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AHHOTALUMNA

BBeaeHue. PaccMoTpeHbl COBpeMeHHbIE METOAbI NMPUMEHEHUsT MEMBPaHHBLIX TEXHOMOIUA B O4YMCTKE NMPOM3BOACTBEHHbIX
cTokoB. [pobnema CHWXKEHUs HeraTMBHOIO BO3OEVCTBUS HA OKPY)KaloLlylo cpedy MnyTem MOBbIWEHUst 3(eKTUBHOCTH
OYMCTHBIX COOPY>KEHUI ABNSIeTCs Hanbornee akTyanbHOM B AaHHbIN MOMEHT. B nocnegHee BpeMsi MeEMOpaHHbIE TEXHOMOMK
O4YMCTKM CTOYHbIX Bog (CB) cTaHoBsATCA Bce HGonee BoCcTpeboBaHHbIMU ANS MX BKIOYEHUS B CYLLECTBYOLLME TEXHOMOMMYe-
CKNE CXEMbI NPOMBILLIEHHbIX NPEANPUATUN, PACTONOXEHHbBIX B MUPE.

MaTtepuansbi u meToabl. /3yyeHbl NpumMepbl UCNOMNb30BaHUSA TEXHOMOMMN B MOJTOYHONM NMPOMbILLIIEHHOCTM, MACIIOXMPOBOM
NPOMBbILLIIEHHOCTU, aBTOMOOUITBHOM MPOM3BOACTBE, 3MEKTPOIHEPTETUYECKON NPOMBILLNIEHHOCTH, KOXXEBEHHOM MPOM3BOA-
ctBe. [MpoaHannanMpoBaHbl OTEYECTBEHHbIE 1 3apyOEXHbIE MCTOYHUKN.

Pesynbratbl. [TpegnoyteHne oTAaeTcs TEXHONMOIMMYECKUM CXemaM, MO3BONsWNM co3natb 6e30TXoqHOe NpOM3BOACTBO,
a MMEHHO MOBTOPHOMY MCMOMb30BaHNIO OYMLLEHHBIX CB B TEXHONMOrMYecknx npoueccax NpegnpusaTus, YTo cnocobcTByet
NOBbILLIEHNIO 3DEKTUBHOCTM OUUCTHBIX COOPYXKEHWUN. [MpuMeHeHe MeMBpPaHHbIX TEXHOMOMMIN AaeT BO3MOXHOCTb A0OUTb-
Cs1 MOCTaBMEHHbIX LieNneln Mo CHMKEHMIO HEraTUBHOTO BO3OEWCTBUS HA OKPY)KaloLLyk cpeay, HO BMECTe C 9TUM LaHHas
TEXHOMNOTNSI He NULLIEHA HeQOCTaTKOB.

BbiBoAgbl. TexHOMorns cunbHO 3aBUCUMT OT cocTaBa CB M CyLlecTBYHOLEN TEXHONMOIMMYECKON cxembl ouncTku. Mcxoas
13 PacCMOTPEHHbIX NPUMEPOB B Pa3fNYHbIX OTPACIIAX MPOMBbILLNIEHHOCTU YCTAHOBMNEHO, YTO AaHHAs TEXHOMOMMs nony4vaet
BCe Oonbluee pacnpocTpaHeHe 1 NoKasbiBaeT OTIIMYHbIE pPe3yrbTaThl MO CHKEHWIO HEraTUBHOTO BO3AENCTBUS OT CTOKOB
NPOMBbILUNIEHHBIX NPEANPUATUIA. TexHonorus MeMopaHHbIX OUNBTPOB ANA co3aaHnsi 6€30TX0QHOro NPOU3BOACTBA AOSMKHA
nccnenoBaTbCs AanbLue U nonyvatb pa3sutme.
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ABSTRACT

Introduction. Modern methods of application of membrane technologies in industrial wastewater treatment are consid-
ered. The problem of reducing the negative impact on the environment by increasing the efficiency of treatment facilities is
the most urgent at the moment. Recently, membrane technologies of wastewater treatment are becoming more and more
demanded for their inclusion in the existing technological schemes of industrial enterprises located all over the world.
Materials and methods. Examples of technologies used in the dairy industry, oil and fat industry, automobile manufacturing,
electric power industry, and tanning industry were studied. Domestic and foreign sources were analyzed.

Results. As a result of the work carried out, preference is given to technological schemes that allow to create waste-free
production, namely, the reuse of treated water in the technological processes of the enterprise, which contributes to improv-
ing the efficiency of treatment facilities. The application of membrane technologies makes it possible to achieve the goals
set to reduce the negative impact on the environment, but at the same time this technology is not without disadvantages.
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Conclusions. The technology strongly depends on the specific composition of wastewater and the existing technological
scheme of treatment. However, based on the reviewed examples in various industries, this technology is becoming more
and more widespread and shows excellent results in reducing the negative impact of industrial effluents. The technology
of membrane filters for creation of waste-free production should be further considered and developed.
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BBEJIEHUE

Tema wucciemoBanusi 00yCIOBICHA HEOOXOIUMO-
CTBbIO COXpPaHEHUs OKpy Karollel cpeasl. Bona siBisercst
Ba)KHBIM 2JIEMEHTOM >KH3HU Jitofielt. OHa UCToIb3yeTcs
BO BceX cepax )KU3HEACATSIFHOCTH YSIIOBEKA: XO35Tii-
CTBEHHO-OBITOBOM, TPOMBIIIIEHHON, CEIhCKOXO03SH-
CTBEHHOU ¥ T.JI. [IpuMeHsIeTCs C LeNbI0 MPUTOTOBICHHS
MIUIIA W BBIPAIIUBAHUS CEIBCKOXO3SHCTBECHHBIX IPO-
JIyKTOB, W3TOTOBJICHUS MaT€PHAIOB MPOMBIIUICHHOTO
CEKTOpa M OXJIAXKJICHHsI TEXHOJIOTUYECKHUX MPOIECCOB,
OpOIIICHUS U TPOU3BOJCTBA MATEPHUAITIOB JIETKOH Mpo-
MBIIICHHOCTH, BOIOTIOATOTOBKH ISl TOPOJICKUX JKHUTE-
JIel ¥ HAaCEJICHHBIX ITyHKTOB.

C KaXIbIM TOJOM OOBEMBI HCIIONB3YeMON BOJBI
3HAUUTENBHO yBemmanBaroTcs. ComtacHo poknaxy OOH!
3a MOCJIETHHE YEThIPe ICCATHIIETHS OHU BO3PACTAIN MPU-
MepHO Ha | % KaKaplid rofl. DTO BRI3BAHO TAKUMU (aK-
TOpaMH, KaK yBEITIYCHIE HaPOIOHACEITICHHS, COITHATbHO-
9KOHOMHUEcKoe pazBuTHe. C pOCTOM MOTPEOICHUSI BOIBI
BO3pACTaeT TAaKXKe U MPOIICHT €€ 3arpsI3HEHUS] CTOKAMI,
KOTOpBIE 00pa3yroTcs Imocie ee ucroiab3oBanms. [1o man-
HbIM Ha 2022 1.2 crounsie Bomsl (CB) pacnpenencHs
IO OTPACISIM CIISIYIOIIHM 00pa30oM: JKHITUIITHO-KOMMY-
HaIbHBIE — 25 %, CeTbCKOXO03sHCTBEHHBIE — 9 %, Tpo-
MBIlIEHHBIE — 63 %, npyrue ctoku — 9 %.

ITepen cOpocoM B BOmHBIE OOBEKTHI BCE CTOKH
JIOJKHBI OBITH OYMINIEHBI IO HOPMATHBOB TIPECIBHO J0-
nyctumoit kornentpaiuu (IIJIK) BpenHbix BeriecTs?.
K Hamboiee 3arps3HEHHBIM II0 COICPIKAHHUIO BPE-
HBIX BemecTB oTHOCATCS CB mMpOMBIIIIEHHOTO CEKTO-
pa (KOKE€BEHHBIX, METAJIIIYPrUUYE€CKUX, LEJTI0I03HO-
OyMa’KHBIX 3aBOJIOB, IPESNPHUATHI HE(TIHON, MOJIOYHOU
MIPOMBIIINIEHHOCTH ¥ aBTOMOOWIBHBIX MPEIIPHUSITHH).

! Ooxmag OOH: npeoqoneTs BOAHBINA KPU3UC MOXKHO TOIb-
ko coobma. 21.03.2023. URL: https://news.un.org/ru/story/
2023/03/1438972

2 Bysun M. CoBpeMeHHbIE METOJBI OUUCTKH CTOYHBIX BOJ //
baza 3nanmnit «MI'YJIAB — HcnsrratensHelii neHTpy. Bomna. Co-
BpEMEHHbIE METOBI O4HCTKH cToYHBIX Boll. URL: https:/www.
msulab.ru/knowledge/water/sovremennye-metody-ochistki-
stochnykh-vod/

3 06 yrBepskeHnn [TpaBrII XOI0IHOIO BOIOCHAGKEHHUSI U BOJIO-
OTBE/IEHUS U O BHECEHHM W3MEHEHHUH B HEKOTophle akThl I1pa-
ButenbeTBa Poceuiickoit ®eneparmu : Ilocranosienue IIpasu-
tenbeTBa PO ot 29.07.2013 Ne 644 (pen. ot 28.11.2023).

310 00YyCIIOBIEHO BO3PACTAIONIEH CIOKHOCTBIO TEXHO-
JIOTMYECKOTO MPOLIECCa, /ISl KOTOPOTO € KaX/[bIM I'OZI0OM
TpeOyercs Bce Oombie u Oombine Boapl. [ cokpare-
HUSI HCTIOJTB30BAHUS BOABI IPOMBIIIIEHHBIMH TIPEIITPH-
SATUSIMH, a CJISIOBATEIFHO, U YMECHBIICHHS 00pa30BaHHs
CTOKOB BO BCEM MHUPE CTPEMSATCS K CO3JaHUIO TAKIX TEX-
HOJIOTHYECKUX CHCTEM OYHMCTKH, KOTOPBIE TIO3BOJISIT Op-
raHu30BaTh 0€30TX0HOE MPOU3BOACTBO. Tak, B I. Jlyp-
6ane’, TpeTbeM 1o BenuuuHe ropone KOxHoit Adpuk,
¢ 2001 r. e>keTHEBHO OYUINAIOTCA M TOBTOPHO MPUMEHSI-
torcsi CB xonmuuecTBOM, KOTOpOe 3KBUBaJIEHTHO 13 Gac-
cellHaM OJIMMIUNCKOTO pa3Mepa, JJIs HYXKJ JIErKou
n HedTenmepepabaTbIBalONICH MPOMBIIIIICHHOCTH. Pe-
mupKyssinust CB B coueTaHny ¢ TOBTOPHBIM HCTIONB30Ba-
HUEM YMEHBIIIACT HETraTHBHOE BO3ACHCTBHE HA KIIMMAT,
a IMCHHO CHIJKAeT BEIOPOCHI MTAPHUKOBEIX ra3oB. C yde-
TOM TOJIOKUTEIBHOTO BIIMSHUS Ha KJIIMMAT TCXHOJIOTHH
TMOBTOPHOI'O UCIIOJIB30BaHNA OUHUIIEHHBIX CBB Pa3sBUTBIX
cTpaHax EBpOIIBI Moy4aroT 00O 00beM HHBECTH-
it — 100200 muH gommapos CILA [1-18]. Ot un-
BECTHITIH OKYIIAIOTCS 32 CYET COKPAIICHUS 3aTpaT Ha 3a-
00p BOIIBI HAa TEXHOJIOTMIECKIE HY K/IBI U 3aTpaT HA OUHCT-
Ky CTOKOB B JaTbHEHINIEM, a TAK)Ke CHIKCHHS FUTH UCKITFO-
YyeHus WTpadoB 3a 3arpsi3HEHNE OKPYXKAIOIICH Cpebl.
Ecin ropona B cTpaHax ¢ pa3BUBAIOILEHCS SKOHOMUKON
cokycupyrorcst Ha peuupkyssinnu CB nocne kpusu-
caB 2019, To Kk 2030 . 5TO O3BOMUT MOOUIM30BAThL
10 $2 TpiiH MHBECTHILIME U co3aaTh Oosiee 23 MitH pabo-
YUX MECT.

Poct ncnone3oBaHns MEMOpPaHHBIX OHOPEAKTOPOB
(MBP) Hauaincs ¢ cepenunusl 1990-x tT. [3] BBUIY yiKe-
CTOUYCHHSI IIPUPOIOOXPAHHOTIO 3aKOHO/ATEIbCTBA, I10-
BBIIICHHSI CTOUMOCTH YCIIYT BOJOOTBEIICHHSI, HATUYHUS
YCTAapEBILUX OYUCTHBIX COOPY>KEHUM.

K 2010 r. [3] 6b110 oT™MeueHO TipuMenenrne MBP
Ha 7000 COOpYXEHHUSX MO OYUCTKE U JTOOYUCTKE TIPOH3-
BoacTtBeHHBIX CB B Mupe. Ha mepuox 2014 . MBP [3]
yxe ounmmanu 60 % X03sIICTBEHHO-OBITOBBIX CTOKOB,
a taxoke 40 % npou3BOACTBEHHbIX.

IIpumenenne MBP i ouncTkH CTOKOB MPOM3-
BOJICTBa 00OCHOBAHO clienyroummu (pakropamu: 1) co-

4 VBes4yeHne MaciiTaboB TIOBTOPHOTO MCHOIB30BAHUS BOJIBL:
MOYeMY BaKHO MOBTOPHO HCIIOJIB30BAaTh CTOYHBIC BOJBI.
23.08.2021. URL: https://blogs.worldbank.org/ru/climatechange/
scaling-water-reuse-why-recycling-our-wastewater-makes-sense
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Jiep>KaHue TPYIHO OKHCISIEMBIX 3arpsi3HEHUH; 2) Manas
MJI0IA/Ib TEPPUTOPUU JIJIST Pa3MEIICHUsI OYUCTHBIX CO-
Opy)keHHH; 3) HeOOXOMMOCTh TIPUMEHECHHUST METO/IA I10-
BTOPHOTO HCIIOJIb30BaHMUS OUUIIICHHBIX CTOKOB.

B nannoit 0630pHOI cTaThe OyayT PacCMOTPEHBI
BapuaHThl 04rcTKH CB ¢ mOMOIIbI0 MEMOPaHHBIX TEX-
HoJIoTUH, BKJITtouass MBP.

MATEPHAJIBI U METO/bI

PaccMoOTpeHBI OTedeCTBeHHBIE U 3apyOeKHBIE Ma-
TEpHUAJIBI 110 UCIIOIH30BAHUI0 MEMOPAHHBIX TEXHOJIOTHIA
B cucTeMax ourucTki CB mpOMBIIIIEHHBIX MPEANPUITHI.

OObekT uccnenoBanust — ounctka CB.

MeTton uccnenoBaHusi — aHalnu3, KOTOPBIH 1103BO-
JIAJT U3YYIHUTH CYIIECTBYIOIINE W HanOoJee MepCIeKTHB-
HBIE CIIOCOOBI MPUMEHEHHSI METOIA PEIUPKY/ISIMU [10-
CPEICTBOM MPUMEHEHHSI MEMOPaHHBIX TEXHOJIOTHH.

Cnenas BEIBOZ 0 9 QEKTHBHOCTH IIPHMCHEHHUS MEM-
OpaHHBIX TEXHOIOTHH s 04rCTKH CB MpOMBITIIIICHHBIX
MPEANPHUSITUHI, a TAKKE CO3aHUs OE30TXOMHBIX POH3-
BOJICTB.

PE3VYJIBTATHI UCCJIEJOBAHUA

IIpoaHanu3upoBaHbl MEPCIEKTUBHBIC U CYIIECTRY-
IOIINE CUCTEMbI OUUCTKH MpoMbiiuieHHbIX CB ¢ omo-
IIbI0 MEMOPAHHBIX TEXHOJIOTHIA.

HUccnenosana ounctka CB npeanpusitust mo npo-
H3BOJCTBY MOPOKEHOTO C UCIIOIF30BAHHEM TEXHOIIOTHH
MEP [1]. B CB yka3aHHOTO TIPOM3BOJCTBA MOMATAIOT
COCTABJISIFOLIKE: TTOTEPH ChIPbSI U TOTOBOM MTPOJIYKIHH;
MMPOU3BOACTBECHHBIC OTXO/IbI; PCArCHTHBI, UCIIOJIb3YCMbBIC
JUTSL MBITBSI TIOJIOB ¥l TPAHCIIOPTA; TIOJHCAXaPUIBI U BbI-
COKOMOJIEKYJISIPHBIE OSITKOBBIE COeUHEHHs (TII00YINH,
anbOyMHH); TaKKe OTMEYAaeTCs BBICOKOE COAepIKa-
HUE COeAMHEHUH (Gocdopa U a30Ta, B3BCIICHHBIX BE-
mectB 10 8000 mr/am?, skupos g0 3000 mr/mam?, BITKm
10 4000 MrO,/mv?, XTIK mo 6000 mrO,/nv? [2]. Bee
9TO KJIACCU(HUIMPYET CTOKH ITPOM3BOACTBA KAK CHIIBHO-

C

3arpsA3HEHHBIC M TOKCHYHBIE, TPEOYIOIHe KOMIUIEKCHOM
cUCTeMbI O4UCTKH. B padote [1] mpemmaraercs ucmoib-
3oBanue MBP. Meton coderaer B cebe OHOIOTHYECKYTO
00paboOTKy MIIOM M MEXaHHUYECKYI0 (PHIBTPAIUIO TT0-
CpPEJICTBOM MEMOpaH.

MemOpanHbIit MoAyIh [19] mpuMensieTes s pas-
JICIICHNs] WIOBOW CMECH M BBICTYIIACT B POJIH aJbTep-
HaTHBBl BTOPUYHOMY OTCTOMHHKY, HCIIOJIE3YEMOMY
JUTSL OCKJeHUS akTUBHOTO mia. J{ist ounctku CB mpen-
TPUSATHS 110 TPOU3BOZICTBY MOPOXKEHOTO B Tpyne [ 1] pac-
CMaTpPUBAETCS CIIEIYyIONIast CXeMa:

1) mexaHm4gecKuit riIbTP;

2) ypaBHUTEIbHAS EMKOCTH;

3) mepekaunBaroIINe HACOCHI;

4) cTaHIMs JO3UPOBAHUS PEAreHTOB JUIS KOHTPOJIS
cpensl pH;

5) cTaHUUA TO3UPOBAHUS KOATYISHTA;

6) HarmopHas (QIOTaIHS;

7) a3poTeHKH (aHA3POOHBII U a3POOHBIN);

8) cranmus MEP;

9) BO3IyXOMyBKa;

10) cucTema mO3UpOBaHHS XIIOPA;

11) eMKOCTh OYHIIEHHOM BOJBI.

IIpumenenne MBP B 3T0# TeXHONIOrHYECKOM cXxeme
MO3BOJISICT YBEIWYNUTh KOHIICHTPAIMIO aKTHBHOTO MIIa
B OuopeakTope jo 3uadeHuit 10-20 r/nqm’. B nannom
Cilydqae MeMOpaHHasi TEXHOJIOTUsI BEICTYTIAET B POJTH J0-
ourctku CB 10 TpeOyeMbIX mokasareneii’, CHuKas Hera-
THUBHOE BO3JICHCTBIE Ha OKpYy KaroIryto cperny. Ha puc. 1
Tpe/ICTaBIICHbI BapUallii MEMOPaHHBIX 2JIEMEHTOB.

Hanee npoananusupyem ourictky CB maciocomep-
>karntero npousBojcTsa [3]. CocraB CB macnoconepika-
IIIETO IIPOU3BOICTBA: HEPACTBOPHMBIE HIIH MAJIOPACTBOPH-
MBIE B BOJIE JKHJIKHE YIVIEBOIOPOIBI CHIPOIl He(hTH, CMOT,
PaCTUTENBHBIX M MUHEPATIBHBIX Macell, )KUBOTHBIX JKH-
POB JIETKUX M TSDKEJIBIX TOIUTUB (MasyTa, OEH3MHA, Ke-
pocuHa, Ta30Wis), a Takke ux cmeceit [4]. [lepcrek-
TUBHBIM TEXHUUYECKUM PEIICHUEM JUIS OUUCTKH CTOKOB
JTAHHOTO TIPOM3BOJICTBA BBHICTYIIAeT MEMOpaHHBIN OHO-

Puc. 1. Bapuanuu MeMOpaHHBIX JIEMEHTOB: @ — TUIOCKHE; b — TpyOUaTsie; ¢ — MOJOBOJIOKOHHEIE
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peaktop. PaccmarpuBaeTcs TexHOJIOTHUYECKas cXxeMa
ounctku CB [3] ¢ mpeaBaputenbHOil MeXaHUYECKON
1 (HU3UKO-XMMHUYCCKON OUYMCTKON U MX momgadeii B MBP.
HeBo3MOXHOCTE BBIHOCA aKTHBHOTO HJIA M3 CHCTEMBI
MIO3BOJISICT TTOBBICUTH €r0 KOHIICHTPALIMIO B a3POTEHKAX
B 2-3 pasa, 4To, B CBOIO OUEPE/lb, YBEITUUMNBACT OKUCIIH-
TENIbHYIO0 MOIITHOCTh OMOpEaKTopa U JaeT BO3MOXKHOCTh
OTKa3aThCsl OT MCIOJIb30BAHHSI BTOPHYHOI'O OTCTOWHH-
ka. B aTom cityyae MmemOpaHHas TEXHOJIOTHSI BBICTYIIa-
et B ponu goourctkn CB 10 TpeOyeMbix mokasaremneit’,
CHI)Kasi HETaTHBHOE BO3/CHCTBHE HA OKPY)KAIOIIYIO
cpeny. OcHOoBHOM mpoOnemoii mpumeHerust MBP siBms-
€TCs1 [IOBBIIICHHBIN UJIOBBII MHIEKC, KOTOPbII IPUBOJUT
K 3arps3HEHUIO MEeMOpaH, 4To TpeOyeT OOJIBILIOTro KOJIHU-
4eCcTBa BOJIbI HA X ITPOMBIBKY.

Paccmorpum ounctky CB rampBaHHuYECKOTrO Mpo-
n3BonctBa [5]. CocraB CB rambBaHMYECKOTO TPOU3-
BOJICTBA: COSIMHEHHS TSHKEJIBIX METAILIOB (LIMHK, ME/Ib,
XpOM, XKeJe30, HUKENb, KaMHUN U JIp.), PACTBOPOB MH-
HepaJIbHBIX 1 OPraHUUYECKUX KUCIIOT, LIeI04YeH, OBEepX-
HOCTHO-aKTHBHBIX BEIIECTB, MOIOIINX CPENCTB [6].

B nyGnukaruu [5] onuceiBaeTcs cieyromas Tex-
HOJIOTHYECKas CXeMa OUUCTKU:

1) xoppekTupoBka pH;

2) 3IEKTPOKOATYJISIIIHS;

3) OTCTOMHUK, UCTIOIB3YEeMBbIH IS yaaJeHNs B3Be-
IIEHHBIX U KOJUIOM/HBIX BEIIECTB;

4) ryOoKkast ourcTKa 00paTHbIM 0CMOCOM (TIpUMe-
HSIIOTCSI CHelMaJIbHbIE PYJIOHHBIE KOMIIO3UTHBIE MEM-
OpaHbl, MpeIHA3HAYCHHBIC TSI 00paOOTKU CHUIIBHO 3a-
TPA3HEHHBIX CPEeN);

S) BbIlIapUBaHUE KOHIIEHTpaTa 00paTHOro 0cMoca
TIPY IOMOIIM POTOPHO-TIIeHOYHOTO Hcnapurens (PIIN).

Ora 3aMKHyTas cxema Oblna peanuzoBaHa Ha OAO
«Pobept boun» (. Durense) [5] B 2004 1. BeeneHue cxeMsr
TO3BOJIMJIO CHU3UTH 00BbEM 3a0MpaeMOil BOJIbI JIJIsl OYHCT-
ku CB. O0beM norpediisieMoi Bojibl C MOMEHTA BHEIPEHHS
TI0 CETOHSIIIHUM JIeHb COKpaTuiIcs B 55,2 pasa, a BMecTe
C3THM YMEHBLINIICS U 00beM CTOKOB B 4,2 paza. CocTas cTo-
KOB CTaJl MOJHOCTHIO COOTBETCTBOBATH TPEOOBAHHSAM®.
B nanHoM nipumepe MeMOpaHHbIE TEXHOJIOTUH ObLIH pea-
JIM30BaHbI JJIs CO3/IaHUS 3aMKHYTON CXEMBI OYHCTKH CTO-

KOB, 4YTO ITO3BOJIMJIO 3HAYUTCIIbHO CHU3UTh HECIaTUBHOC
BO3/IEHICTBHE HA OKPY’KAIOIIYIO CPEAy, 1 COOTBETCTBUS
YCTAHOBIICHHBIM TPEOOBAHHSIM®,

N3yunm ounctky CB KOKCOXMMHYECKOTO MPOU3-
BozicTBa [7]. CoctaB CB KOKCOXMMHYECKOTO TIPOU3BO/I-
CTBa: B3BEIICHHBIC BEUIECTBA, PA3INYHOTO POJa Macia
U IpyrHe IPUMECH KaKk OpraHn4ecKoro, Tak U HeOpraHu-
4ecKoro xapakrepa, ¢penossl [8]. B HacTosmmii MOMEHT
HE CYLIECTBYET PeaJbHON TEXHOJOTHYECKOH CXEMBI
JUISL OYMCTKH CTOKOB KOKCOXMMHYECKOTO MIPOU3BOJICTBA,
TOJILKO JIA0OPaTOPHBIE YCTAHOBKU. DTO CBS3aHO CO Clie-
AYIOIUMU IPpUIUHAMM:

* BBICOKasA CTOUMOCTH U HG(I)I/ILII/IT OTCYCCTBCHHBIX
00paTHOOCMOTHYECKHUX U YJIbTpadUIbTPaLMOHHBIX
MeMOpaH;

* BBICOKHE TPEOOBAHMS K UCXOJJHOMY KauecTBy OHO-
XUMOUHUIIEHHON CTOYHON BOJIBI IO COZIEPKAHUIO B3BE-
IICHHBIX BCHICCTB,

* OTCYTCTBHE 0€30MaCHBIX CIIOCOOOB 110 YTHIIM3a-
U KOHIECHTPATOB O6paTHOOCMOTI/I'-ICCKI/IX " yiabTpa-
(DUITETPAIIMOHHBIX TIPOIIECCOB OYKCTKH.

Ha puc. 2 npezicraBiena Bapuanusi BO3MOXKHO#H TeX-
HOJIOTUYECKON cXeMbl 04rCcTKH CB KOKCOXMMHUECKOTO
IMPONU3BOACTBA C IPUMECHCHUEM MeM6paHHBIX TEXHOJIO-
rUil.

Takum 00pa3om, BHEIPEHHE TEXHOIOTUH 00paTHO-
T'0 0CMOCa ISl OYUCTKH CTOKOB TTIO3BOJIUT COKPATHUTH 3a-
60p BOJIbI 13 UCTOYHHUKOB U COOTBETCTBCHHO YMCHBIIIUTH
cbpoc CB, a Taxxe TOOUTHCS BBITOIHEHHS TPEOOBAHHUS,
HO U1 BHEAPCHUA I[aHHOﬁ TEXHOJIOTMH HYXHO PEUIUTH
BOIIPOC, CBSI3aHHBIN C 00pa3yIOLIMMHKCS KOHIIEHTpaTaMu
00paTHOOCMOTHYECKUX U YIBTPA(UIBTPALMOHHBIX MEM-
Opan [7].

Paccmotpum ounctky CB KkoxeBeHHO-00YBHOTO
npeanpusatus [9]. CoctaB CB k0XeBEHHOTO MPOU3BOA-
ctBa: pH — 8,09; xonn4ecTBO B3BEUICHHBIX BEIIECTB —
1436,3 mr/nm?, obiee coneprkanue xpoma — 78,13 mr/am?
(Xpom 6+ — 3,69 mr/nm® + Xpom 3+ — 74,55 mr/nm’);
XIIK — 7090,2 mr/nm>. B pa6ore [9] mogHumaercsi Bo-
poc 00 MCIIONB30BAaHUKM MEMOPaH Pa3IMuHbIX MOIU(U-
KaHHﬁ, KOTOPBIC JayT BO3MOKHOCTb HE TOJIBKO CHU3UTDH
Harpy3Ky Ha OKPY’KalOIIyI0 Cpely, HO U OCYIIECCTBHUTH

3 8 9
Crounbie Bop! | @ 6 E—— X 1KOHL[6HTpaT
X E 7 g i [ }
1 — @J '
4 r 5 HepM—eaT
ot
et

Puc. 2. TexHomornueckas cxema JOOYHCTKH CTOKOB KOKCOXUMHUYECCKOTO ITPOU3BOACTBA C BKIIIOUCHUEM M€M6paHHBIX ycra-

HOBOK: / — pe3epByap HCXOAHOH BOMBI (BTOPUYHBIH OTCTOWHUK); 2 — TIOJIOBOJIOKOHHBIEC YABTPA(QUIBTPAIHOHHBIE TIOTPYK-

HBIE MOIYITH; 3 — BaKyyM-Hacoc; 4 — Hacoc 00paTHOI MpoMBIBKH; 5 — OGak cOopa Boxsl mocie YP-Moayneii; 6 — maTpoH-

HBIH GUIBTP; 7 — pabodnii HACOC BBICOKOTO NABJICHHS; § — MeMOpaHHbIE 00PaTHOOCMOTHYECKUE MOIYIH IIEPBOH CTYIICHH;

9 — meMOpaHHBIE 00PaTHOOCMOTHYECKUE MOIYIIH BTOPOH CTYIEHH
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BO3BpPAT CTOKOB B IIPOM3BOZCTBO B KAY€CTBE BTOPUUYHOTO
pecypca. biaronaps nponeccam I1a3MOXUMHYECKOH MO-
TUGUKAITIA BO3MOXKHO TTONYYEHHE KOMIIO3HIIMOHHBIX
MeMOpaH pa3IMYHOro HaszHadeHwus (yBenuuenue sQdex-
TUBHOCTH TIpoliecca (UIBTpaIy, 0OpaTHBI 0CMOC, Ta-
30pasiesieHue).

B unccnenoBanum [10] mpuBoguTcs 3apyOexHBIH
orbIT 04ncTKH CB KOKeBEHHOTO TIPOU3BOJICTBA, & HMEH-
HO TEXHOJIOTHSI CUCTEM HYIEBOTO cOpOca »HMJIKOCTH
(Zero Liquid Discharge System). OTa cucrema mo3Bo-
JISIET OYMCTHBIM COOPYIKEHHUSIM MTOBTOPHO HCTIOIb30BaTh
ounteHHsle CB B TexHonmoruueckux npoteccax [10].

Cucrema HyneBoro coOpoca JKUIKOCTA OOBIYHO CO-
CTOWT M3 TPEX ITATOB:

1) mpenBapuTenbHas MOATOTOBKA (YMEHBIIIEHHUE He-
PacTBOPUMBIX BELIECTB B CTOKAX ITPHU MOMOIIH (QHIIBTpa-
1iH);

2) KOHIICHTpALIUsI PACTBOPEHHBIX BELIECTB (KOMOH-
Halusi 0OPaTHOrO 0CMOCa C AEKTPOANATHZ0M);

3) TerioBast 00paboTKa (MCIIapUTeNh U KaTaInu3aTop).

Cy1mecTByronwe orpaHuHeHHs M0 IPAMEHEHHIO 00pa-
THOTO OCMOCA: METO/I 00paTHOro 0OCMOCa MMEET orpa-
HUYCHHUE TIO0 COJICHOCTH W OymeT 3PPEeKTHBEH TOIBKO
MIpH KOHIICHTpaunu coineil Himke 70 1/11; BBICOKast cTe-
TIeHb 3arpsi3HEHKs] MeMOpaH 1 00pa3oBaHue Hakumu [11].
J171st Ipeo1oNeHust THX OrpaHYeHNi HeoOXoquMa Ipet-
BapHTeNbHAS 00paboTKA:

* XMMHYECKOE yMATUYCHHE;

* WOHHBIA OOMEH;

* perynupoBka pH;

* WCTIONBb30BaHHE MEMOPAaHHBIX (PHIBTPOB HU3KO-
TO JIaBJICHUSL.

B 2015 . B EBponietickom Coroze 00beM IIOBTOPHO HC-
TIOJTB3YEMO BOJIBI COCTABHII IOPsiIKa 1 MITpit M*/TO, peji-
rioyiaraeTcst, 9to K 2025 T. OH YBEHIUTCS JI0 6 MITPT M3/TOjT
[12]. B nanrOM mipuMepe TpoAeMOHCTPHPOBAHA BO3MOK-
HOCTb UCHOJIb30BaHHUs CUCTEM HYJIEBOIO cOpoca )KHUJIKO-
CTH M MX IIMPOKasi HHTETpanys B MPOU3BOCTBA 110 BCe-
MY MHpY, a TakKe Pa3BUTHE STON TEXHOJIOTHH.

Jpyroii npuMep OYUCTKHU CTOUHBIX BOJ KOXKEBEH-
Horo mpowmsBozcTBa [13]. B paccmarpuBaemoii padote

00001aroTcsl pe3yabTarhl HCCIASJOBaHUsI MeMOpaH-
HBIX TeXHOJOoTul [14] /Isi TOBTOPHOTO HCIOIB30Ba-
Hust CB: memOpannbie Onopeaktopsl [15], oOparHbIi
ocmoc [16], mukpoduibTpanus 1 HaHO(UIBTPALIUS.
I'maBHOM TPO6IEMOii NCTIOTB30BaHKSI MEMOPAHHBIX TEX-
HOJIOTHH OCTAaeTCsi MX BBICOKAsi CTEHEHb 3arpsi3HEHUs
B xoJie dKcIutyataiui. OCHOBHOI BBIBOJ 3aKJIIOYAETCS
B [IEPCIEKTHBE HAYy4YHBIX HCCIICI0BAHUI 1 PAKTHYECKOM
NPUMEHEHUH HEMeMOPaHHbBIX U MEMOPaHHBIX TEXHOJIO-
ruit [20]. Yayumenue 6uMopas3naraeéMoCTH CTOKOB KO-
YKEBEHHOTO TTPOU3BOJICTBA C ITOMOIIIBIO O3 MOKET OBITH
Ooiee OIATONPUSITHBIM ISl PA3JIOKEHHUS] OPraHUIEeCKUX
BeIeCcTB B MeMOpaHHOM OnopeaxTope [ 17] Ha oOpaTHOM
KOHIIE, YTO [O3BOJIUT JOCTUYb BBICOKHX IIPOM3BOJINTEIIb-
HOCTHU U crenenn ounctku CB.

3AKJIIOYEHUE

IIpoanann3npoBaHO COBPEMEHHOE COCTOSTHHE BO-
npoca ouncTku CB TpOMBINIUICHHBIX NMPEATPUATHMA,
a IMEHHO TIPUMEHEHNE MEMOPaHHBIX TeXHOIoTHil. Pac-
CMOTPEHBI OTEUECTBCHHBIC U 3apyOCIKHBIE HCTOUHHUKH.
Hcxonst u3 BCero Marepuaia MOXKHO C/AENATh CIIENyT0-
M€ BBIBOJIBL:

* JlaHHAs TEXHOJIOTUS OCTAeTCsl BOCTPEOOBAHHOM
1 Pa3BUBAEMOI];

* MeMOpaHHbIC TEXHOJIOTUH CIIE NMEIOT BayKHbIC
HEJI0CTAaTKU, KOTOPbIE MOTYT OBITh YCTPAHEHBI IO MEpe
UX Pa3BUTHS;

* TPEANOYTEHUE OTAACTCS TEXHOIOTUAM, O3BO-
JISIOIIAM JTOOUTBCS HYJIEBOTO cOpoca KUIKOCTH;

* pa3BUTHE U NMPHUMEHEHUE TEXHOJIOTUN HaOIo/a-
eTcs KaK B OTEYECTBEHHOM CEIMEHTE, TaK U B 3apyOex-
HOM;

* Oymymiee MEeMOPaHHBIX TEXHOJOTHI HEpa3phIB-
HO CBSI3aHO C MX MHTETpaLUell ¢ HEMEMOPAHHBIMU TEX-
HOJIOTHSIMU.

JanbHelnye ueeaeJ0BaHus 110 BKIIOUEHUIO MEM-
OpaHHBIX TEXHOJOTHUI B CYIIECTBYIOLINE TEXHOIOTHYE-
CKHE CXEMBI TIO3BOJISIT CHU3UTh HETATHBHOE BO3JCHCTBHE
Ha OKPY’KalOIIyI0 CPely M OPraHU30BbIBATH CHCTEMBI Hy-
JIeBOTO cOpoca KUIAKOCTH.
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INTRODUCTION

The topic of the research is conditioned by the need
to preserve the environment. Water is an important ele-
ment of human life. It is used in all spheres of human
activity: household, industrial, agricultural, etc. It is also
used for the purpose of cooking and growing agricultural
products, manufacturing of industrial sector materials
and cooling of technological processes, irrigation and
production of light industry materials, water treatment
for urban residents and settlements.

Every year, the amount of water used is increas-
ing significantly. According to the UN report' they have
been increasing by about 1 % every year for the last four
decades. This is caused by such factors as population
growth, socio-economic development. As water consum-
ption increases, so does the percentage of water pol-
lution from wastewater that is generated after its use.
As 0f 2022 wastewater is distributed by sector as follows:
residential — 25 %, agricultural — 9 %, industrial — 63,
other wastewater — 9 %.

Before discharge into water bodies, all effluents
must be treated to the maximum permissible concentra-
tion (MPC) of harmful substances®. The most polluted in
terms of the content of harmful substances are the efflu-
ents of the industrial sector (tanneries, metallurgical, pulp
and paper plants, oil, dairy and automotive enterprises).
This is due to the increasing complexity of the techno-
logical process, which requires more and more water ev-
ery year. In order to reduce the use of water by industrial
enterprises and, consequently, to reduce the generation
of effluents, the world is striving to create such techno-
logical treatment systems that will make it possible to
organize waste-free production. For example, in Durban®,
South Africa’s third largest city, since 2001, the equiva-
lent of 13 Olympic-sized swimming pools have been
treated and reused daily for light industry and refining.
The recycling of wastewater combined with reuse reduc-
es the negative impact on the climate, namely greenhouse
gas emissions. Given the positive impact on the cli-
mate, technologies for reuse of treated wastewater in
developed European countries receive a large amount

' UN report: the water crisis can only be overcome together.
21.03.2023. URL: https:/mews.un.org/ru/story/2023/03/1438972
2 Buzin I. Modern methods of wastewater treatment.
Knowledge base “MSULAB — Testing Centre”. Water: Modern
methods of wastewater treatment. URL: https://www.msulab.
ru/knowledge/water/sovremennye-metody-ochistki-stochnykh-
vod/

3 Approval of the Rules of Cold Water Supply and Water
Disposal and Amendments to Certain Acts of the Government
of the Russian Federation: Resolution of the Government
of the Russian Federation of 29.07.2013 No. 644 (ed.
0f 28.11.2023).

4 Scaling up water reuse: why it is important to reuse
wastewater. 23.08.2021. URL: https://blogs.worldbank.org/
ru/climatechange/scaling-water-reuse-why-recycling-our-
wastewater-makes-sense
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of investment — 100—200 million USD [1-18]. These
investments are recouped by reducing the cost of water
intake for technological needs and the cost of wastewater
treatment in the future, as well as reducing or eliminating
fines for environmental pollution. If cities in emerging
economies focus on wastewater recycling after the crisis
in 2019, it could mobilize up to $2 trillion of investment
and create more than 23 million jobs by 2030.

The use of membrane bioreactors (MBR) began to
grow in the mid-1990s [3] due to stricter environmental
legislation, higher costs of wastewater services, and out-
dated wastewater treatment facilities.

By 2010 [3], the use of membrane bioreactors was
observed in 7,000 industrial wastewater treatment plants
worldwide.

As of 2014, membrane bioreactors [3] were already
treating 60 per cent of domestic wastewater and 40 per
cent of industrial wastewater.

The application of MBR for industrial wastewater
treatment is justified by the following factors: 1) content
of hard-to-oxidize contaminants; 2) small area of terri-
tory for placement of treatment facilities; 3) necessity
of application of the method of reuse of treated effluents.

In this review article the options of wastewater
treatment with the help of membrane technologies, in-
cluding membrane bioreactors, will be considered.

MATERIALS AND METHODS

Domestic and foreign materials on the use of mem-
brane technologies in the systems of treatment of sewage
treatment of industrial enterprises are considered.

The object of the study is the wastewater treatment.

The research method is analysis, which allowed
us to study the existing and the most promising ways
to apply the recycling method through the application
of membrane technology.

It is concluded about the efficiency of membrane
technologies application for treatment of sewage water
of industrial enterprises, as well as creation of waste-free
productions.

RESEARCH RESULTS

The result of the study is the analysis of promising
and existing systems of industrial wastewater treatment,
using membrane technology.

Wastewater treatment of the enterprise for the pro-
duction of ice cream using membrane bioreactor technolo-
gy [1]. The following components fall into the wastewa-
ter of this production: losses of raw materials and finished
products; production wastes; reagents used for washing
floors and transport; polysaccharides and high molecular
weight protein compounds (globulin, albumin); high con-
tent of phosphorus and nitrogen compounds, suspended
solids up to 8,000 mg/dm?, fats up to 3,000 mg/dm?,
BODp up to 4,000 mgO,/dm?*, COD up to 6,000 mgO,/dm’
is also noted [2]. All this classifies production effluents
as highly polluted and toxic, requiring a comprehen-
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sive treatment system. The paper [1] proposes the use
of MBR. The method combines biological sludge treat-
ment and mechanical filtration by means of membranes.

The membrane module [19] is used to separate
the sludge mixture and acts as an alternative to the sec-
ondary settling tank used for settling activated sludge.
The following scheme is considered for the treatment
of sludge from an ice-cream production plant in [1]:

1) mechanical filter;

2) equalizing capacity;

3) transfer pumps;

4) reagent dosing station for pH media control;

5) coagulant dosing station;

6) pressure flotation;

7) aeration tanks (anaerobic and aerobic);

8) MBR station;

9) air blower;

10) chlorine dosing system;

11) the capacity of treated water.

Application of MBR in this technological scheme
allows increasing the activated sludge concentra-
tion in the bioreactor up to 10-20 g/dm’. In this case,
the membrane technology acts as an additional treatment
of activated sludge to the required indicators?, reducing
the negative impact on the environment. Fig. 1 shows
the variations of membrane elements.

Wastewater treatment of oil-containing produc-
tion [3]. The composition of oil-containing production
waste water: insoluble or poorly water-soluble liquid hy-
drocarbons of crude oil, resins, vegetable and mineral oils,
animal fats of light and heavy fuels (fuel oil, petrol, paraf-
fin, gas oil), and also their mixtures [4]. The membrane
bioreactor is a promising technical solution for the treat-
ment of wastewater from this production. The technologi-
cal scheme of wastewater treatment [3] with preliminary
mechanical and physicochemical treatment and their feed-
ing into MBR is considered. The impossibility of remov-
ing activated sludge from the system allows increasing
its concentration in aeration tanks by 2—-3 times, which,

C

in turn, increases the oxidative capacity of the bioreac-
tor and makes it possible to refuse the use of a secondary
settling tank. In this case, membrane technology acts as
an additional treatment of wastewater to the required indi-
cators?®, reducing the negative impact on the environment.
The main problem of MBR application is the increased
sludge index, which leads to fouling of membranes, which
requires a large amount of water for their washing.

Wastewater treatment of galvanic production [5].
Composition of electroplating production waste water:
compounds of heavy metals (zinc, copper, chromium,
iron, nickel, cadmium, etc.), solutions of mineral and or-
ganic acids, alkalis, surfactants, detergents [6].

The publication [5] describes the following techno-
logical scheme of purification:

1) pH adjustment;

2) electrocoagulation;

3) A settling tank used to remove suspended and
colloidal matter;

4) deep purification by reverse osmosis (special
roll-up composite membranes are used, designed to treat
highly contaminated media);

5) Evaporation of the reverse osmosis concentrate
using a rotary film evaporator (RFE).

This closed scheme was implemented at JSC “Robert
Bosch” (Engels) [5] in 2004. The introduction of this
scheme allowed to reduce the volume of water intake for
wastewater treatment purposes. The volume of consumed
water from the moment of implementation to the pres-
ent day has decreased by 55.2 times, and together with
it the volume of effluent has decreased by 4.2 times.
The composition of the effluent has become fully com-
pliant with the requirements?. In this example, membrane
technology has been implemented to create a closed-loop
wastewater treatment scheme, which has significantly
reduced the negative environmental impact and compli-
ance’.

Wastewater treatment of coke-chemical produc-
tion [7]. The composition of coke-chemical production

Fig. 1. Variations of membrane elements: ¢ — flat; b — tubular; ¢ — hollow fibres
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Fig. 2. Technological scheme of additional treatment of coke-chemical production wastewater with inclusion of membrane

units: / — source water tank (secondary settling tank); 2 — hollow-fibre ultrafiltration submersible modules; 3 — vacuum pump;

4 — backwash pump; 5 — water collection tank after UV modules; 6 — cartridge filter; 7— high-pressure working pump; § —

membrane reverse osmosis modules of the first stage; 9 — membrane reverse osmosis modules of the second stage

waste water: suspended solids, various oils and other im-
purities of both organic and inorganic nature, phenols [8].
At the moment there is no real technological scheme for
the treatment of coke-chemical production effluents, only
laboratory installations. This is due to the following rea-
sons:

* high cost and shortage of domestic reverse osmo-
sis and ultrafiltration membranes;

* high requirements to the initial quality of bio-
chemically treated wastewater in terms of suspended sol-
ids content;

* lack of safe methods for utilization of concen-
trates from reverse osmosis and ultrafiltration purifica-
tion processes.

Fig. 2 shows a variation of a possible technological
scheme of wastewater treatment of coke-chemical pro-
duction.

Thus, the introduction of reverse osmosis technol-
ogy for wastewater treatment will reduce water with-
drawal from sources and consequently reduce the dis-
charge of wastewater, as well as achieve the fulfilment
of requirement?, but for the introduction of this technol-
ogy it is necessary to solve the issue related to the gener-
ated concentrates of reverse osmosis and ultrafiltration
membranes [7].

Wastewater treatment of leather and footwear en-
terprise [9]. Composition of tannery sewage: pH — 8.09;
amount of suspended solids — 1,436.3 mg/dm?, total
chromium content — 78.13 mg/dm? (Chromium 6+ —
3.69 mg/dm*® + Chromium 3+ — 74.55 mg/dm?);
COD — 7,090.2 mg/dm?. The paper [9] raises the ques-
tion of using membranes of various modifications, which
will give an opportunity not only to reduce the load
on the environment, but also to return the effluent to pro-
duction as a secondary resource. Due to plasma chemical
modification processes it is possible to obtain compos-
ite membranes for various purposes (increasing the ef-
ficiency of the filtration process, reverse osmosis, gas
separation).

In the study [10] foreign experience of tannery
wastewater treatment, namely the technology of Zero
Liquid Discharge Systems (Zero Liquid Discharge Sys-
tem) is presented. This system allows treatment facilities
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to reuse treated waste water in technological process-
es [10].

A zero liquid discharge system typically consists
of three stages:

1) pre-treatment (reduction of insoluble substances
in the effluent by filtration);

2) concentration of dissolved substances (combina-
tion of reverse osmosis and electrodialysis);

3) heat treatment (evaporator and catalyst).

Existing limitations on the application of reverse
osmosis: the reverse osmosis method has a salinity limi-
tation and will only be effective at salt concentrations
below 70 g/I; high membrane fouling and scaling [11].
Pre-treatment is necessary to overcome these limitations:

* chemical softening;

* ion exchange;

* pH adjustment;

* use of low-pressure membrane filters.

In 2015, the volume of water reused in the Euro-
pean Union was about 1 billion m*/year and is expected
to increase to 6 billion m*/year by 2025 [12]. This case
study demonstrates the feasibility of zero liquid discharge
systems and their widespread integration into production
facilities around the world, as well as the development
of this technology.

Another example is the treatment of wastewater
from tannery production [13]. This paper summarizes
the results of research on membrane technologies [14]
for reuse of wastewater: membrane bioreactors [15],
reverse osmosis [16], microfiltration and nanofiltration.
The main problem with the use of membrane technolo-
gies remains their high degree of fouling during opera-
tion. The main conclusion is the prospect of research and
practical application of non-membrane and membrane
technologies [20]. Improving the biodegradability of tan-
nery effluent with O, may be more favourable for decom-
position of organic matter in a membrane bioreactor [17]
at the reverse end, thus achieving high productivity and
treatment degree of wastewater treatment.

CONCLUSION

The modern state of the issue of treatment of sew-
age treatment of industrial enterprises, namely the use
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of membrane technologies is analyzed. Domestic and
foreign sources are considered. Proceeding from all ma-
terial it is possible to draw the following conclusions:

* this technology remains in demand and is being
developed,;

* membrane technologies still have important dis-
advantages that can be addressed as they evolve;

* technologies that achieve zero liquid discharge
are favoured;

* development and application of the technology is
observed both in the domestic segment and in the foreign
segment;

* the future of membrane technologies is inextricably
linked to their integration with non-membrane technologies.

Further research into the incorporation of mem-
brane technologies into existing process schemes will
reduce the negative environmental impact and organize
zero liquid discharge systems.
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