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Providing the population with quality drinking water is an important task in maintaining
human health. In world practice, when assessing water quality, in addition to chemical
analysis, a total toxicological assessment of water is carried out, based on the use of
various biotesting methods. Assessment of the quality of drinking water using bioassay
methods in recent decades has gained particular relevance in connection with the rapid
increase in the number of potentially dangerous chemical compounds that pollute natural
sources of drinking water supply. The aim of the study was to assess the toxicity of
drinking water from various sources of water supply (tap, artesian, packaged) using
hematological parameters of test organisms: Danio rerio fish, Xenopus spur frogs and
Wistar rats. It was revealed that the chemical composition of tap and bottled water did not
meet the requirements of SanPiN 2.2.4-171-10 (State Sanitary and Hygienic Norm). Water
from the water supply had an excess of Fe content (6.3 times), and bottled water. “Heavenly
Krinitsa” exceeded Si and Mn (1.5 and 1.2 times, respectively). In the analysis of peripheral
blood in experimental animals, these waters showed a cytotoxic effect — an increase in the
number of monocytes, neutrophils and eosinophils and a decrease in lymphocytes. The
detected changes in the cellular composition of the peripheral blood of experimental
animals may indicate the activation of nonspecific natural resistance, the development of
inflammatory and allergic reactions. Indicators of peripheral blood in test organisms that
consumed water from the pump room were close to control.
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Introduction. The problem of drinking
water quality is becoming increasingly acute in
most countries of the world, including
Ukraine. One of the important components of
Ukraine’s environmental safety is the quality of
drinking water; providing the population with
quality drinking water is one of the most
important tasks of maintaining human health.

The population’s consumption of pack-
aged drinking water is rapidly increasing every
year. The deterioration in the quality of bottled
drinking water is associated with a change in
their chemical composition and microbiologi-
cal contamination, as well as violations of the

duration and storage conditions, features of
water treatment technologies, falsification of
products (mismatch of the quality of bottled
water with the data on the label).

When assessing water quality in world
practice, in addition to the usual chemical
analysis of the most common pollutants, a
total toxicological assessment of water is car-
ried out, based on the use of various biotest-
ing methods. Biotesting is a methodological
technique based on an assessment of the
action of an environmental factor, including
toxic, on a living organism, its individual
function or system of organisms.
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Assessment of the quality of drinking
water using bioassay methods in recent
decades has gained particular relevance in
connection with the rapid increase in the
number of potentially dangerous chemical
compounds that pollute natural sources of
drinking water supply.

Living organisms are able to respond to
lower concentrations of toxicants that are
not recorded by technical means. At the
same time, biotesting provides an integrat-
ed assessment of the degree of toxicity of
polluted waters for living organisms, taking
into account the synergism and antagonism
of the interaction of different solutes.

Analysis of recent research and publi-
cations. The use of ecotoxicological bio-
tests (plant and animal test organisms) and
their cellular biomarkers is extremely
important for objective and comprehensive
monitoring of the increasing number of
xenobiotics that pollute the aquatic environ-
ment, most of which are not standardized by
existing standards, but have the ability to
cause a variety of toxic, cytotoxic, genotoxic
or mutagenic effects. The universality of cell
organization opens up wide possibilities for
toxicological studies using various groups of
animals and plants and subsequent extrapo-
lation of the results to cells and the human
body (Trachtenberg I.M., Kovalenko V.M.,
Kokshareva N.V., Zhminko P.G., Chumak
V.T. & Baula O.P, 2008; Goncharuk V.V,
Vergolyas M.R. & Boltina I.V., 2013).

According to the literature (Titsa N.U.,
2003), the effect of toxicants on the blood
system is characterized by both general and
specific manifestations. The main mecha-
nisms of the hematotoxic effect are the vio-
lation of erythropoiesis, inhibition of the
synthesis of heme and globin, as well as the
membrane and cytotoxic effect, which leads
to a decrease in the lifespan of cells and
their morphofunctional changes.

In particular, the effect of water on the
hematological parameters of living organ-

isms, which are an indicator not only of the
physiological state of the body, but also one
of the main criteria for identifying pollution
of drinking water (Goncharuk V.V,
Vergolyas M.R. & Boltina LV., 2013;
Vergolyas M.R., 2019).

The blood system is very sensitive to the
action of potentially dangerous exogenous
factors. Blood cells are among the first to
encounter substances and compounds that
enter the body. This necessitates a mandato-
ry assessment of the state of peripheral
blood, provided that their toxic properties
are determined (Vergolyas M.R., 2016).

To assess the cytotoxicity of water samples,
their effect on the test organism (fish) was
studied. When determining the cytotoxicity
of the aqueous medium, the formed ele-
ments of fish blood (leukocytes) were used as
a biomarker, their number was determined,
and the cytotoxicity of the aqueous medium
was evaluated by their ratio in the control and
experimental samples (Goncharuk V.V. &
Vergolyas M.R., 2013).

The aim of the study. Comparative
assessment of the toxicity of drinking water
from different water supply sources using
hematological indicators of representatives
of different systematic groups and trophic
levels — aquatic organism (Danio rerio fish),
amphibian organism (Xenopus spur frogs)
and warm-blooded animals (Wistar rats).

Fish is a highly organized hydrobiont
and, directly due to its habitat in water, the
life cycle and chemical reactions in its body
proceed faster than in other vertebrates
(frogs, rats, rabbits, birds) (Vergolyas M.R.
& Goncharuk V.V, 2016). Pisces are recom-
mended to use substances for screening
potentially harmful to humans, causing
deformities and cancers, as well as genotox-
ic substances, falling into drinking water.
This is confirmed by the correlation coeffi-
cients between mutagenicity indices on
blood cells in fish and lymphocytes of
human peripheral blood. The obtained val-
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ues of the linear correlation coefficients
indicate the relationship of almost all indi-
cators determined in fish and the number
of damaged aberrant metaphases with meta-
bolic activation on lymphocytes (Goncharuk
V.V,, Vergolyas M.R. & Boltina I.V., 2013).

Xenopus spur frogs, this type of test
organism is widespread in developmental
biology. The ease of manipulation with
amphibians and their embryos made them
an important object in embryology, develop-
mental biology and aquatic toxicology. They
are also popular among aquarium animals,
like fish, relatively undemanding to the con-
ditions of keeping pets.

Wistar rats are one of the main types of
experimental animals used in biological
and medical research to determine the
mechanisms of various diseases, the effec-
tiveness and toxicity of drugs and chemicals.

Materials and research methods. In the
work analyzed tap water from the tap; artesian
water delivered from the pump room, which is
located in the park to them. Shevchenko; and
bottled water “Heavenly Krinitsya” packaged
in 18.9 liters without gas, purchased from a
distribution network in Kiev.

Control water was prepared under labora-
tory conditions in accordance with the rec-
ommendations of DSTU 4174: 2003 (State
standard of Ukraine). In water samples, the
chemical composition (the content of micro
and macro elements) was determined by the
method of atomic emission spectroscopy
with inductively coupled plasma. The con-
tent of micro and macro elements in control
water did not exceed the standard MPC
(Maximum Permissible Concentration)
according to SanPiN 2.2.4-171-10 (State
Sanitary and Hygienic Standards).

Biotesting was carried out on 40 adult
Danio rerio fish weighing 2-4 grams and
Xenopus spur frogs weighing 50-80 grams,
cultured in laboratory conditions at the
International Academy of Ecology and
Medicine.
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Test organisms were divided into 4 groups
of 10 individuals. Each group was placed in
aquariums with control, tap, artesian and
packaged water. After exposure after 96 hours,
blood samples were taken from each vein
from each individual. Blood was taken from
fish from the tail vein from fish, from frogs
from the hind leg vein. The analysis of periph-
eral blood was carried out by a standard meth-
od (Goncharuk V.V. & Vergolyas M.R., 2013).

At the same time, an experiment was
conducted on 40 sexually mature white rats
of the male Wistar strain weighing 160-180
grams. Rats were also divided into 4 groups
(10 animals each). All animals were in sta-
tionary vivarium conditions on a standard
food and special water regime for 6 weeks.
In particular, rats of group No. 1 drank con-
trol water; group number 2 — water from the
water supply. Rats of group No. 3 drank
water from the pump room, and animals of
group No. 4 drank packaged water of the
brand “Heavenly Krinitsya”. To determine
hematological parameters, blood was taken
from the tail vein after exposure for 6 weeks.

A general blood test with leukocyte
counting was performed according to the
standard method (Balakhovsky LS., 1982).

Statistical processing of the results was
carried out using methods of variation sta-
tistics using statistical analysis programs
Microsoft Excel. Arithmetic mean, mean
deviation, arithmetic mean error were cal-
culated. The difference between the indica-
tors was determined by t-student test
(Antomonov M.Yu., 2006).

Research results and discussion.
According to a chemical analysis, the content
of individual elements in tap water was higher
than in control water. In particular, the con-
tent of As (1.6 times), Ba (700 times), Ca (2.8
times), Mn (4000 times), Pb (4 times), Sr
(14.6 times), Si (98 times), Zn (300 times),
significantly exceeded the MPC value (maxi-
mum permissible concentration) for drink-
ing water, the Fe content (6.3 times).
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The composition of water No. 2 from the
pump room was close to the control water.
According to the results of measurements in
«Heavenly Krinitsya» water, in comparison
with the control one, it was also found that the
content of individual macro- and microele-
ments was exceeded, namely, Na (2.5 times), P
(85.7 times), Sr (4 times), Si (788 times), Zn
(47.8 times). The content exceeded the MPC
value (maximum permissible concentration).

Thus, the obtained results allow us to
conclude that the content of macro- and
microelements control and artesian water
fully meets the requirements for drinking
water SanPiN 2.2.4-171-10 (State Sanitary
and Hygienic Norm). Water from the water
supply system has an excess of Fe content
(6.3 times), and bottled water “Heavenly
Krinitsa” has an increase in Si and Mn (1.5
and 1.2 times, respectively).

Biotesting and cytological analysis of the
studied water samples were carried out. The
quantitative characteristics of the peripher-
al blood leukocyte formula of test organisms
were detected using microscopy. The cyto-
toxic assessment of various types of drinking
water (tap, artesian, packaged) on blood
cells is shown in the table below:

From the data obtained, it is seen that in
fish that were in tap water, an increase in the
number of monocytes, neutrophils and eosin-
ophils (from 2.4% to 12.6%) and a decrease in
lymphocytes (up to 68.4%) were found. In
packaged water, there was also an increase in
monocytes, neutrophils and eosinophils
(from 4.4% to 14.9%), a decrease in lympho-
cytes (up to 64.8%) compared with control
water. In the sample of water from the pump
room, significant differences compared to
control water were not observed (Table 1).

1. Evaluation of the cytotoxicity of the studied drinking water on the peripheral blood
cells of fish Danio rerio, Xenopus spur frogs and Wistar rats

Samples
investigat Blood elements, %
waters
L ho- Neutrophils | Neutrophils . .
G{'oup );I;lt[; S Monocytes segmerr:te d bang Eosinophils
animals
fish 86,7+2,62 5,7+0,93 5,2+1,24 1,6+0,63 0,8+0,46
tlr'z\{a‘er O | frogs | 82,6+2,34 6,9+0,93 7,0+1,12 2,8+0,46 0,4+0,24
rats 45,4+1,89 28,4+1,50 23,0+1,34 2,6£0,51 0,6+0,24
fish 68,4+1,96* 12,6+1,24* 9,8+2,25% 2,4+0,42 6,8+0,63%
2. Water from a
water supply frogs | 65,1+0,96* 14,2+1,43* 11,2+1,82% 2,2+1,02 7,3+0,44*
system rats | 85,4+1,63% | 923,4%1,54% | 87,6£1,91% | 3,2+0,86 0,4+0,24
3.Water from fish 86,2+2,46 6,4+1,12 5,2+0,67 1,6+0,74 0,6+0,69
the pump
room frogs 84,5+2,12 6,6+0,67 6,4+1,08 2,2+0,37 0,2+0,14
(park named | gy 5808 | 97,0167 | 26,0+3,74 9,3+0,48 0,240,45
Shevchenko)
4. Packaged fish 64,8+2,66* 14,9+2,25% 8,8+2.14 4,4+0,91* 7,1+0,72%
water frogs | 64,7+2,62% | 12,6+1,22% | 13,+1,04% 3,621,02 5,0+0,12%
Heavenly
Krinitsa” rats 34,8+2,82%* 24,4+4,39%* 32,4+2 25% 3,0+0,63 5,4+0,68%

Note: * — p < 0.05 compared with the control group;
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In the experiment using frogs, similar data
were obtained. An increase in the number of
monocytes (14.2%), segmented neutrophils
(11.2%), eosinophils (6.8%) and a decrease in
lymphocytes (65.1%) in tap water samples,
almost the same data were obtained in the
study of packaged water. Water from the
pump room did not cause a cytotoxic effect.

White blood cells play an important role
in protecting the body from toxic effects,
bacterial and fungal infections. The occur-
rence of lymphopenia (a decrease in the
number of lymphocytes) is characteristic of
the initial stage of the toxic infectious process
and is associated with their migration from
blood vessels to tissues to foci of inflamma-
tion. According to the data (Vergolyas M.R.,
2016) the effect of toxicants on the body is
accompanied by changes in the quantitative
composition of blood cells.

The data obtained in the experiment with
rats indicate that the rats’ leukocyte count of
peripheral blood cells after drinking water for
6 weeks was also characterized by changes
(Table 1). In the experimental group of rats
that drank water from the water supply, an
increase in the number of segmented neutro-
phils (37.6%) was found along with a decrease
in the number of lymphocytes (35.4%) and
monocytes (23.4%). These data may indicate
the development of an inflammatory reaction
in the body of experimental animals. The data
obtained in rats who consumed water from
the pump room were close to control.

Violation of the ratio of cell populations of
blood in animals that were given water “Heavenly
Krinitsa” were significant compared with the
control group. A decrease in lymphocytes (by
10.6%) and monocytes (by 4.0%), an increase in
the relative number of segmented neutrophils
by 10.4% and eosinophils by 4.8% were detect-
ed. The detected changes in the cellular compo-
sition of the peripheral blood of experimental
rats may indicate the activation of nonspecific
natural resistance, the development of inflam-
matory and allergic reactions (Table 1).

M. P. Bepronsic

When determining the quality of drinking
water using biotesting methods, a number of
important questions arise regarding the extrap-
olation of the obtained results to the human
body, such as, for example, whether toxicity
data from water samples obtained using animal
and plant test organisms are a danger signal for
humans. According to the literature, the most
suitable methods for extrapolating to the
human body are methods that evaluate muta-
genicity, gene and cytotoxicity, i.e. (sub) cellular
effects. This conclusion is based on the results
of several international programs (Gene-Tox,
International Program on Chemical Safety -
IPCS), implemented in the 90s. Even changes
in the cellular structures of plants, in particular
onions, Allium cepa, suggest genotoxic and
mutagenic effects for higher animals, includ-
ing humans (Trachtenberg LM., Kovalenko
VM., Kokshareva N.V., Zhminko PG., Chumak
V.T.,, Baula O.P, 2008; Goncharuk V.V,
Vergolyas M.R. & Boltina I.V,, 2013).

More than 100,000 chemicals (EINECS)
are registered in the European Register. Of
these, the presence and concentration of only
3040 chemicals are regularly checked in the
most important ecosystems of European coun-
tries (Trachtenberg L.M., Kovalenko V.M.,
Kokshareva N.V., Zhminko P.G., Chumak V.T.
& Baula O.P, 2008; Antomonov M.Yu., 2006).
Asignificant part of the substances cannot be
determined in natural and waste waters due to
the lack of appropriate analytical methods or
the high cost of such analysis. Structural and
quantitative changes in cells and nuclei are
observed even at low concentrations of toxi-
cants according to SanPiN 2.1.4.1175-02
(Sanitary rules and norms).

Our results of testing the cytotoxicity of
drinking water at test sites, which include
organisms with different levels of organiza-
tion (fish, frogs and rats) allow us to draw
the following conclusions.

Conclusions and Prospects.

Biomonitoring of natural and drinking
water is an urgent task at the present stage of
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development of society, which is carried out by
scientific teams in many countries of the world.
Chemical analyzes in determining the quality of
drinking water are not entirely justified, since
chemical methods cannot reveal the entire set
of elements present in an aqueous solution,
evaluate their interaction and transformation in
the environment and the body. Biotesting using
optimal sets of test organisms and their cellular
parameters objectively characterizes the biolog-
ical component of water quality.

2. In the peripheral blood of animals
under normal physiological conditions of
the body, the formation of shaped elements
is in equilibrium. Violation of the relation-
ship between these processes, due to the
reaction of the organism to irritation of
toxic substances present in water and mani-
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M. P. Bepeoaac. Ananis besnexu nummoi 600u na mecm-opeanismax. biopecypcu i npupodoxopucmysamnna.

2019. 11, Ne3—4. C.32-38. https://doi.org/ 10.31548 /bio2019.03.004

Anomauis. 3abesnevenns Hacerenns SAKICHOI0
NUMHONW0 800010 € BANCAUBUM 3ABOAHHAM 30epescen-
HA 300p06'a modunu. Y c61mositt npaxmuyi npu
OUINYT AKOCMT 800U, KPIM XIMIUNH020 ANAMIY NPOGO-
0AMb CYMAPHY MOKCUKONOIUHY OUIHKY 600U, 3ACHO-
8aMY HA 3aCMOCYBANNL PIBHUX Memoois Giomecmy-

eanns. Ouinka sKocmi nummux 600 memooamu 6io-
MECMYBANHA 8 OCMANNT OCCAMUNIMMA HAOYAA 0C00-
AUBOL AKMYANGHOCME Y 36 S3KY 3L CIPIMKUM 3Do-
CMAMHAM  KIABKOCME NOMEHYIUHO Hebe3neunux
XIMPUHUX CROAYK, WO 3a6pyoHI010ms npupooni dice-
pena nummoeo odonocmavanmua. Memoro docaio-
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HCEHHEL OYA0 OUIHKA MOKCUMHOCIVE NUMHOL 800U 3
pisnux Oocepen 8odonocmananms (8odonpogiona,
apmesiancvka, $acosana) 3 EUKOPUCTIANHAM 2eMa-
MONOZIUHUX NOKASHUKIE MECM-0Deaniamie: pubi
Danio rerio, wnopuesi acabu Xenopus i wypu
Wistar. Buseneno wo 3a Ximinum ckaadom 8000-
nposiona i Pacosana 600a ne i0M0810aIU BUMOLAM
ACanlliH 2.2.4-171-10 ([epocasna canimapro-ei-
eieniuna nopma). Booa 3-nid xpana mara nepesu-
wenns emicmy Ie (¢ 6,3 pasa), a pacosana oda
«Hebecna xpunuus» nepesuwysana Si ma Mn
(6ionosiono y 1,5 i 1,2 pasa). 3a ananizy nepudge-
punnoi kposi y niddocrionux meapur yi 600u npos-
BUAU YUMOMOKCUMHUL, eekm — 30INbUEHHS Kb
KOCME MOHOUUMIS, HeUmpopinie i eo3unodinie i
3MEHWEH N MimPouumis. Buseneni aminu 8 K-

AHHOTALUNA

M. P. Bepronsic

MUHHOMY CKAAOE nepupepurnoi kposi niddoctiornux
MEAPUN  MOJNCYMD  6KAIYBAMU HA  AKMUBAYII0
HecneyuPInoi npupoonol pesucmenmnocmi, poseu-
MoK 3anarvnol ma anepaiunoi peaxuii. Iloxasrnuxu
nepupepunnoi Kposi y mecm-opeaniamis, AL 6iCUSA-
au 600y 3 0106emy, Oyau GAU3VKE 00 KOHMPOLIO.
Ompumani dami ceiduamo npo nepcnexmusricnv
BUKOPUCTMAHHA — 2EMAMOAOLIUHUX — NOKAZHUKIE
mecm-opeanizmie pub, scab i wypie 6 Giomecmysan-
HA NUMHOL 600U. 3aNPONOHO8AHUTL MEMOO MONCHA
86a24CAMU BIOHOCHO 2YMAHHUM 8 MOMY, U0 BUL0MOB-
e npenapamie nepupepunnoi kposi ne sumazae
3a0010 NID0OCAIOHUX MEAPUN.

Kmouoei crosa: nummna 60da, Giomecmysanns,
MECM-OP2ANIZMU, UUMOMOKCUNHICIND, ACUKOUUMAD-
Ha popmyaa Kposi

M. P. Bepeoasac. Ananus 6esonacrocmu numvesotli 600t na Tecm-opearnusmax. buopecypevt u npupodonons
so6anue. 2019. 11, Ne3—4. C.32-38. https:/ /doi.org/10.31548 /bio2019.03.004

Annomauus. Obecnevenue HacereHUs KAMecmeen-
HOU NUMBEBOU. B000U ABASEMC BANCHOU 3a0auelt
coxparenus 300posva uerosexa. B muposoii npaxmuxe
npu oyenxe Kavecmea 600vl, KPoMe XUMUMECKO20 ANG-
AUSQ, NPOBOOSIM CYMMAPHYI0 MOKCUKOAOZUNECKYI0 OUCH:
Ky 600bl, OCHOBAHMYI0 HA MPUMEHEHUU PARUUHDBIX
Mmemodos  Guomecmuposanua. Ouenka Kavecmsa
NUMBEBLX 800 MEMOOAMU BUOMECTUPOBANU 8 TIOCAE0-
HUe 0ecmuaemus, npuobhena 0cooyo aKxmyarsHocms 6
CBAZU CO CMPEMUMENLHDIM POCOM KOAUMECTIBA NOMEN:
UUAALHO ONACHDBIX XUMUMECKUX COCOUHEHU, 302PAZHA-
0UUX NPUPOOHBIE UCTMOUHUKY NUMBEE020 6000CHAD-
scerust. Lleavro uccnedosanus 0viia oueHka moKcurHo-
CMmU NUMBEBTL 00vL U3 PASAUMHBIX UCTIOUHUKOB 8000-
cnabncenus (6000mposoonas, apmesuanckas, Pacosar-
HASL) € UCNOABIOBANHUEM 2EMAMOAOLUMECKUX NOKAZAME-
sell mecm-opearusmos: poibove Danio rerio, wnopuesvie
saeywnu Xenopus u xpvicor Wistar. Buiasaeno, wmo no
XUMUMECKOMY COCMAaBy 6000NPo80OHAS U (PACoBarHAA
600a e omsewanu mpebosarusm JCanl liH 2.2.4-171-
10 (Tocydapcmeennan  canumapHo-eusuenurecKas
Hopma). Boda usmod kpana umena npesviuiernue cooep-
acanus Ie (6 6,3 pasa), a pacosannas éoda «Hebecna

Kpunuys» npesvuuana Si w Mn (coomeememesenno 6
1,5 u 1,2 pasa). I1o anaruzy nepugepureckoii xposu y
NO0ONBIMHBIX HCUBOMHBLX IMU 8006l NPOABUAU UUMO-
MOKCUMECKUTL IPPexm — yseauueHue Kouwecmea
MOHOYUMOB, HEUMPOPUA08 U IOSUHOPUN0B U YMEHBULE-
Hue sumpouumos. Buisenernvie uameHenus 6 Kaemo-
HOM cocmase nepugepuneckoil Kposu MOOONBIMHBLX
HCUBOMMBLX  MOYM.  YKAIBIBAMD HA  AKMUBAYUIO
HECNeYUUPUUECKOTL CMECMBEHHOU  PesUCeHMHOCIAL,
passumue 6ocnarumMersHou U aitepeureckol  peax-
wuu. Tloxasamenu nepugepuneckoi kposu 6 mecm-op-
2anUMax, Komopwle ynompeonssu 600y us Osema,
Ovuau bausku x xorumponro. Ioayuenrvie darmvie ceude-
MEALCMEYIOM. 0 NEPCNeKMUSHOCTIU  UCTLOABI06AHUSL
2eMAMON0LUMECKUX  NOKASAMENEL, MECT-OP2ANUIMOB
pud AsALYUeEK U KPvlc 6 6u0mecmupoeauuu NnUMbEBOU
6000L. T1pednosrceniii Memoo MoJNCHO CHUMAMd OMHO-
CUMEABHO 2YMAHHBIM, NOCKOABKY U320MOBACHUE Npena-
pamos nepugpepuneckoti kposu ne mpedyem 3abos nodo-

NHIMHDBLX HCUBOMMHBLX.

Kmouesnie crosa: numvesas 6oda, buomecmuposa-
HUSL, MECM-OPLAHUIMDL, YUMOMOKCUMHOCT, ACUKOYUU-

mapmas gopmyaa xposu
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