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3KOJIOTUYECKHAE TIOCJIEJCTBUS TEPMHUYECKOW IEPEPABOTKH
TBEP/bBIX BBITOBBIX OTXOA0B

Buvinonnen 0630p nocieocmeuti 0 OKpyscaroueit cpeovl CHCULAHUSL MBEPOLIX ObIMOBHIX
omx0006. Ocoboe 6HUMaHUue YOeleHO npobieme 3a2psA3HeHUs ammoc@epHozo 8030yXa
OUOKCUHAMU.

[lepBass MycopocxkuraTenbHas Tedb, MpeIHa3HAUYCHHAs /IS YHHYTOXKCHHS OBITOBBIX
0TX0JI0B, ObUTa mocTpoeHa B BenukoOputanuu B 1874 . [1]. B HacTosiee BpeMs yCTaHOBKH
pPa3IMYHOIO Ha3HA4YEHMs, B TOM YHUCJIE C MOMYTHBIM IOJyYEHHEM HHEpPruH, NEHCTBYIOT Ha
tepputopun 3ananHoi Espomnbi, CeBepHoit Amepuku u SnoHuu. CKuraHue IMO3BOJISET
MpUMEpPHO B 3 pa3a yMEHBIIMTHh BEC OTXOJOB, YCTPAaHUTh HEKOTOpBIE MX CBOICTBa: 3amax,
BBIJICJICHUE TOKCHYHBIX O KUJKOCTEH, pa3MHOXKEHHE OakTepuil, a TaKkKe IOIyYUTh
JIOTIOJIHUTENbHYIO 3HEPIHI0, KOTOPYIO MOKHO HCIOJIB30BaTh ISl MOJYUYEHHUS 3JIEKTPUUYECTBA
wi oromineHud. Ilpm stom pabora moboro MycopocxkurarenabHoro 3asoga (MC3)
COIPOBOXKAAETCA KOMIUIEKCHBIM 3arpsi3HEHUEM OKpY Karolllel IpUPOIHOM cpeabl (aTMocdepsl,
ruapocdepsl u negochepsl).

[Ipu coxuranum 1 T TBepabIX 6bITOBBIX 0TX0J10B (THO) Ha MycopoCKUraTeIbHBIX 3aBO/IaX
oGpasyercs 4...8 ThIC. M° IBIMOBBIX [a30B, COICPIKAIINX OKCH/IBI a30Ta H CEpbl, XJTOPOBOIOPOS 1
MOJINAPOMATUYECKUE YTIIEBOJOPO/IbI, XJIOPOEH30/1bl W TSXKENble MeTaulbl (PTyTh, BUCMYT,
CBUHEI, KaAMHi, Meab U apyrue). Kpome toro, ocraercs 25...40% 1mi1aka u 30J1b1, COACPKAIINUX
T€ K€ TOKCHYIHBIC BemecTna [2, 3].

JIBIMOBBIE Ta3bl MYCOPOCIKUIATENIBHBIX KOTJIOArPEraToB, BbIOpacklBaeMble B aTMocdepy,
MPEJCTABISAIOT COOON CIIOKHYI0 MHOTOKOMIIOHEHTHYIO CMECh, B COCTaB KOTOPOMl BXOAAT
OKCHIBl CEpbl, a30Ta, YMJIEPOAd, QJIbJETUAbI, KETOHbI, IpEJeIbHbIE YIJIEBOAOPOIbI
napauHOBOTO psAla, MUKIONApa(pHHbI, HUKIMUYECKUE apOMATUYECKUE YTIEBOAOPOABI, B TOM
qucie KaHLEPOreHHbIE, a TaKXkKe TsKelble MeTauibl. Becero B IbIMOBBIX razax KOTJIOArperaroB
UACHTU(DUIIMPOBAHO U KOJIMYECTBEHHO OIpeiesieHo 27 UHIrpeueHToB [4, 5].

Be1Opocs! 3aBoJa 0Ka3bpIBalOT HEOJIArONPUATHOE BO3JEHCTBUE HA COCTOSIHUE BO3TYLIHOIO
Oacceitna B 30He pamuycom 500...1000 M. Ilo psay UWHIpeIMEHTOB KOHIEHTPAIMU,
oOHapyskeHHbIe T0J] (hakesoM BbIOpOca 3aBOJa, MPEBBILIAIOT COOTBETCTBYIOIIME HOPMATHUBbI
Ui aTMOC(EPHOTo BO3JyXa: MO B3BEIIECHHBIM BellecTBaMm — B 2,2...3,2 pa3a, M0 XJIOPHUCTOMY
Bojopoay — B 2,7...3,0 paza, mo ¢ropucrtomy Bomopoay — B 1,9...4,8 paza, nmo hopmasiberugy —
B 1,7 pa3a, o GeH3-a-nupeHy — B 7 pas, o IByoKHucH a3ota — B 1,5 pasa [4]. [1o nuteparypHbIM
naHubM [1], mpu cxurannun TBO B razoo0pasHoe cocrosiHue nepexoasr 72...95% prytu, 85%
xJiopa, 75% wmerbsika, 38% dropa, 5...33% cBuHIa, 4...27% nuHKa, 1...7% Meau, 7% Hukens,
6% xpoma u 0,02% sxenes3a, cogepKalmxcsi B CKUTaeMbIX OTXO0aX.

CampiMH  OIaCHBIMH  BeIlleCTBaMH, oOpasymomumucs B mporecce cxuranus ThO,
ABIISIOTCSI COCIMHEHMsI TPYIIbl JUOKCHUHOB. JIMOKCHHBI MOTYT OBbITh OOHapy»KeHbl B Mpobax
30J1bl, LIUIAKOB, BIMOBBIX Ta30B, BO3JyXa BOKPYI YCTAHOBOK CXKUTaHUs, 3aBOJCKOW MIbUIM, a
Tak)Ke B KPOBU NPOU3BOJICTBEHHOT0 NiepcoHaa [6, 7]. YCTaHOBJIEHO, YTO B MOYBE BOJIM3U MECT
XPpaHEHUs U CXKUTaHHs OBITOBBIX OTXO/I0B HAOJIIOAIOTCS BBICOKUE, B COTHH pa3 MPEBbIIIAIOIINE
(oHOBBIC, KOHIICHTPAIIMKA JUOKCHUHOB, a B PalOHAX CBAJIOK, MOJBEPKEHHBIX MEPHOIMUECKUM
Mokapam, 3TU KOHIEHTPALIMKU BO3PACTAIOT B IECATKH pa3 [8].

80



[lo MHeHMI0O MHOTMX HCCIeAOBaTele, JUOKCHUHBI  SBJISIOTCA  IJ100aJIbHBIMHU
3arpsi3HUTENIAIMU ~ OKpyXKaromied  cpenpl. VX — Ha3piBalOT  «aOCONIOTHBIMU  SIAAMIY,
«cymneprokcukantamu» U aaxe «xumuueckum CIIMlom». B skomoruu monx IUOKCHMHAMH
MOHUMAIOT MOJUXJIOPUPOBAHHBIE TPUIIUKINYECKHE apOMATHYECKUE COSAMHEHUs, COAepIKaIue
kucinopoa. Hawmbonee TOKCHYHBIMH ¥ W3YyYEHHBIMH SIBISIIOTCS  TOJHXJIOPIUOEH30-Tapa-
muokcuHsbl (1), menee usyuensl nonuxyopaubensodypansl (II). Oba stn Kiacca obnamaroT
CXOJIHBIMU (PU3UYECKUMU U XUMUYECKUMHU CBOMCTBaMH [9].

B kxaxmoit u3 CTpyKTyp KOJIMUYECTBO aTOMOB XJIOpa MOXET BapbHpOBaThCSA OT 1 10 §, u
MMEIOTCS M30MEpBI, pa3ivyarolluecs MOJIOKEHHEM aTOMOB XJiopa B KoJjblax. B pesynbrate
obOpasyetrcst 75 coenuneHuit co crpyktypoir I um 135 co crpykrypoir II. W3 75
MOJINXJIOPUPOBAHHBIX JTUOEH30-1I-JUOKCUHOB TOKCHYECKUX COeIuHEHuil Bcero 7, a u3z 135
MOJUXJIOPUPOBAHHBIX ArOeH30(ypanoB — 10. OnHAKO U Cpelr 3TUX OTOOPAHHBIX COEIUHEHUN
HanboJiee TOKCUYHBIM siBsieTcs 2,3,7,8-terpaxiopauden3o-n-guokcud win 2,3,7,8-TX/ [9].
Ero Tokcuueckoe NEHCTBHE HAa HECKOJIBKO MOPSAKOB MPEBOCXOAMT ACWCTBHUE HM3BECTHBIX HA
CErofiHs CUJIbHEHMIINX A10B: Kypape, [IMaHuJI0B, CTPUXHUHA, 3apuHa U T.1. TOKCHYHOCTH 3TOTO
coelMHEHUsl Oblla TMPHUHITA 32 OSTAJIOH, a MEXAYHapOJHBIA SKBUBAJICHTHBIN (HakTop ero
TOKCUYHOCTH paBeH eaunuile (ycnoBnoe oboznauenue (I-TEF)=1). Bce octanbHbie coeqnHEHUS
UMEIOT CBOM WMHOUBUAYyanbHBIM Tokcuueckuit skBuBaneHT — (I-TEF), paccuuranubii mo
orHomiennto k (I-TEF) 2,3,7,8-TXII/I. [Ipu onenke coaepkaHus AMOKCHUHOB B KaKOM-JIHOO
00BeKTEe OMEpUPYIOT BEIMYMHOM, TMOJIy4yaeMOW YMHOKEHHEM MAacCOBOM JONH JaHHOTO
JTMOKCHHA Ha €ro TOKCUYECKUH SKBUBAJIEHT U CYMMHUPOBAaHUEM 3THUX 3HaueHui [10].

YCTaHOBIEHO, YTO OCHOBHOW MYyTh PACHPOCTPAHEHUS TUOKCHMHOB TMPOXOAUT dYepes
atMocepy C TIOCIEOYIOIMM BIXHBIM WJIH CYXHM BBHIMAJCHHEM M HAKOIUICHHEM B
MOTJIOTUTENAX MO MECTY BbIMaZeHUs. J[MOKCUHBI 00JIafaloT BBICOKOW aiare3ueil K pa3BUTHIM
MOBEPXHOCTSAM, MpPEXJE BCEro K IOYBE, 30J€, JOHHBIM OTJOXEHUSM M T.M. OCHOBHBIM
HOCHUTEJIEM TUOKCUHOB B Mpupoe siBisercsa nbiib [9, 10]. IMOKCHHBI yCTOWYUBHI BO BHEIIHEH
cpelie U B pa3IMYHBIX OMOJOIMYECKHX 00BEKTaX, MepUO] UX Pa3I0KEHUS B IOUYBE COCTABIIAET
10...20 5et, B BOJE M JOHHBIX OTJIOKEHUSIX — OKOJIO 2 JIET, @ B OpraHu3Me yenoBeka — 6...7 JeT.
OHM CIIOCOOHBI ACCUMHIIMPOBATHCS PACTEHUSIMH M 4epe3 TpopHUUecKue IIeNU MOCTyNaTh B
OpraHu3M >KUBOTHBIX U yesioBeka [11].

HecmoTpss Ha MHOrOYHMCIICHHBIE KIMHUYECKHE M PETPOCIIEKTUBHBIC HAOMIOJACHUS IS
poecCHOHANBHBIX M CIyYalHBIX KOHTAKTOB YeJIOBEKa C IMOKCMHAMU, HE OMMCAaHbl YETKUE U
cucteMHble 3((EKThl OT BO3ACUCTBUSA UOKCHHOB, 32 UCKIIOYCHHEM OOJIE3HH XJIOpaKkHE —
TSDKEJIOr0 KOKHOTO 3a00JIeBaHHUs, MPOSIBISIIONIETOCcs B (opMe OJT0 HE3aKHUBAIOIIUX yIpei
ocoboit gopmbl. Cuntaercs [9 — 11], yTo mopakeHHEe TUOKCHHOM IPHBOAMT K HAPYIICHUIO
obmeHa mOpGUPHHOB (TIPEANISCTBEHHUKOB TeMOTJIOOMHA), YTO MPUBOIUT K BO3ZHUKHOBECHUIO
noppupuu. [lpy XpOHMYECKOM OTpaBICHHM JHOKCMHAMHM pPa3BUBAIOTCS 3a00JCBaHMA,
CBA3aHHBIE C TMOPAXEHUSMHU TIE€YECHU, HHAOKPUHHOW, HWMMYHHOW U HEPBHOM CHCTEMBI.
OtmeuaeTcs CBsI3b MEXKIY MOpPaKEHHEM JUOKCMHAMH M XPOMOCOMHBIMH abeppaiusiMH,
TOPMOHAJIbHBIMU, TICUXHYECKUMHU paccTpoilcTBamH, 3a00JIEBa€MOCTbI0 PpPAaKOM II€UEHH,
KOJINYECTBOM BPOXKJICHHBIX YPOJACTB U aHOMajMii OepemeHHocTH. B pabore [12] oTmeuaercs,
YTO MPU JUIUTEIHLHOM BO3JEUCTBUU (PypaHOB y UelIOBeKa pa3BUBaeTCs 3a00JieBaHNE, HA3BAHHOE
6one3npto HOmo. Cumnromamu 6ose3nn FOmio SBISAIOTCS MOpa)XKeHUs BEK U IJ1a3, BOCMAICHUE
CaJbHBIX JKeJIe3, MUTMEHTAalNs KOXKH, PACCTPOMCTBO MUIeBapeHus, fedopMalins KOHEUHOCTEH,
yTpaTta KO>KHOM 4yBCTBUTEJIBHOCTH, a TAKXK€E IPYTrUe HEBPOJIOTHUECKUE PACCTPONCTBA.

JlokcuHbI 00pa3yloTcsl B KauecTBe MpUMecel TEXHOJIOTHUYECKUX MPOIYKTOB M OTXOJ/IOB B
XUMUYECKHX, IEJUIIOJIO3HO-OyMaXKHBIX, METAJUTypru4eckux, HedTenepepadaThIBarOmIUX,
HHEPreTHUECKUX, MycOopornepepadaThIBalONMX U JAPYrux Hpou3BoicTBax. OHU MOManalT B
OKPYXalOUIyl0 Cpely U B OpPraHM3M 4YeJIOBEKAa W3 IPOMBILIUIEHHON NPOAYKIHUH (IIECTULUABI,
repOunuapl, Oymara, racTMacca M Jip.), BBIXJIOITHBIX Ta30B aBTOMOOWJICH, XJIOPUPOBAHHOM

81



BOJbI, IbIMa KOCTPOB MPHU CKUTAaHUHM OBITOBOTO MycCOpa, JUCTBBI U JPEBECUHBI, 00paObOTaHHBIX
panee repOutmaamu [9].

WccnenoBanus CBOMCTB JaHHBIX BELIECTB BEAYTCS JABHO, OJHAKO NPUMEHUTEIBHO K
nporeccaM nepepaboTKH MPOMBIIITIEHHO-OBITOBBIX OTXO/0B OHM HAa4yallUCh TOJbKO B 1978 T.,
Korja ObUIO J0Ka3aHO HaJIMYMe JUOKCHMHOB B BBIOPOCAX MYCOPOCIKHUIaTENbHBIX 3aBOJAOB, U
MIPOAOIDKAIOTCS MO Cceil JeHb, TaK KaKk HU OJHA U3 M3BECTHBIX TEXHOJOIMH TepMHUYECKOU
nepepabotku THO He uckimouaer 00pazoBaHus TMOKCUHOB [9]. B cBsi3u ¢ yBennueHueM yucia
TaKuX HPEANPUATHHA J0J1 BBIOPOCOB JAMOKCMHOB OT MYCOPOCKHMIaHHs BBIXOJIUT Ha IEPBOE
Mecto. Bo MHOrmX paboTax MOJYEPKUBACTCSA, YTO 3arps3HEHUE OKPYJKAIoMeH Cpessl
JMOKCUHAMM TPOUCXOJUT, MpPEXKAE BCEro, 3a CYET TIa30BbIX BBIOPOCOB MPOMBIIIJICHHBIX
MPEANPUATHI U YCTAHOBOK COKMTaHUS TOPOACKOTO MycCopa.

JlMokcuHBl 001aJal0T BBICOKOH TEPMOCTOMKOCTBIO. D((PEeKTHBHOE pa3loKEeHUE 3TUX
BEIIECTB TPOMCXOIUT TOJNBKO Tpu Temieparypax Boinre 1250°C u Boiaepkke Gonee 2 c. [13].
Hx TepmopasnoxkeHHe MpU MEHbIIUX TeMIepaTypax sBisercs oOpaTuMbIM mpoueccoM. Ilpu
200...450°C OHM CHHTE3MPYIOTCSI BHOBb. DTO MPOUCXOAUT MPU TPAIUIMOHHOW TEXHOIOTUH
MYCOpPOCKUTaHUs, Iie 00pa30BaHUE TUOKCHHOB HAOMIOIAETCS TAK)KE Ha BBIXOJIE OXJIAXKIEHHOTO
ra3a u3 KoTJa-yTWIM3aTopa 3a CUET peaKlMil XJopa U OpraHMuecKoro yriepoaa B MpUCYTCTBUU
KaTaau3aTopoB (HAIpUMep, MEIN).

[Ipu mnHarpeBe OpoM- U XJIOpCOAEpXKAIIUX OPraHUYECKUX BEIIECTB (HaAIpUMep,
HOJMBHHUJIXJIOPHIA) IUOKCUHBI 00pasyroTcs B uHTepBasie Temmeparyp 500...1200°C, npuyem
MakcuMyM HX obpasoBanus mpuxogurcs Ha 600...800°C. IIpomecc mpoTEKaeT B JABE CTaIHM:
XJIOpOEH30JIbl CHauana ImpeoOpasyrorcs B (eHonsl U nudeHusnoBble 3QHpbI, a 3aTeM B
MIPUCYTCTBUU KUCJIOPOJa — B CMECH IMOKCUHOB U (pypaHoB [14].

O6wvem 00pa3oBaHUs AMOKCHMHOB 3aBHUCUT OT MCXOJHOTO CBIpbS, MPEXJIE BCEro OT
HaJIW4yus B HEM XJIOp- U OpoMcojepkaliux KOMIIOHEHTOB. M3 ofmiero koiaudectBa XJiopa,
koTopbiil umeerca B ThO, moctynaer ¢ miactmaccoil okono 50%, ¢ 1emnon03H0-0yMakHON
nponykuueit no 25%, a ocranbHOE — C JpYTMMH MaTepualaMd. B He3HauMTeIbHBIX
konmudectBax B THO mpuCyTCTBYIOT Opomcojaep aiiie W TalOTeHHPOBAHHBIE TOMOJIOTH.
CymecTBeHHBIM HUCTOYHHKOM Opoma B TBO sABnsieTcs Heroproyas 4YacTb IUIACTMACCHI,
HampuMmep, DdJeKTpoHHble MukKponpuoopsl. I[lo HekoTtopbiM naHHbiM, 80% JAHOKCHHOB,
MOCTYMAOUINX B OKPYXKAIOIIYI0 CPEly BCIEACTBUE CXKUTAHUS OBITOBBIX OTXOJOB, CBSI3aHBI C
HaJINYMEM B HUX MOJIMBUHWIXJIOPUAA.

Cxuranme TeTepOreHHBIX OBITOBBIX OTXOJOB B HEKOHTPOJIHMPYEMBIX  YCIOBHSX
OTEYECTBEHHBIX MYCOPOCKHUIaTEIbHBIX 3aBOJAOB IPHUBOAMT HE TOJBKO K AaKTHBHOMY HX
TEPMUYECKOMY Pa3JIOKEHHUIO C 00pa30BaHUEM JUOKCHHOB, HO M K MHTEHCH(HKAIIMUA BHIOPOCOB
B arMoc(epy MOTOKOM JABIMOBBIX Ta30B HEPa3JI0KMBIIUXCA TUOKCHHOB, a TaKXkKe IapoB
TSDKEJIBIX METAJUIOB U UX COeIUHEHMI. BmecTe ¢ TeM, cieayeT Noq4epKHYTh, 4YTO KOMIUIEKCHAs
nepepaboTka OBITOBBIX OTXOJOB C YTWJIM3aLMEH BCEX MX IOJIE3HBIX COCTABIAIOLIMX — 3TO
€AMHCTBEHHBII METOJ BBIBOJA KAK JMOKCHUHOB, TaK U TAXKEJIBIX METAJJIOB, COAEPIKALUXCS B
OTXOJAaX, U3 OKPY’KaloIlel cpesibl, B OTIMYHE OT JPYTUX METOAOB YTHIIM3ALUU U 3aXOPOHEHUS
OTXOJIOB.
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EKOJIOI'TYHI HACJIJKM TEPMIYHOI TEPEPOBKU TBEPJUX ITOBYTOBUX
BIAXOAIB

Bukonanuii 02ns0 Hacnioxie 0ns 006K CNANIOBAHHS MEEPOUX NOOYMOBUX Bi0X00i8.
Ocobnusa ysaza npudinena npodiemi 3a0pyOHenHs ammochepHo2o nogimpst OlOKCUHOM.

V.N. Lapitskij, E.A. Borisovskaya, V.I. Goncharenko

ECOLOGICAL CONSEQUENCES OF THERMAL PROCESSING OF SOLID WASTE

The review of ecological consequences of municipal solid waste incineration is made. The
particular attention is devoted to the air contamination with dioxine.
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