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CURRENT ISSUES OF MONITORING THE CHLORITE AND CHLORITE CONTENT IN DRINKING WATER
AFTER OXIDATION DISINFECTION

The use of oxidants (chlorine, chlorine dioxide and ozone) is a priority way of safe water supply. However, their use involves
control of the formation, determination and normalization of chlorites and chlorates as by-products of disinfection. The aim of the work was
to characterize the topical issues of monitoring the content of chlorites and chlorates in drinking water after disinfection with oxidants.
Research methods included bibliometric and analytical. The results are as follows. The analysis of foreign and domestic normative documents
testifies to the need to harmonize the current DSanPiN 2.2.4-171-10 "Hygienic requirements for drinking water suitable for human
consumption” regarding the standardization of chlorites and chlorates in accordance with international requirements. It should be noted
that these values, namely the normative values for chlorites and chlorates at the level of 0.7 and 0.7 mg / |, respectively, were included in the
latest version of the above-mentioned normative document DSanPiN 2.2.4-171-20. An analysis of the experience gained in Europe (European
federation of national associations of water services) shows that the main source of chlorite and chlorate formation is not chlorine dioxide,
as previously thought, but sodium hypochlorite. According to the WHO, chlorate is a typical by-product of disinfection in the treatment of
water with oxidants (sodium hypochlorite, chloramines, chlorine dioxide, ozone). Currently, research on the development of technological
principles for minimizing the content of chlorites and chlorates as by-products of water disinfection by oxidants in Ukraine has not been
conducted. The above necessitates the implementation of the following tasks: generalization of research results of chlorite content in
drinking water from centralized drinking water supply systems, where chlorine dioxide is used; development, testing and implementation of
the method of determination of chlorates in drinking water; determination of the content of chlorites and chlorates in the finished sodium
hypochlorite, which is supplied to water utilities, depending on the shelf life; monitoring the content of chlorites and chlorates in drinking
water of settlements where sodium hypochlorite is used in the process of water treatment; determination of chlorate content in chlorinated
tap water after its treatment with ozone; substantiation of optimal modes of water treatment with oxidants to minimize the content of
chlorites and chlorates in drinking water from the water distribution network; development of technological principles for minimizing the
content of chlorites and chlorates in drinking water after disinfection with oxidants.

Key words: drinking water, disinfection, oxidizers, chlorites, chlorates.

IMocTanoBKa npodJjeMu

3aranpHOBU3HAHUN (PAaKT B3a€EMO3B'SI3KY 3H0pOB'S HACEICHHS 3 SKICTIO MUTHOI BOAM € CEpHO3HUM
CTUMYJIOM SIK JJISl YIOCKOHAJICHHS TEXHOJIOTIH i1 OYMIeHHS Ta 3He3apaKyBaHHS, TaK i UIT PO3POOKH Tiri€HIYHUX
KPHUTEpiiB OMIHKK SKOCTI BOAM Ta iX 3akoHOAaB4oro odopmuieHHs. Ilonryk HaykoBMX OOTpyHTYBaHB 1 pillIeHb
CTOCOBHO €()EKTUBHHX TA €KOHOMIUHHX IUIAXIB JOCSATHEHHS HaAIHHOTO Ta O€3MeYHOr0 BOAOIIOCTAYaHHS HACCICHHS
€ HaBXJIMBIIIMM PO3JIUIOM Cy4acHOI HayKH Ipo MUTHY Boxy [1].

OnmHUM 13 TPOBIAHUX HUIAXIB OE3MIEYHOrO BOJONOCTAYAaHHS € 3aCTOCYBaHHS OKHCHIOBAadiB y IiATOTOBII
nuTHOI BoaW. [lopiBHsIBHA OIIIHKA XJIOpPY, MIOKCHAY XJOpy Ta O30HY 3aciyroBye ocoOnmuBoi yBarum [2-5]. Lle
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CTOCYETHCS, 30KpeMa, YTBOPEHHS, BH3HAUYEHHS Ta HOPMYBAaHHS XJIOPUTIB Ta XJIOpaTiB SIK MOOIYHMX MPOIYKTIiB
3HE3apaKyBaHHS.

MeTor0 poGOTH € XapaKTEPUCTHKA AKTyalbHHX MHTAaHb MOHITOPUHTY BMICTY XJIOPHUTIB Ta XJIOpATiB Y
TIMTHIN BOAI MiCIIS 3HE3apaKEHHS OKHCHIOBaYaMu.

Meroau focaigKeHb: 610JiOMETpHYHI, aHAI THYHI.

AHaJti3 0CTaHHIX JKepeJt

TpuBammii uyac yTBOpEHHS XJIOPHTIB Ta XJIOpaTiB y NHUTHI BOAl IIOB’S3yBaJIi BHKIIOYHO 13 Ii
3HE3apaKEHHAM JOKCHAOM xyopy. OfHaK, 1 B TAKUX BHIIQJKaX MOXKHA i3 JISSKOIO BIIEBHEHICTIO TOBOPHUTHU IPO
0e3IeYHICTh KOHILEHTPAIIl XJIOPHTIB, SIKI YTBOPIOIOTHCS. Tak 3a gaHMMHU BojokaHaiy M. [opimmni [TnaBai, BMicT
XJIOPHUTIB Mepe/1 MOCTYIUICHHSM BOJH Y BOJOPO3IOIUIBHY MEPEXyY Ta y TYNUKOBIiH ii Touri 3a 2020 pik (MiH-MaKc-
cepemni) ckiaanas 0,08; 0,54; 0,12 ta 0,08; 0,48; 0,12 Mr/n BiAmoBiaHO [6].

AHaJi3 HOPMATHBHUX JOKYMEHTIB CBimuuTh, 10 unHHI JICanlliH 2.2.4-171-10 «[irieHi4yHi BUMOTH 1O
BOJM NHTHOI, NPHIATHOI JJIsI CIIOKMBAaHHS JIIOAWHOI0O» [7] HOpMYyIOTH XJoputd Ha piBHI 0,2 mr/m (3 yaciB
komumHboro CPCP), xiopatu He HOpMytOThes. Tomi, sik B ocTaHHil penakiii Pekomennariiii BOO3 momo sxocTi
nuTHOI Bou (2017 p.) [8] HOpMaTHBHI 3HaUEHHS /ISl XJIOPUTIB Ta XJopartiB ckianatots 0,7 Ta 0,7 Mr/n BiAnoBigHO.
B ocranniit pemaknii Jupexktusu (EC) 2020/2184 €rpomneticekoro I[lapmamenty i Paam momo sikocTi BOaM,
MIPUAATHOT JJIsl CIOXKMBaHHA JIOMUHOIO, Bifl 16 rpyaust 2020 poky [9] CTOCOBHO HOPMATHBIB XJIOPUTIB 1 XJIOPATIB €
HactynHa npumitka: «[lapamerpuuyne 3HadeHHs 0,70 MI/1 3aCTOCOBYEThCS B THX BHIIQJKaX, KOJIW JUIs
3HE3apakKyBaHHS BOJM, TPU3HAYEHOT JJISl CIIOKUBAHHS JIFOJIHOI0, BUKOPUCTOBYETHCSI METO]] 3HE3apayKyBaHHS, TPU
SIKOMY YTBOPIOETBCS XJIOPHUT (XJIOPAT), 30KpeMa JIOKCH XJI0py. Tam, e e MOXKIHBO, O0e3 KON s Ae3iH(EKIIil,
JIep)KaBU-YIEHM TMOBWUHHI MpParHyTH A0 OUIbII HU3BKOTO piBHSA. llell mapameTp BHUMIPIOETBCS TUIBKH B TOMY
BUITIAJIKY, SIKIIIO BUKOPUCTOBYIOThCS TaKi METOM Je31H(DEKIIii».

HeoOXxiqHicTh LUTYBaHHS L€l MPUMITKH TMOSCHIOETHCS aKIIEHTOM Ha (pasi «30Kpema JTIOKCHJ XJIOpPY».
Tomy, 1o 11l MOOIYHI MPOAYKTH 3HE3apaKEHHS BOAM IO OCTAHHBOTO Yacy HEOOIPYHTOBAHO OB’ S3YIOTh BUKJIFOUHO
13 IIOKCHUJIOM XJIOPY.

SIk TIpUKJIa] MOXKHA TMPHUBECTH pe3yJIbTaTH 1eHTUdIKAli XIopaTy B XJIOPOBaHIN BOAI micis 11 0OpoOKH
o3oHOM [10], a TakoX BiZIOMOCTI MpO BEJMKI KUIBKOCTI Xjopary B TroroBomy (MakcumanbHo 260 000 wmr/m)
rinoxyioputi Hatpito [11]. 3a maummu BOO3 [12] xyopaT € TUMOBMM MOOIYHMM MHPOIYKTOM Ae3iH(ekuii mpu
00po011i BOAM OKUCHIOBAYaMH (TIMOXJIOPUT HATPIIO, XJIOPAMiHH, TIOKCHJI XJIOPY, O30H).

Y 1poMy CEHCi € JOLIIbHUM aHali3 HaOyTOro JOCBily €BPONEHCHKHX KOJIET, SIKi IPElICTABISIOTh
EurEau (European federation of national associations of water services). Ha iXx nymMKy OCHOBHHM KepesioMm
YTBOPEHHSI XJIOPUTIB Ta XJIOPATIB € TIIOXJIOPUT HATPIIO.

Hanpuxinan, 3rigHo i3 ¢paniry3skoro 6a3oto ganux (2013-2015 pp.) [13] moniTopunry sikocti Boau (SISE-
eaux) B 20 - 30% 3pa3kiB Boau Iicias 0OpOOKH TIOKCHIOM XJIOPY BUSBICHO IEPEBHUIIEHHS HOPMAaTHUBHOTO 3HAYCHHS
xsoputy 0,20 mr/n, B 20 % i Bume - 0,25 mr/n, 0,7 mr/n — B 1 % BunazakiB. OnHak, JNeski i3 HUX pe3yJsibTaTiB
MOXYyTb OyTH 3aBuILeH] Ha 30-50% B 3aeXHOCTI BiX 3pa3KiB, OCKIIBKY BUKOPHCTOBYBAHMH aHAIITUYHHUI CTaHAAPT
(NF EN ISO 10304-426) He migxomumTh Ui BOJH, 3HE3apaXKEHOI MIOKCHUAOM Xjopy. s Takux 3pasKiB €
HeoOXIIHO0 MeBHA POOOMIATOTOBKA, SIKa He MnepeadaueHa B CTaHAapTi, 00 YHUKHYTH IIEPEBUIICHHS Pe3yJIbTATIB
(ANSES 2017c¢). XiopaTi KOHTPONIOBAJIH y BOJi, IO MOCTAaBIAEThC Mpubmu3Ho 20% HaceneHHS. Pesynbratu
MoKasand, 1o 3 286 3pa3KiB MpoaHaizoBaHol o4nieHoi Boau B 10 mepeBuiieHuid piBeHb 0,25 Mr/i, 3 SKUX y IBOX
monazn 0,7 Mr/m.

OxpeMo ciITiji 3a3HAYKTH, 10 PiBEHb XJIOPHUTIB 1 xopartiB (0,25 mr/n) y €Bpoaupextusi [9] €, 6e3cyMHIBHO,
Ha[MipHO arpaBoBaHMM. IIpo Ile BHCIIOBIIOIOTH CTypOOBaHIiCTH eBpomeiichki (axisui. IX mymka monsrae y
HacTymHOMY [13].

EurEau 3BepraeTbes 10 wieHiB €BpomapiaMeHTy 3 HMpOXaHHsAM miaTBepautd 3HaueHHss BOO3 0,7 mr/a
JUIA XJIOpaTy W XJIOpUTY. B GaraTpoxX NepkaBax-wieHaX OIEpaToOphl BOAW HE B 3MO3i BUKOHaTH HOpMaTuB 0,25
MT/JI, HE 3MiHIOIOYH IMOBHICTIO OYHCTKY Boau. B Icmanii, Harpukiia, BoaHI pecypcH (TOJOBHUM YMHOM MOBEPXHEBI
BOAM) BHUMAraroTh 0OpoOKy miokcmmoMm xiopy. KpiM mporo, B 0araTboX BHIAIKax Je3uHQEKINsT XI0pOM
CYTIPOBOIKY€ETHCS 030HYBAaHHIM (BHACTIIOK THX K€ SIKICHHX Mpo0ieM BUXiqHOI BOIH). O30H OKHUCIIOE BECH XJIOPHT
B XJIOpaT, TOMy i1 xiopata HopMmaTtuB 0,25 MI/I TakoX € HepeampHHM. SIKmo wWwieHH €BpomapiaMeHTy
MiATBepKYI0Th HopMmatuB 0,25 Mr/m, ciayxOu BOIOIIOCTA4aHHS TMOBHHHI OymyTh 3MIHUTH OOpOOKY BOAM: IIe
3YMOBHTH BEJIMUE3Hi IHBECTHIIIi, HA AKi HEOOXIHI NECATUIITTS, i e OAHO3HAYHO OOYMOBHTH ITiIBUIICHHS Tapu(hiB
Ha BOLY.

Tyt came MOLITBPHO MOTOBOPUTH CTOCOBHO IOIIIBHOCTI HACTUIBKH HAIMIPHO OPCTKOTO HOPMYBaHHS
XIJIOPHUTIB 1 XJIOpATiB.

Y poboti [14] mocmimkeHO BIUIMB TIOKCHAY XJIOpYy 1 HOTO MOXiAHUX (XJIOPHUTIB 1 XJIOpaTiB) B
exBiMorsipanx (0,02 MM) xorneHTpamisx 1,35; 1,35; 1,67 mr/n Ha opraHi3M jgabopaTopHux TBapuH (OUTI HIypH-
cammi minii Bicrap) mpu TpmBamomy BXuBaHHI nHTHOI Bomu Brponomx 100 maiB. BcraHoBIeHO BiACYTHICTH
nocTtoBipHEX 3MiH (p > 0,05) mMOKa3HUKIB KpOBi, NMEPEKUCHOTO T'€MOJI3y EpUTPOLMTIB, OalaHCy MEPEeKHUCHOTO
OKHUCJICHHS JIIMiiB/aHTHOKCHIAHTHOI CHCTeMH. BiICYyTHICTD BipOTIAHOCTI JOCHTIHKEHUX TTapaMeTpiB y MOPIBHSIHHI 3
KOHTPOJIEM Yy LIypAT-CaMIiB 3 IIEPIIOro OTOMCTBA CaMOK, II0 CIIOXKUBAIH BOJAY 3 THM )K€ PAH)KYBaHHSIM MHTHOTO
PeXUMY, IO3BOJIIE 3pOOMTH TPUIYIIEHHS IIOJO BiACYTHOCTI €MOPIOTOKCHMYHOCTI 1 TEpPaTOr€HHOCTI JIOKCHIY
XJIOpY, XJIOPUTIB 1 XJIOpaTiB y BHBYEHHX KOHILEHTpamisx. [loka3aHO, IO IpH 3aJaHUX YMOBaX EKCHEPHMEHTY
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BHBYEHI CHOJYKH HE CIIPUYMHSIOTH Y NDIYHKOBO - KMIIKOBOMY TpPAaKTi Ta OpraHax pernpoayKIii IMaToJIoTi4HuX
3MiH. Pa3oM 3 TWM, BCTaHOBJEHO 30UIBIIEHHS MIUIBHOCTI PO3MOJUTY CHEPMATOTOHIIB y KaHAJBIAX SE€YOK IMij
BILTHBOM JIIOKCH]Ty XJIOPY (KOHCTATOBAHO JICSIKE MiBHUINCHHS TUTIAHOCTI Y TPYIi CaMIIB 1 CaMOK, IO CITOXKHUBAJH
BOJy i3 JIIOKCHJIOM XJIOPY, y TOPIBHSHHI 3 KOHTPOJBHOIO Ta IHIIMMH JOCIIIHUMHU TpyllamMu) 1 JesKe 3pOCTaHHS
aktuBHOCTI NO-S y TKaHWHI Cele3iHKH y BCiX JIOCHIJHUX TpymHax, IO, BipPOTiAHO, TOSICHIOETBCSA ederToM
TOPME3HCY, a TAKOXK HAsSBHICTP Jiane/Ie3HUX BUXO/IIB EPUTPOIMTIB Y TKAHUHAX MTEYiHKH 1 KMIIEYHUKA i1 BIUIMBOM
xyiopatiB. OTpuUMaHi JaHi CBiIYaTh MIOJA0 HEOOXITHOCTI MOJANBIIOrO BUBYCHHS IIMX ACIEKTIB BILUTUBY MiOKCHIY
XJIOPY, XJIOPHUTIB U XJIOPATiB Ha OPTraHi3M.

Crnin 3a3HauMTH, IO BHBYEHA KOHLEHTpAIlisl XJOPUTIB Malke y 2 pasd MEepeBHIIYE piBEHb,
pexomenoBannit BOO3 n maiike y 7 pa3iB — BITUM3HSIHUIA HOpMaTuB. Pa3oM i3 THM HEOOXiHO BpaxoByBaTH, IO
IIpY KOHILEHTPALI]l AIOKCHIY XJI0py 1,35 MI/I KiNBKICTh XJIOPHTIB, 110 YTBOPIOIOTHCA, Oy/Ie CKIIaaTH MaKCUMAJIEHO
70 % Bix BBeIEHOI'O BUXIHOTO peareHTy [6], Tooto 0,945 mr/m, mo aemo Huxue HopmatuBy EPA (1,0 mr/m) [15],
MIepeBHUIINy€E piBeHb, pekoMeHpoBaruii BOO3 (0,7 mr/im) [8] i 3HAYHO HUKUYE BCTAHOBJICHOTO OE3MEUHOTO piBHA 1,7
M/ [16]. BpaxoByrouu, [0 3aJIMITKOBA KOHIIEHTPAITS XJIOpaTiB He TepeBHInye 1 % BiJ BBEICHOTO TIOKCHITY XJIOPY
[17], mokHa cyauTH mpo OE3MeYHICTh IIOKCHIY XJIOPY IIpH 3HE3apaKeHHI BOAM B  KOHLEHTpAIisfX, SKi He
MepeBUIy0Th 1,35 Mr/m.

AmHaii3 BITUM3HSHOI HAyKOBOi JITEpaTypd Ta HOPMATHBHO-METOIMYHOI JOKYMEHTAlii CBIIYHTH IPO
HarajbHy mOTpeOy peanizallilo HaCTyIHHUX 3a/ad.

1. Y3aranbHeHHs! pe3yJbTaTiB AOCIIDKEHb BMICTY XJIOPHTIB y NMUTHIH BOJI 13 CHCTEM LIEHTPali30BaHOTO
rOCMOAAPCHKO-IIUTHOTO BOJIOTIOCTAYaHHsI, /I 3aCTOCOBYIOTh JIOKCH] XJIOPY.

2. Po3poOka, ampoOaitisi Ta BIPOBAaJDKEHHS B INPAKTUKYy pPOOOTY BOJOKAaHAIIB METOLY BH3HAYEHHS
XJIOpATiB y MUTHIH BOJ.

3. BusHaueHHs BMICTYy XJIOPUTIB 1 XJIOpATiB B TOTOBOMY TINOXJIOPUTI HATPIlO, SKHH MOCTaBISETHCS Y
BOJIOKaHAJIH, B 3aJICKHOCTI BiJI TEPMiHIB 1X 30epiraHHsl.

4. IIpoBeneHHs] MOHITOPHHTY BMICTY XJIOPUTIB 1 XJIOpATiB y MUTHIHM BO/II HAaCENEHHX ITyHKTIB, Jie B IPOIECi
BOJIOMIATOTOBKH 3aCTOCOBYIOTH TIOXJIOPUT HATPItO.

5. BusHaueHHs BMICTY XJIOpATiB Y XJIOpOBaHii BOJIONPOBIIHIN BOAI Micis il 00poOKH 030HOM.

6. OOrpyHTyBaHHsI ONTHMAJBHUX PEXUMIB OOpPOOKM BOAM OKUCHIOBaYaMH JUIsl MiHiMi3alii BMmicTy
XJIOPUTIB Ta XJIOPATIB Y UTHIN BOJII i3 BOJOPO3MOAIIBHOT MEPExKi.

7. Po3po0OiieHHsT aJrOpUTMYy MiHiMi3amii BMICTY XJIOpDUTIB Ta XJIOpaTiB  SIK MOOIYHHMX TPOAYKTIB
3HE3apa)KEHHs BOIY OKHCHIOBAYaMH.

Bucnosok

JocnimkeHHs 3 po3po0IeHHs TEXHOIOTIYHHUX 3acajl MiHIMi3allii BMICTy XJIOPUTIB Ta XJIOPATIB K MOOIYHUX
IPOIOYKTIB 3HE3apaKyBaHHS BOAM OKUCHIOBaYaMHM B YKpaiHi He NPOBOAMINMCH, IO CBIAYUTH IMpPO HeabHsKy
AKTYaJIbHICTh Ta TOCTPY HEOOXIHICTh TaKOi HAYKOBO-AOCIITHULIEKOT pOOOTH.
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