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THTETPAJIbHA OIITHKA SKOCTI BOJI PITYKU JIHITIPO 3
BU3HAYEHHAM PAJTIAIIIMTHOT AKTUBHOCTI Y MICIIAX
IMMUTHUX BOJAO3ABOPIB TA IUTHUX BOJAOITPOBITHUX
CTAHIIIN

Meta. Hapatu iHTerpanbHy OLiHKM AKOCTi NPUPOAHMX i MUTHUX BOA Ta MPOBECTYW BiNOBiAHE OLiHIOBAHHA AKOCTI BOA
piykn [Hinpo 3 ypaxyBaHHAM pafialilHMX MOKAa3HMKIB Yy MicUAX NUTHUX BOA03abOPiB i MUTHUX BOAONPOBIAHUX
CTaHUint.
Marepianu Ta meToam. lpoaHanizoBaHo Matepianu KI «YepkacusogokaHany, KN «[lHinpoBogokaHan», KM «Bopgoka-
Hany», KM «bepasHcbkBogokaHany, KM «06nsogokaHany. [potarom Tpbox pokis (2015-2017 pp.) pocnifxeHo 468
npo6 Boau 7 BOJONPOBiIAHMX CTaHLiiA, WO B AKOCTI BUXiHUX BUKOPUCTOBYIOTb BOoAy p. [Hinpo, 3a 25 caHitapHo-
XiMiyHMMM Ta 2 papiauiitHuMm (o-aKTUBHICTb 1 B-aKTMBHICTb) NokasHMKamu. Mpu NpoBeAeHHT JOCNiAXKEHb BUKOPUC-
TaHi MeToau: 6ibGniorpacdiyHmnii, caHiTapHO-XiMiYHWMIA, eKCNEpTHOT Ta iHTErpanbHoOi OLiHOK.
Pe3synbratu. [ns npoBefeHHs iHTErpanbHOT OLIHKM SKOCTI BUXiLHUX i MUTHUX BOJ BOAOMNPOBIAHMX CTAHLIN yneple
OyNno BNpoBaAXeHo Cnocid iepapxiyHoi 3ropTKM 3MiHHKUX B MeTofi aHani3y iepapxii T. CaaTi WNAXOM NOETANHOro eKc-
NepPTHOro NOpiBHAHHA Pi3HMUX FPYN MNOKA3HMKIB Ta MOKA3HMKIB y rpynax. Mpuyomy rpynu NokasHWKiB BU3HaYanmMcs
3rigHo 3 Bumoramu [,CaHliH 2.2.4-171-10 «[irieHi4yHi BUMOrW A0 BOAW NUTHOT, NPU3HAYEHOT AN COXMBAHHSA NOLM-
HOO» SIK PAAIONOriYHi, OPraHONeNnTUYHI, iHTerpasnbHi, Gi3MKo-XiMiuHi 3 OpraHONENTUYHOI Ta 3arajibHOCAHITAPHO, a
TaKOX CaHiTAPHO-TOKCMKOMOTiYHO 03HAKOI WKiANMBOCTI. Barosi koedilieHTM ans xapakTepuCcTMK AKOCTi BOAW PO3-
PaxoBYBaANMCA AK CyNepno3nLis eKCNepTHUX Bar ANs KOXHOT rpynu 3 ypaxyBaHHAM BiAHOCHMX OLiHOK 3HAYYyLWOCTi aNs
KOMMNIEKCHOrO MoKa3HWKa rpyn Mix co6oto. BusBneHo, Wwo cepeaHiit KOMNAEKCHUIA NMOKA3HWUK AN BCiX CTaHUii y
BWXiAHii BOAI HABeCHi, BNiTKY Ta BOCEHW BOCTOBipHO (p < 0,001) Ginblmid, HiX B3UMKY, @ MiCA OYMLLEHHSA HE 3Mi-
HIOETbCA 3@ CE30HaMU POKY. SKILO NOPiBHIOBATM MiX CO0O0I0 KOMMIEKCHI MOKa3HWKM ONnf BOJA BCiX CTaHLiil, To
MiHiManbHi ix 3HaueHHs 6ynu ans Bog K «YepkacusogokaHan» (0,177 + 0,005 Ta 0,167 + 0,005 — BUXigHMX Ta NUT-
Hux BignoBigHo) Ta KHOC KN «AninpoBopokaHan» (0,156 + 0,006 — BuxigHmx). MakcMManbHi 3Ha4eHHA KOMMIEKCHUX
NoKa3HMKiB Oyno BuseneHo ans sog BuxigHux — IBC-1 m. 3anopixoka ans 6nokis Ne1 i Ne2 (0,267 + 0,008 pns Kox-
Hoi) Ta KM «06neogokaHan» (0,273 + 0,004), nutHux — [BC-1 m. 3anopixxsa (0,260 + 0,008 1a 0,265 + 0,008
BignosigHo) Ta KM «bepasHcbkBopokaHan» (0,282 + 0,009). Ha aeskux cTaHuiax nicns OYMILEeHHA CNOCTepiraeTbCs
30i/IblIEHHsA 3HAYEHHS KOMMIEKCHOTO NOKa3HMKA, @ Ha THIMUX — 3MEHLIEHHS Y1 NOro CTABINbHICTb.
BucHoBKM. 1. Po3po6seHo oLiHKY METOA0OTiT BU3HAYEHHSA AKOCTI NPUPOAHMX i NUTHWUX BOA pafialiliH1X NOKAa3HUKIB,
1o [03BOANUTb 0OPOGNATH BENMKI MAaCUBM MOKA3HMKIB WAAXOM iX MOETANHOIO eKCNepTHOro 3iCTaBfieHHA 3 iCTOTHUM
CnpoLieHHAM poboTK eKcnepTiB i 6€3 BTPAaTM TOYHOCTI pe3ynbTaTiB OUiHIOBaHHSA. 2. IHTerpanbHa OLiHKa eKOMOriYHOro
CTaHy BoAu piuku [HiNpo y Micusx NUTHUX BOL03ab0OpiB A03BOAMNA BCTAHOBUTH, WO KOMMNEKCHUI NOKA3HWUK AKOCTI
3a3HayYeHUx BOA MAE MiHiMaNbHe 3HAYEHHS B3MMKY, @ NiCNA OYNLEHHSA HA BOAOMPOBIAHMX CTAHLiAX CTabiNbHUI NpoTS-
rom poky. BussneHo guHamiky 3miH iHTerpanbHoro nokasHuka no pokax (2015-2017 pp.) Ta B3Q0OBX pycia piyku.
MiHiManbHi 3HaYEHHS KOMNIEKCHMX NOKA3HUKIB AKOCTI BUXiIAHMX BOA BUABNEHO ans ctaHuin — KM «Yepkacueopoka-
Han» Ta KHOC KN «[lHinpoBoAoKaHany», MmakcumanbHi — 6nokis N2 1, 2 IBC-1 m. 3anopixksa 1a KM «06nBogokaHany.
MigTBEPAXKEHO, WO 3 METOK e(DEKTUBHOTO NPOBELEHHS LEPXKABHOMO MOHITOPUHTY AKOCTI MPUPOAHMX Ta MUTHUX BOZ Y
MPOCTOPOBO-4aCOBOMY aCMeKTi AOUifIbHO BMKOPUCTOBYBATU METOA iHTErpasbHOr0 OUiHIOBAHHS 3 BKJIOYEHHAM
paaiauifnHUX NOKa3HMKIB MUTHOT AKOCTI BOAMU.
KniouoBi cnoBa: Boja BogoAXepes, BOLA NUTHA, KOMMIEKCHMI NOKA3HMK, BOAONPOBIAHI CTAHLii, pagialiiHi nokas-
HUKW MUTHOT AKOCTI BOAM.
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INTEGRAL ESTIMATION OF QUALITY OF THE DNIPRO RIVER
WATER INCLUDING RADIATION INDEXES AT PLACES OF WATER
INTAKE AND POTABLE WATER SUPPLY STATIONS

Objective. To develop an methodology for integral estimation of natural and potable water and to conduct relevant
estimation of the Dnipro River water including radiation indexes at locations of potable water intake and potable
water supply stations.
Materials and methods. Materials of Cherkasyvodokanal ME, Dniprovodokanal ME, Vodokanal ME, Berdyansk-
vodokanal ME, and Oblvodokanal ME were analyzed. Along the period of 3 years (2015-2017), 468 water samples
from 7 water supply stations which use the Dnipro River water for intake were examined, upon 25 sanitary-chemical
and 2 radiation (o activity and P activity) parameters. When carrying out the research, the following methods were
used: bibliographic, sanitary-chemical, experts’ and integral estimations.
Results. In order to carry out integral estimation of the quality of intake and potable water of water supply stations,
for the first time the method of hierarchic folding of variables in the method of hierarchy analysis of T. Saati was
used, by way of stage-by-stage expert comparison of different groups of parameters and of parameters in groups.
Herewith, the groups of parameters were classified according to requirements of State Sanitary Rules and Standards
(DSanPiN) 2.2.4-171-10 «Hygienic Requirements to Potable Water Intended for Consumption by Humans» as
organoleptic, integral, physical-chemical with organoleptic and general sanitary, as well as sanitary-toxicological
characteristics of health hazards. Weight coefficients for parameters of quality of water are calculated as the super-
position of expert weights for each group with taking into account relative estimations of significance for a com-
plex parameter of groups between each other. It was educed that the average complex parameter for all stations in
intake water in spring, in summer, and in autumn is statistically (p < 0.001) greater than in winter, and after treat-
ment it doesn’t vary along seasons of the year. If complex parameters for water from all stations are compared, their
minimum values were for water of Cherkasyvodokanal ME (0.177 + 0.005 and 0.167 + 0.005 — of intake and potable
water respectively) and Kaydatska Pumping and Filtration Station of Dniprovodokanal ME (0.156 + 0.006 of intake
water). Maximum values were detected in intake water of Blocks No. 1 and No. 2 of DWSS-1 of the town of
Zaporizhzhia (0.267 + 0.008 for each) and of Oblvodokanal ME (0.273 + 0.004); of potable: DWSS-1 of the town of
Zaporizhzhia (0.260 + 0.008 and 0.265 + 0.008 respectively) and Berdyanskvodokanal ME (0.282 + 0.009). At sev-
eral stations, after treatment, the increase of the value of the complex parameter was observed, and at other, the
decrease or the stability of that value was observed.
Conclusions. 1. An methodology for assessing the quality of natural and drinking water including radiation index-
es is developed, which will allow processing of large massifs of indicators through their step-by-step expert compar-
ison with a significant simplification of the work of experts and without losing the accuracy of the evaluation
results. 2. The integral estimation of the ecological state of water of the Dnipro River at places of potable water
intakes allowed to determine that the complex parameter of the quality of above mentioned water has a minimum
value in winter, and after treatment at water supply stations the parameter is stable along the year. The dynamics
of changes in the integral parameter by years (2015-2017) was educed, and along the river bed. Minimum values of
complex parameters of quality of intake water was detected for the following stations: Cherkasyvodokanal ME and
Kaydatska Pumping and Filtration Station of Dniprovodokanal ME, and maximum values were detected at Blocks No. 1
and No. 2 of DWSS-1 of the town of Zaporizhzhia and at Oblvodokanal ME. It was confirmed that with the purpose
of carrying out efficient state monitoring of the quality of natural and potable water in the spatial-temporal aspect,
it is expedient to use the method of integral estimation.
Key words: water of water sources, potable water, complex parameter, water supply stations, radiation indexes of
water quality.
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BCTVYII

SKicTh MUTHUX BOA, MEpeayciM, 3aJieXXUThb Bil edek-
TUBHOCTI T€XHOJIOTi/A BOAOOYMILEHHS Ta SIKOCTi BOIM
JKepeJl TIMTHOTO BojoIlocTayaHHs. Po3BUTOK cuctem
BOJOIOCTAYaHHS OKPEeMHUX BEJIMKUX MIiCT YKpaiHu
MaKCHUMaJIbHOI aKTUBHOCTI Ha0yB y 1960—1970-T1i poku
MUHYJIOTO CTOJIITTS, KOJIU ITPU BUOOPi OCHOBHOTO JIXKE-
peJia BomornocTayaHHs MepeBary BiggaBaliu IOBEpXHe-
BuM BonaM |[1]. [Tonan 80 % HaceneHHs YkpaiHu st
3a/10BOJIEHHSI MUTHUX i MOOYTOBUX IOTped KOpHC-
TYETbCSI HE3aXMILIEHOI Big 3a0pyaHEeHb BOAOIO 3
BinkpuTux BomoiiM [2, 3]. ®opMyBaHHS peXXUMY ITOBE-
PXHEBUX BOJ BiZOyBa€TbCs ITi 3HAYHUM BIUIMBOM
KJIIMAaTUYHMX i TEXHOT€HHMX YMHHUKIB, 1110 BU3HAYa€
eMni30JdMYHi Ce30HHI Ta OaraTopiyHi 3MiHM iX 3amaciB i
xiMiuHOTO cKkyany [4]. Mu MOBUHHI TepeadauYnTH T10-
TeHLiHY MpobyeMy i 3pOOUTH LIOCH IJIs1 3aIT00iraHHHS
pealibHiil 3arpo3si 3a0pyaHeHHs Boa [5]. Ha ckoronHi B
VYKpaiHi BiICYyTHSI aJeKBaTHa CHUCTEMa MOHITOPUHTY
SIKOCTi MMPUPOAHUX i MUTHUX BOJI, 1110 HETAaTUBHO BiAOU-
BAETbCS HA €KOJIOTiYHill i emigeMiuHiii cuTyalii B
Kpaii [6, 7]. I1oTpiOGHO MOrOAUTHCS 3 HAYKOBOIO I10-
3ULIiEI0 0araThbOX BUSHUX 11100 HEOOXiTHOCTI BOpOBa-
KEHHS B YKpaiHi iHTerpoBaHOIro MiAXOo4y OO0 VII-
paBJIiHHS BOIHUMU pecypcaMu, 1o nependayeHo Bon-
Hoto Pamkosoio qupekTuoto 2000/60/€C, € mpuHIIU-
MOBO HOBUM MiAXOAO0M A0 CUCTEMM YIpaBiiHHS [8, 9]
Ta MOTpeOy€e BIIPOBAIXKEHHS 3a IOIOMOIOl 0ararbox
METOJiB, OAHMM 3 SIKMX MOXE OYTU iHTerpajabHe
oliHIOBaHHY. IcHye ©araTo MeTOIMK MPOBEAECHHS
iHTeTpanbHOI oLiHKY gKocTi Boau [10]. Hait6inbir yac-
TO BUKOPMCTOBYETHCS B SIKOCTi iHTerpajJbHOIO ITOKa3-
Huka (IIT) sskocTi nUTHOI Boau oueBUAHA (opmyJia Cy-
MU KOHLEHTpaliid Bcix 3a0pyaHIOBayviB (X;), HOpPMOBa-
HUX J0 iX «0e3rmeuHoro» (Xo) 3HaUYeHHS (10 TpaHWYHO
JonyctTumoi KoHueHTtpauii — [J1K):

=y (1)

HacTtinbky X monmyaspHMN CyMapHUN TTOKa3HUK
xiMiuHoro 3a0pyaHeHHs (I1X3), 1110 po3paxoByeThCs 3a
aHaJIOTiYHOIO (hOPMYJIOIO, ajie TiJIbKM 151 1eCATU ITOKa3-
HUKIB, sIKi HailOinbiIow Mipoto mnepeBullyoTbh [JIK.
[Tomi6bHMM YyMHOM, ane BXe 3 yCepeOIHEHHSIM i TiIbKM
JUTST IIeCTU HAOUThIIMX 3a0pyIHIOBAYiB, PO3PaXOBYETh-
¢4 rimpoxiMiuHuit iHaekc 3a0pyaHeHHs Boau (I3B):

& x
B3B=—) - 2)
6;)(0

SKI110 OLiHKA SIKOCTi BOIM 3MiACHIOEThCS B IMHAMIl,
TOOTO CYIPOBOIXYETHCS [ESIKOK KiJIbKICTIO BUMIpIO-

INTRODUCTION

The quality of potable water, first of all, depends on
the efficiency of water treatment technologies and
quality of potable water supply sources. The develop-
ment of water supply systems of certain large cities of
Ukraine reached its maximum activity in 1960—
1970 of the last century, when during the selection of
the main water supply source the precedence was
given to surface waters [1]. Over 80% of the popula-
tion of Ukraine uses unprotected from pollution from
open water reservoirs for satisfaction of potable and
household needs [2, 3]. The formation of the regimen
of surface waters takes place under a significant influ-
ence of climatic and technogenic factors which deter-
mines episodic and many-year changes of their
reserves and chemical composition [4]. We have to
forecast the potential problem and to do something to
prevent the actual threat of water pollution [5]. As of
today, there is no adequate monitoring system of the
quality of natural and potable water in Ukraine which
has a negative impact on ecological and epidemiolog-
ical situation in the country [6, 7]. There is a need to
agree with a viewpoint of many scientists in respect of
the necessity to introduce an integrated approach to
the management of water resources in Ukraine,
which is provided for by the Water Framework Direc-
tive 2000/60/EC, which is a principally new approach
to the management system [8, 9] and is required to be
introduced using various methods, one of which can
be the integral estimation. There are many methods
of conducting the integral estimation of water quality
[10]. The most frequently used as an integral indica-
tor (II) of potable water quality can be calculated by
the formula of the sum of pollutants concentration
(xi), standardized to their «safe» (xo) value (to the
Maximum Allowable Concentration — MAC):

n

=> - (D

Another popular indicator of total chemical pollution
(ICP), which can be calculated using the similar for-
mula, but only for ten indicators, which exceeds the
MAC levels the most. The same approach, but only
with the averaging and just for six main pollutants, is
used while calculating the hydrochemical water pol-
lution index (WPI):

WPl ==Y "i )

Combinatorial water pollution index (CWPI),
which is used to determine the class of water pollu-
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BaHb, TO B SIKOCTi KOMILJIEKCHOTO MTOKa3HUKA BUKOPHUC-
TOBYEThCS KOMOiHATOpHUI iHAeKC 3a0pyaHeHHs (KI13),
3a IKMM BU3HAYAETHCS KJTac 3a0pyTHEHHS BOJN:

KI3=) “ix_i (3)

ne — k; KinpKicTb 3aMipiB 3 mepeBuiieHHsIM [TIK, K; —
3arajibHa KiJIbKiCTb 3aMipiB i-To 3a0pyaHIOBava.

BuxkopucraHHs Ti€i 4M iHIIOT METOAUKHU iHTErPAIBHOI
OLIIHKM $IKOCTi BOA 3aJeKMTb BiJl METH MNPOBEIECHHS
MOHiTOopuHTry Boja. Hanpuknan, sSiKio KOHLEeHTpallil pe-
yoBMH He mnepeBuinyioTh K, a Mera mpoBeaeHHS
JOCIiIKeHb IKOCTi MIPUPOAHUX BOJ — MOCTiiiHEe cUCTe-
MaTUYHE CIOCTEPEXXKEeHHS 3a 1i 3MiHaMU 3TiiHo 3 JJupek-
tuBoo 2000/60/€C y mpocTOpOBO-YaCOBOMY pPO3pi3i,
TOJi JOUIJbHIIIIe BUKOPUCTOBYBATH iHIIIi METOIMKH, 1110
He ToB’s13aHi 3 BUKopuctaHHsMm ['JIK.

Po3paxoBaHuii iHAEKC SIKOCTI BOAM € LIIHHUM Ta
YHiKaJbHUM, 110 BigoOpazkae 3aralbHUIN YHi(iKOBaHUIA
CTaH SKOCTIi BOAU, IO 300paxye CKJIAIHUI BILIUB
pizHux ii mapameTpiB [11]. Lleit MmeToa cTae momyasspHUM
He OUBJSYMCh HA MEBHI HEOOJIKM, Yyepe3 JOCTYIHICTb,
YHi(DiKOBaHICTb TIPOIIEAYPHN PO3PAXYHKY, PO3POOKN Ma-
TeMaTUYHOro amapaTy Ta MOXJIMBOCTI IIBUAKOTO
BUpilIEHHS 3aBOaHb [12], Ta, Hacammepea, 3acTOCO-
BYETBCS 3 METOIO MPOBEAECHHST TPMBAJIOTO MOHITOPUHTY,
MOPIBHSIBHOI OIIHKNA XapaKTePUCTUK MOMIOHNX 00’ €K-
TiB 200 X 3MiH y 4aci. AKTyaJlbHUM € PO3pO0JeHHS HO-
BOTO Ta MPUHSTOTO B YChOMY CBiTi «iHIEKCY SIKOCTi BO-
IW» y CIIpollieHOMY (opMaTi, IKUil Moxe OYyTH BUKO-
pucCTaHU B LJIOMY i MOXe HNPeACTaBJISITU HaliiiHYy Kap-
TUHY sIKOCTi Boau [11].

META JOCJII2KEHb

Po3pobuTtu MeToauKy iHTerpaabHOI OLIIHKU SIKOCTI IMPHU-
POIHUX i IMTHUX BOA Ta MPOBECTH BiAIOBiIHE OILiHIO-
BaHHS SIKOCTi BOJI piuku JAHIMpo y MiCILISIX MUTHUX BOJO-
3a00piB i MUTHUX BOAOMPOBIIHUX CTaHLIiA 3 ypaxXyBaH-
HSIM pafiallifHUX NOKAa3HMKIB MUTHOI SIKOCTi BOJU.

MATEPIAJIN TA METOJIN

ITpoananizoBaHo marepianu KII «YepkacuBogokaHai»,
KIT «duinposogokaHan» (KH®C — Kaiimakcbka Ha-
coBHO-QinerpyBasibHa cranuis, JH®C — JlomiBchbka
HacoBHO-dinbTpyBanibHa craHlis), KIT «Bomokanan»
(6moxu Ne 1 ta 2 JIHIIIpOBCHKOI BOAOIIPOBITHOI CTaH-
ii-1 (ABC-1) m. 3anopixckst), KIT «bepastHcbkBog0OKA -
Ha», KIT «O6i1BogoKaHaI» 11010 SIKOCTI BUXiIHUX 1 BO-
JOMPOBIAHMX MUTHUX BoA. Bchoro Oyno mpoaHanizoBa-
HO 25 caHiTapHO-XiMiYHMX MOKA3HUKIB (KOJIbOPOBICTb,
KaJlaMyTHICTb, BOAHEBUI TMOKA3HUK, 3aJli30, 3arajbHa

tion, is used in case the quality assessment of water is
done in dynamics, which is to say a few measure-
ments:

X,k
CWPI Z:; . X (3)
where k; is the No of measurements with exceedances
of MAC, K; — total measurements of /™ pollutant.

The use of the methods for the integral assessment of
the water quality depends on the goal of water monitor-
ing. For example, when the concentration of sub-
stances does not exceed the MAC, and the goal of the
research of the natural water quality is constant moni-
toring of its changes according to the Directive 2000,/60
/EU in their spatial and temporal distribution, then it
would be more appropriate to use other methods which
are not connected with the use of MAC.

The calculated index of the quality of water is valuable
and unique, which reflects the general unified state of
the quality of water, and which represents the complex
impact of different parameters thereof [11]. This
method becomes popular despite its shortfalls, due to
availability and the unification of the calculation proce-
dure, development of the mathematical apparatus, and
the possibility to solve problems in a short period of time
[12], and is, first of all, used with the purpose of long-
term monitoring, comparative estimation of characte-
ristics of similar objects, or of their changes over time. Of
current importance is the development of the new and
accepted in the entire world «Water Quality Index» in a
simplified format which can be used in general and can
represent a reliable picture of the quality of water [11].

i

OBJECTIVE

To develop a methodology for integral estimation of
natural and potable water and to conduct relevant
estimation of the Dnipro River water including radia-
tion indexes at locations of potable water intake and
potable water supply stations.

MATERIALS AND METHODS

Materials of Cherkasyvodokanal ME, Dniprovodo-
kanal ME (Kaydatska Pumping and Filtration Sta-
tion (KPFS), Lomivska Pumping and Filtration Sta-
tion (LPFS)), Vodokanal ME (Blocks No. 1 and No.
2 of the Dnipro Water Supply Station-1 (DWSS-1) of
the town of Zaporizhzhia), Berdyanskvodokanal ME,
and Oblvodokanal ME were analyzed in respect of the
quality of the intake and water supply potable water.
In total, 25 sanitary and chemical characteristics were
analyzed (color, muddiness, pH index, iron, total
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JKOPCTKIiCTb, MapraHelib, Milb, TojicdocdaTu, cyabda-
TU, XJIOPUIU, CYXUI 3IUIIOK, IIMHK, TOBEPXHEBO aK-
TUBHI PEYOBUHU, HADTOIPOAYKTH, aTIOMiHIii, amMiak,
HITpaTu, HITPUTU, PTYTh, CBUHELb, (PTOPUIU, HiKEb,
XPpOM 3arajbHUli, KpeMHil, XJ10pohopM) i 2 MOKa3HUKU
pamianiifHoi Oe3rmeku (O-aKTUBHICTh i [3-aKTMBHICTB).
Byno nmocnimkeHo 72 mpobu BUXiTHUX Ta MATHUX BOJ, 7
BOJOIPOBIIHUX CTaHIii 5 BogjoKaHaIiB YKpaiHU MPOTSI-
rom 3-x pokiB (2015—2017 pp.). IIpu mpoBeneHHi a0-
ClIiIXkeHb BMKOpPUCTaHi MeTtoau: OiOmiorpadiyHui,
CaHiTapHO-XiMiYHMM, €KCIIEpTHOI Ta iHTerpajaibHOI
owinku [13].

PE3VYJIBTATU TA OBI'OBOPEHHS

IIpoBenaeHo iHTerpajibHy OLIHKY SIKOCTI BUXiZHUX Ta
MUTHUX BOJ 7 BOAOIIPOBIAHMX CTaHIIil, 1110 BUKOPUC-
TOBYIOTb B SIKOCTi BUXiHO1 BOAy piuku JHimpo, a came
Kpemenuyuskoro (KIT  «YepkacuBogokaHam»),
HOuinposcbkoro (KH®C, IHOC KIT «/AninpoBogoka-
Ha», 61oku Ne 1 ta 2 JIBC-1 KIT «Bogokanan» M. 3a-
nopixxks), KaxoBcbkoro marictpaipHoro kanany (KIT
«ObnBogOKaHAT») BOLOCXOBUII Ta 3aXiAHOIO rPyHOBO-
ro BogoBony (KII «bepasHcbkBomokaHan»). Bci 1mo-
Ka3HUKM SKOCTI MUTHOI BOIM, IO AOCJiIXKyBalaucs,
OyJiu po306uTi Ha 5 rpyn 3rigHo 3 BUMoramu JCanlliH
2.2.4-171-10 «I'irieHiyHi BUMOI'M 1O BOAM IIUTHOI,
NpU3HAUYEHOl1 AJS1 CIIOXHWBAHHS JIIOAUHOIO» (paaio-
JIOTiYHi, OpraHOJIENITUYHI, iHTerpaabHi, (i3uMKO-Xi-
MiYHi 3 OpraHoOJIENITUYHOIO Ta 3araJibHOCaHITapHOIO, a
TaKOX CaHITapHO-TOKCUKOJIOTIYHOIO O3HAKOIO IIKimd-
JINBOCTI).

3 MeTow TIpPOBeAEcHHS iHTErpajJbHOI OLIIHKM OYyJ0
YIOCKOHAJIEHO METOJMKY 3a PaXyHOK 3aCTOCYBaHHS KO-
pUTyBaIbHUX KOE(MIiLi€HTIB, 110 BPaXOBYIOTb Pi3HY
CTYITiHb HeOe3MeKM I 3IOpOB’S CITOXMBAYiB Pi3HUX
TPYII MOKa3HUKIB (k).

Ha nmepmioMy ertami po3paxyHKiB ISl KOXHOI 3 TpyH
OyJia mpoBeJeHa eKCIlepTHa OlliHKa BiIHOCHOI 3Hauy-
IIOCTi KOXXHOT O3HAKM MeTOIOM aHai3y iepapxiii T. Ca-
arti. Jlng mporo OyiuM 3ajydeHi eKCIepTH BiAMNOBigHOI
kBajigikauii. OCHOBHa MeTa METOy MOJIsITa€ B MoIap-
HOMY IOpPiBHSIHHI MiX co0oi o00’extiB [13]. Husa
MOPIBHSILHOTO 3iCTaBIeHHS OyJia BUKOpUCTaHa 3-0ajb-
Ha IIKajia BiTHOCHOI BaxJIMBOCTi. SIKI1I10 03HAaK1 BBaKa-
JIUCSI PiIBHOZHAYHMMH, iX KOeDilliEHTHU TTOPiBHSIHHS J10-
piBHIOBaIU «l», SKIIO O3HAKA X; OLliHIOBAIacs eKCIep-
TaMM SIK 3HaUHiIIa, HiX 03HaKa Xj, KoeillieHTy TPUCBO-
1oBajiocs 3HauYeHHS k; = 2. AKIO X; OILliHIOBaBCS SIK
3HAYHO 3HAYHIIIWMA, HiX Xj, KOeilliEeHT BBaXaBcs pPiB-
HuM kk; = 3. TlopiBHSIHI 03HAKU, SIKi BUSBJISIIUCS MEHIIT
3HAUYIIMMU, OTPUMYBAJIN 3BOPOTHI 3HAYeHHS Koedi-

hardness, manganese, copper, polyphosphates, sul-
fates, chlorides, dry residual, zinc, surfactants, oil
products, aluminum, ammonia, nitrites, nitrates,
mercury, lead, fluorides, nickel, total chrome, sili-
con, chloroform) and 2 radiation safety character-
istics (o activity and B activity). 72 samples of
intake and potable water from 7 water supply sta-
tions of 5 water services companies of Ukraine
along the period of 3 years (2015—2017) were
examined. When carrying out the research, the fol-
lowing methods were used: bibliographic, sanitary-
chemical, experts’ and integral estimations [13].

RESULTS AND DISCUSSION

An integral estimation of the quality of intake and
potable water of 7 supply stations using water from
the Dnipro River for intake, was conducted, i.e.
Kremenchuk (Cherkasyvodokanal ME), Dniprovsk
(KPFS, LPFS of Dniprovodokanal ME, Blocks No.
1 and No. 2 of the Dnipro Water Supply Station-1
(DWSS-1) of the town of Zaporizhzhia), of the
Kakhovka Main Channel (Oblvodokanal ME), and
of water reservoirs of the West Group Water Conduit
(Berdyanskvodokanal ME). All parameters of quali-
ty of studied potable water were broke down into 5
groups according to requirements of DSanPiN 2.2.4-
171-10 «Hygienic Requirements to Potable Water
Intended for Consumption by Humans» (radiologi-
cal, organoleptic, integral, physical-chemical with
organoleptic and general sanitary, as well as sanitary-
toxicological characteristics of health hazards).

With the purpose of conducting integral estima-
tion, the methodology was improved on the account
of use of adjustment coefficients which take into
account different degrees of hazard of different
groups of parameters (k) for the health of consumers.

At the first stage the relative significance of each
parameter was estimated for each group using the
hierarchy analysis by T. Saaty. With that purpose,
experts of relevant qualification were engaged. The
main purpose of the method lies in pair-wise compa-
rison of objects between each other [13]. For compa-
rison, a 3-point scale of relative importance was used.
If parameters were considered of the same impor-
tance, their comparison coefficients were equal to
«1», and if the parameter x; was estimated by experts
as more significant than x;, the coefficient was attri-
buted the value k; = 2. If x; was estimated as much
more significant than x;, the coefficient was attributed
the value k; = 3. Compared parameters which turned
out too be less significant were attributed inverse va-
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LieHTiB (BinmosinHo, k; = 1/2 =0,5ab6o k; = 1/3 =0,33).
3HayeHHs KoedillieHTiB 3aHOCUJIMCS B OLIIHOYHY Ta0JIu-
1O IO psIIKax.

Hami pjs KoxXHO1 Tabnulii 3a JOMOMOIOI0 MporpamMu
MathCad 14 portable BigmoBigHo n1o metoauku T. Caarti
pO3paxoByBaIMCS BJIACHI BEKTOpM, 3HAUCHHSI SIKUX Y
nepuIoMy HaOIM>KEeHHI BiIMOBiAAIM «BaraMm» O3HaK BCe-
pearHi KOXHOI rpynu — e;. SAKino 6 kBaicgikallis ekc-
MnepTiB OYyTU pi3HA, TO IM TaKoX Tpebda Oyj0 6 mpuBiIac-
HIOBaTU JesIKi Koe(dilliEHTU 3HAUyIIOCTi, a IoJabliie
ycepelHeHHsI KoedilliEHTIB 03HaK BUKOHYBaJiocs O 3a
(hopmys010 CepeTHbO3BAKEHOTO 3 ypaxXyBaHHSIM LIMX KO-
edilieHTiB KBamiikallii eKCrepTiB. ¥ HalllOMy BUMAAKY
KBaniikauisga ekcrepriB Oyjaa piBHO3HA4YHA, TOMY
BIAIMOBIIHUI eTan He BUKOHYBABCSL.

Kpim 3icTaBiaeHHST 03HaAK TSI KOXHOI TPYMU eKCIlep-
TaM IPOITOHYBAJIOCS TaAKOX BUKOHATH ITOPIiBHSUIbHE IT0O-
napHe 3iCTaBJI€HHS IPYIl 03HAK MiX c000I0 3a TaKOI0 XX
MmeToaukol. B pesyabrari yoro OyjaM OTpUMMaHi eKcC-
MEPTHI Baru rpym — e;.

IToganpiia MaTeMaTUYHa 00pOOKa IMoJIsirajia B KOpu-
ryBaHHI OTpUMaHUX «Bar». lle OyJ0 BUKJIMKAHO TUM,
110 BiANOBIAHO A0 MaTPUYHUX OIepalliil, 1110 BUKO-
PUCTOBYBAJUCS IJs TAPaxXyHKy «Bar», iX 3HAYC€HHS
3ajiexXanad Bill KiTbKOCTI O3HaK B rpymax. Yum s
KiNbKicTb OyJia Oifiblle, TUM MEHIIE Y CEpeIHbOMY BHU-
XOIWJIN BJacHI YMcJia, a OTKe 1 Bard 03HaK. ¥ BUKOHA-
HOMY HaMHM YTPYIOBaHHI IIi KiJIbKOCTi 3MiHIOBaJUCS
Big 2 (I MOKAa3HMKIB pafiallilHUX Ta i OpraHoJiel-
TMYHUX) 10 11 (o1d moka3HUKiB (hi3UKO-XiMiYHUX 3
OpraHoJIENITUYHOI abo 3arajbHOCAHITAPHOI O3HAa-
KOIO IIKiIJIMBOCTI).

SIk BXe 3a3HavanoCcs, OCKiIbKMU A KOHCTPYIOBaHHS
IHTErpaJibHO1 OLIIHKM Tepeadavyanocss BAKOPUCTOBYBATU
MOKAa3HUKM SIKOCTi BOJAU 3 Pi3HUX TPYII MO0 BIUIMBY Ha
3M0POB’SI, HaMHU 3aIlpOIIOHOBAHO BpaxyBaTU 1€l MO-
MEHT 3a JOITOMOT0I0 KOPUTYBaJIbHOTO KoedilieHTta (k;).
Ha 3axiirouHomMy eTari o0poOKM eKCIepTHI Baru KOXKHO-
TO i-TO O3HAKU B j-01 IPYIU (e;) MHOXUIUCS Ha IPYMOBi
KoeilieHTH BiIMOBiIHOI j-1 TPyMNHU:

wi=e;ek; 4

VY pe3ynbrari BCix IMX po3paxyHKiB OyJM OTpUMaHi Ba-
roBi KoeillieHTU 1JIS1 BCiX MTOKA3HUKIB SIKOCTi BOJIM, SIKi
MOXYTb OYTM BUKOPUCTaHI JJIs1 KiJIbKiICHOTO MOPiBHSIH-
H (Tabmuig 1).

AK MoxHa 0auuTy y Wil TaOJIWIL, IS PO3paxyHKiB
iHTerpaJibHUX MOKA3HUKIB BUKOPUCTOBYBAJIM 27 MOKa3-
HUKIB SIKOCTi MUTHOI BOJM, 11O periaMeHTOBaHi BUMO-
ramu JJCanlliH 2.2.4-171-10, cepen SIKHX €: pagiooria-

lues of coefficient (respectively, k; = 1/2 = 0.5 or
ki = 1/3 = 0.33). Values of coefficients were entered
into the estimation tables in rows.

Further, own vectors were calculated for each table
using MathCad_ 14 portable software in accordance
with the method by T. Saaty, the values of which at
first approximation were corresponding to ‘weights’ of
parameters in each group — e;. If the qualification of
experts would be different, some coefficients of signi-
ficance would also be attributed to them, and further
averaging of parameters’ coefficients would be made
using the formula of the weight-average with taking
into consideration that coefficients of experts’ qualifi-
cation. In our case, the qualification of experts was of
equal ranking, so relevant stage was not carried out.

Along with the comparison of parameters for each
group, experts were also proposed to make a compar-
ative pair-wise comparison of groups of parameters
between each other using the same methodology. In
result, expert weights of groups — ¢; — were obtained.

Further mathematic processing consisted in the
adjustment of obtained «weights». That was caused
by the reason that according to matrix operations
which were used for the calculation of «weights»,
their values depended on number of parameters in
a group. The greater was that number, than the
smaller were proper values in average, and thus
weights of parameters. In the grouping made by us
these numbers ranged from 2 (for organoleptic and
radiation parameters) to 11 (for physical-chemical
parameters with organoleptic or general sanitary
property of hazards for health).

As it was mentioned before, as parameters of the
quality of water from different groups in terms of haz-
ards for health were to be used for the development of
the integral estimation, we propose to take this point
into account with the use of the adjustment coeffi-
cient (k;). At the final stage of processing, expert
weights of each i™ parameter in j™ group (e;) were
multiplied by group coefficients of relevant j™ group:

wi=e;ek; )

In result of all of those calculations, weight coef-
ficients for all parameters of the quality of water
were obtained which can be used for quantitative
comparison (Table 1).

As may be seen from this table, for calculation of
integral parameters 27 parameters of the quality of
potable water were used which are provided for by
requirements of DSanPiN 2.2.4-171-10, among
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Ta6auusa 1

BennuuHu BaroBux KoediuieHTiB (w;) ANA ROCNIAXKEHUX NOKA3HMKIB AKOCTI NUTHUX BOA ANIA PO3PaxyHKY iHTer-

panbHUX MOKA3HUKIB
Table 1

Values of wight coefficients (w;) for studied parameters of the quality of potable water for calculation of inte-

gral parameters

MokasHuk Barogi koediuieHTn, w;

Parameter Weight Coefficients, w;
0L-aKTUBHICTb / oL-activity 0,396
[3-akTuBHicTb / B-activity 0,198
KONbOPOBICTb / color 0,081
kanamyTHicb / muddiness 0,195
BOAHEBWIA noka3Huk / ph index 0,061
3ani3o / iron 0,086
3arasibHa XopcTkicTb / total hardness 0,112
MapraHelb / manganese 0,134
Miab / copper 0,198
nonipocdary / polyphosphates 0,139
cynboatu / sulfates 0,089
xnopuay / chlorides 0,136
Cyxuii 3anmwiok / dry residual 0,114
UMHK / ZinC 0,120

MokasHuk BarogikoediuieHtn, w;

Parameter Weight Coefficients, w;
HadTonpoaykTy / oil products 0,179
CIAP / synthetic surfactants 0,162
aoMiHiii / aluminum 0,103
amiak / ammonia 0,112
HITPUTK / nitrites 0,206
HiTpaty / nitrates 0,261
PpTYTb / mercury 0,380
CBUHeLb / plumbum 0,341
dropuan / fluorides 0,228
Hikenb / nickel 0,247
Xpom 3aranbHuii / total chrome 0,272
KpemHiii / silicon 0,098
xnopodopm / chloroform 0,228

Hi, OpraHoOJIENITUYHi, (Pi3MKO-XiMiUHi 3 OpraHOJIeTITUY-
HOIO Ta 3arajilbHOCaHITapHOIO, a TAKOX CaHiTapHO-TOK-
CHKOJIOTiYHOI0 03HAKOIO IIKiITUBOCTI.

TakoxX IIpeAcCTaBiIsIE iHTEpeC paHXKOBaHE YITOPSIAKY-
BaHHS IMX TToKas3HWKiB. Ha mepmmux 11 micugx, 1o
BiAMOBiNAlOTh HaANOINBIIMM BaroBUM KoedilieHTaM,
PpO3TallyBaJINCh ITOKA3HUKH, 110 MAalOTh CAHITAPHO-TOK-
CUKOJIOTIUHY O3HaKy LIKiIJIMBOCTI Ta pagiOHYKIigu, a
Jaji — peYOBUHHU, 110 MAlOTh OPraHOJENTUYHY O3HAKY
LIKiIJTUBOCTI Ta € iHAUMKATOPHUMM 3TigfHO 3 JIMpeKTu-
Boto 98/83/€C (tabauus 2).

st iHTerpasibHOI OLIIHKM SIKOCTi TMTHUX BOJ BUKO-
pUCTaHiI KOMILIEKCHI MOKA3HUKU, 110 IPEACTaBJISIIOTh

Ta6nuusa 2

which are: radiological, organoleptic, physical-
chemical with general sanitary property, as well as
sanitary-toxicological property of hazards for health.

Also, of interest is the ranked arrangement of
these parameters. At first 11 places which corre-
spond to greatest weight coefficients are parame-
ters which have sanitary-toxicological properties
and radionuclides, and then substances which
have organoleptic property of hazard for health an
are indicatory pursuant to the Directive 98/83/EC
(Table 2).

For integral estimation of the quality of potable
water, complex parameters were used which are

PaH)XyBaHHA NOKa3HUKIB AKOCTI MUTHUX BOJ, WOA0 3HaYeHb BaroBux KoedilieHTis

Table 2

Ranking of parameters of the quality of potable water in respect of values of weight coefficients

Paur / Rank Moka3uuk / Parameter Panr/ Rank Moka3uuk / Parameter
1 0(-aKTUBHICTb / or-activity 15 nonipocoarn / polyphosphates
2 pTYTb / mercury 16 xnopugu / chlorides
3 cauHeL / plumbum 17 mapraHeLb / manganese
4 Xpom 3aranbHuii / total chrome 18 UMHK / zinc
5 HiTpaty / nitrates 19 Cyxuin 3anmwok / dry residual
6 Hikenb / nickel 20 3arasibHa XopcTkicTb / total hardness
7 xnopodopm / chloroform 21 amiak / ammonia
8 ¢dropuam / fluorides 22 MNOMiHiA / aluminum
9 HiTpUTY / nitrites 23 KpeMmHiii / silicon
10 Mifb / copper 24 cynbdatu / sulfates

1 [3-akTmBHICTb / [3-activity 25 3ani3o / iron

12 KanamyHictb / muddiness 26 KO/bOPOBICTB / color

13 HadpTonpozaykTty / oil products 27 BOZHEBMIA NokasHuK / pH index
14 CNAP / synthetic surfactants
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co0o10 00’mHaHHS (3a BUBHAYEHUMU TpaBUIaMu) 6e3-
JIiyi 3MiHHUX B omHy Xapaktepuctuky [13]. Ilome-
pEeIHbO MJIsI OTPMMAHHSI 0€3pO3MIPHOIO €KBiBaJIEHTY
(d;) BUKOpUCTaHa IIpolieaypa 3iCTaBJeHHS 3 PO3MaxoM
BUOIpKU:

di = (x%-x7)/(xi{-xi ) 4)

Ie: X; Ta X; — MiHIMaJbHi Ta MAaKCUMaJIbHI 3HAYEHH
MOKAa3HUKIB SIKOCTI MUTHUX BO/I.

KoMmIuiekcHi moKa3HUKM po3paxoBYyBalMU 3a (DOpMY-
JIOIO:

<RYY==ZYL\vi/ZRvi (5)

ne: KIT — KoMIUIEKCHUI MOKA3HUK; X — 3HaK CYMU; W; —
BaroBi KoeillieHTH; d; — 0e3p0o3MipHUI €KBiBaJICHT.

OtpuMaHi 1aHi 0OpOOISIN LIJISIXOM BU3HAUYEHHS Ce-
peaHixX apuPMeTUYHUX 3HAY€Hb, 1X TOXMOOK Ta BipOTil-
HOCTI pi3HuLi 3a KpuTepieM CT’1oAeHTA.

BusBieHo, 1110 BeTMYMHN KOMIUIEKCHUX MOKA3HUKIB,
110 Oy/n1M po3paxoBaHi, 3MiHIOIOTBCS Y MexXax: 10 O4Yh-
mweHHsa — [0,09 — 0,35], micnsg ounmeHHs — [0,11 —
0,39]. CepenHiii KOMIJIEKCHUII MOKAa3HUK JJIsI BCiX
CTaHLil y BUXiHIi BOJi BECHOO, BJIITKY Ta BOCEHU J0OC-
ToBipHO (p < 0,001) GinbIINMIA, HiXX B3UMKY, a TTiCJIsT OUN-
ILIEHHS He 3MiHIOEThCS 3a ce30HaMU poky (puc. 1, 2).

3azHaueHe 30iraeTrbcsl 3 po3paxyHKaMm ISl OJHi€l
cTaHuii, Hanpukiaa, ajas 6aoky Ne 2 JIBC-1 m. 3ano-
piXCKs, IJIs SIKOi iHTerpajbHi IMOKa3HUKM SIKOCTIi
BUXiJHMX Ta TUTHUX BOA OibIli 3a BiAMOBiAHI cepeaHi
(puc. 3, 4).

the aggregation (according to defined rules) of a
variety of variables into a single characteristic [13].
Preliminary, for obtaining the non-dimensional
equivalent (d;), the procedure of comparison with
the sampling range was used:

di = (x;-X)/(xi-xi ) 4)

where: x; and x; are minimum and maximum val-
ues of parameters of the quality of potable water.

Complex parameters were calculated using the
formula:

(HD::ZhiWM[/ZhM[ (5)

where: CP — complex parameter; ¥ — sum sign; w; —
weight coefficients; d; — non-dimensional equivalent.

Data were processed with calculation of the aver-
age arithmetic values, their errors and probability
of difference according to the Student’s t-test.

The calculated values of complex parameters var-
ied in the ranges: before treatment: [0.09 — 0.35],
after treatment: [0.11 — 0.39]. The average complex
parameter for all stations in intake water in spring,
summer and autumn is reliably (p<0.001) grater
than in winter, and after treatment it does not
change along seasons of the year (Fig. 1, 2).

The stated above coincides with calculations for
one station, e.g. for Block No. 2 of the DWSS-1 of
the town of Zaporizhzhia, for which integral param-
eters of quality of intake and potable water is greater
than corresponding average values (Fig. 3, 4).
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PUCYHOK 1. [luHamika 3MiHM KOMNNEKCHOTO NOKa3HUKA AKOCTI Boam p. iHiNpo B Micuax NnMTHMX Bogo3abopis

7-MU BOAONPOBiAHUX CTAHLiN 32 C@30HAMU POKY

Mpumitkn. 1 — 3uma; 2 — BecHa; 3 — niTo; 4 — oCiHb; KP — KOMNAEKCHUI NOKa3HUK

Figure 1. Dynamics of change of the complex parameter of the quality of water of the Dnipro River at places

of potable water intake of 7 water supply stations by seasons of the year
Notes. 1 — winter; 2 — spring; 3 — summer; 4 — autumn; CP — complex parameter

89 @



ENIAEMIONIOrNIA

TA n03 M M ETPI ﬂ ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2018. Bun. 23.

0,27
0,26
0,25 /'

o 024 .

@) S

% 0,23 1 \//
0,22 s
0,21
0,20

1 2 3 4
CEe30H / season

PUCYHOK 2. luHamika 3MiHU KOMNNEKCHOTO NOKa3HMKA AKOCTI NUTHUX BOJA 7-MU BOAONPOBIiAHMUX CTaHLiN 3a
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Figure 2. Dynamics of change of the complex parameter of the quality of potable water at 7 water supply

stations by seasons of the year
Notes. See Fig. 1.
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NBC-1 m. 3anopixka (6nok N2 2) 3a ce30HamMu poKy
Mpumitkn. Ams. puc. 1.

Figure 3. Dynamics of change of the complex parameter of the quality of water of the Dnipro River at the
place of potable water intake of the DWSS-1 of the town of Zaporizhzhia (Block No. 2) by seasons of the year
Notes. See Fig. 1.

Po3paxoBaHi KOMITJIEKCHI MTOKa3HUKU SIKOCTi BUXiJI- Complex parameters of the intake waters quality
HUX BOJ, MO pOKax Ta BUSBJIEHO iX cTabinbHICTh, a Ta-  were calculated by years and their stability was
KOX 301JbIIeHHSI KOMIUIEKCHOTO Moka3Huka sikocTi  educed, as well as the increase of complex para-
nuTHUX Boa y 2017 p. y mopiBHgHHI 3 2016 p., y ToMmy  meter of the potable water quality in 2017 vs. 2016,
yucii, st Boagu 610ky Ne 2 JIBC-1 m. 3amopixkks  including for the water of for Block No. 2 of the
(puc. 5). DWSS-1 of the town of Zaporizhzhia (Fig. 5).

ITopiBHsITbHA OILlIHKA CEPeAHIX KOMITJIEKCHUX MOoKa3- The comparison of average CP for all water supply
HUKIB IUISI BCiX BOIOIIPOBITHMX CTaHIIill moKa3ana, mo  stations showed the veracious difference that before
JIO OUYMILIEHHS JOCTOBipHA pi3HUIIS BUSIBUIIACSI MiX mo-  the treatment between parameters of KPFS and
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Figure 4. Dynamics of change of the complex parameter of the quality of potable water at Block No. 2 of the

DWSS-1 of the town of Zaporizhzhia by seasons of the year
Notes. See Fig. 1.
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PUCYHOK 5. luHamika 3MiHM KOMNNIEKCHOTrO NOKa3HUKA AKOCTI NUTHUX Bop 650Ky N2 2 IBC-1 M. 3anopixka

3d PpOKamMu
MpumiTkn. KP — KOMNAEKCHMN NOKa3HKK.

Figure 5. Dynamics of change of the complex parameter of the quality of potable water at Block No. 2 of the

DWSS-1 of the town of Zaporizhzhia by years
Notes. CP — complex parameter.

kaszankamu mg KHOC ta IHOC KIT «/IninpoBogoka-  LPFS of Dniprovodokanal ME (1.4-fold, p <0.001),
Ha» (y 1,4 pa3a, p < 0,001), JH®C KII «Iuninposono-  of LPFS of Dniprovodokanal ME and Block No. 1
kaHas» Ta 6J1oky Ne 1 JIBC-1 m. 3anopixks (y 1,3 pasu,  of the DWSS-1 of the town of Zaporizhzhia (1.3-
p <0,001) ta KII1 «O6nBogokanan» ta KII «bepmstacek-  fold, p < 0.001) and of Oblvodokanal ME and
BogokaHaim» (p<0,001) (puc. 6). Berdianskvodokanal ME (p<0.001) (Fig. 6).
3HIKEHHS KOMIUIEKCHOTO TTOKa3HMKa IJisl BUXiTHOIL The decrease of the CP of the intake water quality
Bonu KII «bepasiHcbkBomokaHan» (y 1,4 paza) moxxiimBo  of Berdianskvodokanal ME (1.4-fold) can be
MOSICHATH THM, IO 3a3HauyeHa Boma € JHImpoBCchKowo  explained by the fact that the water is the Dnipro
micnst ounieHHs Ha crnopynax KIT «O6nBomokanan».  River water after treatment at facilities of Oblvodo-
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PucyHOK 6. KomnnekcHi noka3Huku aKkocti Boau p. IHinpo B MicuAax NMTHUX Boao3abopiB ana BoponpoBig-

HUX CTaHLiN

Mpumitkun. 0 — KM «YepkacueogokaHan»; 1, 2 - KHOC, JIHPC KM «JHinpoBogokaHan»; 3, 4 — 6nokis Ne 1 1a 2 BC-1
M. 3anopixxs; 5 — KIN «O6neogokaHan»; 6 — KM «bepasHcbkBogokaHasn»; KP — KOMMIEKCHMIA MoKa3HUK

Figure 6. Complex parameters of the quality of water of the Dnipro River at locations of potable water in-

takes for water supply stations

Notes. 0 — Cherkasyvodokanal ME; 1, 2 — KPFS, LPFS of Dniprovodokanal ME; 3, 4 — Blocks Nos. 1 and 2 of the DWSS-1 of
the town of Zaporizhzhia; 5 — Oblvodokanal ME; 6 — Berdianskvodokanal ME; CP — complex parameter

K MoOxHa 6a4nTH Ha PUCYHKY 6, MiHIMaJIbHi 3HAUYEHHSI
KOMIUIEKCHUX TMOKAa3HUKIB XapaKTepHi IJIsI BOIM IBOX
cranuiii — KII «YepkacuBomokanam» ta KH®C KII
«JlHimpoBogOKaHal», iX 3Ha4YeHHs Oyau maitke y 1,5
paza MeH1i, Hixx s Boa JIBC-1 m. 3anmopixcksa ta KIT
«O0bnBogOKaHaI», 110 3a3HAlOTh HAMOIIBIIOTO aHTPO-
MOreHHOI'0 3a0pyAHEHHSI.

kanal ME. As it may be seen from the Figure 6, mi-
nimum values of CP are attributive for water of two
stations: Cherkasyvodokanal ME and KPFS of Dnip-
rovodokanal ME; their values were approximately
1.5-fold less than for water of the DWSS-1 of the town
of Zaporizhzhia and of Oblvodokanal ME which are
subject to the greatest anthropogenic pollution.
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PUCYHOK 7. KoMnneKcHi NnOKa3HUKKU AKOCTI NUTHUX BOAAX 7-MMU BOJAONPOBIAHUX CTaHLil
Mpumitkun. 0 — KM «YepkacueogokaHan»; 1, 2 - KHOC, JIHPC KM «JHinpoBoaokaHan»; 3, 4 — 6nokis Ne 1 1a 2 1BC-1
M. 3anopixxs; 5 — KIN «O6nsogokaHan»; 6 — KM «bepasHcbkBogokaHasn»; KP — KOMMIeKCHMIN NoKa3HUK

Figure 7. Complex parameters of the quality of potable water at 7 water supply stations
Notes. 0 — Cherkasyvodokanal ME; 1, 2 — KPFS, LPFS of Dniprovodokanal ME; 3, 4 — Blocks Nos. 1 and 2 of the DWSS-1 of
the town of Zaporizhzhia; 5 — Oblvodokanal ME; 6 — Berdianskvodokanal ME; CP — complex parameter
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ITicng oumnieHHsT TOCTOBipHA Pi3HUILIST BUSBUIACS MiX
KOMITJIEKCHUMMU TToKa3HuKamu mis ctaHuii KIT «Hepka-
cuBopokaHam» Ta KH®C KIT «/IninmpoBogokanams (y 1,2
paza, p < 0,001) Ta KIT «O6nBomokanan» ta KIT «bep-
JstHCbKBoAoKaHa» (y 1,2 paza, p < 0,001) (puc. 7).

3a3zHaueHe MOXJIKUBO MOSICHUTU THUM, 110 BOA03a0ip
KIT «YepkacuBomokaHald» 3HAXOOWUTHCS BUIIE 3a
Teviero piuku JIHinmpo 3a Bci iHIII cTaHIil Ta SKiCThb
MUTHOI BoaM (3a JaHUMU jabopaTopii BogokaHasa) 3a
BU3HAUYCHUMHU IIOKa3HMKaMM BiOIIOBiZae BUMOTaM
HCanlliH 2.2.4-171-10, a KII «bepagacskBOmOKa-
HaJl» € IPpYTUM €TalloM OYMIIEHHS THIilIPOBCHKOI BO-
IM, 30KpeMa, OYUIIYE IMUTHY BOMY ITiCJIs OUYMILEHHS
Ha crnopynax KII «O6iBomokaHana» Ta TpaHCIOPTY-
BaHHSI 110 BEJIMKOMY BogoBoAYy. MakcHMaibHi 3HAUEH-
Hsl iHTerpajbHUX MOKA3HUKIB BUSIBJIEHO Y MUTHUX BO-
nax JIBC-1 m. 3amopizxks ta KIT «bepastHcbKBOmOKA-
HaJl».

SAx110 nmopiBHIOBAaTU MiX CO00I KOMIUIEKCHI MOKa3-
HUKU JJI BOJ, BCiX CTaHIIii, TO MiHiMaJIbHi X 3HAYEHHS
oynu mist Bon KIT «YepkacuBomokanan» (0,177 + 0,005
ta 0,167 £+ 0,005 — BUXiTHUX Ta MUTHUX BiAOBIIHO) Ta
KH®C KII «[dninpoBogokanan» (0,156 = 0,006 —
BUXiTHMX). MaKcuMasbHi 3HAYEHHSI KOMITJIEKCHUX T10-
Ka3HUKIiB 0YyJI0 BUSIBJIEHO AJ1s1 BoA BuxinHux — JIBC-1 m.
3amopixkks, 6ok Ne 1 1a 2 (0,267 £ 0,008 1151 KOXHOT)
ta KII «O6aBomokanam» (0,273 * 0,004), muTHUX —
JOBC-1 M. 3anopixzkst, 6moku Ne 1, 2 (0,260 + 0,008 Ta
0,265 + 0,008 BignmosinHo) Ta KIT «bepasHchKBOTOKA-
Ha» (0,282 £ 0,009).

IIpoBeneHi mochiJXeHHs MiATBEPAWJIU AOLIAbHICTh
BUKOPHMCTaHHSI METOMY iHTErpajlbHOIO OILIiHIOBaHHS 3
METOIO NPOBEACHHS IEeP:KaBHOIO MOHITOPHUHTY SIKOCTI
OPUPOJHMX Ta MMUTHUX BOM, MEPEAYCiM, Y pa3i 00poOKu
BEJIMKOI 0a31 TaHUX 3 METOIO BUSIBJICHHS AMHAMIKU 3MiH
SIKOCTi BOJ, Y IPOCTOPOBO-YaCOBOMY aCITEKTi.

BUCHOBKU

1. Po3po0yieHO MeTONMKY OLIHKHM SKOCTi OPUPOAHUX i
MUTHUX BOJ 3 ypaxyBaHHSM pafialliiiHMX TOKa3HMUKIB,
110 JO3BOJUThH OOPOOSITU BEIMKI MAacUBU MOKA3HUKIB
IIJISIXOM iX ITOETAaITHOTO €KCIIEPTHOIO CITIBCTaBJICHHS 3
ICTOTHUM CHPOLLEHHSIM POOOTU €KCIepTiB i 0e3 BTpaTu
TOYHOCTI pe3yJIbTaTiB OLiHIOBAHHS.

2. IHTerpanbHa OIliIHKA €KOJIOTIYHOrO CTaHy BOAU
piuku JHiNpo y MicUsIX TUTHUX BOJI03a00PiB 103BOJIM-
Jla BCTAHOBUTHU, IO KOMIUIEKCHMI MOKa3HUK SIKOCTI
3a3HaYEHUX BOJ Ma€ MiHiMajJbHE 3HaUYEHHS B3UMKY, a
micjasi OYMILEHHSI Ha BOJOMPOBIAHMX CTAHLIsIX CTa-
OUTbHUI MPOTIroM poky. BusBieHO AMHAMiIKy 3MiH
iHTeTpaJbHOTO MOKa3HMKa 1o pokax (2015—2017 pp.)

After treatment, a veracious difference was detect-
ed between CP for stations of Cherkasyvodokanal
ME and Dniprovodokanal ME (1.2-fold, p < 0.001),
and of Oblvodokanal ME and Berdianskvodokanal
ME (1.2-fold, p < 0.001) (Fig. 7).

The above can be explained by the fact that the
water intake of Cherkasyvodokanal ME is upstream
of the Dnipro River vs. the rest of stations and the
quality of potable water (laboratory of the water sup-
ply facility data) by the determined parameters meets
the requirements of DSanPiN 2.2.4-171-10, and
Berdianskvodokanal ME is the second stage of treat-
ment of the Dnipro River water, in particular, there
water is treated after treatment at facilities of
Oblvodokanal ME and transportation through large
water duct. Maximum values of integral parameters
were found in potable water of DWSS-1 of the town of
Zaporizhzhia and Berdianskvodokanal ME.

Comparing the CP for water of all stations, the min-
imum values were for water of Cherkasyvodokanal
ME (0.177 £ 0.005 and 0.167 £ 0.005 — of intake and
potable water respectively) and KPFS of Dniprovo-
dokanal ME (0.156 £ 0.006 — of intake water). Maxi-
mum values of complex parameters were found for
intake water at DWSS-1 of the town of Zaporizhzhia,
Blocks Nos. 1 and 2 (0.267 £ 0.008 for each) and at
Oblvodokanal ME (0.273 % 0.004); of potable water:
DWSS-1 of the town of Zaporizhzhia, Blocks Nos. 1
and 2 (0.260 + 0.008 and 0.265+0.008 respectively)
and at Berdianskvodokanal ME (0.282 % 0.009).

The conducted research confirmed the expedien-
cy of use of the integral estimation method aiming to
carry out state monitoring of the quality of natural
and potable water, first of all, in case of processing a
large database to educe the dynamics of changes in
the quality of water in the spatial-temporal aspect.

CONCLUSIONS

1. A methodology for assessing the quality of natural
and drinking water including radiation indexes is
developed, allowing to process of large data arrays
through their step-by-step expert comparison with a
significant simplification of the work of experts and
without losing the accuracy of the evaluation results.
2. The complex parameter of the water from the
Dnipro River at places of potable water intakes has a
minimum value in winter, and after treatment at
water supply stations the parameter is stable along the
year. The dynamics of changes in the integral param-
eter was educed by years (2015—2017), and along the
river bed. Minimum values of complex parameters of
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Ta B3J0BX pycjia piuku. MiHiMalbHi 3HAYEHHS KOMII-
JICKCHUX IMOKA3HUKIB SIKOCTI BUXITHUX BOJI BHSBJICHO
nng cranuin — KIT «YepkacnBomokanan» ta KHOC
KIT «/InimpoBomokaHaa», MaKCUMaJibHi — OJIOKiB No
1, 2 ABC-1 m. 3anopixxs ta KIT «O6aBogokaHam».
ITiaTBepaXEeHO, 110 3 METOIO €(PeKTUBHOTO MPOBEICH -
HSl JepXKaBHOIO MOHITOPMHIY $SIKOCTI HNPUPOAHUX Ta
MUTHUX BOJ, Y TPOCTOPOBO-YaCOBOMY aCIIeKTi AOLIiIb-
HO BUKOPHCTOBYBAaTHM METOI iHTErpaJbHOI'O OILIiHIO-
BaHHSI.
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quality of intake water was detected for the
Cherkasyvodokanal ME and Kaydatska Pumping
and Filtration Station of Dniprovodokanal ME, and
maximum values were detected at Blocks No. 1 and
No. 2 of DWSS-1 of the town of Zaporizhzhia and at
Oblvodokanal ME. It was confirmed that with the
purpose of carrying out efficient state monitoring of
the quality of natural and potable water in the spatial-
temporal aspect, it is expedient to use the method of
integral estimation.
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