YK 628.161

OBE3BPEKVWBAHWE BUOIIUJIOB B ITPOMBIIIIJIEHHOM BOJOIOATI OTOBKE
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Ipomvlunennvle 6UOYUOLL UCNONBLIVIOMCA Ol PeYIUPOBAHUS MUKPOOHO20 3A2PA3HEHUs 8
PA3HOOOPAZHBIX NPOMBIUIEHHBIX CUCMEMAX 6000N0Nb308AHUS, GKIIOUASL CUCMEMbL OXAANCOEHUS,
npouzeo0cmeo oymaeu, 000biuu Hepmu u memobpanuvie mexnonoeuu. Kax npaeuno, npoepammoi
OuoyuoHoU 0Opabomxu pazpadbamvlaiomcs ¢ yeiblo 00CMUNCEHUS ONMUMANILHLIX Pe3VIbmamos,
UCcxo0s U3 ycuosuii oxkpyxcaroujeti cpeobvl, 3aKOHOOAMeNbHbIX mpebosanull, d@gekmusnocmu u
sampam. K uucny cepvesnvix npobiem, céa3aHHbIX C UCNONb308AHUEM OUOYUOOB, OMHOCUMCSL COPOC
06pabomaHubix CmMoKo8 (Hanpumep, Npooy6Ku) 6 cucmemvl 8000NO0020MOBKU UIU 8 NPUPOOHbBIE
8000eMbl. 3aKOHOOameNbHble HOPMAMUBbl MAKdHCe GIUAIOM HA KOJIUYeCmso OUOYuoos, Komopwvle
oonyckaemcs 8vl0eNisimsb 6 OKpydcarnwyro cpedy.  Bo mHoeux cayuasx Ouoyudsl ciedyem
aghghexmueno obesspedcusams Ul Helumpaiuzosams nepeod mem, Kaxk copacvieamev cmoxu. B
OAHHOU cmamve Cco0epAHCUMCSi  0030p KOHKPEMHbIX MemOOUK 00e38PedNCUBAHUsL  PA3TUYHBIX
OKUCTIAIOWUX U HEOKUCTAIOWUX OUOYUO08, HAXOOSWUX NOBCEOHEeBHOe WUPOKoe NpUMeHeHue, d
makoice npueedeHsvl NpUMepbl OAHHBIX 1AOOPAMOPHBIX U NOJIEGLIX UCTBIMAHUII.

Knioueswvie cnosa: 600onodzomoska, buoyuo, obezzapaxcuganue, OKUCIUmMeNb, HeOKUCIAIOUUL
NPOOYKmM, U30MUA30JI0H, 2NIyMmaposslii anvoe2uo, oubpomuumpuinponuonamud, DBNPA, 6pononon,
mempakuc(2uopoxcumemun)gpocgonus cyrvpam, THPS, xnop, 6pom.

BBenenue

MHorouuciaeHHble TEXHOJOTMM OUOIUAHONM O00pabOTKM  yCHEIIHO MPUMEHSIOTCS B
BOJIOTIO/ITOTOBKE HA MPOTSHKEHUM MHOTHX JIET JUIS MOJABJIEHUS POCTa MUKPOOOB M YMEHBIICHHUS
3arpsi3HEHUN KPUTHUYECKH BaYKHBIX TEXHOJIIOIMUYECKUX MoBepxHocTeil. K unciay 6uonnaoB oTHOCSTCS
OKHCIIUTENH, TAaKUe KaK XJI0op, OpoM, 030H, AUOKCHUJ XJIOpa, HEPYKCYCHAast KUCJIOTAa U HEOKHUCIISIOIINE
MPOAYKTHl, B TOM WYHCJIE XJIOPOMETHJI/METUIM30TUA30JI0HbI, TIyTapoBblii anpaerun, DBNPA
(IMOPOMHUTPUINPONHOHAMU]]), OpPOMHUTpONponaHanon  (OpOHOION), COMM  YETBEPTHUHBIX
amMoHueBbIX ocHoBaHul (YAQO) u nutnokapOamartsl [1-4]. Bo MHOTMX COBpEMEHHBIX MpOrpaMMax
00paboOTKM  HEOKHCIAINIME OHOUUABl HUCHONIB3YIOTCS B  COYETAaHUHM CO  CTaHAAPTHBIMU
OKHUCJIUTEIbHBIMU TpOrpaMMaMu JJIsl CO3JlaHUsl IIHPOKOMACIITAOHOTO MOAXOAA K I0/ABIICHUIO
pocta Mukpo6oB. OO6mas 3pQexTuBHOCT, NH0O0ro OWoIKAa 3aBUCUT OT €ro OOMIero CHEKTpa
AaKTUBHOCTHM, MeEXaHM3Ma JIEHUCTBUS, YCTOMYMBOCTHM K YCJIOBHSM OKpY’Kalolled cpeasl u
COBMECTUMOCTH C KOMIIOHEHTaMHU U I00aBKaMU B CUCTEME.

MukpoOHOe 3arps3HEHHE TIPEICTaBIsIeT COOOW cephe3Hyr TmpolieMy B oOmactu
BOJOMOJTOTOBKMA, B TOM 4YHCJIE, [ CHCTEM OXJKICHHS, UEJUTI0JI03HO-OyMaxHOU
MIPOMBIIIJICHHOCTH, HepTeqo0bun 1 MEeMOpaHHBIX TEXHOJOTHH pa3jelieHus. HexoHTpomupyemoe
3arpsi3HEHUE MOJKET MPHUBECTH K mpoljemMaM B SKCIUTyaTalldd, BKIIOYas MHUKPOOHYIO KOPPO3HIO,
yMeHbLIeHHEe YPPEKTUBHOCTH TEXHOJIOTMYECKOIo mpolecca (Terionepeaadyd M HUCHapUTesIbHOTO
OXJIQXKICHHS ), HECOOTIOICHUE YUCTOTHI B CUCTEME M MOTEHIIUATILHYIO YIPO3Yy JJI 310pOBbS [5,6].

K uucny cepbe3HbIXx mMpoOieM, CBSI3aHHBIX C HCHOJNB30BAaHHWEM OHOIMIOB, OTHOCUTCS cOpoC
00paboOTaHHBIX CTOKOB (Hampumep, MNPOAYBKHM) B CHCTEMbI BOJIONOJIrOTOBKM WM B TPHUPOAHBIC
BosoeMbl. [{nsa cobmiopenust TpeOoBaHMI JEHCTBYIOIIErO 3aKOHOAATENBCTBA OWMOLMA JOJDKEH OBbITh
3¢ PEKTHBHO 00€3BPEKEH WM HEHTPATM30BaH Mepe]l TeM, KaK CTOKM MOXKHO OyJieT cOpachiBaTh, WA B
ciyyae pasnuBa. [Ipy 5TOM BakHO, OJJHAKO, YYWUTHIBATh THIPOJIU3 U OHUOJIOTMYECKOE Pa3IOKEHHE
(mepuon nosypacnajga) OMOLMIOB, TaK KaK 3TU IPOLIECCHI TaKXKe MPEJICTaBISIIOT coOOM MyTH pacrnaja
(0Oe3BpeKMBAHMA).

Bopa i BogooumncHi TexHonorii. HaykoBo-TexHiuHi BicTi - Ne 3(9), 2012 13



B nanHOli cTaThe comepKUTCS 0030p KOHKPETHBIX METOIOB OOE3BPE)KMBAHMS PA3THMYHBIX
OKHCIISIIOIIMX M HEOKHCISIOMMX OMOIMIOB, HAXOIAIIMX MOBCEJHEBHOE IIMPOKOE MPHUMEHEHHUE.
OO6cyxnmaercs nmoctymHasi WH(OpMaNus OTHOCHUTEIBHO PEKOMEHIYEMBIX XHUMHYECKHUX CPEIICTB
00€3BpeKMBAHMs, MEXaHM3Ma MPOTEKAHUS peakiHil, PEKOMEHIYEMbIX JO03UPOBOK U TMPOIYKTOB
mpouecca oOe3BpexuBaHus. (Ocoboe BHUMaHUE YJIEIEHO CXOACTBY MEXKAY pPEaKIHsIMH,
MPOTEKAIOIIUMU NPH 00€3BpE)KUBAHUY, U MEXaHU3MaMHU aHTUMUKPOOHOTO 1eHCTBHSI OMOLIUIOB.

Oo0e3Bpe:knBaHNE HEOKUCIAIOMIUX OMOLMI0B

H3oTtnazoenonbl. Hanbomnee 4acTo MCMONIb3yeMbld HM30THA30JIOHOBBIM OWOIM[ IPEACTaBIIET
co00if cMech B 00beMHOM OTHOIIEHUH 3:1 5-x510p0-2-MeTmin-4-u3zoruazonui-3-ona (CMIT) u 2-metwmi-
4-uzotnazonun-3-oHa (MIT). CMIT/MIT ob6najaer MHUPOKUM CHEKTPOM JEHCTBUSI B OTHOIICHUU
Oaktepuii, Bojopociel u rpuOkoB. Heckonbko jieT Ha3zaa B KayecTBE OMOLMAA Ul YHUYTOKEHHS
BOJIOPOCIIEH B OTKPBITHIX HUPKYJISAIIUOHHBIX CHCTEMAaX OXJIaxIeHus ObuT BBeseH B mpaktuky DCOI (4,5-
JIXJIOPO-N-OKTHIIN30THA30IMH-3-0H). CaMble HOBbIE M30THA30JI0HOBBIE OMOLIU/IBI, pa3pabOTaHHbIE /IS
MPOMBILICHHOTO ITPUMEHEHHS, JenatTcs Ha ocHoBe MIT Ge3 mpuMeHeHHs! Ipyrux BELIECTB TOTO XKe
Kiacca [7].

N30THa3010Hbl - 3TO 371E€KTPO(UIbHBIE OMOILUABI, TO3TOMY OHU OYEHb JIETKO pEearupyroT ¢
HYKJI€o(QUIbHBIMU cOoelrHeHusIMU. Kak mpaBuio, OHM HECOBMECTHMBI C CEpPOM HU3KHUX CTEIEeHeH
OKHUCJICHUs (THOJNaMH, CylbpUAaMHU, CyIbPUTaAMH, THOCYIb(aTaMu, MEpKanToOEH30THA30JIOM) U C
HEKOTOPBIMH a30THCTHIMH COCTUHEHUSAMH (TMIEPBUYHBIMU U BTOPUYHBIMU amuHamu). [lytu pacmana
3TUX OMOLKOB OBLTH paHee OMUCAHBI ISl OOJBIIOTO KOJMYECTBA YCIOBHUI OKpYysKaroleit cpeasl [8].

OcHoBHBIMH 00€33apaKUBAIOIIMMHU peareHTaMu ISl HemeOleHH020 YHUMTOXKEHHS N30THAa30I0HOB
SBISIIOTCA  OMCYNb(GUT HaTpusi wWid MeTaducynshutr Hatpus [9]. CrexuoMeTpudeckoe MOIbHOE
COOTHOILICHHE B peakuuu Mexnay oucynbpurom Hatpus (NaHSOs; monexymspras macca 104) u 5-
XJIOPO-2-MeTHII-4-U30THA30IMH-3-0HOM (MoJeKysipHas mMacca 149) wnu 2-meTun-4-u30Tua3osuH-3-
oHOM (MmonekyssipHasi macca 114) cocramsier 1:1. CrnemoBarenmsro, 104 ppm Oucynsdura Hatpus
npopearupyroT U nomioTIT 149ppm 5-xmopo-2-metun-4-u30Tra3onuH-3-ona win 114 ppm 2-metun-4-
M30THA30JIMH-3-0Ha.

bucynsdur arakyer CMIT u MIT mo cBs3M MeXAy aToMaMu a30Ta W CEPbl, MPUBOIS K
00pa30BaHUIO MOJIEKYJIbl M30THA30JI0HA C PACKPBITHIM KOJIBIIOM M KOBAJIEHTHO CBA3aHHOM 110 aTOMY
cepbl cynbdutHOil rpynmnoi (puc. 1). Kak Toibko M30THa30J0HOBOE KOJIBLIO PACKPBIBAETCS, OMOLIH/T
TEpsIeT CBOIO OMOJIOTMYECKYIO0 aKTUBHOCTh U OKa3bIBaeTCs dPGEKTUBHBIM 00pa3oM 00e3BpekKeH. DTa
peakius oueHb yyBcTBUTEIbHA K pH. B kucnoit cpene (pH<6) oHa mpoTekaeT AO0BOJIBHO OBICTPO U
3aBepllaeTcss MeHee ueM 3a 3 MUHYThI. B mienounbix ycnoBusax (pH>8) ona mporekaet MeqjieHHee U
MOXET OBITH 00paTUMOIA.

0 0
NaHSO; + | N NH — CHs
Cl s~ CH, cl N
SO; Na
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_
NaHSO,; + | NH — CHj
N. s
s~ CHs \
SO; Na

Puc. 1. Peakums xnopmerunuzoruaszonona (CMIT) u merunuzoruazonona (MIT) ¢ Gucynsdarom.
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Pesynprar paspymenus aeiictBytonux BemiectB B CMIT/MIT mon neiictBuem Oucynbgura
HaTpUs 3aBUCUT OT pH, KOHIIEHTpanmuu W BpeMeHH KoHTakTa. J[ius Toro, urober OGomee 90%
M30THA30JI0Ha OBLIO O0E3BpPEKEHO B TeUeHHE 3 MHUHYT, CoJep)KaHue OucCyibpuTa JOKHO OBITH
npuMmepHo B 20 pa3 BbIlle, 4eM CoJAep)KaHHUEe NEHCTBYIOIIETO BellecTBa B Boje mpu pH 6 u Huxe.
st Bon ¢ HenTpanbHbiM pH TpeOyercsi Gosiee BbicOKas KoHIEeHTpanus Ouoruaa (okoio 30:1) u
0oJiee IIUTETHLHOE BPEMSI KOHTAKTA.

HccnenoBanuss TOKCMYHOCTH, TPOBEJCHHBIE Ha pHIOAX, IMOKAa3aJd, YTO TEXHOJOTUYECKHE
CTOKH, COJEp)Kalllue HM30THA30JIOHbI, HE MPOSBISAIOT TOKCUYHOCTH B OTHOIIEHUU PHIOBI TpU
o0e3BpekMBaHNM WX Oucynbpurom Hatpus [9]. B ostux wucnertanmsx 2,1 ppm CMIT/MIT
obes3BpexuBaics 100 ppm O6ucynbdura Hatpus. Beicokoe comepkanune OucCylibpuTa 0OBSICHIIOCH
TE€M, YTO CTOYHBIE BOAbl He monkucisumch (pH 7,4). W3mepsiack CMEPTHOCTh B TOIYJISIIIAH
cuHexabepHoro coimHeyHuka. [Ipw Hamuuumu B Bojae OwWonmaa morudand Bce phIObI, TOraa Kak B
ciydyae 00€3BpEeKEHHOro OHOIMAa TOKCHMYHOCTh Ui PBIO OTCYTCTBOBaja mocie 4 CyTOK
Ha0JII0ICHU .

XuMuYecKasi peakiivsi THOJIOB C XJIOPOMETUIN30THA30JI0HaMHU TTOKa3aHa Ha pucyHke 2. Kak u B
ciydae ¢ OucynbduroMmM, Hamboyiee PpPEaKIIMOHHOCTIOCOOHOW OKa3bIBaeTCS CBSA3h a30T-cepa.
HyxneodunpHas ataka B 9TOM MOJOXKEHHH TMPUBOIUT K PACKPBITHIO KOJbIA M OOpa30BaHUIO
TUCYTbUIAHOTO  KOMIUIEKCA, 4YTO MPUBOJAUT K IOTEpe aHTUMUKPOOHOW  aKTUBHOCTH
(oGe3BpexuBanuio). Jlns ramoreH3aMenieHHbIX W30THa30510HOB, Takux kak CMIT u DCOIT npu
MPOJIOJDKCHAHM PEaKIMU THOJBI TakK)K€ MOTYT BBITECHSATh CBS3aHHBIH C KOJIBIIOM XJOp B 5
MOJIOKEHUU. OTU pPEaKIUH ¢ THOJIAMU TaKXKe HMMEIT MECTO TpHU KOHTaKTe OHOILHUIOB C
MUKPOOPTaHU3MAMH U CYHTAIOTCS 0a30BBIM MEXaHU3MOM aHTHMHKPOOHOW aKTHBHOCTH, BCIICICTBHE
Yero HacTymaeT yrHeTeHUe KIeTOYHOro Metabonusma u pocra [10].

ANbTEpHATUBHBIM ~ METOJ  00€3BPEKMBAHUSA  HM30THA30JOHOBBIX  OHOLMIOB  BKJIIOYAET
WCIOJIb30BaHNE OPraHUYECKUX THOJIOB, TAKUX KaK LUCTEHMHA THIPOXJIopu. B rccnenoBanusx ObLI0
MOKa3aHO, YTO TMPH BO3MCHCTBHM TaKWX >K€ KOHICHTPAlMi IMCTEWMHA, KaK M B CcIy4yae cC
OoucynbpuTOM, HacTymaeT ObicTpoe W 3PdekTuBHOE 00e3BpekuBaHue Ououuga. XOoTd MUCTEUH
Toposke OMCynbpuTa, OBLJIO MMOKA3aHO, YTO OH 00ECIIEUYNBACT HU3KYIO OOIIYI0 TOKCUYHOCTH CTOKOB
(mpu  3TOM UCHOJB30BAIMCH OYEHb YYBCTBHUTEIbHBIE METOJbI TECTUPOBAHUS, TaKHE Kak
dotomomunectienTHas cuctema MICROTOX™) [11].
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Puc. 2. Peakuus XxJ10pMeTHIN30THA30JI0HA C TUOJIOBBIMU COEIMHEHUSIMH.
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Jlnis 00e3BpeXMBaHUs Pa3IMBOB WM 00E€3BpEKUBAHMUS 00OPYAOBaHMS B ClIydae 3arpsi3HEHMs
CMIT/MIT pexomeHayeTcsl UCNONb30BaTh 5% pacTBop OucynbduTa HaTpust B coueTaHuu ¢ 5%
pactBopoMm Owmkapbonara Hatpus. OObEeMHOE COOTHOIICHHE OOE3BpPEKHBAEMOTO Ouonuaa |
00€3BpEKUBAIOIIETO pacTBOpa AOKHO cocTaBiATh 1:10. s MOTHOTHI peakuuu PEeKOMEHyeTcs
OCTaBJISITh 00€3BPEKUBAIOLINI PaCTBOP B KOHTAKTE C PA3IUTHIM OUOIMIOM B TEUEHHE KAK MUHUMYM
30 munyTt. {1 o6e3pexkuBanust DCOIT pekomenayercst 10% pactBop THOCybdara Hatpus [12].

Iayraposslii anbaerna. ¢G(GEeKTUBHOCTH INIyTAPOBOTO albJETH/a CBA3BIBAIOT C HAJHMYUEM B
MOJIEKYJIE IBYX aJIbJCTUAHBIX IPYII, PACIOI0KEHHBIX Ha UAEATbHOM PACCTOSHUU IJI TOTO. YTOOBI
IpU BCTpeYe C aMHHOM O0pa3oBaTh YCTOWYMBYIO CTPYKTYpY. AJBIETUABI - 3TO BECbMa
PEaKIMOHHOCIIOCOOHBIE  3JIEKTPOPUIIbHBIE (DYHKIMOHAIBHBIE TPYIIbl, KOTOpbIE pearupyroT ¢
aMHHaMHU, Cylb(uaaMu, THOJIAMH U APYTUMH HyKIeoduiaamu (puc. 3).

OH OH OR QR

Ma+ W )\/\)\
0,38 S0, Na+ RO OR
3
NaH30, ROH
\ (alcohols)

O O H, 0 OH OH
HWH Hﬂ)\/\)\ﬂH
basc or

high pH
HHHE or HHZ
{[amincs)
dimcric
and
polymcric .R HO. 0. OH

0 — L4
H H

Puc. 3. PeakunonHas criocoOHOCTB TIIyTapOBOTO allbJIETH/Ia B OTHOIICHUH Pa3JIMYHbIX
HYKJI€0(hUIIOB.

['myTapoBeIii anbaeru UCIONb3yeTcs B MUKPOCKOMUHU Kak (UKCUPYROIUK peareHT. ToT xe
caMbIii TpUHIMN "00e3MBIKUBAHUSA" OTHOCUTCS W K €ro aHTUMUKPOOHOMY JEHCTBHIO: OCIKH
OKa3bIBAKOTCS IEPEKPECTHO CBS3aHBI YEPE3 AMUHOTPYTIIIBL.

[Ipn xpaneHun B OOJBIIMX KOJMYECTBAX BO3MOXKHA HeoOpaTumasl IOJIMMEpU3alus
TIIyTapoOBOTO allbJieTha W3-3a MOBBIIIEHHOTO 3HaueHus pH wnuM Hanuuusg npumecu amMuHOB. B
KHCIIOM cpelle MU B TEX KOHLEHTPALMAX, B KOTOPBIX OH IPUMEHSETCS B IPOMBIIUIEHHOCTH,
nonuMmepusanus oObIYHO He sBisAeTcs mpobnemoil. HamepeHHoe 00e3BpeXHBaHHE TIyTapOBOTO
anpaernaa B paboumx KOHIEHTPAIUSAX JOCTUTAETCS OJHUM M3 ABYX cnoco0oB: (1) obpaboTkoit
nienoyaMu wi (2) o0padoTkoii 6UCYIb(OUTOM HATPHSL.

JloGaBrieHre MIENOYM K OCTATOYHOMY TIIIyTapOBOMY abJETUAY HPUBOIUT K O0Opa30BAHUIO
HEaKTUBHOTO BEIIECTBA, TAKOTO KaK COEJAMHEHHE 2 Ha PHCYHKE 3. DTOT METOJ HPUTOJIeH IS
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KOHIEHTPAllMU TIyTapoBOro ajbAeruia, He mpesbliatomei 2%. Jlns nmomHoro o6e3BpeKUBaHUA
oOpabaTbIBaeMblil pacTBOp cielyeT BbAep)KaTh B TeueHue 4-8 yacos npu pH ~ 12. [locne nepuona
BBIJICPXKKH TIepen cOpOCOM WM YTHIIHM3alued HeOoOXOIMMO IPOBECTH HEHTpaIHM3alUi0 CTOKOB
(myTem noGaBiieHUs] XJOPUCTOrO BOAOpPOJAA A0 JAOCTHXEeHMsA HeltpanbHoro 3Hauenus pH) [13].
O06e3BpeKeHHBIN MPOYKT OMOJOTHYECKH pasiiaraercs Mojao0HO CBEXEMY IIyTapOBOMY albAETUAY
u o0nazaeT XOpOIIMMH TOKCHUKOJIOTMYECKMMHU MokazaTensmu. Hampumep, ero LCsy ans
Tosictoio0oro rombsiHa B 200 pa3  TpeBhIIaeT 3TOT JKE€ IOKa3aTelnb Il CBEXKETO
(HEeo0e3BpEeKEHHOT0) TITyTapoBOTO anbaeruaa [14].

[IpennoyTuTeNbHBIM METOIOM 00€3BpEKUBAHUS PACTBOPOB, COJEPKAIIUX 10 5% TIyTapoBOTO
anpAeTua, sBIgeTCs o0paboTka OMCYJIb(PUTOM HATPUS C TOJYYCHHEM MOHOMEPHOTO MPOIYKTa
npucoeauHenus (coenuHeHue 3). OOBIYHO PEKOMEHIYIOT 100aBIATH 2-3 BECOBBIX JKBUBAJICHTA
OucynbpuTa U3 pacuera Ha OJUH BECOBOI AKBUBAJIEHT IIyTapOBOrO anbleruaa (IeiCcTBYIOIIEro
BemiectBa) [13]. BaxHO OTMETHUTH, UTO CyJIb(MUT MOKET pearupoBaTh ¢ APYTUMH KOMIOHEHTAMHU
CUCTEMBbI (HallpuMep, ¢ PaCTBOPEHHBIM KHCIOPOJOM WM JIPYTHMMH aibJerHiaMiu), MO3TOMY s
MOJTHOTO 00€3BpPEKMBAaHUS TJIYTapoOBOI'O albJerujia MOXKET MOHAJA0OMThCS OOJble peareHTa.
[IpoxykT peakmmuyu MeXmy TIYyTapoOBBIM ajbJCTHIOM H OUCYITH(PUTOM HATPHs, KaK OBLJIO IMOKa3aHO
UCCIIeZIOBAaHUSIMH, HEAKTHUBEH B OTHOILIEHMM OOBIUHBIX OaKkTepwil mpu KoHUEHTpauuu 10 1,7%.
[IpoxykT OMONOTMYECKH pa3iaraeTcsi Tak K€, KaK W TIyTapOBBIA ajbJETH]l, HO UMEET JIydlInid
TOKCHUKOJOrH4yeckuit mpoduis [14,15].

DBNPA. Jlu6pomuutpunnponuonamuy; (DBNPA) - 310 ObicTpoaelicTByIOmMii OHouug ¢
JByMsl pPEaKLMOHHOCIOCOOHBIMU aToMamMu OpoMa B mo3uuuu 3amectuteneid. Cuuraercs, 4TO
DBNPA nelicTByeT, OKHUCHsIS KJIETOYHBIE THONBI A0 AWCYIbGUAOB U panee (puc.4). IT0
JIEHUCTBYIOIIEE BEHIECTBO OoJiee OBICTPO pearupyeT Mpu BBICOKMX 3HaueHUsx pH, HO mo mepe
nosbitieHust pH oHo Takxke ObicTpee pacmanaercsi. CKOPOCTh THAPONIN3A U MYTH HYKICO(UIHLHOTO
pacnana (puc.5) moIpoOHO OCBEIIAOTCS B JOCTYITHOMU yiuteparype [16].

o
NS
NH,
Brr H
H+
N 0) H,O RSOH
N _
v NHE — N ~ D ?:'Br
Br Br ~ 7 |'~,.|||_|2 4
=
K/ FI?. Br R'SH RESR"

R,R' = cellular protein or peptide

Puc. 4. Peakuima DNBPA ¢ k1€ TOYHBIMY THOJIAMH.
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DBNPA nposiBisieT CHHEpru4ecKoe IeMCTBUE B OTHOIIEHUH XJjiopa. OJHaKO OH HECOBMECTUM
C CWJIBHBIMHU BOCCTAHOBUTEIISIMU U CHJIBHBIMU HYKJI€O(MUIaAMH, TAKUMH KaK CEPOBOAOPO/I, CYIbPHUTHI
u  OucynbQUTHI, HOAMIBI, MEPKANTOOEH30THAa30J M THUOHOBbIE OWONMIBI. OTH BelIeCTBa
obe3BpexxuBaioT DBNPA mnytem neOpoMupoBaHMs, UYTO COBMNAJaeT C MYTEM peakiuu Npu
YHUUTOKEHUU MUKpPOOpraHu3mMosB [17].

B HekoTophIX ciyyasx OTCYTCTBYeT HeoOxoaumocTb oOe3BpekuBanuss DBNPA. Hampumep,
IpU TPOBEJACHUM THJPABIUYECKUX HCHBITAHUI, KOTJAa COCYJ 3alOJIHAIOT BOJOH C OIHOKPATHO
no0aBJIeHHBIM OHMoLMIOM, pacnaa myteM ruaponnsa 200 ppm DBNPA B TedueHre HECKOIBKUX AHEH
WM HEJleNb OOBIYHO MPOUCXOIUT B JIOCTATOYHOM Mepe Ul TOTO, YTOObI BOJY MOXHO OBLIO CIMTH
0e3 mpenBaputenbHOoro obe3BpexuBanus [18]. ArenrctBo CIIIA mo Bompocam 3arpsi3HEHHS
okpyxaromieid cpensl (USEPA) m3gano tpebGoBaHue, coriiacHO Kotopomy coxaepxkamue DBNPA
CTOKM JOJDKHBI MPOXOJUTh BTOPUYHYIO OHOJOTMYEcKyr0 0OpabOoTKy Tmepell BBITYCKOM B
OKpY’KaIOLIyI0 Cpeqy, 4ToObl YCKOPHUTH pacraj Ououuga M yMEHBIIMTh €ro BO3JEHCTBHE Ha
OKpy’KarIIyto cpeny. OgHako 3Toro He TpeOyeTcs aenaTh Ipu 00paboTKe CTOYHBIX BOJI (ITOCKOIBKY
BBICOKHI YpOBEHb OHMOJIOTHYECKOTO 3arpsi3HEHUs MPUBOAMUT K OBICTPOMY pacnaay Ouonuaa) u npu
W3BJICYEHUM BTOPUYHON HePTH (BBUAY O0XKHMJIAEMOro OrpaHHyYeHHoro BoznaedcTBus). DBNPA
3aMpeTiii MPUMEHATh B MPOTOYHBIX CHUCTEMaX, MOCKOJBKY ISl TAKUX CHUCTEM OOBIYHO Tpelyercs
MHOT'O JICHCTBYIOIIETO BEIIECTBA, U 00E3BPEKUBAHNE OOBIYHO HEBO3MOXKHO OCyIecTBUTH [19]. [l
xumudeckoro obe3BpexuBanHusi DBNPA croku oObiuHO 00pabaThIBalOT IBYMsI DKBUBaJCHTAMH
oucynbduTa HaTpUA U3 pacueTa Ha ouH YkBUBajIeHT DBNPA.

C
H\ . D B - D
AN Mu: H\ r N\
NH, —— S NH L \\)J\DH
Br” Br or hv ¢ Br
O O O O

Puc. 5. - Peakiiuss DBNPA ¢ nykieodunamu Ipyu OCBEIIEHUN COTHEYHBIM CBETOM.

Bpononoua. bponomosn, 2-0pom-2-HuTponponas-1,3-a10n — 3TO MEUIEHHO JAEHCTBYIOLIHUMA
JUINTEIBHO cOXpaHstouuiics B Boge ouonua. OH o6agaeT Xopoued XuMUIeCKOH COBMECTUMOCTBIO
U CHHEpruyYeH ¢ JApPYrUMHM OMOIMIaMH, B YaCTHOCTH, ¢ H30THazoysioHamu. [Ipenmonaraercs, uTto
OpOHOIIOJNI JIEHCTBYET MyTEeM OKHCJICHHS THOJOB Ha MOBEPXHOCTU KJIETOK M OemkoB. Shepherd c
KOJUIeraMH ONHCHIBaeT OPOHOMOJN KaK KaTaJUTHUYECKUH OKHUCIUTENb B MPHUCYTCTBUU KHUCIOPOAA,
KOTOpBIM JEHCTBYeT Kak OCHOBHOM OKucCiuTenb (puc.6), M KakK BELIeCTBO, CHOCOOHOE
CTEXMOMETPUYECKH pa3jiaraTh IHUCTEHH WM TJIYyTaTHOH B OTCyTCTBUE Kuciopona [20]. B obowmx
Cllydasix U3MEHEHHE KJIETOYHBIX THOJIOB TOPMO3HT Pa3BUTHE OakTepuil uiau youBaer ux. B ciydae
a’poOHO 00pabOTKM BBIPAOOTKA CYIEPOKCHAA MPUBOAUT K JAIBHEUIIEMY OKHCIUTEILHOMY
MOBPEXJICHUIO OaKTepuil - BEPOSITHO, 3TO M €CTh MEXaHU3M JIecTBUS Ononua.
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Puc. 6. Peakuus 6poHormiona ¢ THOIaAMHU U OUCYIbPUTOM.

bpoHonosn B 11€710M HECOBMECTUM C CHJIbHBIMH OKHUCIUTENSIMU U BOCCTAHOBUTENISIMU, TAKUMU
Kak cBOOOHBIM xyop u Oucynbur Hatpus [21]. CepoBogopos M THOMOUYEBHMHA TaKXKe
WHaKTUBUPYIOT Oponomnois. [lpu 20°C Oponomon ycroWuuB K Tuaponusy, npu pH 6 mepuon
nojypacnajaa cocTaBiisieT rojibl, mpu pH 8 - Mecsupl. Beicokuii ypoBenb pH B coueTaHun ¢ BbICOKOM
TEMIIepaTypoil COKpallaeT CpoK XU3HU OpoHomoia B pactBope. Hampumep, mpu pH 8 u 60°C
OKUJAaeMblil CpPOK IoJlypacmaga OpoHonoia coctanisier okoso 3 yacoB. Kak 1 DBNPA, 6pononon
MO3KeT OBITh 00e3BpekeH OUCyNIb(pUTOM Mo MexaHu3My JnedpomupoBanus (puc.6). Xots 1ia copoca
B OKpyXarollyo cpely Heooxonumo pazpemienue NPDES, OpoHonmon B 1elIOM  HEIOJTO
cOoXpaHsieTcs B OKpy:katouiei cpene [22].

THPS. Terpakuc(ruapoxcumerun)pochonus cynbpar, THPS, saBngercs xumuueckum
IPEIIIECTBCHHUKOM aKTUBHOTO OMOIUIHOTO COSAMHECHUS - Tpuc(Tuapokcumeri)dochuna (puc.7).
OTU N1Ba XMMHYECKHUX BEIIECTBA HAXOMATCS B PAaBHOBECHUH, MPEBPAILICHUE OCYIIECTBIAETCS MyTEeM
THIIPOJIA3a TUAPOKCHUMETHIILHOW rpynnbsl mpu ¢GochopHOM LeHTpe. Bo3HuKaromuii B pe3ynbTare
(dhocdun npeacrasiseT co00i BOCCTAHOBUTENb, KOTOPBIHM pa3pbhiBaeT OMOJOTHYECKHE TUCYIb(UTHBIC
MOCTHUKH (puc.7).

THPS nHecoBMecTuM ¢ OUCYJIb(QUTHBIMHU COJIIMA M OKHCIUTEISIMH, M 3TH BELIECTBA YacTo
UCTIONB3YIOTCS Kak 00e3BpeKUBAIOIINE BellecTBa. B 11000M ciydae KOHEUHBIA MPOAYKT - 3TO OKCHL
tpuc(runpoxcumerun)pochuna (THPO), xoropeiii sBhseTcs CTaOWIBHBIM W HETOKCHYHBIM
BeniecTBOM [23]. OnuH U3 MaTeHTOB omMchbiBaeT oOe3BpexxuBanue THPS myrem kaTamuTudeckoro
OKHCJICHUSI B MPUCYTCTBUU aKTHBUPOBAHHOTO YIJISI M pacTBOPEHHOTO Kuciopoaa [24]. JlobasneHue
aKTUBUPOBAHHOTO YIJIS TMO3BOJIAET Oojiee 3PeKTUBHO 00e3BpEKMBATh OMOLUA MpU BBICOKUX pH.
O6wsruno THPS okxucnsieTcss BO3JyXOM B KHCJIOW Cpeje, TOTJa KaKk B CHCTEMax OXJIaKJICHUS BOJa
00bplyHO Onmxe K IienoyHoMy 3HaueHuto pH. B maGopatopubix ycnoBusix THPS Moxno Taroke
0o0paboTarh MIENOYBI0 YTOOBI yCKOPHUTH TuAponu3 g0 THP, mociae yero mo0aBisiiOT TMEPEKUCH
Bojopozaa 1o obpazoBanusi THPO [25]. OGe3BpexuBanue croka, coaepxaimiero THPS, o6paboTkoit
MEPEKHUCHIO BOJAOPO/Ia B HAKOMUTEIBHOM pe3epByape, o00peno USEPA B ocobbix ciydasix [26].

THPS oOe3BpexxuBaeTcss peakuumeil ¢ Oucyiabpuramua, HO He 00E3BpEKUBAETCS
cepoBogoporoM. THPS nelicTByeT Kak MOIVIOTHTENb CEPOBOAOPOJA, HE TEpsisi aHTUMHKPOOHON
aKTUBHOCTH. DTOT MPOJYKT TAK)KE U3BECTEH TE€M, UTO B MIPUCYTCTBUU aMMMaKa MJIM COJEH aMMOHUS
OH CIIOCOOEH pacTBOPATH OTJIOXKEHUs cylbduma xene3a [27]. OmHako 3Ta peaxius MPUBOIUT K
nornomennto  THPS, koTopelii B MOpPOTHBHOM ciiydyae MOT Obl MPOSIBUTH AHTHUMHUKPOOHYIO
AKTUBHOCTb.
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Puc. 7. Peakniusa THPS ¢ Ki1eTOYHBIMY THOJIAMH.

O6e3BpexkuBanue pocturaetcs oopadbotkord THPS ueThipexkpaTHBIM BECOBBIM 3KBHUBAJIICHTOM
OucynbpuTa HaTPUs B MIETOYHOM cpere [28]. XapakTep peakuu MEXay STUMU JBYMs BEIIECTBAMU
HE JI0 KOHIIAa $SICEH, HO MMEETCs MpPEAINOJOKEHHE O TOM, YTO IPOTEKAET OKHUCIUTEIbHO-
BOCCTaHOBHUTENbHAss peakuus [29]. JlabGopatopHble naHHble mnokazanu, 4ro 75 ppm THPS
JIOCTATOYHO IS TOTO, YTOOBI YHUUTOKUTH 6% CMEIIaHHbIX a3pOOHBIX OaKTepuil B TeUEHHUE OHOTO
yaca B pucytctBuu 30 ppm 6ucynbputa Harpus. OAHAKO yKe B IPUCYTCTBUH 65 ppm Oucyibdpura
HaTpUs 3a TO e BpeMs YHHUUTOXkaeTcsi Toibko 90% Oaxtepuil. XOTS 3TH JaHHbIE Ha JalOT
npeacTaBieHuss 0 koaudectse octatoyHoro THPS, oHm moxaspIBaroT. 4TO aKTHBHOCTBH BELIECTBA
OBICTPO TOPMO3UTCS JaXKe ITPU HEBBICOKOM KOHLEHTpauuu oucynbpura Hatpus [30].

IIpoune HeokucasIIOIME OMOLM/IBI

Ha mpotrsbkeHnr MHOTHX JI€T B Kaue€CTBE HEOKHUCISIIONIMX OMOLMAOB ISl MPOMBILIIICHHBIX
CUCTEM BOJOMOATOTOBKM UIIMPOKO HCIIOJIB30BAIUCh Pa3IMYHble KATHOHHBIE YETBEPTUYHbBIC
AMMOHHUEBbBIE  COJIH. OO0e3Bpe)KMBaHUE OSTUX BEIIECTB JOCTUTACTCS (PUIUKO-XUMUYECKOM
azcopOuuell Ha TBEpAbIX MaTepuaiax, TAKMX Kak OCHTOHUTOBbIE IJIMHbI, a TAKXKe MMyTeM PEeaKuH C
BeIllECTBAMU aHUOHHOrO XxapakTtepa [31,32]. B kauecTBe THUNMUYHOrO TOJXO0Ja OIKCAHO
WCIIOIh30BaHNE KaK MUHUMYM IIECTUKPATHOTO KOJMYECTBA TIITMHBI (TI0 OTHOIICHUIO K COJEPIKAHHIO
YAO) mepen cOpocoM CTOKOB B OKpykarwiryio cpeny [33]. B xauecTBe aHMOHOTCHHBIX BEIIECTB,
WCTIONB3YEMBIX 711 00€3BpEKUBAHUA, MPUMEHSAIOTCS CTeapaT HaTpus, MOACHIICYIhhaT HaTpHs,
JONCUMITIUIMH, JOACIMIAMUHOATUITIUIUH, NAIbMUTAT HATPUs, OJieaT HATpPHs, JIMHOJIEAT HATPUS,
TUOKTWICYJIb(PoCcyKIMHAT HaTpust M ankuiHadTanuHcyab(onar. [IpodieMoii mpu MCMOIb30BAaHUU
[JIMH B KayeCcTBE HEWTPaIM3aTOpPOB CTAHOBUTCS [UIMTEIBHOE BpPEMsSl OCAXICHHMS HWHEPTHBIX
MaTepHaioB U UX 3KOJOTUYECKOE BO3JECICTBHE.

Hnsa  tpulytunrerpaneunnadocponus xmnopuga (TTPC) B kadecTtBe 00€3BpEKHBAIOLIETO
BEII[ECTBA pEKOMEHIyeTcsi OeHTOHHMT. Pexomenayemoe cooTHouieHue coctaBiaseT 10 wyacteit
OeHTOHUTA (KaK B3BEILIEHHBIX BemlecTB) : 1 yacTh akTuBHOTO BenlectBa (TTPC). Mexanusm peakuuu
- azcopO1Ms, BECh IIpoliece MpoTekaeT MeHee yem 3a 10 munyT [34].

buomua  4-xn0p-2-AuankunaMuH-s-TpUa3uH (Ipyroe Has3BaHue - TepOyTtunasun; TBZ)
UCIIOJB3YETCS B CUCTEMax BOJOIMOATOTOBKM B KadecTBe anbruuuna. s TBZ pexomenmyercs
WCIIOh30BaTh B KauecTBE 00€3BPEKUBAIOIIECTO BEIIECTBA aKTUBHPOBAHHBIM yTOJIb, MOTJIOMIAIOIIAS
cniocoOHOCTh KoToporo coctaniser 2800 mr TBZ Ha rpamm akTHBHpOBaHHOTO yruis [34].
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K 4mcny nByX OCHOBHBIX KapOaMaTHBIX OMOLIMJOB, UCIOJIB3YEMBIX B CHCTEMAX OXJIAXKJIEHHUS,
OTHOCATCS KallMeBass W HaTpueBas coiu auMmerwigutuokapbamara (DMDC) u sTtunen-o6uc-
mutrnokapbamar (EBDC). [lns oOe3BpexuBaHus AUTHOKApOAMATOB HCIOJB3YIOT pa30aBieHHE U
noJIKMciIeHue caabbiMu KucnoTamu. Helitpanusauus Hactynaet npu pH 2-3 [35].

Oo6e3Bpe:knBaHNe OKUCISIOIMX OHOLNI0B

K uncnay okucnsronmx OHUOLMAOB OTHOCSTCS HPOIYKTHI, COAEpKallde CBOOOJIHBIE IajoreHbl
(THITOXJIOPUT W THIIOOPOMUT), CTAOMIM3MPOBAHHBIN T'MIOOPOMMT, JOHOPHI TaJlOT€HOB (XJOp, OpoM-
LMaHypaThl M TaJOr€HUPOBAaHHbIE THAAHTOMHBI), MEPEKHCH, O30H, TUOKCHJl XJIopa M MEpyKCyCHas
KHCIIOTa [2]. B 11e10M HEOpraHuyeckrue COeIMHEHUs, COACpKAIIHNE CEPy B HU3KUX CTEMECHSIX OKUCICHUS
(Oucynbutel,  MerabuCynbGHUTBI  WIM  THOCYJb(ATBI)  TPAIUIMOHHO  HMCHONB3YIOTCS  JUIs
00e3BpeXkMBaHUsA CBOOOAHBIX TaJlOTEHOB B CHCTEMax IIPOMBIIUICHHONM BOJOIOArOTOBKU. B
KOMMEPYECKHX CHCTeMax THOCYJIb(aThl OOBIMHO HE HCIOJB3YIOTCS BBUIY HMX Oojiee MeEIIEHHOrO
pearupoBaHusl TI0 CpaBHEHUIO ¢ Oucynbduramu u Metaducynbduramu. bazoBas peaxiws Oucynbhura u
MeTabucybpuTa ¢ XJIOPOM MM OPOMOM MPUBOAUT K 00pa30BaHUIO KUCIOTHOM (hOPMBI TAIIOUIHON COIH
(HCI nnu HBr).

Jns nonopoB ranoreHoB, Takux kak BCDMH (6pomxnopaumermnrunantonn), DBDMH
(mubpomaumerunrunantond) v NaBr (OpoMupn Hatpusi) pekoMeHIyeMble 00e3BpeKHUBAIOIINE
BelecTBa — OucynbhuT Hatpus win Metabucynbdutr Hatpus [34,36]. BecoBas KoOHIeHTpauus
HeWTpanu3aTopa o otTHomeHuto K CI2 mist 3THX ABYX BEHIECTB COCTABIISIET COOTBETCTBEHHO 1,46:1
u 1,34:1 [37].

Pe3roMme u BLIBOABI

Cy1ecTByI0T pa3HOOOpa3Hble TEXHOJIOTMH M TOJXOJbI, KOTOPhIC IMO3BOJSIOT O€30MacHO U
3¢ dexTuBHO 00e3BpeKMBaTh (HEHTpPAIM30BaTh) HEOKHCISAIONIME W  OKHCISIONIME OWOIMIbI,
WCIIOJIb3yeMble B TIPOMBIIUICHHOW BOAONOATOTOBKE (Tabnmuua 1). Bo MHorux ciywasx st
00e3BpeKUBAHUS HCTONB3YIOTCS COSAMHEHUS, COJEpKalIe cepy B HU3KUX CTEMECHSIX OKUCIICHUS,
Takue Kak OucynbGUTHl U MeTaucynbuTHl, W peakmus OOBIYHO TpoTeKaeT ObIcTpo. [pyrue
MOJIXOJbl BKIIOYAIOT TMOAKUCICHHUE, HCIOJNb30BAaHUE AKTHBUPOBAHHOTO YIUIS WJIM JAMATOMOBOM
3emin.  OOe3BpeXMBaHHWE HMEET KPUTHYECKOE 3HAUYEHHWE B TEX CIIydasX, KOI/Ia BO3HUKAIOT
npoOyieMbl € TOKCUYHOCTBIO CTOKOB M OKOJIOTMYECKMMH BONpocaMU. MHOTHE MeTOmbl
00€3BpPEeIKMBAHMS TAKXKE TIOJIE3HBI JUIsI 0O0pabOTKH pa3iMBOB KOHIIEHTPUPOBAHHBIX OMOLMIHBIX
OpOAYKTOB. BaXHO Takke y4HUTBIBATH TUAPOIU3 U CPOKU MOJOBHHHOIO OHOJOTHYECKOIrO
pa3oKEeHUsI TPOMBIIIJICHHBIX OHMOIMIOB, TAaK KaK 3TH MPOIECCHl UIi MHOTHX JeHCTBYIOIINX
BCIIIECTB TMPEACTABIAIOT COOOM eCTeCTBeHHBbIE IyTH pacmama (oOe3BpexuBanus). JloObie
PEKOMEHIOBAaHHBIE METOJIbI JIOJDKHBI TIPOUTH MPOBEPKY ISl TIOATBEPIKICHUSI UX JIEHCTBEHHOCTH B
COOTBETCTBYIOIIMX YCJOBMSIX OKpYXalouleil cpeapl; CilenyeT TakKe YYUThIBaThb CBEACHUS,
MIPUBEJICHHBIE B MACTIOPTaX 0€30MaCHOCTH COOTBETCTBYIOIINX BEIIECTB.

Tanuua 1. MeToas! 00e3BpexuBaHusl OMOIUI0B, IPUMEHSEMbIX B TPOMBIIIJICHHON BOJIOMOIOTOBKE

Buonmna Cnoco0 KomMenTapun
00e3Bpe:KNBaAHUS
1 2 3
XIIOpMETHII-METUIIN30THA30JI0H bucynspur 10-30-kpaTHOE KOIMYECTBO IO
OTHOULICHHUIO K OMOIMY
I'iyTapoBslii anbaeru bucynspur 2-3-KpaTHOE KOJUYECTBO IO

OTHOIIICHUIO K IEHCTBYIOIIEMY
BEIIIECTBY-OMOLIHTY

Jubpomuutpunnponuonamua (DBNPA) | bucynsdut/pH 2-KpaTHOE KOJUYECTBO I10
OTHOIIEHUIO K OMOLIUTY;
mienouyHot pH
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1 2 3
BpomuauTpononananon (6poHOITON) bucynsdut/pH [{enounoii pH (Na OH)
Terpaxuc(runpoxkcumeTni)pochonus bucynsput 4-KpaTHOE KOJUYECTBO 1O
cynbdat (THPS) OTHOIIEHUIO K OMOIHTY
ANKAIIUMETUIOCH3WIIAMMOHHUS COJIN benTtonurosas riuna, HE MeHee 6-KpaTHOIo
(ADBAC) anuoHHbie [TAB KOJINYECTBA TJIMHBI 110

otHouieHuto kK YAO
Tpubytunrerpanenundochonus xiopua | beaTonnToBas rauHa 10-kpaTHOE KOJIUYECTBO IO
(TTPC) OTHOILIEHUIO K JEHCTBYIOLIEMY
BEIIECTBY OMOIMIA
JutnokapbamaTsl [Tonkucnenue [Monumxenue pH no 2-3
["anoreHsl/ 1IOHOPHI TAIOTEHOB bucynbdur, 1-2-KkpaTHOE KOTUYECTBO IO
MeTaOuCynbuT, CPaBHEHUIO C KOJIMYECTBOM
THOCYIb(AT CcBOOO/IHOTO TajoreHa
BbaarogapHocth

ABTOpBI BhIpaXaroT OmaromapHocth ®apaxy Aszapubs  (Farah Azarnia, Albemarle
Corporation), xepdpu Kpamepy (Jeffery Kramer, BWA Water Additives), u Maiikiny Maiiepy
(Michael Mayer, Mason Chemical Company) 3a moMoIls B MNPEAOCTABICHHH HHGOPMAIUU TI0
OKUCJISIOIIUM U ¥ HEOKUCIISIOIINM OHOIIHIaM.

3HEIIKO/KEHHSA BIOLU/IIB B TPOMMCJIOBIA BOJOIIATOTOBIII

Terry M. Williams, Heather R. McGinley, Paul L. Wood
Dow Microbial Control, The Dow Chemical Company

Ipomucnosi Gioyuou BuUKOPUCMOBYIOMbCA Ol PecyNt08aHHA MIKPOOHO20 3aOpYOHEeHHS 8
PIBHOMAHIMHUX NPOMUCTOBUX CUCMEMAX 8000KOPUCMYBAHHSL, GKIIOYAIOUU CUCIEMU OXO0J00NCEHHS,
8UPOOHUYMBO nanepy, 6UO0OYMKY Hagmu i memoOpanni mexHonozii. Ax npaeuno, npoepamu
OioyuoHoi 06POOKU PO3POOAAIOMBCA 3 MEMOK OOCACHEHHS. ONMUMATILHUX Pe3YIbmamie, UxXo0adu 3
VMO8 HABKOIUUWHBOZO Cepedosulyd, 3aKOHOO0A8YUX 6UMoe, eghekmuenocmi i eumpam. [lo yucia
ceplio3HUX npobiem, no8'sI3aHux 3 GUKOPUCMAHHAM 0ioyudie, GIOHOCUMbCA CKUOAHHS 00POOIEeHUX
CcMoKi6 (Hanpukiao, NpooyeKu) 6 cucmemu 8000NIO20MOBKU YU 8 NPUPOOHI 8000UMU. 3AKOHOO0ABYI
HOPMamueu maxkoic NIusams Ha KilbKicms 0ioyudis, Ky 00NnyCKAemvbCsi CKUOAmu 6 HABKOIUUHE
cepedoguuge. YV bazamvbox eunadkax Oioyudu cui0  epekmusHoO  3HEUK0ONCY8amu  abo
Helimpanizyeamu neped mum, K ckuoamu cmoxu. Y 0auiti cmammi Micmumvcsi 02150 KOHKPEMHUX
MEMOOUK  3HEUIKOONCEHHS PI3HUX OKUCTIOIOYUX [ HEeOKUCHIoIHUX 0ioyudie, w0 3HAX00AMb
NOBCAKOCHHE WUPOKe 3aCMOCYB8AHH, d MAKONIC NPe0CmAasieHi nPuKiaou OaHux 1abopamopHux ma
NONbOBUX BUNPOOYBAHD.

Knouosi  cnosa: 6oooniocomoska, 0ioyuo, 3He3apANCEHHS, OKUCTI08AY, HEOKUCTIOYUL
npooyKm, i30miazonoH, 21ymapogutl anvoezio, oubpomuimpitonponionamio, /[BHIIA, 6pononon,
mempaxuc (2iopokcumemun)pocgotniro cyrogpam, TI' DC, xnop, 6pom.

DEACTIVATION OF BIOCIDES IN INDUSTRIAL WATER TREATMENT

Terry M. Williams, Heather R. McGinley, Paul L. Wood
Dow Microbial Control, The Dow Chemical Company

Industrial biocides are used for microbial control in a variety of industrial water systems
including, cooling, paper, oilfield, and membrane applications. Biocide treatment programs are
typically designed to provide optimal results based on environmental conditions, regulatory needs,
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efficacy, and cost. An important area of concern relating to biocide use is discharge of the treated
effluent (ex., blowdown) into waste treatment systems or natural waters. Regulatory requirements
also impact the amount of biocide that may be released. In many cases, the biocide must be
effectively deactivated or neutralized prior to discharge of the effluent. This paper will provide a
review of the specific methods for deactivating the various oxidizing and non-oxidizing biocides
commonly used today. Examples of lab and field data will be presented.

Keywords: water treatment, biocide, disinfection, oxidizer, non-oxidizing product,
isothiazolones, glutaraldehyde, dibromonitrilopropionamide, DBNPA, bronopol,
Tetrakis(hydroxymethyl)phosphonium sulfate, THPS, chlorine, bromine.
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