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EKOJIOT'O-EKOHOMIYHA ITOPIBHAJIBHA OILIIHKA
MJIAZMOXIMIYHOI I YJIbTPA®IOJETOBOI JECTPYKIII AITAP

HlInaxom xnacuunozo biomecmysanus Ha Kyaomypi D. magna 0ocniodxceHo mMOKCUYHICMb NPOOYKMIE 0ecmpyKyii
dodeyuncynvghamy Hampilo y 600HOMY Cepedouwyi Ma 6UHAUEHO NUMOMI eHep2o3ampamu npu GnIUGi KOPOHHO20
PO3pA0y i 8aKyyMHO20 yabmpapionemogozo sunpominioganns (185 Hm), a maxodic nposedeHo exon020-eKOHOMIYHY
NOPIGHSANbHY  OYIHKY naasmoximiunoi [ ynempagionemoeoi oecmpykyii AIIAP. Ilokazano, wo 3a o06oma
0ocnioNHceHuMU  nOKA3HuKamu oducmka 6oou 6i0 AIIAP 6inbw egpexmuena npu euxopucmanui BYD-
BUNPOMIHIOBAHHS, HIIC NOZUMUBHO20 KOPOHHOZO0 PO3PSIOY.
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IMocTranoBka nmpodaemu. Cepen BeIU4e3HOI KiTbKOCTI 3a0pyJHIOBAYiB BOJHUX €KOCHCTEM MOXHA BUIUIATH
noBepxHeBo-akTHBHI pedoBUHU (ITAP). Le moB's3aH0 3 MHUPOKUM BUKOPUCTAHHM 1 acoptuMenToM ITAP. Cepen Hux
HaHOUIBITY KUTbKICTb, SIKY BHKOPUCTOBYIOTh Y TIOOYTI Ta y Pi3HUX TaTy3sSX MPOMHUCIOBOCTI, CKIIaAaroTh aHioHHi [TAP
(AITAP). Cnig TakoX BiIMITHUTH iX HETAaTHBHUH BIUIMB SK Ha MPOIECH OYUINCHHS CTIYHHX BOJ|, TaK i, IO OUIBII
Ba)XJIMBO, HA HABKOJUIIHE cepeaoBuine. OHUM i3 3aX0/iB, 1[0 HATIPABJICHI Ha 3HIDKCHHS HEraTUBHOTO BILTHBY [TAP
HAa BOJIHI CHCTEMH € BIPOBA/DKCHHS HAMIMHUX 1 ¢EKTHBHUX METOMIB OYHUINCHHS CTIYHHUX BOJ BiJ I[MX CIIONYK.
IcHyroui MeToau ouuCTKH (ancopOuis, KoaryJsmis, GJIOKYIIALIs, aepalis 1 iH.) 3a0e31e4yIoTh JIMIIe BUAAICHHS iX 3
piznkoi ¢asm, BHACHIIOK YOro BUHUKAE MpobieMa yTuiizanii ocalniB Ta pereHepauii copoenTiB. CydacHa eKosoriyna
CUTYyaIlisl TUKTYE HEOOXiAHICTh MIMOOKOTO (AECTPYKTUBHOTO) OYMIICHHS CTIYHUX BOJ BiJ TIOJIOTAHTIB HE3aJICKHO
BiJl OOCATIB CTIYHUX BOJ, IO CKUAAIOTHCS Yy BOJIOWMH, IO BiAmoBigHocTi iX Bmicty HopMmam ['JIK. Ha cwroromni
HaHOUTBII MPOTPECUBHUMHE CEpel AECTPYKTUBHUX METOJIB BBAYKAIOTh METOJH, B OCHOBI SIKUX JIe)KAaTh iHHOBAITIIHI
OKHCHI TIPOIIECH, IO O3BOJIIOTH MOBHICTIO PO3KJIANaTH 3a0pyIHIOIYI peYOBHHH a00 TIEPEBOAMTH iX B (OpPMH,
3matHi g0 mopaneiioi Oiogerpanmariii. CyTh BKa3aHUX TEXHOJIOTIH IIOJIATAE B OKWCJICHHI TOKCHKAHTIB
BHCOKOPEAKI[IMHAMH YacTKaMH AaKTHBOBAHOTO KHCHIO, SIKi 3aBISKH PI3HHUM CIHOC00aM OOpOOKH, TEHEPYIOThCS
OesnocepeHbO B peakiiiHiil cucremi. HaiiOnbmr akruBHuMY 3 sikux € OH' papukanu [1], siki XapakTepu3yoThes
BEJIMYMHOIO CTAaHIAPTHOTO OKUCHO-BiTHOBHOTO moteHIiany (OBII) — 2,7 B, mo nepeBwuiye et Hoka3sHUK sl 030HY
(2,07 B) 1 nocTynaerscst TibKH TOKCHYHOMY (ropy [2]. OcoOnuBuii iHTEpeC NPENCTaBISAIOThH TEXHOJOTII, B IKHUX
BHUCOKOAKTHBHI YaCTKH aKTHBOBAHOTO KHCHIO yTBOPIOIOTHCSI O€3MocepesiHbo B Ipoleci 0OpoOKH 1 HE BUMAararoTh
BHUKOPHUCTAHHS JOJATKOBUX XIMIYHUX pearcHTiB (OKUCIOBadviB, KatanizaropiB). Cepel HUX MOXHA BHUIUIATH IO
BakyymHOro (A<200 HM) ynbTpadioneroBoro BunpomMiHioBanHs (BY®d) ta pi3Hi eleKTpopo3psiiHi METOIH.

OnHak mMpoKoMacmTaOHE 3aCTOCYBAaHHS LIMX IPOLECIB 3 METOI0 OOpPOOKM CTIYHHX BOJ BCE L€ OOMEKEHO
30KpeMa TUM, 10 MexaHi3Mu po3kiananHs [IAP mpu BHKOpPHCTaHHI JAaHMX MPOIECCIB BHBYCHI HEIOCTATHBO.
CknagHicth BUBYEHHS edekTHBHOCTI okucHOI nectpykuii ITAP oOymoBnena OararocraniiiHicTio mpouecy
OKHCJICHHS, YTBOPEHHAM CyMillleli pi3HOMaHITHUX MPOMIKHHUX TPOAYKTIB, CKIIa] SKUX HE JIO KiHIS BCTAHOBJICHO.
HeBimoma TakoX TOKCHYIHICTh MMPOIYKTIB aecTpykilii [TAP, sika € BaxxmuBuM KpuTepieM oduieHHs Boau. [lle oganm
BH3HAYaJHHUM KPHUTEPIEM €PEKTUBHOCTI I pOOOTH OYUCHUX TEXHOJOTIYHUX YCTAHOBOK € iX €KOHOMIYHICTb.

AHaJyi3 momepeaHix mocaimkenb. Ciim 3a3HaYNTH, IO 3aCTOCYBAHHIO TMPOAYKTIB Oe3mocepenuro BYD-
(dhoTomi3zy Boau I i OYUINEHHS BiJl OpraHIYHUX 3a0pyAHIOBAYiB MIPHUCBIYEHO 0OMEXEHY KUTBKICTh poOiT, 0 0yJI1o
MTOB'SI3aHO 3 BiJICYTHICTIO MPUHHATHHX Jpkepest BY @-sunpomintoBanssi. [1osBa HOBUX Keper 3 BUTIPOMIHIOBAHHIM
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B KOPOTKOXBMJILOBHX OOJIACTSIX, BIIKPHWIa HOBI MOXIIHMBOCTI IIOJAJIBIIOTO BJIOCKOHAIEHHS OKHCIIIOBAILHHX
texHoJoriid. Tak B poOoTi [3] mociimKyBaBcs MpoIec Aerpanallii opraHidHuX 3a0pyAHIOBAYiB Y BOJHOMY PO3UHHI
TTiJ] Ti€10 BUITPOMIHIOBAaHHS KCEHOHOBOT 1aMmu (A=172 HM). By1o mokasano, mo nepBuHHI nporecu GoTopo3KIamy i
Jerpajanii 3a0pyHIOBaYiB BiIOYBalOTHCS B TOHKOMY LIapi BOIH, MOOJIM3Y CTIHKK ompominioBaua. Pamukan OH

B3a€EMOJIi€ 3 OpraHiyHMMH no0aBkamu Buay RH 3 yTBopeHHsAM paaukaiaiB R, momajblie OKHUCIEHHS SKHX
BiIOYBA€EThCA 3a YYacCTIO MOJIEKYJI KHCHIO, TPHBOISYM TEOPETUYHO JO IMOBHOI MiHepamizaiii. B poboti [4]
BCTaHOBJICHO, III0 PO3KJIANAaHHS OPTaHIIHMX MOJEKYJ BiZOyBaeThCS ABOMA HUIAXaMH: IPH MPSIMOMY IOTJIMHAHHI
BY®-BumnpoMiHIOBaHHS TaHUMHU MOJIEKYJIAMH 1 TIPH iX B3aeMoii 3 mpoaykTamu BY @-doTomizy Boau.

EnexTpopo3psgauM MeTo1aM JeCTPYKIlii OpraHigHUX CIIONTYK, B TOMY 9ucii i [TAP Takox MpHCBsSYEHO HE3HAUHY
KUTBKICTh po0iT. Tak, Hanpukiaa, B podoTax [5, 6] 3a3HAYAETHCS, IO i/ BILTMBOM TIFOYOTO PO3PSITy HAJ BOIOKO,
KOJIM BEPXHill €NEKTPOJ € aHOJAOM, TIPH JAECTPYKUii 5 MI/aM> CyNb(OHOTY YTBOPIOIOTHCS DS CHOJYK, @ CaMe:
HITpaTHA KHCJIOTA, HITpOPeHOHU, PeHoNn, PopMabIerif 1 HII aabAerinu, psa KapOOHOBUX KHCIIOT, CYNb(haT-i0HH
i mepokcua rigporeny. Ha nepinux craaisx BILIMBY po3psay Ha cyibhanoi, Bia0ysaerbes BB OH ™ Ha GeH30ibHE
KiJIbIIe, 1[0 TPU3BOINTH 10 PYHHYBaHHS HOTO 1 yTBOpEHHS (eHOMy 1 pisHUX anmbaerifiB. [1ix mieto KiHeTUIHOT eHepril
10HIB TUIa3MH 3aBJIAKH crienuDimi CTPYKTYpH CyJb()OHOTY 3MIHCHIOETECS PYHHYBaHHS BYTJIEBOJHEBOTO JIAHITIOTA i
apOMAaTHYHOTO KUNbL, SIKi 3HAXOAATHCS OJIMKYEe 0 TOBEepXHI posnoainy ¢as. Ilpu poskinananHi jgaypuicynbdary
HATpilo aBTOPH [7] MPONOHYIOTH TaKy X camo cxemy Juist nectpykuii AITAP, sk i wis cynbdonomy.

B nmomepennix Hammx podorax [8, 9] wHa nmpukmami npoxewwncyinbgary Harpito  (JACH) i
noaeumnoensoncynsponary Harpito (JIJIBCH) nocnimxena nectpykuis anionnux [TAP y BoqHomy cepenoBuii npu
BIUIMBI TO3UTHBHOTO KOPOHHOI'O pO3psAAy 1 BakyyMHOro yibTpadioneroBoro BunpomiHtoBaHHS (185 HM).
BcTaHOBIEHO KIHETHYHI XapaKTEPUCTHKH ACCTPYKIii BogHMX po3umHiB AITAP mpu ix xoHmentpamii 10 mr/m i
MIpOBeJIeHa MOPiBHUIbHA OIliHKA e€(DEeKTUBHOCTI TOCTIKEHUX TporieciB [§]. BeTaHOBIIEHO, IO MIBUAKICT AECTPYKITIT
000x AITAP 3a 3MiHOTO TX KOHIIEHTpAaIii B po34uHi pu 006poO1ii BY ®-punpmiHiOBaHHIM BHINA HiXK TIPH KOPOHHOMY
po3psini. [Tokazano, mo kinernka aectpykuii JIJIBCH 3a qoma MetogamMu 06poOKH Ma€e CTYIIHIATHN XapakTep, o
00YMOBJICHO PI3HOIO0 MIBUAKICTIO JECTPYKINl OCH30JpHOTO KUTbI 1 ByTJeBOMHEBOTO JaHItora ITAP, a Takox
0COOHMBOCTAMU MeXaHi3My okucHeHHS AITAP, a caMme BKITIOYEHHSIM B OKHCHI ITPOIIECH TMPOAYKTIB IECTPYKIIii.

Xpomarorpadiunuii aaniz npoaykris okucHoi aectpykuii IJICH npu o6po6ui ioro Bognux pozuuHiB BY ®-
BUIIPOMIHIOBAHHSM 1 KODOHHUM ITO3UTUBHHUM PO3PSAOM JIO3BOJIMB BCTAHOBUTH MeXxaHi3mMu aectpykuii [1]. Tak npu
BY®-06pobui B OKHCIIOBANBHIN AECTPYKLil KpiM XKOpcTKOro Y @D-BUIIPOMIHIOBaHHS MOXYTh OpaTH y4acTb psij
kucHeBMicHuX pazukanis: OH', CO; i SOy IIpu 06pobui mnazmoro OH' He npuiiMaloTh y4acTh B OKHCIIOBAJIbHIN
JIeCTpyKUii, Tak sIK X yTBOPEHHs BiIOyBa€ThCs B BEPXHHOMY TOHKOMY IIapi PiJMHH 1 MIBUAKICTH iX pekomOiHaiil
BUILE, HDK IIBUAKICTH MUQY3ii B 00'eM. A 1yl YTBOPEHHs INpPOAYKTIB-OKHCHMKIB NMOTpiOCH MEBHHMH dYac, 1o i
00yMoOBITIOE cTymiHYaTHi XapakTtep aectpykuii JJJICH mpu nii kopoHHOTO po3psimy.

Omxe, mst moBHOT necTpykiii AITAP HeoOxigHa MOCTaTHRO TpHBKA 00poOKa mpodu rmpu BY @-BunpoMiHtoBaHHI
i 11ii m1a3mu. B 3B7s3Ky 3 UMM aKTyaJIbHAM € IIATaHHS €eKOHOMITHOCTI ITPOIIECY Ta TOKCHYHOCTI MPOAYKTIB AECTPYKIIii.

MeTo10 CTATTi € IPOBEICHHS MOPIBHSIIBHOI €KOJIOT0-€KOHOMIYHO1 OIIHKA Ta €()eKTUBHOCTI MIa3MOXIMIYHOT 1
yabTpadioneroBoi nectpykiii AITAP.

MeTtoauka po6otu. [IpoBeneHHS MOPiBHUILHOT OIIIHKK TUIa3MOXIMIYHOI 1 yibTpadionieToBoi nectpykimii ATTAP
NPOBOAMJIM Ha NPHUKIAAI BOAHOrO po3umHy poneuwicyiabdary Hatpito CH3(CH2);10SO:3Na (dipmu "Serva") 3
xoHuentpaniero 10 mr/am’. Mogensni poszuunn JIJICH roTyBanu uuUIsxoM pO3BEAEHHS pPOGOYOro pO3YMHY
JIMCTUIILOBAHOK BOJIOK. PoGounii po3unH 3 koHneHTpauicro 1-10° M roTyBaim HUISXOM PO3YMHEHHSM TOYHOT
HaBaXXKH CYXOi pEUOBHMHH Y AUCTHILOBAHIN BOJI.

B sixocTi pykepena HO3UTHBHOTO KOPOHHOTO po3psiay OyB BUKOPUCTAHUH I'eHEpaTop I1a3Mu noTykHicTio 40 Br.
Bucota enexTpona Hasl OBepXHEIO pO34YMHY cKianana 15 mm, cuna ctpymy 500 MxA, Hanpyra 14 xB. B skocrti
Jokepena BY® Gyino oOpaHo aproHHO-pTyTHY Jlamity Hu3bkoro Tucky JIPB-20, sika Oyna 3aHypeHa B Jiy’Ke TOHKHH
map piguan. CXeMy yCTaHOBOK HaBeleHO B poOoTi [8].

Jnst omiaku TokcuarocTi JJJICH i mpoayKTiB AeCTpyKIlii MIISAXOM KJIACHIHOTO Oi0TeCTyBaHHS OyB OOpaHWid
00'exT Oe3xpedetHoi dhaynn Daphnia magna [10]. JlaboparopHa KyneTypa D. magna cxiafganacs 3 caMoK (IITam
ARO; Hampton, N.H.). KyneTypy BUTpUMYyBaJIH y MOJENbHIH CHHTETHYHO CTBOPEHIN JlabopaTOpHiM BOMII, IO
Harazgye Boxy o3epo Onrapio (1 MM CaCOs3, 0,15 MM MgS0O4-7H,0, 0,6 MM NaCl) npu nmocTifHOMY OCBITJIEHHI i
temrieparypi 20-22°C 3 oHOBIIEHHSAM BOJIU KOXHI JIBi JOOH.

BukJjaa ocHOBHOT0 MaTepiaiay
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1. Jocnioscenna moxcuunocmi npooykmie oecmpyxuii AIIAP.

PesynbraTi nOCITIKEHHS MOKa3HMKIB BIKMBaHHS D. magna (roBeHUIbHOT (OpMH) B JIBOX THIIAX BOJHHX
pozunHiB JI/ICH micns 00poOku KOpoHHMM po3psaoM i BY®-sunpomintoBanHs HaBeneHo B Tabiu.l. KoHTponem
ciyryBana Boja 6e3 nodasok JJJICH i 6e3 onmpoMiHeHHS.

Ta6uuns 1 - KinbkicTs :xxuBux/3aru0/aux ocodnn D. magna y sonaomy po3unni JJICH micas
OnpoMiHeHHs MJ1a3Mom0 i BY®

KinmpkicTs xuBuX/3arndmamux ocobun D. magna
T{.zic Koponnuii po3psizg BY ®-BumnpoMiHIOBaHHS
EKCIIO3H1Iii, TO] KoHTpob
5 xB 10 xB 20 xB 5 xB 10 xB 20 xB
24 10/0 10/0 10/0 9/1 10/0 10/0 10/0
72 10/0 8/2 8/2 9/1 10/0 10/0 10/0
96 10/0 8/2 7/3 7/3 10/0 10/0 10/0
BmwxuBanicth 100% 80% 70% 70% 100% 100% 100%

3rigao ACTY 4174:2003 [11], sxmo BmwxuBaHICTh AadHil ckmamae < 50%, To Mae MicIie TOCTpa TOKCHYHICTh
JUIsl 1aHOT MpoOu BOAHM; BIXKHUBAHICTh nadHill B Mexax 50% — 90% cBiguuTh PO XpOHIYHY TOKCHYHICTB MPOOH.

Takum ymHOM, y BomHOMY po3uuHi JJJICH micns oOpoOKHM MO3UTHBHMM KOPOHHHM PO3PSIOM BCTaHOBJIICHO
XPOHIYHY TOKCHYHICTh BOJH, a Hicist 00poOku BY d-BunpomiHIOBaHHSIM TOKCHUYHUI BIUIMB BIACYTHIN (auB. Tabi.1).
Cain BiaMmituty, mo crymins aectpykuii JJICH 3a 5 xB 00poOku npu aii mia3mu i BY ®-BunpomiHioBaHHS, sIK
moka3aHo B poOori [8], cranoButh BiAmoBigHO ~ 58% 1 96 %, a MOKa3HWK BMICTy 3arajibHOI'O OPTaHIYHOTO BYTJICIIO
MiIBUIIYETHCS, IO CBITYUTHh MPO CHUHTE3 HOBUX OPTaHIYHHX CITOJNYK. 3ampornoHOBaHWM B poboTi [9] mexaHizm
nectpykiii Mosekyn AITAP Moke CBiTIUTH PO YTBOPEHHS Pi3HUX MPOMYKTIB, SKi MAIOTh Pi3HUM e(PEeKT BIUIMBY Ha
nadHil.

Omxe, ipu 00po61i Bomuux po3unHiB JIJICH mna3Moro yTBOPIOIOTHCS TOKCHYHI MPOIYKTH, SKi CIIPUYUHSIOTH
cMepTHICTE D. magna. 1le y3romxyeThes 3 JiTepaTypHAME JAaHUMH, OCKUTBKH B po00Ti [7] 3a3HaYa€THCS, M0 OJHAM
i3 mpoxaykriB pectpykiii JIJICH nipu gii enextpuanoro po3psany € popmanbaerin. [Iporsrom 10 XxB 06poOku po3uuHy
JJCH 3 xonuenrpanicto 5,76 mr/nm® yreoproerbea 60 mxr/am® CH,O. Y poborti [12], npu BU3HAYEHHI CTYNEHIO
TokcuuHoro BBy nobasku CH,O, koHueHTpalis skoro sianosigana pisaro T'JIK (1 Mxr/nm’) Ha pakomoaiGHux
Daphnia magna Straus BCTaHOBJICHO NPOSIBH XpOHIYHOI TokcuuHicTi. A mist Daphnia pulex De Geer 3a 48 ron
TOKCHYHICTh (hopManberiny 3a nokasaukoM ECsy cranoBuna 5,8 mr/mv® [12].

[le oxHUM (akTOpOM, SIKM BIUIMBAE HA BIKMBAEMICTh JadHii Mo>ke OyTH BMICT y BOJIi HEOpraHIUYHHX 10HIB, a
came HiTpat-ioHiB [8,9], OCKIIbKM BOHH YTBOPIOIOTHCS MPH TOPiHHI T1a3Mu. 3a 5 XB 00pOOKU KOPOHHUM PO3PSIOM
koHueHTpanig NO;~ ctanosuna — 0,9 mr/am?®, 3a 10 xB — 4 mr/aM?, 3a 20 xB — 11 mMr/am’. HitpaT-ioHu IposSBIsIOTH
TOKCHYHICTh Ha OpTaHi3MHU 4epe3 3AaTHICTh OKUCITIOBATH TeMOTII00iH, 3MEHIITYIOYH HOTO 3IaTHICTh JI0 TIepEeHECEHHS
kucHiO [13]. Pi3Hi aBTOpH TOKCHYHICTh HITpaT-iOHIB BU3HAYAIOTH 3a IBOMa MOoKa3HUKaMmHu, abo 3a ECsypabo 3a LCsy.
Tak, roctpa TOKCHUYHICTh BOJHOTO PO3UMHY HATpid HITpaTy 3a JaHUMH TacropTa Oe3NeKHd HiMEIbKOro (GipMu
«ROTH», sxuii ckimagascs BiamosimHo mo Permamenty (€C) Ne 1907/2006 (REACH), 3 monpaBkamMu, BHECEHUMHU
453/2010/€C, mna Benukoi naduii 3a 48 rop 3a nokasaukom ECsy ctanoBuna 3,581 mr/mv?. 11 HOBOHAPOKEHHUX
D. magna rocTpa TOKCHUHICTh 3a okasHukoM LCso cioctepiraerses npu koHnentpaitii NaNOs — 462 mr/nm® [14].

Omxe micis onpomideHHs miasMor posunny JJICH 3 konuentpauiero 10 Mr/aM® yTBOPIOIOTBCS TOKCHYHI
NPOJYKTH, a came (OpMaibIerisl 1 HITpaT-iOHHU, SKi NPH CyMICHOMY BIUIMBI Ha D. magna BUKINKAIOTH e(peKT
XPOHIYHOT TOKCHYHOCTI.

Takumu 4uHOM, 3a KpUTEpieM TOKCHMYHOCTI BogHux po3unHiB [IJICH, Bukopucranus BY®-BunpomiHioBaHHS
U1t OKHCHOT gecTpykiii AITAP € GUTbIT NpUHHATHUM, Hi’K TTO3UTUBHUN KOPOHHUN PO3PSI.

2. Buznauenns numomux eHepeo3ampam 013 o4ucmiu 600u 6io AITAP.

ITuromi ereprosarpatu W nipu ouunctii Boau Bix AITAP obuunciroBanm 3a popmyioro:
Pt

w=-—, (1

%4
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ne P — HOTyXHIicTb ycTaHOBKH, BT; ¥/ — 00’e€M OIIPOMIiHEHOro po3dMHY, AM’; f — Yac OIIPOMiHeHHs, rof. IIpore
CJIi/T 3a3HAYNTH, IO JJISI EKOHOMIYHOTO BUKOPHCTAHHS BUOPaHOi YCTAHOBKH MOTPIOHO BUKOPUCTOBYBATH BEITMUNHY
CyMapHHUX MUTOMHX eHepro3arpar. Tak, cyMapHi MUTOMI €HEpro3aTpaTd /Jsi yCTAHOBKH KOPOHHOTO pO3psiiy
cTaHoBIATH 4,4-107 kBTroa/nM?, a 11 ycranosku BY @-punpomintosanns — 3,67-107 kBr-ron/nm?.

[Ile ogHUM Ba)KITUBUM MTOKA3HUKOM XiMI9HOI €(DEeKTHBHOCTI OYMCTKH BOJH BiJl 3a0pyAHIOBAYIB € €HEPreTHUHUN
Buxig Me [15]. Ll BenuuuHa XapakTepu3ye KUTBKICTh BHIAJCHHX JT00ABOK Ha OJWHUINIO BUTPAYCHOi €HEprii.
3HaueHHs1 Me MOXHA BU3HAYUTH 32 (POpPMyYJIOF0:

__ACV

Me—m, 2)

ne AC — 3MiHa KoHIeHTpaii 1o6aBok (Mr/mM?) 3a yac 00poOku At (rox), ¥ — 06’eM OIPOMIHEHOTO PO3UUHY, IM>;
P — noTYXHICTB JTaMITK YM iHIIOTO JKepesa eHeprii, Br.

PesynbraT po3paxyHKiB €HEPreTUYHOTO BUXOMY IPH il KOPOHHOTO po3psny Ta BYd-punpomiHiOBaHHS Ha
po3unnu AITAP nHaBeneHo B Taou. 2.

Taoauus 2 — 3mina crynens aectpykuii (R) IJICH i enepreruunoro Buxoay (Me) Bin yacy npu aii
KOPOHHOTO0 po3psiay Ta BY ®-BunpomMiHiOBaHHS

Ilrazma BY®
Yac, xB R. % Me, r/xBt-Ton R, % Me, t/kBT'To
5 58,4 16 96,4 317
10 98,6 13,4 99,8 163
20 99,5 6,85 100 163

Sk BUAHO i3 TabII. 2, 9acoBHU MPOMIXKOK, TocTaTHIA Mt 99,5% necrpykuii JJACH npu nii KOpoHHOTO pO3pALy
i 100% mecrpyxkuii JACH mpu aii BY ®@-sunpomintoBanus, ckinagae 20 xB. CepenHiii eHepreTHIHUHA BUXi OYHCTKA
Boau Bix JIJICH mpu aii enexTpuaHOTo po3psay CTaHOBUTH = 12 1/kBT'Tox, a npu aii BY ®-sunpominioBanus <~ 214
r/xBTrom.

OTxe, 32 TIOKa3HUKOM XiMiuHOI e(eKTHBHOCTI, ouncTka Boau BiJ AIIAP Takox Oinbln epeKTUBHA IPHU
BUKOpHCTaHHI BY ®-BUnpoMiHIOBaHHS, HiXK TO3UTHBHOTO KOPOHHOTO PO3PsiAy, OCKIJIBKY JaHa BeauyuHa 32 BY® B
~18 pasziB OlIbIIA BiJ BEJIMYMHH 32 IJIa3MOIO.

BucHoBkn. B pe3ynbTati MpoBeACHUX AOCHIIIB Ta 00YHCICHb BCTAHOBJICHO, IO PU OYUCTI Boau Big AITAP
BY®-pumpomiHOBaHHS HE NPU3BOAUTH JIO YTBOPCHHS TOKCHYHHX TNPOINYKTIB necTpykiii. [Ipu BHKOpHCTaHHI
KOPOHHOTO po3psny B po3unHax J[JICH M0OXyTh yTBOPIOBATHCH TOKCUYHI HPOIYKTH PO3KIAAYy, SKi 3yMOBIIOHOTH
XPOHIYHY TOKCUYHICTh p0o34nHy. [TOpiBHSIHHS BEJIHMYHH MUTOMUX CHEPro3aTpar MPOJIEMOHCTPYBAIN HA0araTo BUILY
eexruHicTh Y®D-nammu JIPB-20 mpu nmectpykuii AITAP B mopiBHAHHI 3 MO3UTUBHUM KOPOHHHM PO3PSIIOM,
OCKINIBKH BeJIMYHA TUTOMUX €HEPro3aTpaT JUIsl JaMIIH CTaHOBUTH 3,67-10~ kBr-roa/nm?, a s reBepaTopa ImiasmMu —
4,4-1073 kBr-ron/mv®. Takosk MOKA3aHO, 10 32 MOKA3HMKOM XiMi4HOi €()eKTUBHOCTI, O4UCTKA BoaH Big AITAP Ginbm
edexTuBHa TIpY BUKOpPHUCTaHHI BY®-BUNPOMIHIOBaHHS, HI)K MO3UTHBHOTO KOPOHHOTO PO3PSIy, OCKUIBKH JaHa
BennunHa 32 BY® maiibke y 18 pasiB OinbIna BiJl aHAIOTIYHOTO MOKAa3HUKA TP BUKOPUCTAHHI TeHEpaTOpa IUIa3MH.

IMepcneKTHBY MOAAJIBIINX AOCTIIKeHb. 3BKAIOUH HA BUCOKY MOTPeOy Yy BIPOBAHKCHHI HOBUX €(DEKTHBHHUX,
€KOHOMIYHO BUTIJHHUX Ta OC3MEUYHUX METOMIB OYMCTKH BOH Big AITAP, B moganpmux AOCHIIKEHHSIX IUIAHYETHCS
MiABUIIUTA €()EKTUBHICTh IXHBOI NECTPYKIIi y BOIHUX PO3YMHAX 33 PAXyHOK BUKOPUCTAHHS KAaTali3aTopiB
nepeximaux MetaniB (Hanpukian, Ti0,) [17]. Takuii migxin J0MOMOXKe 30UTBIINTH KOHIICHTPAILII0 aKTUBHUX (OpPM
KHCHIO, a CaM¢ TIIPOKCHWJIBHUX PAaJUKANIB Ta JOCATTH 3HAYHO KPAIIOro Ta IMIBHAKOTO S()EKTYy OYUCTKH BOJIHHUX
po3unHiB Bit AITAP 4u inmux 3a0pyHIOBadviB.
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Dolenko S. O., Mamaienko O. V., Vember V. V., Rohozhyn Ye. V.

ECOLOGICAL AND ECONOMIC COMPARATIVE EVALUATION OF PLASMOCHEMICAL AND
ULTRAVIOLET DESTRUCTION OF THE ANIONIC SURFACTANTS

Among the huge number of pollutants in aquatic ecosystems, surfactants can be singled out. Among them, the largest
number used in everyday life and in various industries are anionic surfactants. It should also be noted their negative
impact on wastewater treatment processes and, more importantly, on the environment. One of the approaches aimed
at reducing the negative impact of surfactants on water systems is the introduction of reliable and effective methods
of wastewater treatment from surfactants. The current environmental situation dictates the need for deep (destructive)
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treatment of wastewater from pollutants, regardless of the volume of wastewater discharged into reservoirs, to comply
with their content of the MPC. Today, the most advanced among the destructive methods are methods based on
innovative oxidative processes that allow the complete decomposition of pollutants or convert them into forms capable
of further biodegradation. The essence of these technologies is the oxidation of toxicants by highly reactive particles
of activated oxygen, which due to various processing methods, are generated directly in the reaction system. Of
particular interest are technologies in which highly active particles of activated oxygen are formed directly during
processing and do not require the use of additional chemical reagents (oxidants, catalysts). Among them are the
action of vacuum (A<200 nm) ultraviolet radiation (VUV) and various electric discharge methods.

However, the large-scale application of these processes for the treatment of wastewater is still limited in particular
by the fact that the mechanisms of decomposition of surfactants using these processes are insufficiently studied. The
complexity of studying the efficiency of oxidative destruction of surfactants is due to the multi-stage oxidation process,
the formation of mixtures of various intermediate products, the composition of which is not fully established. The
toxicity of surfactant degradation products is also unknown, which is an important criterion for water purification.
Another determining criterion of efficiency for the operation of treatment plants is their efficiency.

The aim of the article is to conduct a comparative assessment of the environmental friendliness and cost-effectiveness
of plasma-chemical and ultraviolet destruction of anionic surfactants.

Ecological and economic comparative evaluation of plasma chemical and ultraviolet destruction of anionic
surfactants was carried out by using as an example an aqueous solution of sodium dodecyl sulfate
CH3(CH3);,080;:Na ("Serva") with a concentration of 10 mg/dm’.

As a result of experiments and calculations, it was found that VUV radiation does not lead to the formation of toxic
degradation products when purifying water from anionic surfactants. When using corona discharge, toxic
decomposition products can be formed in sodium dodecyl sulfate solutions, which cause chronic toxicity of the
solution. Comparison of the values of specific energy consumption showed a much higher efficiency of the UV lamp
DRB-20 in the destruction of anionic surfactants in comparison with the positive corona discharge, as the magnitude
of specific energy consumption for the lamp is 3.67 x10™* kW-h/dm’, and for the plasma generator - 4,4 x1073 kW-h/dm>.
1t is also shown that in terms of chemical efficiency, water purification from anionic surfactants is more effective
when using VUV radiation than positive corona discharge, because this value for VUV is almost 18 times higher than
the same indicator when using a plasma generator.

Due to the high need for the introduction of new efficient, cost-effective and safe methods of water purification from
surfactants in further studies it is planned to increase the efficiency of surfactant destruction in aqueous solutions
through the use of transition metal catalysts (TiO;). This approach will help to increase the concentration of reactive
oxygen species, namely hydroxyl radicals and achieve a much better and faster effect of purification of aqueous
solutions from surfactants or other contaminants.

Keywords: anionic surfactants, destruction, pulsed positive corona discharge, vacuum ultraviolet radiation,
biotesting, specific energy consumption.
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IMJIOCKOHOC B. T, k.T.H., g011.; IACTOB’SIK 10. fl.,marictpant; HASAPEHKO /1. C., maricTpaHT
HauioHanbHuii TeXHiYHUH YHiBepcuTeT YKpaiHu
«KniBcbknii nosnitexniyHuii iHcTuTyT iMeni Iropsa Cikopcebkoro»

3ACTOCYBAHHA MOJUP®IKOBAHUX ITIIIEHUYHUX
KPOXMAJIBHUX KJIEIB JJI51 HIIBUIIEHHA ®I3UKO-
MEXAHIYHUX ITOKA3HHUKIB B IPOIHECAX BUPOGHUIITBA
ITAIIEPY TA KAPTOHY

3 memoro nidsuujenHs Qi3UKO-MeXAHIYHUX NOKA3HUKIG NANeposoi NpoOoyKyii NpoeeoeHo eKCnepuMeHmaibHi
00CIONCEHHA [3 3ACMOCYBAHHAM MOOUDIKOBAHUX NULEHUYHUX KDOXMATbHUX Kleig 8 npoyecax supooHuymea nanepy
ma xapmowny. Busnaueno onmumanbHuili 2padyc Mau8a MAKYIAMYpPHOI Macu ma ONMUMAibHy GUMpamy
KPOXMANLHO20 KAEIO.

Knwuosi cnosa: moougixosanuil nuleHuyHUll KPOXMATbHUL Klell, 8UpoOHUYMBO nanepy ma KaApmoHy, CMYNiHb
MAUBA, BUMPAMA KPOXMATLHO20 KIEH0.
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