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The results of the influence of minerals of volcanic origin (analcime, bentonite and saponite) on the main chemical parameters of pond waters with a high content of calcium and sulfates are presented, and additionally contaminated with nitrates. The sorption properties of all minerals studied are determined, taking into account the decrease in the concentration of ammonium nitrogen. The use of saponite and bentonite provides a reduction in the concentration of phosphorus in water and an increase in alkalinity. Analcim and saponite are used effectively to increase the magnesium content and decrease the calcium content in water.
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Statement of the problem. Breeding of fish in artificial reservoirs and ponds, in which, as a rule, an intensive form of farming is used, is closely related to the problem of water pollution with organic substances and nitrogen compounds formed during the life of hydrobionts [9]. Typically, the pollution of ponds in the fishing industry occurs in two ways: natural (products of fish life, feed balances, etc.) and the influence of man-made factors (runoff from fields, sewage, etc). Therefore, with each year, the urgency of finding new, environmentally safe solutions for decontamination of  various types of pollution of the water environment is increasing.

Analysis of basic research and publications on this problem. Ponds, which are intensively exploited, usually go into the category of hypertrophic, that is heavily polluted reservoirs. They are characterized by low water transparency, significant biomass of phytoplankton, high concentration of suspended matter. There is an accumulation of harmful products of anaerobic decay for fish in such reservoirs [7].

Observance of optimum conditions of the growing environment for optimal growth and development of fish is an important task of fish breeders in modern conditions. The basic chemical parameters of the aqueous medium should not exceed the approved limits of maximum permissible concentrations.

There is a large number of both traditional and innovative methods of solving of this problem [12], but it should be emphasized that the use of economically viable methods that does not exert a significant human-induced burden on the ecosystem is particularly important. Effective in this aspect may be the use of volcanic origin minerals, due to their sorption properties [11, 8].

On the territory of Ukraine there are a large number of deposits of volcanic origin minerals (analtsim, bentonite, saponite), which are sorbents of the frame structure [10]. These minerals have ion exchange and adsorption properties, which allows them to be characterized as selective ion exchange and molecular «sieve» [3]. The use of natural zeolites for the fluoride removal from the water [13] and the removal of radionuclides [6] is known. Also, volcanic origin minerals are well adsorb the heavy metals ions and ammonium ions [4]. In addition, it is known that when contact clinoptilolite with water, as a result of ion exchange between the solid and water phases, there is an enrichment of water with calcium ions [2].

However, the studies described above are fragmentary and give a partial picture of the influence of the most common types of volcanic origin minerals on the territory of Ukraine on the basic hydrochemical parameters of fish-water reservoirs. Therefore, it is relevant to study their influence on the chemical composition of water in the ponds, and in this regard – a comparative characteristic and definition of optimal usage standards.

The purpose of the research was to determine the comparative characteristics of the influence of volcanic origin minerals on the chemical composition of pond water with high calcium and sulphate content, which was additionally contaminated with nitrites as a result of intensive fish rearing activities.

The objective of the study was to establish changes in the basic chemical parameters of water when different concentrations of investigated volcanic origin minerals with sorption properties were introduced.

Materials and methods of research. The research was conducted in the conditions of Lviv Experimental Station of the Institute of Fisheries of Ukraine National Academy of Agrarian Sciences of Horodotsky district of Lviv region. Laboratory tests were carried out with using volcanic origin natural minerals  – analcime, bentonite and saponite. Experimental work was carried out in conditions of pools, which were filled with water from cultivating ponds. In these ponds, the fish were grown with high densities, so the water was contaminated with nitrites. Three experiments with two repetitions were carried out and averaged results were obtained. In the first experiment, three experimental and 1 control groups were formed, with the addition of analcime in experimental pools at the rate of 100, 200 and 400 kg/ha. In the second and third experiments, four experimental and 1 control groups were formed with the introduction of bentonite and saponite in experimental pools at the rate of 200, 400, 800 and 1200 kg/ha. There was no water exchange in the pools.

Sampling for chemical analysis of water was carried out in 6 hours after the introduction of minerals, their treatment in the laboratory was carried out according to generally accepted methods [1]. Water quality was assessed in accordance with the general requirements and standards for fish farming [5].

Research results. The study of the effect of analcime on the chemical composition of water is presented in table 1. It should be noted that the content of calcium and sulphates exceeded the normative values ​​that are characteristic of the water supply source. Water was significantly polluted by nitrites, and therefore in the basins these values ​​were high, exceeding the normative ones.

1. Results of hydrochemical studies with analcime introduction (averaged value, n = 2)

	Indexes
	Control
	Experiment 1,
100 kg/ha
	Experiment 2,
200 kg/ha
	Experiment 3,
400 kg/ha
	Normative value

	рН environment
	7.6
	7.5
	7.6
	7.6
	7.0–8.5

	Permanganate

oxidation, mgO/l
	4.9
	6.3
	7.9
	5.6
	15.0

	Alkalinity, mg equiv/l
	4.26
	4.42
	4.42
	4.32
	3.0–6.0

	Hydrocarbonates,

НСОз-, mg/l
	260.1
	269.6
	269.6
	263.5
	300–400

	Nitrite, NО2-, mgN/l
	0.187
	0.175
	0.175
	0.150
	0.1

	Ammonium nitrogen,

NН4+-, mgN/l
	0.58
	1.02
	0.50
	0.32
	2.0

	Mineral phosphorus, 

РО43-, mgP/l
	0.028
	0.028
	0.01
	0.015
	0.5

	Total hardness,

mg equiv/l
	5.4
	5.4
	5.2
	5.1
	3–7

	Calcium, Са2+,  mg/l
	84.6
	90.0
	86.4
	84.6
	40–60

	Magnesium, Mg2+, mg/l
	14.6
	10.9
	10.9
	10.9
	tо 30

	Chlorides, Cl-, mg/l
	20.9
	20.4
	20.6
	21.0
	50–70

	Sulphates, SO42-, mg/l
	68.0
	68.0
	68.4
	67.2
	50–70

	Ʃ К+, Na+, mg/l
	21.8
	25.8
	30.8
	21.8
	tо 120

	Common mineralization, mg/l
	470.0
	485.2
	486.6
	471.2
	300–1000


It has been established that the alkalinity of water and, accordingly, the content of hydrocarbonates is gradually reduced in the cascade of basins with an increase of analgesium amount, so, the adsorption of calcium and magnesium salts, which are bound to the anions of weak acids, should pass. However, in this case, the amount of magnesium is increasing, which requires additional research. The amount of calcium is reduced, but the indicator in all variants exceeds the normative value. The content of nitrites is slightly increasing relative to control, but it can be attributed to the fact that there was no water exchange in the basins, while there is no trend according to the amount of analcime introduction. However, analcime introduction decreases ammoniacal nitrogen with respect to control, which may indicate its sorption ability. The difference between the control and experimental variants on the content of mineral phosphorus was practically not marked, that is, the phosphate content was reduced by their deposition. The hardness of water, the amount of chlorides and sulfates and mineralization practically did not change with respect to control.

Table 2 presents the averaged results of a complete chemical analysis of water with bentonite introduction.
2. Results of hydrochemical studies with bentonite introduction (averaged value, n = 2)
	Indexes
	Control
	Experiment 1,
200 kg/ha
	Experiment 2,
400 kg/ha
	Experiment 3,
800 kg/ha
	Experiment 4,
1200 kg/ha
	Normative value

	рН environment
	7.5
	7.7
	7.7
	7.7
	7.7
	7.0–8.5

	Permanganate

oxidation mgO/l
	10.2
	10.3
	10.1
	10.0
	10.1
	15.0

	Alkalinity, mg equiv/l
	5.8
	5.8
	5.8
	5.8
	5.7
	3.0–6.0

	Hydrocarbonates,
НСОз-, mg/l
	355.3
	352.1
	352.1
	355.3
	352.1
	200–400

	Nitrite, NО2-, mgN/l
	0.153
	0.151
	0.154
	0.147
	0.157
	0.1

	Ammonium nitrogen,
NН4+-, mgN/l
	0.35
	0.06
	0.06
	0.05
	0.03
	2.0

	Nitrate nitrogen,
NО3-, mgN/l
	2.0
	2.1
	2.2
	2.2
	2.2
	tо 2.0

	Mineral phosphorus,
 РО43-, mgP/l
	0.33
	0.17
	0.12
	0.09
	0.10
	0.5

	Common iron,  mg/l
	0.02
	0.05
	0.05
	0.04
	0.05
	1.0


	Total hardness,
mg equiv/l
	5.6
	5.5
	5.8
	5.7
	5.8
	3–7

	Calcium, Са2+, mg/l
	84.6
	91.8
	88.2
	88.2
	90.5
	40–60

	Magnesium, Mg2+, мg/l
	18.9
	17.18
	15.32
	16.4
	15.86
	tо 30.0

	Chlorides, Cl-, mg/l
	17.3
	17.2
	17.3
	17.3
	17.2
	50–70

	Sulphates, SO42-, mg/l
	90.4
	92.4
	91.2
	93.6
	92.8
	50–70

	Ʃ К+, Na+,  mg/l
	60.25
	66.75
	57.5
	62.0
	57.5
	tо 120

	Common mineralization, mg/l
	627.2
	634.8
	625.6
	632.9
	626.5
	300–1000


Installed that the pH of the medium is shifted to the alkaline region, which is positive when growing fish. Alkali and water hardness and accordingly the content of hydrocarbons practically does not change under the influence of the mineral regardless of its amount. At the same time, the content of calcium-ions increases. It can be explained by the structure of bentonite which contains calcium and magnesium ions in its composition. But the content of magnesium decreases.

The introduction of various concentrations of bentonite practically does not affect the content of nitrite and nitrate nitrogen. At the same time, we noted a significant reduction in the concentration of ammonium nitrogen under the action of bentonite which probable adsorbed on the surface of the mineral. When adding bentonite at a rate of 1200 mg/ha, the amount of ammoniacal nitrogen is reduced by 10 times compared with the control. That indicates a high level of sorption ability.

There is also a gradual decrease in water of experimental versions of mineral phosphorus (phosphates) which probable also adsorbed by sorbent: from 0.33 mgP/l in the control to 0.10 mgP/l in the option with the highest amount of mineral.

Other indicators which characterizing the water quality unchanged with the introduction of bentonite. Table 3 illustrated the results of studies with the introduction of various quantities of saponite. It is possible to note a slight shift of the acid-base balance in the alkaline region when depositing saponite. Mineral does not affect the permanganate oxidation of organic compounds. Alkali and water hardness and the content of hydrocarbons practically accordingly does not change under the influence of the mineral regardless of its concentration. It reduces the calcium content and increases the content of magnesium.

Saponite does not contribute to reducing the concentration of nitrites in test water. It should be noted that the concentration of ammoniacal nitrogen is reduced by 6 times, in comparison with control which probable adsorbed on the surface of the mineral.

We observed  a gradual decrease in the experimental water of mineral phosphorus (phosphates) which are also adsorbed by saponite: from 0.4 mgP/l in the control to 0.08 mgP/l in the version with the highest amount of mineral. Concentration of chloride and sulfate ions did not change under the influence of saponite.
3. Results of hydrochemical studies with saponite introduction (averaged value, n = 2)
	Indexes
	Control
	Experiment 1,
200 kg/ha
	Experiment 2,
400 kg/ha
	Experiment 3,
800 kg/ha
	Experiment 4,
1200 kg/ha
	Normative value

	рН environment
	7.4
	7.5
	7.5
	7.6
	7.6
	7.0–8.5

	Permanganate

oxidation, mgO/l
	10.1
	9.9
	10.2
	10.3
	10.2
	15.0

	Alkalinity, mg equiv/l
	4.1
	4.1
	4.0
	4.3
	4.2
	3.0–6.0

	Hydrocarbonates, НСОз-, mg/l
	248.9
	248.6
	242.6
	261.3
	255.0
	200–400

	Nitrite, NО2-, mgN/l
	0.128
	0.114
	0.137
	0.149
	0.127
	0.100

	Ammonium nitrogen, NН4+-, mgN/l
	0.49
	0.09
	0.06
	0.06
	0.06
	2.0

	Mineral phosphorus, РО43-, mgP/l
	0.4
	0.17
	0.09
	0.09
	0.08
	0.5

	Common iron, mg/l
	0.03
	0.03
	0.02
	0.02
	0.03
	1.0

	Total hardness,
mg equiv/l
	4.8
	4.7
	4.8
	4.8
	4.8
	3-7

	Calcium, Са2+, mg/l
	66.0
	52.5
	53.0
	54.5
	54.0
	40–60

	Magnesium, Mg2+, mg/l
	17.3
	24.9
	26.2
	25.5
	24.9
	tо 30

	Chloride, Cl-, mg/l
	13.9
	13.9
	13.1
	13.9
	15.1
	50–70

	Sulphates, SO42-, mg/l
	91.5
	91.5
	92.4
	92.7
	91.9
	50–70

	Ʃ К+, Na+, mg/l
	40.8
	41.9
	35.4
	45.7
	43.7
	tо 120

	Common mineralization,  mg/l
	478.3
	473.5
	462.4
	493.6
	484.4
	300–1000


When we analyze the results of experimental work, first of all it should be noted that all investigated additives has the property to neutralize ammoniacal nitrogen in water. Bentonite and saponite has significantly better sorption properties concerning ammonia nitrogen compared with analcime. It may be due to that analcime is less porous in comparison with two other minerals.

We have established a positive influence of bentonite and saponite on the gradual decrease of the level of mineral phosphorus in accordance with the increased concentration of these additives in water. For analgesium, the phosphorus content is reduced only at a concentration of 100 kg/ha and in others  practically does not change with analcime introduction.

We have established that the environment pH with bentonite and saponite introduction is shifted to the alkaline region which is positive in fish growing. Analcim didn’t change this indicator.

In addition to the sorption properties, these minerals show ion-exchange properties in different ways. In particular, analcime and saponite actively give molecules Mg2+ due to its content in water of experimental variants increases. Content of magnesium in water decreases after introduction of bentonite. That requires additional experimental verification.

The inverse trend is noted for the content of calcium in water: its content is reduced after introduction of analcime and saponite, but is growing after introduction of bentonite. Reducing the calcium content in water is important for this farm because its content in the water supply source is significantly higher than the normative value.

Conclusions:

1. We have installed the expediency of the use of volcanic origin minerals (saponite, zeolite, and bentonite) for the purpose of purification of water for economic purposes of fish farm from the organic and mineral pollutants.

2. We are recommended to use the investigational supplements to reduce the ammonium nitrogen content in pond water.

3. It is advisable introduction saponite and bentonite in order to reduce the content of phosphates in water and increase alkalinity.

4. It is effectively use analcime and saponite to increase the content of magnesium and reduce the calcium content in water. Introduction of bentonite give an inverse relation which requires additional verification based on the biological properties of this mineral.

5. The obtained research results can be used in farms which grows carp by intensive technology in order to optimize the hydrochemical conditions of cultivation.
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