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AHHOTALUMUA

BsegeHue. CoBpeMeHHbIe NMIOAN CTPEMATCS CregoBaTh BESHUSIM MOAbl U UCMONb30BaTh OAEXAY U3 SIPKO OKpalleHHbIX
TKaHew 1 mMexoB. [InA NX NpoM3BOACTBA UCNOSb3YOT 6OMbLLON HABOP XMMUYECKNUX peareHTOoB, CPeamn KOTOPbIX KpacuTenu,
OybvTenu, NoBepXHOCTHO-aKTUBHbIE BellecTBa U T.4. [locne 3aBeplueHns LMKna okpalumBaHus n obpaboTkvm matepuanos
06pa3syoTcs MHOrOKOMMOHEHTHbIE Y HEMOCTOSIHHOTO COCTaBa CTOYHbIE BOAbI, AarbHelwas obpaboTka koTopbix TpebyeT
NPUMEHEHNA COBPEMEHHbBIX MHHOBALMOHHBIX MOAXOA0B, NpeXae BCEero KOMMMIeKCHbIX. PaccMOTpeHbl TEXHONOrMM 04YMCTKN
CTOYHbIX BOA KpacwrbHO-OTAEMOYHbIX NMPou3BOACTB. [peacTaBneHbl pesynbratel nabopaTopHbIX UCCReAoBaHUA Mo pas-
paboTke KOMBMHMPOBAHHOWM TEXHOMOMMM OYUCTKM CTOYHBIX BOA OT KpacuTenen ¢ UCnonb30BaHNEM KOMMNO3UTHOTO CopbeHTa,
Mosly4eHHOro OKOMKOBAHMEM MbINEBbIX OTXOA0B METanmypruyeckon NMPOMbILLIEHHOCTH, U PUTOTEXHOMOMMYECKOTO A0U3-
BMeYeHns Kpacutenen B Guonpygax.

Martepuanb! n metoabl. ViccnegoBaHus NpoBeaeHbl B NabopaTopHbIX YCMOBUSX C MCMNOSb30BaHWEM KOMMO3UTHOO NOpUC-
TOro maTepuarna Ha OCHOBE TEXHOMEHHOIO CbipbS KPEMHUEBOMO M anioMUHWEBOTO MPOW3BOACTB, MOMYYEHHOTo MO MeToanKe
OKOMKOBaHUs, MpeAoxeHHoM aBTopamu. MNpeacTaBneHa MeToauka nony4eHnst CopbeHToB, NX XapaKTepUCTUKN 1 pe3yrnbraTb
OLIEHKN UX COPOLIMOHHBIX CBONCTB. PUTOCOPOLIMOHHBLIE CBOMCTBA BOAHON PACTUTENBLHOCTM MCMbITHIBANM B yCNoBusix nabo-
paTopHOro akcnepumeHTa. B pabote ncnonb3oBanu BogHble pacTeHus, npom3pacTaowme B p. AHrapa. PacteHusa cobvpanu
Tpanom, ocBoboxaanu OT rpyHTa, MPOMbIBaNM M KynsTMBMpOBanu B nabopatopun B akBapuymax C AEXNOpPUPOBaHHOW BO-
00N Npu ymepeHHOM ocBelleHun 1 Temnepatype 14—16 °C. O6bektamm UccnegoBaHuin Obinu: anogdes kaHagckas (Elodea
canadensis), ypyTb myTtoByatasa (Myriophyllum spicatum), poronucTHuk TemHo-3eneHbivi (Ceratophyllum demersum). B ka-
YecTBe 1ccneayemon XnaKocTh NCNonNb30Banu MofenbHble CTOYHbIE BOAbI — PacTBOPbI KpAacUTENen: KUCNOTHbIV >KeNnThli
ceetonpoyHbin (C.1. Acid Yellow 11), kncnotHbi cuHmi K (C.1. Acid Blue 120), kucnoTHbI sipko-kpacHsbii (C.1. Acid Red 1),
(C.I. Basic Orange 21).

Pe3ynbratbl. Onuncara paspabotaHHas MeToguka nonyvyeHus KOMNo3nMTHoOro copbeHTa Ha OCHOBE OTXOAOB U MpUBEAEHbI
AaHHble No 3PEEKTUBHOCTU OYUCTKM OT UCMbITAHHbIX Kpacutenen. MonyyeHbl aKCnepyMEHTarbHble 3HaYeHWst uTope-
MEeAMLMOHHOTO MoTeHuMana BoAHbIX pacTeHuid. MNpeanoxeHa rubpuaHas TEXHONOMMS NOKarnbHON OYUCTKU CTOMHBIX BOA,
BKIIOYAKOLLLAs COPOLIMOHHYI0 1 (OMTOTEXHOMOrMYECKY0 06paboTKy C UCNOMNb3oBaHMEM rabuoHOB 1 B1ONOrMYeckUX Npyaos.
CTo4YHbIE BOAbI HAMPaBMATCA Ha unsTpaumio Yepes rabuoHbl, 3aMofHEHHbIE KOMMO3UTHLIM copbeHToM, a 3aTem B 61o-
npyAbl C BOOAHBIMW PACTEHUSIMU.

BeiBoabl. [MonyyeHHble pe3ynsTaThbl MO3BOMSIOT HAMETUTL HanNpaeneHns AanbHEeNLWero NCcnefoBaHns No onTUMMU3aLK
paboTbl KOMMIEKCHBLIX COOPYXXEHWUI ANsI NIOKANbHOW O4YUCTKU CTOYHbBIX BOL, KPACUIIbHO-OTAENOYHbIX MPOU3BOACTB.

KIKOYEBBIE CITOBA: ouncTka CTOYHbIX BOA, KpacuTenu, KOMMO3UTHBIN COPOEHT, 0TXoabl KPEMHMEBOIO NMPOU3BOACTBA,
dutopemeaunaLms, KOMMIEKCHbIE COOPYXEHUS
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ABSTRACT
Introduction. Nowadays people tend to follow fashion trends and wear clothes made of brightly coloured fabrics and furs.
Their production requires a large set of chemical reagents, including dyes, tanning agents, surfactants, etc. Multicomponent
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wastewater with changeable composition is generated following the completion of the dyeing cycle and the treatment of
materials. Their further processing requires advanced innovative approaches, most of which are integrative. Wastewater
treatment technologies, used by dyeing and finishing facilities, are analyzed in the article. The authors present the results of
the laboratory research into the development of an integrative technology for dye extraction from wastewater using a com-
posite sorbent obtained by pelletizing dust wastes of the metallurgical industry and supplementary phytoextraction of dyes
in bio-ponds.

Materials and methods. The research was conducted in the laboratory environment. The technology entails the use of
a composite porous material, made of man-made raw materials used in the production of silicon and aluminum. A pelleti-
zing technique, proposed by the authors, is employed to make this composite material. The sorbent production technique,
its characteristics and evaluation of sorption properties are presented. The phyto-sorption properties of aquatic plants were
tested in the laboratory environment. Aquatic plants, growing in the Angara river, were used in the research. Plants were
collected by trawl, freed from soil, washed, and grown in the laboratory aquariums filled with dechlorinated water in condi-
tions of moderate lighting and at the temperature of 14—16 °C. They are Elodea canadensis, Myriophyllum spicatum, and
Ceratophyllum demersum. The model wastewater was represented by dye solutions, such as C.I. Acid Yellow 11, C.I. Acid
Blue 120, C.I. Acid Red 1, C.I. Basic Orange 21.

Results. The newly developed technology of making a composite sorbent from waste is described; its treatment efficiency
is analyzed. Experimental values of the phytoremediation potential of aquatic plants are obtained. A hybrid technology for
local wastewater treatment, including sorption and phyto-treatment, involving gabions and biological ponds, is proposed.
Wastewater is treated in gabions filled with composite sorbent and then poured into bio-ponds with aquatic plants.
Conclusions. The findings enable researchers to outline areas of further research on optimization of integrated facilities,
designated for the local treatment of wastewater, generated by dyeing and finishing facilities.
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BBEJAEHUE

CoBpeMEHHBIC JIFOJIU CTPEMSTCS CIEI0BaTh Be-
SIHUSIM MOJIBI U MCTIOJIh30BaTh ONICXKAY M3 SIPKO OKpa-
[IEHHBIX TKaHe#l W MexoB. JIJIs UX MPOU3BOJCTBA HC-
MOJIB3YIOT OOJIBIION HAOOp XMMHYECKUX PEarcHTOB,
Cpear KOTOPBIX KPACUTEIH, TyOUTEH, TOBEPXHOCTHO-
AKTHUBHBIC BellleCcTBa U T.1. [locie 3aBepIieHus UKIIa
OKpaIIUBaHUs U 00pabOTKH MaTepHaioB 00Pa3yOTCs
MHOTOKOMIIOHEHTHBIC U HEIIOCTOSSHHOI'O COCTaBa CTO4Y-
HBIE BOJBI, NalbHEHIass o0paboTka KOTOPHIX TpeOyeT
MPUMEHEHHS] COBPEMEHHBIX WHHOBAIMOHHBIX MOJXO0-
JIOB, IPEXK/JIe BCEro KOMILIeKCHbIX. Eciin He co3naBarh
JIOKAJIbHBIE OYHCTHBIC COOPYIKEHHUSI, IKOJIOTHUYECKHE
MOCJIEICTBUS 3arpsi3HEHUS] BOJHBIX OOBEKTOB OyIyT
BEChMa CephEe3HBIMH, TaK KaK OOJBIIMHCTBO CHHTETH-
YEeCKHUX KPACUTENIEH B CBOEM COCTaBE COMEPIKAT apoMa-
THUYECKUE [UKIIBI, YTO 00ECIeYNBAET UX TOKCUYHOCTh
Y BBICOKYIO YCTOMYMBOCTh K XUMHUYECKOMY U OHOJIOTH-
YECKOMY Pa3lIOkKEHUIO, U, KaK MPaBIIIO, ITH BEIECTBa
TPAH3UTOM MPOXOIAT OHOIOTHIECKHUE COOPYKEHHSL.

KOMIOHEHTBI CTOYHBIX BOJ[ KPacCHUJIbHO-OT/IE-
JIOYHBIX TPOM3BOJICTB OTHOCSTCS K YUCITYy TOKCHYHBIX
U TP TOCTYIUIEHUH B BOJOEMbI U3MEHSIOT [[BETHOCTb,
MPHUIAIOT BOJE CrEU(pUUECKHI 3amaX U BKYC, HApy-
[IAOT YCJOBHSI JKU3HEAEATEIbHOCTH THAPOOUOHTOB
U TIPOIECCHI JCTOKCUKALUU, MPEIATCTBYIOT pean3a-
MU CYNIECTBYOIIETO MUJUTMOHEI JIET Ha 3€MJIC IKOJIO-
THYECKOTO METabOou3Ma, B TOM YHUCIIE ITUKIIOB KPYro-
BOpOTa a30Ta, pochopa u npyrux 6ruoreHos [1].

HpI/I MMPOU3BOACTBC KAY€CTBECHHBIX MEXOBBIX HU3-
JleJIMi B IIPOLIECCaX BBIACIKU IIKYPOK MCIOJIb3YyeTCs
00JIBIIIOE KOJIMYECTBO BOMBI M PEArcHTOR, IIPU ITOM pac-
xo71 Bombl gocturaet 300 M Ha Beigenky 1000 opunH,
a B COCTaBe CTOYHBIX BOJ IPUCYTCTBYIOT XPOMCO/EP-

JKalue, KpaCUIbHBIE CTOKH U CTOKH OTMOYHO-MOEYHO-
00€3KMPHUBAIOIINX ONEPALNH C BBICOKHM COACPKAHUEM
9KOJIOTHYECKH OIACHBIX BEIIECTB, KOTOPbIE HEHTpau-
3yIOTCS1 00€CIIBEYMBaHUEM M COPACHIBAIOTCS B KaHAIU-
3anmio [2].

HecmoTps Ha BHeIpeHUe TEXHOJIOTHH BogocOe-
PEKEHUS B TEKCTHIIHBHOM IIPOM3BOJCTBE HA OTACIBHBIX
TIPEATIPUSATHSX 00BEMBI CTOUHBIX BOJ MOTYT TOCTUTaTh
1000 m3/cyTku. Pacxombl BOJbI U COCTAB CTOUHBIX BOJI
BapbUPYIOTCS B 3aBHCUMOCTH OT CTa UM TEXHOJIOTHYe-
CKOT0 TIpoliecca, TUIa OKPALINBAEMON TKaHH, XMMUYe-
CKUX XapaKTEPHCTUK KPACHUTEIsl, yCIOBUIl OKpalInBa-
uus (pH, Tremneparypa), BcioMoraTeabHBIX BENIECTB,
MIPEkKIE BCEro MOBEPXHOCTHO-aKTUBHBIX BEILECTB, Ne-
pOKCHIOB U Apyrux. OCTaTO4YHOE COonEp)KaHHE TaKuX
9KOJIOTHYECKH OIIACHBIX BEUIECTB KaK MOBEPXHOCTHO-
AKTHBHBIE B CTOUYHOH BOJIE MOKET BapbUPOBATLCS OT S5
1o 150, a kpacureneit go 200 mr/x [3].

AHanu3upys COBpeMEHHOE COCTOSIHUE METOJ0B
00€3BpeKMBAHUSI CTOUYHBIX BOJ KPaCHJIBbHO-OT/IEI04-
HBIX MIPOU3BOJICTB, CIEAYET OTMETHTh, YTO Hanbomee
palyoHalbHas cXxeMa KaHAIM30BaHHUs KPacHIbHO-OT-
JIETIOYHBIX TIPON3BOACTB IIPEAYyCMaTPUBACT pa3/iciicHIe
MIPOMBIIIIIEHHBIX CTOYHBIX BOJ HA MMOTOKH U JTIOKAJIBHYIO
UX OUUCTKY. 1 mMpeanpusaTHil ¢ HeOOIBIIUMH PacXo-
Jamu cTogHbIX Bof (1o 1000 ky6. M B cyTKn) paszmene-
HUE KaHAJIM3ALHHA MOJKET OKa3aThCsl HEpallMOHAIBHBIM.
[TosTOMy HE0OX0MMO NMPEABAPUTENBHO TPOU3BOJUTE
TEXHHKO-3KOHOMHYECKOE 000CHOBaHHE.

Bce u3BecTHBIE METOIBI OYHCTKU CTOYHBIX BOJ
KpPacHJIbHO-OTAEIOYHBIX POU3BOJCTB MOXKHO pasfie-
JUTH Ha TPH OCHOBHBIE TPyHIIHI [ 1—4].

1. Metons! peareHTHOH 00pabOTKH, OCHOBaHHBIE
Ha U3BJICUCHUU 3arpsA3HEHHUH B 0CaJ0K Ha XJIOMbSAX T'U-
JIPOKCHIIOB METAJUIOB — KOAryJslus, dJIeKTPOoKoary-
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nsiMs, HaropHas duorarust. B aTux Meromax HeoOXo-
VMO SMITMPUYECKH TOAOMPATh peareHThl U X J03bl,
pelIaTh BOMPOCH yTWIN3AIMU 1 00€3BPEKUBAHMS WIN
CKJIaTUPOBaHUs (IIOTONLIAMOB [5, 6].

2. CenapaTuBHBIE METO/bI, TAKHE Kak copouus,
Ha aKTUBHBIX yIIAX U MaKpOHMOPHCTHIX HOHHUTAX, 00-
paTHBIi ocMoc, ynbTpaduiIbTpanys, IIeHHas cernapa-
ous, anexTpoduoTanus. TexHomoruu 3pPeKTuBHEI,
HO TpeOyIOT NpeABaAPUTEIbHYI0 MEXaHOXUMHUYECKYIO
00paboTKy AJIsl yaleHus] HepacTBOPHMBIX PUMECEH,
CJIOXHBI B armapaTypHoM o(hOpMIICHHH U IKOHOMHYE-
cku 3arpartHsl [7-10].

3. JlecTpyKTHBHBIE METO/IbI, OCHOBaHHBIE Ha IITy-
OOKHX NpEBPAIICHUAX OPraHWMYECKUX MOJIEKYN B pe-
3yIbTaTe PeJOKC-NIPOLECCOB. DTH METOAbI TEXHOIIO-
TUYHBL, 3Q(QEeKTHBHBI, HE AAIOT 0CAaJKOB, HE BHOCAT
JIOTIOJIHUTENbHBIE 3arpsi3HeHus. 13 necTpyKTHBHBIX
Haunbosee MNPOKO NPUMEHSIETCS] OYMCTKA CTOKOB OKHC-
JIUTEJSIMH, pEareHTHOE BOCCTAHOBIICHHE, JIEKTPOMeE-
XaHWYECKash M JJIEKTPOKATaIUTHYECKasl AECTPYKIIHSL.
K mecTpykTHBHBIM e METOJaM OTHOCHUTCS U OMOXH-
muueckas ouuctka [11-13].

[TpuMeHUTENPHO K KOHKPETHOMY HPOHU3BOJCTBY
0TpabaThIBAIOTCS yCIOBHS OUMCTKH H, KaK ITPAaBUIIO, HC-
TIOJTb3YETCsI COBOKYITHOCTh METO/IOB, TaKasi TEXHOJIOTHs
Ha3bIBaeTCsl KOMOMHUPOBaHHOM [ 14, 15]. B muteparype
OITMCAaHBI Pa3IUYHbIC KOMOMHAIIMHN METOAOB, B YACTHO-
CTH MCIIOJb30BaHMsI IIUPOKOTO HA0Opa COPOIIMOHHBIX
MarepuasoB, TAKUX KaK pa3IM4HbIe YU, TOTy4YCHHbIE
U3 OTXOJOB CEJIbCKOXO3SHCTBEHHOIO MPOU3BOCTBA,
U HETIOCPEACTBEHHO CaMU OTXOABI: PHCOBas LIenyxa,
XJIOITKOBBIE OTXOJIbI, OIMJIKH, LIETyXa OPEXOB, a TAKXKe
MHHEpPAJIbHbIE COPOEHTHI, B YJACTHOCTU TIIMHUCTHIE MH-
Hepaybl: OEHTOHHUTBI, JOJIOMUTHI, MOHTMOPWIIJIOHHUTEI,
TIEPIINATHI, IIUTAKKA OT KOTEIbHBIX U TEIUIOBBIX 3JIEKTPO-
CTaHOWWA u ApyrHe. Jlydmumu copObeHTamMu s U3-
BJICYEHHSI TOBEPXHOCTHO-aKTHBHBIX BeliecTB (ITIAB)
1 KpacuTeJeH SBIAIOTCS aKTHBUPOBAaHHbBIE YT, IPU
BEIOOpE KOTOPBIX HEOOXOAMMO YUUTHIBATH PSII TpeOoBa-
Huii. [Ipex/e Bcero Takue yrim JOIKHBI ObITh KPYITHO-
TIOPHUCTHIMH, YTOOBI X BHYTPEHHSIS IIOBEPXHOCTH ObLTa
JocTtynHa st Auddy3un O0NBIINX HOHOB M MOHHBIX
accoraros ITAB.

YCcTaHOBIICHO, YTO CIOUCTBIE CUIIMKATHI, B YacT-
HOCTH MOHTMOPHJUIOHHUTSHI, SIBISIFOTCA 3(Q(PEKTUBHBIMU
copOeHTaMU /s yIaJeHHUsS KaTHOHHBIX KpacHTENeH,
a mocie uX MoaM(UKAIMNM W aHUOHHBIX KpacuTe-
neii [5]. B BaitkanbckoM permoHe UMErOTCs 3HAUUTEIb-
HBIE 3a11achl MOHTMOPHJJIOHUTOBBIX [VIMH, B Y4aCTHOCTH
TynnoHckoe MecTopoXxJeHne B peciyonuke BypsrTus.
CozneprxkaHne MOHTMOPHIUIOHUTA B TOPHOH TIOPOJE CO-
CTaBIAeT OK0J0 65 %, kaoauuuta 5 %. YcTaHOBIIEHO,
YTO JAHHBIH COPOEHT MOXKET OBITh PEKOMEHAOBAH IS
HCIOJIB30BAaHUS B KaueCcTBE COPOCHTA MOCIE MpeBa-
PUTEITHHON MOAM(UKAIIUH COJIIMU Kee3a, 00padboTKu
YABTPA3BYKOM.

OO6pasyroumiecs pu OYHCTKE 0CATKH MOTYT OBITh
YTHIN3WPOBAHBI KaK HEMIOCPEICTBEHHBIM HCITOIb30Ba-
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HHUEM B KauecTBe J00aBKH IPH U3TOTOBICHUH IPYHTOB
U LIMATICBOK, MPUMEHSEMbIX JIJIsl BRIPABHUBAaHUS Me-
TaJUIMYECKUX ITOBEPXHOCTEH, TaK U METOJaMU BEPMHU-
KOMITOCTHPOBaHUSA [4].

Takum 00pa3zoM, B HACTOSIIEE BPEMsI IPEIIOKEHO
OTrPOMHOE MHOXECTBO TE€XHOJIOTHH JIOKAJILHON O4YHCT-
KM CTOYHBIX BOJ] KPACHIBbHO-OT/IEJIOYHBIX TIPOU3BO/ICTB,
OJTHAKO MX MPUMEHEHHE He BCerna peHTaberbHOo, 0COo-
O6eHHO U1t ManbIx npeanpustuid. [loatomy npearnpu-
SITUSL TIPEATIOYNTAIOT HAPABIIATH CTOYHBIE BOABI ITOCTIC
MIPEABAPUTENBEHOTO pa30aBiIeHNs] Ha OMOIOTHYECKHE
OYHCTHBIE COOPYKEHUSI.

bronoruueckas 04McTKa UMEET PSR BaKHEHITNX
nperuMyIecTB. MUKpOOPraHU3MbI OCYLIECTBIISIIOT MO
HYIO I€CTPYKIMIO 3arpsi3HEHNH J10 Ta3000pa3HbIX Mpo-
JIyKTOB M BOJBI, 00ECIIeUnBasi TEM CaMbIM KPYTOBOPOT
3JIEMEHTOB B Ipupoae. B mporecce OHOIOrHYECKOM
OYHMCTKH Y4YacTBYIOT a3poOHbIe M aHa poOHbIe OakTe-
pun. B a3poOHBIX cucTeMax akmenTopOM 3JIEKTPOHOB
BBICTYIIAET KKCIOPOJ, @ B aHAYPOOHBIX — CaMo opra-
HHUYECKOe BelecTBO. KOHeUHBIM MPOIYKTOM OKHCIICHHS
B a9pOOHBIX CHCTEMAX SIBIISIOTCS YIIICKHUCIIBIN ra3, Bosia
1 HOBBIE KJIETKH, a B aHa3POOHBIX cucTeMax (0e3 Kuc-
JIOpPO/ia) KOHEUHBIE MPOMYKTHl — METaH, YIJIEKUCIIbIH
ra3 ¥ HOBBIE KJIETKH [16]. B muTeparype mMeeTcss MHO-
TO IaHHBIX O CIIOCOOHOCTH MHKPOOPTaHU3MOB 00ecII-
BeuuBaTh kpacurenu [17-20]. B yacTHOCTH, ITaMMBbI
npoxokeit Candida parapsilosis, Yarrowia lipolytica
u Candida pseudoglaebosa, BeIIeICHHBIC ¢ OYUCTHBIX
COOpYKEHHH, OBUIN MPOTECTUPOBAHBI HA UX CIOCO0-
HOCTh 00ecCI[BEUNBaTh TEKCTHIIbHBIE KpacuTenn. Kak
KOMMeEpYeCKHe TeKCTUIIbHBIE CUHTETHYECKHE KpacH-
Tenu (peakTUBHBIE, TUCTIEPCHBIE, TPSIMbIE, KUCIIOTHBIE
1 OCHOBHBIE), TaK M UCKyCCTBEHHBIC TEKCTHIILHBIE CTO-
ku (Bcero 32 pacTBopa) H00aBIsUTH B CpeAy it 00ecCIl-
BEUUBAHUS BMECTE C JPOXOKAMHU (OTIENbHBIE ITaAMMBI
1 KOHCOPILIMYMBI), 1 00€CIIBEYNBaHNE OLIEHUBAIIN CIIEK-
TpooToMeTpruecKH B TeueHue 48—72 4. YCTaHOBICHO,
YTO JPOXKKH OBLIM CIIOCOOHBI IIPOBOJUTH 00ECIBEYH-
BaHHE 3a CUET aAcopOIuu U Onoperpagannu 28 Kpa-
cUTeNel ¥ UMUTUPYEMBIX CTOYHBIX BOJ Ooyiee ueM
Ha 50 %. Y. lipolytica u C. pseudoglaebosa nokazanu
HaWIydIIne pe3yIbTaThl C HCTHHHBIM 00€CIBEUNBAHH-
€M pPeaKIMOHHOCIOCOOHBIX KpacuTenei, ooree 90 %
mpu 100 mr/n [20].

IomHast 3 pekTHBHOCTE 0OecBeUnBaHIS HaOII0-
Jlajach B Cpejie ¢ MUHEPaIbHOM COJIbIO, COJleprKallen
10 150 Mr/in KpuCTayIMYEeCKOTO (HOJIETOBOTO KpacH-
Tenst Ha MHOKyaTax Enterobacter sp. CV-S1, ucnbiran-
HBIX NIpU 72-4acoBOW MHKYOAIMH MPU BCTPSIXUBAHUU
npu temneparype 35 °C u pH 6,5. [loka3aHo, 4To uieH-
tudunuposannsie OakTepun Enterobacter sp. CV-S1,
MTOJITBEPKCHHBIE CEKBEHUPOBAHUIO16S prbocoMHOM
PHK, criocoOHBI k a3po0HOI JIerpaganun KPUCTaILIH-
geckoro ¢uoneroBoro [19] u MOryT OBITH UCTIONB30BA-
HBI B OYMCTKE TEKCTHIIbHBIX CTOUHBIX BOJI.

JI0CTOMHCTBOM SIBIISIETCS U TO, YTO OMOJIOrHUecKast
o4rcTKa Haubosee sKoHOMHUYHA. [Iporiece Onomormye-
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CKOM OYHCTKH OT KPACHUTEJICH MOXKET OCYIIECTRIATHCS
B Pa3IMYHBIX COOPYKEHHUAX: adPOTEHKaX, OHOPUIb-
Tpax, OMopeakTopax u mpynax.

B nacrosiee Bpemsi xopouro cedst 3apeKoMeH/10-
BaJM (UTOTEXHOJIOTUN OYMCTKU CTOYHBIX BOJ KaK KO-
HOMHYECKH BBITOJTHOE H SKOJIOTHYHOE perreHue. K HimM
OTHOCSTCS IUIaBaINue (HUTOIIIOMANKH (OUOIIATO)
1 UCKYCCTBEHHBIE BOJHO-0010THBIE yroass (CW) u T.1.
OTH TEXHOJOTHH OCHOBAHBI Ha CHHEPTU3ME MEXIY
pacTeHHEM U ero pu30CHEPHBIMH WIH YHIO(PUTHBIMU
MHUKpPOOHBIMHU cooOIIecTBaMu. [[pUMEHHUTENBHO K CTOY-
HBIM BOJaM TEKCTIJIBHBIX MPOU3BOACTB IOCTPOCHEI
kpymHoMaciTadusie CW u pOBECHBI COOTBETCTBYIO-
[Me UCTIBITAaHMS, T0Ka3aHa nX dQGEKTUBHOCTH [21-24].
B kadecTBe pacTeHUH, CIIOCOOHBIX METabOIH3UPO-
BaTh WJIM HAKAIUIMBATh KPACHTENIH, UCTIBITAHbI Salvinia
molesta [22], Typha angustifolia [23], canoBbie u npyrue
pacrenus [24].

B vacTHOCTH, HaMU JI0Ka3aHO, YTO BOBMOXHO MPHU-
MEHEHHE (PUTOTEXHOJIOTHI B 00€3BPEKUBAHIH KPacCH-
Tenell TpU(QEHWIMETHOBOTO psija. YCTAHOBIICHO, YTO
BOJIHBIC pacTEHHUs, 00Jafasi MePOKCUIa3HONH aKTUBHO-
CTBIO IIPH HAJMYWHU NMEPEKUCH BOIOPOJA B MIPHPOTHON
BOJIC WJIM B CAMUX PACTCHHSIX, CIOCOOHBI 00€3BpekKH-
BaTh Kpacurenu. [Ipu 3ToM mporecc 00e3BpeKUBAHUS
ABJISIETCS KOMILIEKCHBIM; MPOUCXOIUT HAKOIIJICHHE
7 MeTaboNn3M, TP KOTOPOM MPeOoOIafaroniiuM sSBIs-
eTcsl pepMEeHTATUBHOE OKHUCIICHHE. BhICOKHE CKOpOCTH
WU3BJICYCHUS KpacUTeNIe paCTeHUSIMH C TTOBBIIIIEHHON
AKTUBHOCTBIO MEPOKCHIa3 MO3BOJISIOT PEKOMEHJIO-
BaTh UMCHHO MX MOCAJKH B CICIUATBHBIX MPyIaX s
OYHUCTKH OT Kpacurenei [3].

Lenpro HacTosIIEeH paOOTHI ABIAETCS pa3padoOTKa
KOMOMHHPOBAHHOHN TEXHOJIOTUU OYHUCTKU CTOYHBIX BOJI
OT KpacHuTeNel ¢ MCIOIb30BaHNEM KOMIIO3UTHOTO COp-
OeHTa, TOITYIEHHOTO OKOMKOBAHHEM ITBUIEBBIX OTXOI0B
METaJTyprHYeCKON MPOMBIIUICHHOCTH, U (PUTOTEXHO-
JIOTUYECKOTO TOM3BIICUEHISI KpacHuTenel B Ononpynax.

MATEPHUAJIBI U METO/JbI

OOBEKTOM HCCIIEOBaHNUS SBISIIICH KOMIIO3UTHBIE
NOPHUCTHIE MaTepHalibl HA OCHOBE MBUICBUIHBIX OTXO-
JIOB KPEMHHEBOTO U JIFOMHHUEBOTO MTPOU3BOACTB, I10-
JMYYECHHBIC IT0 METOJIMKE OKOMKOBaHuUs (puc. 1, b), nmpen-
JIOKCHHOU aBTOPAMH.

B kagecTBe CHIpbS IUISI TMONYYEHUS MOPUCTHIX
KOMIIO3UTHBIX MaTepHajioB HCIOIb30BaIH BUIb Ia300-
YUCTKU KPEMHHUEBOTO Mmpon3BocTBa (AO «KpemHmii»).
[Ibute pencTaBisieT cob0i MBIICYHOC M3 TOPHA JJIEK-
TPOIIEYH M COAEPKUT IPOAYKTHI U3METBUCHUS U XUMH-
yeckux peakuuit mmxTel. ExxeroqHo 3A0 «KpemHuin»
pasMemaer B nuramoxpanmiamax g0 2500 T Takux
OTX0JI0B. B coOTBETCTBHU C TeXHONOTHEH BBIJEICHHUE
IBUTH TIPOU3BOJUTCS B IUKJIOHAX, CYXHM CIIOCOOOM
BhIAEIsIeTCa KpynHas ¢pakmust 10 20 %, u B Tpybax
Bentypu mmyrem nomomeHus TOHKOH (Gppakiuy BOTHBIM
pacTBOpOM KaJIbIIMHUPOBAHHOM COZBI M HAIIPABJICHHUS
[lamMa Ha IjaMoBsIe moinsi. B pabote ncnonb3oBanu

yCpeqHEHHbIE POOBI IBUTH HEMIOCPEICTBEHHO CO LIa-
MoBbIX nosiet AO «Kpemuuit» B r. Illenexos. Xumuue-
CKHI COCTaB MbUIM NPUBEAEH B Ta0I. 1.

HccnenoBaHusi XUMHYECKOTO COCTaBa BBINOJI-
HSIJIM Ha PEHTTEHO-(IIyOPECIICHTHOM CIIEKTPOMETpE
ARL-9900 npoussoactea CIIIA, npeanazHadueHHOM
JUIS. ©3MEPEHUSI MacCOBOI1 JOJIM JIEMEHTOB B METaJl-
JMYECKUX W HEMETAITMYECKIX 00pa3nax, HaXOAAIIHX-
Cs1 TBEPJIOM, ’KHJKOM U ITOPOLTKOOOPA3HOM COCTOSTHUN
B aKKpeJIUTOBaHHOH Jaboparopun LleHTpa KOUIeKTHB-
HOTO monb3oBaHus «TexHocdepHas 6e30macHOCTH
NPHUTY.

B kauecTBe 100aBKM K OCHOBHOMY KOMIIOHEHTY
HCTIOJIB30BAN TBUTb JIEKTPOPHUIBTPOB ATIOMHHHEBO-
ro npousBozcTBa (MpKyTCKuil aTtOMIHIEBHIN 3aBOJ).
VcTounnkamy JaHHOW MBUIN SIBIISIOTCS YaCTHYKH TITH-
HO3eMa, (PTOPHUCTBIE CONH, YIIEPOA, 00pa3yromunics
B IIPOIIECCE AIEKTPOXUMHUECKOTO Pa3pyILICHUS YTOIb-
HOTO aHOJ1a, @ TAK)KE MPOAYKTHI HCTIAPEHHS 3JIEKTPOIIH-
Ta U caM IeKTPONUT. [TbIIb ANEeKTPOPUIETPOB COCTOUT
B OCHOBHOM M3 ()TOPUCTBIX COJIEH, yIiiepoaa U OKCUIa
AIIOMUHMSL, TTOJIMIUKINYECKUX apOMaTHUYECKUX YIye-
BonoponioB (ITAY) [26]. CTOUT OTMETUTH, YTO UCTIONb-
30BaHHME JTaHHOTO MENKO(MPAKIHOHHOTO Marepuala
B OKOMKOBaHHBIX KOMIIO3UIUSAX CIIOCOOCTBYET IIOBBI-
LICHUIO MX IPOYHOCTH 3a CUET COJEepIKaHUsI B COCTaBe
CMOJIMCTBIX BemiecTs (Tadi. 2) [25, 27-29].

O0pa3ipl KOMIIO3UTHOTO COPOEHTA TOTOBUITH METO-
JIOM OKOMKOBaHUsL. 71 oy YeHust SKCIIepUMEHTAIBHON
MapTUH OKOMKOBAHHOT'O COPOCHTA CMEIIMBAIN CIIEIYIO-
Ire KOMIIOHEHTHI, %: MBLUIb Ta3oo4ducTku (23-27 %),
MIBUTB 3JIEKTPO(UIBTPOB ATIOMUHHUEBOTO MPOU3BOJ-
cTBa B cooTHomeHnH 4:1 u OMOYronb, IMOIydYEeHHBIE
W3 CeNbCKOXO3SIMCTBEHHBIX OTXOIOB B KOJIWYECTBE
51-53 %, 3arem mobaBrsum sxunkoe crexno (pH 11,4 —
I'OCT 13078-81) 14-15% n MenKOKpUCTAIUINIECKUN

Ta6a. 1. XuMuveckuid cocTaB MBLUIH Fa3009UCTKH KPEMHHE-
BOTO TPOU3BOJICTBA

KommonenT Coneprxanue, % macc.
SiO, 86,3
ALO, 0,37
Fe,0, 0,30
CaO 1,4
MgO 1,20
(O 58
Na,O 0,07
SO, 0,14
PO, 0,12
K,0 0,28
TiO, 0,02
SiC 4,15
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Ta6a. 2. Xumudeckuit cocTaB IMbUIM IEKTPOGHUIBTPOB aITkO-
MUHHMEBOTO NPOU3BOJICTBA

Kommnonent Conep:xanue, % Macc.
Na AlF, 12,14
Na,ALF , 11,02
NaF 2,5
AlF, 0,7
K, NaAlF 2,8
CaF, 1,5
MgF, 1,35
AlLO, 30,80
Fe O, 2,02
Sio, 0,5
Na,SO, 4,05
C 26,55
CMOJIHCThIC BEILIECTBA 4,68

kpemHuit (4-5 %). JlaHHOe BeliecTBO o0nagaer ajre-
3MOHHBIMH CBOICTBaMH, KPOME TOTO, H3BECTHO, UTO
p3aumozeiictBre NaOH, BXOASIIEro B COCTaB KUIKOTO
CTEKJIa, U MEITKOKPUCTAIITUYECKOTO KPEMHHUS COIIPOBO-
JKIIAeTCSl aKTUBHBIM BBIZICTICHHEM BOJOPOJa COTJIACHO
3K30TEPMHUUYECKON pEaKLUU:

Si+ 2NaOH + H,0 = Na,0 - SiO, + 2H, 1.

DT0 cmocoOCTByeT 00pa3oBaHHUIO MOPUCTOH
CTPYKTYpBI KOMIIO3UTOB. [I03TOMY B KadecTBe peareHTa
HCIIONIB30BAJICS €Ille OAMH OTXOA METaJUTypru4ecKoro
MPOU3BOJICTBA — MEJIKO(PPAKINOHHBIA KPEMHHMH, HIIH
TaK Ha3bIBaeMbIil «pot-ckpamy». McTounnkoM o6paso-
BaHMs JaHHOTO TEXHOI'€HHOI'O MaTepHalia SBIAIOTCS
OCKOJIKH, 00pE3KH U IPyTHe OTXObI KPEMHHEBOTO IIPO-
W3BOJCTBA, 00pa3yIoIIecs C 0OCTATKaMU THIVICH JUO0
(byTepoBKH, CO cllefaMu OKUCIIeHus, akoM. [loce
paduHUPOBAHUS TAHHOTO NMPOAYKTa COIIACHO Tpebo-
BaausaM ['OCT 21 38-91 BO3MOXHO MOBTOPHOE €T0 MC-
MOJIb30BAHUE B Ka4eCTBE 100ABKH K 00OPOTHOMY ChI-
PBIO TIPH TIOYYCHUH MAPOK KPEMHHS C MOHIKEHHBIMH
TpeOOBaHUAMHM K Ka4eCTBY, a TAKXKe [0CiIe H3Melbue-
HUSA «POt-CKpaID HCIOJB3YIOT IS OJICHIIKU B H3JI0K-
HUUb! (Tabdmn. 3).

CopOunoHHBIE CBOHCTBAa KOMIIO3UTHBIX MaTepu-
aJIOB Ha OCHOBE IBLICH ra3004MCTKH KPEMHHEBOTO
U aJIFOMUHHEBOTO IIPOU3BOACTBA OLICHHBAIIHU I10 METO-
quke F'OCT 4453-74. Uepe3 KOMIO3UTHBIE MaTepHAIIb
MPOIYCKAIH PACTBOPHI UCCIEAOBAHHBIX KpacHTeeH

Tao6u. 3. XuMudeckuii COCTaB MEIKOPPAKIIHOHHOTO KPEMHHUS

U OIIEHMBAJIHM OCTATOYHOE UX cofepk aHue (HOTOKO-
JIOPUMETPUYSCKUM METOJOM Ha CIIeKTpodoToMeTrpe
FOHUKO 1201 (Poccns). D¢phekTuBHOCTD OYUCTKH
paccuuThIBaIU IO QopMyIe:

5=(C,~C,)-100%]C, (1)

rae CO — WCXOAHAs KOHIICHTpAIus, I/1; Cp— paBHO-
BECHAas KOHIICHTpAIus, I/JI.

®DUTOCOPOIMOHHBIC CBOVWCTBA BOIHOW PACTUTEIh-
HOCTH MCIIBITHIBAJIN B YCIIOBHUSIX JIAOOPAaTOPHOTO IKCIIE-
pumenra (puc. 1, a). B pabote ucrnons3oBanu BOIHBIE

Puc. 1. IIpouecc u3yueHus copOLUK M3 MOJCITHLHBIX BOTHBIX

PacTBOPOB Ha BOJIHBIX pacTeHHsX (a) U KOMIIO3UTHOM COp-
ocHnrte (b)

IMpumecs Si

Fe Al Ca Ti P

Cpennee coageprkanue, % macc. 99
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0,45 0,34 0,067 0,0348 0,0025
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Taou. 4. YcIioBUs MaKCHMaJIbHON S(b(beKTI/IBHOCTI/I OYHMCTKH OT KpacuTeneﬁ TNOPUCTBIM KOMIIO3UTHBIM COp6eHTOM U3 MOJCJIb-

HBIX paCTBOPOB

s | B | Tomgmm || | Sbermmeen
KucnotHsli KenThlil CBETONPOYHBIN 5 45 15-20 6 97
Kucnotnasrit cunnit K 1 15 15-20 5 100
KucnorHslit spko-KpacHbIH 1 10 20 7 100
Katuonnstit opamxessiii 2K 2 30 20 7 91

pacTeHus, npouspacraromue B p. AHrapa. Pactenus
coOupasnn TpaaoM, 0CBOOOXKAAIN OT TPyHTA, POMBI-
BaJIM ¥ KyJBTHBUPOBAJIH B JIaOOpaTOPHU B aKBapHyMax
C JIeXJIOPUPOBAHHOM BOZOH MPH YMEPEHHOM OCBEIIe-
Huu U Temneparype 14—16 °C. O6bekToM UccienoBa-
HuUl ObLIa Anonest kanajackas (Elodea canadensis).

B xon6s1 emrocTero 500 M1 TOMeIand HaBECKHA
BOJHBIX pacTeHui u3 pacuera 1, 5 u 10 /i1, 3amonHs-
JIM BOJIOW C 3aJaHHBIMHM KOHIICHTPALUSIMU KpacuTe-
JIEH ¥ 3KCIIOHNPOBAJIN B TEPMOJIOMHHOCTATE MPU OC-
BEIEHHOCTH 2—2,5 ThIC. JK IpH TemrmepaTrype oT 18
10 20 °C. Yepes onpeJeseHHbIe IPOMEKYTKH BpeMe-
HHU OTOMpanu NpoObl U aHATU3UPOBAIN OCTATOYHOE
coJepkaHue Kpacutesnei. Bo Bcex mccienoBaHMsX
MapajuleNbHO CTABIIIN KOHTPOJIBHBIE HKCIIEPUMEHTHI:
pacTBOpHI KpacuTeleil 6e3 pacTeHuil, ¢ pacTeHUsIMH,
MIpEeIBAPUTEIHHO TEPMOOOPAOOTaHHBIMH HIIM CTEPH-
au3oBaHHBIMHA 0,1%-HBIM pacTBOPOM cyneMsl (¢ Imo-
cJeayromeld TPOMBIBKON NTUCTUIUIMPOBAHHON BOJOM).
OuennBany 3p(HEeKTHBHOCTD OUMCTKH, % OT HCXOIXHOTO.

HccnenoBanne COPOLMOHHON aKTHBHOCTH IPO-
BOJIMJIM Ha MOJIENIBHBIX PacTBOpax KpacuTesei: Kuc-
TOTHBIN kenTeiit cBeTonpouyHsrid (C.I. Acid Yellow
11), xucnorneiii cunuit K (C.1. Acid Blue 120), kuc-
notHbIi sipko-kpacHsblid (C.I. Acid Red 1), (C.I. Basic
Orange 21). CogepxaHue KpacuTelns B BOXHOH da3ze
OIIpEeNeNIsIIN CHEKTPOPOTOMETPUUECKH 10 TPajyHpo-
BOYHBIM rpa)ukam, HOCTPOESHHBIM IIPH COOTBETCTBY-
IOLIMX AJTMHAX BOJIH C HCIIOJIb30BaHUEM CTaHIaPTHBIX

pactBopoB kpacureneil. Conepxanne Ha copOeHTe pac-
CUHUTBIBAJIM 11O PA3HOCTHU MEKIY I/ICXO[[HOf/i 1 paBHOBEC-
HOW KOHIICHTpAaIMed B BOMHOU (hase.

PE3VYJIBTATHBI HCCIEJOBAHUASA

[Ipu n3yueHnn cOpOMMOHHBIX CBOMCTB KOMIIO3HT-
HOTO COpOEHTa Ha OCHOBE NBUIEBBIX IMPOMBIIUICHHBIX
OTXOZI0B KPEMHHEBOTO U aJOMHHHEBOIO MPOU3BOJ-
CTBa YCTaHOBJIEHO, YTO CKOPOCTh IpoLiecca ajcopoun
U CTCIICHb U3BJICYCHUSA KpaCHTeJ’leﬂ 3aBHCUT OT MaCChI
copbeHTa, Temreparypsl U pH cpenbl MoaeIbHBIX pac-
TBOPOB, ITPOJIOJDKUTEIILHOCTH CTaTHYECKOW 00paboTKu
Y TIPUPOJIBI UCCIIEIyeMOTO KpacuTels (Tadm. 4).

Kak crmenyer u3 NmpUBENEHHBIX NAHHBIX, HaH-
6ombmrast 3pPeKTUBHOCTD OYUCTKH MPOUCXOAUT TIPH
Macce copOenTta ot 1 10 5 1, BpemeHu koHTakra 30 Mu-
HyT, Temneparype 15-20 °C u pH cpens! B ntuana3one
or 5 ao 7.

dopma M30TEPM IMO3BOJISIET MPEANOI0XKHUTH,
YTO aAcOpOLHUs KpacuTess MPOUCXOIUT MOHOCIOEM
1 B Tabi. 5 nmpuBeneHbl NapaMeTpbl H30TEPM, PacCUH-
TaHHble 110 MozessM Jlenrmiopa u @pelHunxa.

HccnenyeMple KOMIIO3UTHBIE COPOCHTHI UMEIOT
MIOPHUCTYIO CTPYKTYPY KaK BHYTpPH, TaK M CHApYyKH, 4TO
YCTKO MPOCIICIKUBACTCA IIPU UX BU3YAJIBHOM OCMOTPE
(puc. 2). OTu copOEHTHI MOXKHO JIETKO YJOKHUThH B rabu-
OHHBIE COOPYKEHHSI KaK (PUIIBTP NMPEAOYNCTKY.

Tab6a. 5. [TapameTpsr H30TepM ancopOLUN KpacuTeNeil Ha KOMIIO3UTHOM COpOEHTe, paccyuTaHHBIE IO MojesaM JleHrMiopa

u OpeitHanmxa

Kucnornsrii . . .
N KucnorHeri Kucnorabrit Karnonusrit
Mogens [Tapamerpsl Moaenn JKEJITHIN N . .
. cunuit K SIPKO-KpacHbIN | opaHxkeBbIi K
CBETOMPOYHBIN

K, 20,06 19,42 18,33 12,95
Jlenrmiopa r . MMOJIB/T 0,362 0,560 0,112 0,113
R, 0,998 0,991 0,995 0,981
K, 4,79 14,41 1,87 1,936
Dpelinmnxa 1/n 0,632 0,586 0,705 0,700
R, 0,914 0,912 0,951 0,961
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Ta6u1. 6. KoHCTaHTBI CKOPOCTH 3MUMHHUPOBAHUS KUCIOTHOTO KenToro cBetonpoynoro (K, cyr') BOQHBIME pacTeHHAMH LIS

Pa3HBIX UCXOAHBIX KOHIeHTpauuii (Guromacca pacrennii 10 r/n; temneparypa 18 + 2 °C; pH = 6,8)

HcxoaHast KOHIEHTPALMS KPACUTEIsT, MI/IT

YcnoBus ornbiTa

5 10 30
B npuponnoii Boge 6e3 pacteHuit 0,109 + 0,046 0,069 + 0,024 0,051 + 0,002
C anoneeit kKaHACKOH 0,420 £ 0,038 0,207 £ 0,025 0,442 £ 0,046
C pOTOIUCTHUKOM TEMHO-3€JICHBIM 0,320 + 0,064 0,061 + 0,031 0,242 + 0,061
C ypyTbiO MyTOBUYATOMN 0,218 + 0,094 0,088 + 0,077 0,235+ 0,106

OKCNEPUMEHTAIbHO YCTAHOBJIEHO, YTO B IIPUCYT-
CTBUH UCCJIEyEeMbIX BOJHBIX PACTEHUIN MPOUCXOIUT
0ojiee NHTEHCUBHOE CHIDKEHUE COAEPXKaHHS KPacH-
TeJeil B pacTBOpE 10 CPAaBHEHUIO C KOHTposieM. Ye-
pe3 5 CyTOK BOJHBIE pacTeHMs yHaanstoT 10 65-80 %
KpacuTesed OT UCXOAHOT0. B KOHTPOJIBHBIX ONBITaX
0e3 pacTeHn# WIM B ONBITaX C PACTCHUSIMH, IpEaABa-
PUTEIHHO MHAKTHBUPOBAHHBIMU KHIISTYEHUEM, HAOJIIO-
JaeTCsl 3HAYUTEIbHO MEHEE HHTCHCUBHOE CHUKECHHE
coneprxanus terpanukinHaa (Ha 30—40 % oT ncxogHO-
TO YPOBHS).

Puc. 2. TTony4eHHbIe TyTeM OKOMKOBaHUs 00Opa3ibl COpOeH-

TOB HA OCHOBE CMECH ITBUIN Ta300YUCTKH KPEMHHEBOTO MPO-
U3BOJCTBA U NBUIH 3IEKTPOGUIBTPOB ATIOMUHHUEBOTO IIPOU3-
BOZICTBA

108

[Mpouecc »MMMUHUPOBAHUS KpacuTesel onnchBa-
€TCsl ypaBHEHHUEM TIEPBOTO ITOPSIKA, KOHCTAHTBI CKOPO-
CTH 3TOTO IpoIecca Ha MMPUMepe KIUCIOTHOTO KEITOTO
CBETOIPOYHOTO MpHUBEACHH B Tabn. 6. B HacTosmem
COOOIIEHNH TIOA ATUMHUHUPOBAHUEM MTOHHUMAETCS BCS
COBOKYITHOCTb IPOIIECCOB, MPUBOISIINX K YMEHbIIIE-
HUIO COZIep)KaHUs KpacuTesiell BO BHEIIHEM pacTBOpe
7 BKIIOYAIONINX KaK MOTIIOMICHUE PACTCHUSMH, TaK
1 MeTaboIu3M 1o nelicTBueM (epMEHTHBIX CHCTEM
pacTteHuii ¥ MUKpPOOHBIX COOOIIECTB.

N3 Bcex uccnenoBaHHBIX PacTeHU HauOOobIIas
CKOpPOCTh JJIMMHUHUPOBAHUS XapaKTepHa IUIsl 3JI0AEH
KaHaJICKOH TPH BCEX MCXOIHBIX KOHIIEHTPALUIX TeTpa-
[UKJIFHA.

YcTaHOBIIEHO TaKXe, YTO C YBEIUYCHHEM (UTO-
MAacCHI 3JI0IeV TIPH MCXOAHOM KoHIeHTparuu 10 Mr/n
HadaJlbHbIE CKOPOCTU AIUMUHUPOBAHUS BO3PACTAIOT.
Ora 3aBUCUMOCTbH ONMCHIBACTCS JIMHEHHBIM ypaBHEHH-
em Y =0,142 X + 0,356 ¢ xoadpdhunmenTomM Koppensun
R=0,99.

BuoxuMmuyeckas mpupona SMMMHUHALINN B CITydae
30U KaHAJCKOM MOATBEPKIAETCS JTMHEUHON 3aBU-
CHMOCTBIO HAauaJIbHBIX CKOPOCTEH IMMHHHUPOBAHUS
B OKCIIEPUMEHTaX C TOMOT€HATaMH AJI0ieu U (PEePMEHT-
HBEIMU TIpenaparamMy, MOJYYCHHBIMH TPH TPOMBIBKE
alleTOHOM, B YAaCTHOCTHU Mepokcunaa3zoi. Panee co-
BMECTHO C YYCHBIMH U3 [ py3un HaMu OBLIN BIIEPBBIC
BBIJICTICHBI ¥ M3yYCHBI CBOMCTBA MEPOKCHUIA3HI M3 HII0-
nen ka"azackoi [30]. Ilpu u3yueHUHn METOIOM Treib-
¢bubTpalK ObIJIO YCTaHOBJIEHO, YTO B 3JI0JEE HMEIOT-
cs MepOKCHUIa3bl ¢ MOJEKyIsIpHEIMA MaccaMu 94 000,
67 000, 56 000 u 48 900. OntTumym pH HU3KOMOIEKY-
JSPHOH (pakuy MepOoKCHIA3H 5,6—6,2, a BRICOKOMO-
nexymsipaoit — pH 4,1-5,0. CnegoBarensHo, B Iporiec-
ce SITUMUHUPOBAHUS KpacHTeNel BO3MOXXHO ydacTHe
MepOKCHIa3 B LIMPOKOM Juarna3zone pH.

Ha ocHoBaHUM 3KCIIEpUMEHTAIBLHBIX JAHHBIX OBLT
paccunTaH GUTOpEMETUANIMOHHBIA TOTCHIINAT BOJHBIX
paCTeHUH MO KPAaCUTEISAM IJIs Pa3HBIX HCXOMHBIX KOH-
HeHTparwii (tadm. 7).
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Taoda. 7. dutopeMeanaiOHHbII TOTEHIUAI 10JeU KaHa-
CKOM K KpacHTEJsIM, MI/T CBIpOTO Beca IpPH TeMIleparype
20°C,pH7

®dwuro-
Bpewms o
peMeanaOHHbIH
Kpacurens 9KCIO3UILIHH,
IIOTCHIHAII, MI/T
CyT
CBIPOTO Beca
o |
. 7 1,80
CBETOMPOYHBIN
Kucnorusrit 3 0,46
cunnii K 7 0,71
KucnorHeri 3 0,81
SPKO-KPaCHBIN 7 1,04
Karnouusrit 3 1,25
opankeBbIif JK 7 1,86

3AKJIIOYEHUE U OBCYXJIEHHUE

OCHOBBIBasICh Ha JIaHHBIX J1aDOPATOPHBIX HC-
CIIEIOBAaHHUH, MOKHO TPEJIOKHUTh THOPHUIHYIO TeX-
HOJIOTHUIO OYUCTKHU CTOYHBIX BOJ OT Kpacureiel,
COUYETAIOIIYI0 TEXHOJIOTHH COPOIIMOHHOTO U (PUTO-
TEXHOJIOTUUYECKOI'0 U3BJICUCHUSI KPACUTENEH, IIyTEM
CO3JaHHs TaOMOHHBIX COOPYXKEHHUH, 3aMO0JHEHHBIX

KOMIIO3UTHBIM COp6eHTOM, " NOoCaJKu BOAHBIX pac-
TEHUI.

OJHUM U3 CYIIECTBEHHBIX NPEUMYIIECTB OYUCT-
HBIX COOPY)KEHHUI C MCIOJIb30BaHNEM (DPHUTOTEXHOIOTHU
Y raOMOHOB SABIISIETCS MX J0JTOBEYHOCTb. [louTH nonHoe
OTCYTCTBHE HACOCHOTO 000pY/IOBaHMs, Oiarosapsi camo-
TEYHOMY IBMIXKEHHIO OYMINAEMON BOJBI, 0OECIICUMBACT
OYHMCTHBIM COOPYXXEHHUSIM Ha OCHOBE (PUTOTEXHOJIOTHH
TIOYTH HEOTPAHWIEHHBIH ITepHOA SKCILTyaTaryu. 113 MHO-
KECTBa BApHAHTOB MHXCHEPHBIX COOPYKEHHH (UTOTEX-
HOJIOTMYECKOH OYMCTKI MOKHO PEKOMEH/I0BAaTh OHOIIIAaTOo
B COYETaHNN C TaOMOHHBIMI KOHCTPYKIMsIMHU. Komrreke
OMOILIATO ISl OYMCTKH CTOYHBIX BOJ MOXKET COCTOSITH
U3 CIEIYIOMINX COOPY)KCHHH: COOPYXKEHHSI MEXaHUYe-
CKOM OYHMCTKH, a JUISl IPOU3BOACTBEHHBIX CTOYHBIX BOJ
eIIle ¥ COOPYKeHMS (PH3UKO-XUMHICCKON OUUCTKH; (DIITH-
TPalMOHHBIE OJIOKH C BEPTUKATBHBIM U TOPU30HTAIBHBIM
JBYKEHHEM BOJIbI; TIOBEPXHOCTHBIEC OJIOKH.

I'aGnOHBI MPEKPACHO BIHCHIBAIOTCS B OKpPYXKa-
IOLIYI0 Cpelly, HEPEIKO MOYTH IOJIHOCTHIO CINBAsCh
¢ Heil. OHM He TOJBKO HE YMAJISIOT 3CTETUUECKOM LIeH-
HOCTHU TIPHUPOJHI (B OTIUYHE, HATPUMED, OT COOPYXKe-
HUIA U3 Kene300eToHa), HO JIaXKe JIOIOJHSIOT ee.

Jlns peanu3zanuu JaHHOW TEXHOJIOTHH HEOOXOIH-
MO U3YYUTb MCXaHUYCCKUE CBOMCTBA KOMITO3UTHBIX
COpOCHTOB M pa3paboTaTh TEXHUYCCKUN pEerjaMeHT
Ha IMoJy4eHHe.
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INTRODUCTION

Nowadays people tend to follow fashion trends
and wear clothes made of brightly coloured fabrics and
furs. A large set of chemical reagents are used for their
production, including dyes, tanning agents, surfactants,
etc. Multicomponent wastewater with changeable com-
position is generated following the dyeing cycle and
treatment of materials. Their further processing needs
advanced integrated innovative approaches. If local
treatment facilities are not installed, environmental
consequences of water body pollution will be severe,
since most synthetic dyes contain aromatic cycles in
their composition, which are toxic and highly resistant
to chemical and biological degradation. As a rule, these
substances pass through biological facilities.

The components of wastewater from dyeing and
finishing production facilities are toxic, and when
they enter water bodies, they change colour, change
the smell and taste of their water, deteriorate the living
conditions of hydro-bionts and detoxification processes,
prevent the ecological metabolism that has been imple-
mented on earth for millions of years, including cycles
of nitrogen, phosphorus and other biogenes [1].

A large amount of water and reagents is consumed
to make high-quality fur products, namely to dress
the skins. It takes 300 m? of water to dress 1,000 sheep-
skins, and the wastewater contains chromic wastewater,
and washing and degreasing wastes with high content
of environmentally hazardous substances, neutralized
by bleaching and discharged into the sewer system [2].

Despite the introduction of water-saving technolo-
gies at textile production facilities, the amount of waste-
water can reach 1,000 m*/day. Water consumption and
composition of wastewater vary depending on the stage
of the production technology, the type of fabric to be
dyed, chemical characteristics of the dye, the dyeing
environment (pH, temperature), auxiliary substances,

primary surfactants, peroxides and other substances.
The residual content of such environmentally hazard-
ous substances as surfactants can vary from 5 to 150,
and dyes up to 200 mg/l of wastewater [3].

Having analyzed the currently used methods
of neutralization of wastewater from dyeing and fin-
ishing production facilities, the authors believe that
the most rational sewerage system for dyeing and fin-
ishing production facilities involves the division of in-
dustrial wastewater into streams and their local treat-
ment. For enterprises with small wastewater flow rates
(up to 1,000 cubic meters a day) the division of sewer-
age can be irrational. Therefore, it is necessary to make
a feasibility study in advance.

All currently known methods of wastewater treat-
ment, used by dyeing and finishing production fa-
cilities, can be divided into the following three main
groups [1-4].

1. Reagent treatment methods, based on the extrac-
tion of contaminants from the sediment, using the flakes
of metal hydroxides. They include coagulation, electro-
coagulation, and pressure flotation. Here it is necessary
to select reagents and their doses empirically, solve
the problem of utilization and neutralization or storage
of the flotation sludge [5, 6].

2. Separation, including sorption, using active
carbons and macro-porous ionites, reverse osmosis, ul-
trafiltration, foam separation, electric flotation. These
technologies are effective, but they require mechano-
chemical pretreatment to remove insoluble impurities;
their hardware design is complex, and they are expen-
sive [7-10].

3. Destructive methods based on deep transforma-
tions of organic molecules as a result of redox process-
es. These methods are technologically simple, efficient;
they neither generate any sediments, nor additional pol-
lution. Among destructive methods, the most widely
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used are wastewater treatment using oxidants, reagent
reduction, electromechanical and electrocatalytic de-
struction. Biochemical treatment also belongs to de-
structive methods [11-13].

Purification conditions are designed for a particu-
lar production facility, and, as a rule, a set of methods
is used; therefore, such a technology is called an inte-
grated one [14, 15]. Various combinations of methods
are described in the literature, in particular, the use
of a wide range of sorption materials, such as various
coals, obtained from agricultural waste and the waste
itself, including rice hulls, cotton waste, sawdust, husks
of nuts, as well as mineral sorbents, in particular, clay
minerals, including bentonites, dolomites, montmoril-
lonites, pearlites, slag from boiler and thermal power
plants and others. The best sorbents for extracting sur-
factants and dyes are activated carbons which should be
selected according to a number of requirements. First
of all, such coals must have large pores, so that their
inner surface can diffuse large ions and ionic associates
of surfactants.

Layered silicates, in particular montmorillonites,
have been found to be effective sorbents for removing
cationic dyes and, after their modification, anionic dyes
as well [5]. There are significant reserves of montmoril-
lonite clays in the Baikal region, in particular, the Tul-
don deposit in the Republic of Buryatia. The content
of montmorillonite in the rock is about 65 %, while
the kaolinite content is 5 %. It’s been found out that this
sorbent can be recommended for use after preliminary
modification by iron salts and processing by ultrasound.

The sludge formed during treatment can be utilized
both directly as an additive in the manufacture of prim-
ers and fillers used for leveling metal surfaces, and by
vermicomposting methods [4].

Therefore, at present, a great number of technolo-
gies for local treatment of wastewater from dyeing and
finishing plants have been proposed, but their applica-
tion is not always cost-effective, especially by small en-
terprises. Therefore, enterprises prefer to send wastewa-
ter to biological treatment facilities after pre-dilution.

Biological treatment has a number of important
advantages. Microorganisms perform complete destruc-
tion of pollutants to gaseous products and water, thus,
ensuring a cycle of elements in nature. Aerobic and
anaerobic bacteria are involved in the biological treat-
ment process. In aerobic systems, oxygen is the elec-
tron acceptor, while in anaerobic systems the organic
matter itself is the electron acceptor. The end products
of oxidation in aerobic systems are carbon dioxide, wa-
ter, and new cells, while in anaerobic systems (without
oxygen) the end products are methane, carbon dioxide,
and new cells [16]. The research literature has much
data on the ability of microorganisms to decolorize
dyes [17-20]. In particular, yeast strains Candida par-
apsilosis, Yarrowia lipolytica, and Candida pseudoglae-
bosa, isolated from wastewater treatment plants, were
tested for their ability to decolorize textile dyes. Both
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commercial textile synthetic dyes (reactive, dispersed,
direct, acidic, and basic ones) and artificial textile ef-
fluents (32 solutions in total) were added to the decol-
orization medium together with yeast (individual strains
and consortia), and decolorization was assessed spec-
trophotometrically for 48—72 hours. It was found that
yeast was able to conduct decolorization by adsorption
and biodegradation of 28 dyes and simulated wastewa-
ter by more than 50 %. Y. lipolytica and C. pseudoglae-
bosa showed the best results with true decolorization
of reactive dyes, more than 90 % at 100 mg/1 [20].

Complete decolorization efficiency was observed
in the medium with mineral salt. The medium had up to
150 mg/1 of crystal violet dye subjected to Enterobacter
sp. CV-S1 inoculums, tested following the 72-hour in-
cubation with shaking at 35 °C and pH 6.5. The identi-
fied Enterobacter sp. CV-S1 bacteria, confirmed by16S
ribosomal RNA sequencing, were shown to be capable
of aerobic degradation of crystal violet [19] and could
be used in the treatment of textile wastewater.

Another advantage is that biological purification is
the most economical method. The process of biological
treatment of dyes can be carried out in various facilities,
such as aerotanks, biofilters, bioreactors and ponds.

Currently, phyto-technologies of wastewater
treatment have proven to be a cost-effective and envi-
ronmentally friendly solution. These include floating
bio-plateaus and artificial wetlands (CW), etc. These
technologies are based on synergies between the plant
and its rhizospheric or endophytic microbial communi-
ties. Large-scale CWs have been constructed and tested
for textile wastewater, and their effectiveness has been
proven [21-24]. Salvinia molesta [22], Typha angus-
tifolia [23], garden and other plants have been tested
as plants capable of metabolizing or accumulating
dyes [24].

In particular, we have proved that it is possible
to use phytotechnology in the deactivation of dyes
of the triphenylmethane series. It has been found that
aquatic plants, featuring peroxidase activity in the pres-
ence of hydrogen peroxide in natural water or in
the plants themselves, are capable of neutralizing dyes.
The detoxification process is complex; accumulation
and metabolism occur, with enzymatic oxidation pre-
dominating. High rates of dye extraction by plants with
increased peroxidase activity allow us to recommend
their planting in special ponds for dye detoxification [3].

The purpose of this work is to develop an integrat-
ed technology for wastewater treatment and extraction
of dyes using a composite sorbent obtained by pelletizing
the dust waste, generated by the metal production facili-
ties and additional phyto-extraction of dyes in bio-ponds.

MATERIALS AND METHODS

The objects of the study were composite porous
materials, containing dust-like wastes of silicon and
aluminum production facilities, obtained using the pel-
letizing technique (Fig. 1, b), proposed by the authors.
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Gas cleaning dust of a silicon production facility
(JSC “Silicon”) was used as a raw material to obtain
porous composite materials. Dust is a flue dust from
the throat of an electric furnace; it contains products
of grinding and chemical reactions of charge. Silicon
JSC places up to 2,500 tons of such waste in sludge pits
every year. In accordance with the technology, dust is
separated in cyclones, coarse fraction, up to 20 %, is
separated by the dry method, and fine fraction is ex-
tracted in Venturi tubes by absorption of soda ash in
the aqueous solution, thereafter, the sludge is sent to
the sludge fields. Averaged dust specimens, taken from
the sludge fields of JSC “Silicon were used” in Shelek-
hov. The chemical composition of the dust is provided
in Table 1.

The chemical composition was studied using X-ray
fluorescent spectrometer ARL-9900 (USA) designed to
measure the mass fraction of elements in metallic and
nonmetallic specimens in solid, liquid and powder form
in the accredited laboratory of the Technosphere Safety
Resource Sharing Centre of INRTU.

Electrical filter dust from an aluminum produc-
tion facility (Irkutsk aluminum plant) was used as an
additive to the main component. The sources of this
dust are particles of alumina, fluoride salts, carbon
formed in the process of electrochemical destruc-
tion of carbon anode, as well as evaporation products
of the electrolyte and the electrolyte itself. The dust
of electrostatic filters consists mainly of fluoride salts,
carbon and aluminum oxide, polycyclic aromatic
hydrocarbons (PAHs) [26]. It should be noted that
the use of this fine fractional material in pelletized
compositions contributes to increasing their strength
due to the content of resinous substances in their com-
position (Table 2) [25, 27-29].

Specimens of composite sorbent were prepared by
pelletizing. To obtain the experimental batch of the pel-
letized sorbent the following components were mixed,
in %: gas cleaning dust (23-27 %), dust of electrostatic
filters, installed at aluminum production facilities, in
the 4:1 ratio, and biochar, obtained from agricultur-
al waste in the amount of 51-53 %, then liquid glass
(pH 11.4, GOST 13078-81) in the amount of 1415 %
and fine-crystalline silicon (45 %) were added. This

Table 1. Chemical composition of dust from the gas cleaning
of a silicon production facility

Component Cg/ntent, Component Cg)ntent,

o Wt % Wt

Sio, 86.3 Na,0 0.07
ALO, 0.37 SO, 0.14
Fe,0, 0.30 PO, 0.12
Ca0 1.4 K,0 0.28
MgO 1.20 TiO, 0.02

free 5.8 SiC 4.15

Table 2. Chemical composition of dust from electrostatic
filters of aluminum production facilities

Component C;ntent, Component C(? ntent,

o wt. % wt.

Na,AlF, 12.14 ALO, 30.80
NaALF , 11.02 Fe,O, 2.02
NaF 2.5 SiO, 0.5
AlF, 0.7 Na,SO, 4.05

K NaAIF, 2.8 C 26.55
MgF, 1.35 — _

substance has adhesive properties; in addition, it is
known that the interaction of NaOH, which is part
of the liquid glass, and fine crystalline silicon is ac-
companied by active release of hydrogen according to
the exothermic reaction:

Si +2NaOH + H,0 = Na,0 - SiO, + 2H, 1.

This promotes the formation of a porous compos-
ite structure. Therefore, fine-grained silicon or so-called
“pot scrap”, which is another waste product of metallur-
gical production, was used as a reagent. Sources of this
man-made material are fragments, scrap and other
wastes of silicon production, formed with the remains
of crucibles or linings, having traces of oxidation, slag.
After refining, in accordance with the requirements
of GOST 21 38-91 this product can be used again as
an additive to recycled raw materials in the process
of obtaining silicon grades with lower quality require-
ments. Besides, after grinding “pot scrap” is used to fill
molds (Table 3).

The sorption properties of composite materials,
made of gas purification dusts of silicon and aluminum
production facilities, were evaluated according to
the GOST 4453-74 procedure. Solutions of the stud-
ied dyes were passed through composite materials, and
their residual content was estimated by photo-colori-
metric method using spectrophotometer UNIKO 1201
(Russia). The purification efficiency was calculated by
the formula:

E=(C,~C)-100%]C, (1)

where C, is initial concentration, g/l; C, is equilibrium
concentration, g/l.

The phyto-sorption properties of aquatic vegeta-
tion were tested in a laboratory experiment (Fig. 1,a).
Aquatic plants, growing in the Angara River, were used
in this project. Plants were collected by trawl, freed
from soil, washed, and cultured in the laboratory aquari-
ums with dechlorinated water in conditions of moderate
lighting and at the temperature of 14—16 °C. The object
of the study was Elodea canadensis.
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Table 3. Chemical composition of fine-fraction silicon

Impurity Si

Fe Al Ca Ti P

Average content, % wt. 99

Suspensions of water plants were placed in
500 ml flasks (1, 5 and 10 g/1), filled with water with
the pre-set concentrations of dyes and exposed to
the illumination, having the intensity of 2-2.5 thou-
sand lux at 18 to 20°C in a thermoluminostat. At cer-
tain intervals, samples were collected and the residual
content of dyes was analyzed. In all studies, control
experiments were performed in parallel: dye solutions
without plants, with plants pre-treated or sterilized
with 0.1% mercury solution (followed by rinsing with

Figure 1. The process of studying sorption using model wa-
ter solutions containing aquatic plants (@) and composite sor-
bent (b)
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0.45 0.34 0.067 0.0348 0.0025

distilled water). The purification efficiency was evalu-
ated in % of the initial one.

The study of sorption activity was performed
using the following model dye solutions: C.I. Acid
Yellow 11, C.I. Acid Blue 120, C.I. Acid Red 1,
C.1. Basic Orange 21. The dye content in the aque-
ous phase was identified spectrophotometrically,
using calibration graphs constructed at appropriate
wavelengths and standard dye solutions. The content
on the sorbent was calculated using the difference
between the initial and equilibrium concentration in
the aqueous phase.

RESEARCH RESULTS

Having studied the sorption properties of the com-
posite sorbent, containing industrial dust wastes of sili-
con and aluminum production facilities, it was found
that the adsorption process rate and the degree of dye
extraction depend on the sorbent mass, temperature and
pH of the model solutions, duration of static treatment
and nature of the studied dye (Table 4).

As follows from the above data, the highest pu-
rification efficiency occurs when the sorbent weight is
from 1 to 5 g, the contact time is 30 min, the tempera-
ture is 15-20 °C, and pH of the medium is in the range
of 5to 7.

The shape of the isotherms suggests that dye ad-
sorption occurs in a monolayer, and Table 5 shows
the parameters of isotherms calculated using the Lang-
muir and Freundlich models.

Composite sorbents under study have a porous
structure both inside and outside, which can be clearly
seen in the course of visual inspection (Fig. 2). These
sorbents can be easily placed in gabion structures as
a pre-treatment filter.

It was found experimentally that the presence
of the studied aqueous plants intensifies the removal
of the dye content from the solution compared to the ref-
erence one. After 5 days, aqueous plants remove up to
65-80 % of dyes from the initial solution. In the course
of the control experiments without plants or in experi-
ments with plants previously inactivated by boiling,
a much less intense decrease in tetracycline content is
observed (30—40 % of the initial level).

The dye elimination process is described by a first-
order equation; velocity-related constant values of this
process are provided in Table 6 where C.1. Acid Yel-
low 11 is used as an example. In this article, elimination
is understood as the entire set of processes leading to
a decrease in the content of dyes in the external solution
and including both adsorption by plants and metabolism
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a b

Fig. 2. Specimens of sorbents obtained using the balling technique, based on the mixture of dust from the gas cleaning of silicon
production facilities and dust from electrostatic cleaning plants of aluminum production facilities

Table 4. Conditions for the maximum effectiveness of treatment of model solutions aimed at removal of dyes using porous
composite sorbent

Sorbent Time, o pH of Treatment
Dye weight, g/l min Temperature, °C the medium efficiency, %
C.1. Acid Yellow 11 5 45 15-20 6 97
C.I. Acid Blue 120 1 15 15-20 5 100
C.I. Acid Red 1 1 10 20 7 100
C.1. Basic Orange 21 2 30 20 7 91

Table 5. Parameters of dye adsorption isotherms on the composite sorbent calculated using the Langmuir and Freindlich models

Model Model parameters C.I. Acid Yellow 11 | C.I. Acid Blue 120 | C.I. Acid Red 1 grzmgzs;i
K, 20.06 19.42 18.33 12.95
Langmuir G, mmol/g 0.362 0.560 0.112 0.113
R, 0.998 0.991 0.995 0.981
K, 4.79 14.41 1.87 1.936
Freundlich l/n 0.632 0.586 0.705 0.700
R, 0.914 0.912 0.951 0.961

Table 6. Elimination rate constants of C.1. Acid Yellow 11 (K, day') by aquatic plants for different initial concentrations
(phytomass of plants = 10 g/l; temperature = 18 + 2 °C; pH = 6.8)

Initial dye concentration, mg/1
Experiment conditions
5 10 30
In natural water without plants 0.109 + 0.046 0.069 + 0.024 0.051 +0.002
In natural water with plants inactivated by boiling 0.092 +0.052 0.050 £ 0.027 0.031 +0.002
Using Elodea canadensis 0.420 +0.038 0.207 = 0.025 0.442 £ 0.046
Using Ceratophyllum demersum 0.320 + 0.064 0.061 +0.031 0.242 +0.061
Using Myriophyllum spicatum 0.218 £0.094 0.088 +£0.077 0.235+0.106
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triggered by the enzyme systems of plants and micro-
bial communities.

Of all the plants studied, the highest elimination
rate is characteristic of Elodea canadensis at all initial
concentrations of tetracycline.

It was also found that as the phytomass of Elo-
dea canadensis increases at the initial concentration
of 10 mg/l, the initial elimination rates increase, as
well. This relationship is described by the linear equa-
tion W= 0.142 X+ 0.356 with a correlation coefficient
R=0.99.

The biochemical nature of elimination in the case
of Elodea canadensis is confirmed by the linear de-
pendence of the initial elimination rates in experi-
ments with Elodea canadensis homogenates and en-
zyme preparations, in particular peroxidase, obtained

by acetone washing. Earlier, together with researchers
from Georgia, we first isolated and studied the prop-
erties of peroxidase from Elodea canadensis [30].
When studied using the gel filtration method, it was
found that Elodea canadensis contains peroxidases
with molecular masses of 94,000, 67,000, 56,000 and
48,900. The optimum pH of the low molecular weight
peroxidase fraction was 5.6—6.2 and that of the high
molecular weight fraction was 4.1-5.0. Consequently,
peroxidases in a wide pH range can be involved in
the elimination of tetracycline.

Based on the experimental data, the phytoreme-
diation potential of aquatic plants in terms was cal-
culated for different initial concentrations in terms
of dyes (Table 7).

Table 7. Phytoremediation potential of Elodea canadensis in terms of dyes, mg/g of green weight at the temperature

of 20 °C, pH 7
C.1 Acid Yellow 11 ; }:(g)g
C.1. Acid Blue 120 i 8:3?
C.I Acid Red 1 i (1):(8)41t
C.I. Basic Orange 21 2 iég

CONCLUSION AND DISCUSSION

A hybrid technology for wastewater treatment
from dyes can be proposed on the basis of the find-
ings of laboratory studies. The proposed technology
consolidates the technologies of sorption and phyto-
extraction of dyes by creating gabion structures filled
with a composite sorbent and planting aquatic plants.

Durability is one of substantial advantages
of treatment facilities, made using phytotechnology
and gabions. Due to the gravity flow of treated water,
the near absence of pumping equipment ensures an
almost unlimited period of operation of phytotechnol-
ogy treatment facilities. Of the many options of en-
gineering structures, designated for phyto-treatment

purposes, one can recommend a bio-plateau to be
used in combination with gabion structures. The bio-
plateau wastewater treatment facility may contain
mechanical treatment facilities, and also physical and
chemical treatment facilities for industrial wastewater
treatment; filtration blocks with vertical and horizon-
tal waterflow; surface blocks.

Gabions fit perfectly into the environment, often
almost completely merging with it. They do not dimin-
ish the aesthetic value of nature (unlike, for example,
reinforced concrete structures), but even complement it.

It is necessary to study the mechanical properties
of composite sorbents and develop respective technical
regulations to implement this technology.
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