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EFFECT OF SUPPLYING FISH PONDS
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ON THE QUALITY OF POND WATER

WP£YW ZASILANIA STAWÓW HODOWLANYCH
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Abstract: Studies on the impact of the effect of supplying fish ponds with biologically treated wastewater on

the quality of pond water was carried out in three experimental ponds on the premises of the Wastewater

Treatment Plant in Olsztynek in the production season of 2008. The experimental ponds had a surface area in

the range of 0.94 ha to 1.04 ha, with a maximum depth of 1.5 m in the summer. Raw wastewater fed to the

treatment plant comprised household sewage as well as wastewater from a fruit and vegetable processing

plant. Following preliminary treatment, waste was purified biologically in sequencing batch reactors (SBR).

The results of physical and chemical analyses indicate that water in ponds fertilized with biologically

treated wastewater was superior in quality in comparison with ponds where conventional breeding methods

are applied. In the studied ponds, average ammonia nitrogen concentrations were 4- to 18-fold lower than the

lowest average values for ponds supplied with water, fertilized and unfertilized, where fish were fed grain or

pelleted feed.
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Treated wastewater may be supplied to fish ponds as a source of nutrition for fish,

namely phytoplankton and zooplankton [1–4], but in most cases, wastewater is fed

directly into ponds to intensify the trophic chain and stimulate fish production [5–7].

Various types of pretreated waste, ranging from excrement stored in suspended latrines

on ponds [7], raw sewage treated by sedimentation [8], wastewater purified by the

activated sludge method [2] to contaminated river water [9], are used to fertilize fish

ponds. The referenced studies indicate that wastewater enhances the quality of pond

water.

The objective of this study was to evaluate:

– the quality of biologically treated wastewater fed to ponds,
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– the quality of water in ponds supplied with wastewater,

– the option of further purification of biologically pretreated wastewater in fish ponds,

based on the analyzed physical and chemical properties of water.

Materials and methods

A field study was carried out in three experimental ponds (Fig. 1) on the premises of

the Wastewater Treatment Plant in Olsztynek (N: 53o36�15.29� E:20o17�20.66�) in the

production season of 2008. The experimental ponds had a surface area in the range of

0.94 ha (pond no. 2) to 1.04 ha (pond no. 3), with a maximum depth of 1.5 m in the

summer. Raw wastewater fed to the treatment plant comprised household sewage as

well as wastewater from a fruit and vegetable processing plant. Following preliminary

treatment, waste was purified biologically in sequencing batch reactors (SBR).

Experimental ponds were filled with water from underground springs at the bottom

of ponds 2 and 3, and they were seasonally fertilized with biologically pretreated

wastewater. Sewage was fed to pond 1 via a side branch of the main canal evacuating

wastewater from the treatment plant. Wastewater was pumped into ponds 2 and 3.

Field measurements and laboratory analyses were performed on a monthly basis

between April and October. Samples of raw sewage, biologically treated wastewater

and pond water were evaluated. The WTW 350 multi-parameter meter was used to

measure: temperature [oC], pH, dissolved oxygen levels [mgO2 � dm–3], oxygen

saturation [%] and electrolytic conductivity [�S � cm–1].
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Fig. 1. Experimental ponds in the Wastewater Treatment Plant in Olsztynek



Analytical samples were collected using the following methods:

– raw sewage – with the Ruttner sampler, at the inlet of the grill trap in the waste

separation facility,

– biologically treated wastewater – with the Ruttner sampler, in the concrete canal

evacuating waste from the plant; wastewater fed to the ponds was collected from the

same site;

– pond water was sampled at a depth of 0.5 m.

Laboratory analyses were performed using standard analytical methods (Table 1).

Table 1

Scope and methods of laboratory analyses

No. Parameter Methods

1 BOD5 Biochemical oxygen demand Respirometric BOD OxiTop Method

2 N-NO3 Nitrate nitrogen Colorimetric method using phenolodisulfonic acid

3 N-NO2 Nitrite nitrogen Colorimetric method using sulfanilic acid

4 N-NH4 Ammonia nitrogen Nessler method

5 TN Total nitrogen Kjeldahl method

6 P-PO4 Phosphates Colorimetric method using ammonium molibdate with

tin(II) chloride

7 Ptot Total phosphorus Colorimetric method using ammonium molibdate with

tin(II) chloride after mineralization

The results were processed statistically using STATISTICA V. 8.0 software

(StatSoft, Inc. 2009, www.statsoft.com).

Results and discussion

Biologically treated wastewater was characterized by varied chemical composition,

mainly as regards nitrogen and phosphorus compounds. The above could be attributed

to differences in waste removal efficiency – nitrogen and phosphorus are generally

more effectively removed outside the productive season when the local fruit and

vegetable processing plant contributes smaller quantities of wastewater.

From April to October 2008, raw sewage reaching the Wastewater Treatment Plant in

Olsztynek was characterized by a temperature of 12.4 oC to 24.8 oC, pH of 7.2 to 7.9,

and low dissolved oxygen levels in the range of 0.03 mgO2 � dm–3 (practically an

absence of oxygen) to 0.60 mgO2 � dm–3 (Table 2). Organic load was high with BOD5

values between 400 to 720 mgO2 � dm–3, and an average of 527.86 mgO2 � dm–3. High

levels of organic load resulted from a significant share of wastewater evacuated

by the fruit and vegetable plant, which exceeded 50 % of total sewage in some periods.

Industrial waste contained much higher levels of carbon compounds than household

waste.

In raw sewage, nitrogen was determined mostly in the form of ammonia – 57.5 %

(44.02 � 12.42 mgN-NH4 � dm–3) and organic nitrogen – 42.3 % (32.38 � 19.59
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mgN-Norg � dm–3) (Table 2). Nitrate nitrogen had a mere 0.18 % share of total nitrogen

at 0.14 � 0.03 mgN-NO3 � dm–3. The noted nitrogen content is characteristic of Total

Kjeldahl Nitrogen values in raw sewage. The studied samples were also characterized

by high levels of non-ionized ammonia at 0.5945 � 0.4861 mgN-NH3 � dm–3 (Table 2).

As regards the phosphorus content of raw sewage, mineral phosphorus had a 56.7 %

share (9.67 � 3.05 mgP-PO4 � dm–3), and organic phosphorus – 43.2 % share

(7.37 � 2.81 mgPorg � dm–3). Raw sewage contained significant quantities of minerals

stimulating electrolytic conductivity in the range of 1291 to 2300 �S � cm–1, with the

average of 1856 � 334 �S � cm–1 (Table 2).

Biological wastewater treatment in sequencing batch reactors (SBR) supported the

removal of organic compounds. BOD5 values were reduced by 98.2 % to reach

10.43 � 3.69 mgO2 � dm–3 (Table 2). Dissolved oxygen levels ranged from 2.55 to 4.57

mgO2 � dm–3, oxygen saturation was determined at 38.97 � 6.86 %, the studied samples

had slightly acidic pH, and their temperature varied on a seasonal basis. The use of

biologically treated wastewater of the above quality should not lead to a sudden drop in

oxygen levels in fish ponds. The supplied effluent’s slightly acidic character and

temperature similar to that of pond water do not pose a threat to the cultured fish.

Nitrogen and phosphorus compounds were less effectively removed from wastewater

than carbon. Total nitrogen concentrations decreased by 86 % to reach 10.47 � 1.80

mg � dm–3. Treated sewage contained mostly nitrate nitrogen at 44 % (4.67 � 0.85

mg � dm–3, Table 3), ammonia nitrogen – 26 %, organic nitrogen – 25 %, as well as

nitrite nitrogen – 5 % (0.4687 � 0.2259 mg � dm–3) as the product of nitrification. The

concentrations of non-ionized ammonia were determined in the range of 0.0015 to

0.1600 mg � dm–3 (Table 2), and they posed a seasonal threat to the health and life of

fish.

As a result of denitrification in sequential batch reactors, total nitrogen concentra-

tions in wastewater processed in the Olsztynek plant decreased 3.5- to 4.5-fold in

comparison with rural sewage [6, 10] which was also purified by the activated sludge

method but with the use of a less effective technology, and more than two-fold in

comparison with wastewater from 253 treatment plants in Poland where average

concentrations of N were determined at 18.9 mgN � dm–3 [10].

Total phosphorus concentrations were reduced by 69 % from 17.05 � 4.99 mg � dm–3

in raw sewage to 5.26 � 2.30 mg � dm–3 in biologically treated wastewater, and mineral

phosphorus levels decreased by 47 % (Table 2). The electrolytic conductivity of treated

wastewater was high and similar to that of raw sewage.

Phosphate concentrations in treated wastewater were correlated with the levels of

nitrate nitrogen and nitrite nitrogen. An increase in phosphate concentrations could

result from their release from the sludge into the sewage, under anaerobic conditions,

during sewage sedimentation in sequential batch reactors and/or sedimentation in

secondary sedimentation tanks [12, 13]. In selected periods of the study, organic

phosphorus levels were probably elevated due to the outflow of activated sludge flocs

with wastewater leaving the plant.

In the production season of 2008, pond water was characterized by elevated pH

levels of up to 9.3, as well as high levels of dissolved oxygen at 10.70 � 4.42

Effect of Supplying Fish Ponds with Biologically Treated Wastewater... 395



mgO2 � dm–3 in pond 1, 14.07 � 4.35 mgO2 � dm–3 in pond 2, and 10.57 � 4.37

mgO2 � dm–3 in pond 3. Intensified photosynthesis produced relatively high BOD5

values, which were determined at 6.3 to 8.0 on average, reaching a maximum of

23.0 mgO2 � dm–3 in pond 3 (Table 3).

In all of the analyzed ponds, nitrogen was determined mostly in organic form

(Table 3), and its share of total nitrogen varied from 72.0 % in pond 2 to 85.4 % in

pond 3. The above resulted mainly from a high rate of photosynthesis and high

production of phytoplankton biomass. Pond water was characterized by low levels of

non-ionized ammonia which varied insignificantly across the studied reservoirs.

Elevated nitrogen concentrations were noted at the beginning of the production season,

when wastewater was fed into ponds, as well as at the end of the season, which could be

attributed to macrophyte mineralization. Phosphorus was present mostly in organic form

(Table 3), and its share of total phosphorus ranged from 78.6 % in pond 1 to 91.7 % in

pond 3. Mineral phosphorus was “depleted” on a seasonal basis due to a high rate of

photosynthesis and phosphorus uptake by macrophytes.

The results of a statistical analysis indicate that mineral phosphorus and organic

phosphorus concentrations did not differ significantly in ponds 1, 2 and 3 (p � 0.05)

(Table 3). The pH, levels of organic, nitrite and total nitrogen were significantly higher

(p � 0.05) in ponds 1 and 2 than in pond 3. Oxygen saturation was higher in pond 2 in

comparison with ponds 1 and 3. The lowest electrolytic conductivity was noted in pond

2. The content of phosphates, non-ionized ammonia, ammonia nitrogen and BOD5

values in pond 3 were generally significantly lower (p � 0.05) than in the remaining

ponds (Table 3). The above could be partially attributed to the inflow of water from

underground springs at the bottom of the pond.

The results of physical and chemical analyses indicate that water in ponds fertilized

with biologically treated wastewater was superior in quality in comparison with ponds

where conventional breeding methods are applied. In the studied ponds, average

ammonia nitrogen concentrations were 4- to 18-fold lower than the lowest average

values given by Wojda [14], Rahman et al [15], Kolasa-Jaminska [16] and Szumiec [17]

for ponds supplied with water, fertilized and unfertilized, where fish were fed grain or

pelleted feed.

It can be assumed that the inflow of underground spring water and periodic supply of

biologically treated wastewater stimulated the uptake of mineral forms of nitrogen and

phosphorus by algae, thus reducing their concentrations in pond water. The above

indicates that periodic supply of biologically treated sewage to ponds facilitates the

utilization of the introduced minerals, promotes further purification of wastewater and

contributes to the renewal of water resources in the pond ecosystem.

The analyzed ponds were also characterized by a more supportive pH than that noted

by Szumiec [17] in ponds supplied with water where two-year-old carp were

administered pelleted feed. In a study by Szumiec [17], the pH of pond water was

determined at 10.95, and high concentrations of ammonia nitrogen were also noted in

the range of 0.55 to 4.75, with an average of 1.07 mg � dm–3. The above results indicate

that the allowable levels of non-ionized ammonia could be exceeded in conventional

ponds, posing a toxic risk for fish. In a study by Rahman et al [15], carp (Cyprinus

396 Stefan Tucholski and Marcin Sidoruk
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carpio L.) breeding ponds, which were supplied with water, fertilized, and where fish

were administered pelleted feed, had acidic pH of 6.5, whereas the pH of ponds

investigated in this study did not decrease below pH 7.6.

Although research results do not suggest a deterioration in water quality at the pH of

7.6, and some authors [18, 19] find the above pH value to be within the limits of safety,

Moriarty [20] argues that a drop in water pH could be indicative of undesirable

processes in the pond, such as organic matter decomposition, elevated carbon dioxide

levels and lower oxygen concentrations.

In the analyzed ponds, oxygen saturation was higher than the average of 68 and 90 %

saturation levels noted in conventional fish ponds [17]. In the cited study, minimal

oxygen saturation was 14 %. According to reference data [18, 19, 21], such low oxygen

saturation levels not only inhibit fish growth, but they can also lead to fish mortality,

subject to pH and the concentrations of non-ionized ammonia [22]. In the studied ponds,

average oxygen concentrations were more than two-fold higher than those noted in

ponds supplied with organic and mineral fertilizers [15], as well as in unfertilized ponds

where carp were fed ground barley [14].

Conclusions

1. Biologically treated household sewage and wastewater from fruit and vegetable

processing plants can be used to fertilize fish ponds.

2. Biologically treated wastewater was characterized by low BOD5 values which

suggest a low organic matter content. Relatively high nitrogen and phosphorus

concentrations indicate that biologically purified sewage is a potent fertilizer.

3. The presence of mineral compounds in biologically treated wastewater can

enhance the mineral composition of water in fish ponds.

4. Water in ponds supplied with biologically treated sewage was characterized by

high oxygen saturation and low concentrations of ammonia nitrogen and non-ionized

ammonia which did not pose a health and life hazard for fish.
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WP£YW ZASILANIA STAWÓW HODOWLANYCH

BIOLOGICZNIE OCZYSZCZONYMI ŒCIEKAMI NA JAKOŒÆ WODY W STAWACH

Katedra Melioracji i Kszta³towania Œrodowiska

Uniwersytet Warmiñsko-Mazurski w Olsztynie

Abstrakt: Badania dotycz¹ce wp³ywu zasilania stawów hodowlanych biologicznie oczyszczonymi œciekami

na jakoœæ wody w stawach przeprowadzono w sezonie hodowlanym 2008 w trzech stawach doœwiadczalnych

o powierzchni od 0,94 ha do 1,04 i maksymalnej g³êbokoœci w okresie letnim 1,5 m, po³o¿onych na terenie

Oczyszczalni Œcieków w Olsztynku. Œcieki surowe dop³ywaj¹ce do oczyszczalni stanowi³y mieszaninê

œcieków bytowo-gospodarczych i z przetwórstwa owoców i warzyw. Po oczyszczaniu wstêpnym oczyszczano

je biologicznie w sekwencyjnych reaktorach (SBR).

Wyniki badañ sk³adu fizykochemicznego wody w stawach doœwiadczalnych u¿yŸnianych biologicznie

oczyszczonymi œciekami wskazuj¹, i¿ charakteryzowa³y siê one lepsz¹ jakoœci¹ ani¿eli wody w stawach

o konwencjonalnych warunkach chowu ryb. Œrednie stê¿enie azotu amonowego w wodzie stawów

doœwiadczalnych by³o od 4 do 18 razy ni¿sze w porównaniu do najni¿szych œrednich wartoœci w stawach

zasilanych wod¹, nawo¿onych lub nienawo¿onych, w których ryby ¿ywiono pasz¹ zbo¿ow¹ lub mieszank¹

granulowan¹.

S³owa kluczowe: stawy hodowlane, œcieki, jakoœæ wody
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