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PREFACE

This paper describes the possibilities of Datural bio­

logical purification of sewage from small communities by the

sewage pond method giving consideration to technically simple

solutions.

Mr. Schmidt states that besides being hygienically

reliable, this method is economical, and hence worthy of

greater attention in the future.

The subject is dealt with under the following headings:

1. Definitions of ｴ ｨ ｾ most important concepts pertaining to

the sewage pond methods (suggestions for standard­

ization).

2. An outline of the problematics and mode of operation of

the ｳ ･ ｷ ｡ ｧ ｾ pond method, and

3. Descriptions of technically simple variants of sewage

ponds, with consideration given to their hygienic and

economic factors.

The Division wishes to records its thanks to Mr. D. A.

Sinclair, Translations Section, National Research Council,

for translating this paper and to Mr. D. A. Lutes of this

Division who checked the translation.

Ottawa

September, 1968

R. F. Legget

Director
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THE APPLICABILITY OF SEWAGE YONDS2-WITH SPECIAL ATTENTION TO THE

PURIFICATION OF ORGANICALLY SOILED SEWAGE IN RURAL DISTRICTS

1. Sewage Purification Plants in Rural Communities and Methods of

Investigation

1.1 Sewage purification plants

Agriculture is undergoing a world-wide transformation, inasmuch as the

large farm is everywhere becoming the rule, since only through large-scale

operation can rational working methods and techniques be applied. This often

results in concentrations of livestock. Hygienists, hydrologists and others

therefore face new tasks of water purification or treatment of droppings.

Moreover, the accumulation of sewage in rural communities has greatly

increased in recent years through the improvement of drinking water supply

from small waterworkS and pipelines, and also through the existence of

modern dwellings with toilets, baths and showers. Whereas formerly there

was hardly any accumulation of faecal household sewage and the waste waters

were generally allowed to seep uncontrolled into the ground in the vicinity

of the dwelling areas, today sewage treatment has becomi essential. Since

the conditions for sewage purification may be much more complex in rural

communities than in cities, owing to the low building density· and sometimes

even a scattered arrangement, close cooperation is needed between medical

and veterinary hygienists and ｨ ｹ ､ ｲ ｾ ｬ ｯ ｧ ｩ ｳ ｴ ｳ for the determination of optimum

solutions.

At the present time the purification of sewage from rural communities

with a subscription level up to 25UO population equivalent (PE) 1s ｮ ｯ ｾ al­

ways hygienically and economically executed. Nevertheless on the basis of

local circumstances sewage purification and even utilization has to be made

economically defensible and hygienically satisfactory.

At present there is much discussion about mechanical and partially bio­

logical and totally biological sewage purification plants.

Mechanical and partially biological purification plants in the form of

various types of sedimentation tanks, Schreiber domestic sewage treatment

plants, and similar installations, must be termed "hygienically doubtful"

with respect to their purification effectiveness. According to recent

bacteriological and chemical investigations of the input and output of more

than 200 domestic purification plants in the vicinity of Neubrandenburg,

carried out by the Directorate of Water Conservation of Kuste-Warnow-Peene,

Stralsund, and unsatisfactory purification effect was repeatedly noted.
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Grahneis(35) reaches similar conclusions after extensive investigations

in East Germany, and remarks: "Owing to defective mechanical clarification of

the often very high load of sewage (permanganate consumption varies between

90 and 780 mg litre, and averages 300 mg litre) and the unfavourable bacterio­

logical findings, this type of sewage treatment does not meet hygienic

requirements, because the ｳ ･ ｷ ｾ ｧ ･ should be rotted, i.e. biologically broken

down."

The partially biological and wholly biological assistance in the form

of various types of bio-oxidation and activated sludge channels, total

clarification plants according to Kehr(53), bio-filters, sewage ponds, etc.,

are more reliable from the hygienic point of view. Bio-oxidation channels,

in particular, have recently attracted attention as biological purification

plants for small cities and rural communities. In bio-oxidation channels,

indeed, a good BSBs breakdown* is often obtained, but they are generally un­

satisfactory in ｾ ｨ ･ ｩ ｲ bacteriological effectiveness. Knaack(56),made a

special investigation of the operation and effectiveness of bio-oxidation

channels at numerous installations in East Germany, and very correctly re­

commends that no further such channels be constructed until the aeration

units have been improved so that they are less subject to breakdown and then

in every case an increased oxygen input is attained, whereby the biological

processes and hence also the bactericidal effectiveness can be intensified.

Frequently bio-oxidation channels are underloaded, and this can also impair

their efficiency. However, properly operated bio-oxidation channels are

hygienically reliable(109). It has long been known abroad that bio-oxidation

channels in the form developed by Dr. Pasver of Holland, do not always meet

the hygienic requirements.

Collom and Hicks(42), for example, compared various purification

methods in 1958 and gave very informative figures on sewage purification and

also on the effectiveness of bio-oxidation channels, as may be seen in Table

I. The bio-oxidation channels do not work satisfactorily in respect to

reduction of the coliform germ counts; they are comparable in their bacteri­

cidal effect with mechanical purification plants. Oxidation ponds, on the

other hand, purify sewage satisfactorily from a hygienic point of view, after

the sewage has been in them for a few days.

The common mechanical sewage purification plants may be expected to lose

their importance progressively owing to their deficiencies with respect to

* BSBs = five-day biochemical oxygen consumption = BODs



-5-

purification effect in the execution of "complex hygiene melioration,,(98)

This expression refers to measures wllich contribute to the limitation of a

number of health and efficiency limiting factors of the environment. These

hygienic meliorations are comparable with the "environment sanitation" that

has become familiar in the literature. Increasingly simple, more or less

automatic biological systems of sewage purification for rural sett:ements

must be developed, scientifically investigated and systematically applied.

The total clarification plants developed in the Institute of Water Conserva­

tion of the Technische Hochschule Hannover, which is basically a development

parallel to the American "extended aeration ", deserves special attention

in this connection. In principle it is a biological sewage purification

plant employing sludge mineralization (similar to the bio-oxidation channel),

which is capable of purifying the sewage in a completely hygienic manner in

just a few hours in a combined tank comprising a rectangular aeration 7.ank

and a subsequent clarification compartment. This trend appears very promi­

sing and experiments with the activated sludge tank designed by the Stral-

sund Water Conservation Directorate, which represents a further development

of the total clarification plant, should be stepped up.

In the present paper we shall describe possibilities of natural bio­

logical purification of sewage from small communities by the sewage pond

method, with consideration of technically simple solutions. Besides being

hygienically reliable, this method is very economical, and hence should

receive greater attention in the future.

The subject will be dealt with under the following headings:

1. Definitions of the most important concepts pertaining to the sewage

pond method (suggestions for standardization).

2. An outline of the problematics and mode of operation of the sewage

pond method.

3. Descriptions of technically simple variants of sewage ponds, with

consideration of their hygienic and economic factors.

1.2 Discussion of solutions adopted

To clarify the problems broached in the introduction, the following

methods were applied:

1. Study of the most important technical literature published in Germany

and abroad.

2. Examination and appraisal of operational results in the 31ankenfelde/

Berlin, Dingelstedt/Hartz, Gundorf/Leipzig, Christgrun/Vogtland and

Manker/Nauen sewage ponds in East Germany.
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3. Consultation with governmental and scientific institutions in East

Germany, West Germany and other countries.

East Germany:

Research Committee for Water and Sewage Problems in Rural ｃ ｯ ｾ ｾ ｵ ｮ ｩ ｴ ｩ ･ ｳ Ｌ

Stralsund;

Scientific Foundation for Hygiene and Health in the Province of LR,
Council of Ministers of the German Democratic Republic, Berlin;

Regional Hygiene Institute, Greifswald;

Zoological Institute of the Ernst-Moritz-Arndt University, Greifswald;

Water Conservation Authority, Kuste-Wanow-Penne, Stralsund,

Zoological Institute of the Karl-Marx University, Leipzig;

VEB Wasserversorgung und Abwasserbehandlung Rostrock und Neu-Brandenburg;

Various governmental institutions.

West Germany:

Bavarian Biological Research Institute

Demoll-Hofer Institute, Munich;

Institute for Local Water Conservation, Technische Hochschule Hannover.

Rest of Europe:

State Hygiene Institute, Minsk;

State Hygiene Institute, Budapest;

State Hygiene Institute, Bratislava;

Local Hygiene Institute, Olomouc;

University of Nottingham, Department of Mechanical Engineering;

Institute for Health Engineering, T.N.a., The Hague;

"Andrija Stampar" School of Public Health, Zagreb;

Zoological .Institute, Universi ty of Lund;

The Institute for Water Supply and Drainage, Goteborg;

Direction Generale des Eaux et For@ts, Central Station for Applied Hydro­
biology, Paris.

Asia:

Faculty of Agriculture, University of Peking;

Australia and New Zealand:

University of Sydney, Faculty of Agriculture;

Auckland Metropolitan Drainage Board, Auckland.
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U.S.A. and Canada:

Columbia University, New York City, Dept. of Civil Engineering and
Engineering Mechanics;

University of California, School of Public Health, Berkeley;

Robert A. Taft Sanitary Engineering Centre;

Department of Health, Education and Welfare, Cincinnati;

Texas A and M University, Agricultural Extension Service, College Station,
Texas;

Dept. of Agriculture, Agricultural Engineering Branch, Fredericton, N.B.;

University of British Columbia, Department of Agricultural Engineering,
Vancouver.

Practical experiments of the following nature were carried out:

1. Surveying and planning of che oxidation sewage fishpond of the

community of Bandelin, District of Greifswald and the Kemnitz oxid­

ation ponds, District of Greifswald, as well as collaboration and

direction in the planning of the Greifswald-Ladebow oxidation pond,

Solgast, Andershof/Stralsund and the Gross-Nemerow oxidation pond in

the District of Neubrandenburg.

2. Physical and chemical investigations of several sewage ponds with a

view to testing the purification effect.

All physical and chemical methods of investigation employed were

derived from the literature(64,38,79,109,128,132).

2. The Sewage Pond Method

2.1 Definition of terms

The application of ·sewage ponds to the purification of sewage has led to

the adoption of certain terms, both internationally and nationally. Since the

names "sewage pond", "oxidation pond", "stabilization pond", "sewage fish

pond", etc. are used in the literature without exact definition, we shall

deal with the most important ones here on the basis of the various authors

cited and the investigations of the present author(97,98).

09 122)
2.1.1 Pond (lagoon, pond) ,

A shallow, drainable body of water, the pond can be artificial or can

consist of natural depressions which are then used as the pond. A natural

small body of water that is not drainable is more correctly called a pool;

very small sewage ponds that are not completely drainable, however, should be

included under the general term "sewage pond" and not "sewage pools".
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"Puddles", on the other hand, are accumulation,"; or water that dry up.

and puddles are characterized predoniinantly by the ｳ ｯ Ｍ ｣ ｡ ｬ ｬ Ｇ ｣ ｾ ､ "eupr.o t i c "

zone.

Ponds

2.1. 2

Fonds which operate aerobically, anaerobically or optionally, which can

be used continuously or intermittently (with or without artificial aeration).

Supplementary illumination to increase the purification actiorl is also

possible. In these ponds preferably undiluted household waste waters are
-r- pp(Lt7)

purified (sewage pond is the most general term). According to ｾ ｭ ｨ ｯ ｾ ｾ

these are ponds (either artificially constructed or naturally present) which

must process the sewage fed to them by biological self-ourification processes.

2.1.2.1 Oxidation pond (oxidation pond)(90)

A sewage pond which is preferably aerobic in operation and which de­

composes the contaminated substances in the secondary or ｳ ｵ ｰ ｰ ｬ ･ ｾ ･ ｮ ｴ ｡ ｲ ｹ sewage

purification process. It can be a water reservoir for subsequent sewage

filtration. The best definition as fat as we are concerned is given in "The

Glossary - Water and Sewage Control Engineering" cited in porges(9
C).

which

defines an "oxidation pond" or "s ewag e o x tda t Lon p ond " as one into which

partially mechanically or biologically pretreated sewage is ｾ ｮ ｴ ｲ ｯ ､ ｵ ｣ ･ ､ and

is purified naturally through the influence of sunligh"t (production of "alga}

oxygen"). In the Soviet Union these ponds are called "biological ponds" (117) ,

in Czechoslovakia "assimilation ponds,,(79,9 2) or "accumulation ponds,,(l26),

and in Hungary, in a somewhat modified form, "algal reaction basins,,(97).

2.1.2.2 Waste stabilization pond(90)

A sewage pond which involves aerobic and anaerobic processes and pre­

ferably receives household or industrial sewage (raw sewage) which has not

been pretreated either ｾ ･ ｣ ｨ ｡ ｮ ｩ ｣ ｡ ｬ ｬ ｹ or biologically, and purifies it.

Porges(90) describes this pond as follows: "This is a pond which is used for

the treatment of raw sewage and in which natural biological, biochemical and

physical processes lead to self-purification. " Anaerobic ponds (anaerobic

lagoons(87)), in which anaerobic microorganisms are principally active, can

be installed upstream from them. (Gas formation, e.g. ｾ Ｒ ｓ Ｌ CH 4 , etc, is

possible) .

The manure pond Ｈ ｾ ｡ ｮ ｵ ｲ ･ lagoon(19,4 5, 52)) is a special type.

This is a sewage pond in which principally liquid and solid manures,

especially from piggeries and poultry houses, are purified. Often there are

two ponds, the first operating anaerobically and the second aerobically. This

unit is called a "two-cell porid system l1
• The t.e r m "manure disposal
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lagoon,,(7,11) is also current.

ｾ 1 3 S f" ｾ Ｎ (67,48,24,121)
c.. ewage lS.l panGS

A special type of sewage pond which serves both for purification of

sewage and rearing of fish. There must be a continuous supply of fresh

water, in an amount of 2-4 : 1. According to Liebmann(67) the ｾ ｡ ｸ ｩ ｭ ｵ ｭ per­

missible biochemical oxygen consumption is 0.5 kg/1000 m2 pond area days, so

that the oxygen content cannot drop below 3 mg/litre. There is then no risk

of fish dying. If possible the sewage should be pretreated mechanically or

by filtering through the ground. The term "sewage fish pond" is also applied

to oxidation ponds in which the sewage is biologically purified and then fed

to fish ponds downstream (oxidation-sewage-fish pond system).

2 1 4 B · , ., . d 300 (48,19).. locnernlC3l- oxygen aeman .. , • . s

The BODs is the amount of oxygen consumed in the biochemical reaction of
o

the organic substance in the sewage pond at a temperature of +20 C during a

period of 5 days. The amount is determined in mg/litre, g/m 3 or E . d (E

inhabitants), g/m 3
• d, g/m 2

• d, kg/ hectare' days, etc. The values con­

tained in this ｷ ｯ ｲ ｾ were determined after mechanical clarification of the

sewage (1 1/2 hours settlement time, 35 g/BOJ s/E.d.(48)) or a load per unit

volume(99) and (109) of 9 to 18 g BOD s/m
3 pond content and more with a

maximum pond depth of 1.2 m.

Lightly loaded sewage ponds are charged with 11 g 30D s/m
2

• d, and

heavily loaded ones with 10 to 45 BOD s/m
2

• d(108). Loads up to 100 g

BODs/m 2
• d and more are admissible(99). The BODs in manure lagoons can be

calculated accurately from the quantity of liquid manure and dung accumulating

taking into account the settlement time in the mechanical clarification

apparatus and the behaviour of the paste.

2.1.5 Heterotrophic organisms in the sewage pond

Bacteria, fungi, protozoa, etc., which live off organic matter and car­

bon dioxide, as well as inorganic compounds such as Nz , NE 3 , P0 4 , Na, Mg,

etc., are formed, and are then used by the algae present in the pond ｾ ｯ ｲ food

or are eliminated in some other form.

2.1.6 Autotrophic orGanisms in the sewage pond

Organisms, preferably algae, like the genuses Chlorella and Stichococcus

as well as green flagellates, e.g. Euglena and Chlamydomonas, which are

capable of constructing their own body substances from organic sewage com­

ponents. In particular they use carbon dioxide, phosphates, nitrogen com­

pounds, carbohydrates in solution and salts of organic acids, whereby the
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concentration of soil and nutrient substances in the sewage is substantially

reduced.

2.1.7 Euphotic zone
l 1 9)

The upper zone of pond water which is penetrated by light, to a depth

of about 1.00 m, in which up to 99% of the accumulating light is absorbed,

and in which as a consequence by far the greater part of the sewage introduced

is "purified" by algae.

2.2 ａ ｰ ｰ ｬ ｩ ｾ Ｓ ｢ ｩ ｾ ｾ ｴ ｹ and Efficiency

2.2.1 Applicability

The sewage pond method is characterized by natural biological, chemical,

biochemical and physjca1 processes which are capable of purifying the sewage

in a shallow pond to a satisfactory extent within a few days.

Since Caldwell's publication
f l O)

in 1946, reporting in detail on the

sewage pond method, extensive contributions on the problematics of this
"

method have appeared in all the better known specialized periodicals.
. (1 2 4-6 8 13-16 18 22 24 28 37 41

As may be learned from the llterature " " """,

46,47,73,88,92,111,112,114,117) d b Pd' '1 t f, sewage pon s may e Loun In aL par s 0

the world - Asia, Alaska, Canada, India, China, Australia, New Zealand,

Japan, United States of America, the Soviet Union, England, France, Africa,

Denmark, Sweden, Spain, Hungary, Poland, Yugoslavia, Czechoslovakia, Switzer­

land, East Germany and West Germany.

The sewage pond method is a very old method of sewage purification, and

undoubtedly the moats which surrounded the cities in the Middle Ages, served

not only defence purposes, but also the natural treatment of sewage and

garbage disposal, since the faeces were thrown into the moats and thus

purified(24). The first publication on the pond method appeared at the turn

of the century; at that time, however, there was no planned application of

sewage ponds.

At that time the idea of sewage purification in ponds was also being

taken up in Germany, and Oesten(77) applied for a patent for a process in­

volving the passage of fresh sewage first through a bacterial pond then

through a crustacean pond and finally through a fish pond. On the basis of

this system the fish ponds which for the most part are still operating

effectively, were constructed, e.g. those of Munich(54,66), Sch5nerlinde, and

Gross-Beeren near Berlin, to mention only a few.
(74). (ll?) (104) (108)

As reported by Mayenne ,Vlnberg , Stroganov and Uhlmann

the first "sewage ponds" in the modern sense of the term are based on an

idea of Stroganov(104) in the Russia of his day. Thus from 1919 to 1927 the
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sewage ponds of Luolino ｡ ｮ ｾ Luberzi, which receiveri the sewage of the city of

Moscow, operated very successfulJy. The sewage was ｰ ｵ ｲ ｬ ｦ ｾ ･ ､ at a rate of

124 to 250 m' . d in pond s of app r-o x i ma t e Ly 250 hect.ares area. (See Figure

1, sketch, "sewage ponds of Lublino and Lub e r z I near f1oscow"). The pond

systems of the cities of Minsk and Soligorsk are still working satisfactorily,

so that Vinberg(117) comes to the conclusion that the sewage pond method

should be applied more than ever in the Soviet l " •unlon.

In the Socialist states reports have been issued on the sewage pond

method principally by Vinberg(117) Macuch(70), Swiatchowska(lOS) and

PytJik(9 2) .

The sewage purification effect in still water was discovered purely by

chance in the U.S.A. at about the same time as in Russia and the first

sewage ponds were constructed as "secondary or supplementary purification

systems" in the western and southwestern parts of the United States of America

so that thereafter the sewage could be used hygienically without hesitation
(90 80)

for agricultural purposes ' . At this time a f'e w sewage po nd s , still

operating inadequately, were put into operation in Palestine and investigated

and the results constituted the basis for the construction of sewage ponds in

Texas(20). Ponds were built in Fessende, North ｄ ｡ ｾ ｯ ｴ ｡ Ｌ in 1928, and it is

reported by Porges(90) that they still purify the sewage hygienically and

satisfactorily today.

A d W .• (l1 LI) f . L d ( .s reporte by ennstrom a number 0 shallow ponds In un Sweden;

have been operating since 1934. They receive household sewage and have a

high purification rate.

The first so-called "stabilization ponds", i. e. ponds which receive r aw

sewage preferably not prepurified mechanically, were planned and constructed

in North Dakota in 1948(41) with subscriber capacities of 500 to 1000 in­

habitants per hectare. Accurate planning principles for this type of pond

were worked out at that time and are still of fundamental importance today.

After 1945 the sewage pond method was discussed particularly in English

language literature. Well-known research workers writing on the sewage

pond method included Fitzgerald et al.(24,2 5), Gotaas et al.(3 0-33), Oswald

(80-85), Forges(89), Parker et al.(87), palmer(86), Putzmann(9l), Van

Heuvelen et al.(41), Van Eck(lll), Collom(14), Hicks(42), Allen(2J, Krauss(62)

(l0) (28) T l (40) .. (114)
Caldwell ,Gloyna et al. ,Hermann et a.i . ,Wennstrom ,

Williams(116), Wisniewski(118) and (13 0).

In the United States of America the sewage pond ｾ ･ ｴ ｨ ｯ ､ has been widely

developed. As shown by a statistical survey of 1957(13
4),

the number of

these purification systems increased from 1945 to 1957 from 45 to 631. In

comparison with other types of purification systems being constructed, sew-
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et a1.(73),

PytJik(92),

Ｍ Ｍ Ｑ ｾ Ｉ Ｍ

age ponds at present show the greatest percentage increase. A csns s ｴ｡ｸ｣ｾ

(' II )
recently in the U.S.A. ｾ Ｍ ｾ SllOWS that a total of 1,647 ponds are be:ng used

successfully in 41 statps and purify the sewage for 4,285,036 inhabitants.

Porges(9
0

) reports that sewage ponds are particularly well suited for

small communities. They are being constructed by the municipal authorities

in increasing numbers, but their importance for larger cities should also not

be underestimated, and Porges finds that the spread of the pond ｾ ･ ｴ ｨ ｯ ､ is

"phenomenal" and that sewage pond purification methods have a great future.

Sewage pond are also proliferating more and more in Canada, which has

the largest pond systems in the world. The city of Regina, for example,

with about 100,000 inhabitants, is making great efforts to do away with the

present inadequate clarification installations and to replace these by sew­

age ponds, which will cover approximately 1020 hectares of area with an

average depth of 1.0 m; the pond system will cost 2.5 million dollars and

will represent a saving of 1.8 million over a traditional type ｯ ｾ clarifi­

cation plant(131).

Sewage ponds from largest cities down to very ｳ ｭ ｾ ｬ ｬ ｣ ｯ ｭ ｭ ｾ ｮ ｩ ｴ ｩ ･ ｳ that

operating well are described by Parker

W t .. ＨｬｊｬｾＩ C 11 (14) A'l ｾ (1)enns,rom , ｯｾ om , ｾｾ｡ｾｳ ,

V E k ( l l l ) G ｾｬｬ ｾ､ ｾ 1 (26,136)an c , ｊ｡ｾ a" e va. .

Parker et al. (87) describe the pond systems of Werrebie near Xelbourne,

which have been operating since 1940/41 and which purify the ｳ ･ ｷ ｡ ｾ ･ from the

city of Melbourne 39 km away, and Collom(ll)) gives a very detailed account of

tne pond system of Auckland, New Zealand, which was put into operation in

1960. (See Figures 2 and 3, pond system of the City of Auckland).

Malchow-Moller et al. (/3) give a detailed account of the oxidation ponds

of Fuglebjerg in Denmark. The pond system receives a charge of 150 m3 of

sewage daily (about 1000 subscribers) and has an effective area of approxi­

mately 2375 m2
•

The sewage pond method is also becoming important in France. Allais(l)

writes that besides the large sewage pond of the City of Strassburg, ponds

will be constructed for smaller communities in the years to come.
(47) (108-110)

In Germany, among other authors Imhoff , Uhlman and

Liebmann(66) have dealt with the oxidation pond method. In East Germany

Knabe(57-60), Zunk(123,124), Knaach(56) and the present author(99) support

the purification in sewage ponds of household waste in rural communities.

The sewage ponds operating in East Germany should also be checked for

their efficiency. At the same time economically feasible possilJiliti_es of

exploiting the sewage purified biologically in the ponds should also be con­

sidered. Furthermore, increasing numbers of ponds with relatively small
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Wllen we consider the ｮ ｵ ｭ ｾ ･ ｲ of subscribers per ｨ ･ ｣ ｾ ｡ ｲ ･ Ｘ ｾ ｰ ｏ ｾ Ｑ ､ surface

in Table II from this poj.nt of vi.ew, ｾ ･ find that 'lnder ｮ ｡ ｴ ｵ ｾ ｡ ｬ condltiorlS

in the ｇ ･ ｲ ｾ ｡ ｮ ｄ ･ ｭ ｯ ｣ ｾ ｡ ｴ ｩ ｣ Republic the size of ｰ ｯ ｾ ､ surface of at pr'eserlt ｾ

to 5 ffi2/EGW is ｣ ｯ ｾ ｰ ｡ ｲ ｡ ｴ ｩ ｶ ･ Ｚ ｹ ｳ ｾ ｡ ｬ ｬ ｣ ｯ ｾ ｰ ｡ ｲ ･ ､ ｗ Ｚ ｴ ｾ Ｑ the ｩ ｾ ｴ ･ ｾ ｮ ｡ ｴ ｾ ｯ ｮ ｡ ｬ scales,

nevertheless there aloe technical po s s Lb i I i ties 0:: rna the b i o Log i ca I

processes in the sewage pond just as effective whi=e ｲ ･ ､ ｾ ｣ ｪ ｮ ｧ the pond area

per subscriber. ｾ ｴ Ｉ ･ possibilities of ｩ ｾ ｴ ｣ ｾ ｳ ｩ ｾ ｹ ｩ the biologica: processes
( " 8") .' r: " \
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Krauss(62). Figures 4 and 5 illustrate an algal ｲ ･ ｡ ｣ ｴ ｬ ｯ ｾ ｰ ｯ ｾ ､ recently

developed by Professor Oswald, which is characterize6 y ｾｮｴ･ｮｳｩｶｲ biological

processes.

2.2.2 Mode of operation

The s ewas;e ｰ ｵ ｲ ｩ ｦ ｩ ｣ ｡ ｾ ［ ｩ ｯ Ｇ ［ Ｇ ｬ e f'f'e c t -LU P0Yl.GS c e pe nc s on ｾ ｨ Ｎ ･ ｔ ｬ ｳ ｹ ｾ Ｌ ｢ ］ Ｍ ｯ ｾ ｾ ｣ Ａ Ｇ

｢ ｡ ｣ ｴ ･ ｲ ｪ ｾ ｡ ｬ and algal activity, which ･ ｮ ｴ ｡ ｾ Ｚ ｳ ｰ ｾ ｹ ｳ ｩ ｣ ｡ ｬ Ｌ ｣ ｾ ･ ｾ ｾ ｣ ｡ ｬ &nC biologIcal

action. In ｣ ｯ ｮ ｴ ｲ ｡ ｳ ｾ to ｴ ｲ ｡ ､ ｩ ｾ ｩ ｯ ｾ ｡ ｬ ｢ ｩ ｯ ｬ ｯ ｧ ｾ ｣ ｡ ｬ ｰ ｾ ｾ ｩ ｦ ｾ ｟ ｣ ｡ ｴ ｩ ｯ ｮ ｾ ｾ ｣ ｾ ［ ｾ ｯ ､ ｳ Ｌ ｾ ｨ ･

oxygen requirement in the natural, ｢ ｩ ｯ ｬ ｯ ｧ ｾ ｣ ｡ Ｚ sewage ［ Ｉ ｯ ｾ ､

by the ｰ ｨ ｯ ｴ ｯ ｳ ｹ ｾ ｴ ｨ ･ ｴ ｩ ｣ activity 0:: the pond algae (and/or) ｴ ｾ ･ ｡ ｴ ｾ ｯ ｳ ｰ ｨ ･ ｲ ｩ ｣

oxygen contribution (and/or) the ｡ ､ ､ ｩ ｾ ｩ ｯ ｮ ｡ ｬ oxy;en supplied with the water ｯ ｾ

dilution (especially ｩ ｾ sewage fish ponds). ?he ｾ ｯ ｳ ｾ ｾ ｾ ｰ ｯ ｲ ｴ ｡ ｮ ｴ physical

weight of the sewage ｣ ｯ ｾ ｰ ｯ ｮ ･ ｮ ｴ ｳ Ｎ

importance for any ｾ ｩ ｣ ｲ ｯ ｢ ｩ ｡ ｬ life

• .p'
ｳ ｰ ･ ｣ ｬ ｾ ｬ ｣

of course, is of

factors affecting the ｯ ｲ ｧ ｡ ｮ ｩ ｳ ｾ ｳ in the sewage pond are

and the

but in the shallow ponds used for sewage purifj.cation this can oe neGlected.

The light has a decisive effect ｏ ｾ the ｰ ｨ ｯ ｴ ｯ ｳ ｹ ｾ ｴ ｨ ･ ｴ ｩ ｣ ｰ ･ ｲ ｾ ｯ ｾ ｾ ｡ ｮ ｣ ･ ｯ ｾ ｾ ｾ ｬ ･

pond algae, since by energy relationships carbon dioxicje and water are

assimilated to glucose, liberating oxygen. The following ｰ ｾ ｯ ｣ ･ ｳ ｳ ｴ ｡ ｾ ･ ｳ p:ace

6co z + 62z0 + 675 kcal + 60 z

Actually this biochemical process is somewhat more complex and takes place

in two stages, e.g. via ｰ ｨ ｯ ｳ ｰ ｨ ｯ ｲ ｯ ｧ ｬ ｹ ｣ ･ ｾ ｾ ｣ acid, ｡ ､ ･ ｾ ｯ ｳ ｾ ｾ ･ Ｍ ､ ｾ ｰ ｾ ｯ ｳ ｰ ｨ ｡ ｴ ･ Ｌ ｡ Ｚ ｾ ｯ ｾ ｧ
Ｈ Ｌ ｾ ｾ Ｒ Ｉ

others, as is evident ｦ ｲ ｯ ｾ ｆ ｩ ｧ ｾ ｲ ･ 6 and Ｗ ｾ ｾ ｾ Ｇ ｯ . It ｾ ｡ ｹ be stated ｴ ｾ ｾ ｡ ｴ t}12

biochemical processes in the sewage pond depend ;.0';:, only 0:; t.r.e 2T;'.8'u,i.:-::.

temperature and the ｾ ｵ ｴ ｲ ｩ ･ ｮ ｴ quality of the sewago, but ｾ ｲ ｩ ｾ ｡ ｾ ｾ ｟ ｬ ｹ on the

penetration and intensity of the ｬ ｾ ｧ ｨ ｴ in ｴ ｾ ･ ･ ｵ ｾ ｨ ｯ ｴ ｾ ｣ ｺ ｯ ｾ ･ Ｎ

of the light, In turn, :'s c t r-e c t Ly p r-opo r-t Lona I t o t ne ｩｙＭＺｾ･ｾｳｩｾｹ of ｾ ｨ ･ ligllt
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and inversely proportional to the frequency and composition of the algae

cells. If it is desired to secure a high utilization of the radiant energy

in the treatment of the sewage, then depth and volume 0f the pond must be

considered in correct relation to each other (1 : 1). The pond must be kept

shallow, of course, so that sufficient light can be absorbed, since other­

wise the density of algae will decrease and the sewage cannot consume

sufficient oxygen. The useful average depth in centimetres, therefore, should

not be more than 1.00 m under our climatic conditions.

The correct ratio of pond surface to pond volume is also very important

for full biological purification of ttle sewage (faeces). To calculate this
( 1, 0 )

volume for a given temperature, Herrmann and Gloyna t have presented the

following equation:

v = 25 . 10-5 • N . q . Y 0,072) (J5-T) 3). *

This can be employed in calculating the ｳ ･ ｷ ､ ｧ ｾ ｾ ｇ ｮ ､ volume.

The oxygen contents of the pond water may be rapidly increased by

intensified biological ｡ ｣ ｴ ｩ ｶ ｩ ｴ ｾ of the algae, so that the soil substances

can be completely broken down aerobically. Gotas(33) finds an oxygen in-

crease due to algal activity of up to 28 g/m 3 d, while the atmospheric

oxygen contribution in the pond is only about 5 g/m 3 d. The bactericidal

effect of the algae, which is said to be caused by the so-called "chlorellin"

(21,42,71), is also remarkable.

The oxygen of assimilation reverts in winter to its normal volume. If

there is an ice cover with snow on top, the euphotic zone is also somewhat

decreased. At the same time the biological processes are retarded in

accordance with the RGT rule; a change over of the sewage pond from the

aerobic to the anaerobic phase is then possible(l).

Figure 8 shows the relation between dependence on temperature and rate

of decomposition constructed by Hermann and Gloyna(40) in this connection.

It is applied to the calculation of the time the sewage phase in stabilization

ponds according to experience with the sludge digestion, on the basis of the

Vanlt Hoff-Arrhenius equation. The following relation is obtained

_t_ = ec(To-T) •

to

* V = volume (m
3

) , N = number of subscribers for pond loading factor, q =
amount of sewage accumulating per individual or animal and per day in :itre,
Y = average BODs of inflowing sewage (faeces after dilution), T = average
annual temperature.
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where t is the reaction time at a given temperature T, t is the reaction

°time at the temperature T and c is a temperature constant with the value

°0.0693. For e
C

the value 1.072 is given. In Figure 8 the retention time

t is taken to be S days; the detention time t is to be determined for a° .
principal temperature To of 30°C at an assumed temperature T of 3SoC or SoC.

After calculation with the aid of the above equation detention times of the

sewage in the ponds obtained at a temperature of T 3SoC are t 3.S days at a

temperature of T Soc, t = 28.3 days.

If the average summer temperature is To = 30°C and the retention time

t = 20 days, then for 1. T 2SoC and 2. T SoC the following retention times t

are obtained:

I.

2

_t = 1 072 (20-25) -14 day.,
20' -

_t _ (20- 5) _

2ir-1,072 = .)7 ';0.'/'"

Hence the decomposition effect in summer is considerably greater than

in winter.

Actually, under our climatic conditions good breakdown effects are

obtained in oxidation ponds both in summer and in winter for a given sewage

detention time, since as the temperatures fall slowly, the aerobic micro­

organisms are capable of "adapting"(l09). The temperature-time relationships,

therefore, are important for the operation of oxidation ponds, but for ana­

erobic preliminary clarification tanks and anaerobically operating manure

lagoons they are entirely applicable.

Every microorganism in the pond has become adjusted to a certain tempera­

ture range, in which it is best able to carry out its activity. If the am­

biant temperature suddenly goes above or below the temperature optimum,

reduced metabolism processes are the results. The temperatures of pond

water which may vary between + SoC and + 20°C in general correspond to the

conditions of the sewage organisms.

The hydrogen ion concentration of the pond water also influences the

composition and activity of the microorganisms. Sudden pH changes have an

unfavourable effect on the activity of the bacteria and algae. During

periods of high light intensity the pond algae consume a great deal of car­

bon dioxide, at a faster rate, indeed, than it is produced. The pH value

can then go as high as 11. Most of the heterotrophic organisms prefer pH

ranges between 6 and 9, the favourable values lie between 7 and 8. Although

the autotrophic organisms will withstand greater fluctuations than the hetero­

trophic, nevertheless a high pH value inhibits the concentration in the pond

water(19). Another disadvantage of a high pH value consists in the possibi­

lity of precipitation of calcium sulphates. Phosphorus, however, is a basic
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food element of the sewage algae, and therefore every deficiency of this

element retards the growth of algae.

The algae of the sewage pond developed best at pH values of 7 to 9.5.

Uhlmann(llO) deals thoroughly with the three stages of breakdown of the

organic sewage components, describing the first stage of bacteria and

colourless flagellates, the second of chlorococcal green algae and coloured

flagellates, and the third stage of protozoa and metazoa which consume algae

and detritus. In the first stage of purification anaerobic bacteria effect

the bacterial breakdown on the sludge layer at the bottom of the pond(73,87,

108 109)
, ,while in the second stage Chlorella pyrenoidosa, Cryptomonas ovata,

t
. (86,110)

Chroomonas caudata, Chlamydomonas variabilis, etc., are mainly ac lve .

In this sewage pond, oxidation pond I, aerobic conditions with vigorous algal

activity prevails. In oxidation pond II we find such filterers as Daphnia

magna, Branchionus urceolaris, etc.
CI I O) . The Daphniae are often occupied

with Colacium cyclopicola and with Petritrichae (Rhabdostyla and Carchersium

varieties), which intensify the filtering effect and thus bring the sewage

to the clear water stage, i.e. render it hygienically satisfactory and

virtually sterile.

In the oxidation pond chironomidae larvae (Chironomus thummi, Chironomus

plumosus) are often present.

Figure 9 shows some of the algae occurring in the sewage pond, the

quantities and percentages of which, of course, can vary greatly from pond

to pond.

For the optimum development of sewage organisms, therefore energy

sources, optimum temperatures, greater ｱ ｾ ｬ ｡ ｮ ｴ ｩ ｴ ｩ ･ ｳ of nutrients (C, 0, P, N,

H, K, S), trace elements (Fe, Ca, Zn, Cu, Mg, Co, Br) and specific organic

substances are required.

Nitrates, nitrites, sulfates and carbonates are broken down in the

oxidation reduction reaction(19). This process 1s always associated with the

decomposition of organic sewage substance. The reduced forms of the

nitrogenous and carbonagenous substances are ammonia (NH 3 ) and methane (CH .. ).

These gases originate entirely from the anaerobic decomposition; similarly,

the reduced forms of the organically bound sulphate, namely hydrogen sulphide

and similar chemical compounds. They are often limiting factors for the

aerobic breakdown of the sewage substances, and therefore undesirable.

Figure 10 illustrates the good purification effect of the Greifswald­

Ladebow(99) installation, and present a picture of the illumination of

nutrient substance and BODs reduction in the various purification stages.
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2.3 Variants of sewage ponds for the Durification of sewage in rural

communities

From the section on "Definition of terms" it is evident that there are

many different possibilities for the application of the sewage process to

the purification of organically soiled sewage from rural settlement. ｾ ｨ ･

logical utilization of the biologically purified sewage also has an impor­

tance that should not be underestimated. Therefore, every effort should be

made to exploit 108al conditions for these purposes. Figure 11 shows a

few different possibilities of hygienically satisfactory and economically

advantageous sewage treatment and utilization, which could serve as a basis

for discussion in many rural communities of East Germany.(60)

2.3.1 Oxidation-sewage fish pond system, with sDecific attention to the In­

stallation at Bandelin by Greifswald

2.3.1.1 Oxidation Dond system

The community of Bandelin has a central drinking water ｳ Ｌ ｾ ｰ ｰ ｬ ｹ Ｌ but sewage

purification has thus far been carried out in a three-chamber clarification

plant. According to the bacteriological and chemical tests, the "p',-,rified"

sewage is "very doubtful" from the hygienic point of view. 'I'he park pond

installations there, are thus at present being modified in accordance with

suggestions of the Hygiene Institute, Chair for Rural Hygiene, so that the

sewage can first be purified in a number of ponds and then utilized by carp

in sewage fish ponds (see Figures 12 and 13).

The sewage enters the main collector !or the mechanical three-chamber

clarification plant. From here, after at least 1 1/2 hours settlement time,

it can be pumped to oxidation pond I. The input to this pond is at the

bottom of the pond rather than at the surface, since the warmer sewage waters

will then be able to come to the surface slowly and mix evenly with the

waters already present in the pond(99). From oxidation pond I the sewage can

pass to oxidation pond II and finally to oxidation pond III. To this pond

system are added three sewage fish ponds with a total area of 0.86 hectare.

The existing park ponds are suitable for use in an oxidation-sewage fish

Dond system, with the reservation that OWing to the extensive stands of trees

around the ponds the exposure to the wind is unfavourable. 'I'he trees and

bushes, preferably about the three oxidation ponds, are therefore to be cut

back by as much as 10 metres from the pond boundaries, preferably around the

three oxidation ponds and on the two islands planned in these.

The area of the oxidation pond system is 0.44 ha. Oxidation pond I will

operate primarly as an "algal" pond in which oxygen is produced for the aero-
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bic decomposition of the sewage materials under the influence of a vigorous

algal activity. The ｯ ｸ ｩ ､ ｡ ｴ ｩ ｯ ｾ ponds II and III can be termed r'Daphniae",

in which the filterers must convert the sewage into the clear water stage so

that it is fully hygienic and can be fed to the sewage fish ponds.

Table III illustrates the action of a number of oxidation ponds and gives

information on the hygienic reliability of the pond method. Table III was

made up on the basis of literature data and the author's own results(99).

Oxidation pond III and the sewage fish ponds can be fed fresh water as

desired through a diversion channel.

The mean depths of the oxidation pond is Zm = 1.00 m, and the depth of

the sewage fish pond is also Zm = 1.00 m. Any desired water level can be

maintained by means of sluices. The level should vary in the oxidation ponds

in the euphotic zone, but should not substantially exceed 1.0 m.

The biologically purified sewage for fish rearing use can be let out

through a drain mechanism (bottom drain in the form of a sluice) into the

receiving water ditch, which then conducts the water into the Peene.

Assuming a daily sewage accumulation of 100 litres per inhabitant and

an hourly inflow of Q 10 of the daily sewage quantity, then for 350 EGW

connected, we may expect the following input of sewage into the mechanical

clarification system:

Q = 350 . 100 = 35,00 3/d

+ 100% allowance

(rain and ground water)

Since the clarification plant has a useful volume of 18.00 m3
, we get a

= deposition space (m
3

)

Throughput times h quantity of water Ｈ ｾ Ｓ Ｏ ｨ Ｉ

h 18.00
7.00

h 2.6

The retention time of 2.6 hours in the mechanical clarification apparatus

is sufficient to reduce the BODs of the sewage from approximately 54 g to at

least 35 g/E . d, when we recall that according to Imhoff(48) only 1.5 hours

were required for this purpose.

For the breakdown performance of the oxidation pond the following cal­

culations are obtained:

Total subscriptions = 350 EGW, the mechanically pretreated sewage is

taken as 35 g/E . d.
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Possible surface load of oxidation pond:

3 to 5 m2/EGW(48,97).

The total oxidation pond area is about 0.44 ha; in accordance with the

natural conditions it was divided into three oxidation ponds, namely:

Pond I with an area of 0.12 ha

Oxidation Pond II with an area of 0.08 ha

Oxidation Pond III with an area of 0.24 ha

Total 0.44 ha

The oxidation ponds are charged as follows:

4400 m2/350 EGW = 12.5 m2/EGW

Possible surface charge of the oxidation pond

4400 m2/1500 EGW = 3 m2/EGW

The total BODs at 350 EGW and 35 g/E . dis:

350 EGW . 35 g/E . d = 12 250 g BODs . d

The breakdown performance of the oxidation ponds is calculated for a

total content of

4400 m2
• 1.00 m depth 4400 m3

12 250 g BODs . d

= 4400 m3

as 2.8 g BODs/m 3
• d, i.e. a charge of approximately 2.8 g BOD s/m

3 sewage

(very lightly loaded oxidation ponds).

Possible charges for oxidation ponds is 9 to 18 g BODs/m 3 ponds of

content and higher(97,109).

l· ｾ ..., .in the oxidation pondthe sewage

70 m3 / d

4400 m3

= 63 d*

The retention time of

Sewage input rate

Pond volume

4400 m3

70 m3/d

The calculated retention time in oxidation ponds comes to a total of

63 days; however, a retention of about 30 days is sufficient for a sewage

purification.

2.3.1.2 Sewage fish ponds

2.3.1.2.1 General Remarks

The biological purification of mechanically purified domestic sewage in

fish ponds goes back to an idea of Professor Hofer, who had the first test

systems constructed in the year 1911 in Strassburg.

* Input and evaporation ± O.



-20-

In addition to these ponds, which received 1/35 of the total sewage

of the City of Strassburg, partial systems were then built in Bergedorf near

Hamburg, Feucht near Nilrnberg, Amberg and GrafenwBhr in Bavaria, Allach near

Munich, and finally the largest installation of this kind in Ismaning in the

northeast part of the City of Munich. Other ponds are mentioned by Professor

Demoll at the end of his Handbuch der Binnenfischerei Mitteleuropas, which

was published in 1926. More recent information will be found in Professor

Liebmann's Handbuch der Frischwasser- und Abwasserbiologie, Band II, 1960.

The most important prerequisite for the thriving of fish in sewage fish

ponds is an adequate supply of oxygen. While Imhoff(48) states that the

supply must not fall below 3 mg/litres of oxygen, Reichen-Bach-Klinke(9
4)

recommends at least 4 mg/litres. Accordingly, unlike regular sewage ponds,

sewage fish ponds must basically receive inflows of water of dilution sO

that the oxygen content of the water does not fall below Imhoff minimum of

3 mg/litres. Otherwise, fish may be expected to die.

Whether sewage fish ponds will work well or not can be determined by

ｰ ｨ ｹ ｳ ｩ ｣ ｯ ｾ ｣ ｨ ･ ｭ ｩ ｣ ｡ ｬ and bacteriological investigations. In most cases ammonium,

nitrates and phosphates are eliminated from the sewage; there must, of course,

be vigorous phytoplankton development in the pond(9
4).

BODs decreases and germ count reductions can also be detected, as the

author succeeded in determining(99) (see Figure 14).

2.3.1.2.2 Bandelin sewage fish ponds

1. Management

Provided the sewage fish ponds are preceded by oxidation ponds and the

possibility is afforded of introducing water of dilution into the fish ponds

through the diversion channels, then the oxygen supply is looked after with

a double safety factor, since the water draining from the oxidation pond

will have normal oxygen content and constitutes only a slight sewage load in

the fish pond. The particular soil matters present in the sewage are de­

posited ponds where for the most part they are mineralized. The water to be

introduced from the oxidation ponds into the fish ponds should be diluted in

a ratio of 1 : 3 to 4 with receiving water coming through the diversion

channels.

From the hydrographical drainage area of approximately 1 km2 we can

calculate an available watpr supply of 5 litres per second midway between

high and low water, a low water supply of one litre per second and a winter

high water supply of 60 litres per second.
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Drainage from the o x l da t Lori ponds t ak e s place on the average ｾ ｬ ｴ Ｎ a rate

of 1.25 litres/seconG, so that sufficient water of ､ ｩ ｬ ｾ ｴ ｩ ｯ ｮ is ｡ ｶ ｡ ｩ ｬ ｡ ｾ ｬ ･ Ｎ

The three sewage fish ponds have a total area of 0.86 ha. Fish are to

be kept in the pond only in summer. The ponds should be used as rearing

ponds for carp, which develop very well in sewage fish ponds. Two year old

carp (200 to 250 p)* are introduced into the fish pond, which have already

heen charged with fresh water, between the end of April to the middle of

May.

The occupation density and fish yield depend, according to Kreuz(63),

essentially on the kind of soil, the state of cultivation of the soil, the

quantity and quality of the original water and the water added, the position

of the pond and the climatic conditions. The population calculation can be

carried out by Kreuz's formula(63).

｢ ］ ｾ ｾ Ａ Ｎ Ｋ ｙ ］ ｾ Ｂ Ｂ Ｇ ｙ
a--c z '

where:

b fish census,

T weight increase in kp/h&,

H pond area in ha,

a = desired final weight 0_ fish in kg,

c = initial weight per fish in kp,

v = allowance for individual fish loss in % (two-year carp, 5%),

Z total weight increase of fish in pond, kp/ha,

z = weight increase per fish in kp.

Assuming a first-class yield (320 kp/ha increase of weight), a pond of

area 0.86 ha, an input weight per fish or 250 p and an expected increase per

fish of 0 = 1000 p, we get the following calculation:

First class yields:

_ 3:?O· 0,86 I r 0 _ :?7;',20 , r 01 _ <)-r <) 0 --b - .. - ..__. ｾＮＩ %- _.__.. ｾ T') 10 - ｾ ＱＮＱＬｾＰ 'I- 1.,,/.'
J.2;, - 0,2;, . 1,01)

::::;: 2H!1 ｋｾ

A first class yield can be expected in the sewage fish ponds in question.

In spring, therefore, 289 fish are to be put into the pond, and may be taken

out in autumn of the same year at a weight of 1250 to 1300 p per fish in the

autumn of the same year. If it is found on taking out the fish in autumn,

that the proper census number was not used, corrections should be made the

following year when putting the two-year old fish in again, so that the

desired weight increase can be obtained. There is no feeding of the carp

* Translator's note: Presumably a "p orid " 1/2 kg.
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in the sewage fish ponds, becAuse the nutritious sewage from tile oxidation

ponds produces enough natural food to ensure a good increase in the weight.

of the carp.

Since carp thrives best at temperatures about + 20°C, the fish ponds

were planned so that they did not exceed a maximum depth of 1.50 m, ensuring

rapid and uniform heating of the water.

In autumn the fish ponds should be drained and the fish removed. How­

ever, from 2 to 3 weeks before that all the carps should be transferred to

sewage fish pond III, because here no further sewage soil materials can be

detected, and thus there will be nothing to impair the taste of the ｦ ｾ h.

Whereas in traditional sewage fish pond systems the biological purifica­

tion of the sewage in ｷ ｾ ｮ ｴ ･ ｲ Ｌ must be undertaken, in some other way after

drainage of the pond, here the sewage purification process can continue to be

carried out in the oxidation ponds, and the purified sewage allowed to flow

into the fish pond ditches, which at the same time have to drain the fish

ponds during the period ｾ ｨ ･ ｮ they are not in '1se, through the drainage system

to the receiver ditches 39.

The annual liming of the pond soil should be done with quicklime (CaO)

or carbonate of lime (CaC0 3 ) . The quicklime can be spread at a rate of 300

to 400 kp/ha, or ｴ ｨ ｾ carb0nates at a rate of 600 to 800 kp/ha. Liming is

very important both in combatting pests and parasites and for the full

utilization of the nutrient substances accompanying the sewage. Owing to the

caustic effects of quicklime, which last 2 to 3 weeks after liming, the pond

bottom is effectively disinfected. Hence after drainage of the pond and

removal of the fish preferably the parts in front of the sluice gates and any

puddles left behind should be treated with it. The most favourable lime

content corresponds to a hydrochloric acid fixing capacity (SBV) of 2 to 5.

Enough lime must therefore be added to the ponds so that SBV of 2 cm 3HCi/lOOm 3

water is attained.

It is obvious that after removal of the fish a record should be made of

the fish yield, census, etc., because proper conclusions for the correct man­

agement of the ponds in future years can only be obtained from the comparison

of these figures. Table IV shows a suggestion for the registration of the

most important factors in simplified form.

2. Fish diseases

If dead fish are found in the ponds, or if the fish show an abnormal

appearance or behaviour, there is a suspicion that a fish disease is present.
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Regulations already eXist(137,138) indicating what those authorized to rear

fish must consider at the appearance of fish diseases. The first regulation

of 7.12.1959, for example, reads: ffDeaths of fish must be reported immediately

to the District Council by holders of commercial fisheries licences. The same

holds for the holders of angler's licences. To determine the causes of

death, the parties concerned should send water samples and fish corpses

immediately to the Institute of Fisheries of the German Academy of Agricultu­

ral Sciences at Berlin, unless the District Council itseJf carries out in­

vestigations. If the death of the fish is due to sewage, the District Council

must report this to the pertinent hydrographic authorities ff.

The most dangerous disease in connection with carp pond management is

infectious oedema (carriers: bacterium pseudomonas punctata and bacterium

pseudomonas fluorescens), which, although it can be successfully combatted

with antibiotics, still occurs frequently. The disease is reconizable from

the bloated body (accumulation of fluid) and from ulcers in the skin and

muscle tissues of the fish.

The mixing of fish stocks in the pond shoula be avoided, because this

disturbs the so-called "epidemic biological equilibrium" and may then favour

the outbreak of oedema. Therefore, the young fish required annually (for

the Bandelin pond system approximately 300 two-year old) should always be

obtained from the same fish hatchery.

In order to prevent the occurrence of disease the carp are injected with

chlornitrine or are bathed in a chlornitrine solution. 3 mg chlornitrine is

injected into each of the two-year old fish. This procedure and other similar

ones do not come, of course, in part permanent immunity. At a later time,

therefore, there is every possibility of the carp becoming infected in a

contaminated pond.

Another disease to be noted is gill blithe, which can occur in the

summer months at water temperatures above 20°C in ponds charged with sewage.

(Carriers:) filamentous fungus branchiomyces, plugging of the gill blood

vessels.)

Gill blithe can be effectively reduced by additions of fresh water and

doses of 200 kp/ha quicklime. Infecticus skin discoloration, gravel and gill

worm can also occur, but can be kept in check by proper management of the

ponds.
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2.3.2 Oxidation ponds 3J.: s ｴ･ｾ｛ｌｳＺＧＡＲＭ __ｴｬＱ･｟Ｎ｟ｾＧｌＡＺｩＭＧＺｾ｟ｅＮＺ｟｣ｾｌｵｾｮ｟ｾ __ｬｓ･ｭｮｾｴ z by Grei fs wald

system

At the suggestion of the Hygiene Institute of the Ernst-Moritz-Arndt­

University, Greifswald, Chair for Rural Hygiene, and the District Hygiene

Institute at Greifswald, an oxidation pond system was planned for the LPG

Rappenhagen and was built by the "Westliche Ziese" Improvement Association

(see Figure 15, plan and section of the oxidation pond system).

This system purifies the sewage fpon 2 ｳｾ｣ｩ｡ｬ centre and administration

building with a total of 25 EGW. It was P-,_",'\Gt:oc for a capacity of 50 EGW,

since in a short time an additional 25 EGW are to be put on to the system.

The pond system is situated to the south of the building, about 100 m away,

and comprises two mechanical settlement installations, oxidation pond I and

oxidation pond II (see control sketch of the "settlement systems", Fig. 16 and

In.
The mechanical settlement tanks were dimensioned so that they would have

to be desludged only once or twice a year. They serve, at the same time, as

digestion chambers, in which the anaerobic processes take place; settlement

tank I, however, is also used simultaneously as a grease separator.

For oxidation pond I, a mean pond bottom area of 8 10 m = 80 m2 was

planned, and for oxidation pond II, an area of 8 . 15 m = 120 m2
• The first

pond is divided into four individual cells by polyvinyl chloride foil part­

itions 0.80 m high with a wall thickness of 1 mm, in which the sewage is

purified in stages biologically, biochemically and physically. This division

also permits a favourable mixing of the sewage coming from the mechanical

settlement plant 2 at a level of 0.20 m above the pond bottom.

The mean water depth 2m is 0.60 m, the maximum water level Z , 0.80 m.
max

Oxidation pond II is intended merely for final clarification. The bio-

logically purified sewage flows over a drain structure (bottom drain) in a

free fall into the drain pipe to the receiver ditch.

2.3.3 Hygienically satisfactory purification of sewage from barns

2.3.3.1 Preparation of animal manure

With the continuous intensification and concentration of agricultural

production manure lagoons are becoming more and more important. They make it

possible to apply industrial production methods in agriculture, especially

animal production, since the sewage from barns and manure can be hygienically

processed in a satisfactory way with the aid of manure lagoons. A pig breed­

ing farm may have 4,000 pigs or more, so that in conjunction with water
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carrier manure removal, more rapid accumulation of faeces can produce hy­

gienically doubtful conditions. By combining water ｾ ｾ ｲ ｲ ｩ ･ ｲ manure removal.

with the manure pond, therefore, a labour saving, hygienically reliable

and economically satisfactory solution can be procured.

Manure lagoons, however, may also be important for poultry farms, and to
Ｈ Ｑ Ｓ ｾ Ｇ

some extent for beef cattle and dairy cattle establishments _I. They are

extremely important, however, for pig breeding establishments, since here

the faeces accumulate in large quantities and rot very rapidly, and then

strongly favour the development of disease-carrying insects. For example

house flies like to lay their eggs in pig manure, and in North Germany they

may raise up to six generations of flies in a single summer, which may then

become noticeable around the pig manure pile in a radius of 20 km.

These flies frequently carry disease instigators, because the latter

remain virulent in the rotting manure for a month or more. The cholera

Vibrions, for example, live 20 to 30 days. Tuberculosis and typhus bacteria

are extremely resistant to rotting and frequently remain viable for 6 months.

The carriers of spinal poliomyelitis live for three months in rotting sub­

strates, while the viruses of foot-and-mouth disease in ruminants can survive

3 to 3 1/2 months in this faecal matter. The swine-pest virus can also stay

alive for months.

The hygienically satisfactory treatment and economically logical

utilization of faecal matter and barn drainage, therefore, should be of

equal concern to hygienists, farmers, veterinary hygienists and hydrologists.

In most cases the pig dung from the manure collectors is conducted

along with the liquid manure and other barn drainage waters into closed

collecting ditches, and the nutritious mixture of liquid and solid manure

can be taken by manure carts at any time for additional fertilizer and for

other agricultural use. Unfortunately the leading directors of farms often

underestimate the nutritive values of the pig manure, although it contains

up to 1% nitrogen and 0.6% phosphoric acid. Consequently, collecting ditches

often overflow and create unhygienic conditions.

In this connection we may mention the danger of possible groundwater

contamination, especially with nitrates, by leaky collecting ditches.

There are many problems which can be solved by Doctor Rohde's method of

composting pig manure(99). It is a very simple method and any farm can apply

it. The pig manure is spread in beds 4 m wide, 0.40 m high and of any length.

In dry weather it is turned over with the plough once a week, and in summer

2 to 4 times a week. The water content of the manure decreases quickly after

a short time, owing to mould formation. The manure thus prepared can now be

transferred to stacks 3 m wide and 1.2 m high, which heat up 50 - 60°C.
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provic)ed

unfortunately, this

Horizontal ventilation channels should be

method has not become very

on the grounds, as well

quickly and more uniformly.morerot
• • '"!-,

plg ma11Ure ｗｊ｟ｾｾas vertical ones, so that

In agricultural practice,

common, because the necessary AK consumption for proper execution of the

composting keeps many farmers from applying it.

In some piggeries of the Czechoslovakian SSR, the ｳ ｯ Ｍ ｣ ｡ ｾ ｬ ･ ､ "separator"

is being applied experimentally first. This device separates the manure and

urine by the press method, leaving a relatively dry manure for subsequent

composting. Similarly, in a number of capitalist countries so-called "auto­

matic presses" are used to produce briquettes of various size and shape.

These briquettes also turn mouldy after a short time and show high organic

and inorganic component contents which can be used to increase soil fertility.

The liquid manures accumulating in the pig barn along with other drain

water from the barn are conducted in our farms to liquid manure ditches,

as already mentioned, then mechanical clarification plants and finally to a

relatively large receiver. Only in isolated instances, therefore, do we

have satisfactory biologically purified barn drainage which can be utilized

agriculturally or can be fed to the receiver ditches. It is essential, how­

ever, that effective purification systems gradually be instituted here also.

One possibility is afforded by the method described in what follows for puri­

fying barn drainage in manure lagoons, which was developed about 1960 in the

U.S.A. and Canada and is now being applied there successfully.

2.3.3.2 Problems in planning and designing manure lagoons

In planning and designing manure lagoons a correct selection of location

1s of extreme importance. From the many factors which must be considered

in the designing of ordinary sewage ponds, we may single out the following(99)

1. The proportion of soil substance seeping way. If the soil is per­

meable, this proportion must be taken into account accurately. In the case

of permeable soils, means of sealing the bottom of the pond must be employed,

since otherwise the functioning of the ponds may suffer. Clay, loam, poly­

ethylene and similar chemical compounds make suitable sealers. The propor­

tion of sewage lost through seepage and evaporation may be put at 1 litre/s

hectares.

2. Possible contamination of the ground water. Besides the danger of

infecting the ground water, nitrates and tensides may get washed into the

well, so that in the installation of a pond system the geological conditions

must have been carefully investigated.

3. The utilization of the natural terrain for pond construction. Suit­

able ponds, puddles, or depressions, should be properly utilized for this

purpose. At the same time consideration must be given, among other things,
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to the supply of fresh water from a receiver.

4. The prevailing wind direction and ctistance from built-up areas.

During a few days in spring and autumn the manure pond may give off offensive

odours. On the other hand, a certain exposure to the wind is desirable

(access to atmospheric oxygen).

5. The shape of the ponds. Oval and round ponds are more reliable in

operation than rectangular and square ones, since they do not allow any un­

desirable "dead zones" to form (depending on the number and form of input and

drainage structures).

6. The possibility of fresh water and sewage extraction. In the system

of manure lagoons, the possibility of favourable points for water extraction

in order to mix purified sewage from the manure lagoons fresh water for sub­

sequent agricultural utilization should be considered.

7. Accessibility of the pond area to vehicles. Since manure lagoons,

exnecially lagoon I, must under certain circumstances be abandoned after a

few years, access routes acquire Special importance.

The purification of barn drainage and the introduction of solid animal

faeces into manure lagoons with a view to decomposing the organic substance

ｨ ｡ ｾ not yet been tried in East Germany. Nevertheless there are systems into

which household and barn sewage are introduced together (ChristgrGn). In

Neuruppin district, for example, there is a manure lagoon which receives the

sewage from the cattle state farm LPG Manker; there are no manure lagoons

intended exclusively for the rotting of manure-urine mixtures from piggeries

in other European countries, as yet.

Manure lagoons have been increasingly successful in the last three years

in the U.S.A., and in roughly the last four years in Canada(7,45,130). They

are not, to be sure, a cure-all, but are highly prized as a reliable means of

"purifying liquid and solid manure".

For the planning of manure lagoons, figures comparing the accumulation

of the various animal faeces with household sewage are indispensable. This

problem was first discussed in connection with the planning of the manure

lagoons in 1962 in the U.S.A. by Henderson and Saunderson(39). They showed,

among other things, that the correct carbon/nitrogen ratio is vital for the

decomposition process in the manure lagoon. On the basis of a human being

weighing 75 kp and consuming a normal amount of food daily, the equivalence

compared with various domestic animals are shown in Table V.

The figures of the table give values which ensure complete oxidation of

the organic substrates, assuming that fresh sewage or manure-urine mixture is

introduced into the manure lagoon. Although these figures cannot be applied
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directly to German conditions, nevertheless they do give indications of the

load values of individual types of animal. Such investigations have not

hitherto been undertaken in East Germany, although principles have been

worked out on the accumulation of animal faeces, which are important in di­

mensioning the pond surfaces(99).

Manure lagoons for East Germany, which should preferably be operated

with mechanically clarified barn sewage, should be given surface areas of

1.25 m2 to 2.50 mZ/pig, or 0.50 to 1.50 m2 per cow.

To calculate the decomposition action of manure lagoons the analytic

and population equivalence given in Table VI, after Leuthier(65), can be

used.

In Table VII we show the results of investigations of sewage from the

Andershof/Stralsund piggery.

The sewage specimens were prepared under laboratory conditions, which

explain the temperature rise. Essentially, no elimination of nutrient sub­

stance ｴ ｡ ｾ ･ ｳ place. The BODs reductions, however, average 64%, i.e. the sew­

age from the Andershof/Stralsund piggery, after remaining about 4 days in

the anaerobic pond, has only approximately twice the BODs quantities of

household sewage. The remaining sewage nutrients are then eliminated very

rapidly in the subsequent aerobic cells (cf. also Eby(19)).

It is proposed to apply the manure lagoon method in a number of agric­

ultural establishments, e.g. VEB Mast- und Schlachtvieh der Stadt Greifswald,

VEB Mast- und Schlachtvieh Andershof/Stralsund and in VEG Wolgast. The pond

surfaces are to dimensioned according to 1.25 m2 to 2.50 m2 per pig. The

mean useful water depth will not exceed Zm 1.20 m, since otherwise the

anaerobic phases of the decomposition of organic substrates are too greatly

expanded and may result in the generation of unpleasant odours (see Figure 18

pond lagoon system Andershof/Stralsund). In VEB Mast- und Schlachtvieh

Griefswald some of the sewage processed in oxidation pond III is to be used

again as water for flushing down the pig droppings, since insufficient fresh

water is available. In planning the manure lagoon system for VEG Wolgast

it is projected that the biologically purified sewage will be sprayed with

water from the Ziese receiver onto agriculturally used areas. In planning

the manure lagoon system in the Andershof/Stralsund piggery consideration was

also given to reusing the purified water draining from pond IV for flushing

purposes. This sewage water can be chlorinated as required.
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2.4 Classification 01' ｳ ･ Ｚ ｾ ｾ ･ ｟ Ｎ Ｎ ｬ Ｒ Ｒ Ｍ Ｐ Ｎ Ｎ Ｎ ､ ｾ Ｉ __1_n East Ger'Tlany ",lith respect to types

of ponds

The sewage ponds used to date in East Ger'Tlany can be classified in

accordance with the terminology already presented as oxidation ponds, stabil­

ization ponds and sewage fish ponds. Which type will be chosen depends

essentially on local conditions and economic considerations. Whereas in the

oxidation pond method a mechanical or partially biological (partial biological

systems and anaerobic preliminary settling tanks) pre-treatment of the sew­

age must be undertaken, this need not be the case where stabilization ponds

are employed. The nature of the pre-treatment of sewage, therefore, can be

an essential aspect in classification according to principal types of ponds.

Obviously, the nature and quality (chemical composition) of the sewage,

among other things, must be taken into account. The type of pond projected

for sewage purification also determines the effectiveness of the purification

process that may be expected. In stabilization ponds, for example, the BODs

decomposition is between 60 and 70%, whereas in the case of oxidation ponds

it lies between 90 and 100%.

The main types of pond described here and after by the author are des­

cribed as 0-, S- and F-types.

2.4.1 Oxidation ponds (O-type)

These ponds purify sewage that has been mechanically or in part biolog­

ically pretreated. The mechanical or partial biological pretreatment takes

place in clarification plants (e.g. Schreiber clarification tanks or anaero­

bic primary settling tanks), while the biological processes are carried out

in trickling filters and similar systems.

Most ponds in East Germany can be said to belong to the main type of

oxidation pond. In these ponds the sewage soil substances are decomposed

aerobically. In summer months the discharge from the ponds is green, yellow

or colourless. There is no unpleasant odour; hence no immediate oxygen re­

quirement is detectable. The most important characteristics of oxidation

ponds are set forth in Table VIII. Here we distinguish between oxidation

ponds where there is mechanical pre-treatment (e.g. Dingelstedt system) or

where there is partial biological pretreatment (e.g. Blankenfelde system),

or the oxidation ponds are combined with downstream drainage-seepage systems

(e.g. Greifswald-Ladebow system), where mechanically or partially biologically

pretreated sewage is treated.
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2.4.2 Stabilization ponds (S-type)

Stabilization ponds process household or industrial sewage that has not

been previously clarified. We shall only mention here the many applications

of these ponds, especially for the purification of industrial sewage. Since

anaerobic microbial processes predominate in these ponds, the processing is

only partially biological. The first anaerobic ponds for the purification of

sewage from food drying plants are operating in Gross-Kiesow, in the Greif­

swald district. Manure lagoons are at present being planned or built at the

VEG Wolgast and VEB (K) Mast- Andershof/Stralsund for the hygienically satis­

factory processing of the faeces from pig barns.

Table IX shows the most important characteristics for stabilization

ponds.

2.4.3 Sewage fish ponds (F-type)

The sewage fish pond method of purifying and utilizing organically soiled

sewage is used in East Germany mainly in the following manner:

1. As a method of purifying and utilizing sewage in ponds with the addition

of fresh water, and

2. As a method of biological post-purification and utilization of sewage

without appreciable addition of fresh water.

However, the two possibilities of purification and utilization demand

different conditions. The first ｦ ｯ ｲ ｾ always includes addition of fresh water,

i.e. 2 to 5 times more water of dilution, so that adequate oxygen can be

supplied (e.g. sewage fish pond at Halberstadt). In the second form, fresh

water does not need to be provided in all seasons (under certain circumstances

only during the summer months). Systems of this kind, for example, have been

receiving the sewage water from the sewage fields of Berlin for more than

50 years (e.g. the Schonerlinde sewage fish ponds in Berlin). Similar possi­

bilities for saving fresh water are provided by the application of combined

oxidation and fish ponds (e.g. the planned Bandelin system, Greifswald

District). A fresh water feed line should be available, so that water of

dilution can be provided when required. Mechanical or partially biological

prepurification 'of the sewage has proved favourable in sewage fish ponds

operated in East Germany. The retention time of the mechanically prepurified

sewage should be brief, because the sewage must enter the fish ponds in fresh

form. The sewage is bright yellow. There is no appreciable generation of

odours.

Table X shows a number of characteristics for sewage fish ponds.
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2.5.1 Operation

2.5.1.1 General operating DrinciDles*

In connection with sewage purification in small communities, special

situations must be mentioned under which such systems must operate. Where-

as in larger communities and cities trained personnel is available for the

maintenance of the sewage purification systems, this is often not the case

in the smaller community. The sewage works operator is responsible not only

for the care of the clarification plant, but usually also for the maintenance

of the sewage ｳ ｹ ｳ ｴ ･ ｾ as a whole in so far as this work is assigned to anyone

at all. It often happens, therefore, that a correctly planned and constructed

system is wrongly operated and the desired clarification effect is not obtai­

ned. Thus clarification systems for small communities should be rugged,

simple in construction and easily controlled in operation, so that they re­

quire a minimum of maintenance. ｾ ｨ ･ ｲ ･ requirements can be satisfied by the

installation of a sewage pond system.

2.5.1.1.1 Housekeeping and sanitation in the system

All parts of the system coming into contact with water must be regularly

cleaned and deposits of soil regularly removed. Surfaces and handles which

are exposed to soiling in the course of operation must be regularly cleaned.

Soiled implements, such as rakes, shovels, wheel barrows, etc., must be tho­

roughly cleaned after use. Individuals involved in the operation and main­

tenance of sewage ponds must pay special attention to their personal hygiene

(e.g. thorough washing of hands before every meal).

General rules;

Duties and privileges of employees;

Work rooms, heating, ventilation, etc.;

First aid and behaviour in accident cases;

Drainage systems;

Protection against infection;

2.5.1.1.2 Labour protection ｡ ｾ ､ industrial safety

The pertinent labour protection regulations must

including:

ASAOl

ASA02

ASAOll

ASA020

ASA0144

ASA0445

be carefully observed,

* My warmest thanks to Dipl. -Ing. Staeck, WWD Stralsund, for kindly trans­
mitting the general operating principles (manure lagoons Andershof/
Stralsund) .
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ASA06l6 Working in containers, pipelines, etc.;

ASA0860 Use of mobile pressure gas tanks per chlorine;

ASA0900 Inspection of electrical equipment;

ASA0904 Installation and operation of electrical systems.

The regulations on labour protection should be kept in a portfolio and

should be available in the plant. All persons employed in the plant, should

be thoroughly instructed in their content.

All individual sections of the system must be kept in satisfactory

operating condition. Outsiders must not be allowed to enter the pond system

without special permission (identification shield at the entrance). The

attention of visitors must be adequately directed towards any risks of

accident. Children under 10 years are not allowed to visit the system and

those over 10 years may do so only in the company of adults.

2.5.1.1.3 Records of working discharge

A diary or weekly record of the working discharge should be kept, depend­

ing on the size of the system. All control measurements should be entered

in this record. This includes, among others, the following items:

Date and hour of the measurement;

Weather;

Air temperature;

Water temperature;

Inflow and outflow of the clarification ditch (anaerobic ponds) in litres

per second and outflow (last pond) in litres per second;

pH-values;

Colour (input, pond I, II to outflow);

Turbidity (depths of visibility, pond I, II to outflow);

Odour;

Material in suspension, measured in the Imhoff glass after 2 hours;

Measurement of amount of sludge (from pumping time of helical pump);

Checking of starting and finishing water level in pressure boiler

gauges (where the water from manure lagoons is used again for

flushing purposes).

2.5.2 Special operating instructions

2.5.2.1 Screens and clarification ditches

All obstructions must be removed from screens as required. They should

be cleaned periodically with a water jet.

Clarification chambers and ditches, or anaerobic ponds (or preliminary

clarification tanks), should be charged alternately where possible in accor­

dance with the special operating requirements.
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2.5.2.2 Sewage ponds

In the practical operation of sewage ponds factors which influence the

purification process must be borne in mind. Any material, for example, which

floats on the surface of the pond has a twofold influence on its operation:

1. it impedes the surface absorption of oxygen from the air, and

2. it reduces the amount of light received by the euphotic zone and

affecting the photosynthesis.

Loose straw, oils, emulsified greases and other such substances which

may sometimes be added to the pond water in order to reduce evaporation and

odour, in every case impair the purification process. Such floating sub­

stances, therefore, should be kept away from the surface of the pond.

The following are a few additional main points which should be borne in

mind in the application of the sewage pond method(99) .

2.5.2.2.1 Overloading

If a sewage pond is heavily overloaded, hygienically dangerous conditions

may result. The load per unit volume should therefore be carefully calcula­

ted.

In overloaded ponds more bubbles come to the surface (CH 4 and H2S) and

this is associated with the development of odours.

The discontinuous input of water from reservoirs into sewage ponds has

an impairing effect on the purification process, since these waters show a

comparatively high biochemical oxygen consumption. It is therefore recommen­

ded that reservoir waters be conducted separately to a tank, whence they are

fed continuously to the sewage pond.

2.5.2.2.2 Variable loading

Variable loading of sewage ponds has an unfavourable effect on the bio­

logical decomposition process. Therefore, animal faeces and other substances

that impose heavy loads on the sewage pond should be fed in at regular inter­

vals in order to preserve the biological equilibrium of the pond. The aero­

bic microorganisms cannot live without organic sewage; they adjust to a quite

definite organic substance content in the sewage pond. Therefore, when the

loads change radically, there are periods in which anaerobic conditions can

arise.

2.5.2.2.3 Water weeds

One reason for the recommendation(129) that pond systems be given a

depth of 1.00 m is the growth of water plants on the bottom of the ponds.

Most of the incident light is absorbed in the upper layers of the water, so

that the water weeds in the layers below cannot develop strongly.
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In any case the weeds edges pond down to the bottom of

the pond should be ｾ ･ ｰ ｴ down. Both mechanical and chemical methods of com­

batting water weeds are possible. In the case of chemical methods, however,

the extent to which the biology of the sewage pond may be influenced, if at

all, has yet to be investigated. Suitable herbicides for combatting the

water weeds are "Dalapon" (active substance: the sodium salt of a-a-dichlor­

propionic acid), and especially aminotriazine derivatives and chlorates.

2.5.2.2.4 Depositing of sludge

With correct loading of the ponds the layers of sludge that collect are

very small. In North Dakota(4 S), for example, it has been calculated that the

layer of sludge particles deposited in an oxidation pond cannot become thicker

than 2.5 em in 135 years.

In stabilization ponds and also ｩ ｾ the anaerobic cells of manure lagoons,

the layers of sludge being deposited can become considerably thicker. VJhere

solid and liquid faecal matter is introduced, desludging of the ponds every

3 to 5 years is necessary, since otherwlse the biological effectiveness of the

pond systems will be impaired (reduction of volume). Under the conditions

prevailing in East Germany, and assuming that mechanical preclarification of

the sewage at its introduction into an upstream anaerobic pond is practised,

removal of the aerobic cells from the sewage ponds is unecessary.

2.5.2 Maintenance

Desludging of mechanical clarification systems should be carried out as

required, an average of once or twice a year, may be suggested. The operation

should be conducted so that about 1/6 of the digestor sludge should remain

for inoculation of the new sludge enetering the system. After desludging, the

clarification dltches should be refilled with fresh water. Input and output

channels should be checked as well as lntermediate passages in partitions to

ensure adequate ventilation and continuous drainage.

The functioning of sewage ponds should be checked by proper inspectors

once or twice a week. The pond systems require no special maintenance or

servicing, since they operate automatically on biological, biochemical and

physical principles.

The community should appoint an officer in charge of maintenance, care

and servicing of the sewage drainage systems, who will also observe the

operation of the pond systems and will take care of any disturbances that may

arise and will make a record of it.
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2.6 Economic considerations

For correct appraisal of the cost of the sewage pond process some

comparative economic figures on the various sewage purification plants for

rural communities in East Germany may be cited. According to investigations

of the Hydrological Board Kuste-Warnow-Peene, Stralsund, the prime cost in

ｾ ｄ ｎ Ｏ ｭ Ｓ sewage per year for amortization, maintenance in continuous operation

of the system are shown in Table XI.

It is obvious from Table XI that the prime cost drops with increasing

number of subscribers. It is noteworthy that the mechanical clarification

systems which in their functioning do not meet hygienic requirements, entail

almost equal prime costs to oxidation ditches and intensive activated sludge

tanks. The latter type of installation is especially important where smaller

numbers of subscribers are involved.

The investigations(125) further show that the prime costs are increased

for biological purification of the sewage with subsequent treatment of the

. 1 . t h . .. . d r-r-n t d . (125 ) hSOl us i ng e pur a r le sewage. rn e sugges e var La n t s , nowe v e r , are

economical, since only with treatment of the soil using the sewage do ｾ ･ get

a return of 15 to 22% of the capital investment.

When small clarification plants, which cannot give a satisfactory

clarifying effect, are built, investment costs between 200 and 360 MDN/EGW

are reqUired(125). According to the author's investigations(99), the invest­

ment and prime costs of certain oxidation ponds constructed in East Germany

are as indicated in Table XII.

Although the investment costs of construction of sewage pond systems

may vary greatly, since they entail not only the sewage treatment plants but

also the sewage drain piping, the prime costs for the purification of the

sewage are relatively low at 0.25 MDN/m 3. This is linked directly to the

functioning of the pond systems, since, as already mentioned, sewage ponds

require little maintenance and are very reliable. However, the capital

costs can also be reduced by the use of machinery in construction. These

come to approximately 10,000 MDN/hectare of pond area to be constructed.

By selecting implements and machines recommended by Teipel(106), the earth­

works can for the most part be mechanized and the costs can be still further

reduced.

Below we present an example of calculation of the operating and annual

cost for the oxidation pond system at ｋ ･ ｭ ｮ ｩ ｴ ｺ ｾ ｲ ･ ｩ ｦ ｳ ｷ ｡ ｬ ､ Ｎ The amount of soil

water collected from 50 inhabitants at 100 litres/E . d each comes to 5 m3/d.

With the addition of 100% groundwater we get an annual sewage volume of 3650

m3. The operating and annual costs (prime cost) relative to sewage drain and

sewage treatment systems were calculated as follows:
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= 192.000 MDN

= 2.10 MDN

MDN = 663.00 MDN
257.10 MDN/a

Maintenance cost
0.1% of 2100.00 MDN

3% amortization of 2100.00

1. Sewage drain system

1 AK, 4 hours/month,
4.00 MDN/hour

For every m3 of sewage carried, we get a cost of

2"7,10 ｍｄｾＯ｡｟ '2 007 MDN/ml
36,,0 ml/a - ｃｾﾷｾｾ］］ｃｾ］｟ＬｾＭ］

2. Sewage treatment plants

1 AK, 16 hours/month,
4.00 MDN/hour = 768.00 MDN

maintenance cost
0.2% of 3600.00 MDN

3% amortization of 3600.00 MDN

=: 7.20 MDN

= 108.00 MDN

883.20 MDN/a

Cost per m3 purified sewage:
883,20 MDN/a .-....
--- . ｾ --- ,-, 027 MDN/mJ

3200 m J, ｡ＧＭｾ］ｾ］ＬＬＭＭＭＭ

In every case the sewage should be employed for agricultural or

fisheries purposes, so that a direct economic return can be obtained.

The possibility recommended by Holler and Newrzel1a(135) of spraying

sewage on agricultural land acquires even greater importance in conjunction

with the sewage pond methods (the sewage can be retained in the pond in

summer and winter).

The purification and possibilities of utilization of sewage has been

reported by various authors, including(3,9,17,2 3,34,4 3,44,49,50,51,55,60,68,

75,76,78,80,93,96,98,100,101,107,115,120,127) In doing so hygienic aspects

must always be borne in mind, in order to avoid infections and contamination

of drinking water(9,17,57,75,119).

The possibility suggested by Professor Janert of utilizing the purified

water draining from oxidation ponds for subsurface irrigation, should be

considered. This appears all the more important inasmuch as this possibility

is receiving international attention since in this way the agricultural

utilization of sewage can be best carried out from the hygienic and economic

point of view.

It is noteworthy that sewage nutrients are especially well converted by

carp into fish proteins and may thereby become ｰ ｲ ｯ ､ ｵ ｣ ｴ ｩ ｶ ･ Ｈ Ｒ Ｓ Ｌ Ｖ Ｗ Ｌ Ｖ Ｘ Ｌ Ｙ Ｔ Ｍ Ｙ ｾ Ｉ

Sewage fish ponds can give yields per hectare of as much as 450 to 500

kp per annum. Yields per hectare up to even a thousand kp per year may be

attained. Table XIII gives a number of carp yield figures as attained in

East Germany(992.
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Properly conducted sewage fish ponds, therefore, constitute a profitable

branch of production. Gross receipt of 1175.00 MDN to 1200.00 MDN(99) per

hectare are not infrequent, so that apart from the possibility of carrying

out sewage purification and specifically eliminating the nutrients in these

ponds, the sewage fish pond method also constitutes an economically logical

utilization of organically soiled sewage.

3. Recommendation of the Application of the Sewage Pond Method in East

Germany

3.1 General recommendations

For the application of the sewage pond method in East Germany the follow­

ing points are made and the following recommendations given:

The sewage pond method is a technically simple, hygienically reliable,

and relatively cheap method of purification which is characterized by natural

biological, biochemical and physical processes. However, these processes are

not comparable to a natural biological purification process in a flowing

body of water(36,61,72,102,103).

Functioning

With an effective pond area of approximately 1 to 5 m2 EGW, pig or

cattle, the sewage is purified, depending on the biochemical oxygen consump­

tion, in about 30 days. The average pond depth should be Zm = 1.00 m. 2 or

3 ponds should be connected in series or should be operated alternately. The

BODs decomposition is more than 90%, and the pathogenic germs are reduced

by more than 90%. The contamination of rivers and other bodies of water is

largely eliminated by the application of the pond method.

Possible combinations (purification of household sewage)

In East Germany there are hygienically satisfactory and economically

favourable combinations for the purification of household sewage by the sew­

age pond method. These are as follows:

1. Combination of a mechanical clarification of settlement plant with

oxidation ponds. The utilization of sewage or its further retention

can be as follows:

Spraying, with the observance of retention times as provided for
in TGL 6466, introduction into carp rearing ponds in conjunction with
fresh water feed during the summer months;
underground irrigation in conjunction with Professor Janert's
plastic foil drainage, the amounts of water and its distribution
being determined in accordance with the "Hoffmann formula";
introduction into receivers and other bodies of water without
danger of overloading (eutrophication, contamination).
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2. Combination of overloaded, partially biological purification plants

with oxidation ponds, and utilization as above.

3. The introductinn of the solid and liquid sewage into sewage ponds for

anaerobic and aerobic processing in the stabilization pond.

The combinations described under 1 to 3 should be tested in other

experimental systems in East Germany.

Possible combinations (purification of barn sewage)

With the gradual application of industrial production methods in the

socialistic agriculture of East Germany the sewage pond method, in the form

of manure lagoons, acquires special importance for pig farms that employ

water-carrier manure disposal methods, poultry combines and cattle farms.

The solid and liquid manure is purified in the so-called "manure lagoon".

ｾ ｨ ･ following possible combinations result:

1. Initial mechanical treatment in clarification or sedimentation plants

and if need be solid retention, in combination with 2 or 3 manure

lagoons, and subsequent underground irrigation or sprinkling. Suit­

able pond surface area figures are 1.25 to 2.50 m2 per pig and volume

figures 2.00 to 3.00 m3 per pig are recommended. ｾ ｨ ･ average depth of

pond should be Zm 1.20 m.

For cattle farms a pond surface area of 0.50 to 1.50 m2/head and at

a depth of approximately 1.50 m are recommended.

2. As under 1, with recirculation of part of the purified sewage from

pond II or III and its utilization as flush water in the water-carrier

manure removal method (saving of water).

3. Introduction of the solid and liquid manure from piggeries into the

manure lagoons for purification without previous mechanical clarifica­

tion, and agricultural utilization as under 1 (anaerobic and aerobic

ponds) .

Cost of construction

The construction costs can be kept low. For speed and drainage const­

ruction cement, wood and iron are suitable materials. The dam structures are

all earthworks all of which can be accomplished in a fully mechanized manner

with bulldozers.

Operating costs

The operating costs are very low, since sewage ponds require virtually

no maintenance and are nevertheless trouble-free in comparison with other

purification plants, since the natural self purification process proceeds in

summer and winter in the pond without human intervention.

Since the sewage pond method is a very simple one, it should be applied

wherever the required natural conditions are present (gradient ponds or
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depressions capable of ､ ･ ｶ ･ ｬ ｯ ｰ ｾ ･ ｮ ｴ Ｌ twice as exposed to the wind, protection

of ground water assured).

In rural communities with up to 2500 inhabitants, and in the purification

or processing of animal faeces, especially from piggeries, the sewage pond

method should be employed more frequently in future than hitherto, since it

can help to close the gap in effective sewage purification systems for rural

settlements.

The following guide lndices are offered to the planner as hint for the

planning of sewage ponds. These guide indices and abbreviations have been

assembled from an examination of the literature(7,40,109) and from our own

investigations(99)*.

3.2 Guide figures for the planning of sewage ponds

50 d5·00

0.10

4.00 = 40 d, to

0.10

F =
0

V
0

Z =
m

t
0

3.2.1 For planning oxidation ponds, quantities of water greater than or

equal 500 EGW, 0.1 m3/EGW

1. Pond area, volume and BODs load (pond type Om, initial mechanical

clarification, 35g BODs E . d)

4.00-5.00 m2/EGw 8.75-7.00 g BOD s/m
2

4.00-5.00 m3/EGW
= 8.75-7.00 g BOD s/m

3

1.00 m, za = 0.20 m, zmax 1.20 m

2. Pond area, volume and BODs load (pond type Ob,

logical cleaning at 35 g BODs/E d)

F
o/b

= 2.00-2.50 m2/EGW = 5.00-3.50 g BOD s/m
2

Vo/b
= 2.00-2.50 m3/EGW = 5.00-3.50 g BODs/m 3

Z o.90m, z = 0.20 m, z = 1.10 m
m a max

t
o/b

2.00 = 20 d, t o/b
= 2.50 = 25 d

0.10 0.30

initial partial bio-

3. Pond area, volume and BODs load

(Pond type OS, initial mechanical purification, oxidation ponds

combined with drainage-seepage systems, distance of suction pipes,

about 2.00 m, depth of pond bottom, approximately 0.50 to 0.60 m)**

* I particularly wish to thank Doctor habil. Uhlmann, Liepzig, for sending me
the research report on "Oxydationsteiche" (Oxidation ponds) and his kind
assistance in the clarification of a number of critical questions in the
problem of the sewage pond method.

** The guide flgures are not final, slnce not enough systems are in operation
which mlght have been investigated thoroughly.
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F
0/ 8

V
0/ 8

Z
m

17.50-11.66 g BOD s / m2

= 2.00-3.00 m3 / EGW 17.50-11.66 g ｂｏｄＵＯｾＳ

1.00 m, za 0.20 m, z 1.20 m
max

= 2.00 = 20 d,

0.10
30 d

3.2.2 For the ｰ ｬ ｡ ｮ ｮ ｾ ｮ ｧ of stabilization ponds and manure lagoons, sewage

quantities sreater than or equal to 500 SSW, 0.1 m3/EGW . d

1. Pond area, volume and 30D s load for manure lagoons (pigs) 1 pig (75

kp weight) = (l.g SGW) = 102.6 g BODs/d. (BODs values of 300 g and more can

often be detected.) With initial mechanical clarification: BODs reduced by

= 1. 20 m, z 0.60
a

2.00 = 40 d t. =,
l

0.05 v

Sj ) *per pig . d, pond type

41.04-20.25 g BOD s/ m2

25.65-17.10 g BOD s/m
3

l,80'mm, zlTJ.ax

3.00 = 60 d

0.05

about 50%, hence 51.3 g BODs

F. 1.25-2.50 m2 / p i g =
J

Vi = 2.00-3.00 m3/pig =
v

2
m

t.
J

2. Pond area, volume and BODs load for stab i 11 za t ion pond, type 3n

F 1.00-2.00 m2 lEGit] 54.00-27.00 a' BODs/m 2

e 0

F
8

1.00-2.00 m3/EGH 54.00-27.00 g BODs/m 3

Z 1. 00 .,., z 0.50 m, z = 1. 50 m
m

!'l,
a max

t 1. 00 = 10 d, t = 2.00 = 20 d
s

0.10
s

0.10

These heavily loaded sewage ponds are of minor importance, because they

may produce odours (lfindustrial ponds lf).

3. Area, volume and BODs load for anaerobic preliminary clarification

tanks, pond

F
s/v

V
s/v

Z
m

t
s/v

type SV

0.20-0.30 m2 / EGW 270.00-178.82 g

0.10-0.15 m 3 / EGW 540.00-357.64 g

0.50 m, Z = 0.30 m, z = 0.70 m
a r:1ax

0.10 = 1 d, t / = 0.15 1.5 d
0.10 0 v 0.10

BOD s/ m2

BOD s/m
3

3.2.3 For the planning of sewage fish ponds, sewage quantities greater than

or equal to 500 EGW, 0.1 m3/EGH . d (initial mechanical Durification)

1. Pond area, volume and BODs load, pond type Ff, (quantity of fresh

water for dilution taken ｾ ｮ ｴ ｯ account in tf)

* The gUide figures are not final, since not enoug:l systems are in operation
which might have been ｾ ｮ ｶ ･ ｳ ｴ ｩ ｧ ｡ ｴ ･ ､ thoroughly.
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F
f = 50.00-60.00 m2/EGW 0.70-0.58 g BODs/m 2

V
f

50.00-60.00 m3/EGW 0.70-0.58 g BODs/m 3

2 = 1. 00 m, Z = 0.80 m, z = 1. 20 m
m a max

t
f

50.00 = 50 d, t
f = 60.00 = 60 d

1. 00 1. 00

2. Pond area, volume and BODs loads, type Fo and Fb (combined oxidation

and sewage fish pond system, oxidation pond to be calculated as under 3.2.1.

Quantity of fresh water for dilution taken into account in t
f o)

F
f / o

5.00-10.00 m2/EGW = 0.70-0.35 g BOD s/m
2

V
f / o

5.00-10.00 m3/EGW = 0.70-0.35 g BODs/m 3

2
m

1.00 m, za 0.80 m, zmax 1.20 m

t
f / o

5.00 = 10 d, t
f / o

= 10.00 20 d

o:s- 0.5

With subscriber values of smaller than or equal 500 EGW an additional

10% should be added to the pond surface. The depth z should then be varied
m

between 0.50 m and 1.00 m.

Nomenclature: F
o

= pond area for oxidation ponds (m 2
) , V

o
= pond volume

for oxidation ponds (m
3

) , zm = mean impoundage depth of ponds (m), za = ad-

missible minimum impoundage depth of ponds (m), z = permissible maximum
max

impoundage depth of ponds (m), t = theoretical retention time of sewage in
o

the oxidation ponds in days (d), F I ' V I ' t I = as before but combined
o s 0 s 0 s

with drainage-seepage system, F , V I ' t I ' = as before but for anaerobic
s/v s v s v

preliminary clarification tanks, or ponds, F , V ,t = as before, but for
s s s

stabilization ponds, F
j

, V
j

' t
j

= as before, but for manure lagoons, F
f,

V
f'

t
f

= as before, but for sewage fish ponds, F
f / o

' V f / o ' t
f / o'

= as before

but for combined oxidation and sewage fish ponds, etc.

4. Summary and Prospects

A number of sewage purification systems for rural communities that are

under discussion have been described. These involve mechanical and biological

systems, which cannot always be operated without hygienic considerations.

Even in rural communities preference must be given gradually to the biological

methods, and sewage ponds in this case appear particularly suitable. It

should be borne in mind, however, that the natural conditions must first be

carefully investigated before a given purification method is finally decided

upon.

In particular the following systems have been dealt with:

1. The sewage pond method with the principles of applicability and operation

that must generally be considered.

Depending on local conditions, oxidation ponds, stabilization ponds and

manure lagoons can be employed.
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2. The variants f'o r pur j f Lc a ti.on of selvage in r-ur-a l c orrnuru t i e s . A number

of problems are discussed in connection ｷ ｩ ｾ ｨ the ｯ ｸ ｩ ､ ｡ ｴ ｾ ｯ ｮ and sewage

fish pond system of the community of Bandelin by Greifswald. The sew­

age fish ponds are supplied with fresh water. An oxidation pond system

is described with reference to the sewage purification plant which was

erected for the social and administration building at Kemnitz by Greif­

swald.

3. The purification of barn sewage and faeces in the manure lagoon. The

manure lagoon method is preferred in piggeries using water carrier sew­

age removal.

The biologically purified sewage in sewage ponds can be used for fisher­

ies or for sprinkling on or ｩ ｲ ｲ ｩ ｧ ｡ ｾ ｩ ｯ ｮ beneath agricultural lands.

If insufficient fresh water is available the flushing out of faecal

matter from piggeries may be accomplished by recirculation from oxidation

ponds II or III.

Apart from the further planning and construction of sewage ponds in

rural settlements, recently the sewage pond method has been partially applied

in the City of Greifswald with about 50,000 inhabitants, in the form of a

combined oxidation pond and drainage-seepage system for the biological post­

purification of the sewage. After purification in oxidation ponds the sewage

is to be utilized for spraying on agricultural land, so that the nutrient sew­

age will no longer flow uselessly into the Greifswald ground.

No such sewage purification with subsequent agricultural utilization

of the sewage as contemplated here exists as yet in Central Europe.

By observance of the solutions outlined in the present paper, a contri­

bution can be made to the hygienically satisfactory purification of organic­

ally soiled sewage from rural communities and to its economically advantageous

utilization. To the well-known statement of Thales von Milet "the best is

water ll it then remains only to add "the worst is not sewage l1
•



References

[I) ALLAIS, G.:

L'r-purntton des eaux ､ Ｇ ｾ ｧ ｯ ｵ ｴ ｳ en bassin de stabili­

sation. Association francaise pour I'etude des caux, 9,

rue de Phalshourg, Paris IP, 1-9, octobre 1960.

[2J ALLEN, M. B.:
Goncrnl featurs of algal growth In sewage oxt­

dation ponds. SWPCB Pub!. No.7, Sacramento, 1955.

[3] ANTZE, H. H.:

Hygienische und abwassertechnlsche Probleme der

Klelnklarnnlagen. Ges.-Ing,77, 308-311, 1956.

[4J AULENBACH, D. B. and HEUKELEKrAN. H.:
Transformation and effects of reduced sulfur com­

pounds In sludge digestion. Sewage and Ind.
Wastes 27, 1955.

[5] BARTSCH, P. P.:

Algae as a Source of Oxygen In Waste Treatment.
Jour. WPCF Vol. 33, No.3, 1961.

[6J BASKARAN, T. R.:

Effect of organic (cyanic) manures on the oxygen
budget In fish pounds. Proc. Nat. Inst. ScI. India 15,
1052.

[7) BLANCHARD, P.:
Lnaoons for disposal of manure. (Letter from Pat
Blanchard to Dr. Bates.) Fredericton, N.B., 1-3, No­
vember 1962.

[8J BONT. A. Z. De and BONT, T. M. J. De:
Mollusc control and tlshfarmlng In Central Africa.
Nature 170. 1952.

[9J BRINGMANN, G. und KUHN, R.:

Die Vberlebensrate von Coll-Bakterlen auf Frelland­

pflanzen In Abhiingigkeit von Zeit und Wltterung.

Ges.-Ing., 148-150, 1958.

[IOJ CALDWELL, D. H.:

Sewage oxidation ponds - perfomance, operation and

design. Sewage Works Journal 18 (3), 433 - 458,
May 1946.

[11) CALVER, G. L.:

Manure disposal lagoons. Letter Victoria, B.C.
August 1963.

[12] CALVIN, M.:

The Photosynthetic Cycle. UCRL 2924, 1-48, Uni­

versity of California. Berkeley, 1955.

[13J CLARENCE, D.:

Sewage stabilization ponds In Wisconsin. Bulletin
No. 105, January 1959.

[14] COLLOM. C. C.:
Some Features of the Manukau Sewerage Scheme,

Aucklnnd, Reprinted from N.Z. Engineering 12 (2).

40-54, Febr. 1957.

[15) CRONHEIM, H.:
Reinigung von Abwassern durch Fischtetche. Ges.­

Ing. 31, 1908.

[16] DEMOLL, R.:

Die Reinigung von Abwassorn in Fischteichen. Hand­

buch der Binnenflschercl Mitteleuropns VI. 1926.

[17) DENECKE, K.:

Untersuchungen tiber den Nachweis pathogener

Keirne bel der Abwasserverrleselung. Arch. Hyg.
Bakt., 624-631, Mlinchen 1957.

[18] EBERMANN, J. W.:

Disposal of wastes at sea. Sewage and Ind. Wastes,
1365-1370, 1956.

\19) 'BBY, H. J.:

Manure lagoons design criteria and management.
Report, University of Maryland, USA, 698-716, De­
eember 1962.

[20) EHLERS, V. M.:

Oxidations ponds. Their Application and Potentinls.
Texas Sect. A. S. C. E.• July 12, 1954.

[21] EMEIS, C. C.:

Untersuchungen ubor die antibakteriellrn Eigerischnf­

ten der Algen. Arch. Hyg. 140,597.1956.

[22] F ALK. Th.:

Die Entwicklung der Abwnsserrctntguna in Fisch­
teichen. Ges.-Ing.58, 1935.

[23J FEHLMANN, W.:

Abwasserfisehteiche. Schwciz. Z. Straflenwesen 25/26,
1928.

[24J FITZGERALD, G. P. and ROHLICH, G. A.:

An evaluation of stabilization pond ilterature. Copy­

right as part of the October 1958. Sewage and Indu­

strial Wastes Washington 16, D. C,; Pr i nted in USA,

1213-1224. Auflerdem: brief!. Mitteilungen 1963,64.

(25) FITZGERALD, G. P.:

Stripping effluents or nutrients by biological means,

University of Wisconsin. Reprint No. 463, 1-4, 1960.

[26J GAILLARD, J, R. and CRAWFORD, J.:
The Performance of Algae in Durham. J. and Proc.

Inst. Sewage Purlflcat., 221-229, London, 1964.



｟ｊｾ 4-

LIEPOLT, R.:
Gewasserverunrcinlgung und Abwasseruntersuchung

unter besonderer Berllckslchtlgung der Fischere!. Mit­

teilungen der osterrelchischen Sanitatsverwaltung,

H. 10, 1-5, Wlen, 1955.

[48J

[49]

[50J

[47)

[51]

[53]

[52]

[54]

[55]

[56]

[57]

[58)

[59]

IMHOFi-". K.:
Er fo hrungcn mu Abwasserteichcn im Ausland. Gcs.·'

Ing .. 60..Jg., 163-Hi5, 1937.

IMHOFF'. K.:
Tuschcnbuch dr-r Stnd tcn twasscrung. VEB VNlall

Technik, Berlin, 1956.

JANERT. n.:
Lehrbuch der BodenmeIiorntion (Bd. II). VEB Verlall

Iur Bauwescn, Berlm, 1961.

KADEN, S.:
Die Bcwasscrung und ihrc Slellung in der Wnsscr­

wirtschaft. Wasscrwirlschart - Wassertechnik,

13. Jahrgang Ｈ ｬ Ｙ Ｖ ｾ Ｉ Ｌ Heft I.

KA PPE, S. E.:
The Green Lagoon. Water and Sewage Works, Ｔ ｾ ［ ［

-4:15. Chicago. 1933.

ｋｅｾｾｓｅＬ C. W.:
Stabilization ponds ann manure lagoons. Letter,
Texas, August 1963.

KEHR, D.:
Die terhnischen Mogllrhkeiten der Abwasserbehand­

lung in kleinen Gemeinden. Vortrag, g"halten 11m

II. Mai 1962 im Haus der Technik Essen.

KEPPNER, TI.:

Die MUnchener Killranlage. Ges.-Ing. 52, 1929.

KLOTTER, II. E.:
Ein Vorschlag zu einer erweil.-rt.en Abwasserreini­

gung. Stadtehygiene 3, Hamburg 1952.

KNAACK, J.:
Stellungnahme zu Untersuchungen von Oxydations­

graben im Geblet der DDR. Bericht, BHI Potsdam,

Februar 1964.

KNABE, H.:
Lehonsverhaltnisse und Gesundheltszustnnd der
Landbevolkerung. VEB Verlag Volk und Gesundheit,
112-120, Berlin, 1960.

KNABE, H.:
Gesundheits- und Arbeitsschutz in der LPG. VEB
Deutscher Landwlrtschaf tsverlag. 76-79, Berlin, 1962.

KNABE, H. und ZUNK" S.:
Aktuclle Probleme der hygienischen Gestaltung Iand­
licher Siedlungen. Zeitschrlft fUr die gesarnte Hy­

giene und ihre Grenzgebiete, Heft 10, 9. .Ig., 723-728,

Oktober 1963.

[60] KNABE, H. und ZUNK, S.:
Hv rricne und Gesundheilsschutz in der Landwrrtschart.
ｌ ［ ｉ ｬ ｾ ､ ｷ ｩ ｲ ｴ ｳ ｲ ｨ ｡ ｦ ｴ ｳ ｡ ｵ ｳ ｳ ｴ ･ ｬ ｬ ｵ ｮ ｧ der DDR, :1--55, 1964.

[65]

[61] KOLKWITZ, 11..:
Zur Kenntnis der blologischen- Se1bstreinigung der

Cewasscr, Sonderdruck aus den Berichten der Deut­
schcn Botanischen Ges., Bd. XLVI, H. I, 35-39, 1928.

[62] KRAUSS, R. W.:
Photosynthesis in the Algae. Industrial and Engineer­
ing Chemistry, Vol. 48, No.9, 1449-14:>5, Septem­

ber 1956.

[63] KREUZ, A.:
Teichbau und Teichwirtschaft. 2. Aufl., Neumann Ver­

lag Radebeul und Berlin, 1951.

[64] LANGE, B.:
Kolorimetrische Analyse. Weinheim, 1952.

LEUTHIER, H.:
Das Jnuche- und Abwasserproblem 1m landwirt­

schaftlichen Grotlbetrieb. WWT, 13. Jg., H. I, 14-18,

1963.

[66] LIEBMANN, H.:
Handburh der Frischwasser- und Abwasser-Biologie.

Bd. II, 548-550, .Jena, 1958.

[68J

[67] LIEBMANN. H.:
Brieflirhe Mitteilungen tiber die Einrichtung von Ab­

wasserteichen vom 5. 8. 1963.

HF:RRMANN, E. R. and GLOYNA, E. F.:
Waste st.abilization ponds. III. Formulation of design

equations. Sew. and Industrial Wastes 30, ＹＶｾＭＹＷＺ＾Ｌ

1958.

HEUVELEN, W., VAN and SVORE, J. H.:

Sewage Lagoon in North Dakota. Sewage and lndu­
strial Wastes, Vol. 26,'No. 6. 1954.

HICKS, R.:

Oxidat.ion ponds and their use In sewage treatment.

Reprinted from N. Z. Engineering 30 ＨｾＩＬ 105-116,

March 1958. (C. C. COLLOM: brlefl, Mitteilungen

1963/64, Auckland, N. Z.)

HOFER, B.:
Ubcr das Verhalten der Organismen bei der Wasser­
verunreinigung und Abwasserbeseitigung. 14. internat.

Kongrefl Hyg. Demographie 3, 1908.

HUBER, L.:

Die Verwendung von Abwassertelchen zur Reinigung
von hausltchen und industriellen Abwassern, MUn­

chener Bei trtige zur Abwasser-, Fischerei- und F1uB­
biologie, Bd. 10, MUnchen, 1963.

HUDEK, E. P.:

Hog lagoons in Manitoba. Paper prepared for the

annual meeting of the Canadian Society cf Agricul­

tural Engineering In Banff. Alberta, 1-5, Winnipeg,

Manitoba, June 1963.

HUNT, M. A. and WESTENBERG, H. J. W.:

OXidation ponds In Kenia. J. and Proc, Inst. Sewage

Purifieat., 230-237, London 1964.

PO]

[27]

[31]

[29]

{28]

GILCHRIST. E.:
Plan of manure lal:oons. Engineering Branch of the

N. B. Dr-par trnr-nt of Agriculture, New Brunswick.

.lunc Ｑ Ｙ Ｖ ｾ Ｎ

GLOYNA. E. F., HERRMANN, E. R. and

DRYNAN, W. R.:
Oxidation Ponds. Tech. Reprint No.2, San. Eng.

Laho.. Uruvorsity of Texas. June 1, 1955.

GOTAAS. II. B. and OSWALD. W.J.:
Algal-Bacterial Symbiosis in Sewage Oxidation

Ponds-Third Progress Report. Dull. Series 44, No.4.

1-45. Universit.y Pi Cah Iornta 1952.

GOTAAS, H. B. and OSWALD. W . .I.:
Algal Symbiosis in Oxidation Ponds-Second Progress

Report. Bull. Scrics 44, No.3, I-58, University of
California, 1ll5!.

GOTAAS. H. B. and OSWALD, W . .I.:

Utilization of Solar Energy for Waste Reclamation.

Tucson, Ariz., 1955.

[32J GOTAAS. H. B., OSWALD, W. J. and

GOLUEKE. C. G.:
Alua l-Bactcrial symbiosis in Sewage OXidation

Ponds - Fi It h Progress Report. Bull. Series 44, No.5,

1-88, California 1954.

{33] GOTAAS, H. B.:

1957 Operators Forum - Stabilization Ponds. Sewage

and Industrial Wastes 30, 698, 1958.

[34] GRAr, F.:

Die biologtsche Rcinigung der Abwasser In Abwasser­

fi.schtcichcn. Teehn. Gemeindebl. 28. 1925.

[35] GRAIINEIS, H.:
Zu Problemen der lilndlichen Abwasserbeseitigung.
Manuskrtpt., Bill !Ialle, 1962.

[36] HACKENBERG, H.-W.:

Die hygienische Bedeutung des Meerwassers in der
Trinkwasserversorgung des Menschen. VEB Gustav
Fischer Verlag .Tena, 73-99, 1963.

[37J HAMPL. A.:
Odbahnovani vodnich nadr izi. Vodni hospodarstvi 10,

409-412, Praha, 1962.

[38] HELLER, A.:

Vereinfachte Berechnung des biochemischen Sauer­
stoffbedarfs. Ges.-Ing. 73, ＱＹｾＭＱＹＴＬ 19:>2.

[39] HENDERSON, J. M. and SAUNDERS, W. B.:
Report to the National Institute of Health with re­

spect to a proposed new animal pond to be located in
Montgomery Count.y, Maryland, 1962.

[41]

[40]

(42)

[43]

[44]

[45]

[46]



[(,9) L10iG, J. T.:

Pilot Study of Tn'ntin!; Chomicnl Wasles with an

Acr"tcd L"p,oon. ,I. W"tN Pollution Contr, F"<!N.

pp. %3- 9,2. Washington, 1963.

(i0] MACUCH, 1'.:

llygi"nlsrhe Gpsichtspunkte bolm Ausgleich del' Uri­

tcrschipde zwischen Stadt lind Land (Ubersetzung).
Vor t rnn, gchalten auf dem Hygienlkerkongren vom

22.-24. H. I!JG1 In Dcbrecen. Ungnrn, S.I-7.

(il) MAIlLllEnl3E, 1I.:
The rr-rovery of viruses from sewage. J. and Proc.

tn<t. ｾＢ｜｜Ｇｉ｜ｉＺｬＧ PurifleRl" 210-214, London, 1964.

(72J MArin, G,:

Vcrsurhe zur Selbstreinlgung von ｇ ･ ｷ ｾ ｳ ｳ Ｂ ｲ ｮ Ｎ Vom

[73) MALCHOW-MOLLEH, 0., BONDE, G. J.,

FJl';HDINGSTAD, E.:

Trcatrncnt of domestic in lagoons. Schweiz,

Z. Kydrol. 17, 9H-122, 1955.

(74] MAYE0iNE. V. A.:

Abwasscrrci ni gung dureh mchrstuf'igu Tcirhe lind

Fis('hzurht in denselbcn. Arrh. fUr Hydrobiologie.

na. XXV, 1913.

(75] MOLLEn. G.:

Dil' l nf ck t ion von Ocmusoprlanzcn durch die Br-rcg­

nung mit hli uslichem Abwasser. SWdtehygiene 2,

10-n. Ll amburu, 1957,

[76J 0iEWHZELLA, 3.:

Die Ｗ Ｎ ｷ ｃ Ｇ ｣ ｫ ｭ ［ ｩ ｭ ｾ ･ ｅ ｩ ｮ ｧ ｬ ｩ ･ ､ ｾ ｲ ｵ ｮ ｧ dcr Abwasserverreg­

nuru; in die sozln listischc La nd wi rtschu It. Vortrag,

TierJrztekongrclJ am 9.11. 19G3 in wnrenMuntz.

(77) OESTE", G.:

Nutzbnrmnchung del' Kanalisations- und iihnlicher

Abwasscrstoffe zur Eischzucht. Z. f. Angew. Chem.,

22. 1399.

(78) OLBEHTZ, M. n. lind DAt:MA"N, fl.:

Untorsuchunuon ubcr di o Entwicklunustcndenzen und

Sorptionsfiihigkeiten langJiihrig g,>nutzter Rieselbo­

don im Berliner Ab\vasscrverwcrtung':iJehict. Wiss, Z.

d. Humboldt-Universitiit zu Berlin, Jahrgang II, 43-61,

1952,53.

[79J OLSZEWSKI, W.:

Untcrsuchung des Wassers an Ort und Stelle. Ber­

lin. 1943.

[80) OSWALD, W. J.:

The High-Hate Pond in Waste Disposal. Reprinted

from Volume 4, published by the American Institute

of Biologtcal Sciences Washington, D. C., 112-119,

1963,

(81) OSWALD, W. J.:

The Coming Industry of controlted photosynthesis.

Reprinted from American Journal of Public Health

New York, February 1962.

[82) OSWALD, W. J.:

Light conversion eftlrieney of algae grown In sewage.

Sanitary Engineering Divison, USA, 71-95, July 1960.

[83) OSWALD, W. J.:

Discussion, Photosynthesis in t he Algae, Industrial

and Engin"ering Chemistry, Vol. 48, No.9, 1457-145B,

September 1956,

[84] OSWALD, W, J. and GOTAAS, H. B.:
American Society of Civil Engineers, New York,

Proc. Sept, No. 686, Vol. 81,1955.

[H5] OSWALD, W, J. and GOTAAS, H, B.:
Photosynthese in Sewage Treatment. A. S, C. E" San.
Eng. Di,o. New York, 1954.

[86] PALMEH, C. M,:

DiSCUSSIon, Photosynthesis in the Algae. Industrial

and Eogineering Chemistry, Vol. 48, No.9, 1956.

[87] PARKER, C, D., JONES, H. L. and TAYLOR, W. S.:

Purification of Sewage In lagoons. Sew. and Ind.

Wastes, 22, 760-775, 1950.

[HB] PEARSE, L.:

Report of the Communittee on sewage disposal, En­

gineering section, American Public Health Asso­

ciation. Sewage Works Journ,20, 19,18,

[Hn] I'()H(;ES, n..
l ndu s t rra i \Vnf.tp Stftbili7.ntinn Ponds in the Uru tr-d

St<\t0S..l ourna l ｗｾｬｴｦＧｲ l'ollulinn Control Fecternlinn.

Washinct.on 16, D.C., Vol. ;-m
l

No.4, 4J6-·4nA, ｈｈｊｾ

[90] pan G 1;;'<;. It:

Waste Stabilization Ponds lise, function, and biola.

Report. Rnbor t A. Taft Sanitary Engineering Center

Cincinnati, Ohio. .Iu nc ｉ ｐ ｇ ｾ Ｎ Aunerd"m: br iefl. Mil­

teiillngen 1963,65.

[91) PUT MANN, s. L.:
The usc of rndlonctlve and bnctr-r lnl ｴｮｵＺＨＧｾ to fnllnw

sewag" pollution in tho ""0. Wntr-r and Son. Enll.
London 0, ID:iO.

[921 PYTUK. R, DUSEK, K.:
ｃ ｩ ［ Ｌ ｾ ｦ Ｇ ｮ ｩ 0 vynr.i!]{o\.'i\fil ｮ ､ ｮ ｾ ｲ ｬ ｮ ｪ ｲ ｨ von. ｪｮｴｾＧｬＨ 0 t-Avno\u

nu.snono prurnsly v ｮｾｬｭｬＱ｡｣ｮｩ｣ｨ r-ybn lclch. ghar.

Cr-skosl. nk nd. zcrnerl. vod. 29, ＲｾＹＭＲＵＱＱ 197>6.

[93J TIASSEH, E.O.:
ｋ ｩ ［ ｮ ＼ ［ ［ ｕ ｩ ｣ ｨ Ｍ ｢ ｩ ｯ ｩ ｯ ｾ ｩ ｳ ｣ ｨ ｣ Abwasscr roirunurur im Systom

Prof. Dr. Hofer. Da, vV"sser, 15, In19.

[94] HF:ICIlE;-.1BACIl-KLINKE. B.:

Abwas scrIi schtr-ich« zur biologischcn N:'H'hrcinigtlng

dr-r Abw.issr-r k lrinercr und m it.tl erer Gemcindcn.

Munchcnor ｂ Ｈ Ｇ ｩ ｴ Ｎ ｲ ｦ ｩ ｾ ･ zur Abwnsscr-, F lscheret- und

Fluf)l)iologie. Dd. 10, Munchon, Ｑ Ｙ ｾ Ｓ Ｎ

[95] sCIlAPEnCLAUS, W.:

Loh rbuch dcr Tr-ichwi r t schnf t. Derlin, 1933.

[96) SCllICK, R:

Stct lun r n ahrue zum Bnu von Schwol nemnst.ms tnltcn

fUr 25 ｏｩｊｏＭｾｏ 000 Schwci ne. Bridl. Mi ttr-i lu ng an Prof.

Dr. Knabe, ｾ ｏ Ｎ Nov. 1%4.

[97J SCHMIDT, G. P .. K;-.1ADE, II. lind ZUNK, S.:

Zum Problem des i\bwa,t:'scrtpirhvcrfahrcns und zu
･ｩｮｩｾｃＺＱ Empfchl unucn Iu r die Ariwcridurur dossclbcn

in dor Deutschen Dr-mokrat.ischcn Republtk. VEB

Verla;:: Volk unel Gesundheit Berlin. Hygiene au!

dr-m Lande, H. n, 1965.

[98] SCHMIDT, G, P. und KNABE, B.:

Abwasscr teichc. Z. t. Hygiene. Budapest, z, Z. im

Druc.k.

[99] SCHi'vlIDT, G. P.:
Exkurstonsbcricht uber Abwnsscrfischleiche Schorier­

Ii ndo, Oxvdationstcichc in dcr DDR und Unter­

suchungscrgobnisse ciniuer Teichanlagen dcr DDR,
Grci Iswald, 1963.'64.

Aullerdcm: ExpPrimentalsludie zur hygienisch ein­

wand lreicn Hcinigung l ier i scher F'iikal iort von

Schwci ncrnns tn.nl agcn. Greifswald, Oktober 1963 und

Forsch ungsbortcht •.A.bwasscrtoiche", H)65.

[100] SCIULZ-FAi.,KE"llAIN, ll.:
Abwa sser'beh a ndl ung im Alg"nbecken. Molkerei und

Kiiscze: lung 8, Hildeshcirn, 1957.

[101] ｓｃｈｗａＺｾｚＮ K:
Neue Erf"hnmgen in dor lanclwirtschaftlirhen Abwas­

servcrwcrtung. Deutscher Bauernvertag Berlin, 1955.

[102] SEIFFERT, G.:

Die Selbstrelnigung del' FIussc, ein mikroblolonlsches

Problem. Mikrokosmos, H. 8, ＱＷＷｾＱＸＲＬ 1912;J:J.

[103] STEIMANN, P. und SURDECK, G.:
Die \Virkung orgnnischer Vcrunn.:inigunhcn auf die

Fauna schwcizerischef flicilcnder Gewtisser. Schwei7..

Zoo!. Gcs., Dern, 191B.

[104J CTPOfA!!OB, Co ｾｬＮＺ

06 Onf,IT<1X C ｬｾｮｖＬｬＬ｡Ｌ｜ｮｦ ,'!".,'lH Ol..f11CT1(H CTOllftLIX BOll. Ha

MOCIWDCKHX ｮ ｯ Ｌ ｾ ［ ｴ ｸ 0POllJC1Hlll. ｾ ｾ Ｓ ｄ Ｎ nOCT,61opo Beep,
BO;\Onp. It cnll. TCXH. Che3i\OB, To" I, Ｇ｜ｾＴＬＱＶ ..21, 1914.

[105] SWIATCnOWSKA, K.:
Rcinigung der AbwJsser der LebensmitteHndustrie

mit Hilfc von Algcn. Przemysl Fcrmcntncyjay, 81---82,

Warschau, 1964.

[106) TREIPEL, R.:

Unterhaltunp,sarbeiten an landwirtschaftlichen Ent­

｜ ｶ ｨ ｳ ｳ ｣ ｲ ｵ ｮ ｧ ｳ ｮ ｮ Ｎ ｬ ｮ ｾ ｾ ｣ ｮ Ｎ Die Deutsche Landwirtschaft,

13. J g., Nr, 3, Miirz 1962.



-46-

(107) TOOLOOSE, D. L., KINDRICK, W.1.. and

BROWN. G. H.:

Erfahrungcn mit Oxydationstotchon bel der Reini­

gung von G'irungsabwiissern. Proc. 17th Ind. Waste

Conf. Pror. University Lafayett e, Bull. 47, 756--763,
10103.

(108) UHLMANN, D., KLOSE, J.:

Wirkungsweise und Anwendungsmogtlchkcttcn von

Oxydnttonstotchon. Wnsserwirtschar] - Wassertech­
nil<, 9. 1050.

(109) UHLMANN, D.:

Oxyduttonsaraben und Oxydationstekhe. Wiss. Zeit­

schr i It del' Univorsitiit Leipzig, 11. Jg. (I), 1962. For­

schungsbericht "OxydationsgriibenjOxydationstelche",
1964.

(110) UHLMANl', D.:

Die biologische Selbstretntgung In Abwasser-telchen.

Verh. intern. Vcr. Limno!., XIII. Stuttgart, 617-623,
Februnr 1958.

[Ill) VAN ECK, II.:

Sewage Stabilization Ponds: A Critical Review.

J. & Proc, Inst, Sewage Purifieat. London 3, 320--.134,
1959.

[112J VOEGE, F. A. and STANLEY, D. R:

Industrial Waste Stabilization Ponds in Canada. J,
Water Pollution Contr, Fedor., 1019-1024, Washington,
1963.

(113) WENNSTROM, M.:

Biological Purification of Settled Sewage In Shallow

Ponds. Unsc. Proc. Water Resources, 4, New York,
1040.

(114) WENNSTROM, M.:

Oxidation Ponds in Sweden. Lunds Unlv. Arsskr.

N.F. Avd, 2.Bd. 51. Nr.7, 3-56, 1955.

[115] WIERZBICKI. J.:

Rcinigung und Verwertung von stadttschcn Abwas­

sern in Pnppr-lanprlanzungon. Hygiene auf dem

Lande i. 13-36, Berlin, 1964.

[116J WILLIAMS, It. K.:

Probleme with Oxidations Ponds at Salisbury. J. and

Proc. Inst. Sewage Zuriflcat., 238-239, London, 1964.

[1171 RHHGEPr, r. r. II OCTAIlEli5I. II. 8.:
),,,OJlOrl"'CC'iHC npYAh' R npaxruxe O'lIlCT!iH cro-nn.rx
80,1. Ouucr ica cro-uu.rx ROA8 6110JlOrll'IcCI<IIX npynax,

3-42, M,,"cl< 1961. Aufierdem: brietliche Mittei­
lunden 1963 '64.

[118J WISNIEWSKI, T.:

Algae and their e/Tects on Do and BOD - Part. I.

Water and Sewage Works, 235-241, Chicago, 1958.

[119) WV"STENBERG, J.:
Hygienische Gesiehtspunkte bei Zusammenhlingen von

zentralen und EigenwassHversorgungsanlagen. Gas

und Wasserfach. 945-950, 1958.

[120J WUHRMANN, K.:
Die dritte Reini aungssture: Wege und bisherlge Er­

folge in der Eliminierung eutrophlerender Stoffe.

Schweiz, Z, Hydro!. 19, 1957.

[121) WUNDSC!l, J1, H.:

Die Einsehaltung del' Fisehteiche in die Abw.rssr-r­

vor wor t ung. Vom Wasser H, Ｑ ｾ Ｑ Ｐ 10,

[122) ZOBEL. 1I.:

Bnwi r tschnf tung' von Klr-intr-ichr-n. VF:B Deutscher

Landw irt schnf tsver-lag, 10-107, Berlln, 1962.

(123) ZUNK, S.:

Erfahrungen und Prob lcm e der hygicnischcn Gestal­

tung Iiindf ichor Siedlllnp;en. Wiss. Z. d. Hurnboldt-Uru­

vcrsf t.it zu Berlin, Mnth.-Nat. Reihe In, H.3. 1964.

(124) ZUNK, S.:

Los cxper lcncos et IPs problerncs, de icquiperncnt

hygit'niquc des ｮ ｲ Ｎ ｲ ｾ ｬ ｮ ｮ ｬ ｣ ｲ ｮ ｴ ｩ ｦ ｬ ｮ ｾ r ur.ucs. Por 1.-:\ ctcncin

agricola soeialistra, Praha 2, MZLVJI. 2,1I-244, 1964.

ｲｉＲｾＩ Abwnsscr-bchnndl urur in Lnnd ncrnci ndcn. Eq.(\,bni"",
der untersuchungen des GI<B der \Vasserwidschnfts­

dir'ck tion Ktiste-\Varnow-Pccnc, Sf.ru l su nd , .Tuni 1963,

[126J Akumul acnl r ybnik Ma l i k ovsky v lctsrh 1%3 az 19:;6.

Sbornik Ccskoslovc nslce Akudcmi e Zom edelslcy 'vcd,

Zivocisna vyrobn ;0:;7, Rocnik 3 (Ing. Dr. R PytJik).

[127) Bulletin A. E. 22. Pumps and conveyors for fluid

manure and plan 2G74 (storrure tank). Distributed by

Agricultural Engineering Divison B. C. D(\partment of

Agriculture Victoria, B. C" June JOG3.

[128) Deutsche Ei nhei tsvcr Ia hrcn zur Wasser-·. Abwasser­

und Schlarnrnuntcrsuchung. Wr-inhoirn. J!1:H.

[129) Empf"hlungpn ubcr dip Abwass.errcirriau na in Tci­

chen an den Llt bcim Mi ni storrut drr IJDH. llygiene­

Insl itut dcr E.-:\L-Arndt-Universit1it Greifswald, 1064.

[130] La coons Win Wider Approval in the West, Report,

Fredericton, N. B. (Canada), 1963.

[131] Projckt Register-Divison of Water Supply and Pol­

lution Control. U. S. Dept. of Health. Educat ion and

Wclfarc, Public Hoalt h Service, 1-71, 1962 63.

(132) Standard Methods for the examination of water and

sewage. Deutsche Ausgnbo, Munchcn, 1951.

[133J Stationiirc Weidcmclkstundnnlugc La 08-1-61. VEB

T'ypenprojekt i erung. Berlin W 8, 19G1/G2.

[134) Statistical Summary of Sewage Works in the United

States. Public Heaith Service No. ｇｏｾｊＬ 1-·40. 1958.

[l35J Vorschlag iibcr die Entwasscrung von landwirtschaft­

lichen Produktionsstiittcn. Bericht (Ing. Holler und

Dr. Ncwrzr-Ila), Berlin, September 1960.

[136) Waste Stabilization Lagoons. Proe. of a Symposium

at Kansas City, 1\10'1 U. S. Dept. of Health, Education,

and Welfare, Public Health Service, 1-170, 1960.

[137J Verordnung uber die Ausubung des Fischfanges im

Bereich del' Binnenfischcrei vorn 7. 12. 1959.

(138) Verordnung Yom 30. April 1959 zur Bekarnpfurrg von

Fischkrankheiten. (Bekiimpfung von ubertragbaren

Fischkrankheiten).



-47-

Table I

Purification effect of various sewage ｰ ｵ ｲ ｾ ｦ ｩ ｣ ｡ ｴ ｩ ｯ ｮ ｾ ［ ［ ･ ｴ ｾ ｯ ､ ｳ

Sewage purification method

Susp.
Susb.
ｾ ｧ Ｏ ｬ

BODs
consumption

mg/l

Coliform
germ count

per ml

80-l30

250-350

80-130

20-60

1. Raw sewage, not
initially purified

2. Discharge, treated
mechanically and in part
biologically

3. Oxidation ､ ｩ ｴ ｣ ｾ ･ ｳ

4. Other biological
purification systems

5. Vollk mechanical 20-40
and biological purification

240-400

180-260

50-80

40-100

10-30

25 0,000-1,000,000

100,000 - 500,000

100,000 - 500,000

50,000 - 250,000

3,000 - 10,000

6. Septic tanks (24 hours
retention time)

30-200 50-200 10,000 - 500,000

5,000 - 250,0007. Anaerobic ponds (3 months
retention time)

8. Stabilization ponds
(Dakota type, 20 days
retention time)

9. Oxidation ponds
(Oswald type, 3 to 20
days retention time)

50-200

50-150

20-150

50-200

20-200

10-100

50 -

o -

5,000

1 000,



Table II

Subscriber values per hectare of pond area and characteristic figures for various

oxidation pond systems

Red. of

Tot. no. of Retention
R d f germ and

No. of ponds e.o b t '1
Load per inhabitants Total area Depth time BOD ac erla

Place unit area connected to
An-

(ha) (m ) (days) Ｈ ｴ ｯ ｴ ｾ ｬ Ｉ ｣ ｯ ｾ ｮ ｴ ｳ Ｎ ｯ ｲ
E/ha system

aero- Aerobic call tltre
bic %

I
+=

Gundorf near 2500 1500 1 2 0.6 1.2 25 92 96
CD
I

Leipzig

Melbourne, 1126 1690 2 1 1.5 0.9 21 84 99
Australia (87)

Shoemaker, 1000 40000 0 4 40.0 0.9 25 86 99
California (10)

Blankenfelde 2600 360 0 3 0.14 1.0 28 99 99
near Berlin

Richmond [80J, 10000 5000 0 1 0.5 0.7 3/20 99 99
[81J



Tab Ie III

Effect of oxidation ponds on the BODs and germ count

BODs in mg/l Total germ Germ counts per ml
count

Raw sewage Out- Raw sewage Coliforms Outflow
put Raw Sewage Germ count

Shoemaker 143 34 49,000 10,000 1
Fuglebjerg 148 11 83,000 24,000 33
Lund 158 20 3,500,000 100,000 30
Munich * 350 30 81i0,000 95,000 50
Schonerlinde * 216 35 1,000,000 400,000 10
Blankenfelde 197 9 450,000 90,000 6
Bandelin ** 205 4 t:J20,OOO 53,000 2

sewage filtered throughUsed as sewage fish ponds. Schonerlinde

ground

** No oxidation ponds strictly speaking, but now still heavily charged with

sewage and high BODs load from leaves falling into it.

*

Table IV

Pond management indices

Management:

Name of responsible officer:

Number of ponds and 0 size:

Pond size:

rks

Charge Fish obtained

No. of fish No. of fish
,

Date Kind of Ind. Total Supplier Date Kind of Total 'Indiv- BuyerlRema
fish P kp fish idual

I

Fertilizers Fodders Total Total Net profit
Fodders (natural fish cost Remarks
kp/ha artificial) yield MDN

kp/ha kp/ha IVIDN IMDN/ha



Table V

Population equivalence and pond load values

Population
Pond load va1ues*

equivalence

Ｍ Ｍ Ｍ ｾ

1 human 1. 00 250.0 375.0 500.0 625.0 750.0

1 horse 11.30 21. 7 33.0 44.2 55.2 66.2
I

'51
0

1 cow ** 16.40 15.2 23.0 30.5 38.0 35.5 I

1 sheep 2.45 100.2 150.2 200.5 250.0 300.5

1 pig *** 1. go 125.7 177.2 250.2 350.0 377.0

1 f'ow I 0.014 17,500.0 26,250.0 35,000.00 43,750.00 52,500.0

* Converted to 1 hectare of pond surface.

** With initial mechanical clarification 0.50 m2 - 1.50 m2/head (cattle farms) .

*** With initial mechanical clarification 1.25 m2 - 2.50 m2 per pig.
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Table VI

Analysis values and population equivalence

Population
Kind of sewage pH N Amount BODs equivalence

mg/l l/head-day mg/l per head·
days

Liauid Manure
One room open
stable 9.0 170 1.5-2.0 3300 0.0575

Feeding stable 8.5 868 1. 0-1. 5 3658 0.0339
Resting stable 8.5 571 1.5-2.0 2785 0.0258

DY'ain from floor
One r oom open
stable 9.0 260 7-23 * 1200 0.293

Sewaz e--=Initial and final
pens cattle ex-
change 7.5 53 20-30 * 2475 1. 063

Bar;}, run 9.5 500 10-25 * 780 0.346

Milking house
s ew age

Fresh accumulation 7.5 130 4.5 990 81.76 **
Last compartment,

KLG 7.0 90 0.3-1.8 810 20.69 ***
Liquid manure,
cattle barn

Many rowed barns 8.5 2621 16028 12.67
Open court barns 8.0 846 4984 4.35

Sewage, pigs
Run and large sty 8.0 440 20-35 4200 1. 39
VIa ter carrier
Cleaning 6.0 700 140-300 5000 17.31
Water flush
Danish barns 6.0 4800 62-78 9700 38.88

*
**
***

40-75 mm precipitation/month

Milking houses rate of sewage accumulation 4.5 m3
• d

Population equivalence refers to daytime accumulation of sewage during

mo;}th
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Table VIr

Average physical and chemical results of investigations

of sewage from the Andershof/Stralsund piggery

Time of Water BODs KMnO" Total Total
investigation temp. pH value Mg/l mg/l N PO"

°c

Immediately after
taking samples 11 7.8 1890 3790 604 101

After 5 hours
settlement time
(laboratory) 15 7.9 1850 3780 604 100

After 24 hours
settlement time
(laboratory) 18 7.8 1430 3010 605 87

After 48 hours
settlement time
(laboratory) 18 7.8 1190 2540 600 91

After 96 hours
settlement time
(labora tory) 18 7.9 680 2120 601 97
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Table VIII

Characteristic ､ ･ ｳ ｩ ｧ ｾ ｡ ｴ ｩ ｯ ｾ ｳ for oxidation ponds

Pond type am

Load:

Oxidation pond (mechanical pretreatment)

70.00 - 87.50 kg BODs per hectare' d with an average sew­
age retention time of 40 days. ｾ ｨ ･ retention time may
also be less, if the effectiveness of the artificial venti­
lation and illumination are intensified.

Number of ponds: For subscriber values below 500 population equivalence
1 - 2 ｰｯｾ､ｳＬ

For subscriber values above 500 population equivalence
2 -3 ponds, which can be connected in parallel or in series

Depth of ponds: For subscriber values below 500 population equivalence on
the average 0.60 - 0.80 m, for values above 500 population
equivalence on the average 1.00 m depth.
Since the anaerobic activity of the microorganisms is un­
desired, excessive depths are to be avoided in the install­
ation of ponds.

Input and drainage arrangement: Input should be to the bottom of the pond.
With small subscriber values the inlet
structures ｣ ｡ ｾ be incorporated in the earth
｢ ｡ ｾ ｾ of pond I (dOUble corrugated tile of
wood or cement). With a large number of
subscribers and several ponds it should be
put in the center of pond I. The drain
structure should be a bottom drain.

Slope:

Pond type Ob

Load:

Pond type as

Load:

The slope depends on the kind of ground.
Sandy soil: inside slope = 1 : 2 to 3,

outside slope = 1 : 2.
Loamy ground: inside slope = 1:1.5 to 2,

outside slope = 1:1 to 1.5.
0.20 m freeboard must be observed when pouring first dams.

oxidation ponds (initial partial biological purification)

35.00 - 50.00 kg BODs/hectare· d with an average sewage
retention time of 15 days.
Number, depth of ponds, arrangement of input drains and
slopes substantially as above.

= oxidation ponds (drainage-seepage system)

116.60 - 175.00 kg BODs/hectare· d with an average sewage
retention time ｯ ｾ 25 days. Before ｦ ｩ ｮ ｾ ｬ loading of the
ponds seepage tests snould be carried out so that the reten­
tion ｴ ｩ ｾ ･ xay be ｡ ｣ ｣ ｾ ｲ ｡ ｴ ･ ｬ ｹ ､ ･ ｴ ･ ｲ ｾ ｩ ｮ ･ ､ Ｎ Number, depth of
ponds, arrangement of input drains and slopes substantially
as above.



Pond type Sj

Load:

Slope:

Pond type Sn

Load:

Pond type Sv

Load:
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Table IX

Characteristics for stabilization ponds

= stabilization ponds (manure lagoons)

205.20 - 410.40 kg BODs/ha . d with an average sewage
retention time of 50 days. The retention time refers to
the entire system, including the anaerobically and aerobi­
cally operating ponds.

Number of ponds: At least four ponds in all. Ponds I and II operate anaero­
bically, ponds III and IV aerobically, owing to decreasing
load. Pond I should be subdivided and charged alternately.

Depth of ponds: The mean depth should not substantially.exceed 1.20 m.
Pond I can be as much as 1.80 m deep, pond II up to 1.50 m.

Input and drainage arrangement: Input to pond I is at the bottom of the
pond. Overflows into the next ponds and
the final drain should be set up as bottom
drains or free falls.

The slopes depend on the kind of soil.
Sand: inside slope - 1 : 3,

outside slope - 1 : 1.5 to 2.
Loam: inside slope - 1 : 2,

outside slope - 1 : 1 to 1.5.
0.20 m free board to be observed in pouring earth dams.

= Stabilization ponds (anaerobic ponds)

270.00 - 540.00 kg BODs/ha . d with an average sewage
retention time of 15 days ("industrial ponds").
Number, depth of ponds, arrangements of input drains and
slopes substantially as above.

Stabilization ponds (anaerobic preliminary tanks)

1788.20 - 2700.00 kg BODs/ha . d with an average sewage
retention time of 1 day (sewage thus initially purified
then goes to oxidation ponds for full biological, aerobic
treatment).

Number of ponds: Two ponds which can be operated alternately

Depth of ponds: Average depth is 0.50 m

Arrangement of input and output lines: Simply supported input at the surface
of pond.
Output: overflow

Slope: 1:0 (made of cement)



Pond type Ff

Load:
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Table X

Characteristics of sewage fish ponds

= Sewage fish ponds (addition of fresh water)

5.80 - 7.00 kg BODs/ha . d with an average retention time
of 50 days. The retention time depends in the last analysis
on the amount of fresh water furnished, which should bear a
ratio of 2 to 5 : 1 relative to sewage.

Number of ponds: The number of ponds depends on local conditions. At least
2 ponds, and preferably more, should be provided.

Depth of ponds: The mean water depth of the pond should not exceed 1.00 m.
In the centre of the ponds (drainage ditches for the pur­
pose of complete emptying) depths up to 1.50 m are per­
missible.

Arrangement of input and drains: The mechanically prepurified sewage is in­
troduced into the fresh water pipes where
it is mixed before being introduced into
the fish pond. It then goes through inlets
(0.2 m above the mean water line into the
pond. All ponds must be completely drain­
able by the incorporation of cement or
wood tiles.

Slopes:

Pond type Fb

Load:

Pond type Fo

Load:

Slopes depend on the kind of soil,
Sandy soil: inside slope = 1 : 2 to 3,

outside slope = 1 : 2.
Loamy soil: inside slope = 1 : 1.5 to 2,

outside slope = 1 : 1 to 1.5.
0.20 m freeboard should be observed in pouring the earth

dams.

= Sewage fish ponds (soil filtered sewage)

3.50 - 7.00 kg BODs/ha . d with an average sewage retention
time of 10 days. The retention time depends on the amount
of fresh water supplied. Fresh water supply necessary in
summer months. Number, depth of ponds, arrangement of in­
put drains and slopes, SUbstantially as before.

= Sewage fish ponds (combined with O-type)

5.50 - 7.00 kg BODs/ha . d with an average sewage retention
time of 15 days. Fresh water supply, among other things,
necessary. Number, depth of ponds, arrangement of input,
drains and slopes substantially as above.
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Table XI

Prime costs in MDN/m 3 of mechanical clarification

plants, oxidation ditches, and intensive activated sludge tanks

Population
Mechanical Oxidation Intensive

clarification ditches activated
equivalence

plants MDN/m 3 sludge tanks
MDN/m 3 MDN/m 3

250 1.10 1.19
500 0.55 0.64 0.61
750 0.38 0.43 0.42

1000 0.28 0.33

Table XII

Cost of various oxidation ponds

Investment Unit Unit
Oxidation Population cost investment prime

ponds equivalence total cost cost
MDN MDN/EGW MDN/m 3

Lobejun 650 40,000 61 0.25
Christgrun/Vogtland 475 52,000 109 0.24
Kemnitz/Greifswald 50 5, 700 114 J.27
Reuth/Vogtland 655 98,000 150 0.26
Kemnitz/Vogtland 340 47,000 138 0.28

Table XIII

Yield figures from sewage fish ponds

Year

1960
1961
1962

Yield figures
Schonerlinde kp/ha

480.4
645.1
478.8

Yield figures
Av. for East
Germany kp/ha

434.4
411. 9
418.6
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Sketch of the continuously
operated sewage pond of

Lublino and Luberzi near Moscow
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Figure 2

View of the sewage purification plant
in Auckland, New Zealand. After

initial mechanical purification the
sewage is first fed in to anaerobic
ponds, then to four aerobic ponds

which have a total area of 400 hectares,
for full biological post-purification *

lvlou(

Figure 3

Sketch of the Auckland, New Zealand
sewage purification plant

* For making the original available I am grateful to C.C. Collom , Chief
Engineer of the Metropolitan Drainage Board of the City of Auckland, New
Zealand .
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Figur e 4

Algal reaction pond according t o Professor
Oswald , Richmond , Ca lifornia . Th is pond
not on ly purifie s a sewage b io logica lly ,

but a ls o produces high-protein algae for animal f odder

Raw sewage
inpu t

vo,.·

1 . beho""
lung

Return
t r o ugh

r;.
r;- r

Dr y algae
for ani -
ma l f odde P 0 N

Foam sk imme r

Circul .
pumps

2 .

1 . I nit ial treatment
2 . Algae presser
3. Algae dr ier
4. Algae dehydrator
5 . Algae drain l ine
6 . Sed i mentat ion tank

Drain p i pe

Fi gu r e 5

Diagram o f Professor Os wa l d ' s algal reaction pond
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Figure 6

Photosynthesis of sewage systems, examined for chlorella
sp./Scenedesmus sp.

Figure 7

Biochemical processes in the grana of sewage algae, oxidative
phase ---, reductive phase
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Figure 8

The Van't-Hoff-Arrhenius equation, amended for the
reaction time relation in sewage ponds
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Figure 9

Important algae occurring in the sewage pond

1 Clorella ellipsoldea
'3 Cyclolella operculata
5 Golenklnla radlata
7 Cruclgenla rec:tangularls

9 Selenaslrum mlnulum
11 Coelastrum micruporum
13 Chlorogonium euchlorum

15 Mlcractlnium puslllum
17 Scenedesmus sp,

19 Eudorlna elegan

2 Chlorella vulgaris
4 Ankistrodesmus sp,

6 Nitzschia palea
8 Chodatella quadriseta

12 Pandorina morum
12 Euglena sp,
14 Cryptomonas erosa
16 Chlamydomonas sp,
18 Trachelomonas sp.
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Figure 10

Reduction of BODs and elimination of nutrients,
sewage inspection of the purification plant

at Greifswald-Ladebow. The results of
sewage purification in the oxidation pond
were determined in a small pond that was

present in nature *

o Raw sewage.
1 Imhoff tank.
2 Drain ground after 1.
3 Drain ground after 0 - pond (30 d).
4 Drain ground from drainage-seepage system.

* My sincere thanks go to Doctor Schnese and Dr. Schwartz, Greifswald, for
their assistance in determining some of the values.
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Figure 11

Possibilities of purifying and utilizing organically soiled
sewage with the sewage pond method

Legend:

1 Built-up area with hygiene-protection zone on the side of
the sewage utilization error (bounded by a wind break hedge).

2 Old sewer, sewage formerly flowed directly into the receivers
without being clarified.

3 Receivers insufficiently supplied with water and therefore in­
adequately purified and overloaded with Sewage and contaminated.

4 New sewer leading to the oxidation ponds.

5 Preliminary mechanical clarification of the sewage by Imhoff
tank and sludge processing on dry beds, and composting.

6 Oxidation ponds, water depth about 1.00 m, retention time 10 to
30 days, depending on BOD 5 load.

7 Rearing pond for carp, good fattening of fish assured by bio­
logically purified and extremely nutritive sewage.

8 ｉｾｰｯｵｮ､ｩｮｧ device for feeding fresh water into the carp pond
during the summer months, but required only for emergency.

9 Pumping unit.

10 Spraying area.

12 Underground irrigation system.
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Figure 12

Sewage purification system of the community of Bandelin,
Greifswald District (variant 1). This variant is

first suggested as an interim solution, after which
variant 2 should be built

Legend:

1 Three compartment clarification system (in existence).

2 Oxidation pond (in existence).

3 Pipeline (plan).

4 Sewage fish pond I and II (in existence).

5 Waterworks (in existence). At present, owing to defective
purification in the mechanical clarification plant, there is
a danger of contamination of drinking water.
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Figure 13

Sewers and sewage purification plant of the community of Bandelin,
Greifswald district (variant 2)

Legend:

Existing sewer network,

Existing storm sewer network,

Planned sewer network,

Planned pressure pipeline.

1 Three compartment clarification plant (in existence)

2 Pumping gallery (planned)

3 Oxidation ponds I, II, III (planned)

4 Sewage fish pond I, II, III (planned)

5 Waterworks (in existence). At present there is a danger of
contamination of drinking water oWing to poor purification
effect in the mechanical clarification plant.
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Figure 14

Purification effects by filtration
through ground and sewage fish

ponds, from the ponds at
Schonerlinde near Berlin

[] Input behind sedimentation tanks

moo Input into fishponds (ground filter)

m::l Output from fish ponds

1 - germ count or SODs, 2 - coliforms or N-values
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Figure 15

Ground plan and section A-A of oxidation
pond system at Ｎ ｋ ･ ｭ ｮ ｩ ｴ ｺ Ｏ ｒ ｡ ｰ ｰ ･ ｮ ｨ ｡ ｾ ･ ｮ near
Greifswald. Th2 sewage is purified in

stages and distributed uniformly by
plastic foil partitions
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Figure 16

Section of sedimentation plant I for the
preliminary purification of the sewage
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Figure 17

Sedimentation plant 2 for preliminary
mechanical purification of sewage

Absetzraum Sedimentation space



-71-

Figure 18

Flies alight on the randomly dropped faeces,
so that there is great danger of transmission

of pathogenic germs

Figure 19

Conveyance of everything from this pig farm over the
terrain not only produces a poor state of affairs,

hygienically , but is further questionable in that the
water-carried faeces render satisfactory and accident-free

operation difficult
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Figure 20

Proposal for hygienically satisfactory treatment of barn sewage in the
manure lagoon, example of the plant of the Andershof/Straslund piggery

Legend:

1 Network of sewer.

2 Preliminary clarification tanks.

3 Sludge treatment tanks.

4 Anaerobic ponds la and lb, which should be operated alternately.

5,6 and 7 Manure lagoons.

8 Pumping sump, possibility of removal of purified sewage for agricultural
utilization or for reuse as water for flushing

9, 10 Pig barns and buildings.

11 Place for quarantining pigs.
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Figure 21

Plan and sections of a sewage pond structure in the
Andershof/Stralsurid piggery
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Figure 22

A pond can be converted to a sewage p ond at low costs


