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Abstract. The water quality of surface sources of the Odessa region most often does not meet
the requirements of regulatory documents, because of the increasing anthropogenic load on the
environment, which adversely affects the health of the population. The article analyzes the state of
water drinking resources of the Pridunaysky water management district of Ukraine and shows that
surface water is not the main source of drinking water supply in the southern regions of the Odessa
region. In some large and small settlements located in the Black Sea hydrogeological region,
groundwater is the main source of water supply. The main advantage of underground sources when
used for drinking water supply is their protection against pollution, bacteriological purity and
constancy of the composition. Based on the experimental studies, the quality of the artesian waters
of the Izmail was evaluated. The results of the quality assessment allow us to recommend them as
sources of drinking water supply. Studies of the chemical composition of water in the centralized
drinking water supply in Izmail have shown that the quality of drinking water meets the standards
of DSTU 7525:2014 according to the investigated physical and chemical indicators. The
hydrochemical composition of the investigated water corresponds to the geological features of the
Pridunaysky water management area. It is concluded that there is a need for constant monitoring of
the state of underground sources of the Black Sea Artesian Basin, which will allow to use water
resources of the region more rationally.
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Introduction. Water supply of the southern regions of the Odessa region is carried out both from
surface and underground sources. The surface sources are the Danube river and the Danube lakes [1-3].
Due to the increasing anthropogenic impact on the environment, the water quality of surface water
bodies does not meet the requirements of regulatory documents. Most surface sources belong to the 3-4
class, i.e. are rated as «slightly contaminated» and «heavily contaminatedy». According to studies [4, 5],
the mismatch of surface water quality according to sanitary and microbiological indicators in Izmail
city, Kiliya, Reni and Tatarbunary districts reached 13.6-14.7% for reservoirs of 2nd category and up
to 100% for reservoirs of 1st category. The results of the analysis of water composition by the content
of inorganic nitrogen compounds, which are of biogenic origin, also refer surface water objects to
sources of grades 2-4. Pollution of basins with pathogenic microbiota in combination with
eutrophication and reproduction of cyanobacteria creates favorable conditions for the propagation of
infectious disease pathogens (cholera, legionellosis, leptospirosis, tularemia). Pollution of basins
withpathogenic microbiota is confirmed by periodic outbreaks of intestinal infections.

The regional program «Drinking water of Odessa region for 2010-2013 and for the period until
2020» [3] is aimed at solving of existing problems. The tasks of the regional integrated program
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include providing the southern part of the Odessa region (Izmail, Kiliya, Tatarbunary districts) with
water of adequate quality to create environmentally safe living conditions for the population.

The inaccessibility of high-quality surface water supply sources and their remoteness from the
population necessitates the use of groundwater for drinking needs. The ecological purity of
groundwater is their main advantage. The stability of the chemical composition, low content of organic
substances, microbiological safety determines the benefits of using underground artesian waters.

Analysis of recent research and publications. Groundwater resources in the regions of Ukraine
are unevenly distributed, which is associated with differences in geological, structural and physical-
geographical conditions. On the territory of Ukraine there are 10 hydrogeological regions. Odessa
region is located within the Black Sea artesian basin that is least endowed with groundwater reserves
due to natural factors: climate factors, geological structure, topography and hydrographic network [6].

An analysis of geomorphological conditions is important for assessing groundwater quality.
They determine the patterns of groundwater formation, distribution and regime. In geomorphological
terms, the region lies within the borders of the Black Sea lowland (Cretaceous-Cenozoic trench) and its
appearance was formed in the Neogene-Quaternary period. The heterogeneity of sediments in the
section and frequent alternation caused the formation of a large number of isolated aquifers [7].

The availability of drinking-quality groundwater in the whole Odessa region is 28% from the
explored underground waters of the region, only 9-10% is used. Groundwater resources throughout the
region are extremely unevenly distributed. On the territory of Odessa region, five water management
districts are distinguished, which differ greatly in groundwater supply: Northern, Central, Suburban
(Trans-Dniester), South-Western, and Danube region. The bulk of the predicted groundwater resources
with a mineralization of up to 1.5 g/dm? are concentrated in the northern part of the region [1, 2].

Within the region, the groundwater regime is formed under the influence of two genetic
groups of natural (geological-geomorphological and hydrological) and technogenic factors. In the
Black Sea artesian basin, the zone of insufficient moisture with the aquifer complex of the Pont-
Metis-Upper Sarmatian sediments (Neogene aquifer complex) is the most common. Groundwater is
contained in rocks of various lithological and facies composition and occur at depths of up to 5 km.
Metamorphic and sedimentary rocks of Precambrian, Paleozoic, Mesozoic, and Cenozoic are
represented in the Odessa region. According to the literature [2], the aquifers that are exploited in
the Odessa region are the Quaternary (Q), Neogene (N), Paleogene (P) and Cretaceous (K)
horizons, among which the most powerful aquifers complex of Neogene sediments is the main (84
%) (Fig. 1). A change in the mineralization of groundwater of the Neogene complex (from 1.5-3.0
to 94.9 mg/dm?®) is observed from north to south, towards the sea coast [7-9].
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Fig. 1. Histogram of Aquifer Power Quaternary (Q), neogene (N), paleogene (P) u Cretaceous
sediments (K) groundwater of Odessa region used for domestic purposes
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The hydrochemical composition of groundwater in Odessa region is formed under the
influence of the lithological composition of water-containing layers and depends on the depth. The
chemical composition of groundwater in Odessa region is characterized as:

— chloride magnesium-sodium or chloride-sulfate magnesium-sodium (mineralization from 200
to 1000 mg/m®, in some cases up to 2400-5600 mg/dm® due to the high content of chlorides and
sulfates);

— sulfate-chloride magnesium-sodium (mineralization 2200-2400 mg/dm?® — water of the aquifer
of Paleogene sediments);

— hydrocarbonate-sulfate with a mixed cationic composition (mineralization of 500-2100
mg/dm?® — fracture zones of crystalline Precambrian rocks) [2, 8].

The underground waters of the Danube water management region (lzmail, Kiliya, Reni
districts) are operated by both single wells and group water intakes, as well as numerous wells and
springs. 53.7% of production artesian wells are in unsatisfactory technical condition and require
plugging. Such wells are dangerous and can cause pollution of aquifers and emergency
epidemiological situations [1, 2].

By geographical location, 1zmail is located on the left bank of the Danube, 80 km from the Black
Sea in the southwestern part of the Black Sea Lowland (Budzhak plains). By climate, it refers to the
southern agro-climatic region of Odessa region (hot, arid, with warm winters), to the plains physical
and climatic zone. The region is characterized by a mid-plain subzone, a forestall sod flatland, with low
humus southern blacksoil, clays and clay loams of Neogene and Anthropogenic ages.

Despite the abundance of natural surface water bodies around the city of Izmail, the main source
of water supply here are artesian wells, the waters of which are distributed in anthropogenic, neogene,
and partly in Paleogene and Cretaceous sediments. The Izmail deposit exploits reserves of drinking
groundwater of alluvial deposits of the river Danube of the Upper Pliocene and Neopleistocene [1]. By
the chemical composition the waters of the Upper Sarmatian sub-tier deposits are sulphate-
hydrocarbonate, chloride-hydrocarbonate sodium, magnesium-sodium. Mineralization ranges from
0.5-1.5 to 2.2-3.7 mg/dm®. The waters of the Lower Sarmatian sub-tier sediments are characterized by
a diverse composition, they are mainly hydrocarbonate and chloride-hydrocarbonate with a
mineralization of 0.4-0.9 mg/dm? [7].

The design capacity of the approved operational groundwater sources of the Izmail field is
90.2 thousand m*/day. In fact, the volume of water production is 28.5 thousand m*/day and consists
of 3 group water intakes: «Matroska» (11.6 thousand m*/day); «Fortress» (12.5 thousand m*/day);
«Canning Factory» (4 thousand m*/day). The depth of underground wells of existing water intakes
is on average 40-70 m.

The study of the hydrochemical composition of groundwater in the deposits of the Izmail
region in order to search for additional sources of drinking water will solve the problems of water
supply in Izmail and the surrounding villages. The relevance of this work is due to the shortage of
quality drinking water in the area.

The purpose and objectives of research. The aim of the work is to assess groundwater
sources to ensure rational water supply of the Izmail region. To achieve this goal, it is necessary to
solve the following tasks:

— to determine and characterize the hydrochemical composition of the water of artesian wells
in the Izmail district of Odessa region;

— assess the quality of drinking water for centralized water supply in Izmail.

Object and subject of research. The objects of research are: water samples of artesian wells
No. 1 and No. 20, which are located in the village Matroska area; water from the general water intake
of Matroska water intake, which is formed by the underground waters of operating artesian wells.
Additional objects of study are water from clean water reservoirs (CVR 1200, CVR 10 000), into
which underground waters of all water intakes of the Izmail deposit («Matroskay», «Fortressy,
«Canning Factory») enter; water from the common water supply after the pumping station (PS) for
water supply of Izmail.
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The subject of our research is the chemical composition and physical-chemical characteristics

of the studied water samples.

Research methods. In these research, the physicochemical methods provided by the relevant
regulatory documents were used [10-12]. The main ions (chlorides, calcium, magnesium,
hydrocarbonates), total hardness and permanganate oxidation were determined by the titration
method; sulfates — by gravimetric method; mineralization was calculated as the sum of the main

ions; sodium — by calculation method.

Research results. Table 1 shows the results of research of the composition of groundwater

from wells No. 1 and No. 20 and the general water supply of the Matroska water intake.

Table 1 — Composition underground water

_ Well No General DSanPiN
Indicators Well No. 1 " | water supply | 2.2.4-171-10
20
t. Matroska soak well
pH 6.85 6.95 6.85 6.5-8.5
Color (deg.) 10 10 10 35
Taste, flavor 1 1 1 3
Smell (score) 2 2 2 3
Na* (calculated), mg/dm’ 221 73 65 200
Ca”", mg/dm’ 100 62 64 -
Mg**, mg/dm® 57 21 26 -
S0,”, mg/dm’ 280 60 70 500
CI, mg/dm® 283 104 88 350
HCO3, mg/dm’ 336 232 256 -
Dry residue (calculated), mg/dm?® 1064 436 441 1500
Permanganate oxidation, mgO/dm’ 1.04 1.52 1.28 <5
Total hardness, mmol/dm?® 9.7 4.8 5.3 10.0
Mineralization, mg/dm?® 1277 552 569 -
Type of water brackish drinking- drinking- -
quality quality

Assessment of water composition according to State sanitary rules and regulations (DSanPiN)
2.2.4-171-10 showed that organoleptic and physical-chemical indicators did not exceed permissible
norms for underground sources of drinking water. Water from well No. 1 is characterized by a
higher mineralization value compared to water from well No. 20 and a common water supply,
however, it does not exceed 1500 mg/dm®. This water is brackish and in terms of hardness of 9.7
mmol/dm? refers to hard waters. For sodium ions (determined by the calculation method), an excess

of the MPC (> 200 mg/dm?®) is observed; these data require additional experimental verification.

Water from a common water intake of village Matroska, which is sent to underground clean water
tanks (CWT), meets the requirements of State sanitary rules and regulations (DSanPiN) 2.2.4-171-10
and State Standards of Ukraine (DSTU)-7525:2014 for centralized water supply. Permanganate
oxidation does not exceed the norm (5 mgO/dm?) in all samples, which indicates the absence of
contamination with organic substances. No excess of the MAC (maximum allowable concentration)

of nitrogen-containing substances was found.

The underground waters of the Sarmatian horizon are characterized by an increased iron
content. No iron was found in the samples of the studied water, since analysis to determine the total
iron needed to be carried out directly near the source. In air, Fe?* quickly oxidizes to Fe** and
precipitates, and this makes the analysis unreliable. Iron belongs to essential trace elements and
additional water studies are required to make a final conclusion on the compliance with the DSTU-

7525:2014 standard for this indicator.
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The hydrochemical classification of natural groundwater is given in Table 2. According to the
classification of O. A. Alekin, the water in well No. 1 belongs to the chloride class, sodium group,
type 11, mineralization — 1.3 g/dm®, hardness — 10 mEg/dm?; in well No. 20, water belongs to the
hydrocarbonate class, sodium, calcium group, type Il, mineralization — 0.6 g/dm?®, hardness — 5
mEg/dm?®. Type Il waters are formed upon interaction with various sedimentary rocks and bedrock
weathering products. This type includes most of the waters of rivers, lakes and ground waters of
low and moderate mineralization.

Table 2 — Classification of groundwater

Classification Expression of Result
Well No. 1 Well No. 20
Water Index b " Ca
Alekin Chi ™% 15 Cu N3 g
E’é?erso chemical Na'-CI'-SO,2HCOs-Ca*-Mg?* | HCO;Na'-Ca®*-ClMg?SO2
Hydroc_:hemlcal Na' HCOs
formation
The formula of the HCO, -48-Cl-37-S0, 15
salt composition My, CI-41-SO4-3O-HCO3~29T.12.pH.6'85 05 Na.40.Ca 39 Mg 2L T-12-pH-6,95
(Kurlov's formula) Na-50-Ca-26-Mg-24

According to Kurlov’s formula, samples of artesian water from wells are characterized as
follows: water from well No. 1 — slightly saline, cold, neutral, chloride-sulfate-hydrogen-carbonate
sodium-calcium; water from well No. 20 is fresh, cold, neutral, and hydrocarbonate chloride
sodium-calcium.

The hydrochemical characteristics of groundwater by the water index by O.A. Alekin, by the
Kurlov formula and by the hydrochemical formation and facies showed that the samples
significantly differ in the ratio of the main ions (Fig. 2).
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Fig. 2. Histogram of the content of major ions in artesian water:
1 —well No. 1; 2 —well No. 20

Water from the wells is pumped into the common water supply, then it goes into three
underground clean water tanks (two small ones — CVR 1200 and one large — CVR 10000, the
supplied water flow to three tanks 800 m¥h), then it is disinfected with sodium hypochlorite
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(NaClO) and after comes to the consumer. Additional disinfection of water is carried out with
chlorine dioxide once a month, and after rains.

Table 3 shows the results of research of water from clean water tanks (CVR 1200, CVR 10
000). The main source of water supply is water from the CVR 1200. Water from the CVR 10000 is
used in small quantities (20%). The CVR 10000 reservoir has been in operation since 1996 and is
subjected to reconstruction due to unsatisfactory condition. Stagnant processes, delayed renewal of
the water supply lead to some differences in the composition of the water of the two reservoirs, in
particular, for sulfates and sodium. The low concentration of nitrogen-containing substances and the
low permanganate oxidation of MHF water indicates the absence of contamination of water with
organic substances at the time of sampling. From the research results it follows that according to the
studied indicators, the composition of the clean water reservoir corresponds to State Standards of
Ukraine (DSTU) 7525:2014.

A water sample from the common water conduit was taken after the pumping station and
before being supplied to the consumer. The analysis of the chemical composition of the water from
the common water conduit (Table 3) entering the centralized water supply network showed that
according to the studied physicochemical parameters, drinking water complies with the standards of
State Standards of Ukraine (DSTU) 7525:2014.

Table 3 — Composition of drinking water for centralized water supply

. General DSTU

Indicators CVR 1200 | CVR 10000 water supply| 7525:2014
pH 6.9 7.05 7.05 6.5-8.5
Color (deg.) 10 10 10 20(35)
Taste, flavor 1 1 2 2
Smell (score) 2 2 2 2
Na" (calculated), mg/dm® 99 155 117 200
Ca”", mg/dm® 68 66 70 -
Mg**, mg/dm® 38 36 34 -
S0,”, mg/dm® 120 240 155 250(500)
CI', mg/dm?® 142 133 137 250(350)
HCO3', mg/dm® 262 262 262 -
Dry residue (calculated), mg/dm?® 598 761 644 1000(1500)
Permanganate oxidation, mgO/dm° 1.04 1.44 1.28 <5
Hardness, mmol/dm®
— total 6.5 6.3 6.3 7(10)
— carbonate 4,3 4.3 4.3 -
— non-carbonate 2.2 2.0 2.0 -

The quality of drinking water supplied to the population also depends on the condition of the
sources of water intake, their sanitary protection, on the technical condition and equipment of the
water supply system. The unsatisfactory technical condition of water supply networks and
structures, their deterioration, the elimination of the consequences of accidents and natural disasters
creates adverse conditions for the quality of drinking water.

In recent years, due to the use of old equipment, corrosion processes have intensified in water
supply networks, which leads to flooding processes and to the appearance of iron in drinking water,
i.e. secondary pollution. In the studied drinking water, iron ions were not detected in the dissolved
state, however, a light yellow colloidal precipitate was present in the samples. Qualitative analysis
with ammonium thiocyanate showed the presence of iron ions. Research in this direction requires
clarification.
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Conclusions. Groundwater resources of the Danube water management region are used only
by 3-11%. An insufficient level of knowledge and a low degree of development of predicted
groundwater resources in the 1zmail region reduces the efficiency of their use.

Since geomorphological conditions determine the quality and composition of groundwater,
the article analyzes the features of the geological structure and aquifers of the research area.

The results of the study of the hydrochemical composition of groundwater samples from two
artesian wells of the Izmail field indicate that the waters differ in the ratio of the main ions and
belong to different classes and groups. The waters are characterized as chloride-hydrocarbonate,
sodium, calcium, which corresponds to the composition of the aquifer of the Upper Pliocene and
Neopleistocene sediments of this water-economic region. Water from wells is of type Il i.e. in
accordance with geomorphological conditions, is formed in interaction with various sedimentary
rocks and weathering products of bedrock. According to the studied indicators, the quality of water
from wells corresponds to State Standards of Ukraine (DSTU) 7525:2014. However, more research
is needed to study its composition.

The water quality of the «Matroska» water intake, clean water reservoir and the general water
supply system according to the studied physicochemical parameters corresponds to the
requirements of regulatory documents for drinking water supply.

In further research, it is recommended to assess the water quality of forecast artesian wells
and conduct continuous observation of the status of underground sources of the Danube water
management region for the rational use of water resources in this region.
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AHoOTanig. Y 3B'I3Ky 13 3pPOCTaHHSAM aHTPOIIOTEHHOTO HABAaHTAKEHHS HAa HABKOJIUIIHE
CEepEeIOBHINE SKICTh BOJM MOBEPXHEBHX pkepest Onechkoi 00JacTi JacTile 3a Bce HE BIAMOBITAE
BUMOTaM HOPMATUBHUX JIOKYMEHTIB, 110 HECIIPUATIUBO BIUIMBAE HA 3/J0POB'S HACEJIEHHS. Y CTaTTi
MPOAHAJI30BaHO CTaH BOJAHHMX NHUTHUX pecypciB lIpumayHailCbKOro BOIOTOCIONAPCHKOTO pailoHy
VkpaiHn Ta T1OKa3aHO, WOIO0 TIOBEPXHEBI BOJM HE € OCHOBHHUMH JDKEpEJIaMH MUTHOTO
BOJIONOCTaYaHHs MiBIACHHUX paiioHiB Opecbkoi o6nacTi. Y AESIKMX BETUKUX 1 MaJlMX HacelleHHX
MyHKTaX, po3TaloBaHux B [[pp4opHOMOpPCHKOMY T'1IpOreoIOTIYHOMY PETIOHI, SIK TOJIOBHI JIXKepesna
BOJIONIOCTaYaHHs, BUKOPUCTOBYIOThCS MiJf3eMHI BoAM. OCHOBHOIO MEpeBaror MiA3eMHHUX JDKepel
IpU BHUKOPHUCTaHHI JJsI TMTHOTO BOJONOCTAUYaHHS € IX 3axUINEHICTh BiA 3a0pyAHEHb,
OakTepioyioriyuHa 4YuMcTOTa 1 cramicTh ckiaaay. Ha migcraBi ekcriepUMEHTaIbHUX JOCHIIKEHb
OLIIHIOBaJIacs AKICTh apTe31aHChKUX BOJ I3Mainbchkoro ponosuiia. Pe3ynbraTti npoBeeHoi OIiHKH
SKOCTI J03BOJISIIOTh PEKOMEHJYBAaTHU iX fK JDKepeda IMUTHOTO BoJoINOCTadaHHS. JlocnimpkeHHs
XIMIYHOTO CKJIaJly BOJU LEHTPAJIi30BAaHOIO TOCHOJAPCHhKO-NIUTHOTO BoOJAONOCTadaHHs M.[I3main
MOKa3ajy, M0 SKICTh MUTHOI Boau BiAmoBinae HopmatuBaM JICTY 7525:2014 3a mochimxeHUMU
(G13UKO-XIMIYHUMHU TOKa3HUKaMU. [1ApOXIMIYHMI CKJIax JOCHIPKYBAaHOI apTe31aHChKOi BOJIU
BIJIMOBia€ T€OJIOTIYHUM OcoOIrBOCTAM [IpuayHalichkoro BOJ0roCno1apcbkoro paifony. 3po0ieHo
BUCHOBOK NP0 HEOOXINHICTh IOCTIHHOTO MOHITOPUHTY 3a CTAQHOM HII3€MHUX JUKepel
[IpyuopHOMOpPCHKOTO  apTe3iaHChbKOTO  OaceliHy, 110  JO3BOJUTh  OUIBII  palliOHAJIbHO
BUKOPHUCTOBYBATH BOJIHI PECYpPCH JJAHOTO PETIOHY.

KiarouoBi caoBa: [lpuyopHOoMOpchbkuil  apre3iaHchbkuil  OaceliH, TmiA3eMHa BOja,
T1ApOreoIOTYHUH PerioH, T1APOXIMIYHUN aHali3, AKICTh BOJIU.
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Y0oeccras 20Cy0apCcmeeHHas akademusi CmpoumenbCcmea U apxXumexmypbl
yi. Aunpuxcona, 4, r. Onecca, 65029, Ykpanna

AHHOTanus. B CBS3U C pOCTOM aHTPONOT€HHON HArpy3KH Ha OKPYKAIOILYIO Cpely KaueCTBO
BOJbl TOBEPXHOCTHBIX HCTOYHUKOB Opecckoii o0nacTh daile BCEr0 HE COOTBETCTBYET
TpeOOBAaHUSAM HOPMATHBHBIX JIOKyMEHTOB, HEOJArompUsTHO BIHUSET Ha 370pOBbE HaceleHus. B
CTaTh€ IMPOAHAIM3HPOBAHO COCTOSHME BOAHBIX MNUTHEBBIX pecypcoB  I[IpuayHalickoro
BOJIOXO3SIIICTBEHHOI'O pailoHa YKpauHbl M I0Ka3aHO, YTO IOBEPXHOCTHBIE BOJbl HE SIBIISIFOTCS
OCHOBHBIMM HMCTOYHHUKAaMH IHUTHEBOTO BOJIOCHAOKEHUs IOXKHBIX pailoHoB Opnecckoil obimactu. B
HEKOTOPBIX OOJBIIMX M MajblX HACEICHHBIX IyHKTaxX, PacHojoXeHHbIX B I[IpuuepHoMOpckoM
TUIPOTEOJIOTUYECKOM PErOHE, B KAU€CTBE OCHOBHBIX MCTOYHHKOB BOJOCHA0KEHUS UCIIONb3YIOTCA
o3eMHbIe BOJbl. OCHOBHBIM NPEUMYILECTBOM MOA3EMHBIX UCTOYHUKOB IIPU MCIIOJb30BaHUU IS
IIUTHEBOTO BOJAOCHAOKEHUS SIBISIETCA MX 3AIIMLICHHOCTh OT 3arpsi3HEHUl, OakTeproJIorHyecKas
YICTOTa U OCTOSIHCTBO cocTaBa. Ha OCHOBaHMHM 3KCIIEPUMEHTAIBHBIX UCCIIEI0BAaHUI OLIEHUBAJIOCh
Ka4yecTBO apTE€3MaHCKUX BOJ M3MauIbCKOro MECTOpOXXIeHMs. Pe3ynabTaThl MPOBEAEHHONW OLIEHKU
KauyecTBa MO3BOJISIOT PEKOMEHI0BaTh UX KaK HCTOUHUK IMUTHEBOT0 BolocHAOkeHUs. MccnenoBanue
XMMUYECKOIO COCTaBa BOJbl LIEHTPAIU30BAHHOIO  XO3SIMCTBEHHO-IIUTHEBOIO  BOJIOCHAOKEHUS
r. I3Mauni nokasanu, 4To Ka4ecTBO MUTHEBOM BOABI cOOTBeTCTBYET HOpMaTuBaM JICTY 7525:2014
10 MCCJIEZIOBAHHBIM (PU3UKO-XMMHUYECKUM MOKa3aTensiM. [ MIpoXxuMudeckuil coctaB uccienryemMon
apTe3MaHCKOW  BOABI ~ COOTBETCTBYET  IE€OJIOTMYeCKMM  ocoOeHHocTsM  Ilpuaynaiickoro
BOJIOXO3SHCTBEHHOr0 paifoHa. CzaenaH BBIBOJ O HEOOXOJMMOCTH IOCTOSSHHOIO MOHUTOPHMHIA 3a
COCTOSIHMEM MOJ3EMHBIX HCTOYHUKOB [IpruepHOMOpCKOro apre3snaHckoro 0acceiiHa, 4To MO3BOJIUT
OoJiee parMoOHAIbHO UCIOJIb30BATh BOJIHBIE PECYPCHI IAHHOTO PErHoHa.

KiroueBble caoBa: [IpuuepHoMopckuii apre3naHckuil  OacceilH, moJI3eMHas BOJAa,
TUIPOTEOJIOTUYECKUI PErHOH, THAPOXUMUYECKUN aHAIIN3, KAYeCTBO BObI.

Crarrs Hagiinuia qo penakimii 04.02.2020
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