 0.4-0.8
Flow rate (m/h) 5.6 9.3 5.1 7.7 -7 -7 11.3
SS before filter (mg/1) 11 44 37 29 20 43 26
ss after filter (mq/1) 2 7 9 13 5 7 6
Tot.-P before filter 0.64 0.50 0.5 1.3 0.34
Tot.-P after filter 0.34 0.34 0.2 0.4 0.06

. Deq (59 fractile in the qrain size distribution)

In Fig. 5 to 7 are shown the results of the anal yses
for the reduction in three central parameters for
the filtration. The sanpling is based on weight by
volume 24 hours sanmples and is evenly distributed
over 2 years. The results are presuned to follow

a logarithmc normal distribution and are presented
in matching probability plots. Stabl e effl uent
qualities and good reductions are seen in all three
par aneters. The accumul ation of dots in Fig. 7 is
due to lacking accuracy in the analysis.
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sedi ment ati on. This had to be followed by a
chemical step with flocculation and separation
(sedinentation, flotation and/or filtration).
Trickling filters were allowed wthout separate
sl udge separation before the flocculation basins.

CONTROL OF EFFLUENT CONCENTRATI ONS

According to guidelines from the Environnment
Protection Board (4) effluents have to be nonitored
with respect to BOD,, COD and total phosphorus.
Recently, suspended solids and pH have been added.
The frequency is dependent on the size of the plant
according to the design connection as is shown in
Tabl e 1.

Table 1. Monitoring of effluent concentrations for
control purposes (4).

Par amet er Desi gn connection, person-equival ents
200 200-2 000 2 000-20 0000 20 000
BOD; 1 d/year 8 dlyear 2 d/ mont h 1 df week
CoD 1 d/year 4 d/year 1 d/month 1 wevery fortnight
P-tot 2 d/year 8 d/year 2 d/nonth 1 w week
SS 2 d/year 8 dl/year 2 d/month 1 d/ week
pH 2 slyear 8 s/year 2 s/month 4 s/ week
s = grab sample
d = 24 hours composite sanple

7 days oconposite sample

Surveys carried out by the Environment Protection
Board show that a nunber of treatment plants do not
neet their effluent conditions. A survey carried
out in 1977 anong 490 post precipitation plants
showed that 20 % of the plants could not neet 15
mg/1 BOD, and 35 8 could not neet 0.5 mg/l total
phosphorus as the yearly average (1). The
situation had inproved in 1980 as was shown in a
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Head loss cm H20

Fig. 3. Filtration cycle, 2-nedia-filter: Sand +
plastic pellets. Period (10-2). Flow rate
62m/h. SS: 113 mg/1. Solid |oading: 648 g/

m“ « h.

The lacking "effect of depth" in the filter nmani-
fests itself at nost materials, and is a problem
wWth the present materials at Soholt. In order to
"ease" the materials and "turn" the filter cake
down into these, a short air scour was tried (ap-
prox. 1 mn.) after reaching half of the head |oss
permtted. The result is shown in Fig. 4. At t =
2.5 hour air is injected under the materials, and it
is seen that the head | oss is considerably
decreased, because the surface filtration is changed
to a deep bed filtration. It is furthernore seen
that the materials pack sonewhat cl oser
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Causes not discussed in this study but that m ght
have a substansial inpact on the operation costs
and effluent quality are interest and know edge of
the operators, their capability to handle different
situations and their wllingness to adopt new

i deas. Also poor managenent can be a factor of

i npor t ance.

OPERATI ON MODES

Even if nost of the treatnment plants were designed
for post-precipitation, different operation nodes
have been devel oped in practice over the past 10
years. Exanpl es of process devel opnent that have
proved to be advantageous in respect of costs or
ef fl uent concentrations are:

- nitrification
- recirculation of chem cal sludge
- two point addition of precipitants

Chemical precipitants used in Sweden are AVR (a tech-
ni cal grade al um ni um sul phate), ferric chloride,
ferrous sul phate and in sone small plants also |ine.

In recent years a nunber of articles have been wit-
ten describing advantages with different operation
modes. Nitrification (6,7) causes a decrease in
alcalinity Which neans that the chenical dose may be
reduced drastically where post-precipitation is

enpl oyed and AVR or line are used as precipitants.
Reduced armounts of precipitants al so nean reduced
amounts of chemical sludge to handle. Nitrification
i s more energy consuming but this is outweighed by
lower chemical costs and less sludge to handle.

The recircul ati on of chemical sludge to the primary
sedimentation (7,8), has proved to produce the sane
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Wien the filtration begins at t = 0, Fig. 1 shows
the start head loss, which only is due to head | oss
because of the flow rate through the filter
material s. Due to a.o0. the smaller size of grain
in the sand than in the anthracite |layer, a nore
steep curve is seen at the bottomof the filter
materials. As the filtration progresses this
picture is blurred, and as the suspended materia
is accunulated in the filter materials, the
greatest head loss is shifted against the top of
these. The "flat plain" in front appears, because
no filter materials exist at a height above 100 cm

FI LTRATI ON RESULTS

Fig. 2 shows a typical filtration cycle at the
Spholt wastewater treatnent plant. The total head
| oss neasured as the function of time is nore or

| ess as expected, but the head |oss profiles
clearly disclose that the filter material used
results in a surface filtration with a resulting

| ack of solids capacity in the materials, which may
turn out disastrously at greater | oadings.

The explanation for this surface filtration is,
that the particle size distribution of the
anthracite layer does not fit with the particle
size distribution of the incom ng suspended solids,
but as will be shown later, this does not effect
the renmoval efficiency of the filter.
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periods to establish influence from factors like
different weather conditions, load variations,
flow, temperature, organic load etc.

The project also includes development of a computor-
based datahandling and evulation system.

In Table 3 six of the treatment plants in the
project are presented. Some of the results from the
Eskilstuna treatment plant will be presented in more
detail below.

Table 3. Treatment plants iIncorporated in the SWEP-
project

Treatment Actual | oads Test ed operation nDdes
plant -
F%ow BOD,

/d kg/ d

Eskilstuna 47 000 4 200 Post-precipitation with ferric chloride
and recirculation Of the sludge to the
aeration basin.

36 000 3 400 Two-stage precipitation with ferric chlo-
ride (conbination of pre- and post-preci-
pitation).

48 000 3 800 Two- st age precipitation With ferric chlo-
ride and recirculation of the post-preci-
pitated sludge to the influent.

38 000 4 900 Two-stage precipitation with ferric sul -
phate as pre-precipitation agent and fer-
ric-chloride as post-precipitation agent.

Linkdping 42 000 8 600 Post-precrprtation wth aluminium sul phate
(AVR) and recirculation of the sludge to
the aeration basin.

Hassleholm 11 300 1 500 Post-precipitation W th ferric chloride,
recirculation of the sludge to the Inflow

13 100 1 400 Post-precipitation W th al uni ni um sul phate
(avR) and ferric chloride.

12 800 1 600 Two- st age precipitation with ferric chlo-
ride (added to the grit chanber) and al u-
m ni um sul phate {avr) (added to the post-
precipitation step).

Borés 76 000 9 000 Post-precipitation wth alumnium sulphate
(avr) and recirculation of the sludge to
the influent. During certain periods sul-
phuric acid is dosed to the post-precipi-
tation step.

Landskrona 12 400 2 700 Post-precipitation wth aluminium sulphate
(AVR}.

13 900 3 600 Two-stage precipitation with ferric chlo-
ride (added to the grit chanber) and alu-
m ni um sul phate (AvR) (added toO the post-
precipitation Step).

12 700 3 900 Two-stage precipitation with ferric chlo-
ride (combination Of pre- and post-preci-
pitation).

Sunne 3 600 1 300 Post-precipitation wth line
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Anthracite 1 and anthracite 2 differ by particle
size distribution, as type 2 is shifting towards
hi gher val ues.

Tabl e 2. Filter material qualities

S¢gholt M&rgeli & |lves Boller et al.
o=
Anthra- Anthra- Plastic Anthra- anthra- Anthra-

Material Sand cite 1 cite 2 pellets Sand cite cite Pumice Sand cite Pumice
Gain size (mm)  0.8~1.2 1.6-2.5 1.6-2.5 3.5 0.9-1.2 1.2-2.5 1.6-2.5 1.5-2.5 0.7-1.2 1.5-2.5 1.5-2.5
Grain size (mean) {rmm) 0.9 1.3 1.4 3.5 - 0.9 2.2 2.2
Settling velocity (m/s) 0.13 0.06 0.06 0.11 - 0.12 0.10 0.06
Density (gs (kg/rn3) 2800 1400 1400 1200 2650 1450 1740 1180 2620 1640 1200
Hydraulic diameter (mm) 0.7 0.9 0.9 3.0 - 0.7 1.1 1.4
Sphericity 0.78 0.67 0.63 0.86 0.70 0. 65 0.65 0.75 0.78 0.50 0.64

The sphericity will be 1 for a ball and for
decreasing values the material wll becone nore and
more “flaky". A "flaky" material will settle with
the sides of the flakes agai nst each other and be
cl osely packed, which gives a |ow perneability and
thus a rapid build up of head loss. A lower limt
for this sphericity is 0.6. (7). Below this limt
the material will be too "flaky".

The effluent quality of the filter construction
itself was followed in full-scale over a period of
2 years, independent of the tests described above.
Approxi mately 40 sanples, proportional to vol unes
and evenly spread over the period, were taken
during a period of 24 hours before and after the
filter. These were anal ysed for BODg, tota
phosphorus, and SS. Over a longer period of time
also the hygienic effects of the full-scale filter
were investigated.
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Two- poi nt addi tion of chemcals, Feso, to the
inflow and FeCl; in the post-precipitation step.
Recircul ation of chem cal sludge fromthe post-
precipitation step back to the inlet of the plant.

The nonitoring programe includes anal ysis of SS,
total phosphorus and alkalinity in the effluent on
a daily basis and BOD and COD once a week. The
influent as well as the primary and secondary
effluents are, fromtinme to time, analyzed |ess
frequently.

5.1 PHOSPHORUS REDUCTI ON

Phosphorus concentrations throughout the plant are
present in |og-normal frequency-distribution
di agrans for the four periods in Fig. 4,5,6 and 7.

From Fig. 4 it is obvious that nost of the phos-
phorus is reduced in the post-precipitation step.
Wth the introduction of two-point addition, the
phosphorus wi Il be reduced earlier in the plant as
Fig. 5 and 6 show Wth ferrous iron as a precipi-
tation agent sone suspended phosphorus is carried
over in the primary effluent and separated in the
secondary clarifiers after beeing oxidized in the
aeration basins.

Fig. 4 and 5 show that very high phosphorus concen-
trati ons can appear in the secondary effluent.

This is due to | oss of suspended solids fromthe
secondary clarifiers that appeared at high flows
when post-precipitated sludge was recircul ated back
to the aeration basins. The activated sludge
process was nore stable when the recircul ation of
chem cal sludge was changed to the primary
clarifiers as can be seen in Fig. 6 and 7.

The amount of precipitants used are presented in
Table 4 as avarage values for the four periods
together with the nmean value of total phosphorus in
the effluent. The chem cal dose is presented as

nole of nmetal (Fe) added per nole of phosphorus
reduced from influent fo effluent.
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process at the sgholt wastewater treatnent plant,
which is located in Silkeborg, Denmark. The plant
is a chemcal biological treatnent plant with
nitrification and denitrification. The chem ca
phosphorus renoval takes place by simultaneous
precipitation with ferrous sul phate. The plant is
designed to 105 000 persons and an average dry
weat her flow of 21 900 m3/4a. The filter is a

two- medi a down stream gravitation filter, the
principal data of which are described in Table 1.
Besides the two filter materials described, the
design of the filter allows for nodification into a
three-nmedia-filter, where the third material e.qg.
could be plastic pellets.

The data of the full-scale filters are all, except
for those relating to area, initiated in a pilot-
scale filter colum. The dianeter of the colum is
30 cm  The feeding- and backwash water to the
colum was taken fromthe sane places as the supply

to the full-scale filter. The col um was al so
operated in a way closely follow ng the programe
of the full-scale filter. In the filter colum

tubes were nounted through the wall by every 5 cm
of filter material (and 5 cminto it, in order to
prevent wall effects). These 29 tubes were
connected to water gauges, in which the head | oss
profile now could be imedi ately seen and was

noni tored autonmatically every hour.

Si mul taneously with the head |oss build up
conposi te sanples weighed by volunme were taken in
the inlet and outlet fromthe filter col um. These
sanpl es were anal ysed for suspended solids (SS)

vol atil e suspended solids (VSS) dissolved
phosphorus (diss. -p) total phosphorus (tot.-P)
alcalinity and pH.

20 408500254J-12
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5.3 SLUDGE PRODUCTI ON

The sludge production is presented in Table 5
together with the polynmer consunption.

Tabl e 5. Producti on of dewatered sludge and
pol ymer consunpti on.

Peri od Sl udge production Pol yner
tons DS/ day kg/tons DS
1 5.24 1.62
2 5.14 1.34
3 5.6 *
4 4.8 *

*) val ues yet not reported

The ampunt of sludge produced is influenced by

weat her conditions, the sludge age and nitri-
fication and also by the dose of chenicals. At
high flows a lot of suspended naterial, that used
to be deposited in the transport system is trans-
ported to the treatnent plant. This is especially
obvious during the spring tinme and results in one
or two nonths with 6 tons of dry solids per day as
a nonthly average val ue. Periods with nitrification
give | ow excess-sludge anmounts from the activated
sl udge process. During the first operation period
sl udge production was to start with around 5.7 tons
DS per day, which dropped to only 4.6 tons DS per
day when nitrification began. The higher the chem -
cal dose is the nore chem cal sludge is produced
whi ch explains the sludge amount produced during
period 2 when nitrification was alnost conplete.
Period 3 is run during a winter period with |ow
nitrification and the following spring tine with a
hi gh transport of deposits.

Pol ymer consunption is so far only reported during
period 1 and 2 and it seens as if two-point addition

gives a sludge that is nore easily dewatered and

demands smaller anobunts of polyners.



4.2

291

be caused either by diffusion limtation due to the
ferrous matrix surrounding the bacteria in the
simul taneous precipitation flock or by conpetitive
inhibition due to the sul phate ion. The true
mechani sm was not established.

The hi gh phosphorus content was due to the rather
hi gh effluent suspended solids concentration which
again is thought to be caused by the |ong sl udge
age.

The alcalinity and pH renai ned high enough so that
no lime had to be added to the processes.

FULL SCALE STUDI ES

Ful | scal e experinents with the dn-process have
been nmade at Mkkeli city wastewater treatnment

pl ant. It is an ordinary activated sludge plant
with a U shaped aeration basin and diffused
aeration. The process was nodified by turning off
30-50 % of the aerators in the first half of the
aeration basin and by installing a recirculation
punp in the second half.

The operating parameters during a five-nonth
experimental period are given in Table 8.

Table 8. Paraneters of full scale dn-process

Per 1 od
Par anet er 1 2 3 4 5
Sl udge | oad kg/kg.d 0.11 0.09 0.09 0.10 0.06
Sludge age d 9 9 9 9 9
Oxic reten-
tion time h 10.8 10.8 9.2 7.7 7.7
Anoxi ¢ reten-
tion tine h 4.6 4.6 6.2 1.7 1.7
Tenperature ©°c 10 10 9 10 9
Fe-feed g/m3 Fe?* 23 25 31 29 16

Line feed g/m3 Ca (on), 90 83 100 104 59

Recirculation rate % 200 200 200 200
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useful . In addition to this there is a possibility
of presenting the data in |og-nornal frequency

di stribution graphs and to cal cul ate continuously
novi ng average values for a specified tine period.

An exanpl e of noving average technique is shown in
Fig. 12 where the total phosphorus concentration in
the secondary effluent fromthe Eskilstuna treatnent
plant is shown on a daily basis (curve A) and curve B
shows the noving average val ues based on 30 days (15
days on each side of actual day). Thi s has evened out
t he curve considerably. Curve C shows the residua
variation around the noving average curve. As can be
seen, there has been quite a dramatic change in both
the concentration |level and the variation since
introduction of two-point addition of chem cals.

DI SCUSSI ON

Results fromthe different operation periods that
are evaluated up till now fromthe studied treatnment
pl ants, excluding Eskilstuna (see Table 4) and Sunne

(data not yet evaluated), are sumarized in Table 6.

Tabl e 6. Results fromdifferent operation nodes (10).

Treatment Opera- Precipitation Dose Effluent concentra-
plant tional agent mole/mole P tion in unfiltered
mode/ removed samples, mg/1
months
pre7post. e-tot BOD, S8
Link&ping a/é ~/AVR 1.6 0.30 10 8
Hassleholm c/7 -/FeCl 1.2 0.27 3 3
" c/3 -/FeCl +AVR 1.9 0.06 2 2
" b/7 ak 1.4 0.09 2 2.5
Boris c/3 FeCl,/A~/ATR 2.1 0.35 10 8
Landskrona a/8 -/AVR 1.8 0.32 31 10
" e/2 FeCl4/AVR 2.5 0.14 1 13
e/1 FeCl3/FeCl, 1.6 0.19 15 125

a = post-precipitation and recirculation of the chemical sludge to the
aeration basin.

b = two-point addition of chemicals(pre/post) and recirculation of
chemical sludge to the inlet.

c = post-precipitation and recirculation of the chemical sludge to the
inlet.

d = post-precipitation after trickling filters, no recirculation.

e = two-polint addition of chemicals (pre/post)before and after trickling
filters. no recirculation.
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From data evaluated so far and presented in this
paper it is not possible to make any firm con-

cl usi ons about optinmal operation nodes. Eval uati ng
variations in sludge production as well as

eval uating costs for treatnment and handling of the
sl udge and al so the energy usage, renmain to be
carried out.

In performng a study like this by nonitoring a
nunber of fullscale operating treatnment plants a
nunber of factors will influence the result, such
as variations in flow, BOD|oad, wastewater-
quality, the break-down of equipnent, operator
capability and also in nmany instances construction
inflexibility makes it inpossible to apply a certain
operation node or to make a proper eval uation

W t hout carrying out reconstruction work. This
probably leads to differences in optimal operation
nodes between plants.

A study like this, however, gives a good overview

of operator capabilities and problens that m ght
arise with manual control of a treatnent plant. An
exanple is shown in Fig. 13. Here excess sl udge

w thdrawal from an activated sludge process is
presented together with the loss of activated sludge
in the secondary effluent and the sludge age (in SRT
terns). W can see that when there is a heavy |oss
of sludge with the effluent, the wthdrawal of
excess-sludge is raised resulting in a dramatic
change in the sludge age.
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Each process was run with two parallel units one of
whi ch was used as a control unit wthout ferrous

sul phate addition. The operating paranmeters of the
si mul taneous precipitation processes are given in
Table 6 and the nean results in Table 7.

Tabl e 6. Process paraneters of conbined nitrogen
and phosphorus renoval processes (7, 8, 9)

Parameter nd- n-~ Intemittent
process process aeration
process

Retention time in

n-reactor, h 6.5-8.7 10 9-26

d-reactor, h 8.4-10.7 6

System sludge age, d 14-30 19-50 15-40

System sludge load, kg/kg.d 0.04-0.08 0.04-0.11 0.05-0.11
(BOD7/MLSS)

Recirculation % 100 400 100

Temperature range °c 10-12 10-17 10-17

Fe-feed g/m3 FeZ* 0-13 0-26 16-26

Oxic time h 0.5-2

Anoxic time h 0.5-2
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Bt = 0.18 . e0.12 (T - 15) (a)
G @ = (b)
mn PT

pp is the growth rate of N trosononas, |/d at

tenpreature T

Gpipn IS the mninum sludge age to prevent wash out
of nitrifiers.

The results fromthe Finnish plants are in good
agreement with this plot. It was especially
interesting to note that a high degree of
nitrification could be reached with plants treating
food industry effluents, especially dairy effluents,
at relatively high loading conditions (Lahti/Kari-
niem and Seindjoki). This has been the case in
several other plants, too.
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| NTRODUCTI ON

The primary concern of wastewater treatnent in Fin-
land was first the renoval of suspended solids and
sol ubl e organi c conpounds in order to reduce the
oxygen depletion in the receiving watercourses. For
muni ci pal wastewaters this was achieved in nost
cases with nechanical plus activated sludge treat-
ment and in sonme instances with trickling filters.
Effluents fromthe pulp and paper industry were
treated with nechanical clarification only.

The second stage of treatnment of nunicipal waste-
waters was the addition of phosphorus renoval to
abat e eutrophication, because phosphorus is the
main limting growh factor in Finnish water-
cour ses.

Because the main phosphorus load to the watercourses
cones from municipalities, |ess consideration has
been given to phosphorus renoval from effluents from
the pul p and paper industry (Table 1).

Today there are approxi mately 560 nunicipal waste-
water treatment plants in Finland treating 95 % of
the raw wastewater. The nost common process i S
activated sludge conbined with sinultaneous precipi-
tation of phosphorus by adding ferrous sul phate to
the aeration basin (370 plants) giving, when
properly operated, a BOD,-removal of 80 % and

ef fl uent phosphorus 1 mg/1.
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3. N TR FI CATI ON

Several pilot-plant and full scale studies have been
made in Finland in order to find out whether
nitrification can be carried out in winter tine and if
it can be conbined wth sinultaneous precipitation
with ferrous sul phate. As the wastewaters in Finland
are soft with a | ow alcalinity, reduction of the pH
due to nitrification could also be expected with
subsequent inhibition of nitrification and

defl occul ation of the activated sl udge.

3.1 PILOT-PLANT STUD ES

The effect of ferrous sul phate on nitrification was
studies wth the previously nentioned pilot-plants.

It could be concluded that ferrous sul phate had an
inhibitory effect on nitrification as the Fe2*
dose exceeded 20 g/m3 (Fig. 5). During the study
the tenperature varied between 10 and 18°c.
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oo g8 33 s 8 8
T
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)
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1 (] i 1 ]

0 10 20 30 40 50 3 60
g/m

o

Ferrous feed (Fe2*)

Fig. 5. Effect of ferrous sulphate on nitrification.
(S=simultaneous precipitation, C=control)

(6).
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treatment costs. H gh concentrations of ammonia
have occurred in sone heavily |oaded rivers during
dry weat her conditions. In the river Vantaa, which
used to serve as the raw water source of the city of
Hel sinki, the highest concentrations reported have
been 3 mg/1 of ammoni a nitrogen. The chlorination
costs were 1.5 mll. FiM/ain 1976 in the city of
Hel si nki water works due to anmonia (6).

Nitrate and nitrite are not a problemin surface
water in Finland. Only single wells have probl ens
w th high nitrate concentrations, which are mainly
caused by heavy fertilization. Wen considering
nitrogen renoval from wastewaters, it should al so
been born in mnd that only 15 % of the total
nitrogen load to the water courses is caused by
poi nt sources and 85 %is caused by diffused sources
such as rainfall, erosion, fertilization and ani nal
breeding (Table 1).

Tabl e 1. Mai n sources of phosphorus and nitrogen
in Finland (1, 2).

Sour ce Phosphorus Nitrogen
Mg/a Mg/a

pit f fused sources

Erosi on 3 000 61 000
Rai n 300 15 000
Agriculture 1 700 24 000
St ock raising 600 18 000
O hers 200 3 000
Poi nt sources
Muni ci palities (Untreated/ 4 200/ 19 600/
treated) 800 13 600
I ndustry
Pul p and Paper 587 3 900
Met al 10 1 150
Chem cal 64 1 010
Food 39 350
O hers 9 510

Fi sh Production 66 320
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Optim zation of the sinultaneous precipitation

process was made at 4 treatnment plants,

situated at the river Vantaa.

whi ch are

The optim zation was

acconpl i shed by regulating the ferrous sul phate
feed according to the effluent sol ubl e phosphorus,
The val ue was checked
The sl udge age was
fixed according to the tenperature and snow nelting

which was set to 0.2 mg/1.
manual ly with a conparator.

peri od. Four other plants were al so observed as
control. A summary of the results is present in
Tabl e 4.
Table 4. Summary of operating conditions and
treatnent efficiency at 8 treatnent
pl ants
Jokela Nurmi jdrvi  Hyvink34 Riijhimdki Lahti/Kariniemi  Sucmenoja  Viikki Seindjoki
Flow, m°/d 530 1800 6700 1990 10200 54500 19800 22900
*
Waste water camposition D D D,T n,F D,F D,C,M D D,F
Retention time, h 20 15 4 1.5 9 6.4 2.3 6.7
Sludge age, d 9-11 7-20 7 1 5-6 7-12 3 9-12
Sl udge load, ka/kg-d 0.04-0.05  0.06-0.08 0.25-0.35 0.15-0.25 0.4-0.7 0.10-0.22  0.25-0.30 0.15-0.3
(BOD/LSS)
Fe-feed, g/m3 Fe2*/mol/mol 130/2.6 110/2.6 90/1.6 44/2.1 92/1.4 93/1.6 88/2.1 110/1.9
Temperature, °C 4-14 3-15 7-18 6.16 8-18 7-19 8-12 3-18
svI, ml/g S0-90 80-120 60-100 240-320 200-420 90~130 90-100 80-100
Influent Em, mg/1 115 159 147 137 238 133 138 263
oD (KMnO4), ma/l 163 228 174 133 417 210 218 337
Ptot, ma/l 6.0 6.2 6.2 2.5 7.5 6.6 5.4 7.6
Effluent BODy, ma/l 4 6 14 7 9 9 12 (20)**
oo, ma/l 34 36 46 36 67 46 58 50
Ptot, ma/l 0.50 0.90 0.77 0.22 0.48 n.48 0.74 0.40
Pag, mg/l 0.36 0.38 0.32 0.13 0.22 0.24 0.29 0.12
ss, mg/l 5 16 11 4 6 6 14 9

*
D = damestic wastewater, T = textile industry efflwts, F = food industry effluents,

"1 = metal industry effluents

¢ = chemcal industry effluents,

It could be concluded that a very high efficiency
coul d be achieved by controlling the sludge age.
An exanpl e of the control

Fig 3.

19 408500254J<12

strategy is given in
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The process paranmeters were: sludge load 0.1

kg/ kg. d (BoD,/MLSS), sludge age 10 d, tenperature
10-17°C and hydraulic retention tine 6 h. One
plant acted as a control unit wthout ferrous

sul phate. The Fe dosage in the sinultaneous
precipitation unit was 5-60 g/m3 Fe2% (25-300
g/m3 Feso,. 7H,0).

The total effluent phosphorus was 0.5-3.0 mg/1 and
sol ubl e phosphorus 0.2-2.0 mg/1 in the sinultaneous
precipitation unit depending on the Fe to P nolar
ratio and 4-6 mg/1 in the control unit (Fig. 1).
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Fig. 1. Effluent phosphorus at different Fe to P
nol ar ratios (10)

It was al so shown that the ferrous conpound bound
to the sludge was still active after discontinuing
of the ferrous sulphate feed: After two weeks of
feeding 60 g/m3 Fe2* into the system the feed

was interrupted. The Fe content of the MSS was
then 25 ¢. The effluent phosphorus remained well
bel ow 1 mg/1 during one week and reached 3 mg/l in
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The process paranmeters were: sludge load 0.1

kg/ kg. d (BOoD,/MLSS), sludge age 10 d, tenperature
10-17° and hydraulic retention tine 6 h. One
plant acted as a control unit wthout ferrous

sul phate. The Fe dosage in the sinultaneous
precipitation unit was 5-60 g/m3 Fe?* (25-300
g/m3 FeSO, . 7H20) .

The total effluent phosphorus was 0.5-3.0 mg/1 and
sol ubl e phosphorus 0.2-2.0 mg/1 in the sinultaneous
precipitation unit depending on the Fe to P nolar
ratio and 4-6 mg/1 in the control unit (Fig. 1).
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It was al so shown that the ferrous conmpound bound
to the sludge was still active after discontinuing
of the ferrous sul phate feed: After two weeks of
feeding 60 g/m3 Fe2* into the system the feed

was interrupted. The Fe content of the M.SS was
then 25 8. The effluent phosphorus renmai ned well
bel ow 1 mg/1 during one week and reached 3 mg/1 in
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FULL SCALE STUDI ES

281

Optim zation of the sinultaneous precipitation

process was nmade at 4 treatment plants,
the river Vantaa.

situated at

which are
The optim zation was

acconpl i shed by regulating the ferrous sul phate
feed according to the effluent sol ubl e phosphorus,

which was set to 0.2 mg/1.
manual ly with a conparator.

The val ue was checked

The sl udge age was
fixed according to the tenperature and snow nelting

period. Four other plants were al so observed as
control. A summary of the results is present in
Tabl e 4.
Tabl e 4. Summary of operating conditions and
treatnment effici ency at 8 treatnent
pl ants
Jokela Nurmijédrvi Hyvink#4 Riihimdki Lahti/Kariniemi Sucmenoja  Viikki Seindjoki
Flow, m3/d 530 1800 6700 1990 10200 54500 19800 22900
*
wast e water camposition D D D,T D,F D,F n,C, M D D.F
Retention time, h 20 15 4 11.5 9 6.4 2.3 6.7
Sludge age, d 9-11 7-20 7 11 5-6 7-12 3 9-12
Sludge load, kﬂ'/kq-d 0.04-0.05 0.06-0.08 0.25-0.35 0.15-0.25 0.4-0.7 0.10-0.22 0.25-0.30 0.15-0.3
{BOD/4LSS)
Fe-f eed, q/m3 Fez*'/ml/mol 130/2.6 110/2.6 90/1 .6 44/2.1 92/1.4 93/1.6 88/2.1 110/1.9
Temperature, °C 4-14 3-15 7-18 6.16 8-18 7-19 8-12 3-18
SVI, ml/g S0-90 80-120 60- 100 240- 320 200-420 90-130 90-100 80-100
Influent EX)D7, mg/1 115 159 147 137 238 133 138 263
COD {KMnO4) , mo/1 163 228 174 133 437 210 218 333
Ptot, masl 6.0 6.2 6.2 2.5 7.5 6.6 5.4 7.6
Effluent BODy, ma/l 4 6 14 7 9 9 12 (20)**
oD, ma/l 34 36 46 36 67 46 58 50
Peot, ma/l 0.50 0.90 0.77 0.22 0.48 0.48 0.74 0.40
Pag, mg/l 0.36 0.38 0.32 0.13 0.22 0.24 0.29 0.12
ss, mg/1 5 16 11 4 6 6 14 9

*

13 4085002540<12

domestic wastewater, T = textile industry effluents,
metal industry effluents

F = food industry effluents,

C = chemical industry effluents,

It could be concluded that a very high efficiency
coul d be achieved by controlling the sludge age.
An exanpl e of the control

Fig. 3.

strategy is given in
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treatment costs. Hi gh concentrations of amonia
have occurred in some heavily |oaded rivers during
dry weat her conditions. In the river Vantaa, which
used to serve as the raw water source of the city of
Hel si nki, the highest concentrations reported have
been 3 mg/1 of anmmoni a nitrogen. The chl orination
costs were 1.5 mll. FiM/a in 1976 in the city of
Hel si nki water works due to anmonia (6).

Nitrate and nitrite are not a problemin surface
water in Finland. Only single wells have probl ens
with high nitrate concentrations, which are mainly
caused by heavy fertilization. Wen considering
nitrogen renoval from wastewaters, it should al so
been born in mnd that only 15 8 of the total
nitrogen load to the water courses is caused by
poi nt sources and 85 % is caused by diffused sources
such as rainfall, erosion, fertilization and ani nal
breeding (Table 1).

Table 1. Main sources of phosphorus and nitrogen
in Finland (1, 2).

Sour ce Phosphorus Nitrogen
Mg/a Mg/a

D ffused sources

Er osi on 3 000 61 000
Rai n 300 15 000
Agriculture 1 700 24 000
St ock raising 600 18 000
O hers 200 3 000
Poi nt sources
Muni ci palities (Untreated/ 4 200/ 19 600/
treated) 800 13 600
I ndustry
Pul p and Paper 587 3 900
Met al 10 1 150
Chemi cal 64 1 010
Food 39 350
G hers 9 510

Fi sh Production 66 320
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3. N TR FI CATI ON

Several pilot-plant and full scale studies have been
made in Finland in order to find out whether
nitrification can be carried out in winter time and if
it can be conbined wi th sinultaneous precipitation
wth ferrous sul phate. As the wastewaters in Finland
are soft with a | ow alcalinity, reduction of the pH
due to nitrification could also be expected with
subsequent inhibition of nitrification and

defl occul ation of the activated sl udge.

3.1 PILOT-PLANT STUD ES

The effect of ferrous sulphate on nitrification was
studies wth the previously nentioned pilot-plants.

It could be concluded that ferrous sul phate had an
inhibitory effect on nitrification as the Fe2+
dose exceeded 20 g/m3 (Fig. 5). During the study
the tenperature varied between 10 and 18°c.
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Fig. 5. Effect of ferrous sulphate on nitrification.
(S=simultaneous precipitation, C=control)

(6).
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I NTRODUCTI ON

The primary concern of wastewater treatment in Fin-

| and was first the renoval of suspended solids and
sol ubl e organi ¢ conmpounds in order to reduce the
oxygen depletion in the receiving watercourses. For
muni ci pal wastewaters this was achieved in nost
cases Wi th mechani cal plus activated sludge treat-
ment and in sone instances with trickling filters.

Ef fluents fromthe pul p and paper industry were
treated with nechanical clarification only.

The second stage of treatnment of nunicipal waste-
waters was the addition of phosphorus renoval to
abate eutrophication, because phosphorus is the
main limting growh factor in Finnish water-
cour ses.

Because the nmain phosphorus |load to the watercourses
comes from nunicipalities, |ess consideration has
been given to phosphorus renoval from effluents from
the pul p and paper industry (Table 1).

Today there are approximately 560 munici pal waste-
water treatnent plants in Finland treating 95 % of
the raw wastewater. The nost common process is
activated sludge conbined with sinultaneous precipi-
tation of phosphorus by adding ferrous sul phate to
the aeration basin (370 plants) giving, when
properly operated, a BOD;-removal of 80 % and

ef fl uent phosphorus 1 mg/1.
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FT = 0.18 . e0.12 (T - 15) (a)
1
Smin =T (b)

pp is the growth rate Of N trosononas, |/d at

tenpreature T
Gmn is the mninmum sludge age to prevent wash out

of nitrifiers.

The results fromthe Finnish plants are in good
agreenment with this plot. It was especially
interesting to note that a high degree of
nitrification could be reached with plants treating
food industry effluents, especially dairy effluents,
at relatively high loading conditions (Lahti/Kari-
niem and Seinidjoki). This has been the case in
several other plants, too.
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t enperatures and sludge ages in 10
treatment plants. The bold line indicates
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Each process was run with two parallel units one of
whi ch was used as a control unit wthout ferrous

sul phate addition. The operating paraneters of the
si mul taneous precipitation processes are given in
Table 6 and the nean results in Table 7.

Tabl e 6. Process parameters of conbined nitrogen
and phosphorus renoval processes (7, 8, 9)

Par anet er nd- atr= -7 Intemttent

process process aeration
process

Retention tine in

n-reactor, h 6.5-8.7 10 9-26

d-reactor, h 8.4-10.7 6

Syst em sl udge age, d 14- 30 19-50 15-40

Syst em sl udge | oad, kg/kxg.d 0.04-0.00 0.04-0.11 0.05-0.11

(BOD/MLSS)

Recircul ation % 100 400 100

Tenperature range °c 10-12 10-17 10-17

Fe-f eed g/m3 Fe2* 0-13 0 26 16- 26

Oxic tine h 0.5-7

Anoxic tine h 0.5-Z
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From data evaluated so far and presented in this
paper it is not possible to make any firm con-

cl usi ons about optinmal operation nodes. Eval uati ng
variations in sludge production as well as

eval uating costs for treatnment and handling of the
sl udge and al so the energy usage, renmain to be
carried out.

In performng a study like this by nonitoring a
nunber of fullscale operating treatnent plants a
nunber of factors will influence the result, such
as variations in flow, BOD-|oad, wastewater-
quality, the break-down of equipnent, operator
capability and also in nmany instances construction
inflexibility makes it inpossible to apply a certain
operation node or to make a proper eval uation

W t hout carrying out reconstruction work. This
probably leads to differences in optimal operation
nodes between plants.

A study like this, however, gives a good overview

of operator capabilities and problens that m ght
arise with manual control of a treatnment plant. An
exanple is shown in Fig. 13. Here excess sl udge

w thdrawal from an activated sludge process is
presented together with the loss of activated sludge
in the secondary effluent and the sludge age (in SRT
terns). W can see that when there is a heavy |oss
of sludge with the effluent, the wthdrawal of
excess-sludge is raised resulting in a dramatic
change in the sludge age.
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useful . In addition to this there is a possibility
of presenting the data in |og-nornal frequency

di stribution graphs and to cal cul ate continuously
novi ng average values for a specified tinme period.

An exanpl e of noving average technique is shown in
Fig. 12 where the total phosphorus concentration in
the secondary effluent fromthe Eskilstuna treatnent
plant is shown on a daily basis (curve A) and curve B
shows the noving average val ues based on 30 days (15
days on each side of actual day). This has evened out
the curve considerably. Curve C shows the residua
variation around the noving average curve. As can be
seen, there has been quite a dramatic change in both
the concentration level and the variation since

i ntroduction of two-point addition of chem cals.

DI SCUSSI ON

Results fromthe different operation periods that
are evaluated up till now fromthe studied treatnment
plants, excluding Eskilstuna (see Table 4) and Sunne

(data not yet evaluated), are summarized in Table 6.

Tabl e 6. Results fromdifferent operation nodes (10).

Treatment Opera-~ Precipitation Dose Effluent concentra-

plant tional agent mole/mole P tion in unfiltered
mode/ removed samples, mg/l
months
pre/post P-tot BOD, s
LinkSping a/é -/AVR 1.6 0.30 10 8
Hassleholm c/7 -/FeCl 1.2 0.27 3 3
" c/3 ~/FeCl +AVR 1.9 0.06 2 2
b/7 Fec13/AaR 1.4 0.09 2 2.5
Boras c/3 -/AVR 2.1 0.35 10 8
Landskrona d/8 -/AVR 1.8 0.32 31 10
" e/2 FeCl3/AVR 2.5 0.14 11 13
e/l FeCl3/FeClq 1.6 0.19 15 12.5

a = post-precipitation and recirculation of the chemical sludge to the
aeration basin.

b = two-point addition of chemicals (pre/post) and recirculation of
chemical sludge to the inlet.

c = post-precipitatro” and recirculation of the chemical sludge to the
inlet.

d = post-precipitation after trickling filters. no recirculation.

e = two-point addition of chemicals (pre/post) before and after trickling
filters, no recirculation.
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be caused either by diffusion limtation due to the
ferrous matrix surrounding the bacteria in the

si mul taneous precipitation flock or by conpetitive
inhibition due to the sul phate ion. The true
mechani sm was not establ i shed.

The hi gh phosphorus content was due to the rather
hi gh effluent suspended solids concentration which
again is thought to be caused by the |ong sl udge
age.

The alcalinity and pH remnained hi gh enough so that
no |lime had to be added to the processes.

4.2 FULL SCALE STUD ES

Ful | scale experinents with the dn-process have
been nmade at Mkkeli city wastewater treatmnment

pl ant. It is an ordinary activated sludge plant
with a U shaped aeration basin and diffused
aeration. The process was nodified by turning off
30-50 % of the aerators in the first half of the
aeration basin and by installing a recirculation
punp in the second half.

The operating parameters during a five-nonth
experimental period are given in Table 8.

Tabl e 8. Parameters of full scale dn-process

Per 1 od
Par amet er 1 2 3 4 5
Sl udge | oad kg/kg.d 0.11 0.09 0.09 0.10 0.06
Sludge age d 9 9 9 9 9
Oxic reten-
tion tine h 10.8 10.8 9.2 7.7 7.7
Anoxi c reten-
tion tine h 4.6 4.6 6.2 7.7 7.7
Tenperature ©°c 10 10 9 10 9
Fe-f eed g/m3 Fel* 23 25 31 29 16

Line feed g/m3 Ca (on), 90 83 100 104 59
Recirculation rate % 200 200 200 200 200
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SLUDGE PRODUCTI ON

The sludge production is presented in Table 5
together with the polynmer consunption.

Tabl e 5. Producti on of dewatered sludge and
pol ymer consunpti on.

Peri od Sl udge production Pol yner
tons DS/ day kg/tons DS
1 5.24 1.62
2 5.14 1.34
3 5.6 x
4 4.8 *

*) val ues yet not reported

The ampunt of sludge produced is influenced by

weat her conditions, the sludge age and nitri-
fication and also by the dose of chenicals. At
high flows a lot of suspended naterial, that used
to be deposited in the transport system is trans-
ported to the treatnent plant. This is especially
obvious during the spring tinme and results in one
or two nonths with 6 tons of dry solids per day as
a nmonthly average val ue. Periods with nitrification
give | ow excess-sludge anmounts from the activated
sl udge process. During the first operation period
sl udge production was to start with around 5.7 tons
DS per day, which dropped to only 4.6 tons DS per
day when nitrification began. The higher the chem -
cal dose is the nore chem cal sludge is produced
whi ch explains the sludge amount produced during
period 2 when nitrification was alnost conplete.
Period 3 is run during a winter period with |ow
nitrification and the following spring tine with a
hi gh transport of deposits.

Pol ymer consunption is so far only reported during
period 1 and 2 and it seenms as if two-point addition

gives a sludge that is nore easily dewatered and
demands smaller anobunts of polyners.
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SLUDGE AGE, DAYS
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process at the sgholt wastewater treatnent plant,
which is located in Silkeborg, Denmark. The plant
is a chemcal biological treatnent plant with
nitrification and denitrification. The cheni ca
phosphorus renoval takes place by sinmultaneous
preci pitation with ferrous sul phate. The plant is
designed to 105 000 persons and an average dry
weat her flow of 21 900 m3/4. The Ffilter is a
two-media down stream gravitation Tfilter, the
principal data of which are described in Table 1.
Besides the two TfTilter materials described, the
design of the filter allows for modification into a
three-media-filter, where the third material e.g.
could be plastic pellets.

The data of the full-scale filters are all, except
for those relating to area, initiated in a pilot-
scale filter colum. The dianeter of the colum is
30 cm The feeding- and backwash water to the
colum was taken fromthe sanme places as the supply

to the full-scale filter. The colum was al so
operated in a way closely follow ng the programe
of the full-scale filter. In the filter colum

tubes were nounted through the wall by every 5 cm
of filter material (and 5 cminto it, in order to
prevent wall effects). These 29 tubes were
connected to water gauges, in which the head | oss
profile now could be imedi ately seen and was

noni tored autonatically every hour.

Si mul taneously with the head | oss build up
conposi te sanples weighed by volume were taken in
the inlet and outlet from the filter column. These
samples were analysed fTor suspended solids (SS)
volatile suspended solids (vss) dissolved
phosphorus (diss. -P) total phosphorus (tot.-P)
alcalinity and pH.

20 408500254J-12
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Two- poi nt addition of chemcals, Feso, to the
inflow and FeCly in the post-precipitation step.
Recircul ation of chem cal sludge fromthe post-
precipitation step back to the inlet of the plant.

The nonitoring programe includes anal ysis of SS,
total phosphorus and alkalinity in the effluent on
a daily basis and BOD and COD once a week. The
influent as well as the primary and secondary
effluents are, fromtime to tine, analyzed |ess
frequently.

5.1 PHOSPHORUS REDUCTI ON

Phosphorus concentrations throughout the plant are
present in |og-normal frequency-distribution
di agrans for the four periods in Fig. 4,5,6 and 7.

From Fig. 4 it is obvious that nost of the phos-
phorus is reduced in the post-precipitation step.
Wth the introduction of two-point addition, the
phosphorus wi Il be reduced earlier in the plant as
Fig. 5 and 6 show Wth ferrous iron as a precipi-
tation agent sone suspended phosphorus is carried
over in the primary effluent and separated in the
secondary clarifiers after beeing oxidized in the
aeration basins.

Fig. 4 and 5 show that very high phosphorus concen-
trati ons can appear in the secondary effluent.

This is due to | oss of suspended solids fromthe
secondary clarifiers that appeared at high flows
when post-precipitated sludge was recircul ated back
to the aeration basins. The activated sludge
process was nore stable when the recircul ation of
chem cal sludge was changed to the primary
clarifiers as can be seen in Fig. 6 and 7.

The anmount of precipitants used are presented in
Table 4 as avarage values for the four periods
together with the nmean value of total phosphorus in
the effluent. The chem cal dose is presented as
nol e of nmetal (Fe) added per nole of phosphorus
reduced from influent fo effluent.
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Anthracite 1 and anthracite 2 differ by particle
size distribution, as type 2 is shifting towards
hi gher val ues.

Tabl e 2. Filter material qualities

Sdholt M8rgelig Ilves Boller et al.
Hydro-
Anthra- Anthra- Plastic Anthra- anthra- Anthra-

Material Sand cite 1 cite 2 pellets Sand cite cite Pumice Sand cite Pumice
Grain size (mm) 0.8-1.2 1.6-2.5 1.6-2.5 3.5 0.8-1.2 1.2-2.5 1.6-2.5 1.5-2.5 0.7-1.2 1.5-2.5 1.5-2.5
Grain size (mean) {mm) 0.9 1.3 1.4 3.5 - 0.9 2.2 2.2
Settling velocity  (m/s) 0.13 0.06 0.06 0.11 - 0.12 0.10 0.06
Density {9y (kg/m3) 2800 1400 1400 1200 2650 1450 1740 1180 2620 1640 1200
Hydraulic diameter ({mm) 0.7 0.9 0.9 3.0 - 0.7 1.1 1.4
Sphericity 0.78 0.67 0.63 0.86 0.70 0.65 0.65 0.75 0.78 0.50 0.64

The sphericity will be 1 for a ball and for
decreasing values the material wll becone nore and
more "flaky". A "flaky" material will settle with
the sides of the flakes agai nst each other and be

cl osely packed, which gives a |ow perneability and
thus a rapid build up of head loss. A lower limt
for this sphericity is 0.6. (7). Below this limt
the material will be too "flaky".

The effluent quality of the filter construction
itself was followed in full-scale over a period of
2 years, independent of the tests described above.
Approxi mately 40 sanples, proportional to vol unes
and evenly spread over the period, were taken
during a period of 24 hours before and after the
filter. These were anal ysed for BODg, tota
phosphorus, and SS. Over a longer period of time
also the hygienic effects of the full-scale filter
were investigated.
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periods to establish influence from factors like
different weather conditions, load variations,
flow, temperature, organic load etc.

The project also includes development of a computor-
based datahandling and evulation system.

In Table 3 six of the treatment plants in the
project are presented. Some of the results from the
Eskilstuna treatment plant will be presented in more
detail below.

Table 3. Treatment plants incorporated in the SWEP-

project

Treatment Actual | oads Test ed operation nodes

plant -

Flow BOD

/d kg/d

Eski | stuna 47 000 4 200 Post-precipitation with ferric chloride
and recirculation Of the sludge to the
aeration basin.

36 000 3 400 Two-stage precipitation with ferric chlo-
ride {combination of pre- and post-preci-
pitation).

48 000 3 800 Two-stage precipitation with ferric chlo-
ride and recirculation of the post-preci-
pitated sludge to the influent.

38 000 4 900 Two- st age precipitation with ferric sul-
phate as pre-precipitation agent and fer-
ric-chloride as post-precipitation agent.

Linkdping 42 000 8 600 Post-precipitation W th aluminium sul phate
(avr) and recirculation of the sludge to
the aeration basin.

Hassleholm 11 300 1 500 Post-precipitation with ferric chloride,
recirculation of the sludge to the inflow

13 100 1 400 Post-precipitation with al umi ni um sul phate
(AavR) and ferric chloride.

12 800 1 600 Two- st age precipitation With ferric chlo-
ride (added to the grit chanmber) and alu-
m ni um sul phate (Avr) (added to the post-
precipitation step).

Bords 76 000 9 000 Post-precipitation wth alumnium sulphate
(avr) and recirculation of the sludge to
the influent. During certain periods sul-
phuric acid 1s dosed to the post-precipi-
tation step.

Landskrona 12 400 2 700 Post-precipitation wth aluminium sul phate

(AVR).

13 900 3 600 Two- st age éJrecipitation with ferric chlo-
ride (added to the grit chanber) and alu-
m ni um sul phate (avR) (added to the post-
precipitation step).

12 700 3 900 Two- st age precipitation With ferric chlo-
ride (conbination of pre- and post-preci-
pitation}.

Sunne 3 600 1 300 Post-precipitation with [line.
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Wien the filtration begins at t = 0, Fig. 1 shows
the start head |loss, which only is due to head |oss
because of the flow rate through the filter
material s. Due to a.o0. the smaller size of grain
in the sand than in the anthracite |layer, a nore
steep curve is seen at the bottomof the filter
materials. As the filtration progresses this
picture is blurred, and as the suspended materia
is accunulated in the filter materials, the
greatest head loss is shifted against the top of
these. The "flat plain" in front appears, because
no filter materials exist at a height above 100 cm

FI LTRATI ON RESULTS

Fig. 2 shows a typical filtration cycle at the
Sgholt wastewater treatment plant. The total head
| oss neasured as the function of time is nore or

| ess as expected, but the head |oss profiles
clearly disclose that the filter naterial used
results in a surface filtration with a resulting
lack of solids capacity in the materials, which may
turn out disastrously at greater | oadings.

The explanation for this surface filtration is,
that the particle size distribution of the
anthracite layer does not fit wth the particle
size distribution of the incom ng suspended solids,
but as wll be shown later, this does not effect
the renoval efficiency of the filter.
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Causes not discussed in this study but that m ght
have a substansial inpact on the operation costs
and effluent quality are interest and know edge of
the operators, their capability to handle different
situations and their willingness to adopt new

i deas. Al so poor nanagenent can be a factor of

i mportance.

OPERATI ON  MODES

Even if nost of the treatnment plants were designed
for post-precipitation, different operation nodes
have been developed in practice over the past 10
years. Exanpl es of process devel opnent that have
proved to be advantageous in respect of costs or
ef fluent concentrations are:

- nitrification
- recirculation of chemcal sludge
- two point addition of precipitants

Chemi cal precipitants used in Sweden are AVR (a tech-
nical grade alum nium sul phate), ferric chloride,
ferrous sulphate and in sone small plants also line.

In recent years a nunber of articles have been wit-
ten describing advantages with different operation
nodes. Nitrification (6,7) causes a decrease in
alcalinity which neans that the chenical dose may be
reduced drastically where post-precipitation is

enpl oyed and AVR or linme are used as precipitants.
Reduced anpunts of precipitants also nean reduced
anounts of chenical sludge to handle. Nitrification

is nore energy consunming but this is outweighed by
| oner chemical costs and |ess sludge to handle.

The recirculation of chenical sludge to the primary
sedimentation (7,8), has proved to produce the sane
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Head loss cm H20

Fig. 3. Filtration cycle, 2-nedia-filter: Sand +
plastic pellets. Period (10-2). Flow rate

62m/h. SS: 113 mg/1. Solid l|oading: 648 g/
m< « h.

The lacking "effect of depth" in the filter mani-
fests itself at nost materials, and is a problem
wWth the present materials at Soholt. In order to
"ease" the materials and "turn" the filter cake
down into these, a short air scour was tried (ap-
prox. 1 mn.) after reaching half of the head |oss
permtted. The result is shown in Fig. 4. At t =
2.5 hour air is injected under the materials, and it
is seen that the head |oss is considerably
decreased, because the surface filtration is changed
to a deep bed filtration. It is furthernore seen
that the materials pack sonewhat cl oser
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sedi nent ati on. This had to be followed by a
chem cal step with flocculation and separation
(sedinmentation, flotation and/or filtration).
Trickling filters were allowed w thout separate
sl udge separation before the flocculation basins.

CONTROL OF EFFLUENT CONCENTRATI ONS

According to guidelines from the Environment
Protection Board (4) effluents have to be nonitored
with respect to BOD,, COD and total phosphorus.
Recently, suspended solids and pH have been added.
The frequency is dependent on the size of the plant
according to the design connection as is shown in
Table 1.

Table 1. Mnitoring of effluent concentrations for
control purposes (4).

Par anet er Desi gn connection, person-equivalents
200 200-2 000 2 000-20 0000 20 000
BOD; 1 d/year 8 dlyear 2 d/month 1 df week
Cob 1 d/year 4 d/year 1 d/month 1 wevery fortnight
P-tot 2 d/year 8 dl/year 2 d/month 1 w week
Ss
pH L1 diyear siyear 88 dlyear ofyear 2 2 dl'ronth s/ nonth 41 dlveek s/ veek
s = grab sanple
d = 24 hours composite sample
w = 7 days conposite sanple

Surveys carried out by the Environment Protection
Board show that a nunber of treatnent plants do not
neet their effluent conditions. A survey carried
out in 1977 anong 490 post precipitation plants
showed that 20 % of the plants could not neet 15
mg/1 BOD, and 35 8 could not meet 0.5 mg/l total
phosphorus as the yearly average (1). The
situation had inproved in 1980 as was shown in a
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The ef fl uents content of suspended solids and total
phosphorus in the pilot scale experinmental runs is
shown in Table 3. The treatnent plants investigated
by (4) are biological plants, those investigated by
(13,18) are sinmultaneous precipitation plants,
whereas the filter investigated by (20) is
filtrating secondary precipitated waste water. The
tabl e shows a renmoval of suspended solids of approx.
75 %, varying from55 %to 85 %  The sinultaneous
precipitation plants show a renoval of total
phosphorus of approx. 55 % due to the filtration.

Table 3. Conparison of effluents. Al values are

aver age.
Sohot Fitzpatric et al. Tholander Latvala Vik
all experiments North South "Mirslet Askola Hyvink3dd Kjeller
(cm) 60 53 23 80 S0
(mm) 1.6-2.5 2.7 1.7 1.3 0.8-1.2
(cm) 40 61 56 50 100 100 0.4-0.8
(mm} O.R-1.2 1.4’ 0.7 0.6-0.9 0.4-0.8
(m/h) 5.6 7.3 5.1 7.7 -7 -7 11.3
SS before filter (mg/1) 11 44 37 29 20 43 26
Ss after filter (mq/1) 2 7 9 13 5 7 6
Tot.-P before filter 0.64 0.50 0.5 1.3 0.34
Tot.-P after filter 0.34 0.34 0.2 0.4 0.06

¢ D5, (50 fractilein the qgrain size distribution}

In Fig. 5 to 7 are shown the results of the anal yses
for the reduction in three central parameters for
the filtration. The sanpling is based on weight by
volume 24 hours sanples and is evenly distributed
over 2 years. The results are presuned to follow

a logarithmc normal distribution and are presented
in matching probability plots. Stabl e effl uent
qualities and good reductions are seen in all three
par aneters. The accumul ation of dots in Fig. 7 is
due to lacking accuracy in the analysis.
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No of
treatment plants

No of treatment plant8 In urban areas 500

D Biologica) and chemical
treatment

1 600 i 400 Chemical treatment
1400 . Biological treatment
1 200 300 D Mechanical treatment
1000
600 200
600
400 100
200 .
! — - :
19 500  500- 2 000- 5 00O- >20 000
72 1974 1976 1978 1980 1982 2000 § 000 20 00O Design connection (pe)
Fig. 1. Total No of nunicipal Fig. 2. No of treatnent
wast ewat er treat nment plants in Sweden 1
plants in Sweden 1979 accordinag to
1972-1982 (1) size and treatnment
process
PERCENT OF THE POPULATION
|1 URBAN AREAS
100 2%

-

NO TREATHENT A 7%

80 / 5%
70 4
SEDIHENTATION/
60
50 4
BIOLOGI 73%
40
30
20
10
] 2 ' 3%
1870 1975 1980 1882
Type ot sawage Number of treat-|Numbezr of persons
treataent ment plants served
1982-01-01
No treataent 7 000
Sedimentation 109 138 000
Biological treatment 284 1 206 000
Chemical treatment 165 311 000
Bio. chemical treatment 711 5 262 000
1 269 6 924 00

Uzban areas with at least 200 inhabitants account for approximately
83\ of the population in Sweden.

Fig. 3. Deve opment of municipal wastewater treatnment in Sweden (1),
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PERCENTAGE < INDICARTED VALUE

zo[
1o e ILTTA-tRPLUENT e ILVCA-RPLUCRY
L3 ——al LTEA-SPPLUENT A af ILTCR-LPZLULNT
1 i
.2 3 1 T [ 10 20 so 100 20 $0 100 200 <00 1€ 0
SUSPENDED SOLIDS (MG/L) SUSPENDED SOLIDS (KG/0}
Influent Effluent Influent Effluent
Number of samples 44 53 Number of samples 44 53
Mean o 9.3 1.7 Mean 166.3 28.5
Standard deviation 8.5 1.1 Standard deviation 172.1 18.5
Median 6.9 1.4 Median 115.6 24.0
3.6 907-quantite 358.5 54.2
10%.-quantile 20.4 0.6 10%-quantile 37.3 10.6
Correlation 0.93 0.81 Correlation 0.97 0.93

Fig. 7. Cumul ative frequency distribution of Sus-
pended Solids concentrations and daily
| oadi ngs before and after filtration at
Sgholt.
Reduction (nean) 137.5 kg SS/d (83 %).

In Fig. 8 is shown a simlar diagram for the content
of total number of viable cells at 37 °c. The

sanpl e periods are distributed over 3 years, wth
the highest frequency in the sunmer periods.

a9

sst
0

80
20
60}
S0}
40|
30
20

o—e FILTER oFLUlNT
»——a FILTER EFFLUENT

FERCENTAGE < INDICATED VALUE

206 s00 ,000 2000 $000 10000 20000 50000 100000

TOTAL HUMBER OF VIABLE CELLS AT 37 %L

Influent Effluent
Number of samples 26 26
Mean 19510 2820
Standard deviation 11275 1830
Median 16890 2365
90%-quantile 52265. 7910
10%-quantile 5460 710
Correlation 0.95 0.98

Fig. 8. Cunulative frequency distribution of total

nunber of viable cell concentrations before

and after filtration at Sgholt.
Reduction (nmean) 86 8.
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Tabl e 4 shows renoval of suspended solids, total
phosphorus, and dissol ved phosphorus from 3

si mul taneous precipitation plants w th subsequent
contact filtration with iron. In all three plants
the results are nean values. The nean val ues from
Sgholt are based on experiments with both Fe (I1)
and Fe (111), while the nean values fromthe two
other plants are experinments with adding of Fe
(1. (1, 2) use, besides adding of iron, also a
non ionic polyelectrolyte (Meyprofloc P-3) in a
concentration of 0.1 mg/1.

Tabl e 4. Results fromcontact filtration. Val ues
before and after filtration.

Sgholt Boller et al Pet er son
& Var
Ss (mg/1) before filtration 15 12
after filtration 1 3
before filtration 0. 87 1.43 1.55
tot.-P (mg/1) after filtration 0.22 0. 38 0.34
% r enoval 75 73 78
before filtration  0.47 0.74
Diss-P (mg/1) after filtration 0.17 0. 27
% r enoval 64 64
Mol ar ratio Fe/diss.-P 4.0 2.3 5.6%

*) Feltot.-P
It is seen that sgholt has the snallest concentra-
tion of phosphorus in the effluent, but at an
expense of a higher nolar ratio. It is also seen
that the simultaneous precipitation works better at
Sgholt than at the other plants. The pro rata
renoval of phosphorus in the three cases is seen to
be the same. The explanation to the fact that the
nmolar ratio at Sgholt is greater than in the
experiment performed by (1, 2) at the sane pro rata
renoval of phosphorus is, that the renoval of
phosphorus at sgholt happens at |ower absolute
concentrati ons. This is also illustrated in Fig.
10, where the content of dissolved phosphorus after
the filtration is shown as a function of the nolar

rati o Fe/diss.-P. used.
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The application of nethods ad 1°-4°, parallely
besi des a great anount of information on ecosystem
reaction and its particular conponents, shal
probably enable the acceleration of self-cleaning
and self-regulation of the matter and energy
circulation in biocoenosis of the Small @ulf of
Puck. The other nethods shall enable obtaining
interesting investigation outcomes which nmay be
utilized in the future in practice for

recul tivation of the coastal water bodies of |ower
ecol ogi cal val ue.
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Theresults fromthe experinents show that a "safe"
typical concentration of suspended-phosphorus after
the contact filtration will be 0.2 mg/1l.

In the two exanples, the required effluent qualities
are for total -phosphorus concentration after filtra-
tion: ex. 1: 0.7 nmg tot-P/l and ex. 2: 0.4 ng tot-

PIl1.  Wth these requirements the concentration of
di ssol ved- phosphorus after filtration will be 0.5 ny
diss.-P/l, respectively 0.2 ng diss.-P/Il. The

results are sunmmarized in Table 5 and 6, which
clearly shows the advantage of the two stage
process. The stricter requirenments, the greater
savings in chemcals.

1.6}
@ sghoLY
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1.4y * SLAGSLUNDE
J 1.2t a
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x 1.0t = =
a.
| . 8t
- =
[Jp]
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- x - [ ] -
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Py E
L ]
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MOLARRATIO FE/TUT.-P

Fig. 11. Results from 3 simultaneous precipitation
pl ants using ferroussul phate as precipita-
tion chemcal.
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the places of occurrence or by culture. That
undertaki ng on the mass scal e can involve only
fish-culture, and it is inplenented at present
in the range of the fam |y Sal noni dae (13).

5. (Oeaning of the bottons of excess organic
matter.

6. Culture of macroal gae and vascul ar plants as
deent rophi cators (7,16,20,25).

7. Aeration of bottomwaters in the KuZnicka
Hol | ow (5).

On the basis of elaborations and investigations
carried out hitherto (4,7,13,15,25) the nethods ad
19-4° may be applied on a wider scale for
achieving effects in the area of the whole water
body. The other nmethods may be applied in
macroscal e for obtaining detailed data on environ-
mental and bi ocoenotic changes in snmall parts of
the water body. The nethod of active bottons

el aborated and anal ysed al so in sone regions of the
Smal | @il f of Puck (4,15) consists in putting up
old fishing-nets for facilitating the devel opnent
of periphyton.

The sel ected organisnms fromthe epiphyte system
anal ysed from the point of view of productivity
yield significant bionmass (Table 9) (4).

Table 9. Wt bionmass of sone nore inportant taxons
of epi phyte systen1fron1n§ts i nvestigated

in various seasons in g/m* of net

surface. acc. to (4)
Taxon season  July Sept enber  Novenber MBX.
Ganmmar us 11.9 12.5 65 179.7
| dot hea 2.2 29.5 4.6 48. 4
Sphaer oma 0.4 4.3 not found 13.2
Mytilus not found 24. 8 36.0 47.3
Bal anus not found 39.1 76.9 133.9
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DI SCUSSI ON

At Sgholt wastewater treatnent plant, an effective
filtration pilot plant has been build up in pilot-
scale. It was statistically proved that there are
no scale effects between the full-scale filter and
the pilot plant. The many results obtained in the
experinments, of which only some are shown in this
work, have been put into a database, and software
to present the results has been devel oped.

One of the nost inportant results in this work is
the good survey, which the experinmental apparatus
gives of the head loss profiles. Not until the
appearance of the experinmental results was it

known, that what was believed to be a deep bed
filtration in reality is a surface filtration, wth
the resulting |acking solids capacity of the

filter. The question remains, in how many other

pl aces the sanme applies.

Two solutions are given to the surface filtration
pr obl em Either the uppernost filter nedia may be
changed with a nedia with a greater grain size (and
possibly a third filter nedia in the mddle), or

t he working nethod may be changed, as the solids
capacity can be better utilized by short termed air
injections during operation.

The contact filtration experinments show that the
content of dissolved phosphorus in the effluent nmay
be reduced to a lower limt of 0.05 mg/l.

The experiments show that there is no distinct
difference in the results of contact filtration,
wher e FeSO, Was used, or in cases where FeCl,

was used. The content of the dissolved phosphorus
in the effluent may be regulated with the nol ar

21 408500254J-12
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vol ume from the nunber of inhabitants of the order
60 000-80 000 in the season and 15 000-25 000 out
of summer season.

The total |oad of those sewage inputs has at present
a direct or indirect influence of eutrophication and
pollution of the Small @ulf of Puck (18). The first
stage of construction of that sewage treatnent plant
"Swarzewo" for the towns Puck and wXadysXawowo shal |
be conpleted by 1986. In that year the pollution

| oad discharged into the Small @il f of Puck is
expected to be radically reduced. Sinultaneously,

ot her neasures ainmed at reduction of the nunber of
poi nt and area pollution sources in the river
catchments feeding the Qulf shall be undertaken.

In the light of those assunptions, starting from
1986 it should be possible to observe a set-back of
the present degradating trends, a reduction of
pol l uti on concentrations and bi ogenic conmpounds as
wel | as an actual elimnation of bacteriologica
contam nation of the greater part of waters. Sinul-
taneously, it is expected that conditions favourable
for augnenting self-regulation processes in

bi ocoenosi s shall occur. In result of the above the
present treands of changes in quantitative and
qualitative composition of flora and fauna should be
restrained and then the trend mark of environnental
processes should get changed. The present state of
know edge on the Snmall Qulf of Puck environnent as
wel | as a nunber of outcones and observations in
that water body incline to nmake a forecast for a
positive trend in environmental changes, a trend for
augnenting the self-regulation processes (2,3,4,6,
18,22,23,24). The effects of that trend should be a
succession of the flora and fauna previously
characteristic for that water body. The directions,
scale and intensity of that succession as well as a
probabl e degree of simlarity to the "primry"

conditions should beconme the subject of detailed
I nvestigations.
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In result of the eutrophication of waters and
bottons a nunber of characteristic species reduced
their range of occurrence, and sonme fragnments of
the sea bottom covered with organic detritus
(Kuznicka Hollow, region near Puck and the estuary
of the Reda river) are devoid of benthic flora (13,
16, 18).

A particular reduction of range, quantity and
bi omass of Fucus vsicul osus and Furcellaria
fastigiata and sinmultaneous dom nation of

Ect ocar paceae from the speci es Ectocarpus
siliculosus and Pilayella litoralis have been
observed (11, 16, 18).

The excess of organic value of thallophytic al gae
(Thal I opyta) and the class Chl orophyceae

(Ent eronor pha sp.) causes that they occupy the
coastal waters and the sea-shore creating sanitary
hazards by toxins, and in particular mycotoxins and
devel oping on them bacteria species. The changes
in zoobenthos mainly mean reduction of nussel

bi omass (Mtilus edulis) by approx. 66 %, and

si mul t aneous nami ntenance of the molluses dom nation
i n zoobenthos (21, 24).

A transition of max. productivity to deeper zones
and a reduction of bionmass of shellfish
(Crustacea), being the food base for fish, and

i ncrease of function of nolluscs - philanthropists
has occurred.

The progressing euthrophication, changes of matter
and energy circulation cause particular inpacts for
i cht hyof auna.

In the years 1964-1979 the share of fresh-water fish
in total catches in the @Qulf of Puck increased from
25.5 $to 45.1 % at the sane tine the share of
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METHODS FOR REMOVAL OF NUTRI ENTS FROM WASTEWATER

Eri k Bundgaard
Akvadan Division
Denmar k

I NTRODUCTI ON

In Denmark the devel opnents regardi ng wastewater
treatment have been substantially different from
those in other Scandinavian countries! Full

bi ol ogical treatnment, BOD renpval and nitrification
have been required for all discharge of treated
wastewater to fresh waters, as the basic philosophy
has been to minimze the imredi ate oxygen demand in
the streans as nuch as possible. These regul ations
have resulted in the construction of nore than 400
extended aeration activated sludge plants in
Denmark, mainly of the oxidation ditch type.

Wthin the last 10 years, processes for nutrient

renoval, i.e. nitrogen and phosphorus renoval,
suitable for extended aeration systens have been
devel oped. The devel opnents as regards nitrogen

renoval have their background in conprehensive
research activities carried out by the Departnent
of Sanitary Engineering, Technical University of
Denmark, and Akvadan A/ S. These activities were
started in the early 1970's. A process - the Bio-
Denitro process - was developed (1) and research
still takes place for further devel opment.

Phosphorus renoval has mainly been carried out by
the sinmultaneous precipitation process with ferrous
salts used as precipitant, for econonic reasons.
Recently a new nethod for biological phosphorus
renoval has been devel oped. The process is now
being tested in pilot plant studies and a full

scale plant is in construction.



Table 8. Concentrati on of phosphates and
surface and bottom | ayers of SGP

241

oA a in
%Tmin

period 1975-1978 in particul ar seasons of

the year acc.to Fal kowska (13)

Sur f ace Bott om
PO4 - P spring av. 0. 32 0. 32
(u gat/dm3) TBX. 1.13 0.91
mn. 0. 06 0.12
sunmer av. 0.51 0. 93
max. 2.13 2.81
mn. 0. 05 0. 05
aut umm av. 0. 906 1.08
max. 7.04 7.04
m n. 0.22 0.12
W nter av. 1.17 1.25
max. 1.16 3.08
mn. 0.42 0. 47
NHY, - N spring av. 1. 00 1.06
(u gat/dm3) max. 5. 98 2.59
mn. 0. 06 0.14
sunmer av. 1.00 1.10
max. 21. 60 6. 43
mn. 0. 07 0.10
aut umm av. 2. 80 3.20
max. 11. 68 10. 54
mn. 0. 30 0.13
W nt er av. 4. 31 2.10
max. 22.80 7.19
mn. 0.79 0.71

*) S@P - the Small @l f of Puck

The work (18) points out

10 times greater quantity

of zoopl ankton in the Smal
the Southern Baltic Sea and 6 times greater than in

the Qul f of Gdahsk,

@l f of Puck than in

and simultanously the reduction
of phytopl ankton of the nunber 21-91-103

units/m3 in the Small @il f of Puck in conparison
with 21-238-103 units/m3 in the Qulf of cdarsk
and appr ox. 1.10% in the Southern Baltic Sea

(19). The data nentioned above indicate a highly
advanced degradation and transition of the water

body into the state of saprotrophy (18).

Based on
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THE BI O- DENI TRO PROCESS

The Bio-Denitro process is a one sludge process
usi ng raw wastewater as carbon source for the
denitrification. It is operated with distinct
separation of the anoxic and aerobic processes and
there is no mxed |liquor recirculation.

The process is perfornmed in a systemwith two
conplete m xed reactors and one sedi nentation tank.
The two reactors are connected by a pipeline and
each is equipped with a nechanically adjustable weir
and m xi ng and aeration devices.

In order to obtain nitrification and denitri-
fication, the plant is operated in an alternating
node which can be described as a repetition of a
sequence consisting of four phases (A-D), as shown
in Fig 1 In phase A raw wastewater is led into
tank 1, where only mxing is perforned.

Consequently, the conditions are anoxic and denitri -
fication of the nitrate nitrogen generated and
accunul ated during the previous phases takes pl ace.

During this phase mxed liquor flows fromtank 1
into tank 2 in a quantity corresponding to the flow
of raw wastewater and return sludge. Tank 2 is
operated with aerobic conditions (aeration) for
nitrification and renoval of remaining BOD

During phase A the nitrate concentration in tank 1
and 2 decreases and increases respectively. The
duration of phase A corresponds to the tine required
for renoval of the nitrate in tank 1.

As the raw wastewater enters tank 1, the anmmoni a
concentration in the tank will increase. Phase B
is a short internmediate phase with aeration in tank
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1 as well as in tank 2, wth the raw wastewater

flow ng through tank 2 only, where BOD renoval and
nitrification take place. The duration of phase B

corresponds to the time required for nitrification
of the ammonia in tank 1

Phase Cis the other main phase. The direction of
fl ow between the two tanks is now reversed conpared
to phase A, and tank 1 and tank 2 are now serving
the sanme function as tank 2 and tank 1 respectively
during phase A

Phase D is the second internedi ate phase which
corresponds to phase B.

The duration of the phases A through D is normally
4-8 hours.

Phase A Phase E!

eftiuent water @ effluent
| 3 '
| ~ | , > |
| _ retyrnsludge ' L __returnsludge __ !
Phase C PhaseD.
raw 1 raw 1

effluent effluent

|
| 7
[ _ returnsludge __ | L _ returnsludge __ |

ANOX  Anoxic conditions, denitrificabion
AE Aerobic conditions , nitrification

Fig. 1. Operation sequence for nitrogen renova
by the Bio-Denitro mnethod.
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2.2 COVPARI SON OF METHODS FOR NI TROGEN REMOVAL

The major difference between the well-known
recircul ation nethod (the Bardenpho process) and the
Bio-Denitro nmethod is that the latter does not re-
quire any recirculation and that it is nore flex-

I ble. By the Bio-Denitro process the conditions
required for nitrification and denitrification are
created when and where the ammonia and the nitrate
are present, contrary to the recirculation method
where the two conponents, ammonia and nitrate, are
punped to the reactors having the required aerobic
and anoxi c conditions.

In a Bio-Denitro plant the duration of the aerobic
and anoxi c phases - and consequently the capacity
for nitrification and denitrification - can be
varied within rather wide limts. Because of this,
the operation of the plant can be adjusted for

maxi mum ni trogen renoval even at wastewater
conpositions very different fromthe design figures.

This does not apply to plants designed for the
recirculation method, where the ratio between
nitrification and BOD renoval capacity and
denitrification capacity is fixed by the dinen-
sioning of the plant.

By conparison of the one-tank system (the carrouse
type plants) with the Bio-Denitro nethod, the nost
inmportant difference is that by the latter process

t he aerobic and anoxic zones are sharply separated
in different reactors, thus controlleable, indepen-
dently of each other. The possibility of increasing
the nitrification rate during cold wi nter periods by
i ncreasing the DO concentrations in the aerobic
zones cannot be utilized in a one-tank system w th-
out a deterioration of the efficiency of nitrogen
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renmoval . Further a one-tank systemrequires a very
cl ose DO control which can be difficult to obtain in
smal |l plants with only a few aeration devi ces.

2.3 EXPERIENCE WTH THE BI O DENI TRO METHOD

2.3.1

The reduction of nitrogen in wastewater treatnent

pl ants has been enployed in full scale plants in
Denmar k si nce the begi nning of the 1970's. Today 10
plants ranging from7 000 - 105 000 PE are in
oper at i on.

Operational experience fromthese plants shows that
the discharge of total-nitrogen may very often be
reduced to approx. 5 mg/l or even |ower.

The inplenentation of the renoval of nitrogen in
plants already operating with nitrification will in
practice result in a saving of power of 15-20 8.
The renmoval of nitrogen will noreover result in an
increase in alkalinity of the purified wastewater
conpared with plants operating with nitrification
only. This increase in alkalinity contributes -
particularly in areas with soft water - to a
reduction in the demand for pH-adjustment in the
wastewater treatnment plant and to a reduction of the
acidifying contribution of the wastewater to the
reci pi ents.

Operating experience fromthree Danish plants is
gi ven bel ow.

FREDERI KSSUND WASTEWATER TREATMENT PLANT - REDUCTI ON
OF NI TROGEN

Frederi kssund wastewater treatment plant treats
wastewater from the nunicipality of Frederikssund,

situated nort hwest of Copenhagen. Besi des donestic
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wastewater, the plant is also supplied wth waste-
water from a slaughterhouse and a fruit juice
factory.

The purified wastewater is taken to Roskilde Fj ord.
The main di mensions of the plant are seen in Table 1.
The plant consists of 4 oxidation ditches and a

final clarifier. A construction of this kind w thout
a primary clarifier is rather common in Dennark.

Table 1. Frederi kssund wastewater treatnent plant.
Basi s of di mensioning and design.

Basi s of di nensioning Design data
Water quantity in dry Vol ume oxi dati on
weat her di t ches
950 m3/h 3400 m3
Maxi mum wat er _quantity Oxi dati on/ m xi ng
1075 m3/h 6 mrotors, 8 pcs.
BCD | oad Sedi ment ati on _t ank
2000 kg/ day area 1000 m?

The plant has been operated with reduction of
nitrogen with the specialized Bio-Denitro process
since 1978. (Qperational data fromthe years 1978-
1982 appear from Table 2. The pl ant has been
subject to max. load during this period (2000 BOD/d
on the average or nore).
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Table 2. Frederikssund wastewater treatment plant -
operational results

Year 1978 1979 1980 1981 1982
Number of 24 h 29 21 17 11 7
sanpl es

Mean st.d Mean st.d. Mean st.d Mean st.d Mean st.d.
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/1l

Total Ninlet 38.7 8.0 41.6 7.8 30.8 6.3 39.3 9.8 37.3 6.0
outlet 3.5 1.3 86 3.4 2.8 1.8 40 22 2.6 0.8

NH3-N inl et 18.8 3.7 19.5 4.6 141 2.9 185 58 18.0 2.7
outlet 1.0 0.6 3.5 2.6 0.51 0.47 0.32 0.30 0.2 0.2

NO3_ N inlet 0.2 0.3 0.5 0.9 024 03 0.62 050 075 0.7
outlet 0.5 0.8 0.8 1.1 0.8 1.5 1.77 2.10 0.71 0.3

BOD inlet 285 84 325 85 305 101 348 104 382 57
outlet 7 3 15 13 9 4 6 2 10 5

Total P inlet 11.6 2.8 10.6 3.0 11.4 3.2 11.3 3.4 11.1 1.5
outlet 3.0 1.9 3.4 20 37 1.8 2.5 1.5 2.6 1.8

ss outlet 4.2 1.5 10 21 - - 4 2 4 4

F ;ow

m3 | day 6372 1353 6903 1686 7505 1384 7799 2792 6069 870

2.3.2 ODENSE NW WASTEWATER TREATMENT PLANT - REDUCTION OF
NITROGEN AND ENERGY SAVING

Odense NW wastewater treatment plant treats part of
the water from Odense city, the largest city on the
island of Fyn (Funen). The purified wastewater 1is
taken to the small river in Odense, from where it
is discharged into the extended Odense Fjord.

The main design parametres of the plant can be seen
from Table 3. The plant design is rather compli-

cated, as the plant has been enlarged from a tradi-
tional trickling filter to a plant also comprising
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removal of nitrogen. The operation of the reduction
of nitrogen is the same as for Frederikssund waste-
water treatment plant, i.e. employing the special-

ized Bio-Denitro process.

In connection with the commissioning of the plant
for nitrogen removal, the plant was operated only
with nitrification for a period, after which the
operation was switched to reduction of nitrogen.
Fig. 2 shows operational results from the periods
before and after the switch-over.
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Fig. 2. Operational results from Odense NW treat-
ment plant before and after switch-over to
Bio-Denitro.
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Table 3. GOdense NWwastewater treatnment plant.
Basi s of di nensioning and design.

Basi s of di nensioning Design data
(total plant) (plant for renoval of nitrogen)

Water quality in dry Volume of oxidation
weat her 1825 ﬂ$/h di t ches 14 000 m3

BOD | oad 5180 kg/day Oxidation/ m xing
9 m rotors 6 pcs
7,5 mrotors 3 pcs

Sedinent?tion

vol ume X 5 000 m3

x) Sedinentation takes pl ace
alternatingly in the
oxi dation ditches according
to the special node of
operation

It can be seen immediately than the swi tch-over from
operation with nitrification to operation wth
denitrification will bring about a decrease in the
total nitrogen concentration of the discharged water
fromapprox. 15 mg/1to 5 mg/1. Conplete nitrification
and the effective purification of BOD and suspended
matter is maintained.

During the two periods the total energy consunption of
the plant was determined. The load of all the plants
was 10 % higher during the denitrification period than
during the nitrification period. Fig. 3 shows that
the total energy consunption of the plant dropped
approx. 20 % by the switch-over to denitrification.

The reason for this is that by the denitrification
process, a part of the organic matter is oxidized by
nitriate. The demand for supply of oxygen is thus
decl i ning.
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Fig. 3. Energy consunption on Odense NW pl ant
before and after switch-over to
reduction of nitrogen.

2.3.3. KRONJYDEN, RANDERS WASTEWATER TREATMENT PLANT -
REDUCTI ON OF NI TROGEN AND PROBLEMS W TH ALKALI NI TY
I N WASTEWATER TREATMENT PLANTS AND RECI Pl ENTS

The wastewater treatnent plant Kronjyden, Randers,
is an industrial plant treating wastewater fromthe
processing cf fat, meat and bone neal from a

sl aught er house. The plant is situated in Jylland
(Jutl and) at Randers Fjord, north of Arhus. The
wastewater i s characterized by a high content of
organic matter and ammonia and by very varied

| oadi ng.

The main data of the plant appear from Table 4.




Table 4.  Kronjyden,

pl ant. Bas
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Randers wast ewat er treatnment
i s of dinensioning and design.

Basi s of dinensioning

Design data

Water quantity in dry
weat her
850 m3/a

BCOD | oad
2150 kg/d

Ammoni a | oad
595 kg/d

Vol une of oxidation ditches
4 200 m3

Oxi dati on/ m xi ng
9 mrotors 4 pcs

Sedi ment ati on tank
ar ea 85 m2

The plant was started
conm ssioned with the
nitrification. Then

order to reach full n
denitrification. The
two periods are shown

up in March 1979 and was
obj ect of reaching ful

the process was optimzed in
itrification and

operational results fromthe
in Table 5.

Table 5. Kronjyden, Randers wastewater treatmnment
pl ant - operational results.
Peri od 1979- 1980 1980- 1981
Nunber of 24 h 17 5
sanpl es
nmean st.d. nmean st.d
mg/l1 mg/l mg/1 mg/1
Total N outl et 166.6 35.7 17.2 13.1
NH4-N inlet 454.3 135.7 457.7 100.0
out | et 5.7 7.2 1.1 1.7
BOD i nlet 1 816 697 2 100 436
out | et 16.9 17.3 9.4 4.6
Ss outl et 39 25
Fl ow 418 125 342 35
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The high concentrations of organic matter and
nitrogen (ammonia) at the inlet and the excellent
reduction of these conponents are seen in both
periods. For the first period, where the ai mwas
full nitrification, it is seen that a 65 %
reduction of total-N is obtained, whereas this
reduction is increased to approx. 95 % after the
final optimzing of the plant operation.

Wastewater with a content of ammonia as high as
nmentioned above represents two particul ar probl ens,
firstly the amonia concentration is toxic for
bacteria, and secondly the nitrification will bring
about a consi derabl e consunption of alkalinity.
Anyway, nhitrification takes place in the wastewater
treatment plant or - if the plant was operated

W thout nitrification - in the recipient. By

i nplenmenting the nitrification in a conpletely

m xed plant the bacteria are protected against
unaccept ably high concentrations of ammoni a.

The drop in alkalinity is counteracted in the
wastewater treatnent plant, partly by addition of
lime and partly by the denitrification process.
Thus, not only nitrogen is renoved, but there is
also a saving in the consunption of lime for pH-
adj ust nent .

By the denitrification process 2 equival ents of
alkalinity are destroyed per nole (14 gram of
transf ormed ammoni ani trogen. By the
denitrification process 1 equivalent of alkalinity
per nole of transforned nitrate-nitrogen is

regener at ed. Denitrification thus brings about a
saving in the consunption of line of 50 % conpared
tonitrification alone. In practice it has been
denonstrated at Kronjyden that the |ine dosing
necessary for maintaining a pH of approx. 7-7.51is
consi derably | ower than what could theoretically be

expect ed.

22 4085008545-12
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CHEM CAL PHOSPHORUS REMOVAL

Phosphorus renmoval from wastewater is only carried
out at a limted nunber of treatnent plants. By
1990 approximately 50 treatment plants are expected
t o perform phosphorus renoval .

Several methods for phosphorus renoval: pre-
precipitation, sinultaneous precipitation and post-
precipitation have been considered and al

processes are used in Denmark. The nost widely
used process is the sinultaneous precipitation
process. The reason is that this process is very
suitabl e for upgrading extended aeration plants
wi t h phosphorus renoval. The cheap ferrous salts,
ferrous sul phate, heptahydrate as ferrous sul phate
or nonohydrate, are added directly into the
aeration tanks, where the ferrous iron is oxidized
to ferric iron and which then fornms a good

settl eabl e chemi cal -biological floc. No extra tank
volunmes are required for the process and no pH
control is necessary as the process operates at pH
7-8.

In 1978 a large research project was carried out by
t he Danish Water Quality Institute regarding
operation, phosphorus renoval and econony of the

si mul taneous precipitation process used at three
different extended aeration plants (4).

The three plants investigated were designed for
105 000 PE, 21 000 PE, and 3 100 PE respectively.
The largest plant, the sgholt plant, is an

oxi dation ditch type plant where nitrogen renova
is also perforned by the Bio-Denitro method.

The second largest plant, the Haslev plant, is a
conventional oxidation ditch plant and the snall est

plant, Slagslunde, is a countercurrent plant.
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The project was carried out overa period of 2
years, and the main conclusions are given bel ow

3.1 EFFLUENT QUALITY

Table 6 shows the effluent quality fromthe three
pl ants.

Table 6. Influent and effluent quality fromtreat-
ment plants wth sinultaneous
precipitation.

Pl ant Sl agsl unde Hasl ev S¢gholt*
Par amet er Mean SD Mean SD Mean SD
BOD ppm in 104 37 130 46 162 43

ef 4 1 6 2 10 4
SS ppm in 115 33 228 53

ef a 6 7 3 a 5
NH;-N ppm ef 0.4 0.3 1.7 2.0 2.2 1.6
NOS ppm ef 21 1.4 a.3 1.1 2.8 0.8
Tot P ppmin 9.6 3.1 8.2 2.6 a. 4 1.8

ef 0.9 0.4 0.8 0.3 0.6 0.1
Fl ow m3/day 1 000 260 5 100 1 420 17 320 3 400
in = influent, ef = effluent, SD = standard devi ation

xSyﬁholt: Effluent data are before filtration

The use of the sinultaneous precipitation process
has resulted in a phosphorus renoval of 90-93 %
corresponding to an effluent quality of 0.6-0.9 mg/1
P. The fraction of dissolved phosphorus in the
effluent has varied between 30 % and 90 % of total

P.  Further phosphorus renoval has been obtained by
contant filtration at the sgholt plant.
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BOD renoval, nitrification and denitrification were
not affected by the chem cal addition.

3. 2 PHOSPHORUS REMOVAL AND MOLAR RATI O
Fig. 4 shows the relation between effluent concen-

trations of dissolved phosphorus and the applied
nmol ar ratio Fe:P.

3
Dissolved P in effluent
(mg/l )

a Sehait
x «  Haslev
a  Slagslunde

1.0 1 x x
08
x
06 a 0
x (P o [}
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| x
o x o @ o o
0.2 [+] o © [« o
0 x Molar ratwo Fe /tot-P
0 n influent

0.5 10 15 2.0 2.5 3.0

Fig. 4. Corresponding values for nmolar ratio and
di ssol ved-P in effluent from sinultaneous
precipitation plants.

The figure shows that there is a rather high
scattering between the results. The reason for this
is partly variations in nolar ratio fromday to day.
However, pH as well as the calciumactivity of the
m xed liquor is of inportance for the phosphorus
renmoval . In hard water areas (Haslev) the iron
requirements for a specific phosphorus renoval are
not as high as in soft water areas. These nechan-

i sms have been studied at the Technical University
of Denmark, Departnent of Sanitary Engineering (5).



333

The inportance of the method used for chenica
dosi ng has often been discussed. At the spgholt

pl ant and the Haslev plant flow proportional dosing
is used while tine proportional dosing is used at

Sl agsl unde. It has not been possible to conclude
which of the two methods is to be preferred.

3.3 SLUDGE PRCOPERTI ES AND SLUDGE PRCDUCTI ON

The general experience that the addition of ferrous
salts to mxed liquor gives an inprovenent of SV
and sludge thickening properties was confirnmed in
this project. At sgholt the SVI was about 65 mg/1,
i.e. a sludge with good settling properties.

Sl udge production due to the chem cal addition was
estimated to 3.5-4.5 kg/kg Fe. However, sludge mass-
bal ances are very difficult to carry out and the
figures are only indicative.

4, Bl OLOd CAL PHOSPHORUS REMOVAL

During the last 10 years it has been observed in
various parts of the world that phosphorus renoval
can sonetinmes be obtained w thout addition of
chemcals, if the sludge undergoes cyclic anaerobic/
aerobi c treatnent steps.

Barnard (1974) was one of the first to give a
description of the observations (6): For phosphorus
renoval to take place in a biological system the
activated sludge nmust at sone stage, except the
final stage before the clarification, pass through
an anaerobi ¢ stage where phosphorus is rel eased, and
if this requirement is met, phosphorus renoval may
take place in the follow ng aerobic stage.

In three Danish treatnent plants operated with
bi ol ogi cal nitrogen renoval, observations have been

made concerni ng enhanced phosphorus renoval . These
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plants are the Frederi kssund plant, the Gdense NW
plant, and the Faaborg plant. Al three plants are
operated according to the Bio-Denitro process

(Fig. 1).

From Table 2 it can be seen that 70 % phosphorus
renoval has been obtained at the Frederikssund plant
in this way.

An experinment showing the cyclic paraneter variation
at the Frederikssund treatnent plant was carried out

by Jansen and Behrens (8). The experinment covered a
24 hour period with neasurenents in inlet, oxidation
ditches, and outlet. The 24 h variation in amoni a,

nitrate, oxygen, and phosphorus in one oxidation
ditch is showmn in Fig. 5.

The figure clearly denonstrates the effect of the
alternating node of operation. The ammoni a content
increases in periods with |ow oxygen concentration
and inlet of raw wastewater. N trate increases in
nitrification periods with high oxygen content.
Furthernore, it is obvious that an extended sinmul -
taneous denitrification takes place.

The behaviour of the nitrogen conponents is
predi ctable from the general, well established
know edge concerning nitrogen renoval processes.

As for the dissolved ortho-phosphate this paraneter
al so shows a periodically varying picture. In
periods with | ow oxygen and |low nitrate the
phosphorus concentration increases. Maxi mum
concentration of 14-16 ng P/l is reached within 1-1
1/2 hours. This is succeeded by a rapid decrease
wthin -1 1/2 hours to a zero level when the
oxygen concentration is increased.
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Fig. 5. 24 hour variation in amonia, nitrate, oxygen,
and phosphorus at the Frederikssund pl ant.
Fi gure taken from Jansen and Behrens (1980).

The experinmental results thus agree with the genera
findings that phosphorus is released fromthe activated
sl udge during anaerobic periods and taken up as soon as
aeration is started.
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At the 'Faaborg plant, designed for 105 000 PE, a
phosphorus renoval from 10.2 mg/1 down to 2.5 mg/1
has been obtai ned as an average for 21 sanpl es.

Later studies of the nmechani sm of phosphorus
renoval indicate that the process is attributed to
a biological uptake by special strains of bacteria
conbined with a chemcal precipitation via the
natural content of the calciumand iron in the raw
wast ewater (9).

For further disclosing of this mechanism and for
optimzing the biological renmoval of phosphorus a
research project has been established by the
Departnent of Sanitary Engineering, the Technica
Uni versity of Denmark in co-operation wth Akvadan.

The Bi o-Denitro process has been nodified by the
addi tion of an anaerobic process step before the
anoxi c/ aerobic reactors. This new process is
call ed the Bio-Deni pho process.

Fig. 6 shows the |layout and the node of operation
of the Bio-Denipho process. The phosphorus
concentration is increasing at the end of the
anoxi ¢ phases just before changing over to aerobic
conditions. Therefore the discharge fromthe
treatnment tanks into the sedinmentation tanks is
phase-shifted conpared with the anoxic/aerobic
phases.

Fig. 7 schematically shows the variations in PO4-
P, NO,-N and NH;-N in the two tanks during the
four phases. The inlet and outlet phases are al so
indicated in the figure.

By appropriate adjustnment of the different phases
for treatnent and di scharge and effluent low in
phosphorus as well as in nitrate and amoni a can be

obt ai ned.
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In pilot plant experiments with the Bi o-Deni pho
process a reduction of phosphorus from7 mg/1 P to
0.5 mg/1 PO4-P and a reduction of nitrogen from 25
mg/l1 N to 0.8 mg/1 NH3-N and 3.2 mg/l NO3-N was
obtai ned as an average of 34 sanples taken out
during a period of three nonths.

A full scale plant using the nethod is now in
construction.

100 _ 200

Tank 1

Time

outlet

Trme

Fig. 7. Variations in No3-N, NH3 and P during
the four phases of the Bio-Deni pho proces.
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SUMVARY

The Bio-Denitro nethod for biological nitrogen
renoval devel oped in Denmark has proved its
efficiency and flexibility in many full scale

instal |l ations. Resul ts of operation have shown
that stable effluent qualities of 3-6 mg/1 nitrogen
can be obtained by the method.

Phosphorus renoval can be perforned reliably and
econom cally by the use of cheap ferrous salts for
application in the sinmultaneous precipitation
process. In addition to the nolar ratio Fe:P the
cal cium content in the wastewater is of inportance
for the efficiency of the process, as calcium forns
part of the phosphorus precipitate. The process
can be perforned w thout any adverse effect upon
nitrification and denitrification.

The future concept of plants for the renoval of
nutrients will conprise biological renoval of
nitrogen as well as phosphorus. The basic
mechani sns of the process are now being discl osed
and successful pilot plant studies have been
carried out with an effluent quality around 0.5
mg/1l PO,-P.
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PULP AND PAPER | NDUSTRY EFFLUENT TREATMENT

Juhani Orivuori
Ekono Oy
Fi nl and

| NTRODUCTI ON

I ndustrial pollution control is usually divided
into internal and external neasures. Wth interna
neasures, the industry desires to reduce the
quantity and inprove the quality of untreated waste

water, in order to mnimze or avoid the costs of
external waste water treatnent. Each pul p and
paper mll is unfortunately different, so that the

m xture of internal and external neasures varies
case by case.

Especially environnmental constraints cause problens
to the mll managenment, because pollution abatenent
requirenents are not stable. This forces the
managenent to flexibility in regard to the timng
of investnents for closing up water systems and for
external treatnent facilities.

This paper exam nes how the waste water treatnent
in the Finnish pulp and paper industry has in
general devel oped due to internal methods in recent
years. Sonme exanples of closed water circulation
systens are also illustrated. Ext ernal treatnment
possibilities and costs are discussed.
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2. MEASURES OF | NTERNAL WASTE WATER TREATMENT AND
PRESENT PRACTI CE

2.1 FINNI SH PULP | NDUSTRY

In 1980, the total pulp and paper production in

Fi nl and was about 8 MADT/a (million air dry ton).
In the sane year, Finnish pulp and paper industry
gave rise to a effluent anount of approxinmately 1
200 Mm3/a (excluding cooling waters). The
average water use was thus about 150 m3/ADT (365
m3/aDT in 1967). The total di scharge of pulp and
paper industry in 1980 was 100 000 t/a as suspended
solids, and 260 000 kg/a as BOD5. The

devel opnent of effluent characteristics in 1972-
1980 is shown in Fig. 1.
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Fig. 1. Specific waste water characteristics of
t he bl eached sul phate pulp mlls in
Finland in 1972-1980

The effluent quality and quality at Finnish kraft
mlls vary due to local differences as foll ows:
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Tabl e 1. Waste water characteristics of Finnish
bl eached kraft mlls in 1980.

Ef fl uent SS BOD Ef f | uent

slow HS/ADT kg/ ADT xg/ADT Oc

50- 300 10-50 10-80 10- 40

average 170 11 32

If a very tight water circulation systemis
practised, it seens possible to operate a bl eached
kraft pulp nill with only about 40 m3/ADT waste
water flow with conventional bleaching, and with
about 30 m3/ADT with di spl acenment bl eachi ng.

This means that today's nodern pulp mll
only 1/10 of the waste water flow 20 years ago.

pruduces

Fig. 2 shows a water bal ance of a typical nodern
bl eached kraft mll.
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23721\4 = Nl H. 20 ﬂ BL CHEM ] L[HEAT |
wood 150 ||%  — 1 |Il e Morke puip
2.9 _(DE- COOKING WASH. & BLEACH SCREENINGL__0.1
BARKING SCREENING & DRYING |
t29-45 #1 ! tit t1195-45¢ r :
04-75 = T — ' lw-% 31
[ 11T 31913 | [Evar w —]~25.3-4 LLCAUSTI» )
0L 988 Vopour [P1CIZING
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( EFFLUENT TREATMENT |
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Fig. 2. Water recycling in bleached kraft pulp mll
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The m |l concept according to Fig. 2 is as follows:

cooki ng: continuous with H -Heat
washi ng, 3-stage flashing

washi ng: continuous diffuser washing

screening: cl osed systemw th pressure

screen, 1st stage and 2nd
stage centricl eaners, and
brown stock decker as the
| ast washi ng stage

bl eachi ng: conventional, D GE-HDE-D
drum washi ng

screeni ng of bl eached

pul p: cl osed systemw th pressure
screens and centricl eaners
drying: Fourdrinier machine wth

heat recovery

Fol lowi ng internal neasures can be |isted as the
main reasons for a |ow specific water consunption
at a nodern pulp mll:

hi gh pul p washing efficiency

cl osed pressure screening

tight water circulation at the bleach plant

countercurrent water use through the whole fiber
l'ine

- reuse of secondary condensates.

Since the basic pul ping process has renained nore
or less the same, very little progress has taken

pl ace regarding the waste water quality of the pulp
mlls. It is naturally true that along with the
repl acement of old mlls, and especially the change
fromold sulphite mlls to nodern bigger sul phate
units, the overall pulp washing efficiency has
decreased the BOD and lignin [oad of the Finnish
pul p industry. The treatnment of secondary
condensates, inproved water circulation systens,
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and the overall discipline have also inproved the
specific waste water quality. The pulp industry
does not seemto have many rapid internal tricks

| eft, although pul p cooking and bl eaching research
is done in order to reduce the lignin (color) in
pul p waste waters.

2.2 FINNI SH PAPER | NDUSTRY

Due to high raw material and energy prices as well
as the demands of the authorities, the Finnish
paper industry has reduced the effluent flow from
100 m3/aDpT in 1967 to approxi mately 50 m3/aADT

in 1980.

Bi g paper nachine units, tight water circulation
practice, and effective internal fiber recovery
systens make it possible to operate newsprint,

i nerboard and fluting machines with a waste water
flow of only 10-20 m3/aDT.

The increased use of groundwood and/or thermo-
nmechani cal pulp as well as their bleaching has,
however, increased the specific waste water |oad.
A typical mechanical printing paper ornewsprint
mll has a specific BoD; |oad of 15-25 kg

0,/ADT which is slightly nore than half of that

at a nodern kraft mll. Wth the decreased water
flow and increased specific BOD | oad, these mlls
produce an effluent with a high BOD concentration
(1 000-1 500 ppm conpared to 500-600 ppm at a
nodern kraft mill).

Fig. 3 and 4 show sone exanples of extrenely closed
paper mlls in Finland.
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FRESH WATER
GROUNDWOOD PAPER MACHINE
T™P, PGW - SAVE-ALL

Yrvtp |14 m¥ip
il | Lre W’“ﬁ' e o
TREATMENT OVERFLOW

WASTE WATER
TREATMENT

7m¥/tp

Fig. 3. MIIl No. 1. Mechanical printing papers
600 t/d, two machines.

FRESH WATER

1 1 1

PULP MILL WASHING BOARDMACHINE
SAVE -A

w. W, 05m¥tp 15 m¥tp
OVERFLOW SPILLS ™
~om¥ fIp ,
BARKING |
EVAPORATION ~2,0m¥tp
1 SECONDARY CONDENSATES 2.5 m¥tp
CHEMICAL
RECOVERY
RS WASTE WATER
TREATMENT

Fig. 4. MIIl No. 2. NSSC + fluting Board
450 t/d, one nmchi ne.

It has not been proven in full scale to which
extent the water circulation system of a paper mll
can be closed by internal neasures. Some newsprint
mlls with a waste water flow of approximately

6 m3/aDT have been reported to be in operation.

The water consunption of Finnish paper mlls is
expected to decrease further, when they are

nmoder ni zed. I ncreased demands of the Water Board
Aut horities also force the paper mlls to close
their water circulation systens, and to separate
rain, cooling, and sanitary waste waters fromthe

process waste waters going to the treatnent.

23 4085002564J~-12
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MEASURES OF EXTERNAL WASTE WATER TREATMENT AND
PRACTI CE

GENERAL

The BoD, load in waste waters of the Finnish pulp
and paper industry has decreased from approxi mately
500 000 t 0,/a in 1967 to 260 000 t 0,/a,

mai nly by internal methods and nechanical or
chemcal primary treatment. Only five aerated

| agoons and one plastic-nmedia trickling filter are
in operation. The first activated sludge plant is
presently under construction.

Anaerobic treatnment is also being tested in the
Finnish pulp and paper industry. Enso-Fenox
process has its first application at a Finnish
kraft mll, treating bleach plant waste water in
order to reduce BOD and chlorinated organic
conpounds. One pilot-scale anaerobic test unit
produci ng nethane is running at a mechanica

printing paper mll, and several |aboratory-scale
tests are made by Universities and District Water
Laboratori es. Low operating costs of anaerobic

treatment are the nain reason for industry's
interest in this possibility.

The | atest court orders and statenents fromthe
Water Board Authorities indicate that nost of the
Finni sh pul p and paper mlls have some kind of a
bi ol ogi cal treatnment plant in operation at the end
of this decade.

For the renoval of BOD from highly concentrated
industrial waste water to the level of biologically
treated nunicipal effluents, the industry has a
possibility of applying two-stage treatnent, which
can either be aerobic-aerobic of anaerobic-aerobic.
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Bot h aerobi c and anaerobic high rate sludge bl anket
or fixed film processes can rel ease the "investnent
pain" in the near future, and help the industry to
cope with the environnental [egislation.

In general, it can be stated that techniques for
the BOD reduction already exist, and it is possible
to control the oxygen level in the Finnish waters
by regul ations.

Technical ly and even nore economcally difficult is
to find a solution for the color (lignin) renoval
in pulp industry, if this is necessary.

Authorities all over the world are especially
concerned about the possible effects of the
chlorinated |ignin conpounds and the potential risk
these m ght cause, when led to the recipient.

Many efforts, both internal and external nethods,
have been nmade to decrease the anount of |ignins
and chl orinated organic conpounds in pulp mll
effluents, but a widely accepted comercial system
has not yet been found. As long as chlorine is
needed in market pulp bleaching, the efforts for
the external treatnment of chlorine conpounds wl|
conti nue.

The easiest internal neasure would be to reduce the
bl eaching degree, which unfortunetely seens
i npossi bl e wi thout global restrictions.

3.2 COST OF EXTERNAL WASTE WATER TREATMENT

An exanple, in which the bleached kraft pulp mll
is assuned to produce 1 000 apt/d and the effluent
BOD, i s kept constant at 25 kg/ADT, illustrates
how capital and operating costs for external waste
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water treatment vary with effluent flow. It is
further assumed that the discharge permit requires
to reduce BOD, below 2.5 kg/ADT. To guarantee a
minimum BOD removal of 90 %, the selected treatment
scheme includes a two-stage biological treatment.
It is further assumed that the waste water neutral-
ization is done with lime. No sludge burning
equipment is included.

Fig. 5 and 6 show the capital and operating costs
as a function of the effluent fTlow.

COSTS PER YEAR USDx10b

3
B 0“ P‘\‘
2

OPERATlNG cosTS
CAPITAL 005

50 100 150
FLOW. m3/ ADT

Fig. 5. Waste water treatment. Capital, operating

and total costs. Bleached kraft pulp
1 000 ADT/d.

COSTS. USDx10® USD/ADT

10 F

50 100 150
FLOW m3/ AOT

Fig. 6. waste water treatment investments and
total costs. Bleached kraft pulp
1 000 ADT/d.
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Total pollution control costs in a case of a new

bl eached kraft m |l are on the level of 10 % of the
whol e investnment. The investnment costs of the
external biological treatnent are in a range of

2-3 % of the total investnent.

Col or renoval costs with today's external treatnent
t echni ques woul d possibly be twice or three tines
as much as the external treatnent costs shown in
Fig. 6.

In today's economi cal situation, the industry
clainms it inpossible to conpete with the world
mar ket prices with increasing pollution control
costs.
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BLEACH PLANT EFFLUENTS - SOVE CURRENT PROBLEMS

G Em| Haeger and Kristina | dner
Sweden

| NTRODUCTI ON

The predominant raw material for practically all
grades of white paper and board is bl eached

chem cal pul p from hardwods and softwoods. These
types of pulp are produced extensively in Sweden
and Finland. They account for an inportant part of
the export of both countries.

In 1980, the total gobal production of bleached
sul phate (kraft) pul p was about 41 mll. tons,
whil e sul phite pul p accounted for about 10 mll.
tons. The sanme year Finland and Sweden produced
about 6 mll. tons of bleached sul phate pul p and
about 1 mill. ton of bleached sulphite pulp, which
correspond to about 15 respectively 10 % of the

gl obal production.

THE PULP M LL

A chemcal pulp mll is conposed of a nunmber of
process-units, coupled one after the other so that
a continuous flow is maintained throughout the
mll. Awunit calling for batchw se operation is
sometimes | ncl uded. In such a case an even flowis
achi eved by storage space or tanks before and after
the unit.
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BLEACHI NG
NaOH NaCiO CllOg NapH
] [}
COOKI NG ) ¥ I y
g A a noeics
SCREEN. NG CcD E H
Clp
5
(:|()2 NaOH
| { bleached
@l @ pulp
E D

Fig. 1. Treatnment of wood chips in a sul phate
pulp mll.

In a sulphate pulp mll (Fig. 1) wod chips are
treated for about 2 hours at 160-170 ©c in an
alkaline liquor referred to within the trade as
white liquor. The active chemcals in the white
['i quor are sodi um hydroxi de and sodi um sul phi de.
During cooking they dissolve nost of the Iignin of
the wood while the fibers, that consist of

cellul ose and rel ated substances, remain in their
native state. Sone lignin adheres to the fibers.
It accounts for the brown colour of the pulp. The
cellulose is pure white. In order to produce a
white pulp the last traces of lignin have to be
renoved by bl eaching. Further cooking is not an
alternative as it damages the properties of the
fibers and renmoves just a part of the residua

l'i gnin.

The lignin content of the pulp before and during
bl eaching is an inportant characteristic when
different methods for bleaching the pulp are

conpar ed. It is determned by subjecting the pulp
to a potassium permanganate treatnment and the
result is normally given as the Kappanunmber of the

pulp.
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Not included in the picture is the elaborate
recovery systemfor chem cals where the dissol ved
[igninis used as a fuel in a chem cal reactor
normally referred to as the recovery boiler, as it
al so has a function as supplier of the mll's need
for steam After cooking the pulp is washed in
counter current equi pnent so that the spent cooking
liquor, the so called black liquor, can be burned
in the recovery boiler after evaporation to a high
solids content. The next step is screening in
order to renove grit, bark and insufficiently
cooked fiber bundels.

BLEACHI NG

The reason for bleaching is not only to produce a
white, bright pulp. It also adds to the
cleanliness of the pulp by renoval of various
impurities by chenmical action. One of themis
remai ning bark particles that otherwise show up as
bl ack dots in the pulp and on the subsequently
produced paper.

Bl eachi ng of softwood sul phate pulp, which is the
nost inportant of the nordic bl eached pul ps, is
normal |y perforned in a six-stage operation. In
Sweden hal f of the bleached kraft pulp is produced
in a sequence to as CEHDED where

stands for chlorination

for extraction with sodi um hydroxi de

for further bleaching w th sodi um hypochlorite
for bleaching with chlorine dioxide

for extraction, again, wth sodi um hydroxi de and
for final bleaching using chlorine dioxide

O m o I &8 O

Oxygen bl eaching is applied in connection with a
maj or part of the production of Swedish bl eached
kraft. In this case an oxygen rector precedes the

sequence CEDED.



353

In both sequences the first chlorine step is
fortified by a mnor addition of chlorine dioxide,
normally less than 20 %, in order to protect the
cellulose from chem cal attack and to maintain good
pul p characteristics.

ENVI RONMENTAL PROTECTI ON

Swedi sh pul p and paper industry has sponsored
research and devel oprment programes for inproved
environnmental protection since Wrld War 11. In
the early days renoval of suspended solids and
fibres fromthe effluent was the prine object.

Later on nmethods were found to avoid pollution by
di ssol ved organic matter that caused oxygen

depl eti on of the receiving waters. For a long tine
the bleach plant effluent was disregarded as fairly

har nl ess. It caused discolouration where a cl ean
river was the recipient, and there was not nuch
that could be done about it. However, in the late

sixties concerted action started in Sweden foll owed
by the SSVL environnmental care project 1970-1973,
where various bleach sequences were studied from an
environnental point of viewin order to find the
best ones. As a result the total discharge of
organic matter from the bleach plants has decreased

(Fig. 2).
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Fig. 2. Disharges of organic matter.

This conparison of the old, conventional sequence
to a new one with oxygen bl eaching shows what has
been achieved since the early 1970's. The tota
di ssol ved organic matter as COD has for instance
shrunk from just under 120 kg/t pulp to just over

80 kg/t pulp. In spite of all inprovenents the
bl each sequence, however, still accounts for a
maj or part of the effluent (the top unfilled part
of the colums). The bleach plant accounts for

between 65 and 70 % of the BOD, and COD in the
total effluent fromthe pulp mlls.

The present attention to the environnmental problens
of the bleach plants is, however, not caused by
organic natter as BOD or COD. It is the fairly
recent know edge that chlorinated organic natter

m ght contai n dangerous substances. That has
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caused intense investigations in order to find a
rationale for the evaluation of the environnental

i mpact of various bl eaching sequences and effl uent
treatment nmethods. In many countries, however,
there is a feeling that the urgency is not too
great. Bl eached pul p production has been going on
on a large scale for nore than 50 years and - in
spite of intensive biological studies of sone of
the recipients - there has been very little cause
for suspicions of other effects of the bleach plant
effluents than those related to col our.

The chlorinated organic conpounds are forned by
chem cal reactions between the bleaching agent and
the pulp including the residual lignin. There are
also simlar reactions with dissolved organic
matter in the part of the cooking |iquor (black
[iquor) that is not washed away from the pul p and
consequently follows the pulp into the bleach

pl ant.

O the total quantity of chlorine, that is added in
the bleach plant, sonmewhat less than 10 %is found
in the effluent as chlorinated organic matter,

anal ysed as total organically bound chlorine, Toc1
(1, 2). Only a mnor part of the chlorinated
organic matter has so far been identified with
respect to chem cal conposition and structure.

The diagram Fig. 3, is a useful tool when
specul ati ng over possible environmental effects.
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TIME

BOD
Acute toxicity

Bioconcentration of

DESTANCE

chemical substances

Fig. 3. Diagramfor specul ating over possible
environnental effects.

W already know that oxygen depletion and acute
toxicity from bleach plant effluents can be avoi ded
by many nethods. On the other hand carcinogenicity
and nmutagenicity, that suppposedly can occur regard-
| ess of concentration and thus at |ong di stances
from the point of discharge, are properties that are
difficult to detect in a natural eco-system There
are of course a nunber of |aboratory tests, but very
little is known about the correlation between the
results of these tests, that are carried out at
conparatively high concentrations, and the effects
at concentrations far below the sensitivity of the
best anal yti cal nethods.
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5. MODI FI ED PROCESSES

There has been an anbition to nodify the bl eaching
process in order to dimnish the environnental im
pact as determ ned by various nethods to character-
ize the effluent.

Starting with a six-stage sequence CEHDED, we can
wash the unbl eached pulp better so that |ess dis-

sol ved organi ¢ substances enter the bleach plant
(Fig. 4a), and delignify the fibres nore efficiently
during the cook by better control, less variation in
t he cooking conditions and by nodifying the cooking
process (Fig. 4B).

The result is less organic matter and al so | ess
chlorinated organic matter in the effluent.

The Kappa nunber for normal pulp is 32-35.
Presently we believe that it can be |owered to about
25 by a nodified cooking process.

In order to delignify even nore, you have to add
oxygen bl eaching and subsequent washing (Fig. 4c).
The result is a Kappa nunber in the order of 18-20.

o SCREENI NG 0 0 0) ) | C]
o s

pulp

Fi g. 4A Washi ng of unbl eached pul p.
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Better washing @ @ G ﬁ @
and prelonged oA 25-27  [co
cooking

Fig. 4B Modified cooking process of unbleached pulp.

- QM&HGHGH@HGHG
bl e_r;ch ing 20

Fig. 4C Oxygen bleaching and subsequent washing of
unbleached pulp.

High amount /T 32- @ G @ D @
chlorine dioxide 18 Joc El H

Fig. 4D Washing of unbleached pulp with chlorine
dioxide.

The further improvement can be achieved by subti-
tuting some of the chlorine by chlorine dioxide
(Fig. 4D). The result is less chlorinated organic
compounds. High amounts of chlorine dioxide in the
first chlorine stage is not used commercially, but
mill trials have been done.

EXTERNAL TREATMENT OF THE BLEACH PLANT EFFLUENT

There are a number of external treatment methods
that will clean the effluent by removing various
components or rendering them biologically less

active.
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Bi ol ogi cal
- aerated |agoon
- activated sludge

- Enso-Fenox

Utrafiltration
- Utrasep (EKA) E-stage

| on exchange
- Billerud-Uddeholm total bleach plant effluent

By biological treatnent the acute toxicity to fish
is lowered and sonetinmes di sappears. Aerated

| agoons are common for this purpose all over the
wor | d.

Activated sludge treatnment is an alternative, where
for instance the necessary space for a lagoon is
unobt ai nabl e, for high efficiency BOD renoval

Enso-Fenox devel oped by the Enso-Gutzeit Conpany in
Finland is a new conbi ned anaerobi c- aerobi c met hod.
It is claimed that a certain dechlorination of
organi ¢ conpounds is achieved.

Utrafiltration of the E-stage effluent according

to the EKA Conpany in Sweden, and fol |l owed by
evaporation and burning, is undoubtedly applicable.
There is, however, uncertainty with regard to the
cost and availability of nmenbranes and just one

pl ant for bleach plant effluent is in use. The sane
is true of the ion exchange nmethod according to
Uddehol m and t he Enso-Fenox net hod.

EFFLUENT CHARACTERIZATION

How can the environnental effect of the bleach plant
effluent be determ ned? Cbviously the ultimate
rel evant nethod is to study the aquatic eco-system

of the receiving waters in order to find deviations
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fromthe natural eco-system (Fig. 5. This is
however, extrenely conplicated, takes a long tinme
and the results are difficult to correlate to the

desi gn and shape of the mll.

Mill

A

1. Laborator

d 3. Recipient

2. Model ecosystem

Fig. 5. Measurenent of environmental inpact.

So far |aboratory neasurenent, both chem cal and
bi ol ogical, on the effluent as such have been our
basi c tool. For a while we believed that it would
suffice for the necessary eval uations. In order to
confirmthis presunption nodel eco-systenms were
st udi ed.

A fairly conplete eco-systemwth plants and fish
and al gae is kept going on clean water. In order
to study an effluent, it is added to the water
passing through the system at a constant rate so
that a set concentration of the effluent is

mai ntai ned within the eco-system  The biol ogists
make cl ose observations and neasurenents on grow h,

fertility, disease etc.
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So far the results are partly contradictory.

A prelimnary ranking of various bleach plant
sequences and external treatnments has been published
(2) and is often referred to as a guideline for
environnental inprovenents (Table 1).

Table 1. A prelimnary ranking of various bleach
pl ant sequences and external treatnents.

Rel ati ve Al ternative Amount
envi ronnent al sequence D %
ef f ect

Most (CD) EHDED 10
; " + extra wash 10
" " + UF of E 10
" " 15

" 0 (CD EDED 15

" " + extra wash 15
" (cp) EHDED + aerated | agoon 10

" " + ion exchange 10
" (DC) EDED 85
“ 0 (CD) EDED + aerated lagoon 15
Least 0 (DC) EDED 85

The ranki ng was based on the foll ow ng paraneters:

* Chem cal characterization
- BOD, COD, col our
- TOCl, oOCl 1000
- Cl03, CHCl,
- chlorinated phenols, -guaiacholes

* Biological characterization
- al gae

acute toxicity on fish

- reproduction tests on fish

- behavi our changes

subl et hal effects

genotoxicity

Al of themare determned in the |aboratory.

24 408500z264J-12
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Prelimnary observations of the nodel ecosystem
have, however, caused serious doubts as to the
validity of the present nethods and it will take
time before we can find a correlation between for
i nstance various bl each plant sequences and the
ecol ogi cal effects.

A further warning came when the new pulp mll at
Modnsterds had been in operation for a couple of
years. It was built in accordance with al

know edge derived from studies of the classica
paraneters. An old mll with a conventiona

sequence had been in operation since the 1950's

W t hout any obvious effects. After the start of the
new mll, however, it was found that the rock algae
in an area of several square-kilonmeters had

di sappear ed.

Recently the environnmental departnent of the |oca
government published a scientific report fromthe
university in Kalmar (Hogskolan i Kal mar, Institu-
tionen for Naturvetenskap ned teknik, contribution
1983:5) describing the situation and sunmng up the
results in four questions:

1. Does oxygen bleaching create nodified |ignin
compounds? |f so, do they interfere with the
rock al gae (Fucus vesiculosus)?

2. Can a tenporary lowering of the pH-value cause
i ncreased absorption of chlorinated organic
matter by the rock al gae?

3. Brown algae naturally contain various phenols.
Can an exchange take place between these and the
chl ori nated phenols that now are present in the
recipient?

4. |Is the concentration of chlorate in the
recei ving water occasionally high enough to
interfere with the photosynthesis of the al gae?
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CONCLUSIONS

The present knowledge of the correlation between the
environmental impact and bleaching technology is
obviously inadequate.

The previous theory, that one could evaluate bio-
logical effects from results of the present test
methods, was too optimistic.

In order to further environmental iImprovements
regarding pulp bleaching, more research is needed
on the correlation between technology and ecological
effects. Competing projects in several countries
might be the best way to mobilize more research
capacity and speed up progress in this important
field.
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ANAERCBI C + AEROBI C TREATMENT OF WASTEWATER AND
SLUDGES FROM THE PULP AND PAPER | NDUSTRY - AN
EFFI CI ENT WAY TO PROTECT THE RECI PI ENTS AND TO
RECOVER ENERGY

Jonas Norr nman
Swedi sh Envi ronnental Research Institute
Sweden

| NTRODUCTI ON

The pulp and paper industry is very inportant for

t he Swedi sh econony and in spite of strict environ-
nmental protection laws this industry is still a
maj or source of pollution. However the situation
has i nproved considerably since 1950 (Fig. 1).

BODT4MSCHARGE PROOUCT IONOFPULPANO
1000 TONS/YEAR PAPER 100 TONS / YEAR
J §
80dt PROOUC-120
i TION
600L AP
wool BOD.-DISCHARGE \ 110
o SULPAITE =7 J 5
______ ITE —~SuLpHaT
> I i L : 10
@900 _---1920 1940 1960 1980

YEAR

Fig. 1. BOD,-discharge to recipients from pulp
and paper industry in Sweden during the
period 1900-1978.  Sul phite = BOD from
sul phite pulp mlls: sulphate = BOD,
from sul phate pulp mlls

Al t hough the production of pulp and paper has in-
creased approx. three-fold, the discharge of BOD,
has decreased to about 1/3 of the peak value in

1965. This dramatic change has been achieved by a
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conbi nation of internal neasures, e.g. closing of
processes (recycling of water) and external nea-
sures, e.g. wastewater treatment. Some measures

i ke decrease of fiber |osses have proved profitable
to the conpanies, but wastewater treatnment on the
other hand puts an extra burden on industries al-
ready struggling to survive in a conpetitive world
mar ket . In other countries the environnmental pro-
tection laws are often nore lenient or not fully

enf or ced.

Today many Swedi sh pul p and paper industries use
settling basins and aerated |agoons or activated
sludge units for wastewater purification. These
aerobic treatment systens are reasonably efficient
for degradation of both BoD, and toxic conpounds

in the wastewater. However, they are rarely able

to operate at the design capacity and they require a
| arge amount of energy for aeration of the waste-

wat er . I ncreasing energy prices and the general
concern about reclanation of wastes and wastewaters
have made the industry interested in alternative
techni ques. A new wastewater treatment system nust,
however, offer inproved treatnment efficiency at a

| ower cost than present day technol ogy. By a change
from resource- destroying aerobic to resource -
conservi ng anaerobic wastewater treatnent this can
be achieved. A conbination of energy-efficient

wast ewat er purification and energy recovery (nethane
production) is possible. Anaerobic treatnment should
al ways be conpl enented by an aerobic polishing step.

At a pulp and paper industry with external waste-
wat er treatnent many kinds of sludges are produced,
e.g. fiber sludge, biological sludge and chem cal
sl udge. By anaerobic treatnent of these sludges
many advantages can be achieved, e.g. volunme reduc-
tion, stabilization, energy recovery and inproved
dewaterability.
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PROCESS CHARACTERI STI CS

Anaer obic + aerobic treatnment is a two-stage bio-

| ogical purification process, that can be expl ai ned
in the followi ng schematic way (Fig. 2). 1In the
anaerobi c treatnent stage organic material is con-
verted to biogas by a |arge nunber of co-operating
M Ccr oor gani sns. Besi des bi ogas new m croorgani sns
are formed. The remaining Bop, is treated in an
aerobi ¢ stage and converted to carbon dioxi de and
new mcroorganisms (sludge). The snall amount of
BOD, remmining after two-stage biological treat-
ment is discharged to the recipient.

BIOGAS (CH,+C0, )

ANAEROBIC
STAGE 70 %
WASTE AEROBIC co
WATER | BOD; /20 o, STAGE
OR | 100% 2% ~10%
SLUDGE 30 % = TREATED
WASTE -
WATER

10 %~ EXCESS
SLUDGE

5%

RECYCLING OF BIOSLUDGE

Fig. 2. Anaerobic + aerobic degradation of biode-
gradabl e organic matter in wastewaters from
pul p and paper industries.

In Table 1 a conparison between aerobic and
anaerobic treatnment nethods is nade to illustrate
t he advantages of a conversion from aerobic to
anaer obi ¢ wastewater treatnent.
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Table 1. Conparison between aerobic and anaerobic
wast ewat er treatment systens.
Advant age (+) and di sadvantage (-).
(nodified from Frostell & Norrman 1976 (4).

Factor Treatment method

Aerobic Anaerobic
Blorotor Activated Contact Filter
sludge process process

Efficient treatment

ot concentrated

wastewaters

(»10 xg cob/m?) + +

Efficient treatmant
of diluted valsavnt-r-
(>0.2 xg cop/m?)

Energy-efficient
pProcess . + +

Low sludge
production + +

The end product
methane {s an
anerqgy source + +

Aeration with
compressed air
nat necessary + - +

Low nutrient
demand + +

Short treatment
time + + -

Small reactor
volume + + -

Heating of the
reactor not
necessary +* + -

Can tolerate
temperature changes + + - -

Can tolerate fast
changee in volume-
tric load + + -

Can tolerate

changes In

substrate

composition + + -

“Low" capital
costs + +

Low operating
costs + - + +

Can tolerate
high salt
concentrations . + -

Can tolerate
toxic compounds + - - +

Fast atart-up + * =
The sludge can

be stored from
year to year + +

The maj or advantages are saved aeration costs,
energy production (nmethane), |ow sludge production
and a | ow demand for added nutrients.

Di sadvantages are the long start-up period and the
hi gh and even process tenperature (approx. 30°C)

necessary. Moreover, we have still limted
experience of full-scale anaerobic treatnment of

wastewaters from pul p and paper industry.
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APPLI CATI ON OF ANAEROBI C + AEROBI C TREATMENT IN THE
PULP AND PAPER | NDUSTRY

According to Webb 1983 (10) to foll ow ng waste-
waters can be considered for anaerobic treatnent:

- Mechani cal pulp/fiberboard wastewaters
- Sul phite pul ping wastewaters

- Kraft pul ping wastewaters

- Pul pi ng condensat es

- Non-wood pul p and paper mll wastewaters
- Paper/board m Il wastewaters
- MIIl sludges

Many of these wastewaters have been successfully
treated in | aboratory or pilot experinents (10).

So far there are only a few exanples of full-scale
anaerobic treatnent. In the US. a mll producing
corrugating nmedium fromrecycled fibers was con-
verted from two-stage aerobic to conbi ned anaerobic
+ aerobic wastewater treatnent (6, 7). In the
anaerobi c pond a BODg renoval of approx. 80 % was
achieved and the total BODg-reduction after
anaerobic + aerobic treatnent anmounts to approx. 98
8. The sludge production was reduced 80-90 % com
pared to the previous two-stage aerobic treatnent.
The total cost of the anaerobic + aerobic treatnent
was approx. 10 % of the previous cost for purely

aerobic treatnent. Savings were possible concern-
ing energy for aeration, addition of nutrients and
sl udge- handl i ng. Moreover, the capacity of the

treatment plant was increased.

Anot her application that m ght be of particular
interest at this nmeeting is anaerobic + aerobic
treatnment of Kraft bleaching effluent (8). Bleach-
ing effluent contains many toxic conmponents, sone
originating fromthe wod, e.g. resin acids and
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others originating from the bleaching process, e.g.
chlorinated lignin degradation products. This
wastewater is especially difficult to treat
biologically.

In the anaerobic stage chlorinated compounds are
dechlorinated and in the aerobic stage conversion
to carbon dioxide and new cells takes place. The
BODg-reduction amounted to 52 % on average and

the toxicity was considerably reduced. Comparative
tests showed that anaerobic treatment at short
retention times degraded chlorophenolic compounds
in Kraft mill wastewater more efficiently than
activated sludge treatment or treatment In an
aerated lagoon (8).

Large scale anaerobic treatment plants for pulp and
paper effluents are presently being built in the
Netherlands, Spain and Sweden.

TREATMENT OF SLUDGES

The classical application of anaerobic treatment is
digestion of sludges at municipal wastewater treat-
ment plants. In a similar way sludges from pulp
and paper industries have been anaerobically
treated. Biosludge and fiber sludge are suitable
for anaerobic digestion, but chemical sludge might
upset the digestion process unless it Is mixed with
the other types of sludges in suitable proportions.

Many Swedish recipients contain large amounts of
fiber sediments contaminated with mercury. From an
environmental point of view it is very appealing to
dredge up mercury-containing Ffiber from the
recipient, treat it in an anaerobic digester and
deposit the treated fiber on land after dewatering.
Most of the mercury in bound to the treated fiber.
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The met hane produced can be used at a nearby
industry or for production of electricity. In this
way the recipient can be purified fromnercury, the
fiber renoved and a consi derabl e anmount of energy
recovered. A project of this kind is going on at

t he Swedi sh Environnental Research Institute.

PROCESS PERFORMANCE

A brief summary is presented in Table 2. More ex-
tensive data have been conpiled by Wbb 1983 (10).

Dependi ng on the character of the wastewater

| oadi ngs of 1-16 kg cop/m3 d have been success-
fully applied to the anaerobic stage. The cop-
reductions vary between 40 to 80 % and BODg-
reductions of 60 to 80 % have been obtai ned.

Met hane yiel ds between 0.11 and 0.33 m3/kg
CODg 4 Were observed.

No data have been included for conbined anaerobic +
aerobic treatment. The conbined treatnment wll
consistently achieve an efficient BOD,-reduction

of approx. 90 %  The conbined systemis very

stabl e. If the anaerobic stage is tenporarily
overl oaded and the treatnment efficiency decreases,
the aerobic stage will conpensate for the |oss of
activity in the anaerobic stage and produce an
effluent of high quality.

ECONOWY

Cost anal yses made by Webb 1983 (10) i ndi cate that
the capital costs for aerobic and anaerobic +
aerobic treatment are simlar. The operating costs
for aerobic treatnent are approx. 1/10 of the
capital costs (10). On the other hand anaerobic +
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aerobic treatment will give a surplus. The val ue of
t he net hane produced exceeds the operating costs.

Cal cul ati ons nade by Takeshita et al., 1981 (9) and
others indicate that the energy value of the nethane
produced amounts to 5-10 % of the total energy denand
at a pulp and paper mll.

CONCLUSI ONS

Wastewaters from the pul p and paper industry are
becom ng warner and nore concentrated because of

i ncreased recycling of process water. This favours
conbi ned anaerobi c + aerobic wastewater treatnent,
whi ch can consistently give efficient purification
(approx. 90 % BOD;-reduction). Simultaneously,
energy is recovered and costs for added nutrients
and sl udge-handling are reduced in conparison to
aerobic treatnent.

Capital costs are high for anaerobic + aerobic
treatment (as for aerobic treatnent), but the
operating costs are |lower than the positive value
of the methane produced.

Anaerobic + aerobic treatnent can detoxify waste-
waters from pul p and paper industries efficiently.
The conbined treatnment is probably nore efficient
for degradation of toxic conpounds than either

nmet hod separately.
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Performance of anaerobic reactors treating

wastes and wastewaters fromthe pul p and

paper industry.
wWaste or Concentration Reactar Temmp Volumetric Efficiency Methane Refer -
wastewater kg/m Type Size X loadj % removal production

xg/m” 4

Recycled fiber
wastewater 2.4-3 BAODg Lagoon Full 48 0.56 BODg 84 BCDg {6, 7)
Fiberboard , 2 BOD, 3
wastewater 24 QoD Contact  Pilot 35-37 2 Cop oD 0.11 m®/kg CODgqoy (4)
Kraft evapor at or
condensate 0.42 ©OD Fl ui d bed Lab. 22 13 ©OD 80 COD 0.19 m3/kg CODgeq (5)
Sul phite evaporator 1.05 COD
condensate 0.48 BODg  Filter  Lab. 35 16 cop 80 COD 0.33 m3/kg CODggq (1)
Fiber sl udge 12.7 oo Contact  Pilot 36 1.7 CoD 70 Cob 0.28 m3/kg wjdegr. (2)

Anaer obi ¢ treat nent of

has mainly three advantages:
amounts of nethane are produced (b) the sludge is
stabilized and the volunme reduced and (c) mercury-

contining fi ber
reci pi ent.

A nore genera

sludges and fiber sedinents

(a) considerable

sediments are renoved fromthe

application of conmbi ned anaerobic +

aerobic treatnent of wastes and wastewaters from
the pul p and paper industry would no doubt

t he envi ronnent al
Mor eover,
ecol ogi cal poi nt
waste materia

of view

i nprove
conditions in the recipients.
the technique is appealing from an

The energy in organic
is efficiently recovered and the

maj or end products nethane and carbon di oxi de are

st abl e.



373

SUMVARY

Most pul p and paper industries in Sweden are

equi pped with efficient external wastewater treat-
ment plants, e.g. aerated |agoons. However, recla-
mati on of wastes and wastewaters and conservation of
energy are becoming increasingly inportant in
Sweden. One step in that direction is a change from
resource-destroying aerobic to resource-concerving
anaerobi c wastewater treatnment. By anaerobic treat-
ment, a conbination of energy-efficient water puri-
fication and energy recovery (methane production)
can be achieved.

Anaer obi ¢ pretreatnent followed by an aerobic
polishing step will give a versatile and stable
treatment system  Laboratory and pilot scale
studi es have shown that if the anaerobic stage is
tenporarily overloaded, the aerobic stage wll
normal ly be able to cope with the tenporary excess
| oad and thereby ensure that the conbined treatnent
result is consistently good.

Sonme data suggest that toxic material in the waste-
water is nore efficiently degraded by conbined
anaerobic + aerobic treatnment than by either method
separately.

Estimates indicate that 5-10 % of the total energy
demand at a pulp and paper m |l could be supplied
by utilizing methane formed by anaerobic wastewater
treat ment.

Excess sludge from aerobic wastewater treatnent
plants, and fiber dredged from recipients can be
anaerobical ly digested to nethane. Three advantages
are achieved: (a) the sludge is stabilized, (b)
consi derabl e amounts of nethane are produced and (c)
nmercury-containing fiber sedinents are renoved from

the recipient.
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The first full-scale plant in Sweden for anaerobic
+ aerobic treatnment of wastewater froma pul p and
paper industry will be on line in 1984.
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MODERN WATER POLLUTI ON CONTROL TECHNOLOGY OF SQVE
| NDUSTRI AL BRANCHES | N FI NLAND

Esa Tomm | a
Conf ederation of Finnish |Industries
Fi nl and

| NTRODUCTI ON

It is typical for the water pollution control in
the process industries that both internal and
external control technol ogi es are used. Thi s paper
consists of brief presentations of the recently
applied water pollution control technologies in the
Fi nni sh i norgani c chem cal industries and non-
ferrous netals industries.

The internal control neasures can mainly be grouped
as follows:

m ni m zation of the use of water

keeping different water flows separated until
treated

maxi m zati on of water reuse

utilization of the harnful substances where
f easi bl e.

Wien these concepts are actively applied, only few
external control neasures are needed.

FERTI LI ZER | NDUSTRI ES

I norganic chemcals and fertilizers are produced in
Finland by Kemira Oy in five |ocations. G eat enp-
hasis has been given to the elimnation of nutrient-
containing effluents. The new plants have advanced

further, quite naturally, than the old ones.
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Many waste gases contain nutriens in dust which nust
be separated to avoid air pollution. Several wet
scrubbers have been replaced by dry gas cleaning
wth bag filters. Separated dust is returned to the
processes.

The reactor gases of nodern conpound fertilizer
production, for instance, are scrubbed by floating
bed scrubbers in two stages. Thw washing sol ution
is led through the scrubbing stages in counter-
current and then punped to the gas scrubbing of the
product spherodi zers.

Several processes are connected to a water

recircul ation system having only a small overfl ow
to avoid exessive salt enrichnment. The overflow is
used in the granul ation process, where all water is
evaporated. The intake water originates fromthe
sealing of punps, steam condensates and washi ng of
the equipnent, as well as fromthe rain water
collected fromthe plant area.

By these neans nearly all traditional effluents have
been elimnated. Only pure cooling water and sone
very dilute effluents fromthe process area are

left. As a result, the total phosphorus load in the
effluents of Finnish fertilizer plants was 44 kg/d
in 1982, whereas in 1971 it had been 1147 kg/d.

One obvi ous phosphorus problem exists. The waste
gypsum storage pile of one of the factories is

| ocated on the sea shore. Rain water |eaches sone
phosphorus fromthe pile. To nmanage the problem

a deep di ke has been dug around the pile and

equi pped with punps that keep the water |evel bel ow
the sea. A part of the punped water is used in the
process, and the residual is treated with I[inme and a
centrifuge to separate the phosphates.

26 4745002584912
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Pl GVENTS PRODUCTI ON

In Finland titanium di oxide is produced only from
ilmenite with the sul phuric acid nethod. Ferrous
sul phate is chrystallized from hot acidic waste
liquor, centrifuged and stored on land. A signifi-
cant iron and acid load is still left in the

ef fl uent.

To dimnish the effluent |oad, an evaporation unit
is being built for the strong waste acid. The
netals will be chrystallized and the concentrated
acid mainly reused in the process. By these neans
the iron content of the effluent will decrease by
30 %in 1985. Unfortunately, the main part of the
iron is contained in weak acidic solution, the
treatnent of which is not feasible.

NON- FERROUS METALS PRODUCTI ON

Zinc and cobalt are the main products of Qutokunpu
Oy' s Kokkola Wirks. The zinc process conprises the
follow ng steps:

~ roasting of zinc concentrates
~ leaching of roasted calcines
~ solution purification

~ zinc electrow nning

- nelting, casting and alloying

The raw materials contain several elenents which
coul d cause environnmental problens if discharged
from the process. The roaster waste gas contains
relatively nuch so, and also mercury, which is
extracted as a by-product from the process, designed
by Qutokumpu Oy, before the gas is led to a sulfuric
acid plant. The residue obtained from nmercury
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producti on contains about 10 % selenium which is
extracted and converted to netallic seleniumin a
uni que process.

In the zinc process, aqueous solutions are used in
extraction, solution purification and el ectrow nning
stages. Al solutions are treated within the pro-
cess stages so that the recycling systemis conplete-
l'y closed. No process effluents are discharged.
There is a separate recirculation for cooling waters,
and a small overflow fromit is led to the sea.

In one stage of the solution purification, cadm um
is precipitated and transferred to the cadm um
process, also devel oped by Qutokunpu Oy. Even this
hydronet al | urgi cal process does produce any
effluents, thanks to advanced desi gn.

In the zinc plant and its by-product plants, the
only sources of small amounts of pollutants to the
waters are

- | eakages in the processes

- operating disturbances, overflows, equipnent
failures

- unavoi dabl e flushing of small anounts of raw
materials and precipitates into the drainage
system

In 1982, the total effluent |oad of cadm um was 130
kg/a and of mercury 0.7 kg/a, corresponding to
concentrations of 3 mg/1 and 0.02 ug/1,
respectively.

The cobalt process consists of pyronetallurgical and
hydronetal | urgi cal phases. The introduction of
PROSCON- process control system devel oped by outo-
kunpu Oy, has inpressively decreased the effluent

| oad by elimnating operating failures and by

optim zing the process.
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Many water fractions are recirculated and others
treated separately before discharging them. The pump
sealing water flows are controlled very accurately.

By these means the effluent flow from the cobalt
plant has been limited remarkably, and within the
next two years the flow will be only 25 % of that in
1980. This will be the result in spite of collecting
the rain water from the plant area and leading it to

the process.
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SOVE ASPECTS OF THE ANTHRCOPOGENI C POLLUTI ON | MPACT
ON Bl OPRODUCTI VI TY OF THE BALTI C SEA

WVl adi sl av | patov and Aivars Yurkovsky
Baltic Fishery Research Institute
Uni on of Soviet Socialist Republics

At present a conplex ecological situation is arising
in the Baltic Sea region. On one hand, this is a
result of a highly devel oped industry, devel oped
agriculture, and intensive transportation in the
Baltic countries. On the other hand, in the second
hal f of the 1970's the stocks of commercial fishes
have apparently reached the |limt of the renovals
(about 1 mll. tons). Besides, it should be taken
into account that the state of the valuable fish
stocks (sprat, salnon, sea trout, eel, river |anprey)
is unfavourable now. An intensification of the
exploitation of water reservoirs, industrial use of
rivers mainly, and an increasing pollution of the
Baltic Sea basin are sone of the possible causes of
the situation arisen. In particular, the stocks of
agar - produci ng al gae have been significantly reduced,
the production conditions for herring have becone
worse, and the area for natural reproduction of
valuable mgrating fishes has grew narrow throughout
the sea. A costant excess of naxi mum perm ssible
concentration (MPC) of oil-products and phenols in
the sea water, the presence of the surface-active
agents, a nunber of other ksenobiotics and heavy
metals, availability of these substances and their
netabolites in the tissues of hydrobionts also
testify to a stable pollution of the Baltic Sea
wat er s.

An objective analysis of the tendencies in the
changes of chem cal and biol ogical characteristics

of the sea with a corresponding differentiation of
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the changes into natural and anthropogenic ones is

of a high difficulty. But, there is no other way
for the investigation of the problem Al these
bei ng taken into account, scientific and fisheries
organi zations of the Soviet Union have |laid down a
programe, and on the basis of conplex investigations
are carrying on concrete nmeasures in the fisheries
rationalization (introduction of limts for fish
catches by fishery zones, transition to seasonal
fishery regulations and so on), in strengthening the
protection of the coastal zone of the sea from

pol luti on and negative inpacts of other factors
affecting the reproduction of living resources as
well as in the restoration and increase of

bi oproductivity of the sea.

The conponents entering the Baltic Sea environnent,
as a result of man's activity, conventionally may

be devided into two groups: nutrients and

ksenobi oti cs. A noderate input of nutrients governs
the increase in bioproductivity of the eco-system
But, having reached a definite level, their further
intruduction may |lead to the succession of
comunities with all consequences ensuing. Thus, an
i ncrease in phosphorus and nitrogen contents in the
surface reproductive |ayer of the Baltic Sea was
recorded within the |last 20 years. The | ong-term
phosphorus increase in the productive |ayer is con-
trolled by a sufficiently conplicated conpl ex of
regi me influences and as a whole nmay be characterized
by the superposition of the short-termeffects on the
non-linear, presumably parabolic trend. The

bi ogeochem cal cycle of nitrogen in the sea is nore
conplex, since it involves the exchange with gaseous
phase through nitrogen fixation and denitrification.
The content of salt nitrogen in halocline, for which
the tendency towards a stedy increase in subphotic
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sea zones was defined up to the late 1970°s, seems to
be the most significant in the assessment of the
long-term tendency in the supply of trophogenic layer
with salt nitrogen.

The increased food availability of photosynthesizing
organisms affected the state of successive parts of
the trophogenic chain. A significant influence of
the 1increase in nutrient concentrations on the
increment in zooplankton abundance and biomass within
the periods of its maximum development is confirmed
by the presence of direct and reliable ties between
them. As a whole, the abundance of crustacean
zooplankton in different seasons of the 1970°s
increased by 1.5 as compared to that of the 1960°s.
At such a rate the iIncrease in biomass occured too.
Zooplankton productivity grew due to the 1iIncrease
in the abundance of the species inhabiting the upper
100 m layer. Deeper the amount of salt-loving
zooplankton decreased. Besides, different levels
in the abundance increase of separate species caused
not only the changes in zooplankton trophical
structures (the significance of phytophages
increased), but also brought about the decrease of
the differences iIn food density of separate water
layers.

The 1increment in zooplankton amount brought about
a change in the growth rates of planktivorous
species: in the last decade the body mass of the
spring-spawning herring iIn the younger age groups
increased, as compared to that of the 1960°s:; the
tendencies towards a decrease iIn the growth rates
within the long-term /stagnation periods, and an
increase during the water renewal in the active
intermediate layer being observed.

But further eutrophication of the sea may lead to
negative effects, to which the presence of zones with

oxygen deficit within stagnation periods, natural for
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this highly stratified water reservoir, testifies.
Thi s phenonmenon results in periodical changes in the
size of spawni ng grounds of cod, adoptation of which
to the Baltic Sea conditions is connected with the
acclimatization in the high salinity zones. At
present, a negative inpact of anthropogenic
constituent of eutrophication is the nost obvious

in the coastal zone. The studies on the bottomflora
of the @ulf of Finland have shown that pollution nay
bring about the succession of species conposition
and even of entire comunities. For exanpl e,

epi phyte El achita fucicola, that inhabits Fucus
vesi cul osus growing in clear water, disappeares even
in a slight water pollution. But its place is taken
by enother epiphyte Pilayella litoralis, biomss of
which is increasing follow ng the pollution. Under
definite conditions Fucus becomes overgrown with the
epi phyte to such an extent that a disturbance in

net abol i sm of the hostplant, and even its death in
sone cases, 1S observed. Simlar changes are noted
in zoopl ankton: the abundance of rotifers highly
tolerant to pollution has increased, and the
abundance of Copepoda has decreased.

Trace el enents have been used for a long tine as
trace fertilizers, food additives, etc. But,

anal ogous works in fisheries, and especially in
marine reservoirs, are still in an initial state.
The information on the trace elenent contents in
comrerci al ichthyofauna of the Baltic Sea is hihgly
odd and discrepant that results in the absence of
traditional ideas on mean concentrations of a numnber
of trace elenments in separate species. The absence
of the information, inits turn, makes difficult to
under stand the biol ogical significance of trace

el ement concentrations in fish organisns and
environment, noted by sone authors. Recent
investigations testify to an increase in the content
of a nunber of netals in the water and bottom of the

Baltic Sea, and in its coastal zone, in particular.
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But, the investigations in the @Qulf of Riga have
shown that nean concentrations of a nunber of heavy
netals were bel ow MPC determ ned for fisheries
reservoirs. Only at separate stations copper and
zink concentrations have reached the values able to
inhibit the phytopl ankton producti on.

Chl ori nated hydrocarbons able to accunulate in the
hi gher parts of the trophic chain are the nost dan-
gerous for commercial fishes of the Baltic Sea. The
anal ysis testify that the content of chlororganic
conmpounds in fish tissues (DDT and its netabolites,

| indane, PCB and others) reach significant values in
sonme cases. For all this, any dependence between
their content in fish tissues and fishing place was
not defined by us. Taking into account the
conception of equilibriumdistribution of Iipophilous
chl ororgani ¢ conpounds between the |ipids of an or-
gani sm and the environnent, one nmay cone to a con-
clusion that the differences in DDT and PCB contents
in the tissues of the fish fromdifferent Baltic
areas, noted by various authors, are controlled by
physi ol ogi cal state of fishes to a great extent and
the intensity of |ipid exchange, in particular.

Real |y, DDT concentration in cod liver, that is the
fat deposit, exceeds significantly that recorded in
herring and sprat nuscles. Besides it grows, as a
rule, following the increase in the intensity of
generative exchange and accunul ation of lipids for
energetic supply of reproduction processes. Since
antitoxic resistance of the organismis exposed to
significant changes in both the course of natura
physi ol ogi cal processes and fluctuations of environ-
ment conditions, the energy expenditure for the

det oxi cation processes in a definite coincidence of
circunstances may serve as a nodifying factor and
affect the intensity of reproduction (the fall in
fish fecundity, the shift in spawning ternms). Since
every toxic elenent influencing the dynam cs system

takes part in the survial of a progeny, and in the
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end, in the well-being of the population, an increase
in DDT and PCB concentrations in fish gonads as far
as they becone mature is of great interest. In this
case concentrations of the substances reach the

val ues when the tendency towards various infringe-
ments in enbryogenesis is observed: the changes in
the terns of separate stages, abnornalities in

devel opment. Al these testify to the fact that
separate conponents of pollution influencing the
historically established links in production cycles
of the Baltic Sea, are the factors sufficient to
change the abundance of commercial fishes. To our
regret we ought to note that material insufficient
conpiled on this problemif we take into account that
there is no information on the fate of the majority
of substances potentially toxic for hydrobionts, that
have entered the Baltic waters. In view of this, an
increase in the frequency of occurance of abnornal
enbryoes in ichthyoplankton and fishes with different
deseases (pseudobranchial tunmours, trophical ul cers,
epi der mal papi | | omas, etc) near the nost polluted sea
areas in recent years cause an al arm

Thus, a stable sea pollution turns to be a specific
factor for the life of the water reservoir, effective
control of which and rational exploitation of its

bi ol ogi cal reseources are inpossible w thout
investigations on the problem  Since sea fishes,

as the basis of the Baltic fish production, the areas
they inhabit and mgration ways are not attributed
to definite areas and national fishing zones, in
particular, co-operative efforts of all the Baltic
countries in the protection of the environnent and
hydrobionts in the Baltic Sea acquire a specia

si gni fi cance.
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CONCENTRATI ONS OF DDT AND PCB I N SEDI MENTS I N THE
FI NNl SH SEA AREAS

Matti Perttild
Institute of Mari ne Research
Fi nl and

The DDT and PCB discharges were prohibited at the
end of the 1960's into the Baltic Sea and a little
later, in 1970, the use of DDI, with a few excep-
tions, was banned. As the main reason for these
restrictions was the fact that the hal ogenated
hydr ocarbons accunul ate strongly in biomaterial,
and cause wel | -known di seases at the top of the
food chain, it has been in the interest of nany
research groups to study how the restrictions have
affected the DDT and PCB concentrations in the
marine environment.

The study of the areal and especially tenpora
changes in the concentrations of nost

organochl orine conpounds is difficult, because
during the tinme that DDT and PCB di scharges have
been banned, also rapid nethodol ogi cal devel opnents
have taken pl ace. Al'so, when nethodol ogi ca
advances are taken, insufficient is always paid on
the thorough relation of the results given by new
nmet hods to those given by earlier methods.

One possible way of obtaining reliable results for
trend eval uati on woul d be provided by specinen
banks. However, there is no such thing yet for the
Baltic Sea are. The Baltic Sea nonitoring pro-
gramme probably yields in a few years data suitable
for trend anal yses, provided that appropriate care
is taken when anal ytical and sanpling nethods

change. However, so far the existing results do not

allow trend anal yses.
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The comparison between old and new results is often
difficult also because of the iInhomogeneity of the
sample material.

IT certain requirements are satisfied, the marine
sediments form a kind of sediment bank, which allows
for taking samples representing different periods

of time. IT the perturbations caused by currents,
changes in hydrochemical conditions, biological
activity etc. to the sedimentation processes can be
considered negligible, the concentrations found in a
certain sediment layer can be assumed to reflect the
concentrations iIn the sea water at the period when
the layer was formed.

The following figure shows the sites from which we
have taken sediment samples for organochlorine
analyses.
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The samples have been taken by a gravity corex. The
sediment core has been cut the slices 1 cm thick

which have been analysed separatedly.

The following figures show the concentrations of DDT
and PCB in sediments a functions of depth from the

sediment surface.
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Fig. 2. DDT with metabolites (XV-1) (ng/g d.w.t.)
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Fig. 3. DDT with metabolites (EB-1) (ng/g d.w.t.)
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Fig. 4. PCB concentrations in sedinents (ng/g d.w.t)

At all sites the concentrations rise fromthe bottom
upwards. At EB1, where the sedinmentation rate is

slow, the DDT concentrations rise steadily towards the
top of the sedinent core. In the Gulf of Finland,
however, the DDT concentrations attain a maxi mum at
the depth of 8-9 cm where after the concentrations
slowy decrease. As the rate of sedinmentation at XV-I
is about 7.4 mma, the DDT maxi mum corresponds to the
period 1972-1973. At Teili in the northern Baltic
Proper the maxi num DDT values are at 3-5 cm
Sedimentation rate is 3.7 mma, and the maxi num val ues
correspond to the years 1970-1975. In the case of the
PCBs, the concentrations increase steadily towards the
sedi nent surface.

According to the concentrations in the sedinents,
the Gulf of Finland has been nuch nore polluted by
t he organochl ori ne conpounds than the Gulf of

Bot hni a. The PCB concentrations in the surface

tmAdrmandt A€ VU_1 warir hotuaan AN and A0 nala.
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concentrations vary between 5 and 15 ng/g. The
total DDT concentrations in the Gulf of Finland are
15-20 ng/g, and in the Gulf of Bothnia 2-4 ng/gq.
Similar area differences have been obtained also 1iIn
biomaterial studies. In Baltic cod, the average PCB
concentrations of liver in 1979-1980 were 5.3 mg/kg
in the eastern Gulf of Finland, 2.3 mg/kg in the
Bothnian Sea, and 1.7 mg/kg in the Bothnian Bay.

Corresponding total-DDT values were 0.8, 0.3 and 0.4
mg/kg (fresh weight).



392

SEWAGE TREATMENT W TH LAGOONS

Gunt her Leymann
At fiir Land und Wasserwi rtschaft
Federal Republic of Gernmany

| NTRODUCTI ON

In the Federal Republic of Germany sewage | agoons
for biological treatnment have been built and used
for approximately 10 years with considerable
success.

At present there are alnost 100 | agoons in oper-
ation, half of which run w thout additiona
aeration.

LAGOONS W THOUT AERATI ON

In unaerated | agoons oxygen is inserted through the
wat er surface and through bi ogenic aeration. Be-
cause of the extended areal demand the application
of these lagoons in the Federal Republic of Gernmany
is limted to an anount of sewage of 1 000 popul a-
tion equivalents. I n Schl esw g- Hol stei n, however,
there is a lagoon with 1 300 popul ati on equival ents.

For small rural comunities unaerated |agoons are
appropriate especially when, in addition to donestic
sewage also liquid manure and silage are occasionally
added.

For the dinension of a lagoon a load of 4 g BODg/
m? d is estimated. This means that per popul ation
equi val ent 15 m* are needed. There are usual ly 3
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ponds in aline. The areal ratio is 3:4:3. The
depth of the first pond is 2 m the other two are
1.2 m deep.

In the effluent of unaerated |agoons values snaller
than 10 mg/1, BODg and 60 mg/1, CCD are obtai ned.

The deconposition results for phosphorus and
nitrogen are better than those obtained by small
bi ol ogi cal treatnent plants.

There are no differences in the efficiency of
sewage treatnent between |agoons with donestic
sewage and those with domestic sewage and storm
wat er .

Furthernore, no differences in the treatment were
observed between sumer and wi nter.

3. AERATED LAGOONS

In the Federal Republic of Germany aerated | agoons
are often built for communities with a conbi ned
storm wat er and sewage system and when there are
food industries or factories with high organic
pol |l uted sewage in the catchnent area of these

| agoons.  Usual ly such ponds are built up to a

| oad-carrying capacity of 10 000 popul ation

equi val ent s. In Schl eswi g-Hol stein we run already
one lagoon with 16 000 equival ents. One advant age
of such lagoons is that they can be conbined with
systens for phosphorus reduction in the same way as
it is done in normal tertiary treatnent. Also wth
this systens we got sonme very good experiences.

26 408500254012
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Fig. 1. General lay out of an aerated |agoon for
16 000 popul ation equival ents in Wankendor f
(Schl eswi g- Hol st ei n)

In such cases the precipitation agent, for exanple
AVR, is added into a special mxing tank. This
tank is situated just before the |ast aeration
step. In this way the effluent total P concentra-
tion is kept below 1 mg/1.

The overall results in the effluent are al nost as
good as those from unaerated | agoons.

The design of the |agoon is based on the follow ng

dat a:
- rate of flow at dry weat her 3 days
- rate of flow of the final
t r eat ment 1 day
- BOD-| oad 30 g BODg/m3
- OC-load 1.5 kg 0,/kg BODg
- energy density 1-2 w/m3

- depth 1.5 m
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If an additional phosphate precipitation is carried
out one has to take care that there are no
unaerated zones within the basin, so that there

w Il be no resolution of phosphate from the sludge.

SUMVARY

Unaer ated and aerated sewage | agoon provide bio-

| ogi cal treatnent for donestic sewage which - with
considerably little effort - allow a high treatnment

ef ficiency.

Further advantages are:

i nexpensi ve construction

limted expenditure for equi prment (machinery)
no demand of energy w th unaerated ponds
little need of maintainance

easy sl udge-di sposal

| arge buffer capacity

facility for treatnment of storm water

The only disadvantage is the considerably high
demand of area of 15 m?/population equi val ent
with unaerated ponds and of 2-2.3 m2/population
equi valent with aerated ponds.
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STATE OF SEWAGE TREATMENT | N SCHLESW G HOLSTEI'N I N
THE FEDERAL REPUBLI C OF GERVANY

Qunt her Leynmann
Amt fiir Land used Wasserw rtschaft
Federal Republic of Gernmany

The state of Schleswi g-Holstein in the North of the
F.R G borders the Baltic Sea and the North Sea.
Therefore sewage fromthis region is discharged
into the Baltic Sea and into the North Sea. Thi s
part of the F.R G conprises about 2.6 mllion

i nhabitants, the major part of which lives in small
towns and communities. There are neither mgjor
conurbations nor big industrial areas. Only in the
southern part of the state one can find sone

chem cal industry which discharges its waste
waters, after treatment in efficient purification
plants, into the El be respectively into the North
Sea.

The sewage of alnost 75 % of the inhabitants of
Schl eswi g-Hol stein is |ed through drainage systens
into efficient purification plants, where it is
treated mechanically and biologically. As to the
requi rements of treatnment efficiency within the
whole F.R G there are one and the sane limting
val ues. Consequently in the zffluent from sewage
treatnent plants the follow ng val ues nust be
adhered to in the purification:

BODg 20 mg/1 (24-hours’ sanpl e)
COoD 100 mg/1 (24-hours’ sanpl e)
Settleable solids 0.3 m/| (random sanple)

Only with extrenely delicate waters higher effluent
quality is demanded. This applies for exanmple to
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the discharge into |akes and channels, resp. into
waters with |limted water exchange. In these cases
the followng limting values are required:

BODy 16 mg/1
caD 60 mg/1
Total P 1.6 mg/l1

In actual usage these values are generally not
reached. However, a certain tolerance nust be
granted as to the operation of the treatnent plant,
so that every variation in the effluent of the
treatnment plant does not lead to an unpermtted

i ncrease of sewage di scharge and consequently to an
illegal act.

Up to now there are no treatnment plants for ammonia
reduction in Schlesw g-Hol stein. However, such
pl ants are bei ng pl anned.

Some of the new treatnment plants are already laid
out on such a large scale that during the summer
nonths a nitrification can be reached to a certain
extent. The general trend of devel opnent ains at a
denitrification with plants of this kind in order
to reduce energy costs.

In that area of Schlesw g-Holstein draining into
the Baltic Sea alnost the total anount of sewage is
transferred to central purification plants, where
it is mechanically and biologically treated. This
was necessary not only to protect the Baltic Sea
but it was also an indispensable requirenent to
permt swimmng along all the beaches. SwWwnmng is
allowed along the Baltic coast of Schleswig-
Hol st ei n.
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In order to reach this aim draining systems have
been extended tremendously during the last ten
years, existing treatment plants have expanded and
a number of new plants have been built. A
comparison of capacity shows that - in terms of
BODg - 5 400 t were discharged into the Baltic in
1973, whereas in 1982 only 1 500 t entered the
Baltic. This means a reduction of almost 70 %. At
the same time, the number of sewage treatment
plants with a treatment efficiency of more than
90 & BODg - decomposition and herewith the total
amount of treated sewage could be iIncreased.

There are 226 sewage treatment plants in the total
catchment area of Schleswig-Holstein draining into
the Baltic. The total amount of waste water
comprises about 78 million m per annum. 98 % of
the waste water is mechanically and biologically
treated. Of this amount almost 10 million m3

(14 8) are additionally chemically treated as to
phosphorus precipitation. Since today there are
biological treatment plants for the Schleswig-
Holstein catchment area draining into the Baltic,
in the future main emphasis will be paid to further
extension of these treatment plants.
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SOVE ACTIVITIES OF THE USSR MERCHANT MARI NE
M N STRY IN THE FI ELD OF POLLUTI ON PREVENTI ON OF
THE BALTI C SEA AREA

VI adi mr Corbaschov

Shi pbui | di ng, Engi neering, Superintendance and
Shi pprepai ring Corporation

Uni on of Soviet Socialist Republics

The prevention of pollution of the marine environ-
ment by oil and other harnful substances has becone
one of the inportant tasks of the Humanity and this
task - to prevent pollution and preserve the marine
environnent - is a common goal of nankind.

The USSR, as a Party to the Convention for the
Protection of the Environment of the Baltic Sea
Area and other marine environment protection
instrunents, has fully recognized the inportance of
of the environnmental issues with respect to the
Baltic Sea - an area w th unique oceanographica
and ecol ogi cal conditions surrounded by major
industrial enterprises.

The USSR Mnistry of Merchant Marine operate nore
than 1 900 transport vessels out of which sonme 420
vessel s belong to four shipping conpanies registered
in the USSR Baltic area. Six major ports in the
Baltic area provide for the cargo turnover of these
vessels as well as of other conpanies including
foreign ones.

Retrofitting of the existing ships, bringing ports
and shiprepair yards into conpliance with the

requi rements of international conventions and
stregthening of the national ability to fight
accidental pollution have proved to be a |large-scale

probl em with numerous peculiarities.
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For the last 10 years since signing of the Final Act
of the Baltic Convention the USSR has been taking

an active part in scientific and technical studies
and all activities of the Hel sinki Conm ssion.

Wth regard to practical achievments in the course
of inplenentation of the national pollution
prevention programe of the USSR Mnistry of
Merchant Marine it is worth nmentioning that at
present a nunber of technical nmeans to conbat oi
pol [ ution incidents has been devel oped. Anong t he
above nentioned new technical nmeans the first that
should be noted is the project of the nultipurpose
environnmental vessel MS "Svetlonor". The ship is a
reconstructed 10 000 deadwei ght ton tanker with the
weir-type intake system which showed under the test
conditions an effectiveness of oil recovery of

72.4 8. Ready for oil spill conbating the ship has
been enployed mainly for its secondary m ssion, that
of cl eaning bunker tanks and handling of waste oil

The task of a regular cleaning harbour area in the
Baltic area is carried out by 16 standard oil and
debris skinmrers which have been designed by the

Bl ack Sea Central Design Bureau. The trials at
OHVBETT test tank (USA) in 1979 have proved its high
recovery efficiency on calmwater (up to 94 %).
Some 100 such skinmmers operating in the USSR
nmerchant marine ports annually collect about

40 000 m3 of floating contam nants. The

subsequent nodel test and engi neering anal yses
reveal ed the possibility of inproving the skimer's
characteristics such as speed, storage capacity and
range of sailing.

A mgjor spill fromthe British tanker "d obe Asim"
gave inpetus to further devel opnment of new neans for
contai nnment and recovery of spilled oil as well as
to organi zation of response operations and training
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of personell. The spill occured adjacent to the
port of Kl ai peda on Novenber 21, 1981 when, as a
result of an accident, some 17 000 tons of fuel oi
were di scharged in cold weather conditions. The oil
m xed with m nor garbage blown by a gale wind down
the Kurchki Canal, thus form ng an asphalt-type sub-
stance which could not be collected by conventiona
nmeans and transferred by punps. The standard oil
and debris skimers however showed reasonabl e per-
formance having collected up to 2 000 tons of pollu-
tants. As the result of cleaning operations nore
than 9 000 tons of 53.5 % spilled oil was recovered
which is considered to be a satisfactory result. A
conslusion Was drawn that there is a need to increase
the stock of means, in particular those needed in
massi ve quantities and the need to inprove training
programres for response teans and port personell

At present all oil ports of the USSR have been

equi pped with shore facilities for the reception of
oily ballast from tankers. In the Baltic area al

dry cargo ports are also equipped with the fixed or
nobi l e reception facilities. Ei ght floating
reception vessels provide for collection of bilge
wat er from ships and subsequent transportation to the
shore reception facilities. A new generation of the
reception vessels will be launched in 1984 which wl|
be equi pped with a fine-cleaning oily-water
separator, allowng treatment of the bilge waters and
their discharge without restrictions. Availability
of the above-listed technical nmeans nmade it possible
to abolish since January 1, 1983 fees for the use of
reception facilities in all the USSR mgjor ports in
the Baltic Sea area (except Tallin) in order to
mnimze probability of the operational pollution in
the coastal waters. In 1985 a first section of the
new devel opnent of port of Tallin Wl becone
operative and this project envisages a comrehensive
solution of all environment protection aspects.
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Al transport vessels of the USSR M nistry of
Merchant Marine, in order to conply with require-
ments of MARPOL 73/78 and the Baltic Convention, are
bei ng equi pped with oily-water separating,

monitoring and control units. This progranme wth
regard to the existing vessels is to be finalized by
Cctober 1986. At the sanme time the USSR Maritine
Adm ni stration believes in principle that "preven-
tion is better than cure" and in this respect nade
appropriate arrangenents to prohibit any discharge
of oil contam nated water from ships which operate
solely within the Baltic Sea area. Under this
scheme oily water is discharged into the shore
reception facilities. To support the schene

"Regul ations on Registration of Qperations with oil
G| Products and O her Substances Harnful to People
and Marine Living Resources to be Carried Qut on
Ships" were nade effective in USSR in 1983.

The organi zations and enterprises of the Mnistry
of Merchant Marine are currently engaged in

devel opi ng a Conprehensive Programe of preventing
sea pollution from shipping for 1985-1990 which
undoubtedly will cover environnmental aspects of the
Baltic Sea area.



403

Al RBORNE LOAD ON THE BALTI C SEA: A PRELI M NARY STUDY

Tuija Ruoho-Airola, Vuokko Karlsson and antti Kul mal a
Finni sh Meteorol ogical Institute
Fi nl and

| NTRODUCTI ON

A marine research expedition was made on the Baltic
Sea during April-May 1983 in a joint Finnish-Soviet
project for co-operation in air pollution research.
The aim of the expedition was to obtain information
on airborne load into the sea as well as to nmeasure
concentrations of gas phase, particulate and

deposi ted conponents far away from source areas.
The joint expedition also presented the opportunity
to conpare the neasurenment nethods used by
different institutes.

Experts fromfive institutes participated in the
expedi tion. These were the Finnish Meteorol ogi ca
Institute, Technical Research Centre of Finland,

the Institute for Applied CGeophysics

Gosgongi dronmet, Mscow, the Institute of Physics,
Vilnius and the Institute of Arctic and Antarctic
Research,, Leningrad. The measurenents were carried
out on board a new research vessel Akadem k

Shul eykin, owned by the Leningrad institute above.

In this paper only the results of the Finnish
institutes are di scussed.
PROGRAMVE

The route of the expedition is shown in Fig. 1. It
covers fairly representatively the northern,

central and southern parts of the Baltic Proper
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Fig. 1. Route of the expedition 10.4.-15.5.1983

The neasurenent programe consisted of daily sanples
of sul phur dioxi de, ammoni a, particulates in two
fractions, benzene, toluene, m and o-xylenes and
wet deposition. Gas phase nercury was mainly
sanpled for 48 hours. \Wekly sanples were collected
for PCB and PAH analysis in gas and particul ate
phase. Some mcrol ayer sanples were also taken for
the same purpose. \Wather was observed every 3
hours. Trajectories for air masses arriving in the
route area were calculted.

METHODS

Sul phur di oxi de was sanpled in acidic hydrogen
peroxi de solution and analysed with the Thorin
method (1). Gas phase nercury was sanpled on gold
pl ated quartz granules and anal ysed by cold aAs (2).
Ammoni a was sanpled with a glass tube with an oxalic
acid cover inside and anal aysed in water solution by

the indophenol blue nmethod (3).
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Particulates were sanpled on two consecutive filters
(Nucl eopore pol ycarbonat 12 pmand M| ipore AAW
0.8 um with the cut of a range of about 2.5 urn.

The sanples were anal ysed by PIXE at the Danish Air
Pollution Laboratory, Risg for 25 elenments between
Al and Pb in the periodic table (4).

Aromati c hydrocarbons (benzene, toluene and xyl enes)
were absorbed on Tenax GC-filled cartridges (5).

PCB and PAH conpounds in particul ate phase were
sanpl ed on glassfibre filter and gas phase on XAD- 2.
Aromatic hydrocarbons were anal ysed by gas

chr onmat ogr aphy. PCB and PAH conpounds will be

anal ysed by gas chromat ography/ nass spectronetry.

Wt deposition was sanpl ed separately for metals and
nutrients. An automatic regul ator opened the
sanpling gauges during rain. The sanpling devices
were nmounted on the highest deck of the vessel. The
netal sanples were preserved with strong perchloric
acid, and all bottles were cooled until analysis.

The deposition sanples obtained were anal ysed for

sul phate, nitrate, amonium |ead and cadm um  The
nmet hods used were Thorin, Cd reduction, indophenol

bl ue and aas (1), respectively.

In order to avoid contam nation of the sanples by
the vessel itself an automatic control device

st opped the punps and covered the deposition sanples
wth a lid when the wind blew fromthe direction of
the stack. The wind direction cut-off angle was
180°.

MEASURED VALUES

GASEQUS COVPQUNDS

SO, concentration values are given in Fig. 2. The
circles are drawn taking into consideration the
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sanpling time along the route. The concentrations
vary between 1 and 11 ;um/m3, the three highest

val ues were neasured near the southern coast of the
Bal tic Sea. I nteresting enough, concentrations
approaching 1 am/m3 were found in the same area.

Fig. 2. so, concentration on the Baltic Sea Area
Aprfi | - May 1983.

Fig. 3. Concentration on Hg on the Baltic Sea Area
April-May 1983.
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Concentrations of gas phase nercury did not vary
greatly in different parts of the route (Fig. 3).
Most of the results are two day mean val ues, ranging
from0.5 to 3 ng/m3. Concentrations along the

route are nore honobgenous than for the other

el ements. The reason for this is not yet known.

One answer mght be that the sea itself plays an
inmportant role in the global circulation of mercury,
sonetines acting as a source and sonetines as a
reci pi ent.

The sanpling of gas phase ammoni a posed sone
problens. \Wen the relative humdity was high, the
absorption surface was partly diluted and sanpling
efficiency decreased. The nethod will be inproved
in the near future. No results for ammonia are
avail able fromthis expedition

PARTI CULATES

The concentration of sul phur in particles is shown
in Fig. A4. In fine particles (<2.5 uam) it varies
between 1 and 3 aug s/m3, and in coarse particles
(>2.5 am) between 0 and 1 aug s/m3. The hi ghest

val ues were obtained near Gotland and in the
southern part of the Baltic.
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Fig. 4. Concentration of sulphur in particles on
the Baltic Sea Area April-May 1983; fine

fraction.

0510 2.5 pead

Fig. YA. Concentration of sulphur in particles on
the Baltic Sea Area April-May 1983;
coarse fraction.

The range of lead concentration was wide 3-60
ng/m3 in fine particles and 1-20 ng/m3 in coarse
particles (Fig. 5). A major source is gasoline
combustion, which contributes to 60 % of the total
(6). Concentrations near the coast also seem to
display higher values than in the open sea. The
values recorded showed some iInconsistency.
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Fig. 5. Concentration of Pb in particles on the
Baltic Sea Area April-May 1983; fine
fraction.

2 10 S0 narn’

Fig. 5A. Concentration of Pb in particles on the
Baltic Sea Area April-May 1983; coarse
fraction.

Sr, Ti, V and Zn have been chosen as exanpl es of
netals in particulated matter from different sources.
Sr and Ti are emitted mainly in coal conbustion. V
is linked with the use of oil and Zn with the use of
both fuels and the netal industry (6). Fig. 6-9 show
neasured concentrations of these conponents. Sr is
found only in coarse particles: concentrations vary
between 1 and 8 ng/m3, t he hi ghest value being in

27 408500254J5-12



410

the southern Baltic. The Ti concentration is more
uneven along the route, mostly found in coarse
particles with a maximum value of 60 ng/m3. The
correlation 0.89 between Ti and Zr in coarse
particles points out to common sources.

Fig. 6. Concentration of Sr on the Baltic Sea Area
April-May 1983; coarse particles.

251020 45 wsm’

Fi.g. 7. Concentration of Ti in particles on the
Baltic Sea Area April-May 1983; fine

fraction.
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Fig. 7A. Concentration of Ti in particles on the
Baltic Sea Area April-May 1983; coarse
fraction.

Fig. 8. Concentration of V on the Baltic Sea Area
April-May 1983; fine particles.
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Vanadiumis nostly found in fine particles, wth
concentrations varying from1 to 30 ng/m3. High
val ues occur in all three main areas of the route.

5 20 599 nﬁ/n!

Fig. 9. Concentration of Zn in particles on the
Baltic Sea Area April-May 1983; fine
faction.

Fig. 9A. Concentration of Zn in particles on the
Baltic Sea are April-Muy 1983; coarse
fraction.

The maximum zi nc concentrations are around 80 ng/m3.
both in fine and coarse particles. Zinc seens to
be distributed alternately between fine and coarse
paricles in different sanples. (One explanation to
this mght be its many diverse sources.
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4.3 ORGANIC COMPOUNDS

On the global scale the main source of aromatic
hydrocarbons is traffic, e.g. traffic emissions for
benzene are 80-90 & of total emissions. According
to a Finnish study exhaust gases contain from 100
to 350 mg/m3 benzene, toluene and m- and o-xylene

The stack gas of the research vessel Akademik
Shuleykin contained especially high portions of
benzene and toluene. In other words, ships on the
sea must also constitute a primary source of these

compounds. k> W

Fig. 10. Benzene concentrations on the Baltic Sea
Area April-May 1983.

Fig. 11. Toluene concentrations on the Baltic Sea
Area April-May 1983.

28 4085002545<22
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Fig. 10, 11 and 12 seem to indicate that a minimum
exists in the aromatic hydrocarbon concentrations
in the central area of the Baltic Sea. This can be
accounted for by the fact that in the central
Baltic Sea gaseous hydrocarbon emissions caused by
traffic are already well diluted, whereas in other
parts of the Sea emission sources lie closer to the
sampling location. In comparing Pb concentration
in fine particles with those of benzene, toluene
and m-xylene some coincidence between them can be
expected in different parts of the Baltic (Fig. 5).

A4ra610 a0 pglad

Fig. 12. M-xylene concentrations on the Baltic
Sea Area April-May 1983.
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4.4 WET DEPCSI TI ON

Wt deposition neasurenents are difficult to perform
in sea areas. Wiuen the amount of precipitation is

| ow and a strong wind prevails together with aero-
dynam c flow around the sanpling vessel sanpling
efficiney is further decreased. There is also the
ri sk of contam nation due to sea spray. A conpari -
son of rain station measurenents conducted on board
a vessel with those perforned on coastal or island
stations does not reveal any clear differences.
During the Finnish summer expeditions in 1981 and
1982 coastal stations in some shower situations had
consi derably higher rain levels than in the sea
area. During the 1983 spring period only m nor

di fferences were observed.

During the six weeks of the expedition 7 sanples for
nutrient and 4 sanples for netal anal yses were
collected: table 1 shows their concentrations. Only
| ead concentrations are stable, about 10 mg/l, in

all sanples. Al other conponents vary greatly from
sanple to sanple. The volume of wet deposition data
is far too limted for any deposition calcul ations.

A better nethod for measuring this part of the | oad
remains to be devel oped.

Table 1. Wt deposition concentrations.

Sanple Calcul ate so, No, N yu,”N Pb Cd

nunber precipita- mg/1 mg?l mg/l  mag/l mg/l
tion,
mm
2 0.2 1.4 0.0
4 0.2 10.5 3.4 1.9
8 0.2 16
24 1.2 4.5 2.0 0.8 11 4
25 0.8 6.0 1.3 0.8
30 1.1 22.5 2.2 5.2 12 40
32 4.0 5.1 0.7 0.7 8 4
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AR TRAJECTORI ES

The Meteorol ogical Synthetising Centre (MSC West
Csl o, EMEP/ ECE) calculated 850 nmb level trajectories
for six fixed arrival points (EMEP stations) in the
Baltic area. The trajectories regressed 96 hours in
4 hour steps and were available for 00 and 12 GVI
(7, 8).

In analysing the origin and life history of each air
sanpl e those trajectories ending nearest the
sanpling route of the vessel were utilized.

Fol l owi ng up of the,life history of air trajectories
provi ded a chance to roughly classify the sanples.
In nost cases the air flowed for considerable parts
of its 4-day route over continental areas and
reached sanpling devices after only a few hours over
the sea. Sanples of this nature were classified as
a continental type without regard to the source
areas over which they had passed. Sanpl es that
flowed | ong periods over sea areas, and specifically
t hose which were at least 12 hours over the Baltic
Sea before reaching the sanpling devices, were
classified as sea type. An exanple of a sea type
sanple is illustrated in Fig. 13, which also

el aborates on trajectory information and the Iink
between trajectories and the ship route.
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Fig. 13. 850 MB-trajectory arrival time April 17,
1983 at OQZ.

AREAL RESULTS

The ship was cruising on the Baltic Proper: Hence
each sanple represents a different location. This
conplicates the evaluation of mean val ues. However ,
as shown in figure 1, sanples were taken in three
mej or areas:

- western parts of the @ulf of Finland = northern
Baltic Sea (p) (sanples 1,2,3,4,30,31,32,33 and
34)

- area around Gotland = central Baltic Sea (K)
(sanples 5,6,7,8,25,26,27,28 and 29)

- area around Bornholm = southern Baltic Sea (E)
(sanples 9,10,11,12,13,15,16,17,18,20,21,22,23
and 24).

Assum ng that changes in the em ssion patterns in
Europe during the expedition period from April 10
to May 12 can be onmtted and taking into account the
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variable weather in the Baltic spring season, nean
values for the three najor areas above have been
arried at.

Fig. 14 parts |-6 give concentrations of sul phur
(s), zinc (zn), vanadine (V), lead (Pb), titanium
(Ti) and strontium (Sr) in particles. Twosize
categories, fine = F < 2.5 um and coarse = C < 2,5
um, are also indicated. Parts 7 and 8 give sul phur
di oxi de (so,) and gas phase nercury (Hg)

concentrati ons. Gt her indices are indicated in the
smal | legend figure at bottomright.

Fig. 14 parts 1-4 and part 7 show a definite
gradient fromsouth to north. The difference
between the central and northern parts is perhaps
even clearer than expected. The gradient can not be
detected in Fig. 14 parts 5-6, and for gas phase
nmercury it seens to be in an opposite direction. In
the case of nercury the nunber of sanples varied
between 4 and 7 per area, whereas the other

subst ances represent 9-13 sanples per area.

The relationship of the content of fine and coarse
particles differs from substance to substance.

Sul phur and lead have a ratio 3:1 (fine:coarse),
zinc has a ratio 1:1 and titanium11l:5. Zinc and
titani um arouse the suspicion of contam nation by
the ships own engines, but vanadine (ratio > 10:1)
points to quite the opposite tendency.

Sel f contam nation can be excluded, but the possible
effects of heavy ship traffic on the Baltic Sea are
still evident. This is a reason that nostly the
fine fraction of particle sanples are taken with the
aimto conpare continental type and sea type air
sanpl es. In Fig. 14 parts |-5 and part 7 this
conparison is seen as the difference in white and
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Fig. 14. Mean concentrations of substances presented
in figures 2-9. Subfigures |-6 particles,
subfigures 7-8 gases.

shadowed col um. For sul phur, zinc, lead, titanium
and sul phur dioxide (gas), the relationship between
continental and sea type sanples varies from 3:1 to
5:4. Vanadi ne sanples are an exception: in the sea
type sanples in each area there is at |east one
sanple with a very high content of vanadine. A peak
exanple is found in sanple 20: the fine fraction of
t he sanple contai ned 28 ng/m> of vanadine. If

this sanple is excluded, the mean value of sea type
sanples in the southern Baltic area is 5 ng/m3

i nstead of 10 ng/m3.
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A simlar areal and origin typed conpilation of nean
concentrations of benzene, toluene and xylenes is
reproduced in Table 2. These concentrations were
not greatly dependent on the origin (continental/sea
type) of air masses. However, a weak mninumin the
concentrations of all neasured substances can be
observed in the central Baltic area.

Table 2. Mean concentrations of benzene, tol uene,
m and o-xylene in the Baltic Sea area in

April-May 1983.

BALTIC SEABRNZENE (ug/m’) TOLNE (ug/m’) m-XYLENE (ug/m’) o-XYLENE (ug/m3)
Sea Tand = Sea fand

Sea Land Sea Land
NORTH 1.5 x) 3.5 x) 0.3 x) 0.1 x)
CENTRAL 0.6 0.7 1.0 1.2 0. 07 0. 07 0.04 0.01
SOUTH 1.2 0.6 2.3 2.5 0.7 0.3 0.05 0.02
X) no samples

The results of such a conparison do not permt any
concrete conclusions to be drawn on the effect of a
cold sea surface on the deposition rate of fine
scale particles. However, a mninmum 12 hr flow over
a sea area seens to bring about a 20-70 % decay in
concentrations when conpared with sanples with very
short sea history.

LI NKS TO OTHER MEASUREMENTS

In order to align the spring 1983 results with
ot her neasurenents, two types of conparisons were
made.

First, so, sanples 1 to 4 and 30 to 34 were
conpared with so, concentrations reported by the
Fi nnish EMEP station at uts. Table 3 lists sone
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| ocal and sem -local effects in the uUts val ues,
speaking in favour of sea stations.

Table 3. SQ2 concentrations at the EMEP station
at uts and in ship sanpl es fromthe sane
ar ea. SO, mag/m”.

Dat e Utd Vessel
10. 4 2 2
11. 4 14 1
12. 4 6 5
13. 4 6 4
10.5 12 1
11.5 8 1
12.5 8 3
13.5 2 3
14.5 4 4

Secondly, a conparison between the results of the
present expedition and those of the 1981 and 1982
expedi tions was nade.

Fig. 15 shows the nean values of so, and S in
particles obtained during these expeditions. In
the first expedition neasurements were made in the
northern part of Baltic Sea and in the @ulf of

Bot hnia and the Qulf of Finland. The route of the
second expedition covered the Gulf of Bothnia.
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Fig. 15. Mean concentrations for SO,, Sin
particles, bentzene (B) ané tol uene (T)
fromexpeditions in the _years 1981 and
1983. The unit is mpg/m”.

Caution is needed in maki ng conparisons of this
kind (different years, vessels, periods), but, all
limtations considered, a clear gradient from south
to north is apparent.

Organi ¢ substances, once again, seemto show a
different distribution. No distinct gradients are
apparent fromone area to the next, but if this is
the case, they are opposite to those for SO2 and

S.
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