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AHHOTALUMA

BeepeHue. TpebGoBaHNAMY AENCTBYHOLWNX HOPMATUBHbBIX JOKYMEHTOB rapaHTUPYETCst KAYECTBO NMUTLEBOWN BOAbI, BbIXOAS-
el U3 BOAOMNPOBOAHBLIX OYUCTHLIX coopyxeHuin (BOC). To ecTb Boga, nonagaroLLas B BOAOMNPOBOAHbIE CETU U3 CTalbHbIX
M YyryHHbIX TPY6 M3 Ceporo 4yryHa, TpaHCNopTUpYyeTCs Aarnee K noTpebuTensiM ¢ Ka4eCcTBOM, MOMHOCTbIO COOTBETCTBYHO-
wmm ctaHaaptam FOCT P 51232-98 «Bopa nutbeBas» n CanluH 1.2.3685-21 «urneHnveckue Hopmatuebl 1 TpeboBaHns
K obecnevyeHuto 6ezonacHocTM 1 (Mnn) 6e3BpeaHOCTY ANt YenoBeka (hakTopoB cpedbl 0buTaHus». Lienb nccnegosanns —
npoaHanM3npoBaTb METOAbl NPeaoTBPALLEHNST BTOPUYHOTO 3arpsi3HEHUSI MMTbEBOW BOAbI B METANMYECKUX CETSX BOAO-
CHabXeHUs 1 BbIsiBUTb Hanbonee aheKTUBHbINA, 0GOCHOBAHHbIN Ha NPaKTUKe.

Matepumanbl 1 MeToAbl. Vicnonb3oBaHbl ANs aHanu3a NoHATUS — 3IEKTPOXMMMUYECKast KOPPO3nUsi 1 MUKpobuonoruyeckasi
KOPPO3Ms BHYTPEHHEN NoBepxHOCTU Tpyb. B npakTnke BOAOOYUCTKM 1 0De33apakvBaHUsi NMUTLEBOW BOAblI U3BECTHbI TpU
MeToaa npefoTBpaLLeHus npoLiecca 06pa3oBaHUsi Crosi OTNOXEHWUIA Ha BHYTPEHHEN NOBEPXHOCTM Tpy6 13 cTanu u ceporo
yyryHa: MeTof, UCMorb30BaHuUs Ansi obe3sapaKnBaHus NUTLEBON BOAbI CUITbHbIX OKUCIIUTENEN — XIOpP U TUNOXIOPUT Ha-
TpWs; METOA, NOBbILLIEHUS YPOBHSI pH B NUTbEBOW BOAE; METOA MUCMONb30BaHUS peareHToB, obecneyrBatoLmx obpasoBaHve
Ha NOBEPXHOCTU CMOS1 OTIIOXEHUA MUKPOCKOMMYECKOW MIEHKMN, CNOCOOCTBYIOLLMX K TOPMOXKEHMIO» MPOLLECCOB 3NEKTPOXMMU-
YecKor 1 MUKPOBMONOrMYeCKon KOPPO3nNK Ha BHYTPEHHE NOBEPXHOCTH TPYO6.

Pesynbratbl. BhisiBneH MeToa NpeaoTBpaLleHns BTOPUYHOIO 3arpsisHEHUs1 MUTbEBOW BOAbI, MOATBEPXKAEHHbIA 12-neTHUM
ONbITOM MPaKTUYECKOro UCMOb30BaHNS Ha NpeanpusTuK, akcnnyatupytowem BOC 1 metannuyeckme ceTu nogaym n pac-
npeaeneHns NUTLEBON BOAbI.

BbiBoabl. [loka3aHa Ha npakTuke 3heKTMBHOCTb METOAA NPeA0TBpaLLEHNS BTOPUYHOTO 3arpsi3HEHNS MUTLEBOV BOAbI 3a CHET
MCMOIb30BaHNS peareHToB HOBOIO NOKOMEHWS, MPOM3BEAEHHbIX HAa OCHOBE MONWUIreKcaMeTUneHryaHuarHa rmapoxnopuaa.
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ABSTRACT

Introduction. The requirements of current regulatory documents guarantee the quality of drinking water leaving water
treatment facilities (WTF). Hence, the water, coming into water supply networks, made of steel and cast iron pipes, made
of gray-cast iron, is transported to consumers. Its quality must meet the standards of GOST R (Russian National Standard)
51232-98 “Drinking water” and SanPiN (Sanitary Regulations and Norms) 1.2.3685-21 “Hygienic standards and requirements
to ensure the safety and (or) harmlessness of habitat factors for people”. The aim of the study is to analyze methods of
preventing secondary pollution of drinking water in water supply networks, made of metal, and to identify the most effective
and practically grounded method.

Materials and methods. The concepts of electrochemical corrosion and microbiological corrosion of the inner surface of
pipes were used to perform the analysis. Three methods of preventing the formation of a layer of deposits on the inner surface
of steel and gray cast-iron pipes are used in the practice of water treatment and disinfection of drinking water: the method of
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using strong oxidants, such as chlorine and sodium hypochlorite, for the disinfection of drinking water; the method of increasing
the pH level of drinking water; the method of using chemicals to ensure the formation of a microscopic film on the surface of
layers of deposits to “slow down” electrochemical and microbiological corrosion processes on the inner surface of pipes.
Results. The authors have identified a method for preventing the secondary pollution of drinking water, time-tested by
the twelve years of practical use by the operator of WTF and drinking water supply and distribution networks made of metal.
Conclusions. The effectiveness of the method of preventing the secondary pollution of drinking water through the use of
new generation reagents, made of polyhexamethyleneguanidine hydrochloride, has been proven in practice.

KEYWORDS: steel and gray cast-iron pipes, layer of internal deposits, secondary pollution, prevention method,
microbiological corrosion, electrochemical corrosion, drinking water
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BBEJAEHHUE

TpeboBaHUAME TEHCTBYIOIINX HOPMATUBHBIX J0-
KYMEHTOB T'apaHTUPYETCS KaueCTBO MUTHEBOM BOJBI,
BBIXOZSIIEH U3 BOJONPOBOAHBIX OYUCTHBIX COOPYKeE-
auit (BOC). To ecth BOAa, moMaaromiasi B BOIXOIPOBO-
JHBIC CETH W3 CTATBHBIX M YYTYHHBIX TPYO U3 CEporo
YyTyHa, TPAHCIIOPTUPYETCS Janee K MOTPeOUTensM
C KQu€CTBOM, IOJIHOCTBIO COOTBETCTBYIOLLUM CTaHIAp-
tam T'OCT P 51232-98' «Bona nutbeBas» u CanlluH
1.2.3685-21% «I'urneHnYecKre HOPMATUBHI H TpeOOBa-
HUS K 00ecTiedeHII0 Oe30macHOCTH U (WH) Oe3BpeIHO-
CTH JUTS YeJI0BeKa (PaKTOPOB CPEIBI OOUTAHUS.

[MoTpeOuTenu MUTHEBON BOIBI MOTYT HAXOIUTHCS
ot BOC Ha mocrarouHo OonbIoM pacctosHud. Bona,
TpaHCHIOPTUpPYEMasi K MOTPEOUTEISIM IO METaJLTHIe-
CKUM TpyOaM W3 CTaJi U CEPOro YyTyHa, MOXKET H3Me-
HATb 3HAYEHMSI KAU€CTBEHHBIX XapaKTEPUCTUK 3a CYET
B3aUMOZEHCTBUS IPU CBOEM ABMXKEHUU CO CJIOEM OTIIO-
JKCHU Ha BHYTPECHHEH MOBEPXHOCTH TPyO, 00pa30BaH-
HBIM B IIpoliecce WX dKcIutyaranuu [1-4]. Cnencteuem
ATOTO SABJISAIOTCS JKaJ00BI MMOTPEOUTEICH BOABI Ha BO3-
HHUKHOBEHHE MOBBILIEHHOTO COAEPKaHUS Kele3a, MyT-
HOCTH, IIBETHOCTH, 3aIlaxa, TATHCHUYECKONU OMACHOCTH
U JIp., T.€. BTOPUYHBIX 3arpsi3HEHU, HAPYIIAIOIIUX Tpe-
0OBaHUS JCHCTBYIOIINX HOPMATHBOB.

[Tox BTOpUYHBIM 3arpsi3HEHHEM MUTHEBOW BOJBI
CJIEAyeT MOHUMATh U3MEHEHUE €€ KaueCTBEHHbBIX XapaK-
TEPUCTUK, perIaMeHTUpoBaHHbIX cTangapTamu [OCT P
51232-98 «Bona mutbeBas» u CanlluH 1.2.3685-21. Ka-
YECTBEHHBIE XapaKTEPUCTUKU U3MEHSIOTCS 3a CUET B3au-
MOJIEICTBUS BOZBI CO CJIOEM OTJIOKEHUH Ha BHYTPEHHEH
TTOBEPXHOCTH TPYO B MPOIIECCe UX IKCIUTyaTalHH.

Mo odurnuanbueiM gaHHBIM MUHCTpOsT PD3,
B HACTOsSIICE BPEMs B CTPaHE IKCIUTyaTHUpyeTcs 0o-

'TOCT P 51232-98. Boxa nurkeBas. O0mue TpeGoBaHus
K OpraHHW3aliy U METoaM KOHTpOJIs KadecTsa. Jlara BBeae-
Hus 01.07.1999.

2 O6 yTBepXICHUHM CAHUTAPHBIX mpaBui U HOpM CanlluH
1.2.3685-21 «I'urueHnueckue HOPMATHUBBI U TpeOOBaHUSA
K obecriedeHnI0 0e30MacHOCTH U (UIH) Oe3BPEIHOCTH IS
yenoBeka (pakTopoB cpeabl oOuTaHus» : [locTaHOBIEHUE
o1 28.01.2021 Ne 2 rmaBHOTO TOCYAapPCTBEHHOTO CAHUTAPHOTO
Bpaua Poccuiickoit ®denepauuu.

3 TluceMo Munctpost Poccun ot 25.03.2021 Ne 11797-0OJ1/04.

nee 583 Thic. kKM cerell BogocHabxkeHus. [IpumepHo
300 ThIC. KM U3 KOTOPBIX BBIMMOJTHEHBI U3 CTAJIbHBIX
W YyTYHHBIX TpyO U3 ceporo uyryHa [1]. YcraHoBneHo,
4TO TPYOBbl U3 TAKMX MATEpPHAJIOB B MPOLECCE CBOETO
YKM3HEHHOTO IIMKJIa « DKCILTyaTalHs» MOJBEPKEHbI 00-
Ppa3oBaHUIO HA UX BHyTpeHHeﬁ TIOBEPXHOCTH CJIOSI KOM-
TIJICKCHBIX OTJ'IO)KeHPIﬁ, 3aBUCAIIHUX OT Ka4€CTBA BOJbI,
KaK MoKa3aHo Ha puc. 1.

MATEPHUAJBI U METO/JBbI

WHTeHCMBHOCTH 00pa30BaHMs CIIOS TAKMX OTIIOMKE-
HUI Ha CTEHKaX METaJUIMYECKUX TPyO 3aBUCHT, IPEKIE
BCETO, OT XapaKTePUCTUK TPAHCIOPTUPYEMOM MO HUM
BOJIBI, TUAMETPa TPYO U CKOPOCTH ¢ IBUKCHUS (TH-
JIpaBIuyeckoro pexuma) [2—4]. Ilpu 3TOM KauecTBO
BOJIBI, BhIxojsiie uz BOC, Bcerjja cooTBETCTBYET Tpe-
6oBanusim ['OCT P 51232.98 «Bona nutkeBas». OqHa-
KO 10 Mepe MepeMeIleHNs BOABI B CaMyI0 OTJAJIEHHYIO
TOYKY K IMOTPEOUTENIO €€ KaueCTBO (XapaKTePHUCTUKH)
MOXET M3MEHSTHCS 3a CYET KOHTAKTa CO clioeM obpa-
CTaHWil Ha BHyTPEHHEH IOBEPXHOCTH TpyO, cocTosIie-
IO U3 MPOIYKTOB DJIEKTPOXUMHUYECKON 1 MUKPOOHOIIO-
THYEeCKOl Koppo3uH (puc. 2).

[ToaTOMy mpobiema BTOPUYHOTO 3arps3HEHUs
MMUTHEBOW BOJIBI B METAIMYECKHUX CETSX BOJOCHaOXe-
HUS IPHOOpETaeT Bce OOJIBIIYI0O OCTPOTY U aKTyaslb-
HOCTb [5]. BaxHOCTB ITp0o0IIEMBI BTOPHYHOTO 3arpsizHe-
HUS TUTHEBOM BOJBI MOJATBEPKAACTCS TAKKE TEM, UTO
JI0 HACTOAIIEr0 BPEMEHHU NMPAKTUYECKH HE U3YUCHBI
BO3MO)XKHBIE TIOCJIEJICTBUSI HAJTMUUS B BOJIE BTOPUUHBIX
3arpsi3HEHUH U TIOCIIEACTBUS UX BIUSHUS HA OPTaHU3M
yesnoBeka. J{is atoro Tpedyercst:

a

Puc. 1. ®parmeHT oTI0KEHUI HA BHYTPEHHEH MMOBEPXHO-
CTH CTaJIbHBIX (@) ¥ YyTYHHBIX (b) TpyO

63

(¥¥) 2 ONSS1 21 10 ST



waveanoopaoeanne WOI. 12. Issue 2 (44)

O.A. lpodoyc, A4.U. lnbiykos, [.B. Cnuyoe

MuxkpoopraHu3Mel

MONNMEPHBIC
Bemectsa (EPS)

Kunakocrts

Buomnnenka

Cy6erpar

Puc. 2. Mojenb cTpoeHus] OHOMICHKH 00pacTaHHUsI: G — TOJIIHHA CJIO0S OTIOKCHHIA; Sp — rtonmuHa creHku o ['OCT;

S, — TOIIIMHA CTEHKH TpyOBI CO CIIOEM OTIOKESHHH

* KJacCU(UIUPOBATh BTOPUYHBIC 3arps3HEHUS
B IIUTHEBOI BOJC;

* YCTaHOBHTH PUYHMHBI UX 00pa30BaHUS;

* pa3paboTarh CrOCOOBI (METOBI) MPEIOTBpAILe-
HUSI BTOPUYHBIX 3aTrPSI3HEHHH.

Paccmotpum mponiecc 00pa3oBaHus CI0sl U3 IPO-
JOYKTOB 3JIEKTPOXHUMHUYECKOW U MUKPOOHOJIIOTHYECKOU
KOppo3uu Oosee MoapoOHO.

DJleKTpOXUMHYEcKasi KOPPO3Hsl, B IIEPBYIO Ode-
peab, 00yCIIoBIIeHa arpeCCUBHOCTBIO TPAHCIIOPTUPYEMOI
BOJIbI ¢ HU3KUMH 3Ha4eHussMU pH. Takas Boza copepxur
3HAYUTEIHHOE KOJIMYECTBO YITIEKHCIOTHI, KHCIOPOa,
cynedharoB, XJIOpUAOB U 1p. [Ipu 3TOM HCIOIR30BaHKE
THIIOXJIOPHTA HATPHS B TIPOIIecce 00e33apakuBaHMsI BOJIBI
He obecnieyrBaeT HEHTpaTU3aHuio OUOIJICHOK HA BHY-
TPEHHEW MOBEPXHOCTH TPYD, a HA0OOPOT, CIIOCOOCTBYET
MHTEHCU(HKAIIN KOPPO3HOHHBIX TIPOIIECCOB M3-3a 005132~
TEJIFHOTO TIONA[aHMA B BOLY XJIOPHI-HOHOB [6].

MukpoOuonornieckas KOppo3us, B CBOIO Ode-
penb, oOyciIoBIeHA HATUYUEM B MOTOKE MHUTHEBOM
BOJIBI MUKPOOPTaHI3MOB, KOTOPBIC TIPHMYKUBAIOTCS, Pa3-
MHOXKAIOTCSI Ha BHYTPEHHEH MOBEPXHOCTH TPYyO M 00-
PpasyloT OMOIUICHKY, HAJIMYHE KOTOPOI MHUIIUHPYET 00-
pacraHue, B Ipoliecce OMOLeH03a B Hel IIPH>KUBAIOTCS
Ppa3Ho00Opa3HbIe BOOPOCIH, OAKTEPUH, BUPYCHI, TPHOBbI,
npocTeinue u mpouas MUKpobrora? [7, 8].

HMeroTcss maHHBIE O TOM, YTO HAJIWYHE B BOIC
MHUKPOOPIaHU3MOB TaK)Xe CIIOCOOCTBYET MHTEHCU(H-
KallUH MPOLECCOB AEKTPOXUMHUUYECKOH koppo3uu [9].

Jnst 00e33apakrBaHuUsI TUTHEBON BOJIBI, TPAHCIIOP-
THPYEMOH 10 METaJUTMYECKUM TPYOOIIpOoBOAaM, 1 OOpb-
051 ¢ OMoOOpacTaHNeM B OTEYECTBEHHOM U 3apyOexHON
TIPAKTUKE OIMPOKO UCTIONB3YIOTCS Pa3INuHbIe OKHCIIUTE-
JIM, IPEUMYILECTBEHHO XJIOP WIIM THUITOXJIOPUT HATPUSI.
OTH OKUCIUTENN 00Ia/IAl0T CYIIECTBEHHBIMU HEIOCTAT-
KaMH — BO3MO)KHOCTBIO 00pa30BaHuMs B BUJIE KaHIIEPO-
TCHHBIX U JPYT'UX TOKCUYCCKUX MPOAYKTOB, SABIAIOIINX-
Cs1 BTOPUYHBIM 3arpA3HECHHUEM, HHUITUUPYIOIIUM TaKXKE
pa3BHUTHE 3JI0Ka4eCTBEHHBIX HOBOOOPa30BaHHI B Oopra-
HHU3Me yenioBeka. Kpome Toro, y MUKpOOpraHu3MOB, JKH-
BYIIMX B CJIO€ OTJIOKEHUI Ha BHYTPEHHEW MOBEPXHOCTHU
TpyO, BbIpabaThIBaeTCsl PE3UCTEHTHOCTD K XJIOPY, UTO

4 Guidelines for drinking-water quality: First Addenum to
Four Edition. Geneva, Switzerland : WHO, 2017. 541 p.
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CBUJIETEILCTBYET O SMUIAEMHUECKON OMAaCHOCTH MUThE-
Boii Boziwr’ [9, 10]. [pumMensiembre a1t 00e33apakuBaHMs
BOJIBI XJIOP M TUTIOXJIOPUT HATPHUS — JOCTATOYHO TOK-
CHYHBIC U CIIOCOOCTBYIOT Takke Onoodpactanwmo [11].

B npakTike BOMOOYHCTKH M 00€33apaknBaHuUs MH-
ThE€BOH BOJBI U3BECTHBI TPU METOJA IMPEAOTBPALICHUS
mporecca 00pa3oBaHUs CJI0S OTIOKECHUI Ha BHYTPCH-
Hell MOBepXHOCTH TPYO M3 CTaJH U CEpOro YyryHa:

* METO] UCIIOJIB30BaHM AJs 00e33apaKuBaHUA
MUTHEBOM BOJABI CHJIBHBIX OKUCIMTENEH: XJIopa U T'i-
MTOXJIOPUT HATPUS;

* METOJ] NOBBIIEHUS YPOBHS pH B IUTHEBOM BOJE;

* METOJl HCIIOJB30BAaHMUs PEareHToB, 00ecIeunBa-
IoIMX 00pa3oBaHKE HAa MMOBEPXHOCTH CIIOS OTIIOKEHHUH
MHKPOCKOIIMYECKOH IICHKH, CIIOCOOCTBYIOIINX «TOPMO-
YKEHHIOY TIPOLIECCOB AEKTPOXUMUICCKON U MAKPOOHOIIO-
THYECKOH KOPPO3WH Ha BHYTPEHHEH TIOBEPXHOCTH TPYO.

PE3YJIBTATHI HCCJIEJOBAHNA

JlBa mepBBIX MeToJa MOAPOOHO M3YYEHBI, OTHO-
CUTEIILHO TPETHETO METO/IA CIEAYeT OTMETUTH CIIE/y-
IomIee.

K HacrosiieMy BpeMeHHU Irpyniol pOCCUNCKHUX yue-
HbIX ¥ cnenuanuctoB komnanuu OO HITO «9xoMup»
JUTSL ICTIOJIB30BaHUsI B 00JIaCTH BOIOOYHCTKH OBLI pa3pa-
00TaH Ha OCHOBE MOJINTEKCAMETHIICHT yaHUINHA THAPOX-
mopuaa (IIT'MI'-I'X) mupoKkuid CHEKTP KOMITIEKCHBIX
peareHTOB HOBOTO ITOKOJIEHHS, 00aAaI0IUX HE TOIBKO
BBICOKUMH (UIOKYJIUPYIOIIMMHU ¥ 00€33apakuBarOIIH-
MU CBOWCTBaMH, HO ¥ TIO3BOJISIONIMMH B TOM YHCIIE
yCcTpaHsATh OnooOpacTaHue B TpyOOIPOBOIHOI CHCTe-
Mme [2, 12].

Brarogapst MakpoMoIeKyIIsIpHO#T IPUpOJIEe U yaad-
HOMY COUYETaHHIO KOMILJIEKCA CBOWCTB (IIOBEPXHOCTHAs
AKTHUBHOCTb, OOJIBIION MOJIOKUTEIbHBIHN 3aps]], BBICO-
Kasi MOJISKYJISIpHAsl Macca) yKa3aHHbBIE peareHThl 00a-
JIAI0T XOpOLIEH aAre3ueil K NOBEPXHOCTAM Pa3IMYHON
(U3UKO-XMMUYECKON TPUPO/IbI, POPMUPYS Ha HUX ajl-
COpPOLIMOHHYIO IUICHKY. XapaKTepHOH 0COOEHHOCTHIO
9TOM IJICHKH SBISIETCS TO OOCTOSTENBCTBO, YTO TOJIH-
MepHas nenb [ITMI-I'X (Bxomsmiero B cocTaB pearcH-

> PYKOBOJCTBO 110 KOHTPOJIIO Ka4eCTBa MUTHhEBOH BOABL. Peko-
mergaun. Bropoe m3nanue. T. 1. XKenesa : BO3, 1994. 258 c.
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TOB HOBOTO TIOKOJICHHS) CBSI3BIBACTCS C MMOBEPXHOCTHIO
Jmib 3a c4eT 10—15 % cBOMX 3BCHBEB, a OCTaJbHBIC
3BEHbBS MOJMMEPHON LETH OCTAIOTCSA CBOOOIHBIMH
B BHJIC «XBOCTOBY» H «IIETEJIbY», CIIOCOOHBIX K 3 dek-
THBHOMY B3aUMOJICHCTBHUIO C MHUKPOOPTaHU3MaMH,
B CBSI3M C YEM PEareHThl 00Ja1at0T BEICOKON OMOITHI-
HOW aKTHBHOCTEIO JIaXKe TIPH OYCHb HU3KMX KOHIIEHTpA-
LUAX AelcTByoIero Bemectsa [13].

CdopmupoBasiiascs aacopOIMOHHAS TUICHKA Xa-
pakTepu3yeTcs OOMBIIUM MOJIOKHUTEIBHBIM 3aPsIOM,
B CBSI3W C UeM IIPUTIATHUBAET K cebe OTPHUIIaTEIHHO 3a-
PSDKEHHBIC KIICTKH MPHUCYTCTBYIOIIUX B BOAE MUKPO-
OpraHu3MOB M jajice, BCTyMas BO B3aMMOJCHCTBUC
¢ MeMOpaHaMHu UX KJIETOK, pa3pymiaeT uX, MOAaBiIss
TEM caMbIM OMOIIEHO3 00OpacTaHMUs, COOTBETCTBEHHO,
npouecc 6mokopposuu [14, 15].

CrnenyeT OTMETHTB, YTO 0Opa3oBaHHAs Ha BHY-
TPEHHEH MOBEPXHOCTH TPYOOIPOBOAOB aJaCcOPOINOH-

CopneprkaHHue 0CTaTOYHOTO XKee3a, MI/J1

Has TUICHKA (32 CUET MCIIONB30BaHMUS B ITPOIIeccax BOIO-
OYHCTKH PEareHTOB HOBOTO MOKOJICHHS) OMHOBPEMEHHO
1 3aIIMIIAeT UX OT KOHTaKTa C KOPPO3HMOHHO-aKTHBHOM
Bojioit [16, 17].

Ha ocHoBannm maHHBIX (Tabil.), TONYy4YEHHBIX
ot MVII «BogokaHaa», OTHOCHUTEIBHO CHHXXCHHS
Collep>KaHHs PacCTBOPEHHOTO jKelie3a B BOAOIPOBO-
JIHOH ceTH OJIHOro U3 paiioHOB I. Uepenoseln 3a nepu-
og ¢ 2011 mo 2017 rT. MOXXHO CHEIIaTh BBIBOJ O TOM,
YTO METOJ] UCIIOIB30BAHMS PEareHTOB, 00ecreunBaro-
X 00pa3oBaHUE HA MMOBEPXHOCTHU CIIOSI OTIOKCHHMA
MHKPOCKOITUYECKOH MIEHKH, CIIOCOOCTRYIOMIEH TOP-
MOJKEHHIO TPOIIECCOB AIEKTPOXUMUICCKON M MUKPO-
OHMOJIOTMYECKON KOPPO3HUHU, — HauboIee MpeanoyYTH-
TENBHBIN, TaK KaK CBUJICTECIBCTBYET O NMPAKTHICCKH
MOJHOM MPEIOTBPAIICHNN BTOPUYHOTO 3arps3HEHUS
nuTheBou Boawl [18-21].

Ton
Anpec
2011 2013 2014 2015 2016 2017
BOC, nacocnas 11
noabema — kamepa Ne 2 Mesnee 0,05 0,07 0,05 Mesree 0,05 Mesnee 0,05 Mesnee 0,05
(Ha BBIXOJIE B TOPOJ)
3awexchunckull pation

MI" Perbunckas, 52a 0,50 0,16 0,09 0,09 0,07 0,06
II'" Paaxe, 64 0,36 0,27 0,25 0,18 0,19 0,18
[I" MonT-Knep-Ca3zonosa 0,33 0,28 0,24 0,24 0,23 0,21
I1I" T'opoxenxkas, 4 0,30 0,26 0,21 0,19 0,17 0,19
IT" JTroGenxas, 13 0,37 0,19 0,14 0,12 0,11 0,11
II" T'opoxerkas, 22 0,35 0,07 0,09 0,08 0,21 Caenpbl
III" T'omoBuKoOBa, 4 0,61 0,28 0,27 0,23 0,29 0,21
[I" Jlenunrpanckas, 17 0,69 0,13 0,08 0,07 0,09 0,07
II" JIennnrpanckast, 36 0,38 0,24 0,16 0,12 0,10 0,10
MI" lllexcHuHCKAH, 25 0,39 0,18 0,15 0,14 0,13 0,12
II" PeiOuncKas, 34 0,54 0,19 0,16 0,15 0,13 0,12
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3AKJIIOYEHHUE U OBCYXIAEHHUE

Ha ocHoBaHuM mpencTaBieHHOW MHGpOpManuu
MOYKHO CJIeJIaTh CICAYIOIIIE BEIBOMIBIL:

* TpebyeTcs Ha TOCYNapCTBEHHOM YPOBHE II0-
CTaBUTh BOMPOC O pa3paboTKe LeJIeBOI MpOorpaMMbl
UCCIIEIOBAHUIN O BIUSHHUHU Ha 30POBbE HACEJICHUSA
MPOIYKTOB, BEIACISIEMBIX M3 CJOS OTIOXKEHUU B Me-
TaITHYECKUX BOJOMPOBOIHBIX CETAX;

* pa3paboTarh U yTBEPIUTH 3aKOHOATEIIEHO KOM-
TJIEKC Mep, MPEAOTBPALIAIONIINX BO3MOYXKHOCTh BTOPHY-
HOTO 3arpsi3HEHUS TUTHEBOI BOIIBL,

* pa3paboTarh HOpMaTHBHEIE TpeOoBaHMs, 00e-
CIICYNBAIOIINE YPOBEHb CHIDKCHHS HCIOIb30BAHHSA
B BOJIOIIPOBOJIHBIX CETSAX METAJUIMYECKUX TPYO M3 cTa-
JIM ¥ CEpPOTro YyTyHa;

* He JJOIyCKaTh CONIACOBAHUE IIPOEKTOB B IOCY-
JIapCTBEHHOI HKCIEPTU3E, B KOTOPBIX HCIIOIB3YIOTCS
CTaJIbHBIE TPYOBI U TPYOBI U3 CEPOTO UyTyHa;

* YCTaHOBUTH 3aKOHOIATEIHHO HEOOXOAUMOCTD
0o00cHOBaHUA BBIOOpA BHJA MaTepHajoB TPyO, uc-
MOJIb3YEMBIX B CETAX BOIOCHAOKEHHS U BOIOOTBEIC-
HUSL.
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INTRODUCTION

The requirements of current regulatory documents
guarantee the quality of drinking water leaving water
treatment facilities (WTF). Hence, the water, coming
into water supply networks, made of steel and cast iron
pipes, made of gray-cast iron, is transported to consum-
ers. Its quality must meet the standards of GOST R (Rus-
sian National Standard) 51232-98' “Drinking water”” and
SanPiN (Sanitary Regulations and Norms) 1.2.3685-212
“Hygienic standards and requirements for the safety and
(or) harmlessness of habitat factors for people”.

"GOST R 51232-98. Drinking water. General requirements
for the organization and methods of quality control. Date
of introduction 01.07.1999.

2 On approval of sanitary regulations and norms SanPiN
1.2.3685-21 “Hygienic standards and requirements for
the safety and (or) harmlessness of habitat factors for peo-
ple” : Resolution No. 2 of January 28, 2021 issued by Chief
State Sanitary Doctor of the Russian Federation.

Consumers of drinking water can be located
at a long distance from WTFs. Water transported to
consumers through metal pipes, made of steel and
gray-cast iron, can change the values of quality char-
acteristics due to the interaction with layers of deposits
on the inner surface of pipes [1-4]. The consequence
is the complaints of water consumers about the high
iron content, turbidity, colour, odour, hygienic hazard,

Fig. 1. Fragment of deposits on the inner surface of steel (a)
and cast-iron (b) pipes
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etc., or the secondary pollution that violates the require-
ments of current standards.

The secondary pollution of drinking water should
be understood as a change in its qualitative character-
istics, regulated by standards of GOST R (Russian Na-
tional Standard) 51232-98 “Drinking water” and San-
PiN (Sanitary Regulations and Norms) 1.2.3685-21.
Qualitative characteristics change due to the interaction
between water and a layer of deposits on the inner sur-
face of the pipe during its operation.

According to the official data, provided by the Min-
istry of Construction of the Russian Federation®, over
583 thousand kilometers of water supply networks are in
operation in the country. Approximately 300 thousand kil-
ometers are made of steel and gray cast-iron pipes [1]. It’s
been found that during their life cycle known as “Opera-
tion”, pipes, made of such materials, are subject to forma-
tion of a layer of complex deposits on their inner surface,
depending on the water quality, as shown in Fig. 1.

MATERIALS AND METHODS

The intensity of formation of such a layer
of deposits on the walls of metal pipes mainly depends
on the characteristics of water transported through
them, the diameter of pipes and the water velocity
(the hydraulic mode) [2—4]. Notably, the quality of wa-
ter, coming out of WTEF, always meets the requirements
of GOST R 51232.98 “Drinking water”. However, as
water moves to the farthest point to the consumer, its
quality (characteristics) may change due to a contact
with a layer of deposits on the inner surface of pipes,
consisting of products of electrochemical and microbio-
logical corrosion (Fig. 2).

Therefore, the problem of the secondary pol-
lution of drinking water in metal water supply net-
works is becoming increasingly acute and urgent [5].
The importance of the problem of the secondary
pollution of drinking water is also evidenced by
the fact that so far very few potential consequences

3 Letter issued by the Ministry of Construction of the Russian
Federation No. 11797-OL/04 of March 25, 2021.

of the presence of secondary contaminants in water
as well as consequences of their impact on a human
body have been studied. Hence, we need to:

* classify secondary contaminants in drinking
water;

+ identify the causes of their formation;

+ develop ways (methods) to prevent secondary
pollution.

Let’s consider the process of formation of a lay-
er of electrochemical and microbiological corrosion
products in more detail.

Electrochemical corrosion is primarily caused
by the aggressiveness of transported water with low
pH values. Such water contains large amounts of car-
bon dioxide, oxygen, sulfates, chlorides, etc. Moreo-
ver, sodium hypochlorite, used to disinfect water, does
not neutralize biofilms on the inner surface of pipes.
On the contrary, it intensifies corrosion processes due to
the inevitable ingress of chloride ions into the water [6].

In turn, microbiological corrosion is triggered by
the presence of microorganisms in the flow of drinking
water, which oecize and multiply on the inner surface
of pipes and form a biofilm, the presence of which ini-
tiates fouling. In the process of biocoenosis a variety
of algae, in which bacteria, viruses, fungi, protozoa
and other microbiota take root* [7, 8].

There is evidence that the presence of micro-
organisms in water also contributes to the intensifica-
tion of electrochemical corrosion processes [9].

Various oxidants, mainly chlorine or sodium
hypochlorite, are widely used in domestic and for-
eign practice to disinfect drinking water transported
by metal pipelines and to combat biofouling. These
oxidants have significant disadvantages, including
the possibility of formation of carcinogenic and other
toxic products, which are the secondary pollution, that
may trigger the development of malignant tumours in
a human body. In addition, microorganisms, living in
the layer of deposits on the inner surface of pipes, de-
velop resistance to chlorine, which indicates the epi-

4 Guidelines for drinking-water quality: First Addendum to
Fourth Edition. Geneva, Switzerland. WHO, 2017; 541.

Microorganisms

polymeric substances
(EPS)

Liquid

Biofilm

Substrate

Fig. 2. The biofilm structure model: o is the sediment layer thickness; S, is the wall thickness according to GOST; S » is the wall

thickness of the pipe with a layer of deposits
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demic danger of drinking water’ [9, 10]. Chlorine and
sodium hypochlorite, used for water disinfection, are
quite toxic and also contribute to biofouling [11].

There are three methods of preventing the for-
mation of a layer of deposits on the inner surface
of steel and gray cast-iron pipes that are well-known
in the practice of water treatment and disinfection
of drinking water:

* the method of using strong oxidants, such as
chlorine and sodium hypochlorite, for disinfection
of drinking water;

* the method of increasing the pH level of drink-
ing water;

+ the method of using reagents to ensure the for-
mation of a microscopic film on the surface of a layer
of deposits. The film is to “decelerate” electrochemical
and microbiological corrosion processes on the inner
surface of pipes.

RESEARCH RESULTS

The first two methods have been studied in detail
and the following explanations can be made in respect
of the third method.

To date, a group of Russian researchers and spe-
cialists, employed with EcoMir Research and Pro-

’Guidelines for drinking water quality control. Recommenda-
tions. Second edition. T. 1. Geneva: WHO, 1994. 258 p.

Residual iron content, mg/1

duction Association, has developed a wide range
of advanced complex reagents based on polyhexam-
ethyleneguanidine hydrochloride (PHMG-HC), that
demonstrate high flocculation and decontaminating
properties and also eliminate biofouling in pipeline
systems [2, 12].

Due to the macromolecular nature and a success-
ful combination of a set of properties (surface activity,
high positive charge, high molecular weight), the above
reagents have good adhesion to surfaces of various
physical and chemical nature, thus, forming an adsorp-
tion film. A characteristic feature of this film is that
the polymeric chain of polyhexamethylene guanidine
hydrochloride (a part of the new generation reagents)
binds to the surface only by 10—15 % of its knots, while
the remaining knots of the polymeric chain remain free
in the form of “tails” and “loops” capable of effective
interaction with microorganisms, Hence, reagents dem-
onstrate high biocidal activity even at very low concen-
trations of the active substance [13].

The adsorption film is characterized by a high
positive charge; therefore, it attracts negatively
charged cells of microorganisms present in the wa-
ter and it destroys them by interacting with their cell
membranes, thereby suppressing the fouling biocoeno-
sis, or the process of biocorrosion [14, 15].

It should be noted that the adsorption film formed
on the inner surface of pipelines (due to the use of new

Year
Address

2011 2013 2014 2015 2016 2017
WTF, pumping stati(?n n— . Less than 007 0.05 Less than Less than Less than
chamber 2 (at the exit to the city) 0.05 0.05 0.05 0.05

Zasheksninskiy district

FH (fire hydrant) at 52a Rybinskaya st. 0.50 0.16 0.09 0.09 0.07 0.06
FH at 64 Raakhe st. 0.36 0.27 0.25 0.18 0.19 0.18
FH at Mont-Claire-Sazonova st. 0.33 0.28 0.24 0.24 0.23 0.21
FH at 4 Gorodetskaya st. 0.30 0.26 0.21 0.19 0.17 0.19
FH at 13 Lyubetskaya st. 0.37 0.19 0.14 0.12 0.11 0.11
FH at 22 Gorodetskaya st. 0.35 0.07 0.09 0.08 0.21 Traces
FH at 4 Godovikova st. 0.61 0.28 0.27 0.23 0.29 0.21
FH at 17 Leningradskaya st. 0.69 0.13 0.08 0.07 0.09 0.07
FH at 36 Leningradskaya st. 0.38 0.24 0.16 0.12 0.10 0.10
FH at 25 Sheksninsky st. 0.39 0.18 0.15 0.14 0.13 0.12
FH at 34 Rybinskaya st. 0.54 0.19 0.16 0.15 0.13 0.12
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generation reagents in water treatment processes) si-
multaneously protects them from the contact with cor-
rosive water [16, 17].

Given the data (table) provided by the municipal
unitary enterprise “Water Service Company” regarding
the reduction of dissolved iron content in the water sup-
ply network of one of the districts of Cherepovets in
20112017, we can conclude that the method of using
reagents that ensure the formation of a microscopic film
on the surface of the layer of deposits, contributing to
the deceleration of electrochemical and microbiological
corrosion processes is the most preferable method, as it
indicates almost complete prevention of secondary pol-
lution of drinking water [18-21].

CONCLUSION AND DISCUSSION

The following conclusions can be made on the ba-
sis of the above information:

* it is necessary to raise the issue of developing
a targeted research programme on the effect of prod-
ucts, released from the layer of deposits in metal water
supply networks, on public health. The effort is to be
exerted at the nationwide level;

* a set of measures to prevent the secondary pollu-
tion of drinking water must be developed and legislatively
approved,

* regulatory requirements, ensuring the level
of reduction in the use of steel and gray cast-iron
metal pipes in water supply networks, must be de-
veloped;

* prevention of approval of the state examination
of projects in which steel pipes and gray cast-iron pipes
are used;

* the need to justify the choice of materials for
pipes, designated for water supply and sanitation net-
works, must be established by law.
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