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EKCNMEPUMEHTAJIbHA OLLIHKA BMICTY HEBE3MNEYHUX
XIMIYHHUX CNOJTYK 'Y BUKUOAX'Y NOBITPA
NMPU POBOTI YCTAHOBOK MO CIMNAJIIOBAHHIO BIAXOAIB

PE3IOME. Ocrosnuii Hanpamox po3sumxy ceimoeoi indycmpii ynpasninns meepoumu nooymosumu sioxooamu (TI11B) — ye ixue uxo-
PUCAHHSA 011 OMPUMAHHS 8MOPUHHOT CUDOBUHU, d MAKOXC BUPOOHUYMBA MENI080i MA eNeKMPUUHOI eHepeii WAXOM CHATIOBAHHA.
Bukopucmanus 8ioxo0ig 8 AKOCMI albMepHAMUBHO20 Odxcepeid meniosoi ma eleKmpoenepeii cnpuse 3mMeHuenHio macl 8i0xo0is,
BUCOKA MeMNEpantypa CnAaNo8aHHs 2apAHIMYE IXHE 3HE3APANCEHHA MA 3MEHUIeHHs 3a0PyOHeHHs D0BKILIA.

Mema. Oyinumu nebesnexy 0nsi 300pos st OOUHY 6i0 6UKUOIE Ycmanosok no cnamosanio TIIB.

Mamepianu ma memoou. 06’ exm docniodxicery - QUMOSE 2a3u npu pooONE YOMUPLOX YCHIAHOBOK PIZHOI NOMYICHOCMI 3 MEPMIYHO20
8UOATIEHHS 8I0X00I8 30 eKCNEPUMEHMATLHO20 CIATIBAHHA Md CMABLIbHOT podomu.

Biooip npob eazosux ukudie nposoouscs 3a CMaHOAPMHUMU MeMOOUKAMY, W0 3a0e3neuysany 8UMIPIOBAHHA KOHYeHmpayil Hebes-
NeYHUX XIMIUHUX pedosut. Busnauenus XiMiuHux cnoayk y npooax 30iiCHIO8AU HACHYRHUMY MemOoOamu: OKCUdie azomy - Memooom
pomomempii 32iono 3 MB Ned751-88 6io 12.12.1988 p., diokcudy cipxu - pomomempii 32iono 3 MB Ne4588-88 6i0 30.03.1988 p.,
XJI0pUCmo2o 800HI0 - homomempii 32iono 3 MB Nel1645-77 6i0 18.04.1977 p., macosy Konyenmpayio meepoux 4acmuHox - 2pagimen-
puurum memoodom 32iono 3 1SO 9096:2003, pmopucmuii éoderv — 32iono 3 ISO 15713:2006. Biobip npod ma eusrauenus emicmy
memanie nposoounu 32iono 3 memooom US EPA — Method 29 ma ISO 15202:2012. Cymapny konyenmpayito 17 konzenepie nonixno-
POBAHUX OUbeH30-n-0ioKcunie ma nonixnopoganux oudensogypanis (IIXII/IIXD) susnauanu 32iono 3 memodom US EPA - Method
1613.

Pezynomamu. [Ipu pobomi cmayionapHoi ycmanosku no cnano8antio Hecopmosanux meepoux nooymosux 6i0xo0ie euagieHo nepe-
BULYEHHS. 6CMAHOBIEHUX HOpMamugie 0 cymaprozo emicmy TIXII/IIX®, macosol konyenmpayii meepoux wacmuHok, emicmy
pmopucmozo 600HI0 Ma XA0PUCMO20 B00HIO; CYMAPHO20 6MICIY CYPMU, MUl KY, CHOAYK. Bmicm Hebe3neunux XiMiunux cnoiyk y
BUKUOAX Y NOGIMPA Npu poOOMI YCIMAHOBOK 13 MEPMIUHO20 8UOGIEHHS 8I0COPMOBAHUX MEePOUX NOOYMOBUX 6i0X00i¢ ma 8ioxodie
A2PONPOMUCTIOB020 KOMILEKCY He NePesUIfy8alo BCMAHOBIEHUX CIRIEHIUHUX HOPMAMUBIS 1A 8UKUOIE I3 YCIAHOBOK NO CHATIOBAHHIO
8i0x00is.

Bucnoeku. Yemanoexu no cnanosannto TIIB nosunni 6ymu 061a0HaHi CyuacHumu cucmemami 04uLjenHs OUMosUx 2asis, ki Maronb
BKIIOUAMY eLeKMPOQLIbMpPU, MOKDI b0 HAniecyxi ckpybepu, cucmemy Oenimpughikayii, pykaeHi Qiibmpu, Quibmpu 3 akmueoeanum
gyeiuiam. B Ykpaini npu cmeopenni enacroi indycmpii ynpasninus ¢ioxooamu ciio 3anposadumu  Haxonuuenuti 8 €C nozumueHuil
00C810 Opeanizayii ma QyHKYiOHYBaHHA eDeKMUHOI cucmemi NOBOONCEHHs 3 8I0X00AMU, MOOMO 3podUMU CucHmemy 300py ma cop-
mysarnus TIIB ma euxopucmants mepmiunoeo memooy 8uoaieHs 8i0X00i8 K AlbMePHAMUBHO20 0cepeid eHepeil.

Kniouosi cnosa: 2a308i 6uxuou, memant, nonixnoposani oubeH300iokcun ma oubeH30Qypanu, meepoi nooymosi i0xoou.
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EXPERIMENTAL ASSESSMENT OF THE HAZARDOUS CHEMICAL COMPOUNDS CONTENT
IN AIR EMISSIONS DURING THE OPERATION OF WASTE INCINERATION PLANTS

ABSTRACT. The main direction of development of the world industry of solid household waste (SHW) management is their use to
obtain secondary raw materials, as well as the production of thermal and electric energy by incineration. The use of waste as an alter-
native source of heat and electricity helps to reduce the mass of waste, high incineration temperature guarantees their disinfection and
reduction of environmental pollution.

Aim. Assessing the hazard of emissions from solid waste incineration plants to human health.

Materials and Methods. The object of the research is flue gases emitted during the operation of four units of different capacities for
the thermal removal of waste at experimental combustion and stable operation.
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Sampling of gas emissions was carried out according to standard methods that ensured the measurement of concentrations of haz-
ardous chemicals. Determination of chemical compounds in the samples was carried out by the following methods: nitrogen oxides —
by photometry in accordance with MG (Methodological Guidelines) No. 4751-88 of 12.12.1988, sulphur dioxide — photometry in
accordance with MG No. 4588-88 of 30.03.1988, hydrogen chloride — photometry according to MG No. 1645-77 of April 18, 1977,
the mass concentration of solid particles — by the gravimetric method according to 1SO 9096.:2003, hydrogen fluoride — according to
ISO 15713:2006. Sampling and determination of metal content was carried out according to US EPA Method 29 and ISO 15202:2012.
The total concentration of 17 congeners of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/PCDF) was
determined according to the US EPA Method 1613.

Results. During the operation of the stationary facility for burning unsorted solid household waste, it was found that the established
norms for the total content of PCDD/PCDE, the mass concentration of solid particles, the content of hydrogen fluoride and hydrogen
chloride; total content of antimony, arsenic, lead, chromium, cobalt, copper, manganese, nickel, vanadium and their compounds were
exceeded. The content of hazardous chemical compounds in air emissions during the operation of facilities for the thermal removal of
sorted solid household waste and waste from the agro-industrial complex did not exceed the established hygienic standards for emis-
sions from waste incineration facilities.

Conclusions. Solid waste incineration facilities should be equipped with modern flue gas treatment systems, which should include
electric filters, wet or semi-dry scrubbers, a denitrification system, sleeve filters, filters with activated carbon. In Ukraine, when cre-
ating its own waste management industry, the best practices accumulated in the EU in the organization and operation of an effective
waste management system should be implemented, that is a system for collecting and sorting solid waste and using a thermal method

of waste removal as an alternative source of energy.

Keywords: gas emissions, metals, polychlorinated dibenzodioxins and dibenzofurans, solid household waste.

OCHOBHMM HampsIMKOM PO3BUTKY CBITOBOI
IHAYCTpil YIpaBIiHHS TBEPAMMH I[OOYTOBUMU
Binxogamu (TIIB) € ixHe BUKOpPUCTaHHS Jisi
OTPUMAHHS BTOPUHHOI CHPOBUHHU, a TaKOX
BUPOOHHUIITBA TEIUIOBOI Ta €JIEKTPUYHOT €Heprii
IUISIXOM crHajdtoBaHHs. Pernra BiAXoiB po3mi-
HIY€THCS HA CHElaIbHUX MOJIITOHAX.

V llBeitnapii 'y 2014 p. 13 3arajbHoi KUIbKOC-
Ti BixXoA1B (0113bKko 6 MIIH T) OUIbIlIa YacTHHA
(3,216 muH 1) Oyna nepepobieHa Ta BUKOPUCTa-
Ha MTOBTOPHO, a BIIXO/M B KUTBKOCTI 2,791 MIIH T
craneni [1]. YiigoMy KOMyHalbHI BIAXOIU Y
[IIBefinapii 3a oliHKaMH CTAaHOBJISITH MPUOIN3-
HO 729 Kr Ha JIOJUHY Ha DIK, 3 SKUX Maixe
390 xr yrtumisyerbcs 1 339 Kr cnaltoerbcs B
yCTaHOBKax Jjisi craimoBaHHA. [loTtoune pery-
JIIOBaHHS YMPAaBIIHHS BIIXOJaMH B IiH KpaiHi
(mie 3 2004 poxy) BUMarae CHajlOBaHHS BCIX
rOpIOYMX BIJIXONIB Iepesn 3axopoHeHHsM. lle
TAaKOXK CTOCYETbCSI OCAJIB CTIYHUX BOA, JUIS
akux 3 2006 p. He 10MYCKAE€TbCS BUKOPUCTAHHS
B SIKOCTI JI00pUB y CUIBCBKOMY T'OCHOJApCTBI
JUISl YHUKHEHHS 3a0pYy/IHEHHS IPYHTIB BaKKUMHU
MeTaJlaMH.

Y O®panmii nonaa tperuna TIIB Bunansorh-
Csl HA YCTAHOBKAX IO CMAJIOBAHHIO BIAXOAIB (Y
2008 p. ix 128). ¥V 2006 p. 3a paxyHOK cHaJo-
BaHHs Biaxo/iB DpaHiliss BUpoOUia MpUOIU3HO
3700 I'Br-ron enexrpuunoi eneprii Ta 7 400 I'Bt-ron
TEIJI0BO1 eHeprii [2].

VY Kwurai piBenp cnamoBanHsi TIIB gocsr
72,5 %, a KIIBbKICTh CMITTECTIAIIOBAILHHUX 3aBO-
JiB cTaHOBUTH 583 [3].

Jlo moBHOMAacCIITAOHOTO BTOPTHEHHS POCIi-
cbKoi (penepariii B YKpaiHi MIOpIYHE YTBOPEHHS

VKPATHCBKUIA )KYPHAJT CYYACHUX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2024

The main direction of the development of
the world industry of solid household waste
(SHW) management is their use for obtain-
ing secondary raw materials, as well as the
production of thermal and electric energy by
incineration. The rest of the waste is placed
in special landfills.

In Switzerland, in 2014, out of the total
amount of waste (about 6 million tons), most
of it (3.216 million tons) was processed and
reused, and waste in the amount of 2.791
million tons was incinerated [1]. Overall,
municipal waste in Switzerland is estimated
to be around 729 kg per person per year, of
which around 390 kg is disposed of and 339
kg 1s incinerated in incinerators. Current
waste management regulations in this coun-
try (effective since 2004) require that all
combustible waste be incinerated before dis-
posal. This also applies to sewage sludge,
which since 2006 has not been allowed to be
used as fertilizers in agriculture to avoid soil
contamination with heavy metals.

In France, more than a third of solid
household waste is disposed of at waste
incineration plants (128 of them in 2008). In
2006, France produced about 3,700 GWh of
electrical energy and 7,400 GWh of thermal
energy due to waste incineration [2].

In China, the SHW burning rate has
reached 72.5 %, and the number of waste
incineration plants is 583 [3].

Before the full-scale invasion of the rus-
sian Federation into Ukraine, the annual gen-
eration of SHW exceeded 50 million m’.
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TIIB nepepumryBano 50 maa M. [Ipu cepenniii
TEIJIOTBOPHINA 37JaTHOCTI HECOPTOBAHUX BiIXO-
niB 6 MJDK/Kr iXHI €HePreTUYHHUA TMOTEHITiaT
MOJKHA OIIIHUTH y 2,3 MJIH T yMOBHOTO TaJIMBa,
0 CTaHOBWJIO Onm3bko 1 % CHOXKWUBaHUX Y
KpaiHi MaJuBHUX pecypciB. AJe i pecypcH, Ha
’KaJlb, CLOFOILHi BTPAYAIOTHCA, a/DKC B VYkpaini
HEMae iHIyCcTpii mepepoOKH BiIXO/iB, a YCTaHO-
BOK/3aBO/IIB 110 lXHI)OMy CITAJOBAHHIO — O HH-
mi. B yMoBax pociiicbkoi arpecii Ta BTpaTH
Maike 9 MBT TOTY)XKHOCTEH TETUIOBUX Ta Tif-
POEIEKTPOCTAHIIIN OTPUMAHHS €JIEKTPUYHOI Ta
TEIJIOBOI €HEeprii 3 BITXOMIB MOXE YacCTKOBO
BUPIIIUTH TPOOIEMU CNIEKTPONOCTAYaHHs Ta
OHOYACHO 3MEHIINTH KIIBKICTh BIIXO/IIB.

Xoua monironu TIIB Bce ie IIMPOKO BHKO-
PUCTOBYIOTHCS B Kpamax €C, a TakoX 1 B IHIIINX
KpaiHax Jyist po3M1LueHH>1 Bl,[[XO,Z[lB OCHOBHUM
HaIMpsIMKOM PO3BUTKY 1HAYCTpIi yIpaBIiHHS
BiJIXO/IaMU € TXHE BUKOPUCTAHHS IS OTPUMaH-
HS BTOPMHHOI CHPOBWHH, TEIUIOBOI Ta €JeK-
TPUYHOI EHEepTii.

Tak, mpy BUKOPUCTAaHHI TEPMIYHOTO METOIY
BUIQJIEHHS BIIXOIIB HO3UTUBHUM € TOCITHEHHS
3MEHIIIEHHS MacH BigxomiB 10 5-20 % Bixg mep-
BUHHOT IXHBOT KIJIBKOCTI, @ BUCOKA TeMIIeparypa
CHIATFOBaHHS TapaHTYye iXHE 3HE3apakeHHs. AJle
YCTAaHOBKHM TIO CHAJIOBAHHIO BIIXOIB 3aTHI
BUJIUISITH TOKCHYHI XIMi4HI CIOJTYKH B aTMOC-
depy — YaCTUHKH THITY, & TAKOXK YTBOPIOIOTHCS
TBEP/l 3aJMINKH, SIKI MOXXYTh MICTUTH HeOe3-
MeYHI KOMIIOHEHTH. [Iporiecu craaoBaHHS Bij-
XOMIIB MOXXYTh OyTH JDKEpeIoM 3a0pyaHCHHS
armocepu [4]. HeratuBHI HacHiIKu IS 3710-
pOB's, TOB'3aHI 31 CHATIOBAaHHSAM BiJIXOIIB,
MOXKYTh BUHUKATH 5K ISl 3aTaJIbHOT MTOMYJIAIIIT,
TaK 1 MPAaIiBHUKIB IUX MiAIPHEMCTB. Bimomo,
o 6araro 3 XiMIYHUX PEYOBHH, SIKI HAJAXOISThH
Yy HaBKOJIMIITHE CEPEIOBHINE TMPHU CIATIOBAHHI
BIAXOMIB, € CTIHKUMH B I[OBKiJ'IJ'Ii MAarTh 010-
aKYMYJ'IHTI/IBHl Ta KaHIIEPOTCHHI BIIACTUBOCTI
abo0 BIIHOCATBHCA 10 €HAOKPUHHUX «IM3ParTo-
piB» (EJ). Ixna ctpykrypa momi6na 1o eHfo-
TeHHUX TOPMOHIB, 1[0 TPHU3BOIUTH 10 3B’ 53Y-
BaHHS 3 PEIenTOpaMHu TOPMOHIB 1 OJIOKYBaHHS
ixHix curnanis. Kpim Toro, EJl MoXxyTh BUKITH-
KaTH TOPYIICHHS B p13HI/IX opraHax, 30KpemMa
PENpPONYKTHUBHI aHOMaJii, MeTa0oJiYHI 3aXBO-
PIOBAHHS, €HJIOKpUHHI L[I/IC(byHKuu Ta OHKOJIO-
Ti9HI 3aXBOPIOBAHHS [5].

BinbmiicTe  mOCHIKEHD, SKI BUKOHYBaJIUCh
Ha 3aBojax 1o cnamoBanH TIIB, Oynu 30ce-
peKeHI Ha BUKHIAX CHeNU(DIYHAX XIMIYHUX
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With an average calorific value of unsorted
waste of 6 MJ/kg, its energy potential can be
estimated at 2.3 million tons of conventional
fuel, which was about 1 % of fuel resources
consumed in the country. However, these
resources, unfortunately, are being lost today,
because there is no waste processing industry
in Ukraine, and there are only a few facili-
ties/plants for their incineration. Under the
conditions of russian aggression and the loss
of about 9 MW of thermal and hydropower
plant capacities, obtaining electrical and
thermal energy from waste can partially
solve the problems of electricity supply and
simultaneously reduce the amount of waste.

Although SHW landfills are still widely
used in the EU countries, as well as in other
countries for the disposal of waste, the main
direction of the development of the waste
management industry is their use for obtain-
ing secondary raw materials, thermal and
electric energy.

Thus, when using the thermal method of
waste removal, it is positive to achieve a
reduction in the mass of waste to 5-20 % of
its initial amount, and a high incineration
temperature guarantees its disinfection.
However, waste incineration plants are able
to release toxic chemical compounds into the
atmosphere — dust particles, and form solid
residues that may contain dangerous compo-
nents. Waste burning processes can be a
source of atmospheric pollution [4].
Negative health consequences associated
with waste incineration can occur both for
the general population and for employees of
these enterprises. It is known that many of
the chemicals entering the environment dur-
ing waste incineration are persistent in the
environment, have bio accumulative and car-
cinogenic properties, or are endocrine dis-
ruptors (EDs). They have a structure similar
to endogenous hormones, which leads to
binding to hormone receptors and blocking
their signals. In addition, EDs can cause dis-
orders in various organs, including reproduc-
tive abnormalities, metabolic diseases,
endocrine dysfunctions, and oncological dis-
eases [5].

Most of the studies carried out at SHW
incineration plants focused on the emissions
of specific chemical compounds that are usu-
ally present in the flue gases of waste incin-
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CIIOJIYK, 1[0 3a3BUYail MPUCYTHI B JIUMOBHX
razax yCTaHOBOK IO CHaJIOBaHHIO BIJXO/IIB,
TaKUX SK PTYyTh Ta 1HIII Baxki metanu [6, 7],
HAaHOYACTUHKHU [8], ,IIiOKCI/IHI/I [9], neTki opra-
HiyHl cnonyku (JIOC) [ Bonu MOXYTh
3a0pyIHIOBATH TPYHTH Ta pOCHI/IHHICTB opraiy-
HUMHU T2 HEOPTAHIYHUMH CIIOTyKaMU. Y JESKUX
€BPOMEHCHKUX KpaiHax OyJi0 BUSIBICHO IiJIBH-
HICHUH PiBEHb JIIOKCUHIB Y KOPOB'sIMOMY MOJIOLI
3 (hepM, 10 po3TarioBaHi MOOIHM3y YCTAaHOBOK
10 CHAJIFOBAHHIO BI1AXO/IB, 1HKOJIM BHIILE BCTa-
HOBJICHUX HopMaTuBiB [11, 12].

Hacenenns, sike Meikae nmoOnu3y 1MX yCTaHO-
BOK, TaK CaMO SIK 1 HACeNleHHs, L0 MPOKHUBAE
HEMOJAAJIK TOMITOHIB MO0 PO3MIIICHHIO BiJXO/IB,
MOTEHIIIMHO MIAETHCS BIUTMBOBI XIMIYHHUX PEUO-
BUH MPH BIMXaHHI 3a0pY/THEHOTO MOBITPS, CIIOXKH-
BarouM 3a0pydaHeH1 MpOAYKTH, BoAy abo uepes
KOHTAKT HIKipH 3 IpyHTOM [13-15]. TlpauiBHukwy,
SIKI OOCITyTOBYIOTb Il YCTAaHOBKH, TaKOK MOXYTb
M1AMAaTy I11]] BIUTUB XIMIYHUX PEUOBHH Yy TIPOIIE-
Cl CBOET BUPOOHUYOT JTISUTBHOCTI.

Ha nymky nociigHUKIB KOHTAaKT JIOAUHU 3
M TIPOLIECOM YK€ IIKIITTUBUMA JJIS 37I0POB'S,
aJKe Hapa)kae Ha PU3UK PO3BHUTKY PsIIy OHKO-
JIOTIYHHUX 3aXBOPIOBAaHb (0COOIMBO, paK JIET€Hb
1 ropTaHi, jJeikemis, JiMmpoma, capkoma M'aKUX
TKaHUH), PECIIPAaTOPHUX 3aXBOPIOBAHb, a TAKOXK
BPOJKEHUX BaJl PO3BUTKY. Y Psiil AOCIIIKEHD
TaKo)X BUSBJICHO aHOMAJIbHE CIIBBIAHOIICHHS
cTaTeil HOBOHAPODKEHUX 1 3MIHU PIBHS Py
TOPMOHIB IIUTOBUAHOI 3471031 B KpoBi. B 1HCH-
Heparopax, sIK MPaBWIO, CHATIOIOTHCS 3MIIIaH1
B1JIXO/IH, SIKI MOXKYTh MICTUTH HEOE3MEUH1 peyo-
BUHHU, 30KpeMa BaXKKI METajlu Ta XJIOPOBaHI
OpraHiuHl CHOJYKH. ACOPTUMEHT METajiB, 110
BUKHUJAIOTHCSI 3 YCTAHOBOK, BKJIFOUAE KaJMii,
Talliid, CBUHEIb, MUII'SIK, CYpPMY, XpOM, KOOAJIbT,
MiJlb, MapraHeilb, HIKeJIb 1 pTyTh. BIIUB muXx
METaJIIB HETaTUBHMH, NOB'SI3aHUU 3 HH3KOIO
(daTanbHUX HACHIAKIB JJIs1 370POB'S JIFOIWHU,
NOPYLIYIOUM MaikKe BCl CHCTEMHU OpraHi3my.
30KpeMa, BIUIMB METaliB MoXe OyTH IOB'sA3a-
HUH 13 XBOpOOaMU HUPOK, PECIIPATOPHUMHU Ta
CEepLEBO-CYIMHHUMHU 3aXBOPIOBAHHSIMH, HEHPO-
TOKCHYHICTIO, BIUIMBOM Ha CUCTEMY KpPOBOTBO-
penns [13]. Pan merainiB kitacudikoBaHi sIK KaH-
1eporeHn abo SK MOXKJIMBI KAaHIICPOTCHH JIJIsi
monuHu. Jleski MeTanu NoB'S3ylOTh 3 1HIIMMHU
(HeKaHIIEpOT€HHUMH) e(pEeKTaMu: CBUHELb JIi€
aK  Moau(ikaTop IMi3HABaJbHOI JISJIBHOCTI
JITeN; TOBrOTPUBAININ BIUIMB KaJIMil0, HMOBIp-
HO, BIJIOBIJAa€ 3a MOPYIIEHHS B METa0o13Mi

PROBLEMATIC TOPICS

VKPATHCBKUIA )KYPHAJT CYYACHUX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2024

eration plants, such as mercury and other
heavy metals [6, 7], nanoparticles [8], diox-
ins [9], volatile organic compounds (VOCs)
[10]. They can pollute soils and vegetation
with organic and inorganic compounds. In
some European countries, an elevated level
of dioxins was found in cow’s milk from
farms located near waste incineration plants,
sometimes above the established standards
[11, 12].

The population living near these facili-
ties, as well as the population living near
landfills, are potentially exposed to chemi-
cals by inhaling contaminated air, consum-
ing contaminated food, water, or through
skin-to-soil contact [13-15]. Workers who
maintain these facilities may also be
exposed to chemicals in the course of their
production activities.

According to researchers, human contact
with this process is very harmful to health. A
person is exposed to the risk of developing a
number of oncological diseases (especially
lung and larynx cancer, leukaemia, lym-
phoma, soft tissue sarcoma), respiratory dis-
eases, and congenital malformations. A num-
ber of studies also revealed an abnormal sex
ratio of newborns and changes in the level of
a number of thyroid hormones in blood.
Incinerators typically burn mixed waste that
may contain hazardous substances, including
heavy metals and chlorinated organic com-
pounds. The range of metals emitted from the
plants includes cadmium, thallium, lead,
arsenic, antimony, chromium, cobalt, copper,
manganese, nickel and mercury. The impact
of these metals is negative, associated with a
number of fatal consequences for human
health, disrupting almost all body systems. In
particular, exposure to metals can be associ-
ated with kidney disease, respiratory and car-
diovascular diseases, neurotoxicity, and
effects on the hematopoietic system [13]. A
number of metals are classified as carcino-
gens or possible human carcinogens. Some
metals are associated with other (non-car-
cinogenic) effects: lead acts as a modifier of
children’s cognitive activity; long-term
exposure to cadmium is probably responsible
for disturbances in calcium metabolism and
osteoporosis. Particulate matter, nitrogen
dioxide, sulphur dioxide and carbon monox-
ide are among the pollutants present in emis-
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KaJbIlif0 Ta ocTeornoposi. TBepai 4YacTUHKH,
JUOKCHJT a30Ty, MIOKCHJ CIpKH Ta MOHOOKCH]
BYIJICITIO HAJIEXkKaTh JO YUCIIA 3a0pyqHIOBadiB,
SKi TIPUCYTHI y BUKHAX 13 TAKUX YCTaHOBOK.
TBepai YaCTHHKH, B IIJIOMY, PO3TIIAIAIOTHCS K
HaWBaromimma CKJIazoBa MiChKOTO 3a0pyIHCHHS
noBiTpsi. Emigemiosno-rivni AOCTiHKEHHS TTOKa-
3aJii, M0 IOBTOTPUBAJIMHN BIUTUB TBEPAMX Yac-
THHOK Yy TIOBITp1 TOB'I3aHMA 3 TiJIBUIIICHUM
PU3UKOM PO3BHUTKY OPOHXITY Ta NESKHUM 3MEH-
IICHHSIM OYIKYBaHOI TPHUBAJIOCTI KHUTTA [16].
Boenna arpecist pocii B Vkpaini Bxe y 2022
polli mpu3Bena 0 CKJIAJHUX 1 3HAYHUX 3MiH
KOHIIGHTpaIii 3a0pyIHIOBa4YiB TOBITPS B
€Bpormi. 30kpema, 3adiKCOBaHO CepemHe 301Tb-
mieHHst Ha 9,78 % TBepIuX YaCTHHOK JIaMEeTPOM
menmie 2,5 mxm (PM2,5) y micrax Ounst miHii
¢dpoHTy. OCKUIBKU BiliHa TpUBa€, 301TbIICHHS
PiBHIB 3a0pYIHIOIOUMX PEYOBHH MOXKE MaTH
MOTEHIIWHO TIMOOKI HACHIIKYU I HABKOJIUIII-
HBOT'O CEpEOBHINA Ta 30POB's Tronunu [17].

Oxcuam a30Ty Ta JIOKCH] CIpKW TIOB'SI3aHi 3
IUXAaJTbHUMH  KOPOTKOYACHUMH €(EeKTaMH,
0Cco0MMBO B 0Ci0 3 MiABUIICHOIO BPa3JIUBICTIO
opraHiB TUXaHHA. BUKWIM OKCHIIB a30Ty Ta
CipKHu CTIPHSIOTE YTBOPEHHIO O30HY 1 KHCIIOT-
HUX aep030mB BlI[l'IOBl,Z[HO MOoHOOKCH]T ByTIIe-
IF0 301IBIITY€E WMOBIPHICTH PO3BUTKY 3aXBOPIO-
BaHb CepIEBO-CyAMHHOI cucTemu. [lomiapo-
MatuuHi BynieBoaHi ([TAB), mo BUAIIAIOTHCS
M 9ac HEMOBHOTO 3rOopaHHs abo TMipoiizy
opraquHI/Ix PEYOBHH, MOXYTH MPOSBIATH
€CTPOTCHHI BJIACTHBOCTI, TAKOXX MOBIIOMIISIETH-
Csl PO iXHIN 3B'A30K 3 IMIEMIYHOIO XBOPOOOIO
CepIsi Ta PAaKOM JIETeHb 1 CEYOBOTO MiXypa.
Bcranosneno, mo [TAB nposiBiisioTs MyTares-
HICTh, SIKa OOEPHEHO NPOMOpIiHHA CTYICHIO
MOBHOTHU 3ropsiHHs BimxomiB [16, 18]. Tlorano
KOHTPOJILOBaHI MPOIIECH TOPIHHSI MOXKYTh CITPH-
YUHITH BUIUICHHS TIOKCHHIB, SKi CIIPABIISIOTH
PI3HOMaHITHHI TOKCHMYHUH BIUIMB Ha 3J0POB'S
JIFONIAHM.

BI/IIJ_IeBI/IKJ'Ia,I[eHi HETaTUBHI HACIIAKHU TIpoIe-
cy tepmiunoro BumaneHHs TIIB motpeOyroTh
PO3POOKH Ta BIPOBAIKCHHSI IIJIOTO PSIAY TPO-
¢dinmakTuaHUX 3axoAiB. OCHOBHI BUMOTH JO
YCTaHOBOK IO CITaJIOBAaHHIO BIJIXOJIB BHKJIaJle-
Hi B [{upextuni 2000/76/€C «On the incinerati-
on of waste» Ta B Jlonatky VI «Technical provi-
sion relating to waste incineration plants and
waste co-incineration plants» mo JupekTuBu
2010/75/€C «On industrial emissions (integra-
ted pollution prevention and control)» [19, 20].
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sions from such facilities. Particulate matter
is generally regarded as the most significant
component of urban air pollution.
Epidemiological studies have shown that
long-term exposure to solid particles in the
air is associated with an increased risk of
developing bronchitis and some reduction in
life expectancy [16]. Russia’s military
aggression in Ukraine already led to complex
and significant changes in the concentration
of air pollutants in Europe in 2022. In partic-
ular, an average increase of 9.78 % in partic-
ulate matter with a diameter of less than 2.5
microns (PM2.5) was registered in cities near
the front line. As the war continues, increas-
ing pollutant levels could have potentially
profound consequences for the environment
and human health [17].

Nitrogen oxides and sulphur dioxide are

associated with short-term respiratory
effects, especially in individuals with
increased respiratory vulnerability.

Emissions of nitrogen oxides and sulphur
contribute to the formation of ozone and acid
aerosols, respectively. Carbon monoxide
increases the likelihood of developing dis-
eases of the cardiovascular system.
Polycyclic aromatic hydrocarbons (PAHs),
released during incomplete combustion or
pyrolysis of organic matter, may exhibit
estrogenic properties and have also been
reported to be associated with coronary heart
disease and lung and bladder cancer. It was
established that surfactants show mutagenic-
ity, which is inversely proportional to the
degree of completeness of waste combustion
[16, 18]. Poorly controlled burning processes
can cause the release of dioxins, which have
a variety of toxic effects on human health.
The above-mentioned negative conse-
quences of the process of thermal disposal of
solid household waste require the develop-
ment and implementation of a number of pre-
ventive measures. The main requirements for
waste incineration plants are set out in
Directive 2000/76/EU On the Incineration of
Waste and in Annex VI Technical Provision
Relating to Waste Incineration Plants and
Waste Co-incineration Plants to Directive
2010/75/EU  On Industrial Emissions
(Integrated Pollution Prevention and
Control) [19, 20]. Annex VI to Directive
2010/75/EU lists the chemicals that must be

11
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Y Homarky VI mo HupextuBu 2010/75/€C

nepepaxoBaHO XIMIYHI PEYOBUHHU, SIK1 HEOOX1a-

HO KOHTPOJIIOBAaTU MpH poOOTI YCTAaHOBOK JIS

CIIAJIIOBaHHS BIJXOJIIB: KOHTPOJIIO IMiJJISTAIOTh

JIOKCHMHHM Ta (ypaHu (cymapHa KOHUEHTpALis

17 xonrenepiB [XJ/TIXJ®D), okcunu a3ory

(NO2+NO3), niokcup CipKH, CyMapHUN MU

(MacoBa KOHLIEHTpalisd TBEPAUX YACTHUHOK),

(GTOpUCTHI1 BOJAEHB, XJIOPUCTUN BOJEHB, I'a30-

no/10H1 Ta JETK1 OPraHiyHl CIOIYKH, METajIu Ta

iXxHl crnonmyku (Kaamiil, Tajiil, pTyTh, CypMma,

MHUII SIK, CBUHEIIb, XPOM, KOOAJIbT, Mib, Mapra-

Hellb, HIKeJIb, BAHa/I1i1), BCTAHOBJIEH1 BIMOBITHI

HOPMAaTHBHM Ta BUMOTU 10 nepepaxyHky. Ciia

3a3HAYUTH, 10 HA BIIMIHY BI1J BITYM3HSIHHX

HOPMaTHBHUX JTOKYMEHTIB, y JupekrtuBax €C

BCTAHOBJICHO €/IMHUM CyMapHHUI HOPMaTHUB s

CYpPMH, MHUI'SIKY, CBUHIIO, XpOMy, KoOambry,

Mij, MapraHuio, HiKeNnro, BaHaaio — 0,5 mr/m’,

s kaamiro, taniro — 0,05 mr/m®. Takox 11

BeNMYuHU nipuBeaeHi 10 11 % kucHio y BUXij-

Hux razax [19, 20].

Mera. Ouinutu HeOe3IeKy M 310pOB’s
JIOAVHY B1J BUKHU/IB YCTAHOBOK IO CIAJIOBaH-
Hio TIIB.

Marepiain Ta metoau. byno npoananizosa-
HO POOOTY YOTHPHOX YCTAHOBOK 3 TEPMI4HOIO
BHJIAJICHHS BIIXO/IB 33 JAHUMH KOHCTPYKTOp-
CBKOT JIOKyMEHTalil BUPOOHMKIB i pe3ynbrara-
MU BJIACHHUX JOCIIPKEHb MTPU €KCIIEPUMEHTAb-
HOMY CIIaJIIOBaHHI Ta CTaOUIbHIA poOOTI ycTa-
HOBOK.

Hamu nocnigxkeno BUKUAM B aTMOc(epy npu
poOOTI TPHOX EKCIEPUMEHTAJIbHUX Ta OJHIET
CTAl[lOHAPHOI YCTAHOBOK 3 TEPMIYHOIO BHUIA-
JIGHHS BIJIXOIB, MPOBEICHO TOPIBHIHHS 3a
PSAAOM MOKA3HUKIB 13 IAaHUMH JIITEPATYPH.

Onuc TppOX EKCIEPUMEHTAIBHUX YCTaHOBOK
HAJAaHO 3T1HO 3 KOHCTPYKTOPCHKOIO JOKYMEH-
Talli€r0 BijJ BUPOOHHUKA:

— KOMIUIEKC 10 BUAAJIEHHIO TBEPUX MOOYTOBUX
BIIXO/IIB METOJIOM BHCOKOTEMIIEPATypPHOTO
niponizy KBTIIB (ycranoBka A) mpaiitoe 3a
Temneparypu B kamepi 3ropanis 800 — 850°C
(Temmeparypa B Kamepi JOCHAJIIOBAHHS 0
1200°C), oOmanpHanuit MOKpUM c1<py6ep0M
JUTSL OYMIICHHS. BUXI1JHUX Ta3iB, 3aJI€KHO BT
MOTY>KHOCTI KOMIUIEKC HPHU3HAYEHUUH IS
BunaneHus 15-50 T BiaxomiB 3a 100y;

— TIPOJI3HOBUXPOBUH TEIIOTeHEeparop 31 3Mi-
myBaueM 3,0 MBT nnis  cnanmroBaHHST BiJIXO-
JIIB  arporpoOMHCIIOBOTO KOMILIEKCY (ycTa-
HoBKa b) mpaitoe mpu temneparypi 800°C B
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controlled during the operation of waste
incineration plants: dioxins and furans (total
concentration of 17 PCDD/PCDF con-
geners), nitrogen oxides (NO2 + NO3), diox-
ide sulphurs, total dust (mass concentration
of solid particles), hydrogen fluoride, hydro-
gen chloride, gaseous and volatile organic
compounds, metals and their compounds
(cadmium, thallium, mercury, antimony,
arsenic, lead, chromium, cobalt, copper,
manganese, nickel, vanadium); established
appropriate standards and requirements for
recalculation. It should be noted that, in con-
trast to domestic regulatory documents, the

EU Directives set a single total standard for

antimony, arsenic, lead, chromium, cobalt,

copper, manganese, nickel, vanadium — 0.5

mg/m’, for cadmium, thallium — 0.05 mg/m°.

In addition, these values are standardised at

11 % oxygen in waste gas [19, 20].

Aim. Assessing the hazard of emissions
from solid waste incineration plants to
human health.

Materials and Methods. The operation
of four thermal waste disposal facilities was
analysed according to the manufacturer’s
design documentation and the results of own
research during experimental combustion
and stable operation of the units.

We conducted a study of emissions into
the atmosphere during the operation of three
experimental and one stationary facility for
thermal waste removal, and compared a
number of indicators with data from the liter-
ature.

The description of the three experimental
facilities is provided according to the design
documentation from the manufacturer:

— high-temperature pyrolysis solid household
waste removal complex SHWRC (Facility
A) operates at a temperature in the com-
bustion chamber of 800-850°C (tempera-
ture in the post-combustion chamber up to
1200°C), equipped with a wet scrubber for
treatment the outgoing gases, depending
on the power, the complex is intended for
removal of 15-50°C tons of waste per
day;

— pyrolysis vortex heat generator with 3.0
MW mixer for incineration of agricultural
waste (Facility B) operates at a tempera-
ture of 800°C in the combustion chamber
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KaMepi 3ropaHHs) Ta MpU3HAUYEHUH Ui cra-
moBaHHs Big 40 10 50 Kr BiAXOIB 3a TOAMHY;

—xoten BKYVY (ycranoBka B) 3abe3neuye gocsr-
HeHHs1 Temmeparypu 800-1500°C B kamepi
3TOPSIHHS;

— crarfionapHa ycranoBka (I") mo cmamoBanHIO
TIIB nns BUpOOHUIITBA TEIJIOBOI €HEPrii B
Japaunbkomy paiioni M. KueBa: Temmnepary-
pa B cepenHii 30H1 TONKH KoTia 827-941°C,
TeMIleparypa BUX1IHUX TUMOBHUX ra3iB 163—
233°C. byno 3mificHeHO Tpu BigOOpH TPoO
BUKH/IIB Y PI3HI JHI pOOOTH I1i€] YCTAaHOBKH.
Jlist omiHKK CTyreHsl 3a0pyIHEHHS! Ta30BUX

BUKHJIIB B aTMoc(epHe MOBITps Mpu poOOTi

YCTaHOBOK I10 CTIAIFOBAaHHIO BIJIXOJIB BH3HAYa-

7Y Takl HeOe3MevH1 XiMIYH1 CTIOMYKHU K OKCHUJIH

a30Ty, AIOKCUJ CIPKH, XJIOPUCTUI BOACHb, TBEP-

JIl YaCTHHKH, (DTOPUCTUH BOJCHBb, BaKKI MeTa-

JI1, TIONTIXJIOPOBaH1 JTUOCH3010KCUHU Ta AUOEH-

3o¢ypanu (ITXJI/TIX D).

Bin6ip mpo6 ra3oBuxX BUKHIIB MPOBOIMIIN 32
CTaHJAPTHUMH METOJMKaMH, 110 3a0e3redyBa-
J¥ BUMIPIOBaHHS KOHIEHTpAIiii HeOe3meyHux
XIMIYHEX pedoBHH. BinOip 3miiicHIOBaBCS mpH
CHaJIIOBaHH1 HACTYITHUX BUIIB BIJIXOJIIB:

— BIJICOPTOBaHI TBepAl MOOYyTOBI Biaxoau (ycTa-
HOBKa A),

— BIIAXOAM arponpoOMHUCIOBOrO KOMIUIEKCY —
Kypsiue niepo (ycrtaHoBka b),

— BIAXOAM arpOnpOMHUCIOBOTO KOMILJIEKCY — BiJI-
JIIeH1 BiJl 3€pHA KyKypyaA3siHI KadyaHu (ycTa-
HOBKa b),

— CIemiaJbHO BimiOpaHi BiAXOMW JCPEBUHH,
ryMH, IJJacTMac, TEKCTHIIIO, IKipu (ycra-
HOBKa B),

— HEBIJICOPTOBaHI TBepJl MOOyTOBl BIIXOAU
(ycranoska I).

BusnadueHHs XIMIYHUX CIOIYyK y TMpoOax
3MIMCHIOBAIM HACTYIMHUMH METONAMH: OKCHIIB
azory — mertogoM ¢dotomeTpii 3rimHo 3 MB
Ne4751-88 [21], miokcuay CIpKH — METOIOM
dortomerpii 3rigno 3 MB Ne4588-88 [22], xi0-
PHUCTOTO BOIHIO — METOJIOM (POTOMETPIi 3TiTHO 3
MB Nel645-77 [23], mMacoBy KOHIIEHTpAIIiO
TBEPAMX YaCTHHOK — TPaBIMETPHUYHHM METOJIOM
3rigHo 3 ISO 9096:2003 [24], dbTopuctuii BoneHb
— 3rigro 3 ISO 15713:2006 [25]. Binbip npo06 Ta
BH3HAYCHHS BMICTY METAJIIB Ta iXHIX CIIOIYK MPO-
Boauiu 3rigao 3 MetongoM US EPA-Method 29 ta
ISO 15202:2012 [26, 27]. CymapHy KOHILIEHTpa-
mito 17 xonrenepiB [IXJJV/IIXAD BuzHawamm
srigHo 3 MetogoMm US EPA-Method 1613 [28].
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and is designed for burning from 40 to 50 kg

of waste per hour;

— the WHR boiler (Facility C) provides a
temperature of 800-1500°C in the com-
bustion chamber;

— a stationary facility (Facility D) for burning
solid waste for the production of thermal
energy in the Darnytsky district of Kyiv:
the temperature in the middle zone of the
boiler furnace is 827-941°C, the tempera-
ture of the outgoing flue gases is 163—
233°C. Three emission samples were
taken in different days of operation of this
facility.

To assess the degree of pollution of
gaseous emissions into the atmospheric air
during the operation of waste incineration
plants, such dangerous chemical compounds
as nitrogen oxides, sulphur dioxide, hydro-
gen chloride, solid particles, hydrogen fluo-
ride, heavy metals, polychlorinated dibenzo-
dioxins and dibenzofurans (PCDD/PCDF)
were determined.

Sampling of gas emissions was carried out
according to standard methods that ensured
the measurement of concentrations of haz-
ardous chemicals. The sampling was carried
out during the burning of the following types
of waste:

— sorted solid household waste (Facility A),

— waste of the agro-industrial complex —
chicken feather (Facility B),

— waste of the agro-industrial complex — corn
cobs separated from grain (Facility B),

— specially selected wood, rubber, plastic,
textile, leather waste (Facility C),

— unsorted solid household waste (Facility D).
The determination of chemical com-

pounds in the samples was carried out by the

following methods: nitrogen oxides — by

photometry according to MG No. 4751-88

[21], sulphur dioxide — by photometry

according to MG No. 4588-88 [22], hydro-

gen chloride — by photometry according to

MG No. 1645-77 [23], mass concentration of

solid particles — by the gravimetric method

according to ISO 9096:2003 [24], hydrogen

fluoride — according to ISO 15713:2006 [25].

Sampling and determination of the content of

metals and their compounds was carried out

according to the US EPA Method 29 and ISO

15202:2012 [26, 27]. The total concentration

of 17 PCDD/PCDF congeners was deter-

13
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PesyabTatn Ta iXxHe€ 00roBopeHHsi. byio
JOCIIIJDKEHO CIM 3pa3KiB JIMMOBHUX Ta3iB IpH
poOOTI YOTHUPHOX YCTAHOBOK MO TEPMIYHOMY
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mined according to the US EPA Method
1613 [28].
Results and their discussion. Seven sam-

BUJIAJICHHIO BIJIXO/IB Pi3HOI MOTY>KHOCTI.

Pe3ynbraty moCIiKEHb Ta30BUX BUKHUIIB Y
MOBITPSI 3 YCTAHOBOK IO CMAJIFOBAHHIO B1JIXO/1B

MpPEICTaBICHO B TaO. 1.

OTpumani pe3ynpTaTd Ta iXHIWA aHaMI3 CBiJI-
4arh, 110 y BiIiOpaHuX mpodax ra30BUX BUKH/IIB

ples of flue gases emitted during the operation

of four units for the thermal removal of waste
of different capacities were investigated.

Results of the studies of gas emissions

BwmicT TBepaux 4aCTHHOK, OKCH/IIB a30Ty Ta CipKH, XJIOPHCTOIO
Ta GTOPHUCTOr0 BOAHIO B ra30BUX BUKHAAX

The content of solid particles, nitrogen and sulphur oxides,
hydrogen chloride and fluoride in gas emissions

into the air from waste incineration plants
presented in Table 1.

Taomums 1

Table 1

HasBa cnonyku
/ The name of
the compound

Bwmict, mr/m* Content, mg/m’

ycTaHOBKa A /
Facility A

ycraHoBka b /
Facility B

yctaHoBka B /
Facility C

ycranoBka I /
Facility D

A.Setyan et
al. [29]

Oxcuan a3oTy
(NO+NO,) /
Nitrogen oxides
(NO+NO,)

18,0

0,6/1,6

78,4

200,0/136,0/117,5"

500-600”

Hioxcua cipku /
Sulphur dioxide

HE BUABJIECHO /
not found

m.1.> /nm.”

9,5

5,0/31,25/15,53"

200-400”

XopucTui
BOJIEHD /
Hydrogen
chloride

6,7

11>/ nm.”

m.1” /nm.”

38,4/11,5/1,57"

400-800”

dTopuctuit
BOJICHB /

Hydrogen
fluoride

m.1” /nm.”

m.1.> /nm.”>

m.1” /nm.”

4,1/6,9/0,18"

50-100”

Macosa koH-
LEHTpawis
TBEPJAUX YaCTH-
HOK / Mass
concentration of
solid particles

1>/ nm.”

11>/ nm.”

90

822/280/675"

1,0

Ipumimku:

1. Bmicm ximiunux cnonyk y nepepaxyuky Ha 11 % O, 6 mpu pizui OHi 6i000p).
2. Bmicm XiMidHUX CROIYK HA OLIAHYL MIdC eleKmpoitbmpom ma mokpum ckpyboepom y nepepaxyuky na 11 % O, na
emimmecnanosanvromy 3a600i Giubiasco (Lsetiyapis).
3. Cnonyka He sumipiosanacs npu pobomi yiei ycmanHosKu.

Note:

1. The content of chemical compounds standardised at 11% O, on three different sampling days.
2. The content of chemical compounds in the area between the electrostatic precipitator and the wet scrubber stan-

dardised at 11% O, at the Giubiasco waste incineration plant (Switzerland).

3. The compound was not measured during operation of this plant.
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€ TIEPEeBHILEHHS BCTAHOBIEHUX HOPMATHUBIB, Y
tomy umcii Hopmarupy €C (30,0 mg/Nm’), Ta
HOPMATHBY JIJISl TPAHUYHO JIOTYCTUMHUX BUKH/IIB
(I'’AB), sixkmit cranoButs 50,0/150,0 mr/m®, mos
MacoBOi KOHIIEHTpaIii TBEpAUX YACTHHOK Yy
BUKHKJaX yctaHoBok B Ta I'. IlepeBunienns Bij-
HocHo HopmaruBy €C cranoBwio Bix 3,0 1o
27,4 pasiB y pi3Hi aHi Binoopy. [TomiGHi pe3yb-
tatu (56,0 Mr/M*) om0 BMICTy TBEpPIUX YacTH-
HOK Y BUKHJIaX YCTaHOBKH I10 CITAJIOBAaHHIO BiJ-
XofiB Oy OTprMaHi B 1ociipkeHHsIX bespyk 3. /1.
ta [lopesa B.Jl [30]. ¥ Toif ke bac 3rigHO 3
pesynbraramu  A. Setyan, et al. [29] Ha cmiTTe-
cnamoBajgbHUX 3aBojax (iubiasco Ta Hinwil
(IIBefinapist), oOmagHaHUX EIEKTPODIIBTPOM,
MOKpHUM CKpyOepoM, CHCTEMOIO JeHITpHupiKarii
Ta pyKaBHUMHU (iIBTpaMu, JOCATHYTO MPaKTHY-
HO TMOBHOI BIJICYTHOCTI TBEpPAUX YACTHHOK Y
BUKHJAX, a KOHIICHTpAIlis Ha JUISHII MK €JIeK-
TPOUIBTPOM Ta MOKPUM CKPyOEpOM Ha CMITTEC-
namoBabHOMY 3aBofi Giubiasco Oyna 1,0 mr/m’.

Takox HaMU BUSIBJIEHO MEPEBUILICHHS BMICTY
¢drTopuctoro BoxHto B 1,03 pasza y BUKUAAxX nep-
moro IHS BimOopy Ta B 1,73 pasa y BHKHAAX
Jpyroro IHS BimOOpY ra3oBHX BHKHUJIB ycCTa-
HoBku [ 3rigno 3 manumu bespyk 3./1. Ta
ITopera B.JI. [30] BMicT ¢dhTOpHUCTOTO BOAHIO Y
BUKHJAX ckiagae 3,7-5,0 mr/M’, 3a JaHUMH
A. Setyan, et al. [29] — 50—100 mr/m* Ha ginsHI
MK €JIEKTPOIIBTPOM Ta MOKPUM CKpPyOepoM
Ha CMITTeCTaOBaIbHOMY 3aBoji Giubiasco Ta
0,0023 mr/m* y tumoBiii TpyOi Ha CMITTECTIANIO-
BabHOMY 3aBoai Giubiasco (IlIBeiimapis).
Otxe, B yMmMOBax YKpaiHM HasiBHE OYHCHE
oOmagHaHHs ycTaHoBKH ' He 3a0e3mneuye edek-
TUBHE OYMINEHHS B (TOPUCTOTO BOIHIO Ta
THIIMX 3a0pyIHIOBAYiB MTOBITPSI.

BwMmicT xyopucToro BogHIO, OKCUAIB a30Ty Ta
TIOKCUTy CIPKH Y BHKHJAX JTOCITIHKCHUX HAMH
yCTaHOBOK cTaHOBUTH 1,57-38,4 mr/m® (HCI),
0,6-200 mr/m* (NOx) Tta 5,0-31,25 mr/m® (SO,),
110 BIJIOBIa€ BUMOTaM €BPOIEHCHKOTO 3aKO-
HojmaBcTBa. O/HAK, SIK MMOKA3aHO B JIOCIIJKEH-
HAX A. Setyan, et al [29], BuKopucTaHHs cydac-
HUX CHUCTEM OYHINIEHHS AMMOBHUX Ta3iB (emnek-
TpodinbTp, Mokpuii ckpydep 13 NaHCO;, cuc-
Tema JeHiTpudikamii Ta pykaBHI (QiIBTPH)
JI03BOJISIE MiHIMI3yBaTH BUKUAM IIMX PEUYOBHH B
arMocepHe TMOBITPs,, a TaKOXK 3MEHIIUTH
BILIUB Ha JIOBKUJUI Ta 370POB'Sl JIIOAUHHU.

OxkpemMoi yBaru 3aciiyroBy€ CHCTEMa JICHIT-
pudikariii, sxa nependavae BiAHOBIECHHS OKCHU-
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The obtained results and their analysis
indicate that the selected samples of gas emis-
sions exceed the established standards,
including the EU standard (30.0 mg/Nm*) and
the standard for maximum permissible emis-
sions (MPE), which is 50.0/150.0 mg/m’, for
the mass concentration of solid particles in
the emissions of Facilities C and D. The
excess relative to the EU standard was from
3.0 to 27.4 times on different sampling days.
Similar results (56.0 mg/m’) regarding the
content of solid particles in waste incineration
plant emissions were obtained in the studies
by Z.D. Bezruk and V.D. Porev [30]. At the
same time, according to the results by A.
Setyan, et al. [29] at the Giubiasco and
Hinwil incinerators (Switzerland), which are
equipped with an electrostatic precipitator, a
wet scrubber, a denitrification system and
sleeve filters; an almost complete absence of
solid particles in the emissions was achieved,
and the concentration in the area between the
electrostatic precipitator and the wet scrubber
at the Giubiasco incinerator was 1,0 mg/m’.

We also found an excess of hydrogen fluo-
ride content by 1.03 times in the emissions of
the first day of sampling and by 1.73 times in
the emissions of the second day of sampling
of gas emissions of the Facility D. According
to the data by Z.D. Bezruk and V.D. Porev
[30] the content of hydrogen fluoride in emis-
sions is 3.7-5.0 mg/m’, according to A. Setyan,
et al. [29] — 50-100 mg/m’ in the section
between the electrostatic precipitator and the
wet scrubber at the Giubiasco incineration
plant and 0.0023 mg/m’ in the chimney at the
Giubiasco incineration plant (Switzerland).
Therefore, in the conditions of Ukraine, the
existing treatment equipment of Facility D
does not provide effective treatment of hydro-
gen fluoride and other air pollutants.

The content of hydrogen chloride, nitrogen
oxides and sulphur dioxide in the emissions
of the facilities we studied is 1.57—
38.4 mg/m’ (HCl), 0.6-200 mg/m* (NOx) and
5.0-31.25 mg/m’ (SO,), which meets the
requirements of European legislation.
However, as shown in the studies by A.
Setyan, et al [29], the use of modern flue gas
treatment systems (electro filter, wet scrub-
ber with NaHCO3, denitrification system and
sleeve filters) allows to minimize emissions
of these substances into atmospheric air, as
well as to reduce the impact on environment
and human health.
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niB a30Ty NO ta NO, 10 MOJEKYJISIpHOTO a30Ty
3 BHUKOPHUCTAaHHSAM amiaky. Bukwam oOKcHIiB
a30Ty micis Takoi 00poOku craHoBIATH 0,0006-
0,0023 mr/M’, 1110 Ha ACKiIbKa MOPSIKIB MEHIIIC
BCTaHOBJIEHOTO HOopMatuBy B 400 mr/m’.

JlociipkeHHS BUKUIIB METAJIIB Ta IXHIX CIIO-
JyK OyJIM POBEICHI HAMH TUTLKH VISl YCTaHOB-
ku I' 3 ypaxyBanHsM BuMmor JlupektuBu €C
IIO/I0 CIIEKTpa TOCITIKYBAaHUX CIOTYK Ta BCTa-
HOBJICHUX JUIS HUX HOpMaruBiB. Bimdip mpob
MIPOBOJWIIM TpUl 3 iHTEpBaJIoM 12—15 116 nms
BpaxyBaHHs 3MIHHM CKJaJy BIJXOMIB Ha BMICT
JOCTIKYBaHUX CHONYK. Pe3ynbraTi mpeacras-
JeH1 B Tabi. 2.

Crin BiI3HAYWTH, 110 1] 9ac JPyroro Bimoo-
py nipo6 y BuKuAaxX Oyino 3aiKCOBaHO MEpEeBU-
HICHHS CYMapHOTO BMICTY CYpPMH, MHII'SIKY,
CBHHITIO, XpOMY, KOOaIbTy, Miji, Maprasito,
HIKEJII0, BaHAiI0 Ta IXHIX croiyk B 1,22 pasa
(mpu HopmatuBi €C — 0,5 mr/m’ BHUSBIEHO
0,6124 mr/m?). IlpygyoMy OCHOBHHMM JIKEPETIOM
3a0pynHeHHs: Oyna cypma 0,429 mr/m’. 3Hauna
KUIBKICTh CypMU Ta ii CHOJYK y BUKHAAX MOXKE
OyTH TOB'sA3aHa 31 CHATIOBAHHSAM OYy/iBEIbHUX
Ta IHIIMX MOJIMEPHUX MaTepialliB, B SKUX B
SKOCTI aHTUIIpPEHYy OyJI0 BUKOPUCTAHO TPUOK-
cun cypmu. 3a manumu D. van Velzen Ta
H. Langekamp [32] marepianu 3 MM aHTHUIIIpE-
HOM € OCHOBHHUM JIXKEPEJIIOM CYPMHU y BHKHIAX
YCTAHOBOK IO CITaJIFOBaHHIO BiAXofiB. Tpuo-
KCHJI CYPMHU € MOXJIMBUM KaHLIEPOT€HOM JUISI
monunu (rpyna 2B) [33].

[TopiBHIOIOYM OTpUMAaHi J1aHi IO CYyMapHOMY
BMICTY CBHHIIIO, XpOMY, MiJli Ta MapraHIIO
(0,009 - 0,3166 mr/m*) 3 nanumu Pierre Le Cloirec
JUIS OUMIIEHUX TWUMOBHX Ta3iB 3aBOJIB IO CIia-
moBaHHIO BigxomiB (0,06-0,4 mr/M’), MoxxHa
CKa3aTH, 1110 BOHU 3HAXOISTHCS B OTHOMY Jiara-
30H1 3HAYEHb Ta 3HAYHO MEHIII 3a KOHIICHTpaIlii
B HCOYMINCHUX JUMOBHUX Tazax (74,7 mr/m’).
Bwmict kaaMmiro Ta pTyTl y BUKHJAX SIK CyMapHO,
TaK 1 OKPEMO TaKO)K 3HAXOIUTHCS B OJHOMY Jia-
na3oHi 3 nanumu Pierre Le Cloirec Ta Jun Dong
et al. ISt OUMIIEHUX JUMOBHX ra3iB yCTAaHOBOK
[0 CHAJIIOBAHHIO BIJXOMIB 1 3HAYHO MEHIIHM,
HIK JI71s1 HEOUMIIIEHUX JAUMOBHX ra3iB (CyMapHO
JUTst Kaamito Ta pryTi 1,3 mr/m’).

OTxe, HasBHA CHCTEMa OYHUIICHHS JTUMOBHX
ra3iB y miiomy 3a0e3rnedye OUuIIeHHS TUMOBUX
ra3iB BiJ METaJiB Ta iXHIX CIOJyK. AJie IpH
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The denitrification system, which
involves the reduction of nitrogen oxides NO
and NO, to molecular nitrogen using ammo-
nia, deserves special attention. Emissions of
nitrogen oxides after such treatment are
0.0006-0.0023 mg/m’, which are several
orders of magnitude below the established
norm of 400 mg/m’.

The studies of emissions of metals and
their compounds were carried out only for
Facility D, in compliance with the require-
ments of the EU Directive regarding the
range of investigated compounds and the
standards established for them. Sampling
was carried out three times with an interval
of 12-15 days to take into account the
change in the composition of the waste on
the content of the studied compounds. The
results are presented in Table 2.

It should be noted that during the second
sampling, an excess of the total content of
antimony, arsenic, lead, chromium, cobalt,
copper, manganese, nickel, vanadium and
their compounds in the emissions was
recorded by 1.22 times (with the EU standard
—0.5 mg/m’, 0.6124 mg/m’ determined). And
the main source of pollution was antimony —
0.429 mg/m’. A significant amount of anti-
mony and its compounds in emissions can be
associated with the burning of construction
and other polymeric materials, in which anti-
mony trioxide was used as a flame retardant.
According to D. van Velzen and H.
Langekamp [32], materials with this flame
retardant are the main source of antimony in
emissions from waste incineration plants.
Antimony trioxide is a possible human car-
cinogen (group 2B) [33].

Comparing the obtained data on the total
content of lead, chromium, copper and man-
ganese (0.009 — 0.3166 mg/m’) with the data
by Pierre Le Cloirec for treated flue gases of
waste incineration plants (0.06 — 0.4 mg/m’),
it should be mentioned that they are in the
same range of values and are significantly
lower than the concentrations in untreated
flue gases (74.7 mg/m’). The content of cad-
mium and mercury in the emissions, both in
total and individually, is also in the same
range as the data by Pierre Le Cloirec and
Jun Dong et al. for treated flue gases of waste
incineration plants and is significantly lower
than for untreated flue gases (1.3 mg/m’ for
cadmium and mercury in total).
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Tabmurs 2

BwmicT MeTaniB Ta MUII'SIKY B Ta30BHX BUKHMIAX YCTaHOBKH I’

Table 2

The content of metals and arsenic in the gas emissions of the Facility D

BwmicTt MeTajiiB Ta MuUII'IKY

BwmicT meTaJiB 3rigno
3 IaHUMHU JIiTepaTypu
B ra30BUX BHKHIAaX 3aBOJiB

Bumoru Iupextus

Csunenn / Lead

0,249/0,16/0,007

74,7%/0,06-0,4”

Z(;r;ll:;y; B nepepaxyHky Ha 11 % O,, o cnajJoBaHHIO BinxoniB, |€C, mg/Nm® [20] /
. mr/m; The content of metals | mg/Nm® [2, 31] / The content | Requirements of
Chemical . . . . s
clement and arsenic standardised of metals in gas emissions of EU Directives,
at 11% O,, mg/m’ waste incineration plants mg/Nm® [20]
according to literature data,
mg/Nm® |2, 31]
Kamwmiii /
Cadmium 0,031/0,021/0,00011 1,39/0,001-0,032/0,001? 0,05 (cymapHo) /
" . 0.05 (total)
Tamiit / Thallium| < 0,0025/<0,0025/<0,0025 —
PryTts / Mercury 0,00009/0,0012/0,012 1,39/0,001-0,032/0,002” 0,05
Cypua / 0,056/0,429/0,035 —
Antimony
Mumnr'sik /
. 0,00014/0,00038/< 0,0001 —
Arsenic

Xpom / Chrome | 0,002/0,000125/0,000125 74,79/0,06-0,4°
Kobanst / Cobalt|  0,00017/0,00017/0.00017 — Ojso(gyé‘t“jgf)o) /
Mins / Copper 0,064/0.023/0,0009 74.79/0,06-0,4° '
Mapraneu / 0,0016/0,000016/0,0011 74,79/0,06-0,4°
Manganese
Hikens / Nickel 0,00025/0,00025/0,0005 —
Bananiit / 0,00017/0,00011/0,00017 _
Vanadium
Hpumimku:

1. Cepeouns cymapra konyenmpayis kaomiro ma pmymi (v nepepaxyuxy Ha 9 % O,) y HeouuweHux oumosux 2asax
3a600i8 NO CNATBAHHIO 8I0X00i8 32i0H0 3 Pierre Le Cloirec [2].

2. Cepedns cymapHa KoHyeHmpayis kaomiro ma pmymi (v nepepaxyiky va 9 % O,) 8 ouuujeHux OuMosux eazax 3a60-
0i8 no cnanoeantio 8i0xodie 32iono 3 Pierre Le Cloirec [2].
3. Cepeons konyenmpayis y 6ukuoax 4-x 3a600ié no cnanosaniio 8ioxodis 32iono 3 Jun Dong et al. [31].

4. CepeoHs cymapHa KOHYeHmpayis c6uHYro, Xxpomy, mioi ma mapeanyio (y nepepaxyuky Ha 9 % O,) y neouuujeHux
OUMOBUX 2a3aX 3680018 NO CNATIBANHHIO 8I0X001i6 32i0H0 3 Pierre Le Cloirec [2].
5. CepeoHs cymapua KoHYyenmpayis c8UHYto, Xpomy, mioi ma mapeanyro (y nepepaxyuky Ha 9 % O,) 6 ouuwyerux
OUMOBUX 2a3aX 3680018 NO CNATIOBAHHIO 8I0X00i6 32i0H0 3 Pierre Le Cloirec [2].

Notes:

1. Average total concentration of cadmium and mercury (standardised at 9% O,) in raw flue gases of waste incinera-
tion plants according to Pierre Le Cloirec [2].
2. The average total concentration of cadmium and mercury (standardised at 9% O,) in treated flue gases of waste
incineration plants according to Pierre Le Cloirec [2].
3. Average concentration in emissions of four waste incineration plants according to Jun Dong et al. [31].

4. The average total concentration of lead, chromium, copper and manganese (standardised at 9% O,) in raw flue
gases of waste incineration plants according to Pierre Le Cloirec [2].
5. The average total concentration of lead, chromium, copper and manganese (standardised at 9% O,) in treated flue
gases of waste incineration plants according to Pierre Le Cloirec [2].
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HasiBHOCTI B CyMIIIIl BIiJXOIB CyTTEBO 3a0py-
HEHUX OKPEMHUMH CITOTYKaMHU METaJliB MOYKJTHBI
aHOMaJIbHI BUKHUIM OKPEMHUX METATIB Ta IXHIX
CITOJIYK.

OnanMu 3 HalHEOE3MEUHINUX 3a0pyIHIOBA-
YiB JOBKULIS, IO YTBOPIOIOTHCS B TpOIEci
cniamroBaHHs Biaxoais, € IIXJIJI/TIX D, sxi Bia-
HOCSITBCS JI0 TPYITU CTIMKUX OpPraHIYHUX 3a0py/-
HioBauiB (CO3). [JocnimKkeHHs] BMICTY IMX CIIO-
JYK y BUKHJAX MPOBOJSATHCS MOCTIHHO B PI3HUX
KpaiHax 1 € BAYKJIMBOIO CKJIAJI0BOIO OITIHKH HeOe3-
MIEKH YCTAHOBOK IO CITATFOBAHHIO BiJIXOIIB.

Tax, 3rigno 3 gocaipkenaamu Qi Wang et al.
[34] cymapHa KoHmeHTpamiss 17 KOHTeHEpiB
[MXI/IIXP y Bukummax 12 ycTaHOBOK TIO
CIIAJIIOBAaHHIO HEOE3MEYHUX BIAXOMIB (MEIUYHI
BIIXOJM Ta BIAXOIW XIMIYHOI IPOMUCIIOBOCTI),
po3TanoBaHuX Ha TepuTopii Kuraro, CTaHOBUTH
Bix 0,031 1o 0,902 ur TEQ/Nm’ (y nepepaxyH-
Ky Ha 11 % O,) 3aneXHO BiJ] TUITy YCTAaHOBKH Ta
CHUCTEMH OYMIICHHS JUMOBHX Ta3iB (Tal. 3).

Hamwu Oynu mpoBesieH1 TOCTIHKEHHST BU3HA-
yeHHs Bmicty [IXI/TIXI®D (cymapHOi KOH-
neHTpamii 17 KOHreHepiB) y Tra30BHX BUKHIAX
yCTaHOBKH [

PROBLEMATIC TOPICS

Therefore, the existing flue gas treatment
system in general provides treatment of flue
gases of metals and their compounds.
However, if there is a mixture of waste signif-
icantly contaminated with individual metal
compounds, abnormal emissions of individu-
al metals and their compounds are possible.

PCDD/PCDF, which belong to the group
of persistent organic pollutants (POPs), are
one of the most dangerous environmental
pollutants produced in the process of waste
burning. Studies of the content of these com-
pounds in emissions are carried out constant-
ly in different countries and are an important
component of the hazard assessment of waste
incineration plants.

Thus, according to research by Qi Wang, et
al. [34] the total concentration of 17
PCDD/PCDF congeners in the emissions of 12
hazardous waste incinerators (medical waste
and chemical industry waste) located in China
is from 0.031 to 0.902 ng TEQ/Nm’ (standard-
ised at 11 % O,) depending on the type of facil-
ity and flue gas treatment system (Table 3).

We conducted studies to determine the
content of PCDD/PCDF (the total concentra-
tion of 17 congeners) in the gas emissions of
the Facility D.

Tabmums 3

Bwmict IIXJI/TIX/I® y razoBux BUKHAAX 12 yCTAHOBOK IO CNAJTIOBAHHIO He0e3MeuHUX BiaXoMiB,
po3TaioBanux Ha Teputopii Kuraio [34]

Table 3
PCDD/PCDF content in gas emissions of 12 hazardous waste incinerators located in China [34]
. KonuenTpauis
Tun Torysricrs X UI/IXA®
(T Bigxonis/ . 3
IMo3naueHHsl| ycTaHOBKH / 06a) / Cucrema ounineHHsi gumoBux raszis| (ur TEQ/Nm”) /
/ Marking Facility 9 . / Flue gas treatment system PCDD/PCDF
Capacity (tons .
type of waste/day) concentration
Y (ng TEQ/Nm’)
Hamniscyxwuii ckpyOep + QinbTp 3 aKTh-
Ob6eproBa iy BOBaHMM BYTUUISAM + pyKaBHHH
Hot / Rotary kiln 30 ¢bineTp / Semi-dry scrubber + filter 0.211
with activated carbon + sleeve filter
. HamiBeyxwmii ckpyOep + pykaBHHIA
HO02 Obeproma o 15 ¢ineTp / Semi-dry scrubber + sleeve 0,471
/Rotary kiln
filter
Hamniscyxwuii ckpyOep + QinbTp 3 aKTH-
ObepToBa miv BOBaHMM BYTULISAM + pyKaBHHH
HO3 / Rotary kiln 100 (hineTp / Semi-dry scrubber + filter 0,049
with activated carbon + sleeve filter
. HamiBeyxwuii ckpyOep + pykaBHUIMA
HO04 Obeprosa e 37 ¢ineTp / Semi-dry scrubber + sleeve 0,065
/ Rotary kiln filter
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Tabmurs 3

Bumicr IIXJJI/IIXA® y ra3oBux BUKUAAX 12 YCTAHOBOK MO CHAJIOBAHHIO Hefe3Me4YHUX BiAX0aiB,
po3TamoBaHux Ha TepuTopii Kuraro [34]

Table 3
PCDD/PCDF content in gas emissions of 12 hazardous waste incinerators located in China [34]
IToTyxHicTh Konuenrpauis
Tun “ BY Ny 100101011001 (1)
Ilo3HayeHHsI| ycTAHOBKH / (l)}:;a)n/ Cucrema ounmenns JumMoBux rasis| (ar TEQ/Nm?) /
/ Marking Facility Ca Haci ty (tons / Flue gas treatment system PCDD/PCDF
type of gvas tz/ day) concentration
y (ng TEQ/Nnv’)
HamiBcyxwuii ckpyoep + ¢inbTp 3 akTu-
ObeproBa miu BOBAaHUM BYTIJUISAM + PyKaBHUH
HOS / Rotary kiln 20 ¢inbTp / Semi-dry scrubber + filter 0,124
with activated carbon + sleeve filter
Kt HamniBcyxwuii ckpyOep + QinbTp 3 akTh-
BOBAHUM BYT1JUISIM + pyKaBHUH
HO6 Fluigliazq; d/ bed 100 ¢bineTp / Semi-dry scrubber + filter 0,031
with activated carbon + sleeve filter
. HamiBeyxwmii ckpyOep + pykaBHHIA
HO7 ??&?Bﬁ(ﬁr 10 (dinerp / Semi-dry scrubber + sleeve 0,35
y filter
L HamiBcyxwuii ckpyOep + ¢inbrp 3 akTu-
HOS HII:_I?IJ:I?Ha 5 BOBaHUM ByFiHJISIM + pyKaBHI/Iﬁ 0.243
Pyrolvsis kiln ¢ineTp / Semi-dry scrubber + filter ’
yroly with activated carbon + sleeve filter
O6eprosa Hit @OinbTp 3 aKTUBOBAHUM BYTLLISIM +
H09 / R(?ta Kiln 6 pykaBuuit ¢insrp / Filter with 0,465
i activated coal + sleeve filter
BaratokaHanpHUN LUKIIOH +
Miporisna HamiBcyxwuit ckpyoep + himsTp 3
. AKTHBOBAHUM BYTUJLISIM + pyKaBHUH
HI10 > rolf“:i g il 36 dinsTp / Multi-tubular Cyclone + 0,062
yroly Semi-dry scrubber + filter with acti-
vated carbon + sleeve filter
HamiBcyxwuii ckpyOep + ¢iabsTp 3 akTu-
H11 ObeproBa iy 24 BOBaHHMM BYTUJUISIM + pyKaBHHIMA 0.301
/Rotary kiln ¢inpTp / Semi-dry scrubber + filter ’
with activated carbon + sleeve filter
[Tiponizna HamiBeyxwmii ckpyOep + pykaBHHIA
HI12 iy / 5 (dineTp / Semi-dry scrubber + sleeve 0,902
Pyrolysis kiln filter

BiniOpano 5 npo0 y Tpu pi3Hi JHI poOOTH
YCTaHOBKH 3 iHTepBasioM 12—15 116 ans Bpaxy-
BaHHs 3MIHU CKJIAJy BIAXOIB Ha BMICT AOCHI-
KyBaHHMX cnioiyk. KpiM Toro, Ha apyruii Ta Tpe-
T JeHb OyJl0 MPOBEAECHO BiOIp Mpod JBiyl B
pi3HI 4YacoBl IHTEpBaJU POOOTHU YCTAHOBKH.

Pesynbraru HaBeneHo B Tadi. 4-8.

Five samples were taken on three different
days of operation of the facility with an inter-
val of 12 — 15 days to take into account the
change in the composition of the waste on the
content of the investigated compounds. In
addition, on the second and third day of sam-

pling, sampling was carried out twice at dif-

VKPATHCBKHI )XYPHAJT CYYACHHX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2024

19



20

INPOBJIEMHI TEMHA

PROBLEMATIC TOPICS

OTxe, ofepKaHi pe3yIbTaTh CBiq4ath, mo i3 ferent time intervals of the operation of the
n'siTH BiiOpaHuXx Ta mpoaHasizoBanux Ha BmicT Facility. The results are given in Tables 4 — 8.

Tabmuus 4
Bwmicr IIXJI/TIXA® y razoBux Bukuaax (1 xemb Bizdoopy, mpoda Ne 1)
Table 4
PCDD/PCDF content in gas emissions (1 day of sampling, sample Ne 1)

KoediuieHT ekBiBajIeHTY Konuenrpauis,

Konrenen | Congener | € Tab oy | Convanition

equivalent factor Cwno-TEQ> NE/M’
ot R |
s ebectD <0001 1 000l
ll’éi’ﬁ;i'gi%ﬂ])/ < 0,005 0,1 0,0005
11’,22’,33»,,66’77’2-};;(73(CI][)I[D/ < 0,005 0,1 0,0005
11”22’,33”77’%,99'22%1])/ < 0,005 0,1 0,0005
11”22’,33’166’,77’2‘5;%%%/ < 0,009 0,01 0,0001
11’,22,,33,,‘2,66’,77’?32,99_%)&%%/ < 0,098 0,0003 0,00003
253’_;5?;;((?];/ < 0,005 0,1 0,0005
1’12”23’37”7%;31_155%? < 0,005 0,03 0,00001
AT A PeCOE <000 03 00006
11’?2’?3",‘4?7’?;}1‘(?5];/ < 0,005 0,1 0,0005
11’?2’?3’?6”77’?8;_2‘1‘?5;/ <0,005 0,1 0,0005
11’?2’?3’?7’?52’99'21‘?5;/ <0,005 0,1 0,0005
22’?:;"2,66”77’?;§f§§/ <0,005 0,1 0,0005
1{?5?3’2?5%_?;%;/ <0,01 0,01 0,0001
lfffifé?:g;(ég/ <0,01 0,01 0,0001
lffgf‘fgfg?;f’é‘ﬁf;/ <0,001 0,0003 0,00003

Hpumimra: Konyenmpayis, CWHO-TEQ [IX/[J[/IIX/ID, sixa exniouac 100 % medxncy KinbKiCHO20 8UHAYEH-
w1 0,007 ne/s® (y nepepaxynxy na 11 % O, - 0,01 ne/m’).

Note: CWHO-TEQ PCDD/PCDF concentration which includes 100 % limit of quantification

of 0.007 ng/m’ (standardised at 11 % O, — 0.01 ng/m’).
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Tabmurg 5
Bwmict IIXJI/TIXI® y ra3zoBux BUKHAAX (2 1eHb Bigoopy, mpoda Ne 2 )
Table 5
PCDD/PCDF content in gas emissions (2nd day of sampling, sample No 2)

Koediuient exBiBajieHTY Konuenrtpauis,

Kourenep / Congener | ¢ttt e | WHOTER toxiety | Concentvation,

equivalent factor Cwno-TEQ> NE/M’
22’?3’,77’?;%%%/ < 0,001 1 0,001
3535 5pecoD <0001 ! 0.001
11223327722%})%)/ < 0,005 0,1 0,0005
12,3678 LU/ <0005 0 0.000
1122337788992‘;%%/ < 0,005 0,1 0,0005
11”22”33”‘2’66”77’2'2‘;%%/ < 0,009 0,01 0,0001
11”22’733’52766”77’?55’99'%)%%/ <0,098 0,0003 0,00003
22;?%2%[5;/ < 0,005 0,1 0,0005
1’12,2 ’37,’7%;3{11:2%? < 0,005 0,03 0,00001
2’23”3‘;7,’7%;%1_1;%[1[;/ <0,002 0,3 0,0006
11’?2’?52’77’1;_;“55;/ <0,005 0,1 0,0005
11’?2’?3’,68?7’?3;_;“?5];/ <0,005 0,1 0,0005
1{?2’?3”77’?2;,99'53‘%;/ <0,005 0,1 0,0005
22’?3’2’657’?513‘35;/ <0,005 0,1 0,0005
lffffgfé_rgﬁ;/ <0,01 0,01 0,0001
lfg‘}ifé?;g;(g;/ <0,01 0,01 0,0001
lff_é,f‘fg?fé?fgf;/ < 0,001 0,0003 0,00003

Hpumimra: Konyenmpayis, CWHO-TEQ HX/[JI/IIX/®D, axa sxnouac 100 % medxncy KinbKicho2o uzHayeH-
na 0,007 ne/m’ (v nepepaxynuxy na 11 % O, - 0,01 ne/m’).

Note: CWHO-TEQ PCDD/PCDF concentration which includes 100 % limit of quantification

of 0.007 ng/m’ (standardised at 11 % O, — 0.01 ng/m’).
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Tabmums 6
Bwmict IIXI/IIX/I® y razoBux Bukuaax (2 aenn Binoopy, mpoda Ne 3)
Table 6
PCDD/PCDF content in gas emissions (2nd day of sampling, sample Ne 3)
KoedinieHT ekBiBaneHTy KonuenTtpamnis,

Konrenep / Congener

Konuenrtpanis, ar/m’
Concentration, ng/m’

ToxkcnyHocti WHO-TEF
/ WHO-TEF toxicity
equivalent factor

CWHO-TEQ9 Hr/m’
Concentration,

Cwno-tEQ> Ng/M’

1,2,3,4,6,7,8,9-OCDF

S hs e <0001 1 000!
e b, <0001 : noot
112233177%%‘)5%%/ <0,005 0,1 0,0005
13367 8HCDD
[ 33750.CDD 109 ™ e

133467 3HpCDD 99 o no
PERPPLR v 0098

S rereor <0003 ol o003
RETEa <0009 003 000001
5478 PeCDF <0.00 03 00006
135476 HRCDE 162 0. 0162
E 3678 HACDE 147 0 0147
33 785-HCDF <0.00 0! 0.0005
346 SHACDF 281 0. 0281
e atipCDF 353 00! 0,035
EERPEITR oS <001 001 0,001

1,2,3,4,6,7,8,9-0X 1D / < 0,001 0.0003 0.00003

Ipumimka: Konyenmpayis CWHO-TEQ IIX/[JI/IIX/]D, axa exaouac 100 % medcy KinvKicnoz2o eusHa-
uenns - 1,01 ne/m’ (v nepepaxynxy na 11% O, - 1,41 ne/m’).
Note: CWHO-TEQ PCDD/PCDF concentration which includes 100% limit of quantification
of 0.007 ng/m’ (standardised at 11% O, — 1.41 ng/m’).
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Tabnung 7
Bwmict IIXJ/IIX/I® y razoBux Bukuaax (3 aeHn Bigoopy, npoda Ne 4)
Table 7
PCDD/PCDF content in gas emissions (3rd day of sampling, sample Ne 4)

KoedimieHT exBiBaIeHTY Konuentpanmis,

Konrenep / Congener | ¢ 00 || WHOTEF toxicity | Comoentvation.

equivalent factor Cwno-te@»> ng/m’

22,’33,,77,23%2]1)2]1)/ < 0,001 1 0,001

3 38peCDD. <0001 : oo
11223327788;‘3%%/ < 0,005 0,1 0,0005
123,67 8 TXIUL <0003 0.4 0.0005
1122337788992‘;%%/ < 0,005 0,1 0,0005
1{332%7;2‘3‘&%% < 0,009 0,01 0,0001
11”22’,33’2’66’,77’%’99'%%%%/ <0,098 0,0003 0,00003
223?;%?552/ < 0,005 0,1 0,0005
1’12,’23’ i’fﬁfjé%ci/ < 0,005 0,03 0,00001
2’23’ ’3‘;7”7%'81_155%(1; / 0,002 0,3 0,0006
11’?2’?3’2’7%?&‘35;/ 0,005 0,1 0,0005
1{?2’?3’%?7’?5;_Féfgﬁ/ 0,005 0,1 0,0005
11’?2’?3’?7’?52,99'_2‘1‘%;/ 0,005 0,1 0,0005
22’?54?&?52?&?5? 0,005 0,1 0,0005
155?3’2?8?7’2?}?;(5[1;/ 0,01 0,01 0,0001
155?3’?41?%?9_-2—?;(5[1;/ 0,01 0,01 0.0001
EERPT st 0,001 0,0003 0,00003

Ipumimra: Konyenmpayis, CWHO-TEQ [IX/[JI/IIX/I®, sixa exniouac 100 % mexncy KinbKichoeo
susnauennsi 0,007 ne/m’® (y nepepaxynxy na 11% O, - 0,01 ne/m’).

Note: CWHO-TEQ PCDD/PCDF concentration which includes 100 % limit of quantification

of 0.007 ng/m’ (standardised at 11% O,— 0.01 ng/m).
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Tabmuus 8
Bwmict IXJI/TIX/I® y razoBux Bukuaax (3 aeHb Binoopy, npoda Ne 5)
Table 8
PCDD/PCDF content in gas emissions (3rd day of sampling, sample Ne 5)
KoediuienT exBiBanenTy KonuenTpanis,

Konrenep / Congener

Konuenrtpanis, Hr/m’
Concentration, ng/m*

Torkcuunocti WHO-TEF
/ WHO-TEF toxicity
equivalent factor

CWHO-TEQa Hr/m’
Concentration,

CWHO-TEQa ng/m’

1,2,3,4,6,7,8,9-OCDF

337,4TC0D <0001 1 ool
35 5pecD <0001 ! 001
112233‘27788%%%][)/ <0,005 0,1 0,0005
133678 HCDD <0003 ! o0
112233775;992{“;%%/ <0,005 0,1 0,0005
1334608 HCDD L3 no! nors

13546.785-000D <0058 00003 000003

S stcor <0003 ol 00003
Taamspecpr | <0008 00 om0
3475 PeCDF <0.00 03 00006
TE3 48 HACDE <0005 0 0,000
3RS RCDE <0005 0 .00
337 89-HACDE <0.005 0 0.0
e S <0003 01 0,005
e S DF 20 001 0.02
EEEPL Y vons <001 001 00001

1,2,3,4,6,7,8,9-OXJID / 33 0,0003 0.001

Hpumimxa: Konyenmpayis, CWHO-TEQ [IX/[JI/IIX/]®, ska exnouac 100 % medcy KinbKicHoeo
susnauenns 0,043 ue/m® (y nepepaxynxy na 11% O, - 0,058 wne/m’).
Note: CWHO-TEQ PCDD/PCDF concentration which includes 100 % limit of quantification
of 0.007 ng/m’ (standardised at 11% O,— 0.058 ng/m).
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TIOKCHHIB Ta (ypaHiB MpoO TEpEeBUIICHHS
BcTaHoBlieHoro HopMmaruBy (0,1 ng/Nm?)
npubIM3HO B 14 pasis Oylo BUABJIEHO JIMIIE B
npo6i Ne 3. VMIMoBipHO, Take TepeBUIICHHS
00yMOBJICHE HAsBHICTIO B CHIAJIIOBAHUX Y IIeH
gac TIIB xmopopraHidyHuX crmomyk (TIOJiBi-
HUIXJIOPUAY Ta 1HIII).

Cring BIJI3HAYHTH, 10 BMICT
MXIJ/TIX]I® y nuMoBHX razax yCTaHOBKH
' y TppOX 3pa3kax OyB 3HAYHO MEHILIUM, HIX
3a maHuMu aociimkeHb Qi Wang, et al. [34]
(0,01 w®r/»* Tta 0,03061-0,90171 =r/m*
BIATIOBIIHO), B OJHOMY 3pa3Ky BMICT
X JYIIX P (0,058 Hr/m?) 3HaXOAUBCS B
omHOMY miama3oHi 3 manumu Qi Wang et al.
[Tpu upoMy ciif B3ATH A0 yBaru, 1o J0CIif-
xernst Qi Wang, et al. mpoBe/ieHi Ha yCTaHOB-
KaxX MO CIAJIOBAHHIO HEOE3NEeuHUX BiIXOIIB
(MemuYHI BIIXOMU Ta BiIXOIW XIMIYHOI IPO-
MHCJIOBOCTI), KOMIIOHCHTOM SIKHX € XJIOp-
BMICHI CTIONYKH (HOMIBIHUIXJIOPHI, XJIOPBMIC-
Hi Je33aco0u Ta iH.), a B HAIIOMy BHUIAIKy
ycTaHOBKa |' mpu3HavyeHa TibKH Ui CHAajo-
BauHs TIIB 1y Bunaaky, komu TIIB 3a0pynHe-
HI XJOpPOPTraHiYHMMH CIIOJyKaMH, BMICT
[IXJJYTIXI® y iuMoBHX ra3ax ofpasy 3poc-
Tae OUIBII, HIK Ha TIOPSIJIOK, SIK OyJ10 BUSIBIICHO
B 3pa3ky Ne 3. Came uuM, Ha Hally IyMKY,
3yMOBJICHA BIJIMIHHICTh PE3YJIbTATiB, HaBEIC-
HUX y JOCTikeHHi. ToOTO HasBHA cUCTeMa
OYMILEHHS IMMOBHX Ta3iB He 3ale3nedye
ixuporo ouniieHds Big [IXJJI/TIX 1D, a Kiiab-
KiCTh LUX CHONYK Y BHKHIAX MHpPsSMO 3aje-
KUTh BiJl BMICTY XJIOPBMICHHX CITOJTYK Yy CITa-
JIOBaHMX BiIXOAaXx.

BucHoBku

1. CtaBum wieHoM €BpOHeI/ICBKOF0 eHepre-
TUYHOTO CHIBTOBapI/ICTBa Ta MiJMUCaBIIN
VYromy mpo acomiarito 3 €C [35], Vkpaina
MOBMHHA JOTPUMYBATUCS BUMOT MIPUPOI00XO-
pPOHHUX ToKyMeHTIB €C Ta po3poOuTH 3aX0au
no pedOopMyBaHHIO €HEPTEeTUYHOTO CEKTOPY,
10 TIOB’sI3aHE 3 BIPOBA/KEHHSIM Cy4YacHUX
EKOJIOTIYHO O€3MEeYHUX TEXHOJIOTIH yIpaBIIiH-
HS Bigxofgamu. BuKopuCTaHHS BiAXOMIB SIK
aJIETEPHATHBHOTO JUKEPETa TEMIOBOI Ta eleK-
TpoeHeprn CIPHUSITUME 3MEHIIIEHHIO MacH BiJI-
XOJliB, BHUCOKa TeMIepaTypa CIaJlOBaHHS
rapaHTyBaTUMe iXHE 3HE3apaKeHHS Ta 3MEH-
IUTH 3a0pyAHEHHS JOBKIJUIS.

2. Pesynaprat = eKcHmepUMEHTAIbHHUX
JOCTiPKEHb 10 BU3HAUEHHIO HeOe3MeYHHux
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Therefore, the obtained results show that of
the five samples selected and analysed for the
content of dioxins and furans, an excess of the
established norm (0.1 ng/Nm®) by approximate-
ly 14 times was detected only in sample Ne3.
This excess is probably due to the presence of
organochlorine compounds (polyvinyl chloride
and others) in SHW incinerated at that time.

It should be noted that the PCDD/PCDF
content in the flue gases of Facility D in the
three samples was significantly lower than
according to the research data by Qi Wang et al.
[34] (0.01 ng/m’ and 0.03061 — 0.90171 ng/m?’,
respectively). The PCDD/PCDF content in one
sample (0.058 ng/m’) was in the same range as
the data by Qi Wang et al. At the same time, it
should be taken into account that the research
by Qi Wang, et al. was carried out at hazardous
waste incineration plants (medical waste and
waste from the chemical industry), the compo-
nents of which are chlorine-containing com-
pounds (polyvinyl chloride, chlorine-containing
disinfectants, etc.). In our case, Facility D is
intended only for incineration of solid house-
hold waste and in case when the solid waste is
contaminated with organochlorines com-
pounds, the PCDD/PCDF content in flue gases
immediately increases by more than an order of
magnitude, as was determined in sample Ne 3.
This, in our opinion, is the reason for the differ-
ence in the results presented in the study. That
is, the existing flue gas treatment system does
not ensure their treatment of PCDD/PCDF, and
the amount of these compounds in emissions
directly depends on the content of chlorine-
containing compounds in the incinerated waste.

Conclusions

1. Being a member of the European Energy
Community and having signed the Association
Agreement with the EU [35], Ukraine must com-
ply with the requirements of EU environmental
documents and develop measures to reform the
energy sector, which is related to the introduction
of modern environmentally safe waste manage-
ment technologies. The use of waste as an alter-
native source of heat and electricity will con-
tribute to reducing the mass of waste, high incin-
eration temperature will guarantee their decon-
tamination and reduce environmental pollution.

2. The results of experimental studies on the
determination of hazardous chemical com-
pounds in emissions into the air during the
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XIMIYHUX CHOMYK Yy BUKUJAX Y MOBITPsI IpH po6o-
Tl €KCTIEPUMEHTAIbHUX YCTAHOBOK 10 T€PMIYHO-
My BUJAJICHHIO BIJICOPTOBAaHUX TBEPAMX MOOYTO-
BHUX BIJXOAIB Ta BIAXOIIB arpompoOMHUCIOBOTO
KOMITJIEKCY CBI4aTh, 0 BMICT IIUX 3a0pyIHIOIO-
YHX PEYOBUH HE MEPEBUIIYE BCTAHOBIICHUX TiTri€-
HIYHIX HOPMATHBIB JJI BUKHU/IIB 13 YCTAHOBOK TIO
CHAJIFOBAHHIO BIIXO/IB.

3. Ilpu pobGoTi crauioHapHOI YCTAaHOBKHU IO
CHAJIFOBAHHIO HECOPTOBAHUX TBEPAUX MOOYTOBUX
BIJIXOJIIB BUSIBJICHO IMEPEBUIIECHHS BCTAaHOBJICHUX
HopMaTuBiB 17151 cymapHoro IIXJIJI/TIX/I®, Bmic-
Ty MacoBOi KOHLIEHTpaulii TBEPIUX YACTHHOK,
¢TOpPUCTOTO BOJHIO Ta XJIOPUCTOTO BOAHIO;
CYMapHOTO BMICTY CYpMH, MUII’KY, CBHHLIO,
XpoMy, KOOaJbTy, MiJli, MapraHIo, HIKE0, BaHa-
IO Ta IXHIX CHOJYK. MOMJIMBOIO NPUYHHOIO
NEPEeBUIICHHS TITl€HIYHUX HOPMATUBIB Y BHKH-
Jlax y MOBITPs pU poOOTI CTallOHAPHOT YCTaHOB-
KA B TIOPIBHSHHI 3 €KCIIEPUMEHTAJIbHUMHU YCTa-
HOBKaMu Moxke OyTtu pi3uuii ckiaa TIIB, ski cna-
JFOIOTHCS, BIACYTHICTh IMONEPEIHBOTO COPTYBaH-
Hs [MX BIAXOMIB Ta HEAOCTAaTHS €(EKTUBHICTH
CHUCTEMH OYHINECHHS TUMOBHUX T'a3iB.

4. BpaxoByrouu CIEKTP BUKHIIB 13 JTOCIIKE-
HUX YCTAHOBOK I10 CTIAJTFOBAHHIO BIJIXO/IB Ta JaHi
JITEpaTypy 1100 BIUIMBY Ha 37I0POB’S JIIOAUHU
OKPEMHUX CIOJYK, SIKI MICTATBCS Y IXHIX BUKHIAX,
MOXXHa 3pOOMTH MNpPHUMYIIEHHs, 0 poloTa
JOCITIDKEHNX HAMHU YCTAHOBOK TAaKOXK MOXE ITiJI-
BUIIYBATU PU3UK ISl 37A0POB’S SIK IPALlIBHUKIB
IIUX YCTAaHOBOK, TaK 1 HACEJIEHHS, SKE MEIIKae
noOnu3y. Lleit puzuk Mmoxxe OyTH 00OyMOBIIEHUH SIK
KaHI[EPOTCHHUMH, TaK 1 HEKaHIEPOTCHHUMH
edexramu.

5. B Vkpaini npu cTBOpeHH1 BIacHOi 1HIYCTpii
YIpaBIiHHS BIIXOAaMH CIIiJT 3alIPOBAIUTH HAKO-
nuyeHnii B €C MO3UTUBHUM JOCBiI opraHizarii
Ta (YHKIIOHYBAaHHS  €(EKTHUBHOI CHCTEMH
MOBO/DKEHHS 3 BIIXOAAMH, a caMe, 3alpOoBaIUTH
cuctemy 300py Ta copryBannsa TIIB Ta Bukopuc-
TaHHS TEPMIYHOTO METOIY BHAJICHHS BiIXOIIB
SK aJbTePHATUBHOIO JKepena eHeprii. BogHouac
ycTaHOBKHU 1o cniamoBanHio TIIB moBunHI OyTH
0o0nagHaHl CyYaCHHMMHM CHUCTEMAaMH OYMWIIEHHS
JUMOBHUX Ta3iB, SKI MAlOTh BKJIIOYATH EJIEKTPO-
¢b1IbTpH, MOKp1 a00 HaMIBCyX1 CKpyOepH, cHcTe-
My neHiTpudikauii, pykaBHi QuIsTpH, QUIBTPHU 3
aKTUBOBaHUM BYTULISIM.

KondutikT inTepeciB. ABTOpH 3asBISIFOT PO BiACYTHICTH
KOH(QJIIKTY 1HTEpECiB.
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operation of experimental plants for the
thermal removal of sorted solid household
waste and waste from the agricultural and
industrial complex show that the content
of these pollutants does not exceed the
established hygienic standards for emis-
sions from waste incineration plants.

3. During the operation of the stationary
facility for burning unsorted solid house-
hold waste, it was found that the estab-
lished norms were exceeded for total
PCDD/PCDF, the content of the mass con-
centration of solid particles, hydrogen flu-
oride and hydrogen chloride; total content
of antimony, arsenic, lead, chromium,
cobalt, copper, manganese, nickel, vanadi-
um and their compounds. A possible rea-
son for exceeding the hygienic standards
in air emissions during the operation of a
stationary facility compared to experimen-
tal facilities may be the different composi-
tion of solid waste that is burned, the lack
of preliminary sorting of these wastes, and
the insufficient efficiency of the flue gas
treatment system.

4. Taking into account the spectrum of
emissions from the investigated waste
incineration plants and the literature data
on the impact of individual compounds
contained in their emissions on human
health, it can be assumed that the work of
the plants we studied can also increase the
risk to health for both workers of these
facilities and the population living nearby.
This risk can be due to both carcinogenic
and non-carcinogenic effects.

5. In Ukraine, when creating its own
waste management industry, the best prac-
tices accumulated in the EU in the organi-
zation and operation of an effective waste
management system should be implement-
ed, namely, a system for collecting and
sorting solid waste and using a thermal
method of waste removal as an alternative
energy source. At the same time, SHW
incineration facilities should be equipped
with modern flue gas treatment systems,
which should include electric filters, wet
or semi-dry scrubbers, a denitrification
system, sleeve filters, and filters with acti-
vated carbon.

Conflict of interest. The authors declare that
there is a conflict of interest.
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