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The method of sewage purification in fish-ponds is of old standing. Since
the beginning of this century this type of fish-ponds has been maintained in
Germany (Favck, 1935; KissgALT and InzaOrFER, 1937; KAUFMANN, 1958;
LieBMANN, 1960). The main point of the procedure is that the organic sub-
stances of the sewage-water getting in to the fish-pond after a suitable dilution
and distribution, are aerobically destructed by means of bacteria and the bio-
genic elements formed this way are utilized by the algae. The bacteria and
algae propagated during the decomposition of organic substances as well as
the organic fragments are incorporated by planktonic animals and other
invertebrate organisms, which are in turn consumed by other invertebrates
or directly by fish.

In spite of the fact that these fish-ponds supplied with sewage-water
function with a good efficiency according to the experience of Germany (Inm-
Horr, 1956 ; LIEBMANN, 1960), the results and observations can only be utilize
with some difficulties owing to the different conditions in Hungary (CSANADY
and GREGAcS, 1965 a). Upon the influence of the advantageous observations
obtained in Czechoslovakia (PyTrLIK, 1957) several papers have been published
in our country which, on the one hand, urged the operating experimental
introduction of the postpurification of sewage-water in fish-ponds (WoyNa-
ROVICH, 1959 a, b), and on the other hand, described the principal problems
together with home possibilities (DonNAszy, 1965; CsaANADY and GREGACS,
1965 a). In spite of that, attention was rather focused on the so-called waste
stabilization ponds (“‘Abwasserteich’”) (UnLMANN, 1962; BRINCK, 1961;
CsaNADY and GrEGACS, 1965 b), since as against to the fish-pond purification,
there is no need of dilution-water in this case, offering a possibility for wider
application. According to certain data,the waste stabilization ponds and the
fish-ponds supplied with sewage-water cannot be sharply distinguished
(Pyrrik, 1957), since in a closed system the culture of carp and tench can
be realized even without diluting the water, and what is more, for this purpose
even the strongly contaminated waste waters of the food industry can be used.

Neither sewage fish-ponds nor waste stabilization ponds were established
in Hungary until 1970 for direct purposes of purification of sewage-waters.
Nevertheless, the home literature (CsaxApy and GreGcAcs, 1965 a, b) reported
on the bacteriological, chemical and parasitological relationships of some fish-

15%



228

ponds loaded with sewage-water and waste stabilization ponds, indicating
that these methods could be applied in a useful way even in our country.
The authors cited above suggest the establishment of these types of pond
especially on the southern shore of Lake Balaton, since “‘by means of them
the sewage-water can practically be kept out of the lake” (CsanApy and
GREGACS, 1965 a, p. 185), and hold as necessary to perform experiments in
operational sizes in order to estimate the possibilities. The idea of establishing
sewage fish-ponds has arisen even formerly, however, recently some apprehen-
siveness came to light both abroad and home as regards this method of sewage
purification especially in connection with the ponds along the Lake Balaton,
containing peat and a huge amount of organic substances (HoLENy1, 1962).

The OVH (National Buro for Water Conservancy) agreed to establish
experimental ponds in 1970, which is to be built in the region of Fonyéd for
the utilization of sewage-waters and to start to function in 1973. Until putting
this fish-pond into operation, we have investigated the so-called pond of
Zardavar No. 1 since 1971, which is a sewage fish-pond not studied before
from hydrobiological point of view. The long-term aim of our investigations
was to obtain scientific material on the basis of which the research work can
be planned with suitable certainty on the experimental ponds starting in 1973.

The investigations were intended to study directly

a) the biomass of bacterio-, phyto- and zooplankton as well as their
changes;

b) the biomass of fauna at the bottom of the pond;

c) the growth of fishes;

d) the most important chemical components.

Description of the place of investigations

A fish-pond system of 370 cadastral acre consisting of 3 units serves
for the postpurification of the sewage-water of the Fonyd6d resort centre.
The water is conducted here by a main collecting pipe. After lifting over and
sedimentation, the water reaches pond No. 1 at one point, which is of 85
cadastral acre. The other two ponds can be filled in with water through the
first one, thus, the accidentally remaining contamination can further be
destructed.

During the emptying of the ponds, the water gets in a canal called
Keleti-Bozét then into Lake Balaton. During this period, the sewage-water
is collected in a reserve pond (Fig. 1) acting for waste stabilization. The re-
filling of the ponds takes place from the canal mentioned above containing
plentiful clean water.

According to the aims of investigations, the work was concentrated on
pond No. 1. The standard places of sampling, except one, fall on the transversal
section of the pond. The place of sampling No. 1 was near the inflow of the
sewage-water, that of No. 5 near the outflow of the pond, and further 3 places
were selected at about identical distances from each other between the two
marginal places mentioned above.

Using these places of sampling, the changes can be followed from the
inflow up to the outlet of the pond. Samples were taken occassionally from
another point of the pond for comparisons (F#ig. 1, place of sampling No. 6).
Thus, 3 samples were at our disposal each from the marginal and open water
areas.
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The determination of the zooplankton biomass was performed in light
of the works of SEBESTYEN (1958), NAUWERCK (1963), SCHNESE and SCHWARZ
(1970). For qualitative and quantitative analyses of the Rotatoria plankton,
the filtrate obtained on a mesh No. 25 from 4.5 1 of water was used. At the
evaluation of the biomass of the predominant species, the volume values
calculated on the basis of models of SEBESTYEN (1958) concerning the periods
of “warm water”’, as well as the values of length, width and thickness of
different species measured under the microscope, were applied. The product
of multiplication of those values is considered as a volume given in u? units
of a given individual. Since the measurements were carried out on formalin-
fixed material, the morphological changes of certain species could not be
taken into account (e.g. the retracted foot of Epiphanes, the head-region of
Asplanchna, etc.). The chitin-processes and the spines were also neglected
(e.g. Brachionus diversicornis, or B. calicyflorus). The volume values obtained
this way were averaged and multiplied by 1.025 resulting in the wet weight
of one rotifer individual in average. The dry weight amounts to 10 percent
of that (WinBErG, 1971). The number of individuals per litre was multiplied
by this average weight.

For the determination of the biomass of Crustacean plankton, 15 1 of
drawn water was used concentrated on a bronze-net of 90 u mesh. The biomass
was calculated by multiplying the number of individuals per litre by the value
of dry weight measured separately for every species (e.g. the weight of a
Bosmina longirostris is 2 pg, that of juvenile Cyclops vicinus is 5 ug).

2. The me hods of investigation of the benthos

The macrobenthos was investigated by using the Eckmann—Birge
dredge, the mud was passed through riddles of different mesh (the smallest
one of 500 u). Organisms of this order of magnitude occurred so rarely that
the determination of biomass was omitted.

The collecting of meiobenthic samples was also carried out by using
the Eckmann—Birge dredge. A mud layer of 1 cm thickness and 40 cm?
surface area was taken away from the untouched surface of the sample. The
material was fixed in 4 percent formalin. The mud sample was put into a
measure cylinder of 200 ml and filled up to the sign, then after mixing by
shaking the animals were selected and investigated in portions of 25 x 2—4 ml
in counting dishes. The biomass of Nematoda was estimated in dry weight
according to the work of Warwick and BucHANAN (1971) by calculations.
The biomass of the other groups of organisms was not calculated because
of their low number of individuals.

3. Methods of measurements on the fish-production and growth of fishes

The investigations were mainly carried out on fishes collected during
sampling fisheries. The total and standard body length as well as the
body weight were measured and conclusions were drawn for the absolute
growth from the average values. The allometric growth was calculated from
those values (HUXLEY, 1924; cit. BEVERTON and Hort, 1957). The rate of
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growth of body length and weight was characterized by the so-called growth
coefficients on the basis of the equations given below (CEAPMAN, 1968; TESCH,
1968):

= loge —V_{’l— loge W0 T Vs e e logc I_Jl jee loge I‘o
At ; ? At

where G, = growth coefficient of the body weight, G, = growth coefficient
of the body length; w = body weight; L. = body length; A4t = time between
0 and 1 (in our case it is 6 months).

The condition of the fishes was determined by using the method of HiLe
(1936) and LE CrEN (1951) on the basis of the following equations:

109 W
FE

Gw

and CF =

At the seasonal changes of the condition the average and the limit values were
considered.

The calculation of the actual total mortality was carried out according
to RickER (1958):

7 — —(oge Ny — log, N)
At ’

where Z = coefficient of the actual total mortality; N = number of individuals
at the beginning and at the end; A4t = time (= 0.5 year). From that equation
one can determine the coefficient of survival, i.e. the rate of that:

Bi=anf

as well as the total yearly mortality: A = 1 — S; this applies in this case
only to half a year. The “losts” at economical level are given simply as per-
centages without time-dependence on the basis of the results of fisheries.

The production parameters of Zardavir ponds No. 1, 2 and 3 were
evaluated separately between 1964 and 1971, and the net fish-production of
each pond was investigated by using the parameters determined above as well
as statictical data according to necessity (RICKER, 1958; BACKIEL, 1963;
NacIrd, 1964).

4. The water analyses were carried out according to the Hungarian
National Standards. The mud-analyses were performed by the Department
of waterphysiology of OMMI.

Results

1. Qualitative characterization of the water in the sewage fish-pond as well as in
the in- and out-flow canals

Several data summarized in Table I and Table 11 on water quality
indicate that the fish-pond shows an efficiency of purification of about 40— 74
percent. The recipient Keleti-Bozbt contains water of good quality 1 km before
Lake Balaton. This manifests itself especially in the low O,-consumption
and low ammonium-values.



TABLE I

Some chemical characteristics of the water flowing in and out of the sewage-water fish-pond

The outflow after the

The shaft of the rough screen =
Substances investigated (mg/1) Befate tha, clewr sedmllgleltéator s s

June | August | Sept. | Oct. June | August | Sept. Oct. June | August | Sept. | Oct.
O, consumption (original) 195 245 140 192 90 205 106 152 42 155 71 99
BOI [5] 91 187 99 193 60 136 94 140 25 112 54 108
Dissolved O, — — — — — 1.5 — — 8.8 7.8 6.3 —
pH 8.0 7.3 7.3 7.5 7.5 7.35 7.35 7.5 8.1 8.1 8.5 7.6
NHF 41 49 54 64.8 51 44 46 54 20 3.0 3.4 48.6
Total dry substance 1438 1260 1545 1097 1234 805 1447 1194 531 577 619 959
Total organic substance 570 747 550. 623 382 268 517 519 257 196 338 333
Total mineral substance 868 5156 995 728 852 537 830 675 274 381 281 626

GE3



TABLE II
Some chemical characteristics of the water of Keleti- Bozét canal reaching Lake Balaton
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1969

1969

Vehicular bridge of Fonyéd

Substances investigated (mg/l) June Sept. 1970 1970 1971
April Nov. March

O, consumption 9.1 5.2 8.0 7.4 2.6
BOI; 4.1 5.0 5.0 3.0 2.3
Dissolved Oy 6.7 12 7.3 10.4 8.9
PH 8.4 8.0 8.2 8.0 8.1
NHF 0.15 0.2 0.1 0.6 0.1
Total dry substance 456 628 452 606 539

2. The biomass of bacterioplankton

The bacterial biomass was of high value during May due to the increasing
temperature (T'ables 111 and IV ). The high spring values were characteristic
for the whole pond; no increase in values was noted near the inflow. During
nearly one month, by the 9th June, the biomass of the bacterioplankton
decreased. The highest value was found at the place farthest from the inflow

on the 9th June, together with a low content of bacteria.

TABLE III

Biomass values of the bacterioplankton (g wet weight/m?®) in 1971

13th 9th 23rd 6th 10th 20th | 14th 12th 21st

May June June July Aug. Aug. Sept. Oct. Oct.
1. 11 4 21 0.25 4.4 2.8 13.8 20.6 24.1
2. 10.6 3.4 18 0.38 14 2.3 12.56 19.7 23.9
3. 9 4.2 14 0.46 1.3 1.8 10.8 21.0 23.3
4. 12 3.8 11 0.51 115 ) 1.8 9.2 21.6 25.2
5. 11.8 5.9 12.2 0.55 1.4 3.0 14.9 20.6 21.4
Keleti Bozét 2.6 1.9 2.1 —_— —_ —_ —_ —_ —_

TABLE IV
Biomass values of the bacterioplankton (g dry weight/m?®) in 1971

13th 9th 23rd 6th 10th 29th 14th 12th 21st

May June June July Aug. Aug. Sept. Oct: Oct.
13 2.2 0.8 4.2 0.05 0.8 0.5 2.7 4.1 4.8
2. 2.1 0.6 3.6 0.07 0.2 0.4 2.5 3.9 4.7
3. 1.8 0.8 2.8 0.09 0.2 0.3 2.1 4.2 4.6
4. 2.4 0.7 2.2 0.10 0.2 0.3 1.8 4.3 5.0
5. 2.3 i ) 2.4 0.10 0.2 0.6 2.9 4.1 4.2
Keleti Bozét 0.5 0.3 0.4 — — — = e 7y

|
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The restarted inflow of sewage-water increased again the biomass of
the microbial plankton in the whole pond according to the investigations of
the 23rd June. The biomass values surpassed those in high spring. The highest
values were obtained near the inflow. Proceeding toward the outlet, the bio-
mass of the bacterioplankton decreased nearly to its half.

Parallel with the blue-green algal bloom, the biomass of the bacterio-
plankton decreased to an extremely low value (6th July). The bacterioplankton
was formed mainly by a single coccoid form of 2 -3 u size (with food-inclusion
and often in the state of division).

The biomass of the bacterioplankton remained low even on the 10th
August beside the abundant biomass of Anabaena-Microcystis-Oscillatoria-
Aphanizomenon species. However, the cocci of 2—3 u size were changed
replaced by filamentous forms. The biomass of bacterioplankton was very low
even on the 29th August and the filamentous forms predominated.

The biomass of bacterioplankton was high on the 14th September. The
initiated mineralization of Anabaena filaments was indicated by the fact
that after the cocci of 2—3 p size and the filamentous forms, a significant
proportion of the bacterioplankton consisted of a form of less than 1 p of a
coccus-streptococcus type. The more or less colonized bacteria were always
localized around the destructed Anabaena cells. The terminal cells of the
destructed Anabaena filaments were surrounded almost always by the micro-
colonies of this microorganism.

The biomass of the bacterioplankton remained high on the 12th and 21st
October. The decrease of blue-green algae was accompanied by the appearance
of diatoms. Parallel to this phenomenon, a thin (less than 1 y thick) filamentous
organism became predominant in the bacterioplankton.

The biomass of bacterioplankton in the Keleti-Boz6t was very low
during the period of investigations as compared to that of the pond.

In the seasonal change of the biomass of bacterioplankton the very low
number of bacteria is the most conspicuous phenomenon observed parallel
with the bluegreen algal bloom. The decrease in the number of bacteria ac-
companying the blue-green algal bloom has also been described during our
previous investigations in Lake Balaton and Lake Belsé (OrnAm, 1971). It
seems to be regular that the destruction and mineralization of the large
blue-green algal biomass leads to an extreme increase in the bacterial biomass
following the minimum value of it. The complex causal relationships between
the blue-green algae and the bacteria described even here will be elucidated
in more detail in the future.

On the basis of literary data and considering the bacterial biomass, the
waste stabilization pond of Fonyéd can be classified as a pond of high producti-
vity and of medium loading.

3. The changes of biomass of phytoplankton and the percentual composition
of the algal groups

@) Chlorophyll content and phytoplanktonic biomass. Similarly to the
biomass of bacterioplankton, the amount of chlorophyll-a decreased after a
high spring value (T'able V). By the end of June, after the restarting of the
sewage-water inflow, the chlorophyll-a content increased again. During July,
August and September, the amount of chlorophyll-a extremely increases in
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