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TOXIC AND MUTAGENIC ACTIVITY
OF THE SPRING WATERS OF ALMATY

Spring waters, as natural discharges of groundwater to the surface, are an essential component of the
natural environment. Spring water is considered by nature to be exceptionally pure, transparent, tasty,
and balanced in its chemical composition, which makes it attractive to humans. However, the quality of
spring water in urban areas has deteriorated significantly due to the high risk of chemical and bacterial
contaminants entering groundwater. Therefore, studies were carried out of spring waters, actively con-
sumed by the population of Almaty, for toxic and mutagenic activity. Spring 1 is located near the river
Prohodnaya, bus stop number 28; spring 2 — on the road to the Big Almaty Lake, in front of the bridge
over the river Ulken Almaty; spring 3 — near the river Batareika on the road to Kok-Zhailau; spring 4 —
at the Prosveshchenets stop on the road to Medeu. The excess of MPC for lead in the water of springs
1, 3, and 4 has been established. Following the established MPC for heavy metals, water from spring 2
belongs to quality class 1 and is suitable for all types of water use; water from springs 1, 3 and 4 belongs
to quality class 2. The waters of this water use” class are suitable for all categories of water use, except for
domestic. A bioluminescent test revealed high toxicity of spring waters 1-3, which significantly reduced
the bioluminescent response of RecA and ColD biosensors (p <0.05). In the Allium test, the water of all
the springs have phytotoxic activity, water from springs 1 and 3 also have a genotoxic effect. In the chro-
mosomal aberration assay in H. vulgare, it was found that the water of spring-3 had a mutagenic activity.
There was a statistically significant increase in the frequency of chromosomal aberrations in barley seeds
(p <0.01). The remaining studied waters also increased the frequency of aberrant cells compared with
the control; however, the difference was not statistically significant. Besides, polyploid cells (more than
1.5%) were identified with high frequency in the root meristem of barley seeds germinated in water from
springs 1 and 3. The research indicates the presence of mutagenic factors in the waters of these springs.
A comparative analysis of the level of contamination of the studied springs with heavy metals, the level
of toxic and mutagenic activity of water allows ranking the investigated water objects in the following
order: spring 3> spring 1> spring 2> spring 4.

Key words: spring water, toxicity, mutagenicity, biosensor strains, heavy metals.
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Uauscosa A.N.!, Abuaes C.K.2
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AAMaThbi GYAAKTapbIHbIH, YbITTbl XKOHE MyTareHAIK 6eAceHAAiri

ByAakTap, ep acTbl CyAapbiHbiH Tabufu arbiHAApbl PeTiHAe, TabuFn OpTaHblH MaHbI3AbI
Kypamaac 6eniri 6oAbin Tabbinaabl. Taburu GYAaKTBIH Cybl Tasa, MOAAID, ASMAI XBHE XUMUSABIK
KyPambl XaFblHaH YAAECTIpiAreH GOAbIN CaHaAfaH COH, 6YA OHbl aAAMAAp YLLIH TapTbIMAbI €TEA.
AAQMAQ, KaAAbIK, XXEPAEPAE GYAAKTApABIH CybiHBIH Canachl XMMUSIAbIK XaHE GaKTepUSAbIK AacTaywbl
3aTTapAbIH XKep acTbl CyAapbiHa TYCy Kayni orapbl BOAFaHABIKTAH aNTapAbIKTai HalwapAaAbl.
COHABIKTaH OCbl 3ePTTEYA€ AAMATbi KAAACbIHbIH TYPFbIHAAPbI NaiAAAaHaTbIH GYAAK CYAApPbIHbIH YbiTTbl
XOHE MyTareHAIK GeACEHAIAIri aHbIKTaaAbl. 1-wi 6yAak MPOXOAHAs ©3eHHIH XaHbiHAA OPHAaAaCKaH,
N2 28 aBTOBYCTbIH asAAaMacsl; 2-wi 6yAak — YAKeH AAMATbi KOAIHE 6apap XOAblHAQ, YAKEH AAMaTb!
@3eH YCTIHAEri KOnipAiH aAAbIHAR; 3-wi 6yAak — KekxkaiaayFa 6apap >XOAbiHAQ, baTtapeiika 63eHHIH
XaHbIHAQ; 4-wi Gyaak Meaeyre 6apap xoAbiHAQ, MpocselueHel asAAaMachiHAa. 1, 3 xaHe 4 6yAak,
CyAapbIHAA KOPFacbiHHbIH MeAlLepi LLIPK kepceTkiwiHeH acoin KeTTi. Ayblp MeTaAap YWiH 6eAriaeHren
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LLIPK-ra coitkec, 2-wi OyAakTbiH Cybl 1 cana KAaCbiHa >XaTaAbli X3HE OHbIH Cybl NaAAAaHYAbIH
6apAbIK, TYpAepiHe Xapamabl; 1, 3 xaHe 4 6yAak, CyAapbt 2 cana KAacbiHa xaraabl. CyAbl nanAaAany
6OMbIHILA OCbl KAACTaFbl CyAap iWyre XoHe ilyre apHaAFaH CyAbl KOCTaFaHAQ, CYAbl MAaRAAAaHYABIH
6apAblK CaHaTTapbiHa >KapamMAbl. BMOAIOMUHECUEHTTIK CbiHak kemerimeH 1-3 6yAaKTapAbIH CYy
XOFapbl YbITTBIAbIFbI aHBLIKTaAABI, OCbI GYAaKTapabiH Cybl RecA xaHe ColD 6MOCEHCOPAApbIHBIH
GMOAIOMMHECUEHTTIK PEaKUMSIChIH CTaTUCTMKAABIK, MaHbi3Abl TemeHaeTkeH (p <0.05). A. cepa
ChIHafbiHAA GapAbIK, 3epTTeAreH OyAakTapAarbl CYAbIH (DMTOTOKCUKAABIK GEACEHAIAIri, COHAAR-
ak 1 xaHe 3-wi GYAAaKTapAarbl CyAblH reHOTOKCUKaAbIK acepi aHbikTaaabi, H. vulgare ceiHarbiHAa
3-wi GyAaK CybiHbIH MyTareHAIK GeACeHAIAiri 6ap eKeHAIri aHbIKTaAAbl, OCbl CYAa ecipiAred apna
TYKbIMAGPbIHbIH TaMblp >KacCylaAapbiHAQ XPOMOCOMaAbIK, a6eppaumMsAapAbIH XHIAIri CTaTUCTUKaABIK
MaHbI3Abl apTThl (p <0.01). KaAraH 3epTTeAreH CyAap 6aKkbiAayMeH CaAbICTbIpFaHAQ abeppaHTTbiK
XaCyWaAapAbiH XUIAITiH apTTbiPAbI, aAaiAa OAApPAbIH abIPMALILIABLIFLI CTaTUCTUKAABIK MaHbI3AbI
emec. COHbIMEH KaTap, NOAMNAOMATbHI XacywaAap (1,5%-aaH actam) 1 xeHe 3-wi 6yAaKTapAaH
CyAa eceTiH apna ADHAEPIHIH TaMbIPABIK, MEPUCTEMACBIHAA XKOFapbl XKUIAIKMEH aHbIKTaAAbI, 6YyA OCbl
KO3AEPAIH CyAapbiHAQ MyTareHAIK (hakTopAapAbiH 6OAYbIH KepceTeAi. 3epTreAerin 6yAaKTapAbIH
ayblp METaAAAPMEH AaCTaHy AEHreifiHe, CYAbIH YbITTbl XaHe MyTareHAIK 6EeACEHAIAIrHIH AeHreniHe
CaAbICTBIPMaAbI TAAAQY 3EPTTEAETIH CY HLICAHAAPbIH KEAECI PETReH CapaAayFa MYMKIHAIK 6epeai: 3-wi
6yaak, > 1-wi 6yaak > 2-wi 6yAak > 4-wi Gyaak.
Ty#in ceaaep: 6yAak Cybl, YbITTBIABIK, MyTareHAIAIK, GMOCEHCOp WTaMMAAP, aybip METaAAAp.
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Tokcuueckas U MyTareHHasi akTHBHOCTb POAHUKOB I. AAMaTbl

POAHMKM KaK eCTECTBEHHbIE BbIXOAbI MOA3EMHbIX BOA Ha MOBEPXHOCTL SBASIOTCS BAXKHEWLIUM
KOMMOHEHTOM NPUPOAHOI CpeAbl. POAHMKOBasS BOAQ CUMTAETCS OT MPUPOAbI UCKAIOYMTEABHO
UMCTOM, NPO3PayHON, BKYCHOM M COAAAHCUPOBAHHOM MO CBOEMY XUMWUUYECKOMYy COCTaBy, YTO AEAAeT
ee NpPUBAEKATEALHOM AAs ueAoseka. OAHaKO KauecTBO POAHWKOBOW BOAbI Ha yp6aHn3upoBaHHbIX
TeppUTOPUSX 3HAUUTEABHO YXYALIMAOCH BCAEACTBUE 60ABLLOIO PUCKA NOCTYNAEHUS B FPYHTOBbIE BOAb!
XUMUUECKUX 1 6aKTEPUAABHBIX 3arPsA3HUTEAEA. I03TOMY GbIAM NPOBEAEHBI UCCAGAOBAHMS POAHUKOBOW
BOAbI, aKTUBHO NOTPEOASIEMOi HAaCeAEHWEM I. AAMaTbi, Ha TOKCUYECKYIO M MyTareHHYI0 akTMBHOCTb.
PoAHMK 1 pacrnioAoxeH 6An3 p. lpoXoAHOM, KOHEYHas 0CTaHOBKA asTo6yca N°28; poAHKK 2 — o Aopore
Ha G0AbLLIOe AAMaTUHCKOE 03epo, NEPeA MOCTOM HaA p. YAKeH AAMATbi; POAHUK 3 — 6Au3 p. barapeiika
no Aopore Ha Kok-XXaiasy; poaHuK 4 — y octaHoBku lNpocBetlieHe no Aopore Ha Meaeo. YcTaHOBAEHO
npesbiwenue MAK no CBUHLY B BOAE POAHMKOB 1, 3 1 4. B COOTBETCTBUM C YCTAHOBACHHbBIMU NAK no
TSKEAbIM METAAAGM BOAA M3 POAHUKA 2 OTHOCUTCS K 1 KAQCCy KauecTsa U NpUroAHa AAS BCEX BUAOB
BOAOMOAb30BaHUsl; BOAA U3 POAHMKA 1, 3 1 4 OTHOCUTCS KO 2 KAaccy Kavectsa. BoAbl 3T0ro KAacca
BOAOMOAB30BaHUS NPUrOAHBI AASI BCEX KaTErOpuin BOAONOAL30BAHNS 33 UCKAIOYEHUEM XO3SHCTBEHHO-
nuTLEBOro HasHaudeHus. C NOMOUWbLIO GUOAIOMUHECUEHTHOrO TECTa BbiSIBAEHA BbICOKAs TOKCUYHOCTb
BOAbBI POAHUKOB1-3, KOTOpasi 3HAYMTEABHO CHUXaAA 6UOAIOMUHECLIEHTHBIA OTBET 6ruoceHcopos RecA
u ColD (p<0,05). B Tecte Ha A. cepa yCTaHOBA€H2 (DUTOTOKCUYECKAS aKTUBHOCTb BOABI U3 BCeX
U3YUEHHBIX POAHMKOB, @ TaKXKe reHOTOKCUUECKUA I(dEKT BOAbI U3 POAHWUKOB 1 1 3. B Tecte no yuery
XPOMOCOMHBbIX abeppaumit Ha H. vulgare ycraHosAeHo, 4TO BOAA poAHUKa-3 06AaAaAa MyTareHHOM
aKTUBHOCTBIO, NPOSBUBLIENCS B CTATUCTUHECKM 3HAYMMOM YBEAMUEHUW HacTOTbl XPOMOCOMHBIX
abeppauwii B cemeHax sumens (p<0,01). OcTaAbHbie U3yHeHHbIE BOABI TAKXKE YBEAUUUBAAU yacrorty
abeppaHTHBIX KAETOK N0 CPaBHEHMIO C KOHTPOAEM, OAHAKO pasHuua 6biAa CTATUCTUYECKMN HE 3HAYUMONA.
KpoMe TOro, BbiSBAEHbI C BbICOKOW 4YaCTOTON MOAUNAOUAHBIE KAETKM (6oaee 1,5%) B KOpHEBOWM
MepUCTEME CEMSIH SUMEHS, MPOPALUMBAEMBIX HA BOAE M3 POAHWKOB 1 1 3, 4TO yKa3biBaeT Ha HaAuuue
MyTareHHbIX (hakTOpOB B BOAAX AAHHbIX UCTOYHUKOB. CpaBHUTEAbHBI aHAAU3 YPOBHS 3arpA3HEHHOCTH
UCCAEAOBAHHBIX POAHMKOB TSDKEAbIMA METAAAAMM, YPOBHS TOKCUUYECKOM U MyTareHHOW akTUBHOCTH
BOABI NO3BOASIET PaHXMPOBaTb UCCAEAOBAHHBIE BOAHBIE, OOBEKTHI B CAEAYIOLLEM NOPSAKE: POAHUK 3
> POAHUK 1 > POAHMK 2 > POAHWMK 4.

KAlOueBble CAOBA: POAHWKOBAS BOAA, TOKCWMHOCTb, MYTar€HHOCTb, GMOCEHCOPHBIE WTaMMbl,
TSXKEAbIE METAAAbL.
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Toxic and mutagenic activity of the spring waters of Almaty

Introduction

Natural aquatic ecosystems, being the habitat of
many organisms, a source of drinking water and a
resource for human economic activity, are currently
subjected to powerful anthropogenic pressures.
Most environmentally hazardous factors have not
only toxic but also mutagenic and carcinogenic
activity. Identification of potential mutagens
and carcinogens for humans is the main task of
bioassay. In the complex effects of pollutants,
genetic consequences are essential. The increase
in the spectrum and the number of environmental
pollutants with a mutagenic activity creates a real
basis for increasing the genetic load and changing
the rate of the mutation process. In the medical-
genetic attitude, this can be expressed in increased
intrauterine death of individuals, the appearance
and spread of congenital malformations, hereditary
diseases, and a genetically determined predisposition
to diseases [1]. The test for the genotoxicity
and mutagenicity of various pollutants in model
organisms under laboratory conditions is aimed at
finding opportunities to prevent adverse genetic
consequences if introduced into the environment.
However, not a single model test-object and not a
single test system individually can obtain data based
on which it would be possible to conclude about
the degree of genetic danger of the substance to
humans. The specificity of the biological object on
which the effect of mutagen is studied, as well as the
specificity of mutational events, dictate the need for
several biological models and testing methods [1-3].

Recently, interest in springs has grown
unusually. The springs represent the natural
discharges of groundwater to the surface and are
an essential component of the natural environment
and geographical environment [4]. It is considered
that spring water, passing through sand or gravel,
undergoes natural and almost perfect treatment.
Therefore, people believe that natural spring water is
naturally pure, transparent, delicious, and balanced
in its chemical composition. However, there is an
excellent risk of chemical and bacterial pollutants
entering groundwater, and therefore the quality
of spring water in urban areas has deteriorated
significantly lately. This is confirmed by the results
of environmental-hydrochemical, toxicological
studies, and sanitary-hygienic monitoring [4-8].

In view of the foregoing, this study aimed to
study the toxic and mutagenic activity of spring
water, actively consumed by the population of
Almaty.

44

Material and methods

The objects of the study were water from springs
located in the territory of Almaty. Four springs, often
used by the population, were selected: Spring 1 is
located near the river Prohodnaya, bus stop number
28; spring 2 — on the road to the Big Almaty Lake,
in front of the bridge over the river Ulken Almaty;
spring 3 — near the river Batareika on the road to
Kok-Zhailau; spring 4 — at the Prosveshchenets stop
on the road to Medeu. The location of the springs is
shown in Figure 1.

The test objects of the study were the biosensor
strains of Escherichia coli (MG 1655 (pSoxS-
lux), MG1655 (pKatG-lux), MG1655 (pColD-/ux),
MG1655 (pRecA-lux), barley (Hordeum vulgare
L.) variety Baiseshek, onion (4llium cepa). The
positive controls were 4-nitroquinoline 1-oxide
(4-NQO, CHN,O,); methyl methanesulfonate
(MMS, C H,0,S), as mutagens; 1,1’-dimethyl-4,4’-
dipyridylium dichloride (paraquat, C ,H ,C_N,) and
hydrogen peroxide (H,0,), as oxidants.

Sampling, filtration, and preservation of water
samples were carried out according to GOST
31861-2012 [9]. At the place of water sampling,
physical parameters of water quality were measured:
temperature, pH, Total Dissolved Solids (TDS),
oxidation-reduction potential (ORP), dissolved
oxygen (DO), electrical conductance (EC) [10].
Temperature, Total Dissolved Solids and electrical
conductivity were measured using a portable TDS
& EC meter (Barry Century, China), pH values —
a portable pH meter analyzer PH-009(I) (Barry
Century, China), oxidation-reduction potential —
a portable analyzer of the ORP-meter ORP169E
(Barry Century, China), the content of dissolved
oxygen — a portable analyzer of the DO-meter DO-
pen type (Alvin Instrument, China).

The heavy metals were determined by atomic
absorption on an MGA-915MD atomic absorption
spectrophotometer (Lumex, Russia) according to
PND F 14.1: 2.214-06 [11].

To determine the toxic, genotoxic, and oxidative
activity of water using a bioluminescent test, geneti-
cally modified E. coli strains were used: E. coli MG
1655 (pSoxS-lux), E. coli MG1655 (pKatG-/ux), E.
coli MG1655 (pColD-lux), E. coli MG1655 (pRe-
cA-lux) [12, 13]. The pCoD and pRecA promoters
detect substances that induce DNA damage. 4-ni-
troquinoline 1-oxide (4-NQO) was used to activate
these promoters at a concentration of 75.0 ug/mL.
PkatG and PsoxS promoters detect substances in-
ducing oxidative stress in the cell. The PkatG pro-
moter (OxyR activator protein) specifically reacts
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to hydrogen peroxide, organic peroxides, and the
PsoxS promoter (SoxR activator protein) to specific
superoxide ion radicals [8, 12, 13]. Hydrogen per-
oxide was used to activate the pKatG promoter at
a concentration of 0.01 pg/mL; paraquat was used
to activate the PSoxS promoter at a concentration
of 10.0 pg/mL. Negative control was distilled water.
Bacteria grew in Luria-Bertani broth (LB) contain-
ing 100 pg/mL ampicillin. The overnight culture
was diluted to a concentration of 107 cells/mL in
fresh LB-broth and grown at 37° C for 2-3 hours.
Aliquots of this culture (160 puL each) were trans-
ferred to sterile cells (located in the well of the mi-
croplate) and added 40 pL of test water samples. 40
uL of distilled water or a standard mutagen/oxidant
was added to control wells. Incubated at specific
time intervals: for pColD-/ux — 90 minutes, pRecA-
and pSoxS-/ux — 60 minutes, for pKatG-/ux — 45
minutes. The bacterial luminescence level was mea-
sured on a LuMate 4400 microplate luminometer
(Awareness Technology, USA) and expressed in
relative light units (RLU). The criterion of the toxic

|
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effect is the change in the bioluminescence inten-
sity of the test object in the sample compared to that
for the sample with a solution that does not contain
toxic substances. The change in the intensity of bio-
luminescence is proportional to the toxic effect. A
quantitative assessment of the test reaction param-
eter is expressed as the dimensionless value of the
toxicity index (IT): IT <20% — allowable degree of
toxicity; IT = 15-20% with a statistically significant
difference between experience and control and IT =
20-50% — the sample is toxic; I'T> 50 — the sample
is highly toxic. A measure of genotoxicity is induc-
tion factor (I), which was defined as the ratio of
the luminescence intensity of a suspension of a lux
biosensor containing the test compound (Lc) to the
luminescence intensity of a control suspension of a
lux biosensor (Lk). With a significant difference be-
tween the experiment and control I <2, the detected
genotoxic effect was evaluated as “weak™; when 2
<I <10 — as “average”; at I> 10 — as a “strong” ef-
fect. All experiments were performed in 3-5 inde-
pendent replicates [8].

Spring 1 — coordinates: 43°6°47.79" north, 76°54°49.70™ east, near the river Prohodnaya, bus stop number 28;
spring 2 — coordinates: 43°5°45.13" north, 76°57°51.65™ east, on the road to the Big Almaty Lake,

-

in front of the bridge over the river Ulken Almaty; spring 3 — coordinates: 43°9°33.96” north, 77°2°8.95" east,
near the river Batareika on the road to Kok-Zhailau; spring 4 — coordinates: coordinates: 43°9°43.79" north,
77°2°27.47" east, at the Prosveshchenets stop on the road to Medeu

Figure 1 — The location of the sampling points of water samples of the springs of Almaty
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Bulbs of onions (4/lium cepa L.) were used to
determine phytotoxicity. Standard mutagen (posi-
tive control) was methyl methanesulfonate (MMS) at
a concentration of 10.0 mg/L [14]. Negative control
was distilled water containing residual amounts of ni-
tric acid. Bulbs of equal size (4 cm in diameter) were
cleaned of tunics, weighed, and placed in filtered
water samples so that the bottom came into contact
with the test water (5 replicates). The experiment was
carried out at room temperature, protecting the onion
from direct sunlight. Phytotoxicity of water samples
was determined by the growth of the root bundles of
the bulb. On days 7 and 14, the roots’ length of each
bulb was measured, and after the end of the experi-
ment, the bulb and its root part were weighed [15].

The test object for determining the cytotoxicity
and mutagenicity of water was used seeds of spring
two-row barley (Hordeum vulgare L.) variety
Baiseshek. Standard mutagen (positive control) was
methyl methanesulfonate (MMS) at a concentration
of 5.0 mg/L. Negative control was distilled water
containing residual amounts of nitric acid. Treatment
with each water sample was carried out for 4 hours.
Germination and fixation were carried out according
to the generally accepted method [16]. To determine

the mutagenic activity of the studied samples, we
used chromosomal aberration assay (metaphase
method) [16]. Staining was carried out with fuchsin-
sulfurous acid. Cytological preparations were
analyzed on an Olympus BX 43F series microscope
(Olympus, Japan).

Data were evaluated using The Analysis ToolPak
add-in of Excel, StatPlus, and WINPIPL In all
cases, mean values and standard errors of the mean
were determined. The significance of differences
in means was evaluated using the Student’s test.
The differences were considered significant, with a
confidence level of 0.95 (p <0.05).

Results and Discussion

Physicochemical analysis of the composition of
water samples A

Table 1 presents the results of the physicochemi-
cal parameters of the studied spring waters. In the
studied springs, the temperature values ranged from
2.8 t0 9.8°C, and the pH values in the water samples
were 5.8-6.4 so that waters are slightly acidic. The
redox potential (ORP) in the studied waters fluctu-
ated mainly in the range of 153-167 mv.

Table 1 - Physicochemical parameters of water samples from the springs of Almaty

Water samples
Parameters -
Spring 1 Spring 2 Spring 3 Spring 4
Temperature 9.8 42 44 28
pH 58 6.4 6.5 6.0
ORP (mv) 155.0 153.0 158.0 167.0
TDS (ppm) 365.0 45.0 181.0 191.0
EC (uS/cm) 580.0 90.0 362.0 398.0
DO (mg/L) 26 23 2.8 2.7
Ni (mg/L) 0.0026+0.0002 0.0009+0.0001 0.0030+0.0001 0.0029+0.0001
Mn (mg/L) 0.0095+ 0.0003 0.0096+ 0.0001 0.0094+ 0.0001 0.0067+ 0.0001
Co (mg/L) 0.0018+ 0.0002 0.0014+ 0.0001 0.0005+ 0.0001 0.0004=+ 0.0000
Pb (mg/L) 0.0096+ 0.0002 0.0050+ 0.0001 0.0078+ 0.0002 0.0106+ 0.0003
Cr (mg/L) 0.0093+ 0.0001 0.0037+ 0.0001 0.0104+ 0.003 0.0077+ 0.0002
Fe (mg/L) 0.0106+ 0.0003 0.0040+ 0.0001 0.0034+ 0.0001 0.0125+ 0.0001
Zn (mg/L) 0.0083+ 0.0003 0.0025+ 0.0002 0.0065+ 0.0001 0.0257+ 0.0002
Cu (mg/L) 0.0006= 0.0000 0.0004+ 0.0001 0.0006= 0.0001 0.0007+ 0.0001
Cd (mg/L) 0.0009+ 0.0001 0.0004= 0.0001 0.0006+ 0.0001 0.0007+ 0.0001
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The total salinity (ppm) of water varied in the
range of 45-365. The electrical conductivity (uS/
cm) of water from source Spring 1 was 580, Spring
2 — 90, Spring 3 — 362 and Spring 4 — 398. The
increase in TDS and EC in water samples can be as-
sociated with a high concentration of dissolved min-
eral salts and ions: Na*, K*, Ca*, CI,, SO,*, HCO,".
The dissolved oxygen content (mg/L) ranged from
23t028.

The content of the following heavy metals was
determined in water samples: nickel, manganese,
cobalt, lead, chromium, iron, zinc, copper, cadmium.
According to the Unified system for classifying
water quality in water bodies, springs 1, 3, 4 can be
attributed to the 2nd class of water quality according
to the lead content in water [17]. For other metals,
water quality can classify as class 1, which is the
best quality.

The results obtained indicate that, according to
the content of heavy metals, the water from spring
2 is of the best quality and is suitable for all types
of water use: for drinking water, fishery purposes,
domestical use. Water from spring 1, 3, and 4
belongs to quality class 2. The waters of this class of
water use are suitable for all categories of water use,
except for domestic. For domestic use, simple water
treatment methods are required.

The study of the mutagenicity of water samples
using a bioluminescent test

The spring water samples were studied to
detect responses to DNA-tropic agents and
oxidative stress using a bioluminescent test (/ux-
biosensors). The genotoxic activity of water
samples was studied on strains of E. coli MG1655
(pRecA-lux) and E. coli MG1655 (pColD-lux),
and the prooxidant activity was studied on strains
of E. coli MG 1655 (pSoxS-lux) and E. coli
MG1655 (pKatG-lux). The pRecA-lux and pColD-
lux biosensors respond by increasing the level of
bioluminescence to DNA damaging substances,
the pKatG-/ux biosensor by the oxidative stress
caused by the appearance of hydrogen peroxide,
and the pSoxS-lux biosensor by the appearance of
a superoxide anion.

When using the RecA biosensor, no increase in
the bioluminescent response was recorded in the
studied waters. Moreover, in samples of springs 1
and 2, high values of the toxicity index were noted,
amounting to 19.73% (p <0.05) and 21.03% (p
<0.01), respectively (Table 2). Perhaps this is due

to the high toxicity of the samples, which inhibits
the growth of the culture and reduces the level of
bioluminescence.

When using the ColD biosensor, a similar pattern
was observed with low values of the induction
factor with simultaneous high values of toxicity
(Table 2). Water from all the studied springs was
toxic (toxicity index was 21.4-26.7%). Moreover, a
statistically significant decrease in bioluminescence
was observed in water samples of springs 1-3
(p <0.05).

When using biosensors KatG and SoxS, a
decrease in the bioluminescent response was also
observed; however, these indicators were not
statistically significant (Table 2).

In this series of experiments, the bioluminescent
test did not reveal DNA tropic or oxidative stress
effects in any of the water samples. However, the
revealed toxicity in spring water may have led to the
death of microorganisms, which led to a significant
decrease in the bioluminescent response of RecA
and ColD biosensors.

The study of phytotoxic and mutagenic activity
of spring water using plant test systems

The water phytotoxicity was evaluated by
measuring the root’s length of onion (Allium cepa)
when germinating it on various water samples. An
effect is phytotoxic if not only the inhibitory but also
the eutrophic (stimulating) effect is detected.

The average length of the ohion root system
in the negative control (distilled water) at 7 and
14 days of germination was 2.83 c¢m and 5.14 cm,
respectively. The average length of the onion root
system in the positive control (MMS; 10.0 mg/L) on
days 7 and 14 of germination was 1.50 cm and 2.49
cm, respectively. The inhibitory effect of MMS was
46.85% and 51.66%. When germinating bulbs in
spring water, an inhibitory effect was not detected,
but a stimulation effect was observed. After seven
days of onion germination, the stimulating effect
was exerted by water samples from spring 2
(181.99%), and after 14 days by water samples from
spring 1 (155.43%), spring 3 (187.31%) and spring
4 (173.90%).

On the roots of onions, germinated in the water
of springs 1 and 3, on day 14, such a morphologi-
cal change as branching was observed (Figure 2).
Some authors have found that increasing doses of
mutagenic substances in plants cause primarily mor-
phological changes in the roots [15].
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Figure 2 - Branching on the roots of onions, germinated
in the water of the spring 3

The results obtained in this series of experiments
indicate the toxicity of water from all the springs
and the possible mutagenic activity of water from
springs 1 and 3.

We also studied the mutagenic activity of spring
water in chromosomal aberration assay. Table 3
presents the results of the cytogenetic analysis of
barley seeds treated with water from the studied
springs.

Table 3 — Frequency and spectrum of structural chromosome abnormalities induced by spring water in barley seeds

1. Total The aberrant cell The number of chromosomal aberrations per 100 metaphase cells
Experimantal variant | studied frequency
cells M + m%) 2. total aberrations 1. chromosome type | 3. chromatid type
Distilled water 490 1.63 +0.57 2.04 £0.64 0.82+0.41 1.22+ 0,50
MMS, 5.0 mg/L 530 5.66  1.00*** 6.98 + 1.11%*+* 2.83+0.72* 415+ 0.87**
Spring 1 487 2.05+0.64 2.26+0.67 1.44+0.54 0.82+0.41
Spring 2 450 1.78+0.62 2.67+0.76 1.56+0.58 1.11+£0.49
Spring 3 529 4.54+0.90** 7.751.16%** 4.35+0.89%** 3.40+0.79*
Spring 4 448 1.79+0.63 2.46+0.73 1.34+0.54 1.12+£0.50
Note: * — p<0,05; ** — p<0,01; *** —p< 0,001 in comparison with distilled water

Cytogenetic analysis showed that water from
spring 3 has mutagenic activity and induces
structural chromosome abnormalities with a
frequency that is statistically significantly higher
than the spontaneous mutation level. An excess
of the frequency of aberrant cells and the number
of chromosome aberrations per 100 metaphases
were observed. The frequency of aberrant cells
was 2.8 (p <0.01) times higher than the control
level, and the number of chromosomal aberrations
per 100 metaphases was 3.8 (p <0.001) times. The
mutagenicity of water from spring 3 was at the level
of positive control (MMS). MMS, being a classical
mutagen, statistically significantly increased the
frequency of aberrant cells and the number of
chromosome aberrations per 100 metaphases in the
cells of the root meristem of barley seeds compared
to the negative control (distilled water) in 3.5
(p <0.001) and 3.4 (p < 0.001) times, respectively.
A comparative analysis of cytogenetic parameters in
variants with MMS and spring water, which showed
genotoxic activity, did not reveal statistically
significant differences. It indicates the presence
of mutagenic factors in spring water that induce
structural mutations. The water of springs 1, 2, 4
have not mutagenic activity.

The spectrum of structural mutations induced
by water with mutagenic activity was aberrations of
both chromosomal and chromatid types. Aberrations
of the chromosome type were represented mainly
by paired terminal and interstitial deletions. Among
The chromatid-type aberration were represented
single terminal deletions, single acentric rings,
and microfragments. The revealed spectrum of
chromosomal aberrations indicates the presence of
mutagenic factors of a wide range of activities in the
spring water 3.

It is important to note that in almost all variants
of the experiment where seed germination was
carried out on samples of spring water, anaphases
with structural chromosomal abnormalities were
observed: bridges, chromosome lag, single and
paired fragments, multipolar anaphases that were
absent in the negative control (distilled water).
Besides, polyploid cells were identified in variants
where seed germination was carried out on the water
from springs 1 and 3.

Conclusion

With the increase in the number and rate of
emission of environmentally hazardous factors into
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the environment, among which various chemicals
with mutagenic and genotoxic activity, ecological
and genetic monitoring of the environment is of
particular the relevance and the importance [1-3, 18].
Identification of potential mutagens and carcinogens
for humans is the main task of testing. In the late 60s
and early 70s, the methods for studying mutagenic
and carcinogenic activity did not overlap and were
based on different principles. The priority tasks were
to control environmental and to develop scientific
areas that would allow a comprehensive assessment
of the impact of these processes on humans.

The test for the mutagenicity of various
pollutants at model organisms in the laboratory aims
at finding opportunities to reduce human contact
with mutagenic factors and prevent adverse genetic
consequences if introduced into the environment.
However, none of them individually allows us to
obtain data based on which it would be possible to
conclude the degree of genetic danger of the test
substance to humans. The specificity of the biological
object on which the effect of mutagen is studied, as
well as the specificity of mutational events, dictate
the need for several biological models and testing
methods [3].

Natural aquatic ecosystems, being the habitat of
many organisms, a source of drinking water and a
resource for human economic activity, are currently
subjected to powerful anthropogenic pressures.
In this regard, the conduct of toxicological and
genotoxicological studies of natural waters exposed
to environmental pollutants, especially in areas of
human residence, is critical.

Using various physicochemical and biological
methods of analysis, test systems, and test objects,
we studied the physicochemical parameters of
spring water, their toxic, genotoxic, and mutagenic
activities.

An analysis of the physicochemical parameters
of the studied spring waters showed that they are
slightly acidic (pH 5,8-6,5). For drinking water
according to the standards, the pH should be 6.5-8.5
[17]. Lower pH values in the waters are probably
due to the presence of weak organic acids and weak
base cations. The total dissolved solids (ppm) of the
water varied in the range 0f 45-365, and the electrical
conductivity was 90-580 pS/cm. An increase in
the values of total dissolved solids and electrical
conductivity in water samples can be associated
with a high concentration of dissolved mineral salts
and ions: Na'*, K*, Ca*, CI', 8O,*, HCO;".

Following the established MPC for drinking
water, spring water 2 is suitable as a source of
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drinking water supply, water from other springs can
use for drinking purposes only after simple water
treatment methods.

The studied spring waters have no DNA-tropic
and oxidative effects using the bioluminescent test.
However, toxicity was established for it, which
caused a significant decrease in the bioluminescent
response of RecA and ColD biosensors.

On plant test systems, the phytotoxic activity
of all the studied springs was established, and the
mutagenic activity for spring 1 and 3. It indicates the
presence of toxic and mutagenic factors in the water
of these sources.

Natural waters prone to anthropogenic
pollution, as a rule, may contain a complex mixture
of chemicals, the physical and chemical analysis
of which may not always give accurate knowledge
about the composition and concentrations of various
components. Besides, individual chemicals may
be in deficient concentrations and not detected by
analytical methods. However, the combined action
of the chemicals presents even at low concentrations
can produce a variety of adverse effects on the body
[19-23].

It is essential to evaluate the genotoxicity of
contaminated water as a whole, and not of each
component [23], since biological effects can
be caused mainly by the effects of a mixture of
pollutants. It is the simultaneous use of a battery
of test objects and test systems (microorganisms E.
coli; plants A. cepa, H. vulgare) that can assess the
potential risk of water pollution for various forms of
organisms.

A comparative analysis of the level of pollution
of the studied spring water with heavy metals, the
level of toxic and mutagenic activity allows ranking
the studied water objects in the following order:
spring 3> spring 1> spring 2> spring 4.

Thus, the results of studies of the toxic,
genotoxic, and mutagenic potentials of the water of
4 springs on the territory near Almaty, obtained at
various test systems and test objects, testify to their
pollution by environmentally dangerous factors
that pose a threat to biota and human health. At
present, studies are being conducted on the effect
of water from the studied springs on laboratory
mammals (rodents) to extrapolate the data obtained
to humans.
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