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Quarry water quality was assessed by biotesting using microalgae Chlorella vulgaris Beijer and crustaceans
Daphnia magna Straus. The results of the study of the toxicity of quarry waters are presented, indicating the
safety of their use as sources of drinking water supply. Sufficiently high water quality of the considered
reservoirs is connected with their origin. As a result of limestone mining, underground waters were opened,
which are cleaned of impurities, being filtered by porous rocks. The possibility of using the waters of quarry
lakes as an alternative source of water supply for the Sevastopol region is being considered. It is noted that the
use of flooded quarry waters should be substantiated by long-term hydrogeological studies.
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INTRODUCTION

Crimea has experienced the problem of water shortage for a very long time [1]. In
2020, the situation with the water supply of the city of Sevastopol became critical.
Insufficient rainfall and a winter with little snow led to drought. The reserves of the
Chernorechensky reservoir, which provides the city with water, decreased to
22.5 million m3, which amounted to a third of its volume.

As urgent measures aimed at maintaining the water regime of the city and preventing
emergencies, it was decided to use the resources of water bodies available in the region for
water supply: lakes near Mount Gasforta, flooded Inkerman and Kadykovsky quarries.
Previously [2, 3] the potential of mentioned quarries was studied and the possibility of
their use as sources of irrigation was substantiated.

The Inkerman lime-shell quarry had been developed since 1944 for the extraction of
building materials. In 1978, after blasting, the quarry began to fill with groundwater. The
depth of the formed reservoir is up to 60 m, the water level is constant, the area of the
water surface is about 23 thsnd. m*.

The reservoir near Mount Gasforta was formed in 1977 by flooding a quarry of
fluxing limestones with water due to surface and underground runoff. The development of
the rock reached the level of groundwater, after which the mountain springs were opened.
The reservoir has the following characteristics: the water surface area is 35 thsnd. m’, the
depth is up to 10 m, and the volume is more than 2,4 million m’. Its water is clean and
transparent.

The Kadykovsky quarry is a multi-stage formation with ledges from 15 to 36 m wide
increasing as they reach the water surface. The quarry shape is close to an oval with the
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largest diameter (1.69 km) from west to east. The smaller diameter, oriented from north to
south, is 0.76 km. The depth of the quarry is more than 40 m. The reservoir is replenished
by underground sources, its volume is more than 5 million m’. For several decades of the
last century, limestone was mined here, which was necessary to produce ferroalloys. The
reason for the flooding of the Kadykovsky quarry was that it was filling with groundwater.

The purpose of current work is to determine the toxicity of quarry waters in order to
assess the possibility of its use as additional sources of drinking water supply in the
Sevastopol region.

MATERIALS AND METHODS

Currently, one of the most widely used methods for assessing the toxicity of natural
water pollution is biotesting [4, 5]. The use of this method has several advantages over
physical and chemical analysis, which often fails to detect unstable compounds or
quantitatively determine ultra-low concentrations of toxicants, as well as to take into
account their combined effect. Biotesting makes it possible to quickly obtain an integral
assessment of toxicity at a specific point in time [6, 7]. Toxicity assessment is carried out
using at least two organisms from different systematic groups. The value of a more
sensitive organism found in the study is taken as the final result.

Planktonic crustaceans (Daphnia magna Straus) were used as the first test organism
for biotesting of quarry waters [8, 9]. The assessment was carried out based on
measurements of the number of crustaceans by the method of direct counting, which is
based on the determination of the mortality of daphnia under the influence of toxic
substances present in the test sample [10]. The criterion for acute toxicity is the death of
50 % or more of daphnia in 48 h in the test sample, provided that in the control
experiment all crustaceans retain their viability.

An algologically pure culture of microalgae (Chlorella vulgaris Beijer) [11] for
biotesting was at the stage of exponential growth. To assess the toxicity of quarry waters,
the optical density of the test culture was measured. The technique is based on recording
differences in the optical density of algae grown on the control medium and in the tested
water samples, which may contain toxic substances [12]. The criterion for water toxicity is
a decrease by 20 % or more (growth inhibition) or an increase by 30 % or more (growth
stimulation) of the optical density of the algae test culture grown for 22 h.

In accordance with the methodology [10, 12], during the experiments, comparisons
were made between the control and tested water samples diluted by 1 (without dilution), 3,
9, 27, and 81 times. Mathematical methods of data processing were used to evaluate the
experimental results.

RESULTS AND DISCUSSION

The results of assessing the toxicity of quarry water samples using crustaceans
(D. magna) as a test organism are shown in Table 1. To determine the acute toxicity of the
studied waters, the percentage of daphnia that died in the tested water (A, %) was
calculated compared to the control:
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where X¢ — number of surviving daphnia in control (average of three parallel
determinations);

X7 _ number of surviving daphnia in test water (average of three replicates).

Since there was observed no death of more than 10 % of the organisms in any of the
samples, there was no need to calculate the harmless dilution ratio and acute toxicity.

Table 1
Biotesting of quarry waters using the test organisms
of crustaceans (Daphnia magna Straus)
Water Inkerman Gasforta Kadykovsky
sample quarry lake quarry lake quarry lake
aodon |y 1 Xp | A% | x, | Xr | A% | x, | Xr | A%
10 10 10
control 10 10.0 0 10 10.0 0 10 10.0 0
10 10 10
10 10 10
81 10 10.0 0 10 10.0 0 10 10.0 0
10 10 10
10 10 10
27 10 10.0 0 10 10.0 0 10 10.0 0
10 10 10
10 10 10
9 10 10.0 0 10 10.0 0 10 10.0 0
10 10 10
10 10 10
3 10 10.0 0 10 10.0 0 10 10.0 0
10 10 10
. 10 10 9
! d(lmtlgi‘)“ 10 | 97| 3 10 ] 100| 0 [ 10 | 93 | 7
9 10 9

When assessing the toxicity of quarry waters using microalgae (Ch. vulgaris) as a test
culture (Table 2), we calculated the relative difference (%) of the average optical density
for each dilution compared to the control (/):

89



Kucherik G. V., Omelchuk Yu. A., Sytnikov D. M.

l:ﬁl%)xmo,

C

where Pe u Do _ average values of optical density in the control and in the
experiment samples from four parallel determinations, respectively.

Since samples without dilutions had deviations in optical density in the form of
growth suppression by more than 20 %, the toxic dilution factor (TDF) was calculated

using the formula:
(g Dp =g Dy )x(4=0,2) +l2 Dy

TDF =10 =l ,

where D, — dilution value at which the deviation index was below the toxicity
criterion;

D, — dilution value (lower) at which the deviation index was above the toxicity
criterion;

I, and [, — the values of the indices / corresponding to these dilutions, expressed in
fractions.

As D, and D, that pair of the highest dilutions was used, between which there was a
transition of the index / of the value of the established toxicity criterion.

The calculated values of the toxic dilution ratio for the Inkerman flooded quarry were
2.5; Lake Gasforta — 2.2; Kadykovsky flooded quarry — 2.9.

Table 2
Biotesting of quarry waters using the test organisms
of microalgae (Chlorella vulgaris Beijer)
Inkerman Gasforta Kadykovskiy
Water sample quarry lake quarry lake quarry lake
dilution, times Ontical Ontical Ontical
ptica ptica ptica
density, D L% density, D L% density, D L%
control 0.155 - 0.155 - 0.155 -
1 (without 0.064 58.7 0.057 632 | 0010 | 935
dilution)
3 0.136 12.3 0.148 4.5 0.128 17.4
9 0.152 1.9 0.155 0.0 0.137 11.6
27 0.155 0.0 0.155 0.0 0.145 5.8
81 0.155 0.0 0.155 0.0 0.155 0.0

In the study of quarry waters using D. magna test organisms, the number of deaths in
the tested samples of daphnia did not exceed 10 %, which indicates the absence of toxic
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effects. The test culture Ch. vulgaris had higher sensitivity, however, when the test
samples were diluted 3 times, the toxicity criterion was also not exceeded.

In all undiluted samples of quarry water, inhibition of the growth of Ch. vulgaris
exceeding 20 % was observed. The relative difference in the average optical density for
samples without dilution compared to the control was 93.5 % for Kadykovskiy quarry
lake, 63.2 % for Gasforta quarry lake and 58.7 % for Inkerman quarry lake. Thus, the
transition through the criterion of toxicity in the form of 20 % growth inhibition was
between 1 and 3 times dilutions of the test water.

The calculated values of the toxic dilution ratio make it possible to rank the
considered water bodies in order of increasing possible toxic effect of their waters:
Inkerman quarry lake, Gasforta quarry lake and Kadykovsky quarry lake. However,
already at a 3-times dilution, the tested samples of all water bodies became completely
harmless.

CONCLUSIONS

The obtained results substantiate the possibility of using the quarry lakes of the
Sevastopol region as a backup source of water supply for the city. Quarry water quality
assessment confirmed that the samples taken are harmless when diluted 3 times and do not
have an acute toxic effect on living organisms from two distant systematic groups.

Sufficiently high-water quality from the considered water bodies can be explained by
their origin as a result of limestone mining. Apparently, groundwater is being cleared of
impurities, while being filtered through porous rocks.

When implementing the strategic task of solving the problem of water shortage in the
city of Sevastopol in the winter of 2021, the daily water intake from Kadykovsky quarry
lake amounted to 15 thsnd. m®, from Gasforta and Inkerman quarry lake about 5 thsnd. m’,
which made it possible to reduce the load on the Chernorechensky reservoir, which is the
main source of water in the region (50 thsnd. m*/day).

It should be noted that the use of water from flooded quarries have to be justified by
long-term hydrogeological studies confirming the renewability of groundwater supplying
the quarry. Otherwise, the withdrawal of water can lead to the achievement of an
irreplaceable level of the reservoir, swamping and death of the ecosystem of the flooded
quarry lake.

References

1. Tabunshchik V. A., Kalinchuk I. V., Galkina M. V., Vlasova A. N. and Nikiforova A. A. Water shortage
and water management balance in the Republic of Crimea: current values and forecast for 2030. /OP
Conference Series: Earth and Environmental Science, 839(3), 032026 (2021), DOI: 10.1088/1755-
1315/839/3/032026

2. Jawecki B., Kowalczyk T. and Feng Ye. The Evaluation of the possibility to use the water from quarry
lakes  for  Irrigation.  Journal of  Ecological  Engineering  20(9), 188  (2019),
DOI: 10.12911/22998993/112490

3. Seelen L., Teurlincx J., Bruinsma J. and Huijsmans T. M. F. The value of novel ecosystems: Disclosing
the ecological quality of quarry lakes. Science of The Total Environment, 769, 144294 (2021),
DOI: 10.1016/j.scitotenv.2020.144294

91



Kucherik G. V., Omelchuk Yu. A., Sytnikov D. M.

4. Kuczynska A., Wolska L., and Namiesnik J. Application of Biotests in Environmental Research. Critical
Reviews in Analytical Chemistry. 35, 135 (2005), DOI: 10.1080/10408340500207524

5. Goncharuk V.V. Pleteneva T.V., Rudenko A.V., Syroeshkin A.V. Kovalenko V.F.,
Uspenskaya E. V., Saprykina M. N. and Zlatskiy 1. A. Basic principles of comprehensive biotesting of
drinking water and point system classification of water quality. Journal of Water Chemistry and
Technology, 40(1), 35 (2018), DOI: 10.3103/S1063455X1801006X

6. Stravinskene E. S., Subbotin M. A., Grigoriev Yu. S., Shashkova T. L. and Sorokina G. A. The effect of
the ratio of the medium volume and the number of organisms on the results of toxicological experiments.
IOP Conference Series: Earth and Environmental Science, 315, 042033 (2019), DOI: 10.1088/1755-
1315/315/4/042033

7. Boitsenyuc L. L., Suslov S. V., Gruzdev V. S., Krivosheya B. S. and Khrustaleva M. A. Development of
biotesting method for water quality. IOP Conference Series: Earth and Environmental Science, 867,
012034 (2021), DOI: 10.1088/1755-1315/867/1/012034

8. Braginskiy L. P. Methodological aspects of toxicological biotesting on Daphnia magna Str. and other
cladocerans: a critical review. Hydrobiological —Journal, 36(5), 50 (2002), DOI:
10.1615/HydrobJ.v38.i1.30

9. Sakai M. Chronic toxicity tests with Daphnia magna for examination of river water quality. Journal of
Environmental Science and Health, 36(1), 67 (2001), DOI: 10.1081/PFC-100000917

10. Methodology for measuring the amount of daphnia (Daphnia magna Straus) to determine the toxicity of
drinking, fresh natural and waste waters, water extracts from soils, soils, sewage sludge, production and
consumption waste by the direct counting method (Moscow), 39 (2014).

11. Czaplicka-Kotas A., Lodowska J. Biomonitoring of surface water by synchronous culture of Chlorella
vulgaris algae. Environment Protection Engineering, 40,29 (2014), DOI: 10.5277/epe140403

12. Methodology for measuring the optical density of the culture of the chlorella (Chlorella vulgaris Beijer)
algae to determine the toxicity of drinking, fresh natural and waste water, water extracts from soils, soils,
sewage sludge, production and consumption waste (Moscow), 38 (2014).

Kyuepux I'.B. BuotectnpoBanme o00BOJAHEHHBIX KapbepoB KaK aJbTEPHATHBHOIO MCTOYHHMKA
nuTbeBoro BogocHaGxkenns / I'. B. Kyuepuk, 0. A. Omensuyk, JI. M. CeiTHHKOB // Y4eHbIe 3aucKu
Kpsmckoro ¢enepansHoro yausepcutera uMm. B. 1. Bepranckoro. buomorms, xumus. — 2022. — T. 8 (74),
Ne2. — C. 87-92.

KavecTBO KaphepHBIX BOJ OLIEHUBAIH C ITOMOIIBI0 OHOTECTUPOBAHHUS C HCIOJIB30BAHHEM MHKPOBOZOPOCICH
Chlorella vulgaris Beijer u pakooOpasusix Daphnia magna Straus. IIpencTaBieHsl pe3yJbTaThl HCCISIOBAHUS
TOKCHYHOCTH KapbhepPHBIX BOJ, CBUJAETENbCTBYIOIINE O O€30MaCHOCTH HX MHCIONB30BaHUS B KayeCTBE
HCTOYHUKOB MHTHEBOTO BOJOCHA0KEHHUS. JI0CTaTOUHO BBICOKOE KaueCTBO BOJBI PACCMAaTPHBAEMBIX BOJIOEMOB
CBSI3aHO C MX MPOUCXO0XKJEHHEM: B Pe3yJbTaTe JA0O0BIUM M3BECTHSKA BCKPBUINCH MOA3EMHBIE BOABI, KOTOPbIE
OYMIIAIOTCS OT HpHuMecedl, (QUIBTPYSCh MOPUCTBIMH IOPOJAaMH. PaccMaTpuBaeTcss BO3MOXKHOCTD
HCTIONB30BaHUS BOJA OOBOJHEHHBIX KapbhepoOB B KauecTBE AaJIbTEPHATHBHOTO HMCTOYHHKA BOJOCHAOXKEHHS
CeBacTonoiabckoro peruona. OTMEUYEHO, YTO HCIOIBb30BAaHHME BOJ[ 3aTOIUICHHBIX KaphepoB JIODKHO OBITH
000CHOBAaHO MHOTOJIETHIMH THAPOTEOIOTHIECKIMH UCCIIETOBAHUMHI.

Knioueewvie cnoga: xapbepHbIe 03epa, MUTHEBAs BOJA, ONOTECTHPOBAHHE.
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