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Meta. 3'dcyBaTu OCHOBHI fXeperna Bukugis cipkoBogHio (H2S) vy
TBapUHHUUTBI. KinbKicHO OLIHWTW WOro piBHI KOHUEHTpaLii B NOBITpI
poboyoi 30HM Ta KoedilieHTW eMicii B 30BHiWHeE noBiTpA. OuiHUTK
TOKCUYHY Aito HoS Ha 340poB’a TBapwuH i NioJen 3a pisHUX piBHIB
BrnnuBy. BuaHauutn cnocobu miHiMizaLii 3abpyaHEHHSA CipKOBOLHEM
HaBKOSULUHLOrO cepegoBuia. Metogu. 3acTtocoBaHoO kameparbHWi
aHani3 nitepaTypHuX, HayKoBMX, HOpMaTUBHWX MaTtepianiB Ta MeTod
OLiHIOBaHHSA AN ysaralibHeHHS HanpauboBaHux AaHux. PesynbtaTu.
3rigHo 3 niTepaTypHUMKU JaHUMWK, CipKOBOAEHb € 6e3bapBHMM,
nerkosaiMUCTUM rasom i3 3anaxom Tyxnux selb. BiH Baxuuii 3a
noBiTps, TOMy Haibinbw Hebe3nedyHU, KOMKM YTBOPIOETLCH B
pe3yneTaTi po3KnafjaHHA oOpraHiYHUX pPeYoBUH Y KaHanizauiHux
cucTemax, BUrpiIBHUX siMax Ta pesepByapax ANg 3bepiraHHa pigkoro
rHoM. FKWO He AOTpMMYBaTUCA 3amnobbKHWX 3axofiB, CipKOBOAEHb
MOXe CMPUYUHUTW OTPYEHHS Mtofel, AKi NpautooTe Ha NpubupanHi Ta
obcnyroByBaHHI Lmx cnopyf. ManoedekTMBHI cuctemu 3bepiraHHs Ta
yTunizadii rHoto i ATawWWMHOro nocnigy MoXyTb MpPU3BOAMTU A0
HakonuyeHHa H2S Ta WHoro BUKWAIB Yy 30BHIWLUHE cepefoBULLE.
CipkoBofleHb [EMOHCTpye ocobnuBy MOBefiHKYy  BUBIMbHEHHS
Oynbballok y pesepByapax 3 pifkuM rHOeEM. € flaHi Mpo HeoJikyBaHi
cnanaxw BuBiNbHeHHs H2S Yepes piske 36inbLUeHHS WOro KOHUEeHTpaLji
y pesepByapax Aana 36epiraHHA rHoto. Kpim Uboro, 36inbLueHHS
KoHLUeHTpauii H2S BiabyBaeTbCsa y TBapUHHULBKMX By iBnsx, ocobnumso
nig Yac pobiT 3 BUAaneHHs rHoto. Lie Moxe npuaBecTy f0 HaKoNUYEHHSA
BUCOKWUX KOHLEHTpaLiid rasy B noBiTpi po6o4oi 30HW. 3a KOoHLUeHTpauii
H2S noHag 100 ppm (4acTOK Ha MiSTbAOH) HIOXOBI peLienTopy MOBHICTHO
BTpayaloTb CBOi yHKUii. Lle pobutb 3anax rasy HeedeKTUBHUM
nonepenXeHHsaM npo Hebeaneky. HeraTusHi Hacnigku Bukuais H2S
NposABNSATECA TOKCUYHUM BINIIMBOM Ha 340pOB’A TBapWH i Ntogen. a3
MOXe BWKIMKATW TONOBHWIA 6inb, HY[OTY, 3anaMOpOYeHHs, a B
KOHLeHTpauisix noHag 700 ppm — TsXKe OTPYEHHA | CMepTb.
CepefiHb03BaXeHUN piBeHb KoHUeHTpauii H2S B noBiTpi pobo4oi 30HM
Pi3HUX TUMIB TBAPUHHULbKUX ByAiBerb NepeBaXHO CTaHOBUTb MEHLLE
Hix 1000 ppb (4acTok Ha b6inbiioH). CepegHboa060Bi koediLlieHTH iHoro
BUKWUAIB 3 NMPUMILLEHb AN MOMOYHUX KopiB NepebyBatoTb B MexXax Bif
401 o 7162 Mr/geHb Ha KOpoBY; 3 NTaLLHWKIB — Big 462 no 508 mr AU
(ymoBHa ofuHuuA, wo popiBHioe 500 Kkr XMBOI Macu TBapwuH), 3i
CBUHapHWKiB — Big 220 go 1250 mr AU peHb'. Bukugn HoS 3
aHaepobHux naryH Ans 3bepiraHHs pigKoro rHoko CBMHEN CTaHOBMATb
4925 Mr/M> feHb”. BUCHOBKM. [Ns 3MeHLLUEeHHA BUKWIB CIPKOBOLHIO
noTpibHO 3AilicHIOBaTM 3ax04W LWOAO BMPOBaXEHHA edeKTUBHUX
cucTeM yTunisadii rHoto, y40CKOHanNeHHst BeHTUNALUIT y TBapUHHULIBKUX
NMPUMILLEHHAX Ta BMKOpUCTaHHA 30anaHcoBaHWX paulioHiB rogieni

TBapWH.
KniouoBi cnoBa: cipkoBofeHb, KOHUEHTpaLis, BUKME, TBapUHHULIbKa
OyniBnd, pobodva 30Ha, piBeHb BNuBY, cnoci® MiHiMizayil
3a0pyAHEeHHs.
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BcTyn. MeToro po3BuTKy ranysi TBApUHHULTBA € 3abe3neyeHHs HaceneHHs
AKICHUMW MPOAYKTaMU Xap4yyBaHHA TBaPWHHOrO MOXOAXKEHHA Yy HeoOXxigHin
KiNTbKOCTi 3 MiHIManbHUM HEraTUMBHUM BMIMBOM HA AOBKINMA.

€sponencibka Komicia y TpasHi 2020 p. npeacrasmna npoekt Ctpaterii €C
«Big naHy no ctonyy, ika BCTAHOBIIOE Nepexia A0 CTINKOi xap4oBoi cuctemm €C,
WO rapaHTyBatume npogoBonbyy Gesneky Ta 3abesnedyBatvme AOCTyn A0
3[,0pOBOro Xxap4yyBaHHs, 4OTPUMYHUNCE YMOB 3axmUCTy AoBkinns [1].

Buknan cipkosogHio (H2S) Big TBapuMHHULTBA € CEPNO3HOK Npobnemoto,
OCKIfNIbKN BOHW MOXYTb HEraTMBHO BNNMBATM Ha AKICTb NOBITPA poboYoi 30HM Ta
300pOB’A aK caMux TBapuH, Tak i nogen. Kpim Toro, Bukmam H2S MOXyTb
HeraTtMBHO BMNMMBAaTW Ha CTaH 30BHILHBOrO MOBITPS Ta Ha EKOMOTYHWA CTaH
JOBKINNSA 3aranom.

CipkoBogeHb € 6e3bapBHMM, NErko3aMMMCTUM ra3oM i3 3anaxom TYXInx
feub. OCKiNbKM BiH BaXX4M 3a NOBITPA, HaMbinbLly Hebeaneky CTaHOBUTb Npwu
YTBOPEHHI BHACNigOK PO3KnajaHHA OpraHidHUX MPOAYKTIB B KaHanisauinHnx
CTOKax, BUrpibHMX smax Ta pesepByapax ans 3bepiraHHs pigkoro rHow (3a
NOPYLUEHHS 3axX0LiB De3nekn MOXe CNPUYMHUTL OTPYEHHSA NMOAEN, LLIO NPaLoTh
npu ounweHHi Ta obcnyroByBaHHI UMx cnopya). lNMpu amiwyBaHHi i3 BOAOH
YyTBOPHOE TOKCUYHI Bunapun. CipkoBoaeHb 6rokye npouecn KMCHeEBOro oObMiHy B
KMITUHAX Yepes NPUrHiYeHHs akTUBHOCTI LUTOXPOMOKCUA,a3n, CPUYMHAE Nepexiz
KNITUHHOrO OBMiHY pPeYoBMH Ha aHAepOBHUM WNSX | Moganblle HakOMUYEHHS
MOJIOYHOI KUCIOTU, BUKINNKAE MOLLUKOAKEHHS LieHTparbHOI HEPBOBOI cucTemm [2].

Meta pocnimpkeHHs — 3’AacyBaTl OCHOBHI mxepena Bukugie H2S y
TBapPMHHULTBI, KifTbKICHO OLIHWUTK PiBHI MOro KOHLEHTpPAaUi B NOBITPi pobo40i 30HM
Ta KoediLieHT eMicCii B 30BHILLHE MOBITPSA, @ TaKoX TOKCUYHY A0 Ha 3[,0pOoB’'a
TBaApVH | Nogen 3a pisHUX piBHIB BNIMBY K cnocobu MiHiMisauii 3abpyaHEeHHSN
HaBKOMMULLHBOrO CepenoBmLLa.

Martepianu Ta meToamn gocnimkeHb. 3acTOCOBaHO KameparnbHMA aHanis
nirepaTtypHuX, HaykoBUX, HOPMaTUBHMUX MartepianiB Ta MeTog, OUIHIOBaHHA AnA
y3aranibHEeHHA HanpauboBaHUX JAaHuxX. TakoX BUKOPUCTaAHO dopManbHO-
NOTYHUM MEeTOoA, | MOPIBHANBHUA aHania npu AOCNIAXKEHHI BANMBY eMicii
CipKOBOAHHO Big 06’€KTIB TBAPUHHULTBA Ha AKICTb NOBITPSA poboyoi 30HM ByaiBenb
| 30BHILLHBOrO MOBITPS.

PesynbTaTtn gocnigeHHs Ta IXx 06roBopeHHs

1. OCHOBHI gaXxepena BUKMAIB CiPKOBOAHIO Y TBAPUHHULUTBI

1.1. bionoziyHe po3knadaHHsi 2HOrO ma nocsidy. CBikuA rHIn abo
nocnig noYMHae posknagatmca 3 MOMEHTY MOTpannsaHHA B HaBKOSULIHE
cepeposule. CipkOBOAEHb YTBOPHETHCA BHACMIAOK aHaepoOHOro posknagaHHs
B pesynbTaTti MiHepanisauii opraHiyHMX Cronyk CIpKW, a TakoX BiAHOBMEHHS
OKNCHEHUX HeopraHivyHux crnonyk cipKu, Taknx aK cynbdar,
cipkosigHoBntoBansbHMMK  Baktepismm  [3]. Buwmnm BMICT cynbdatiB y rHoi
npu3BoAUTL 4O NigBULWEHHS BUKMAiB H2S [4].

3a pii bepmeHTiB BakTepin cknagHi MOMNEKynu rHOK Po3KnafaroTbCa Ha
NPOCTILWI opraHivHi cnonyku 3 BugineHHam 3abpyaHioBanbH1x rasie. AHaepobHe
pO3KnagaHHA TUMOBE ANSA PIAKOro rHow y BUrpibHMx smax i naryHax. BoHo
CYNPOBOAXKYETLCA BUAINEHHAM amiaky, MeTaHy, BYrneKncrnoro rasdy, CipkoOBOLHHO
Ta HU3KM iHWNX 3abpyaHIoBadiB NOBITPS. Y BEMNUKMX KOHLEHTPALISAX BOHW MOXYTb
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OyTn pyxe HebeaneyHMmMM oNa 340POB’'S Ta XKUTTS SK TBApPWH, Tak i fogen, i
CipKOBOAEHb € HanHeEBEe3NeYHILINM.

1.2 O6’ekmu meapuHHuuymea i Micyss HaKOMUYEHHsT ma
36epicaHHs 2HOMO i NmawiuHo20 nocnidy. HepoctaTtHbO eeKkTUBHI CUCTEMMU
30epiraHHa Ta yTunisauii rHOH i NTaWWHOrO Nocnigy MOXyTb MPU3BOAUTU 40
Hakonun4eHHA H2S Ta noro sukuaie y nosiTpsa. Bnnue Ha foBkinns BigdyBaeTbecsa
Ha BCIX eTanax TEXHOMNOrYHOro npouecy BUpOoBbHULTBA NPOAYKLIT TBAPUHHULTBA,
ane OCHOBHa YacTka — 3a YMOBW HaAMIPHOro HakomMYeHHA Ha TBapUHHULBKMX
NIAAPUEMCTBAX OpraHivyHMX BIAXOAIB, LLUO HE MPOXOA4ATb HaNEXHOI yTunisauii,
OuUULLEHHS | 3He3aparkeHHA. CipKOBOAEHb € TOKCUYHMM Ta AyKe Hebe3neyHnm y
pasi panToBOro BMBINbHEHHA Big OO'ekTiB Ana 30epiraHHa TrHOM, LU0 MOXe
NPU3BECTU 40 HAKOMNYEHHST BUCOKMX KOHLIEHTPALIW B NOBITPI poBo40i 30HM.

BugineHHs B noBiTpsA CipKOBOAHIO Npu 30epiraHHi rHOK B rHOECXOBMLLAX
craHoBuTb BiA 0,6 no 72,0 mr/m3 [5] Ta o 14 ppm (parts per million abo ogHa
MINIbBUOHHA YacTka) — nig Yac HernMboKOro NPoOMMBaHHA FHOMOBUX sIM [6] 1 Ao
36 ppm — konu rHin Nepemiwysanmu nig Yac euganerns [7]. BennumHa sukngy H2S
3anexuTsb Bif KOHUEHTpaLii OpraHidHOi pe4yoBUHM B pPiaKii dopakuii, TemnepaTypu
Ta pH rHoto [3].

Y poboTi [7] aBTOopW gocnigxysanun BukMan HaS y pexxumi peanbHoro yacy
BNPOAOBX ABOX LLOPIYHMX 3aX04iB 3 BUAANEHHS rHOK. [nsa LUbOoro y UeHTpanbHin
Anosi byB npoBeaeHUI MOHITOPUHI ABOX CBMHAPCLKMX NpuMmilleHs Ha 1000 ronis
3 rMnboKnMM aAMamMm N O4HOPIYHUM 30epiraHHaM rHOK B OeTOHHIN TpaHLei
(pesepByapi) rmubuHo 2,4 M nig 30HO nepebyBaHHA TBapuH. PesynbTtaTtu
nokasanu, LWo KoHueHTpauia H2S, BuMmipsHa nig 4ac BuaaneHHa [HOH,
3binblwyBanaca B cepefHbOMy B 61,9 pasa nopiBHAHO 3 MOro piBHEM 40O
BunganeHHs. Lle 30inblieHHsa 3bepiranocsa nig 4Yac nepemillyBaHHA MHOK, SKe
BigOyBanoca B cepegHboMy npoTsarom 8 roguH. [licna 3aBepLlUeHHs LbOro
npoLecy KOHLEHTpaUia CIpKOBOAHIO 3MeHLmnaca B cepegHeomy B 10,4 paasa,
NOPIBHSAHO 3 MOro piBHEM 40 BUAANEHHS.

Y pocnigkeHHax [8] noBigoMnaeTbea, WO nig Yac noBOLXKEHHS 3 MHOEM
BiaOyBaeTLCA BUKMA CIPKOBOAHIO, NPOTE OTpMUMaTK rnobanbHi OUiHKM HEMOXITMBO
yepes HecTady AOCTOBIPHUX faHux. B nitepatypi BiACYTHI KoedilieHT BUKUAIB
H2S ana OinblwoCTi rany3en TBapuHHWLUTBA, 3@ BWHATKOM cBuHapctea [3].
EcCTOHCBKI BYEHiI po3paxoByBanu KOemiliEHTU BUKMAIB rasy Ans aHaepobHMX
naryH 3a koediuieHtammn H2S ansa cesuHen, npunyckaroun, wo pH rHor Big ycCix
BMAIB TBapWH OfHakoBun. [poTe, Takmn niaxig BBaXaeTbCsA HeHaykoBuMm [9].
Hapasi Hemae gaHnx npo 3araneHi Buknan H2S B EcToHii. 3rigHo 3 6a3oro gaHmx
[03BONiB Ha 3abpygHEHHs MOBITPSA B UM KpaiHi, Buknan H2S craHoBnsaTb
36 Ir/pik [10].

CipkoBoaeHb XapakTepuayeTbCs BMCOKOK HEPIBHOMIPHICTIO BUBINbHEHHSA
Oynebalwok y pesepByapax 3 pPiAKMM CBUHSYUM THOEM. Y [OCRISKEHHAX
NOBIAOMITAETLCA NPO HEOUIKYBaHi cnanaxu BUBINbHEHHS 3HAYHOI KinbkocTi H2S
Ta piske 30iNbLUEHHS MOro KOHLUEHTpaLii B cxoBuwax ansa 3éepiraHHs rHowo [11]
Ta ByaiBnax Ans CcBMHEN, Nig Yac NpoBEAEHHS 3ax04iB 3 BUAaNeHHs rHow [7].

1.3. Cucmemu eeHmMunsiyii meapuHHUUbKUX npuMiwjeHb. Konn
BEHTUNAUINHE MNOBITPS 3 TBAPMHHULBKUX MNPUMILLEHb BUKMOAETHCA HA30BHI,
H2S Ta iHWi WKignmei pe4oBMHM NOTPaNNATb Y HABKONMULIHE cepegosmLle [12].
3actocoBytoun MexaHidHy abo KOMOiHOBaHy BEHTMNAUI0, AKa HWHI Habyna
LLIMPOKOrO BMKOPWUCTaHHS, MOXHa edEKTMBHO KOHTPOMNHOBATM SKICTb MOBITPSA B
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NpUMILLEHHI Ana 3abesnedeHHs HanexHoro fobpobyty TBapuH [13]. 3ragaHi
BULLE CUCTEMM MEXAHIYHOT BEeHTUNAUIT MonerwyrTs npouec OYMLLEHHS
BUXIAHOro Ta BXIAHOrO MOBITPSA, MOPIBHAHO 3 BUKMKOYHO MPUPOLHOK CUCTEMORD
BEHTMNALIT, TUM CamMUM 3MEHLLYIOYM 3aranbHi BUKMAW 3 NpUMILLEHb A4Na Xyn00m
Ta ntmyi [14, 15]. MNoraHa poboTta cuCTeEMU BEHTUNALIT MOXE MPU3BOAUTU OO
HakonuyeHHs H2S y npuMilLeHHAX Ae YTPUMYKOTBCA TBapuHW, O HeraTUBHO
BMNSIMBAE Ha IXHE 340pOB’A Ta NPOAYKTUBHICTL [16].

2. PiBHi KOHUEHTpaLii CipKOBOAHIO Y TBaPUHHULILKUX OyaiBnsx.

Y nitepaTypi HepgocTaTtHbO iHopMaLii nNpo piBHI kOHUeHTpauii H2S y
NPUMILLEHHAX ANS CINbCbKOrocnogapcCbknx TBapwH. 3a AaHMMKM LOCHIOKEHb
BYEeHMX CeynbCbKOro HauioHanbHOro YHIBEPCUTETY B MNPUMILLEHHAX ANS
YTPUMaHHA TENAT CIpKOBOAHIO He Oyno, a B MPUMILLEHHAX ANa yTPUMaHHA
[0pOCHOi BENMKOI poraToi Xyaobum noro koHUeHTpauis craHosuna nuwe 0,8 ppm [17].

3a pesyneTaramm 4BOPIYHOro 6e3nepepBHOro MOHITOPUHIY, NMPOBEAEHOrO
Ji-Qin Ni ta iH. y 2012 p. [18], cepeaHi macoBi koHUeHTpauii H2S y nTawHukax
Ans kypeun-Hecy4yok nepebyeanm B Mexax 26,4 £ 17,6 — 41,2 + 31,5 ppb (parts
per billion abo ogHa minbapgHa 4actka). MoTpibHO 3a3HauUMTK, O BMCOKUX
MacoBmx KOHLEeHTpauin H2S, 3okpema 10 ppm (8 rog TWA) i 15 ppm (15 xB STEL)
3a Hopmamm OSHA (YnpasniHHA 3 oxopoHu npaui CLUA) [19] Ta 10 ppm (REL
Bnpogorx 10 xB) 3a HopMmammn NIOSH (HauioHanbHUA IHCTUTYT OXOPOHM npawi
CLlWA) [20], vy upOMy JoOCnigXeHHi BYeHUMU He Oyno BuaBneHo. 3aranbHa
cepengHs MacoBa KOHUeHTpauis H2S y nosiTpi NpUMILLEHHS ANS YTPUMaHHSA
Kypen-HECYUYOK 3a AaHnMK gocnigxeHs [21] ctaHosuna 19,7 ppb. dewo Ginbuy
MacoBy KOHUEHTpauito Uboro rasy — 40-100 ppb, 6yno BuMaBnNEHO y NTaALLHUKY
Ans kypyar-bpovinepis [22].

3a nosigoMmneHHaM Zhu Ta iH. MmacoBa KoHUeHTpauis H2S y cBuHapHuky, 3a
HOpManbHUX YMOB ekcnnyaTauii, ctaHosmna Big 500 go 1000 ppb [22]. OgHak y
AOCTIIXKEHHAX [23], NpoBeAEHMX Y CBUHAPHUKAX A8 MOMOAHSKY 3 XKUBOK Macor
Big 6 00 68 kr, 3a yTpuMaHHs Ha rpatyacTiv nignosi 3 BaHHOH rnnbuHoo 0,6 M,
3a3Ha4aEeTbCa NPO KONMBaHHSA MacoBOi KoHUeHTpauii H2S B mexax Big 0,1 go
5,7 ppm. 3a gaHmn gocnigpkeHs [24] yCTaHOBMEHO TakKi CEPeAHbO3BaXXEHI PiBHI
MacoBOI KOHUeHTpauii H2S y TBapuHHMLBKUX NignpuemcTBax: nTaxiBHUUTBA —
0,33 ppm, 3 BUpoOHMLTBa ANoBUYNHK Ta Mmonoka — 0,26 ppm Ta 3 BUpobHMUTBa
cBUHUHM — 0,01 ppm.

3a paHunmm [25] cepenHboaoboBI kKoediuieHTn Buknais H2S Big 4oTnpbox
BararonoBepxoBMX MTALLHMKIB 3a ABOPIYHOrO ©Ge3nepepBHOro MOHITOPUHTY
nepebyBann B Mexax Big 462 + 37 go 508 + 27 mr AU (ymoBHa ogvHuua =
500 Kr XK1BOi Macu TBapuH).

Bueri 3i CLLUA pocnigxxyBanu MacoBy KOHLEHTpaLi0 Ta WBUAKICTb BUKUAIB
H2S y npumilleHHsx ansa Bigrogieni ceBuMHEN 3 rmmbokor BaHHOK Ta 6e3 Hei, a
TakoX 3 BaHHaMu, ski Bynu npubnunaHo Hanie3anoBHeHi (Ha BMCOTYy 1,3 M Big
NOBHOI MUOMHM y 2,4 m). ABTOPW BU3HAYanu LWBUAKICTbL BUKUAIB rasy 3a BrnvBy
HarpiBaHHs Ta 6e3 HarpiBaHHsa Oygieni 3a gonomororo obirpisadyis. NMpn LbOMy
MacoBa KoHUeHTpauis H2S nepebyBana B gianasoni Big 221 go 1492 ppb 3
BiAMOBIAHMMM LUBUAKOCTAMWU BUKMAie rasy sig 16 go 3,8 mr m2 rog’
(0,22 -0,49 1 H2S AU'gerb"). Konu cBuHapHukn Gynu 3anoBHeHi noronis’am
CBMHEW, MacoBa KOHLEHTpaLuia rasy B noBIiTPi poboyoi 30HM B cepepHbOMy
cTaHosuna 423 ppb 3 pisHeM Bukmaie 9,4 mr M2 roa™ (1,25 r H2S AU nenb)[26].
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Hamn Takox npoBegeHa HM3ka [ocnimpkeHb 3 [o0OOBOro MOHITOPUHIY
3abpypHoBanbHMX rasie pobo40i 30HM KOPIBHWKIB, CBUHAPHWKIB Ta KPiNbYaTHUKIB
3a nopamm PoKy 3 BUKOPUCTAHHAM BUMIPHOBarbHO-004YMCOBaribHOrO KOMMMEKCY
(BOK) “AHanizatop nOBITPSHOrO cepefoBulla enekTpoHHUA MOHODMoKoBUA”
(ANCE-M) [27-29]. OTtpumaHi pesynetatM cBig4yaTb nNpO BIACYTHICTb
3abpyaHeHHs NoBITpa cipkoBogHeM (2 knac Hebesneku 3srigHo 3 ACT 12.1.005-
88) y MacoBux KOHUEHTpauisx, LWo nepeBuwyoTs piBeHs 1000 ppb.
Halui ekcnepumeHTanbHi gaHi y3arogXyrTeCs 3 pesyneTaramm gocnigxkeHs Zhu
Ta iH. [24], Justene Guarrasi Ta iH. [22] i Jihoon Park Ta iHwi [17]. OTxe, ana
NpoOBEAEHHS AOCNIAKEHD 3 MOHITOPUHIY MacoBoi kOHUeHTpauii H2S B pobouin
30HI TBapPUHHULBKUX MpuUMilLeHb OaxaHo maTtyn 3acobu BUMIPHOBaAHHA 3
PO34,iNbHOK 34aTHICTIO ogHa MinbapAHa Yactka (mnpg ™).

3a noeigomneHHam Bogan B. W. Ta iH., gaHux npo Bukman H2S Big
MOMOYHUX bepM AoHeaaBHa Byno HefoCTaTHBO, OA4HaK Li NPOorannHM 3anoBHUIMO
HauioHanbHe pocnigpkeHHs 3 MOHITopuHry Buknais y noitps (NAEMS). Bynu
npoBeAeHI AOBrOCTPOKOBI BUMIPHOBaHHS BUKWAIB MacOBOi KOHUEHTpauii H2S Ha
AiNsgHKax 3a pisHUX CUCTEM BUaaneHHs rHoto. [ani (tabn. 1) ceigyaTtb Npo Te, Wo
cepeaHi koediuieHTn Buknais H2S konneanuncs B mexax Big 401 oo 7162 mr/geHb
Ha ogHy kopoBy Ta B cepegHboMy Oynn Binbwmmn B 5,2 pasa 3a 3MUBHOI
CUCTEMM BUAANEHHS rHOK 3 npuMmieHHs [30].

Tabnuua 1. BUKknam cipkoBoAHIo 3 NpUMillieHb AN MONTIOYHUX KOpiB 3 6e3npuB’A3HUM
YTPUMaHHAM, B cepegHbOMY 3a YOTMPU NMOPU POKY

Cucrema Cnoci6 BuganeHHs Bukuau, [osiaka npo aBTOpCbKe
.. | LOinfHka Mr/geHb
BeHTUNALT rHoto LMTYBaHHSA
Ha KOpOBY

MexaHiuHa NY5B ckpenep 964+1137 Bogan B. W. et al., 2010 [31]
MexaHiuHa IN5B ckpenep 1065522 Lim T.T., etal., 2010 [32]
MexaHiuHa WISB TpaHLwes / 3MUBHUIA 7162+5373 Cortus, et al., 2010 [33]
MexaHiuHa WISB ckpenep 401+358 Cortus et al., 2010 [33]
npupogHa WASB TpaHLwwes / 3MUBHUIA 1307+651 Ramirez J.C. etal. 2010 [34]

3. HeratuBHi Hacnigkn BUKUAIB CipKOBOAHIO

Taki Hacnigkm BUABNAKOTLCA Y TOKCUMYHOMY BMNMBI HA 340POB'A TBAPWH i
nofen, a Takox y 3abpygHeHHi goskinna. 3a ymou, konn H2S Buainsetbcs y
BAMMAAI rasy, BiH 3anvwaeTbCsa icCHyBatM B atMmocdepi NpoTsarom npubnnasHo
1 nobwu BniTky Ta 42 Ai6 B3MMKY, NEPETBOPIOHOYNCH Ha AIOKCUA CIPKX Ta cipyaHy
kucnoty [35]. [asonogibHun H2S € ogHieo 3 HavnowmpeHiwmnx HebeaneuHmx
PEYOBWH, MOB'A3AHMX I3 TFOCTPUMM OTPYEHHAMM Ha BUPOOHMUTBI [36, 37].
[MpoTe icCHyOTb  Aesiki  acnekTn  TOKCUYHOCTI  H2S, aki  3anuwaroTbes
ManoBigoMumMn. ToMy nOTPIOHO PO3rNAHYTU OKPEMI MPOranvHU B 3HAHHSX,
noB’a3aHi 3 BuNagkaMmm HasBHOCTI H2S B HaBKOMULLHBOMY CepefoBULLIi Ta MOro
TOKCMYHOrO BMMBY Ha TBAPWH i NKOAEN NPU BANUXaHHI.

3.1. TokcukomMempu4yHa OUiHKa emnyusy CipKO80OHIO Ha 30opoe’s
meapuH. CIpKOBOAEHb MOXE BWKNUKATM MOAPa3HEHHA AWXanbHWX LUMSXIB,
HEBPOMOriYHi po3naan, a y BUCOKMX KOHUEHTpAaUisaX CnpuYuMHUTK 3arnbernb
TBapvH. [ocnigxkeHHammn [38] ekcnepumeHTanbHO AoBegeHo, wo H2S e
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NOAPA3NMBAM YMHHMKOM YPEKEHHS O4Yen y nogen i TeapuH. B Anbbeptcbkomy
yHiBepcuteTi KaHagu y Tensart, ski 3asHanm snnvey 20 ppm H2S Bnpoaosx ogHOro
TWKHS, eKCrepuMeHTansHO Oyro BUKIMKaHE HE3BOPOTHE MOLLKOKEHHA O4eln Ta
doTodobia [39]. Michal F. V. [40] nig 14ac MiKpOCKONIYHOrO AOCHIAXKEHHSA POTiBKN OKa
LLypa BUSIBMB SAEPHUN MNIKHO3, HAabpsK Ta poslapyBaHHA KMiTWH nicna vy H2S
3a MacoBOi kOHUeHTpauji 36 ppm enpogosx 3 rogauvH. Kpim Toro, AnbbepTchkui
ekonoriyHuA LueHTp (KaHaga) 3agoKyMeHTyBaB KIliHIMHE NoAPasHEHHS OYeEN B LLYPIB
y pesynbTarti BnnvBy H2S 3a koHueHTpauii 40 ppm Bnpogoex 6 rogunH [41].

3a noBigoMNeHHaM [42] KpOnMKK BTpadanu CBiAOMICTb NicNa BAWXaHHS
NOBITPA 3@ MacoBOI KOHLEHTpaUil CipkoBogHO B 72 ppm 4epe3 1,5 rognHw.
Bnpogoex 90-geHHUX pocnigpkeHb wypwn niHin F-344 Ta Sprague-Dawley
nigaaesanuca Bnnmey H2S 3a macoBoi koHUeHTpauii o 80 ppm TpueanicTio 6 rog,
Ha AEeHb NPOTAroM 5 AHIB Ha TWKAEHb, NMPU LbOMY neTanbHUX BUMNaAKIB He
cnoctepiranocsa [43]. Takox He cnoctepirann 3arubeni cepeg 30 popocnux
muwen niHii CB-20, aki 3asHanu Bnnmey Hz2S y koHueHTpauii 100 ppm BRNpoaoBx
2 rogvH Ha geHb [44] ta cepepg 20 gopocnmx mywen niHii NMRI, sknx niggasanm
BMAMBY aHarnoriyHoi mMacoBoi KoHUeHTpauii H2S BnpogoBx Oinbl TpmBanoro
nepiogy (npotarom 1 — 4 gHie) [45]. He nosigomnanoca npo netansHi BUNagku m
B AOCMHIMKEHHAX Ha wypax niHii Bictap 3a BnnueBy H2S 3 macosow
KOHLUeHTpauiero 4o 500 ppm Bnpoaosx 2 roguH [46]. OgHak, 3armbenb gikcyBanm
y 50 % nigaocnigHux ocobuvH WwypiB niHin Sprague-Dawley, F-344 Ta Long Evans
npy BAUXaHHI HUMK MOBITPSA 3 MacOBOK KOHLEHTpauieo cipkoBogH 335-587
ppm BnpoaoBX 2 -6 roguH [47, 48]. Xoya B iHWOMY JocnigxeHHi [49], 3a
BUKOPUCTaHHA LWypiB F-344, cmepTHiCTb Oyna MEHLWOH 3a aHanoriyHoro
AianasoHy KOHLUEHTpaLii CIPKOBOAHIO.

Mpn BAMXaAHHI MOBITPS 3 MacoBOK kOHUeHTpauietro H2S 500 — 700 ppm yci
LLypv NiHii F-344 3arHynn BNnpogoBX 4 rog, 04HaK 3a aHarnoriyHMX yMOB YTPUMaHHS,
3a BBy KoHUeHTpauii H2S go 400 ppm — xxopgHa TBapuHa He 3arnHyna [50-53].
Yci camyj wypiB niHii Bictap 3armHynu nicng 12 xB BAUXaHHSA NOBITPS 3 MAcOBOKO
koHUeHTpaujieto H2S 800 ppm [54]. [TaTb SNOHCBKMX Binnx KPONMKIB 3arvHynu nicns
30 xB BOWXaHHA nMOBITPS 3 KOHUeHTpauiero H2S 500-1000 ppm [55].
Y pocnigxeHnHi [56] noBigoMnsaeTbCs, WO BB H2S 3 MacoBOK KOHLUEHTpaLer
1872 ppm Ha 6 0cobuH MuULLEN NpU3BIB 40 iX cMepTi 3a 10 xB, a 3a KOHUEHTpaLji
722 ppm — 3a 50 xBunuH. [locnigXeHHs, npoBeaeHi Ha nabopaTtopHux TBapuHax,
AKi 3a3HanM BNMBY BUCOKMX MacoBMX KOHUEHTpaui H2S, ganm nogibHi netanbHi
pesynbTaTty, LWo Manum Micue i npy TpariyHnx Bunagkax 3 nogsmun. 3okpema, Bnnvs
H2S 3a macoBoi kKoHueHTpaujii 1655 ppm Ta TpwBanocTi ekcnosudii 3 xB 6yB
CMepTenbHUM AN BCiX 5 wypiB Sprague-Dawley [57].

3.2. TokcukoMempu4yHa OUiHKa ennuey CipKOBOOHIO Ha 300poe’st
nrodel. PoHOBI kOHUEHTpaUii H2S y noeiTpi 3a3Bmnyan konmeatoTeea Big 0,11 ppb
8o 0,33 ppb. Hanpuknag, KOHUEHTpaUis LbOro rasy B MICbKMX panoHax Moxe
caratm go 1 ppb [58]. NpaHnyHO gonyctuma koHueHTpadia (FAK) H2S B nositpi
poB0oY0T 30HM TBAPUHHULIBKMX NpUMieHb 3rigHo BHTT1 ctaHoBuTs 3,5 — 7,0 ppm
(1 ppm = 1,42 mr/m3 3a HY) [59-61].

CipkoBogeHb Mae fyKe CUMbHUIW 3anax 3 HU3bKUM HKOXOBMM NOPOrom — Bif,
mMeHLw Hixx 10 go 300 ppb, 3anexHo Big iHAMBIAYaNbLHOT YyTNMBOCTI. 3a MacoBoi
KOHUeHTpauii 6nmnasko 30 ppb wnoro moxyTb BigyyBatm noHag 80 %
HaceneHHs [62]. 3a gaHnmum Saeedi A. Ta iH. [63] TprBanui BNMB CIPKOBOAHIO Y
HaBKOMULLHBOMY cepepnoBuLi y KoHUeHTpauii 4o 90 ppb snpogoex 1 — 30 pokis
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CMPUYMHSIE HEraTUBHI Hacnigky 4nsa 34opoB’s noauHW. 3a KoHUeHTpauii Big 1 oo
5 ppm 3anax rasy CTae ayxe HenpueEMHUM, K Y TyXnux seupb [64]. Takmm YnHoMm,
3a piBHIB MacoBoi KoHueHTpauii Big 1 o 20 ppm ras Mae XxopoLi
nonepeaxysarbHi BNacTUBOCTI.

Guidotti Tee L. [64] 3a3Havae, WO 3a BUNAKoOBOroO BNMBY BUCOKMX MaCOBUX
KOHLIEHTpAaUin, CipKoBOAEHb Mae crnabki nonepemKyBarnbHi BNacTUBOCTI, OCKINbKM
CNPUMHATTA 3anaxy 3HUKae Yepes napaniy HIoXy, SKMA € CEHCOPHUM MPOsiBOM
HEMPOTOKCUYHOCTI. Tak, 3a MacoBoi koHUeHTpauii H2S 100 ppm HoxoBi peLenTopu
BTPa4aroTb MOBHICTIO CBOI GOyHKLiT BXe vepes 2 — 15 xB, Wo pobuTtb 3anax rasy
HeedEKTUBHUM NOMEPEMKEHHAM NPO BeNuKy Hebesneky. Y Tabnuui 2 HaBegeHo
OPIEHTOBHI TOKCMKOMETPUYHI MOPOr CIPKOBOAHIO 4119 OCHOBHMX eOeKTIB.

Tabnuua 2. TOKCUKOMETPUYUHA Al CIPKOBOAHIO HA 340POB’A NOAUHU 33 Pi3HMX OPIEHTOBHUX
piBHiB BnnuBy (3a Guidotti Tee L., 2010 [64] B Hawwin mogudikaLii)

KoHueHTpaLiis PiBeHb
Edpekt
(Ppm) BNNuBY
0,0003-0,001 | MiHimanbHWiA | PoHOBI KOHUEHTpaLii H2S y nosiTpi
0,01-0,30 MiHiManbHWiA | [Mopir cnpUAHATTSA 3anaxy (AyXe MiHMBUIA)
OudikyBaHi CUMNTOMW BMAIMBY MOXYTb BKITOYATU MOPYLUEHHS 30pY,
0,41 XpOHIYHUIA HIOXOBY BTOMY, HYAOTY, MOAPA3HEHHS AUXanbHUX LUMAXIB i MOXIUBI
ronosHi 6oni
[MoMipHWIA HEMpUEMHMWIA 3anax, MOXe CYMNpOBOAXYBaTUCHA HYJOTOHO,
1-5 XBAHIEH Crbo30Teueto, ronoBHUM BoneM abo BTpaTOO CHY MpW Tpusanomy
P BMNAUBI; 340pOBI MOMOAiI y4acHWKM YOroBIYOI cTaTi He BigvyBaloTb
3HWKEHHA MakcuMarnbeHoi di3nyHoT NpaLesfaTHOCTI
. | Ba kopoTkodacHoi Aii (Kinbka roguH), 3assuyai Jobpe nepeHocUTLEA
6-9 Jonyctumunia P Alt ( AUH) Aoop P
340pOBUMW JOPOCITMMU
8-rOAWHHWUIA rpaHUYHO AONYCTUMUIN piBeHb MpodpeciiiHoro BMNUBY B
10 Oonyctumuin | Anbbepti 1 OSHA PEL; nopir aHaepobHoro meTtaboniamy nig 4ac
isn4HOro HaBaHTaXeHHs
15 MigrocTpuin 15-XBUNUHHWIA FPaHUYHUIA piBeHb NpodeciiiHoro BnnmBy B AnbbepTi
. . MakcuMarnbHo onycTUMUIA piBeHb npodpeciiiHoro BNAuWBY nig Yac
20 MigrocTpuin g e i = ’ g
eBakyauii B AnbbepTi, Ay>Ke CUMbHUIA 3anax; MOXIUBUA KOH' FOHKTUBIT
KOH'IOHKTUBIT Ta NofpasHeHHs neredb. MoxmBe MOLKOAXKEHHS oYei
20-50 MigrocTpuidi | nicna KiNbKoX AHIB BMMUBY; MOXE CMPUYUHUTY po3raj TpaBneHHs Ta
BTPaTy anetuty
100 MigrocTpuin Moapa3HeHHA oYelt Ta NereHb, napaniy HIXY, 3HUKHEHHS 3anaxy
150-200 MigrocTpuin [MapanisoBaHWi HIOX; CUMBHE NoApasHeHHs oYen i nereHb
250-300 MigrocTpuin Mo>ke BUKNMKaTh HabpsAK nereHs, 0cobnmBo 3a TpMBanoro BNAnBY
Cepiio3He NOoLKoAXeHHS oyeil npoTarom 30 XB; cUnbHe Nofpa3HeHHs
500 [ocTpuin nereHb; «HokgayH» (panToBa BTpaTa CBiIOMOCTI) Ta cMepTb
BNpoaoBx 4—8 roguH; amHesia Ha Beck nepiof BNNuBY
_ Brpata cBigomocCTi Ta CMepTb MOXYTb Hactatu Maibxe
600—900 FocTpuit P 2EIASH P HYTE Hi .
MWUTTEBO, UMOBIPHO, Yepe3 cepLeBo-JIereHeBuit napaniy
. MXaHHA MOXe 3ynuHuTuca BnpogosX 1 abo 2 Bauxis;
1000 Focrpuii | & y poa a

MUTTEBUIA KOnarnc

[Mpumimka*: Abpesiamypa: OSHA — YrpaerniHHs 3 oxopoHu rpauyi ma 30opoe’s; PEL — dorntycmuma mexa snrnusy.
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OTke, CIpKOBOAEHb MOXe BUKNIMKaATW ronoBHuMM Oinb, HyAoTY,
3anamMOpPOYEHHs, @ Y BENUMKMX MacOBUX KOHLEHTPAaLUfaX — TSKKE OTPYEHHS |
cMepTb. Y nigBuLLEHMX MacoBux koHUeHTpauisx (700 ppm) H2S cnpuunHsie
3aranbHe OTPYEHHS, NPWU3BOAUTb A0 Napanivyy AnXanbHOro i CyAMHOPYXOBOro
LeHTpiB (TOKCu4YHa Ais). 3a TpuBanoro BAMXaHHSA HE3HA4YHOi KiNbKOCTI rasy
OCNabntoeETLCA BECb OPraHiaM, 3HWKYETLCA MO0 PE3UCTEHTHICTb, WO Crnpuse
BUHUKHEHHIO BTOPUHHWX 3aXBOPHOBaHb (METATOKCMYHA i) y Noaen.

Y Tabnuyi 3 HaBefeHO 3aCTOCOBHI CTaHAapTW BNAMBY Ta pekoMeHaadii
LWOAO CIPKOBOAHIO, OMPWUIOAHEHI PI3HUMU OopraHamy Bnagu, nodnmHaroum 3i

cTangapTis NPodECIMHOrO BNMBY Ta 3akiH4yo4uM CTaHgapTaMmn ansa rpoMag.

Tabnuusa 3. 3acTocoBHi cTaHOapTy i pekoMeHaauii wopo cipkoBogHio y CLUA, Kanagi,
€sponelicbkoMy Coto3si, BOO3 Ta YkpaiHi* (3a Guidotti Tee L., 2010 B Hawwiil MmoaundikaLii) [64]

CraHpgaprt abo

PiBeHb BNNUBY,

AreHTCTBO : 3acTtocyBaHHA
pekoMeHAauia ppm abo ppb
BararbHa NpoMUCTIoBICT
OSHA mae 3 pisHi PEL, 3anexHo —10 ppm;
[lonycTima Mexa Big TUNY ranyasi, Taki Ak 8-roguHHe TWA MopCbKa_ (BKNIOYHO
Biopo BMBY «CcepefHbO3BaXeHe 3a YacoMy 3 CygHoGyLiBHUMU
TPyOOBMX (TWA) abo rpaHn4He 3Ha4eHHSA 3asogamu) — 10 ppm;
; (Ceil, Mexa cteni**) TWA BygiBHuLTBO —
eraunaprie 20 ppm; (Cteng)
MiHicTepcTBa = = PP
npaui CLUA, CrenaTa CTen;1+, AK NPUAHATHAIA
1966 MakcuMarbHWiA NIKOBUIA piBEHb
MpaHMuHi 3HaYEHHS BMMMBY BULLE FPaHUYHOrO ) Crensa —20 ppm (10 xB);
(Mexi cTen) 3Ha4eHHs NPoTAroM 8-rogMHHOI
3MiHWY, Lo MOXe TpannaTucs Crens+— 50 ppm (10x8)
nWLle oAWH pa3 BNPOAOBX 3MiHM
OpieHTOBHI rpaHU4HO
€Bponencbkui ABNyETIN] i KepiBHi NnpuHLUMNK WwWopo 8 roquH,
Cotos, 2009 It UL npogecinHoro BBy U et
’ BMNAVBY STEL (15 xB) 10 ppm
(OB, IOELYV)
8-roWHHa cepefHLO3BaXeHa
AMepUKaHCbKa [MoporoBe rpaHu4He fobosa Hopma (TWA). 1 ppm
KOHepeHuia 3Ha4yeHHsa (TLV)
ypAaoBUX MakcumarbHo gonyctuma
NPOMMUCIIOBUX KopoTkocTpokoBa KinbKicTe — 40 4 BUNagKiB 3a 8- 5 ppm
riricHicTiB rpaHuyHo gonyctuma FOAWHHY 3MiHY, MK AKUMU Mae

(ACGIH), 2006

KoHUeHTpauia (STEL)

PekomeHgoBaHa

OyTu nepepsa He MeHLL AK 60 xB

PekomeHgaUisa wopo nepemsgy

Crtensa: 10 ppm

Haui = rpaHn4Ha Bernm4nHa ctaHgapTiB OSHA Ta 5K (10 xB)
auioHanbHUi ) .
: snnusy (REL) KepiBHULTBO ANA ranyai
iHCTUTYT
0)1(_220:" gg,iu' BeanocepeHb0 MoTpibeH pecnipaTop i3 nogaveto 100 ppm
gquA Hebe3ne4Ho Ans NoBITPA Ta MOBHONULIEBOIO
XWTTA Ta 340poB’'S MacKoL0; aBTOHOMHWIA fUXanbHWi
(IDLH) anapat (AJA)
Papa 3 nuTaHb KepiBHULTBO 3 CnpuymnHse eBaKyaLito, NoLyK
eHepreTukM Ta " yKpuTTA abo 3aiiMaHHA B Axepeni
nnaHyBaHHA Aii y ; o «HabnuxaeTtbecsa»
KOMyHarnbHUX o nig Yac HEKOHTPONBLOBaHWUX NOAIN,
Haj 3BUYaHUX ; 4o 20 ppm
nocnyr CHTYaLX (AN TaKux siK BUTOKW 3 Tpybonposogis (B cepenHEomy 3xB)
Anbbepty, 2003 yaL: Ta BUOyxn HahTOBUX CBEPATIOBUH P Y
(Kanaa) rOTOBHOCTI rpoMagu)
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MpoaoBxeHHA Tabn. 3

3acTtocyBaHHA

PiBeHb BNNUBY,
ppm a6o ppb

AreHTcTBO 3
OXOPOHU
HaBKO-
JNINLLHbOIO
cepegoBMULLA
CLUA (EPA),
TUMYacoBa
Bepcisa

AreHtcTBo CLLA
3 TOKCUYHUX
PeYoBUH Ta
peecTpy
3axBOpIOBaHb
(ATSDR), 2006,
2002

KanicopHis,
1969 (CLLUA)

Anbbepra, 1975
(Kanapa)

BcecBiTHA
opraHisauif
OXOpPOHU
3aopos’s, 1981

MiHicTepcTBO
OXOpPOHU
300poB’a

YKpaiHu, 2024

MiHicTepcTBO
OXOpPOHU
300poB’a

YKpaiHu, 2024

AEGL 3: kepiBHUI
piBEHb OCTPOro BIIMBY,
piseHb 3. AEGL
BUKOPWCTOBYETLCA 5K
KepiBHULTBO B
Haf3BUYaiHMX abo
HEKOHTPOSLOBaHMX
CUTyaLlisix

AEGL 2:
piBEHb rOCTPOro
BMNSNBY, piBeHb 2

AEGL 1: kepiBHULTBO
LLOf0 rocTporo
BMNAuBY, piBeHb 1

MiHiManbHWi piBeHb
pU3NKy

CTtaHgapT sKoCTi
aTMocgepHoro
noBiTpA B KanigopHii

MeTa — aKkicTb
noBiTpsA B AnbbepTi

KepiBHULTBO 3 AKOCTI
noBiTps

| Hakas MO3 YkpaiHu

Big 10.05.2024
Ne813,
https://moz.gov.ua/

Haka3 MO3 Ykpainu
Big 09.07.2024
Ne1192,
https://moz.gov.ua/

Y HaceneHHs 3aranom, BKIoYadn

BpasnuBUx ocib, MOXyTb BUHWUKHYTH

3arposnuei Hacnigku AN 340poB's
abo cMmepTb

HaceneHHs 3aranom, BKOYa0uM
BpasnuBuUx ocib, Moxe Big4yBaTu
He3BOpPOTHI Ta/abo cepitosHi,
TpvBani HeraTUBHI Hacnigkv Ans
340poB’s abo NopyLUeHHs 34aTHOCTI
[0 NOPATYHKY

3ararbHe HaceneHHsl, BKIFoYaroqm
CXMITBHUX 10 LIBOTO 0CiB, MoXe BigqyBam™
ZmckoMdbopT, nogpasHeHHs abo
6e3cUMIMTOMHI eheKTH, NMo3a Mexamu
CEHCOPHOTO CMPUAHSITTS, edbeKTn €
0B0OPOTHAMMU, TUMHACOBUMMU Ta He
Npy3BoaATL 40 iHBariAM3aLji

PiBeHb, 3a sKOro WoAeHHWI BNnuB
Ha nroguHy, MMoBipHO, Byae Be3
MOMITHOTO PU3NKY LLIOAO
HeraTMBHOrO BMIMBY Ha 340pPOB’A

Makcumym 60 XB AN yCYHEHHS
Mo pasHIoBasbHOro 3anaxy

Ha ocHoBi nogpasnusoro sanaxy
(ppbv—YacTuH Ha MinbApA 3a
o6’eMom)

PiBeHb, 3a AKOro HaceneHHs
3axuLeHe Bif nogpasHeHHA oyei
(24 rop) abo 3anaxy

(30-XxBUMUHHWIA MiK)

'K Ans noBiTps HAaceneHWx MicLb
rAK m.p.= 0,008mr/m®

I'OK ans nosiTpa pobo4oi 30HK
cTaHoBUTL 10 Mr/m?

ana CepengOSMiHHOFO 3Ha4YeHHA 3a

8 roauH Ta 0,02 mr/m3 (npumexoBa
30Ha) 3a 15 xB (Makc. ogHopa3oBa),
a ansa auxaHHa — < 0,01 mr/m

Yac ekcrnoauyji:
10 xB 76 ppm
30 xB 59 ppm
60 xB 50 ppm
4 rog 37 ppm
8 rog 31 ppm

Yac ekcrnoauyji:
10 xB 41 ppm
30 xB 32 ppm
60 xB 27 ppm
4 rog 20 ppm
8 rog 17 ppm

Yac ekcnoaunuii
10 xB 0,75 ppm
30 xB8 0,60 ppm
60 xB 0,51 ppm
4 rog 0,36 ppm
8 rog 0,33 ppm

[ocTpuin
14 pHis (0,07 ppm)
CepegHin
15-364 gHiB
(0,02 ppm)
XPOHIYHUI
>364 gHiB (HeMae)

30 ppb

24-rofMHHWIA cepepHil

nokasHuK (3 ppbv)
1-rofVHHWIA cepepHil
rokasHuk (10 ppbv)

24 rog (10,6 ppb)

30 xB (5 ppb)

0,0056 ppm

17,15 ppm

TIpumimeka: *- Bebcalimu nepernidyeHux opeaHie enadu cmaHom Ha 1 nunHs 2010 p., Oxepeno [64] **Mexa

cmeni — ye nimim ennusy, KUl npauigHUK HIKoMu He rnosuHeH repesuulysamu, 32ioHo OCHA.
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3a paHumm Helmy N. Ta iH. [65] cipkoBOAgeHb € TPEeTIM BUSBNEHUM
rasoTpaHcmiTepoM. Llen cynedia, gk i gBa iHWi rasonepeHocHukM (NO ta CO),
Mae Ti X caMmi iHriBiTOpHI BNacTMBOCTI LWOA0 MITOXOHAPIanNbHOro gmxaHHsa. OgHak,
Ha BigMmiHy Big NO Tta CO, H2S y KOHUEHTpaLisX HUXKYMX 38 TOKCUYHUA piBEHb
(< 10 MkM) € BOHOPOM BOAHIO Ta CyBCTpaTOM AN MITOXOHAPIANbHOro ANXaHHS.
Lle nos’sa3aHoO 3 akTMBHICTIO cynbdigxiHoHpeaykTasm (SQR), wo mictutecsa y
nepeBaxHin BiNbLUOCTI MITOXOHAPIN.

Omke, Ha OCHOBI 3asHa4yeHoro BWLle, noTpibHO 3BepTatm ysary
cneudianictiB Ha HeBe3NeyYHICTb PIBHIB MacoBOi KOHUEHTpaLii CIPKOBOAHIO, SKi €
Oinbwmmu Big MK, 3 meToro 3anobiratm MOXNMBUM BUNagKam IHTOKCUKaLi LM
rasom TBapuH Ta obcnyroB4oro nepcoHany Ha BUPOOHMUTBI, NOTPIOHO CyBOPO
AOTpMMyBaTUCA 3axopiB Oesnekn 3rigHO 3 HOPMAaTUBHUMKM MOSIOKEHHAMW Ta
3aKoHO4aBYMMM  aktamum npu  poboTi 3 OTPYWMHUMK, TOPHOYMMKM 1
BMOyxoHebe3neuYHmmn pevYoBMHaMM. Kpim LpOro, TBaPUHHULEKUM
nignpuemcream HaxkaHO MaTu crnewjiani3oBaHi eneKTPOHHI 3acobu 3 dyHKLUIAMM
3BYKOBOrO Ta CBITNOBOro nonepeaXeHHsa npo Hebeaneky Ta BUHOCHUMW 30HAaMN
(noexwuHoto Big 3 o 5 M) anga sigbopy npob 3abpygHeHoro noeitps. bea Hux
HEMOXITMBO $KICHO BiacTexyBatyn HebeaneudHi piBHI KOHUeHTpauii H2S npum
BMKOHaHHI pobiT Ha NOTEHUINHO HeBe3neuYHNX AinsHKax TBapUHHULBKNX 00 eKTiB,
30Kpema crnopyfax Ans HakonmyeHHNA Ta 30epiraHHs piakoro rHo.

3.3. 3abpydHeHHs1 HaBKONMUWHBLO20 cepedoeuuwya. BigHOBMEHI cnonyku
CIPKM Ta NETKI XXMPHI KNCNOTU CRPUSOTb BUKMAaM 3anaxiB, SKi MOXYTb BUKNIUKATH
HeraTueHI Pi3NYHI Ta NCUXONOTiIYHI peakuii y Nogen, LWo NPoXMBaKTL 3a BITPOM
Bia 0O’ekTiB, WO BMKMAAKTb Cipky. Crnonyku Cipky, WO BMKMAAKTLCA B
aTtMocepy, 3pELUTOr YTBOPHOKTE CynbdaTtHi aepo3oni Ta KACMNOTHI CroSyKM
(TobT10 CcipuaHy abo meTaHCynbOHOBY KMCNOTY), AKi NnepebyBaroTb NepeBaKHO
Yy BUMMSAI aepo30fbHUX YaCTUHOK CyDOMIKPOMETPOBOro poamipy. BigknageHHs
CynbdaTtHOI KNCNOTU TakoX Moxe ByTu LWKIAIMBUM ANA €KOCUCTEM, 3aBaroumn
LLKOAM BOAHMM TBApMHaM i pOCrvHaM, a TakoX MOLUKOAXKYHUN LUMPOKMKA CNEKTP
Ha3eMHUX POCIMH [66].

KpiM UbOro, y 0o4aTtkoBO MPOBEAEHNX eKOMNOTMIYHUX AOCHIgXKeHHsX [67],
NoBIAOMITAETLCA NPO HEBPOOTiYHI epekTn, sKi Manu Micue B rpomagax nobnmsy
NPOMUCIOBMX [KEPENn CIPKOBOAHK. Y MelkaHuiB, fKi npoxueanu nobnuay
naryHu 3i CBUMHAYMM THOEM, CroCTepiranuca 3MiHM B TecTax Ha piBHoBary
(konmMBaHHA 3 BIAKPUTUMM abo 3aKpUTMMK OYMMA), PO3Mi3HaBaHHA KOSbOPIB,
noKasHMKax nonsa 30py, KOrHITUBHUX (PYHKUISX Ta 4vacy peakuii, NOpiBHAHO 3
KOHTPOMNBHOK rpynor MELLKaHLIB 3 IHLOro wrarTy.

CipkoBogeHb cnoxmBaeTbea BakTepiamu, LLO 3HaX0AATLCA B I'PYHTI Ta BOAI,
SKi OKWUCHIOKOTb MOro A0 €neMEHTapHOi cipkn. PoTocuHTesyBanbHi BakTepii
MOXYTb OKMCHIOBaTU CIPKOBOAEHb A0 CIpKM Ta cynbdarty 3a HasgBHOCTI CBiTNa Ta
BIACYTHOCTI KUCHIO [68, 69]. PosknagaHHa CIPKOBOAHIO B armMocdepi Moxe
BiabyBaTnuCa WNAXOM OKUCHEHHSA KncHeM (0O2) Ta o3oHoM (O3) 3 yTBOPEHHSM
fiokenay cipkm (SO2) i, 3pewToto, cynbdatHMx cnonyk. [iokena Cipkn Ta
cynbdatn BMAAnNSTbLCA 3 atMocdepu WNAXOM MNOrfMHaHHA pocnvHaMm Ta
rpyHTamm abo yepes onagm [70].

EdekTnBHUA Yac XUTTS CIPKOBOAHIO, 3aCHOBAHWW Ha MiTHIX AEHHUX Ta
cepenHbOPIYHUX KOHLEHTPAaLSX rigpoKCUnbHUX pagukanis, oliHeTbca B 0,23 Ta
2,3 [AHS BIgnoBigHO, BUXOASYWM 3 BUMIPAHOI KOHCTa@HTM  LUBWAKOCTI
4.8 x 107 2cm3/monekyna-cekyHaa. ManoiMoBIpHUM €  TBEpPIXKEHHS, Lo
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cipkoBoAeHb He Oyae maTtu 3Ha4yHOro BMMMBY Ha HaBKOMULLHE CepenoBuLLe
LWNAXOM MNPSAMOro MOrNuMHaHHA ynbTpadioneToBoro BUMPOMIHKOBaAHHS | MOro
peakLii 3 030HOM [71].

OkucHeHHs1 cipkoBogHO 3a gonomoroto O2 Moxe BigbyeBatmca y
noBepxHeBUx Bogax [72, 73)]. CipkoBOAEHb € NErKOPO34YMHHUM Y BOAI. Y BOAHOMY
PO34MHI BiH € Crnabko KUCMOTO, WO AEMOHCTPYE ABi KOHCTaHTU KWUCIOTHOI
Ancouiadii. lMepwa pucouyiadia pae rigporeHcynbdig-ioH (HS™), a ppyra —
cynbdia-ioH (S27), 3i s3HaYeHHAMN pKa 4N KOXHOT 3 Lyx aucowiauin 7,04 ta 11,96
BigNoBIgHO [74].

HaaBHICTb CIPKOBOAHIO Y BOAI MOXHA BU3HAYUTN 3a HEMNPUEMHUM 3arnaxom,
WO 3'9BNSAETLCSA BHACNIAOK XKUTTERIANBHOCTI aHaepobHux OakTepin, ski
NepeTBOPHOOTL CMOMYKM CipKM (CynbdaTt Ta Cynbdiamn) B CIpKOBOAEHb. 30KpemMa,
npn OaktepianbHOMYy po3knagaHHi Ta OGIiOXiMIYHOMY OKWUCHEHHI OpraHivHnX
PEYOBMH NPUPOLHOrO NOXOAXKEHHS (AETPUT, OpraHivHi nobpuea) 1 B pe3ynbTari
HagXO4XEeHHSA OpraHiky i3 NoBepxHeBUMKU Bogamun. Yepes BUCOKY TOKCUYHICTb
CipkoBOAEHb Ta MOro cnonyku (rigpocynedian ta cynbdign) HebesneuHi ans
rigpobioHTiB. KpiM TOro, npu CMHTE3YBaHHI LibOro rady Ta Woro Crosnyk BUHUKAE
roCTpum AediunT KUCHKO. [pun LbOMY 4acTo (IKCYOTLCA 3amopu pubu [75, 76].

Omke, ronoBHMM HanpaAMOM eKonorisauii BUMPOBHMYMX MNpPOLECIB Y
TBApUHHMLUTBI NOTPIOHO BBaXaTn nepexia [0 BUKOPUCTAHHS 3aMKHYTUX
TexHonorin. BukopuctaHHsa BiAXO4iB TBAPUHHULTBA Ma€E Taki OCHOBHI HanpsiMu:
NOBEPHEHHSA BIAXOAIB Y TOW cCamMuii BUPOBHUYNIA MPOLIEC 3 SKOrO NOro OTPUMaHoO
(y Burnsgi kopmosux 0o0aBOK); BUKOPUCTAHHS BIAXOAIB B iHWKMX BUPOOHNYNX
npouecax (K opraHiyHux fobpue y 3emnepobCTBi); BUKOPUCTAHHS Yy BUMMSA
CUPOBMHN AN IHWMX BUPOOHMLUTB (4Na ogepxaHHa Biorasy (MeTaHy)).

4. EKOHOMIi4Hi npobnemu

3abpyaHeHHA [OBKINMAS CipKOBOAHEM MOXe Mpu3BecTn A0 npobnem i3
CinbCbKOrocnogapceknm BMpobHMUTBOM. [NpoBeaeHi aocnigxeHHs [77], ceigyars,
O BUCOKI KOHLUEHTpaUii CIPKOBOAHIO MOXYTb CYTTEBO MOLUKOAUTW MOCIBA W
3HM3UTU BPOXAWHICTb CinbCbKorocnogapceknx KynbTyp. Le 6e3nocepenHso
BMAMBAE Ha 3HWKEHHSA NPUOYTKOBOCTI CiNlbCbKOroCnoAapcbKoro BMpobHMLTBa Ta
o6’emiB BUpOOHMLTBA NPOAYKTIB XapyyBaHHS A5 NIOLEN.

5. be3neka XUTTEAIANbHOCTI

3a paHumu [78] CipKOBOAEHb € BUCOKOTOKCUYHUM, BUOYXOHEDe3neuYHnm
(npn koHueHTpauii 4,3 —45,0 % 3a ob'emom y MNOBITPI) Ta NErkKO3aNMUCTUM
(Temnepatypa 3ammaHHa 260°C) razom. KpiMm LbOro, iCHye BUCOKa MMOBIPHICTb
BUOYXYy CyMilli CIPKOBOAHIO | KUCHIO B 3aKpUTOMY MNPUMILLEHHI, TOMY WOro
HasIBHICTb MOXE CTBOPHOBATU PU3NKK ANs Be3neku XnTTa nogen Ta 36epexxeHHs
MarHa. Yepes ue TBapuHHMLBKI NignpueMCTBa, 30KpeEMa BESMMKI KOMMMEKCU Ta
dhepmun, marotb nogdatn npo 3abesneveHHs 6e3nepebiHOro eNeKTPOXKUBIEHHS
(HassBHICTb aBTOHOMHMX 3acobiB enekTpornocTadYaHHsa Ha BUMagoK aBapiHKX
BiOKMOYEHb LeHTpaniaoBaHmx mxepen). BoHo HeobxigHe gnsa 3abesneyveHHs
ctabinbHoi poboTn cuctem BeHTUNAUIT ana 6e3nekn XNTTERIANBHOCTI NIOAEN i
[06pobyTy TBAPUH B 3aKPUTUX NPUMILLEHHSAX.

6. 3axoamu Ana 3MeHLW eHHA BUKUAIB CipKOBOOHIO

6.1. BnposadxeHHs1 e(heKmMU8HUX CUCMEeM M0BOOXKEHHSI 3 2HOEM.
B yHiBepcuTeTi wraty Awosa (CLUA) ©ynn npoBegeHi pocnimpkeHHa [79],
CnpsIMOBaHI Ha po3poBneHHSA TEXHOMOTIT 3MEHLLEHHS KOPOTKOCTPOKOBUX BUKNAIB
H2S npw nepemiwyBaHHI piaKOro rHoK 3a BUKOPUCTaHHA rpaHyn Giosyrinns.
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YctaHoBneHo, WO MacoBa KOHLEHTpaLis Usoro rasy B MOBITPI 3@ TakMx yMOB
3Hm3nnacs 3 48,1 go 20,8 ppm, WO eKkBiBaneHTHe 3MEHLUEHHIO MakCUManbHOI
KOHLUeHTpauii H2S nig Yac TpurognHHOro nepemiyBaHHsA rHowo Ha 57 %.

Y pocnigxerHi Jisoo Wi Ta iH. [80] B pexuMi peanbHOro 4acy BMMiproBani
KOHLeHTpaUito H2S y CBUHApHWKY 3i 3BU4aNHO rigpaBnivHO rHOMOBOK BAHHO
nig rparyactoro nignoror (KOHTPONb) Ta CBUMHAPHUKY 3 HaniBGe3nepepBHOHD
CUCTEMOIO MOMOBHEHHA BaHHW, A€ 3aranbHa KifbKiCTb MOMOBHEHOrO0 aepobHO
obpobneHoro pigkoro rHoto 3a goby craHosuna npudnuaHo 7,3 % Big 3aranbHoi
KiNbKOCTI rHOMO, Wo 36epiraecsa y BaHHI (gocnia). JianasoH koHueHTpauii H2S y
KOHTPONBHOMY MpUMILLEHHI cTaHosmB Big 488 po 2310 ppbv, Togpi sk vy
AOoCnigHOMY CBUHAPHWKY BiH ByB 3Ha4HO MeHWwnM — Big 84 0o 1378 ppbv. Takox
AOCNIIXKEHHS WoA0 OuiHKK HaniBbe3nepepBHOi CUCTEMWN MOMNOBHEHHS BaHHM A4
3MEHLLEHHS BUMKUAIB CIPKOBOAHIO 3i CBMHapHuMKa ANa CBUMHEW Ha Bigrogisni
NPOBOAMNOCA BMPOAOBX ABOX TUXKHIB Ha KOMEpPLiIMHIN ceuHodepmi B Pecnybniui
Kopes. CepegnHe ckopoyeHHs Bukmais H2S y LpomMy Bunagky ctaHosmno 82,0+ 7 %
(p < 0,00001) [80].

YkpaiHCbkumn  BYeHUMM  [81] ycTaHoBNeHO edeKkTUBHUMA  BMvB
Bionpenapaty Kanentoxie Apok Ha piBeHb BUAINEHHSA H2S 3 kypsayoro nocnigy 3a
Me30(iNbLHOro pexmmMmy 6poaiHHA B aHaepobHMX ymoBax in vitro. BiH 3ymoBntoe
3HWKeHHA emicii rasy Ha 10,1 — 18,3 %. lNpoBepeHi focnigXeHHA ceigyaTb Npo
MOXIMBICTb BUKOPUCTaHHA paHoro Oionpenapary ANA  3HWKEHHA  eMICii
TOKCUYHMX rasiB i 3anobiraHHa 3abpyaHEHHIO HaBKONMULIHBOrO NPUPOAHOro
cepepoBuwa nig 4ac 3bepiraHHa nocnigy Ha nrtaxodgabpukax y cxoBuULaX
(naryHax).

YcTaHoBKM, WO 0BpobnaTb THIN, TakoX MOXYTb BUKMAATW B MNOBITPS
cipkoBoaeHb. Tak npu BUMIptoBaHHI BUkMgiB H2S 3 ABOX aHaepobHMX naryH, Lo
BMKOPUCTOBYBanuca Ans obpobku BigxoniB CBMHapPCTBa, 3aranbHe CepepHe
BUAINEHHA CIPKOBOAHIO CTaHOBUIO 5,7 MKr/M?/c [82, 83].

6.2. BnpoeadxeHHs1 e(heKmueHUX cucmeM ymuni3ayii eidxodis.
BukopucTaHHs CyyYacHUX CUCTEM 3HELLKOPKEHHSA MHOH Ta nocnigy, Takmx gk
BiorasoBi yCTaHOBKWN, MOXE 3HAYHO 3MEHLUUTM BUKNUAMW CiPKOBOLHHO.

Y 21-my ctonitTi GiorasoBi TEXHONOrii cTanM CTaH4apTOM OYULLEHHS
CTiYHMX BOA Ta nepepobneHHs CinbCbKOrocnoaapcbkux i TBEPAMX Bigxoais.
MoTeHuian reHepalii GiomeTaHy B YkpaiHi ctaHoBUTL 2 — 7 Mripg M2 Ha pik, abo
25 % Big NOTOYHOroO CcnoxmBaHHA rasy [84]. Biaxoawu Big arpapHOro Cekrtopy
MOXYTb MPU3BOAUTL A0 BUKUAIB MAPHUKOBUX rasiB Ta IHWWX 3abpyaHeHb Yy
HaBkONMLWHe cepeporuLle. Lli Biaxoan € cknagHumm gna ytunisadii abo o6pobku,
NpoTe iX MOXHa BUKOPUCTOBYBATW SIK CUPOBMHY Ans BUpobHuuTea Giorasy [85].

biomaca, sk cupoBuHa gnsa BupobHuuTBa Hiorasy, gae amory 3amMeHLnTr
obcarm BigxogiB Ta OTpUMaT AOAATKOBI eKOHOMIYHI Burogm [2]. OpgHak npouec
BMpobHMUTBa 6Giorasy He nos3baBneHunn ekomnoridHux npobnem, cepepn SKUX
OLHIED 3 HaMBaXKNMBILUMX € HAasIBHICTb CIPKOBOAHIO Y BUXIOHIA CyMilli rasis.
CipkoBogeHb HeraTuMBHO BrnmBae Ha obnagHaHHA ©GiorasoBuX YCTaHOBOK,
Yepes KOpOo3itd Ta 3HMKEHHSA edeKTMBHOCTI mnpouecy BuMpobHuuTBa Oiorasy.
Bmict H2S y Giorasi 3assuuam konueaetbea Big 50 no 5000 ppmyv, ane B 4eAKMxX
Bunagkax moxe carath 20 000 ppmv (2 % 06./06.). Kpim TOro, BMCOKI
KOHUeHTpauii H2S y 6iorasi MoXyTb NpM3BECTU A0 NiABULLEHHS BUKUAIB LUKIAN-
BMX PEYOBWH NPW NOro cnantoBaHHi. TOMy BEXNMBUM 3aBAAHHAM €
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po3pobka Ta BNpOBagXeHHS €(EKTMBHMX MeToaiB Oi0noriMHOro OYMLLEHHS
Biorasy Big cipkoBogHo [86—90].

Bigomi BioTexHonorivHi MeToan ytunisauii, Ski BAKOPUCTOBYHOTb BakTepii
3nartHi okmcHioBatn H,S. Bonwn npautorote y cneuiansHux Biopeaktopax abo
BiodineTpax. Hambinbw yxmBaHumu € Oaktepii poay Thiobacillus, ski
NepEeTBOPIOOTL CIPKOBOAEHb Ha €neMeHTapHy Cipky abo cynbdartn. 3Ha4dHOro
noLwmMpeHHsa Habynu 6ioiNbLTPY 3 HANOBHIOBaYEM, Ha SKOMY 3akpinneHi 6akrepii,
o xmenateca H,S. bionoriyHi metogm € ekonoriyHo 6e3nevHnmu, ane MarTb
OOMEXEHHS 3a LUBUAKICTHO OUYNLLEHHS | YYTNMBICTIO A0 Temnepatypu 1a pH [91].

6.3. YdockoHaneHHs1 eHMUNAYil y meapuHHUUbLKUX NPUMIleHHSIX.
3abesneyeHHs edekTUBHOI BEHTUNAUIT Y TBAapUHHULBKMX MPUMILLEHHAX Lae
3MOTy 3MEHLUMTU KOHLEHTPAaLto CipKOBOAHK Yy noBiTpi. BeHtunauisa abo
noBiTPOOOMIH po36aBnNse MacoBy KOHLUEHTPALitO rasy y BU3HA4YEHOMY MPOCTOPI
[92, 93]. [MpoBeaeHi gocnigXeHHs nokasanu, Wwo 6iodinsLTpr Ha OCHOBI AEPEBHOI
KOPUW 1 NOXMBHOIO CUHTeTUYHOro matepiany (UP20) B noegHaHHI 3 BONTOKHUCTUM
Topdhom ana obpobknm H2S (no 280 ppmv) MOXyTb OyTW MNEepCneKTUBHO
TEXHOSNOrIE ANa 3MEHLIEHHA BUKUAIB aepo30fliB I3 3aKpUTUX CBUHAPCBKUX
npuMiLleHb. 3MeHWweHHs BukmgiB H2S 3a Ttakmx ymoB pocsrae 95,2 — 100,0 %
[94, 95].

Y npoctopi Hag THOEM Yy 3aKpUTUX T[HOECXOBMLLAX 3as3Buyan
HaKOMUYYETLCH BenuKa KinbkicTe H2S, ocobnuneo nig yac nopyLUeHHa TEXHOMOTIi
30epiraHHsa rHO. Y noegHaHHI 3 HEAOCTaTHLOK LLBMAKICTIO BEHTUNAUIT, 3aKpuTi
FHOECXOBMLLA CTann Ha pepmax MICLSMM 3 HaNBULLMM PU3NKOM OTPYEHHS LM
rasom [96]. OTke, BaXNMBICTb BEHTUNAUIT Y TBapUHHULTBI, ocobnuneBo nig 4ac
poBOTN 3 FTHOEM, HE MOXHa MEPEOLIHUTK, OCKIMbKM Lie MoXe OyTW NUTaHHAM
XUTTa | cmepTi [97].

6.4. BuxkopucmaHHsi 36anaHcoeaHux pauioHie 2o00ieni. PeTenbHe
GanaHcyBaHHSA pauioHIB MOXe 3MEHLUYBaTW YTBOPEHHS CIPKOBOAHKO Y
KULLKIBHUKY TBapwH. Shule Liu Ta iH. [98] gocnigxyBanu Buknamn H2S Bnpoaosx
NOBHOrO LMKNY YTPUMaHHS CBUMHEW Ha Bigrogisni, e noronis’a tBapuyH 12
CBWHapHWKIB Byno posgineHe Ha Tpu rpynn. OgHuxX rogyBanu cTaHgapTHUM
KOPMOM (KOHTpOISbHa rpyna), TBapuH IHLWNX ABOX MPYn — KOPMOM 3i 3HKEHUM
BMICTOM CMPOro NpoTeiHy B pauioHi, BignosigHo Ha 2,1-3,8 % (T1) Ta4,4-7.8 %
(T2). CepenHi nokasHukm Bukmaie H2S 3a yukn ctaHoBunn 4,0 £2,9; 4,3 £ 3,2 Ta
5,4 +4,0r/a'AU" BignoBiaHo 49 KOHTPOnbHOI Ta gocniaHux rpyn T1 i T2. To6To
Buknan HzaS BiporigHo 36inebwmnmca Ha 10,0 Ta 36,7 % (p <0,001) BignoBsigHO
anarpyn T1ta T2

BucHoBku. Ornsg gxepen nitepatypu LWOAO y3aranbHEHHA AaHuX npo
H2S pae amory 3anoBHUTK OKpeMi NporanmHy B Cy4acHUX 3HaHHAX HayKOBLIB Ta
daxiBuyisa BUPOOHMLTBA TBaAPWHHULBKOT npoaykuii. OCHOBHUMW pXepenamm
BMKUAIB CIPKOBOAHIO B HaBKOMULLHE CepefoBuLLe, LUNAXOM MNPUPOLHOI 4um
MEXaHIYHOI CUCTEM BEHTUNALI, € BioNOriYHe po3KnagaHHsA rHOK Y NPUMILLEHHSX,
Micusix i o®’ekTax HakonM4yeHHs1 Ta 36epiraHHA rHOK (YM NTaWMHOrO nocnigy).
HeratumeHi Hacnigkm Bukngis H2S nposBnsarOTbCsa MOro TOKCUYHMM BMNSIMBOM Ha
300poB’A TBapuH | nogen. [az mMoxe BUKNUKATU ronoBHUA Oinb, Hy#oTy,
3anamMopoOYeHHs, a B KoHUeHTpauisax noHag, 700 ppm — TSKKe OTPYEHHS | CMepTb.
CepenHbo3BaeHU piBeHb KOHUeHTpauii H2S B noBiTpi poBo4oi 30HK pisHnX
TMNIB TBAPUHHULBKMX OyaiBenb CTaHOBUTL NepeBaxHO MeHwe Hik 1000 ppb.
CepenHboa0060Bi koeMILEHTN BUKUAIB CIPKOBOAHIO 3 MPUMILLEHb 4TI MOMOYHNX
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kopiB nepebyBaroTb B Mexax Big 401 no 7162 mr/aeHb Ha KOpOBY; 3 NTALLHWKIB —
Bif 462 no 508 mr AU™"; 3i ceuHapHukis — Big 220 no 1250 mr AU neHb ™. Bukuam
H2S 3 aHaepobHux naryH anga 30epiraHHa pigkoro rHOH CBUMHEW CTaHOBNATb
4925 wmr/m?oeHb. 3axoam  LWOAO 3MEHLUEHHS BWKWAIB CiPKOBOAHIO Y
TBAPUHHMLUTBI NOTPIOHO 34INCHIOBATM LUMSIXOM BMPOBaAXKEHHA €MEKTUBHUX
CUCTEM YTURI3aLil rHO, YAOCKOHANEHHA CUCTEMU BEHTUNAUIT TBAPUHHULbKNX
NPUMILLEHb Ta BUKOPUCTaHHS 30anaHcoBaHMX paLioHiB Ans rogisni TBapuH.

MepcnekTuBM NoganblnX AOChiOAXeHb. [1pOBECTU eKCnepuMeHTanbHi
AOCNIgXKEHHS WoA0 NOPIBHANBHOT OUIHKM cepeaHboa000BMX KOeIUIEHTIB emicii
CipkoBOAHK Bifg 00’ekTiB 30epiraHHA NigCTUNKOBOrO Ta PIAKOro rHow, B yMOBax
YKpaiHu, 3a pi3HUX napaTunHux gakTopis.

CMUCOK BUKOPUCTAHUX IPKEPEN

1. HauioHanbHa gonosiab NpPO CTaH HaBKOMULWIHBLOrO NPUPOAHOr0 CepeaoBuLla B
YkpaiHi y 2021 poui. Oghiy. caiim MiH-ea 3axucmy 00eKina ma rnpupodHuUx pecypcie YKkpaiHu.
514 c¢. URL: https://mepr.gov.ua/wp-content/uploads/2023/01/Natsdopovid-2021-n.pdf (gata
3BepHeHHSA: 25.04.2025).

2. CipkoBoAEHb. Empendium: noprtan ans nikapis. URL:
https://empendium.com/ua/manual/chapter/B72.X111.C.14 (aata 3BepHeHHs: 25.04.2025).
3. Emissions from animal feeding operations / U.S. Environmental Protection

Agency Emission Standards Division Office of Air Quality Planning and Standards Research
Triangle Park, NC 27711. 2001. August 15. P. 32-33. URL:
https://www.epa.gov/sites/default/files/2020-10/documents/draftanimalfeed.pdf (qaTa 3BepHeHHA:
25.04.2025).

4, Arogo J., Zhang R. H., Riskowski G. L., Day D. L. Hydrogen sulfide generation
from stored liquid swine manure: a laboratory study. Transactions of the ASAE. 2000. Vol. 43(5).
P. 1241-1245. https://doi.org/10.13031/2013.3017

5. Cuctemu BuganeHHsi, o06podku, niaroToBkU Ta BUKOPUCTAHHSA rHOW: BHTTI-ATMK-
09.06 [YuuHi Big 01.06.2006] / Minarpononitukn YkpaiHu. Kuis. 2006. 55 c¢. URL:
https://agro.vobu.uaip-content/uploads/2021/11/VNTP-APK-09.06.pdf (nata 3BepHeHHSA: 29.04. 2025).

6. Lim T.-T., Heber A. J., Ni J.-Q., Kendall D., Richert B. T. Effects of manure
removal strategies on odorand gas emission from swine finishing. Transactions of the ASAE.
2004. Vol. 47(6). P. 2041-2050. https://doi.org/10.13031/2013.17801

7. Hoff S. J., Bundy D. S., Nelson M. A, Zelle B. C., Jacobson L. D., Heber A. J.,
Ni J.-Q., Zhang Y. H., Koziel J. A., Beasley D. B. Emissions of ammonia, hydrogensulfide, and
odor before, during and after slurry removal from a deep-pit swine finisher. J. of the Air & Waste

Management Association. 2006. Vol. 56. P. 581-590.
https://doi.org/10.1080/10473289.2006.10464472

8. Aneja V. P., Blunden J., Roelle P. A., Schlesinger W. H., Knighton R., Niyogi D.,
Gilliam W., Jennings G., Duke C. S. Workshop on agricultural air quality: state of the science.
Atmospheric Environment. 2008. Vol. 42. Iss. 14. P. 3195-3208.
https://doi.org/10.1016/j.atmosenv.2007.07.043

9. Atia A., Haugen-Kozyra K., Amrani M. Ammonia and hydrogensulfide emissions

from livestock production / Alberta Agriculture, Food and Rural Development. 2004. P. 229-272.
URL.: https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw8313/$file/chapter?.pdf
(narta 3BepHeHHSA: 25.04.2025).

10. Maasikmets M., Teinemaa E., Kaasik A., Kimmel V. (2015). Measurement and
analysis of ammonia, hydrogensulphide and odour emissions from the cattle farming in Estonia.
Biosystems engineering. 2015. Vol. 139. P. 48-59.

https://doi.org/10.1016/j.biosystemseng.2015.08.002

11. Blanes-Vidal V., Guardia M., Dai X. R., Nadimi E. S. NH3z, CO2and H2S emissions
during swine wastewater management: characterization of transient emissions after air-liquid
interface disturbances. Atmos. Environ. 2012. Vol. 54. P.408-418
https://doi.org/10.1016/j.atmosenv.2012.02.046

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

108


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://mepr.gov.ua/wp-content/uploads/2023/01/Natsdopovid-2021-n.pdf
https://empendium.com/ua/manual/chapter/B72.XIII.C.14
https://www.epa.gov/sites/default/files/2020-10/documents/draftanimalfeed.pdf
https://doi.org/10.13031/2013.3017
https://agro.vobu.ua/wp-content/uploads/2021/11/VNTP-APK-09.06.pdf
https://doi.org/10.13031/2013.17801
https://doi.org/10.1080/10473289.2006.10464472
https://www.sciencedirect.com/author/7202261117/gregory-d-jennings
https://doi.org/10.1016/j.atmosenv.2007.07.043
https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw8313/$file/chapter7.pdf
https://doi.org/10.1016/j.biosystemseng.2015.08.002
https://www.sciencedirect.com/author/15064398900/esmaeil-s-nadimi
https://doi.org/10.1016/j.atmosenv.2012.02.046

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

12. Van Huffell K., Hansen M. J., Feilberg A., Liu D., Van Langenhove H. Level and
distribution of odorous compounds in exhaust air of pigs from combined room and pit ventilation.
Agric. Ecosyst. Environ. 2016. Vol. 218.P. 209-219. https://doi.org/10.1016/j.agee.2015.11.020

13. Mostafa E., Holscher R., Diekmann B., Gali A. E., Buescher W. Evaluation of two
methods for reducing indoor air pollution in forced-ventilated pig houses in the fattening area.
Atmos. Pollut. Res. 2017. Vol. 8. P. 428—438. https://doi.org/10.1016/j.apr.2016.11.003

14. Yeo W.-H., Lee |.-B., Kim R.-W.,, Lee S.-Y., Kim J.-G. Computational evaluation
of hydrodynamics of pig house ventilation systems to improve the indoor growing environment.
Biosyst. Eng. 2019. Vol. 186. P. 259-278. https://doi.org/10.1016/j.biosystemseng.2019.08.007

15. Saha K. K., Zhang G., Cai P., Bjerg B. Effects of partial septic tank ventilation
system on indoor air quality and ammonia emissions from a pig fattening house. Biosyst. Eng.
2010. Vol. 105. P. 279-287. https://doi.org/10.1016/j.biosystemseng.2009.11.006

16. Guo L., Zhao B, Jia Y., He F., Chen W. Strategies for reducing air pollution in
mechanically ventilated livestock and poultry houses — a review. Afmosphere. 2022. Vol. 13. Iss.
3. Article 452. https://doi.org/10.3390/atmos13030452

17. Park J., Seok J., Lee S., Kwon O., Lee K., Heo Y., Yoon Ch. Ammonia and
Hydrogen Sulfide Monitoring in Broiler Barns and Cattle Barns. J Environ Health Sci. 2015. Vol.
41. Iss. 5. P. 277-288. https://doi.org/10.5668/JEHS.2015.41.5.277

18. Hydrogen Sulfide in Workplace Atmospheres: Method Number ID-141 /
Occupational Safety and Health Administration, U.S. Department of Labor, Washington D.C. 2010.
URL: https://dnacih.com/niosh/nioshdbs/oshameth/id141/id141.html (nata 3BEPHEHHS:
25.04.2025).

19. Hydrogen Sulfide / Occupational Safety and Health Administration, U.S.
Department of Labor, Washington D.C. URL: https://www.osha.gov/hydrogen-sulfide/hazards
(narta 3BepHeHHS: 25.04.2025).

20. NIOSH Pocket Guide to Chemical Hazards: Hydrogen Sulfide. U.S. Department
of Health and Human Services, Centers for Disease Control and Prevention, National Institute for
Occupational Safety and Health, Cincinnati, Ohio. September 2005. URL:
http://mwww.cdc.gov/Niosh/npg/npgd0337.html (aata 3asepHeHHSA: 30.04. 2025).

21. Lim T.-T., Heber A. J., Ni J.-Q. Air quality measurements at a laying hen house:
odorand hydrogen sulfide emissions. International Symposiumon Control of Gaseous and Odor
Emissions from Animal Production Facilities, Horsens, Denmark / Danish Institute of Agricultural
Sciences, Foulum, Denmark, 2003. P. 273-282.

22. Zhu J., Jacobson L., Schmidt D., Nicolai R. Daily variations in odor and gas
emissions from animal facilities. Applied Engineering in Agriculture. 2000. Vol. 16. P. 153-158.
https://doi.org/10.13031/2013.5067

23. Kafle G. K., Chen L. Emissions of Odor, Ammonia, Hydrogen Sulfide, and Volatile
Organic Compounds from Shallow-Pit Pig Nursery Rooms. J. of Biosystems Eng. 2014. Vol. 39.
Iss. 2. P. 76-86. http://dx.doi.org/10.5307/JBE.2014.39.2.076

24, Guarrasi J., Trask C., Kirychuk Sh. A Systematic Review of Occupation al
Exposureto Hydrogen Sulfidein Livestock Operations. J. Agromedicine. 2015. Vol. 20. Iss. 2.
P. 225-236. https://doi.org/10.1080/1059924X.2015.1009667

25. Ni J. Q., Diehl C. A., Heber A. J. et al. Emission of pollutants from multi-storey
poultry houses with two-year continuous monitoring. Proceedings of the International Symposium
on Gas and Dust Emissions from Livestock (EMILI 2012) (10-13 June 2012 in Saint-Malo, France)
/ IFIP = Institut Technique du Porc. 2013. P. 73-77.

26. Ni J. Q., Heber A .J., Diehl C. A., Lim T. L. SE-Structures and Environment:
Ammonia, hygrogen sulphide and crbon dioxide release from pig manure in under-floor deep pits.
J. Agric. Eng. Res. 2000. Vol. 77. Iss. 1. P. 53-66. https://doi.org/10.1006/jaer.2000.0561

27. BaweHko M.l.,, Bonowyk B.M., IeaHoB B.O. Ta iH. MeTtoguka MynbTu-
napaMeTPUYHOT OUIHKM MIKPOKMiMaTy TBapPUHHULbLKMX MPUMillEHb MeToaoM OesnepepBHOT
aBTOMAaTUYHOI peecTpauii: metoa. pek. / Yepkacbka OCB HAAH. Yepkacu, 2021. 24 c. URL:
https://bioresurs.ck.ua/publications/ (nata 3BepHeHHsa 30.04.2025).

28. Boriko O. B., He6unuus M. C., JemuaeHko O. B. Ta iH. MeToauka BU3HAYEHHSA
MOKA3HWKIB €MiCii napHUKOBMX Tras3iB Ta Jeskux 3a0pyaHIOBanbHUX pPEYOBUH  BiA
CinbCbKOrocnoaapcbkux o0’ekTiB i arponaHawadTieB metogom 6e3nepepBHOI aBTOMATUYHOT
peectpauii:. Metoa. pek. / Yepkacbka [OCB HAAH. Yepkacu, 2024. 44 c. URL:

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

109


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://doi.org/10.1016/j.agee.2015.11.020
https://doi.org/10.1016/j.apr.2016.11.003
https://doi.org/10.1016/j.biosystemseng.2019.08.007
https://doi.org/10.1016/j.biosystemseng.2009.11.006
https://doi.org/10.3390/atmos13030452
https://doi.org/10.5668/JEHS.2015.41.5.277
https://dnacih.com/niosh/nioshdbs/oshameth/id141/id141.html
https://www.osha.gov/hydrogen-sulfide/hazards
http://www.cdc.gov/Niosh/npg/npgd0337.html
https://doi.org/10.13031/2013.5067
http://dx.doi.org/10.5307/JBE.2014.39.2.076
https://doi.org/10.1080/1059924X.2015.1009667
https://doi.org/10.1006/jaer.2000.0561
https://bioresurs.ck.ua/publications/

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7
https://bioresurs.ck.ua/o-601iko-M-HeOMNULS-0-4EMUAEHKO-0-raBpu/ (nata 3BEPHEHHS
30.11.2025).

29. Hebunuua M. C., boiiko O. B. MynbTunapameTpuyHa oOLjiHKA MiKpOKniMaTy

TBAPUHHULIbKMX NPUMIiLLEHb METOAOM Oe3nepepBHOI aBTOMATUYHOT peecTpauii. CeuHapcmeo:
MbKBiZOM. Temar. Hayk. 30. MNMonTaa: TOB «®ipma-«Texcepsicy, 2022. Bun. 77-78. C. 106-116.
https://doi.org/10.37143/0371-4365-2022-77-78-09

30. Bogan B. W., Heber A. J. Air pollution emissions from dairy farms: a literature
review. Proceedings of the International Symposiumon Gas and Dust Emissionsfrom Livestock
(EMILI 2012) 10-13 June 2012 in Saint-Malo, France/IFIP, 2013. P. 18-21. URL:
https://www.rmtelevagesenvironnement.org/backoffice/uploads/Symposium_Emili2012.pdf
(narta 3BepHeHHsa: 30.11.2025)

31. Bogan B. W. et al. National Air Emissions Monitoring Study: Dairy Industry Data.
Freestall Premises and Milking Center in New York State. — NY5B Site. Final Report. Purdue
University, Lafayette, IN./ Prepared by: U.S. Environmental Protection Agency Office of Air and
Radiation Office of Air Quality Planning and Standards 109 T.W. Alexander Drive Research

Triangle Park, N.C. 27709 June 2022, P. 13-14, URL:
https://www.epa.gov/system/files/documents /2024-11/historical-
dairy_preliminarydraft_report.pdf (nata 3sepHeHHs: 30.11.2025).

32. LimT. T., et al. National Air Emission Monitoring Study: Emission Data from Two

Freestalls and a Milking Parlor on a Dairy Farm in Indiana State — Site IN5B. Purdue University,
Lafayette, IN 2010./ Prepared by: U.S. Environmental Protection Agency Office of Air and
Radiation Office of Air Quality Planning and Standards 109 T.W. Alexander Drive Research
Triangle Park, N.C. 27709 June 2022, P. 12-13. URL:
https:/Mmww.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.pdf (garta
3BepHeHHs: 30.11.2025).

33. Cortus et al. National Air Emissions Monitoring Study: Data from Two Freestall
Dairy Facilities in the state of Wisconsin — Site WI5B, Final Report. Purdue University, Lafayette,
Vi, 2010 / Prepared by: U.S. Environmental Protection Agency Office of Air and Radiation Office
of Air Quality Planning and Standards 109 T.W. Alexander Drive Research Triangle Park, N.C.
27709 June 2022, P. 16. URL: https://www.epa.gov/system/files/documents/2024-11/historical-
dairy_ preliminarydraft_report. pdf (nata 3sepHeHHs: 30.11.2025).

34. Ramirez J. C. et al. National Air Emissions Monitoring Study: Data from Two
Freestall Dairy Facilities in Washington State WAS5B, Final Report. Purdue University, Lafayette,
Va, 2010 / Prepared by: U.S. Environmental Protection Agency Office of Air and Radiation Office
of Air Quality Planning and Standards 109 T.W. Alexander Drive Research Triangle Park, N.C.
27709 June 2022, P. 14-15. URL: https://www.epa.gov/system/files/documents/2024-
11/historical-dairy_preliminarydraft_report.pdf (qata 3sepHeHHs: 30.11.2025).

35. Bottenheim J. W., Strauss O. P. Gas-phase chemistry of clean air at 55 degrees
north latitude. Environ Sci Technol. 1980. Vol. 14. Iss. 6. P. 709-718. https://doi.org/10.
1021/es60166a010

36. Fuller D. K., Suruda A. J. Occupationally-related hydrogen sulfide deaths in the
United States from 1984 to 1994. J. Occup Environ Med. 2000. Vol. 42. P. 939-942. URL.:
https://journals.lww.com/joem/fulltext/2000/09000/occupationally_related_hydrogen_sulfide_dea
ths_in.19.aspx (aata 3BepHeHHs: 25.04.2025).

37. Moretti M., Ballardini M., Ciodambro S., Tronconi L., Osculati A., Freni F., Vignali
S., Morini L. Fatal poisoning of four farm workers: distribution of hydrogen sulfide and thiosulfate
in 10 different biological matrices. Forensic Sci. International. 2020. Vol. 316. Article 110525.
https://doi.org/10.1016/j.forsciint.2020.110525

38. Masure R. La Keratoconjunctivite des filatures de viscose; etude clinique and
experiementale. Rev Belge Pathol. 1950. Vol. 20. P. 297-341.

39. Nordstrom G. A. A study of the response of calves to ammonia and hydrogen
sulfide. Dissertation, University of Alberta, Department of Agricultural Engineering, Edmonton,
Alberta; 1975, 218 p. Internet Archive. URL:
https://archive.org/details/Nordstrom1975/page/n9/mode/2up (gaTta 3sepHeHHA: 25.04.2025).

40. Michal F. V. Eye lesions caused by hydrogen sulfide. Cesk Ophthalmol. 1950.
Vol. 6. P. 5-8.

41, Morphological observations on rats exposed to an atmosphere containing 0.56 or
420 mg/m3 hydrogen sulfide for six hours. AECV86-A1 /Alberta Ecology Centre, Vegreville,

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

110


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://bioresurs.ck.ua/%d0%a0%d1%95-%d0%a0%c2%b1%d0%a0%d1%95%d0%a0%e2%84%96%d0%a0%d1%94%d0%a0%d1%95-%d0%a0%d1%98-%d0%a0%d0%85%d0%a0%c2%b5%d0%a0%c2%b1%d0%a0%d1%91%d0%a0%c2%bb%d0%a0%d1%91%d0%a1%e2%80%a0%d0%a1%d0%8f-%d0%a0%d1%95-%d0%a0%d2%91%d0%a0%c2%b5%d0%a0%d1%98%d0%a0%d1%91%d0%a0%d2%91%d0%a0%c2%b5%d0%a0%d0%85%d0%a0%d1%94%d0%a0%d1%95-%d0%a0%d1%95-%d0%a0%d1%96%d0%a0%c2%b0%d0%a0%d0%86%d0%a1%d0%82%d0%a0%d1%91/
https://doi.org/10.37143/0371-4365-2022-77-78-09
https://www.rmtelevagesenvironnement.org/backoffice/uploads/Symposium_Emili2012.pdf
https://www.epa.gov/system/files/documents%20/2024-11/historical-dairy_preliminarydraft_report.pdf
https://www.epa.gov/system/files/documents%20/2024-11/historical-dairy_preliminarydraft_report.pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_%20preliminarydraft_report.%20pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_%20preliminarydraft_report.%20pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.pdf
https://doi.org/10.%201021/es60166a010
https://doi.org/10.%201021/es60166a010
https://journals.lww.com/joem/fulltext/2000/09000/occupationally_related_hydrogen_sulfide_deaths_in.19.aspx
https://journals.lww.com/joem/fulltext/2000/09000/occupationally_related_hydrogen_sulfide_deaths_in.19.aspx
https://doi.org/10.1016/j.forsciint.2020.110525
https://archive.org/details/Nordstrom1975/page/n9/mode/2up

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

Alberta; 1986. 28 p. Infernet Archive. URL.: https://archive.org/details/morphologicalobs00albe
(nata 3BepHeHHSA: 25.04.2025).

42. Kosmider S., Rogala E., Pacholek A. Electrocardiographic and histochemical
studies of the heart muscle in acute experimental hydrogen sulfide poisoning. Arch Immunol Ther
Exp. 1967. Vol. 15. P. 731-740. URL: https://pubmed.ncbi.nim.nin.gov/4174426/ (pata
3BepHeHHSA: 29.04.2025).

43, Dorman D. C., Struve M. F., Gross E. A., Brenneman K. A. Respiratory toxicity of
hydrogen sulfide inhalation in Fischer-344, Sprague-Dawley rats, and BsCs:F1 mice after
subchronic (90-day) exposure. Toxicology and Applied Pharmacology. 2004. Vol. 198. Iss. 1.
P. 29-39. https://doi.org/10.1016/j.taap.2004.03.010

44, Elovaara E., Tossavainen A., Savolainen H. Effects of subclinical hydrogen
sulfide intoxication on mouse brain protein metabolism. Exp Neurol. 1978. Vol. 62. P. 93-98.
https://doi.org/10.1016/0014-4886(78)90043-2

45, Savolainen H., Tenhunen R., Elovaara E., Tossavainen A. Cumulative
biochemical effects of repeated subclinical hydrogen sulfide intoxication in mouse brain. Int Arch
Occup Environ Health. 1980. Vol. 46. P. 87-92. https://doi.org/10.1007/BF00377463

46. Higuchi Y., Fukamachi M. Behavioral studies on toxicity of hydrogen sulfide by
means of conditioned avoidance responses in rats. Japanese J. of Pharmacology. 1977.\Vol. 73.
Ne 3. P. 307-319 [Japanese]. https://doi.org/10.1254/fpj.73.307

47. Prior M. G., Sharma A. K., Yong S., Lopez A. Concentration-time interactions in
hydrogen sulphide toxicity in rats. Can. J. Vef. Res. 1988. Vol. 52. P. 375-379. URL:
https://pmc.ncbi.nim.nih.gov/articles/PMC1255467/ (nata 3sepHeHHsA: 29.04.2025).

48. Tansy M. F., Kendall F. M., Fantasia J., LandinW. E., Oberly R., Sherman W.
Acute and subchronic toxicity studies of rats exposed to vapors of methyl mercaptan and other
reduced-sulfur compounds. J Toxicol Environ Health. 1981. Vol. 8. Iss. 1-2. P. 71-88.
https://doi.org/10.1080/15287398109530051

49, Prior M., Green F., Lopez A., Balu A., DeSanctis G. T., Fick G. Capsaicin
pretreatment modifies hydrogen sulphide-induced pulmonary injury in rats. Toxicol Pathol. 1990.
Vol. 18. P. 279-288. https://doi.org/10.1177/019262339001800206

50. Khan A. A., Schuler M. M., Prior M. G., Yong S., Coppock R. W., Florence L. Z.,
Lilly L. E. Effects of hydrogen sulfide exposure on lung mitochondrial respiratory chain enzymes
in rats. Toxicol App! Pharmacol. 1990. Vol. 103. P. 482-490. https://doi.org/10.1016/0041-
008x(90)90321-k

51. Lopez A., Prior M., Yong S., Albassam M., Lillie L. E. Biochemical and cytological
alterations in the respiratory tract of rats exposed for 4 hours to hydrogen sulfide. Fundam Appl
Toxicol. 1987. Vol. 9. P. 753-762. https://doi.org/10.1016/0272-0590(87)90182-5

52. Lopez A., Prior M., Lillie L. E., Gulayets C., Atwa, O. S. Histologic and
ultrastructural alterations in lungs of rats exposed to sub-lethal concentrations of hydrogen sulfide.
Vet Pathol. 1988. Vol. 25. P. 376-384. hitps://doi.org/10.1177/030098588802500507

53. Lopez A., Prior M., Yong S., Lillie L., Lefebvre M. Nasal lesions in rats exposed
to hydrogen sulfide for four hours. Am J Vet Res. 1988. Vol. 49. P. 1107-1111. URL:
https://pubmed.ncbi.nlm.nih.gov/3421534/ (nata 3BepHeHHs: 29.04.2025).

54, Beck J. F., Cormier F., Donini J. C. The combined toxicity of ethanol and
hydrogen sulfide. Toxicol Lett. 1979. Vol. 3. Iss. 5. P. 311-313. https://doi.org/10.1016/0378-
4274(79)90009-2

55. Kage S., Nagata T., Kimura K., Kudo K., Imamura T. Usefulness of thiosulfate as
an indicator of hydrogen sulfide poisoning in forensic toxicological examination: A study with
animal experiments. Jpn J Forensic Toxicol. 1992. Vol. 10. P. 223-227.

56. Smith R.P., Gosselin R.E. The influence of methemoglobinemia on the lethality
of some toxic anions: Il. Sulfide. Toxicol Appl Pharmacol.1964. Vol. 6. P. 584-592.
https://doi.org/10.1016/0041-008x(64)90090-0

57. Lopez A., Prior M. G., Reiffenstein R. J., Goodwin L. R. Peracute toxic effects of
inhaled hydrogen sulfide and injected sodium hydrosulfide on the lungs of rats. Fundam Appl
Toxicol. 1989. Vol. 12. P. 367-373. https://doi.org/10.1016/0272-0590(89)90053-5

58. Toxicological Profile of Hydrogen Sulfide and Carbony ISulfide / AfTSaDR U.S.
Department of Health and Human Services, Divisionof Toxicology and Environmental Medicine,
Divisionof  Applied  Toxicology, editorr ATSDR. Atlanta, GA: 2016. URL.:
https://www.ncbi.nlm.nih.gov/books/NBK591605/ (aaTa 3BepHeHHsA: 29.04.2025).

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

111


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://archive.org/details/morphologicalobs00albe
https://pubmed.ncbi.nlm.nih.gov/4174426/
https://doi.org/10.1016/j.taap.2004.03.010
https://doi.org/10.1016/0014-4886(78)90043-2
https://link.springer.com/article/10.1007/BF00377463%23auth-A_-Tossavainen-Aff1
https://doi.org/10.1007/BF00377463
https://www.jstage.jst.go.jp/browse/fpj/-char/ja
file:///D:/%D0%A0%E2%80%9D%D0%A0%D1%95%D0%A0%C2%B1%D0%A1%D0%82%D0%A0%D1%91%D0%A0%D1%94/%D0%A0%E2%80%9D%D0%A0%D1%95%D0%A0%C2%B1%D0%A1%D0%82%D0%A0%D1%91%D0%A0%D1%94/%D0%A0%D1%9E%D0%A0%C2%B5%D0%A1%D0%82%D0%A0%D1%98%D0%A1%E2%80%93%D0%A0%D0%85%D0%A0%D1%95%D0%A0%D0%86%D0%A0%D1%95/%D0%A0%E2%80%A0%D0%A0%D0%8E/%D0%A0%C2%B7%D0%A0%C2%B1%D0%A1%E2%80%93%D0%A1%D0%82%D0%A0%D0%85%D0%A0%D1%91%D0%A0%D1%94/5-6(83-84)/%D0%A1%E2%80%9E%D0%A0%C2%B0%D0%A0%E2%84%96%D0%A0%C2%BB%D0%A0%D1%91/Vol.%2073.%20%D0%B2%E2%80%9E%E2%80%93%203
file:///D:/%D0%A0%E2%80%9D%D0%A0%D1%95%D0%A0%C2%B1%D0%A1%D0%82%D0%A0%D1%91%D0%A0%D1%94/%D0%A0%E2%80%9D%D0%A0%D1%95%D0%A0%C2%B1%D0%A1%D0%82%D0%A0%D1%91%D0%A0%D1%94/%D0%A0%D1%9E%D0%A0%C2%B5%D0%A1%D0%82%D0%A0%D1%98%D0%A1%E2%80%93%D0%A0%D0%85%D0%A0%D1%95%D0%A0%D0%86%D0%A0%D1%95/%D0%A0%E2%80%A0%D0%A0%D0%8E/%D0%A0%C2%B7%D0%A0%C2%B1%D0%A1%E2%80%93%D0%A1%D0%82%D0%A0%D0%85%D0%A0%D1%91%D0%A0%D1%94/5-6(83-84)/%D0%A1%E2%80%9E%D0%A0%C2%B0%D0%A0%E2%84%96%D0%A0%C2%BB%D0%A0%D1%91/Vol.%2073.%20%D0%B2%E2%80%9E%E2%80%93%203
https://doi.org/10.1254/fpj.73.307
https://pubmed.ncbi.nlm.nih.gov/?term=%22Lopez%20A%22%5BAuthor%5D
https://pmc.ncbi.nlm.nih.gov/articles/PMC1255467/
https://www.tandfonline.com/author/Landin%2C+Wendell+E
https://www.tandfonline.com/author/Oberly%2C+Richard
https://www.tandfonline.com/author/Sherman%2C+William
https://doi.org/10.1080/15287398109530051
https://doi.org/10.1177/019262339001800206
https://doi.org/10.1016/0041-008x(90)90321-k
https://doi.org/10.1016/0041-008x(90)90321-k
https://doi.org/10.1016/0272-0590(87)90182-5
https://journals.sagepub.com/doi/10.1177/030098588802500507%23con4
https://journals.sagepub.com/doi/10.1177/030098588802500507%23con5
https://doi.org/10.1177/030098588802500507
https://pubmed.ncbi.nlm.nih.gov/?term=Lefebvre+M&cauthor_id=3421534
https://pubmed.ncbi.nlm.nih.gov/3421534/
https://doi.org/10.1016/0378-4274(79)90009-2
https://doi.org/10.1016/0378-4274(79)90009-2
https://doi.org/10.1016/0041-008x(64)90090-0
https://doi.org/10.1016/0272-0590(89)90053-5
https://www.ncbi.nlm.nih.gov/books/NBK591605/

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

59. CsuHapchbki nignpuemctaa (komnnekcu, hepmu, mani epmu): BHTI-AMNK-01.05
[UmHHi 3 01.01.2006] / Minarpononitukn  YkpaiHu, Kuwie 2005. 98 c¢. URL:
https://lugdpss.gov.ua/images/ bezpechnist_veterynariya/Svynarski-pidpryyemstva-VNTP-APK-
02.05.pdf (naTa 3BepHeHHA: 29.04.2025).

60. CkoTtapchbki nignpuemcrea (komnnekcu, depmu, mani pepmu): BHTM-AMK-02.05
[UmuHi 3 01.01.2006] / Minarpononitukn  Ykpaium, Kuie 2005. 111 c¢. URL:
https://dbn.co.ua/load/normativy/vntp/14-1-0-1039 (aata 3aBepHeHHSA: 29.04.2025).

61. MignpuemctBa 3BipiBHMUTBA Ta KponiBHuutBa: BHTM-AMNK-05.07 [YuHHI 3
11.03.2008] / MiHarpononituku YKpaiHu, Kuis 2007. 65 C. URL.:
https://online.budstandart.com/ua/catalog/doc-page.htmi?id_doc=67808 (paTta  3BEpPHEHHS:
29.04.2025).

62. Schiffman S. S., Auvermann B. W., Bottcher R. W. Health effects of aerial
emissions from animal production waste management systems. National Center for Manure and
Animal Waste Management White Papers /North Carolina State University, Raleigh, NC, 2002.
45 p. URL: https:/elibrary.asabe.org/azdez.asp?JID=1&AID=23886&CID=aqwm2007&T=1
(oarta 3BepHeHHS: 29.04.2025).

63. Saeedi A., Najibi A., Mohammadi-Bardbori A. Effects of long-term exposure to
hydrogen sulfide on human erythrocytes. Intern. J. of Occupation and Environmental Health. 2015.
Vol. 6. Iss. 1. P. 20-25. URL: https://pubmed.ncbi.nlm.nih.gov/25588222/ (nata 3BEPHEHHS:
29.04.2025).

64. Guidotti Tee L. Hydrogen Sulfide: Advances in Understanding HumanToxicity.
Intern J of Toxicology. 2010. Vol. 29. Iss. 6. P. 569-581.
https://doi.org/10.1177/1091581810384882

65. Helmy N., Pripp-Buus K., Vons C., Lenoir V., Abou-Hamdan A., Guedouari-
Bounihi H., Lombés A., Bouillaud F. Oxidation of hydrogen sulfide by human liver mitochondria.
Nitric Oxide. 2014. Vol. 41. P. 105-112. https://doi.org/10.1016/j.niox.2014.05.011

66. Aneja V. P., Blunden J., Roelle P. A., Schlesinger W. H., Knighton R., Niyogi D.
Workshop on agricultural air quality: state of the science. Atmospheric Environment. 2008. Vol.
42. Iss. 14. P. 3195-3208. https://doi.org/10.1016/j.atmosenv.2007.07.043

67. Kilburn K. H. Human impairment from living near confined animal (hog) feeding
operations. J.  Environ Public Health. 2012. Vol. 2012. Article 565690.
https://doi.org/10.1155/2012/565690

68. Report to Congress on Hydrogen Sulfide Air Emissions Associated wiht the
Extraction of Oil and Natural Gas / Environmental Protection Agency, Research Triangle Park,
North Carolina: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards. 1993. 222 p EPA-453/R-93-045. URL: https://www.osti.gov/biblio/5394599 (paTa
3BepHeHHsA: 25.04.2025).

69. Environmental health criteria: Hydrogen sulfide. Geneva, Switzerland: World
Health Organization, 1981. URL.: https://www.inchem.org/documents/ehc/ehc/ehc019.htm (aarta
3BepHeHHsA: 25.04.2025).

70. Hill F. B. Atmospheric sulfur and its links to the biota. Brookhaven Symp Biol.
1973. Vol. 30. P. 159-181.

71. Cox, R., Sheppard, D. Reactions of OH radicals with gaseous sulfur compounds.
Nature 1980. Vol. 284 , P 330-331. hitps://doi.org/10.1038/284330a0

72. Millero F. J., Hubinger S., Fernandez M., Garnett S. Oxidation of H>S in sea water
as a function of temperature, pH and ionic strength. Environ Sci Technol. 1987. Vol. 21. Iss. 5.
P. 439-443. https://doi.org/10.1021/es00159a003

73. Millero F. J., LeFerriere A., Fernandez M., Hubinger S., Hershey J. P. Oxidation
of hydrogen sulfide with H2O- in natural waters. Environ Sci Technol. 1989. Vol. 23. Iss. 2. P. 209-
213. https://doi.org/10.1021/es00179a012

74. Hydrogen sulfide. The Merck index: An encyclopedia of chemicals, drugs, and
biologicals / O’'Neil M. J., Heckelman P. E., Koch Ch. B., Roman K. J. (eds.). Whitehouse Station,
NJ: Merck & Co., Inc., 2001. 859 p.

75. Torrance E. L., Clemens G. P. Physiological and biochemical effects of acute
exposure to hydrogen sulfide in fish. Comp Biochem Physiol 1. 1982. Vol. 71. Iss. 2. P. 183-190.
https://doi.org/10.1016/0306-4492(82)90034-X

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

112


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://lugdpss.gov.ua/images/%20bezpechnist_veterynariya/Svynarski-pidpryyemstva-VNTP-APK-02.05.pdf
https://lugdpss.gov.ua/images/%20bezpechnist_veterynariya/Svynarski-pidpryyemstva-VNTP-APK-02.05.pdf
https://dbn.co.ua/load/normativy/vntp/14-1-0-1039
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=67808
https://elibrary.asabe.org/azdez.asp?JID=1&AID=23886&CID=aqwm2007&T=1
https://pubmed.ncbi.nlm.nih.gov/25588222/
https://doi.org/10.1177/1091581810384882
https://www.sciencedirect.com/author/16468394400/anne-lombes
https://www.sciencedirect.com/author/56279250000/frederic-bouillaud
https://doi.org/10.1016/j.niox.2014.05.011
https://doi.org/10.1016/j.atmosenv.2007.07.043
https://doi.org/10.1155/2012/565690
https://www.osti.gov/biblio/5394599
https://www.inchem.org/documents/ehc/ehc/ehc019.htm
https://doi.org/10.1038/284330a0
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Stephen.%20Garnett
https://doi.org/10.1021/es00159a003
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Scott%20Hubinger
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=J.%20Peter%20Hershey
https://doi.org/10.1021/es00179a012
https://doi.org/10.1016/0306-4492(82)90034-X

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

76. Bagarinao T., Vetter R. D. Sulfide-hemoglobin interactions in the sulfide-tolerant
salt marsh California killifish Fundulus parvipinnis. J. of Comparative Physiology B. 1992. Vol. 162.
P. 614-24. https://doi.org/10.1007/BF00296642

77. Fryer J. M. Soil Properties That Influence the Occurrence of Hydrogen Sulfide
Toxicity in Rice Fields: Graduate Theses and Dissertations Retrieved from. 2018. URL:
https://scholarworks.uark.edu/etd/2640 (nata 3BepHeHHS: 24.04.2025).

78. Li P., Li M., Liu Zh., Zhao Y., Qian X., Huang P. Effect of high temperature and
sulfur vapor on the flammability limit of hydrogen sulfide. J. Of Cleaner Production. 2022. Vol. 337.
Article 130579. https://doi.org/10.1016/j.jclepro.2022.130579

79. Chen B., Kozel J. A, Li M., O'Brien S. K., Li P., Brown R. K. Reduction of acute
hydrogen sulfide and ammonia emissions from pig manure during three-hour mixing using
granular biochar. Atmosphere. 2021. Vol. 12. Iss. 7. Article 825.
https://doi.org/10.3390/atmos 12070825

80. Wi J., Lee Sh., Kim A., Kim A., Lee M., Kozel J. A., Ahn H. Evaluation of the
effectiveness of a semi-continuous manure pit replenishment system in reducing ammonia and
hydrogen sulfide emissions from a pig fattening barn. Aimosphere. 2019. Vol. 10. Iss. 4. Article
170. https://doi.org/10.3390/atmos10040170

81. Bopob6ens M. ., KanniHcbkuit B. B., Knum O. A., Omutpoua A. I., Tenywiko I'. A.
EdekTuBHiCTb BNNUBY PpisHUX #03 Oionpenaparty Kanenioxie HApok Ha piBeHb BUAINEHHSA
WKianMBmx rasie 3 Kypayoro nocnigy. BicHuk aepapHoi Hayku. 2022. Ne 2. C. 67-73.
https://doi.org/10.31073/ agrovisnyk202202-09

82. LimT. T., Heber A. J., Ni J.-Q., Sutton A. L., Shao P. Atmospheric pollutants and
trace gases: Odor and gas release from anaerobic treatment lagoons for swine manure. J Environ
Qual. 2003. Vol. 32. Iss. 2. P.406—416. hitps://doi.org/10.2134/jeq2003.4060

83. Zahn J. A, Hatfield J. L., Laird D. A.,Hart T. T., Do Y. S., DiSpirito A. A. Functional
classification of swine manure management systems based on effluent and gas emission
characteristics. J. of Environmental Qualify. 2001. Vol. 30. Iss. 2. P. 635-647.
https://doi.org/10.2134/jeq2001.302635x

84. Bineubkuit B. C., Opnoecekuin B. M. bioras. Benuka ykpaiHcbka ernyuknonedis.
URL.: https://vue.gov. ua/bioras (gata 3BepHeHHSA: 29.04.2025).

85. Camwxapa P. A., JlecHoBcbka O. B. TexHonoria nepepobku Bigxoais
CiNbCLKOroCcnoaapcbKoro BUPOOHMLTBA. OHinpo, 2024. 144 C. URL:

https://dspace.dsau.dp.ua/handle/123456789/11992 (aata 3BepHeHHs: 25.04.2025).

86. fony6 I'. A., Oy6posin B. O., Moniwyk B. M., Cepa K. M., Mapyc A. O., [lparHeB
C.B., Cugopuyk O. B., MaeneHko M. FO., Uyba B. B., Kyxapeub C. M., LLlep6ak C. [. bioras / Hau,.
yH-T BiopecypciB i npupogokopuctyBaHHsa YkpaiHu. Kuis, 2015. 48 ¢. URL.: http://ir.polissiauniver.
edu.ua/bitstream/123456789/5144/1/Biogaz_TM7.pdf (aaTta 3aBepHeHHA: 29.04.2025).

87. BioeHepreTuka B YKpaiHi. Oghiu. calim UABIO. URL.: https://uabio.org/bioenergy-
in-ukraine/ (nata sBepHeHHs: 22.09.2025).

88. Biogas desulfurization. Website Knowledge Ridge. URL:
https://www.knowledgeridge.  com/expert-views/biogas-desulfurization (gata  3BepHEHHS:
09.06.2024).

89. Dumont E. H2S removal from biogas using bioreactors: a review.. Intern. J. Of
Energy and Environment (IJEE). 2015. Vol. 6. Iss. 5. P. 479-498. URL:
http://www .ijee.ieefoundation.org/ (nata 3sepHeHHs: 22.04.2025).

90. Chemical Products Industries Inc.Hydrogen sulfide removal from natural gas and
biogas. Site Chemical Products Industries, Inc. URL.:
https://www.chemicalproductsokc.com/sulfurtrap-h2s-removal-gas/ (date of access: 30.09.2025).

91. Yadav A., Kale S. Hydrogen Sulfide Control via Biotrickling Filters. Clean
Technologies and Environmental Policy. 2021. Vol. 23. lIss. 3. P. 457-468. URL:
https://doi.org/10.1007/s10098-020-01972-3

92. Guo L., Zhao B., Jia Y., He F., Chen W. Strategies for reducing air pollution in
mechanically ventilated livestock and poultry houses - a review. Atmosphere. 2022. Vol. 13. Iss.
3. Article 452. https://doi.org/10.3390/atmos13030452

93. Ni J.-Q. Factors affecting toxic hydrogen sulfide concentrations on swine farms -
Sulfur source, release mechanism, and ventilation. J. Clean. Prod. 2021. VVol.322. P. 129-126.
URL: https://www.sciencedirect.com/science/article/pii/S0959652621033151 (gaTa 3BEepPHEHHS:
22.04.2025).

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

113


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://doi.org/10.1007/BF00296642
https://scholarworks.uark.edu/etd/2640
https://doi.org/10.1016/j.jclepro.2022.130579
https://doi.org/10.3390/atmos12070825
https://doi.org/10.3390/atmos10040170
https://doi.org/10.31073/%20agrovisnyk202202-09
https://doi.org/10.2134/jeq2003.4060
https://doi.org/10.2134/jeq2001.302635x
https://vue.gov
https://dspace.dsau.dp.ua/handle/123456789/11992
http://ir.polissiauniver
https://uabio.org/bioenergy-in-ukraine/
https://uabio.org/bioenergy-in-ukraine/
https://www.knowledgeridge
http://www.ijee.ieefoundation.org/
https://www.chemicalproductsokc.com/sulfurtrap-h2s-removal-gas/
https://doi.org/10.1007/s10098-020-01972-3
https://doi.org/10.3390/atmos13030452
https://www.sciencedirect.com/science/article/pii/S0959652621033151

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

94. Kafle G. K., Chen L., Naibling H., He B. B. Field evaluation of downflow wood
bark-based biofilters for reducing odor, ammonia, and hydrogen sulfide emissions from closed
pig houses. J. Environ. Manag. 2015. Vol. 147. P. 164-174.
https://doi.org/10.1016/j.jenvman.2014.09.004

95. Dumont E., Cabral F. D. S., Le C. P., Andrés Y. Biofiltration using peat and
nutrient synthetic packing material: influence of packing configuration on H2S removal. Environ.
Technol, 2013. Vol. 34. P. 1123-1129. https://doi.org/10.1080/09593330.2012.736691

96. Nour M. M., Cheng Y.-H., Ni J.-Q., Sheldon E., Field W. E. Summary of injuries
139 and fatalities involving livestock manure storage, handling, and transport operation sin seven
140 central states: 1976-2019. J. Agric. Saf. Health. 2021. Vol. 27. Iss. 2. P. 105-122.
http://doi.org/10.13031/jash.14343

97. Oesterhelweg L., Pischel K. Death may come on like a stroke of lightning.
Phenomenological and morphological aspects of fatalities caused by manure gas. Int. J. Legal.
Med. 2008. Vol. 122. Iss. 2. P. 101-107. http://doi.org/10.1007/s00414-007-0172-8

98. Liu Sh., Ni J.-K., Radcliffe J. S., Vonderohe C. Hydrogen sulfide emissions from
a pig farm affected by crude protein in the diet. J. Of Environmental Management. 2017. Vol. 204.
Part 1. P. 136-143. https://doi.org/10.1016/j.jenvman.2017.08.031

REFERENCES

1. Natsionalna dopovid pro stan navkolyshnoho pryrodnoho seredovyshcha v
Ukraini u 2021 rotsi. [National report on the state of the environment in Ukraine in 2021.] /
Ministerstvo zakhystu dovkillia ta pryrodnykh resursiv Ukrainy [in Ukrainian]. Retrieved from
https://mepr.gov.ua/wp-content/uploads/2023/01/Natsdopovid-2021-n.pdf (date of access:
25.04.2025).

2. Sirkovoden. Hydrogen Sulfide [in Ukrainian]. Retrieved from
https://empendium.com/ua/manual/chapter/B72.XI11.C.14 (date of access: 25.04.2025).
3. USEPA. (2001). Emissions from animal feeding operations, In U.S.

Environmental Protection Agency Emission Standards Division Office of Air Quality Planning and
Standards Research Triangle Park, NC 27711, August 15, 2001. P. 32-33. Retrieved from
https://www.epa.gov/sites/default/files/2020-10/documents/draftanimalfeed.pdf (date of access:
25.04.2025).

4, Arogo, J., Zhang, R. H., Riskowski, G. L., & Day, D. L. (2000). Laboratory study
(Vol. 43). St. Joseph, MI, ETATS-UNIS: American Society of Agricultural Engineers.
5. Ministry of Agrarian Policy of Ukraine (2006). Systemy vydalennia, obrobky,

pidhotovky ta vykorystannia hnoiu: VNTP-APK-09.06 [5. Systems for removing, treating,
preparing, and using manure] [in Ukrainian]. Retrieved from https://agro.vobu.ua/wp-
content/uploads/2021/11/VNTP-APK-09.06.pdf (date of access: 29.04. 2025).

6. Lim, T.-T., Heber, A. J., Ni, J.-Q., Kendall, D., & Richert, B. T. (2004). Effects of
manure removal strategies on odor and gas emission from swine finishing. Transactions of the
ASAE, 47(6), 2041-2050. https://doi.org/10.13031/2013.17801

7. Hoff, S. J., Bundy, D. S., Nelson, M. A., Zelle, B. C., Jacobson, L. D., Heber, A. J.,
Ni, J.-Q. ... & Beasley, D.B. (2006). Emissions of ammonia, hydrogen sulfide, and odor before,
during and after slurry removal from a deep-pit swine finisher. J. of the Air & Waste Management
Association, 56, 581-590. https://doi.org/10.1080/10473289.2006.10464472

8. Aneja, V. P., Blunden, J., Roelle, P. A., Schlesinger, W. H., Knighton, R,
Niyogi, D. ...& Duke C. S. (2008). Workshop on agricultural air quality: state of the science.
Atmospheric Environment, 42(14), 3195-3208. https://doi.org/10.1016/j.atmosenv.2007.07.043

9. Atia, A., Haugen-Kozyra, K., & Amrani, M. (2004). Ammonia and hydrogen sulfide
emissions from livestock production. Alberta: Agriculture, Food and Rural Development, 229-272.
Retrieved from

https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw8313/$file/chapter7.pdf (date of
access: 25.04.2025).

10. Maasikmets, M., Teinemaa, E., Kaasik, A., & Kimmel, V. (2015). Measurement
and analysis of ammonia, hydrogen sulphide and odour emissions from the cattle farming in
Estonia. Biosystems Engineering, 139, 48-59.
https://doi.org/10.1016/j.biosystemseng.2015.08.002

11. Blanes-Vidal, V., Guardia, M., Dai, X. R., & Nadimi, E. S. (2012). NH3, CO2 and
H2>S emissions during swine wastewater management: characterization of transient emissions

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

114


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://doi.org/10.1016/j.jenvman.2014.09.004
https://doi.org/10.1080/09593330.2012.736691
http://doi.org/10.13031/jash.14343
http://doi.org/10.1007/s00414-007-0172-8
https://doi.org/10.1016/j.jenvman.2017.08.031
https://mepr.gov.ua/wp-content/uploads/2023/01/Natsdopovid-2021-n.pdf
https://empendium.com/ua/manual/chapter/B72.XIII.C.14
https://www.epa.gov/sites/default/files/2020-10/documents/draftanimalfeed.pdf
https://agro.vobu.ua/wp-content/uploads/2021/11/VNTP-APK-09.06.pdf
https://agro.vobu.ua/wp-content/uploads/2021/11/VNTP-APK-09.06.pdf
https://doi.org/10.13031/2013.17801
https://doi.org/10.1080/10473289.2006.10464472
https://doi.org/10.1016/j.atmosenv.2007.07.043
https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw8313/$file/chapter7.pdf
https://doi.org/10.1016/j.biosystemseng.2015.08.002
https://www.sciencedirect.com/author/15064398900/esmaeil-s-nadimi

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

after air-liquid interface disturbances. Atmos. Environ., 54, 408-418.
https://doi.org/10.1016/j.atmosenv.2012.02.046

12. Van Huffell, K., Hansen, M. J., Feilberg, A., Liu, D., & Van Langenhove, H. (2016).
Level and distribution of odorous compounds in exhaust air of pigs from combined room and pit
ventilation. Agric. Ecosyst. Environ., 218, 209-219. https://doi.org/10.1016/j.agee.2015.11.020

13. Mostafa, E., Holscher, R., Diekmann, B., Gali, A. E., & Buescher, W. (2017).
Evaluation of two methods for reducing indoor air pollution in forced-ventilated pig houses in the
fattening area. Atmos. Pollut. Res., 8, 428-438. https://doi.org/10.1016/j.apr.2016.11.003

14. Yeo, W.-H., Lee, |.-B., Kim, R.-W.,, Lee, S.-Y., & Kim, J.-G. (2019). Computational
evaluation of hydrodynamics of pig house ventilation systems to improve the indoor growing
environment. Biosystems Engineering, 186, 259-278.
https://doi.org/10.1016/j.biosystemseng.2019.08.007

15. Saha, K. K., Zhang, G., Cai, P. & Bjerg, B. (2010). Effects of partial septic tank
ventilation system on indoor air quality and ammonia emissions from a pig fattening house.
Biosyst. Eng., 105, 279-287. https://doi.org/10.1016/j.biosystemseng.2009.11.006

16. Guo L., Zhao B,, Jia Y., He F., Chen W. (2022). Strategies for reducing air
pollution in mechanically ventilated livestock and poultry houses — a review. Atmosphere., 13(3),
452. https://doi.org/10.3390/atmos13030452

17. Park, J., Seok, J., Lee, S., Kwon, O., Lee, K., Heo, Y., & Yoon, Ch. (2015).
Ammonia and Hydrogen Sulfide Monitoring in Broiler Barns and Cattle Barns. J Environ Health
Sci., 41(5), 277-288. http://dx.doi.org/10.5668/JEHS.2015.41.5.277

18. Hydrogen Sulfide in Workplace Atmospheres: Method Number ID-141 /
Occupational Safety and Health Administration, U.S. Department of Labor, Washington D.C. 2010.
URL.: https://dnacih.com/niosh/nioshdbs/oshameth/id141/id141.html (date of access: 25.04.2025).

19. OSHA (2005). Hydrogen Sulfide in Workplace Atmospheres: Method Number ID-
141. Occupational Safety and Health Administration, U.S. Department of Labor, Washington D.C.
Retrieved from https://www.osha.gov/hydrogen-sulfide/hazards (date of access: 25.04.2025).

20. National Institute for Occupational Safety and Health. (2005). NIOSH Pocket
Guide to Chemical Hazards: Hydrogen Sulfide. U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention, National Institute for Occupational Safety and Health,
Cincinnati, Ohio. September 2005. Retrieved from http://www.cdc.gov/Niosh/npg/npgd0337.html
(date of access: 30. 04. 2025).

21. Lim. T.-T., Heber, A. J., & Ni, J.-Q. (2003). Air quality measurements at a laying
hen house: odor and hydrogen sulfide emissions. In: International Symposium on Control of
Gaseous and Odor Emissions from Animal Production Facilities, Horsens, Denmark. Danish
Institute of Agricultural Sciences, Foulum, Denmark, 273-282.

22. Zhu, J., Jacobson, L., Schmidt, D., & Nicolai, R. (2000). Daily variations in odor
and gas emissions from animal facilities. Applied Engineering in Agriculture 16, 153-158.
https://doi.org/10.13031/2013.5067

23. Kafle, G. K., & Chen, L. (2014). Emissions of Odor, Ammonia, Hydrogen Sulfide,
and Volatile Organic Compounds from Shallow-Pit Pig Nursery Rooms. J. of Biosystems Eng.,
39(2), 76-86. http://dx.doi.org/10.5307/JBE.2014.39.2.076

24. Guarrasi, J., Trask, C., & Kirychuk, Sh. (2015). A Systematic Review of
Occupational Exposure to Hydrogen Sulfide in Livestock Operations. J of Agromedicine, 20(2),
225-236. https://doi.org/10.1080/1059924X.2015.1009667

25. Ni, J. Q., Diehl, C. A., Heber, A. J. et al. (2013). Emission of pollutants from multi-
storey poultry houses with two-year continuous monitoring. Proceedings of the International
Symposium on Gas and Dust Emissions from Livestock (EMILI 2012) 10-13 June 2012 in Saint-
Malo, France. IFIP — Institut Technique du Porc, 73-77.

26. Ni, J. Q., Heber, A. J., Diehl, C. A,, & Lim, T. L. (2000). Ammonia, hygrogen
sulphide and crbon dioxide release from pig manure in under-floor deep pits. J. Agric. Eng. Res.,
77(1), 53-66. https://doi.org/10.1006/jaer.2000.0561

27. Bashchenko, M. |., Voloshchuk, V. M., Ivanov, V. O. ta in. (2021). Metodyka
multy-parametrychnoi otsinky mikroklimatu tvarynnytskykh prymishchen metodom bezperervnoi
avtomatychnoi reiestratsii [Methodology of multi-parametric estimation of microclimate of
livestock settlements by continuous automatic registration method] / Research Station of
Bioresources of the NAAS [in Ukrainian]. Retrieved from https://bioresurs.ck.ua/publications/
(date of access: 30.04.2025).

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

115


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://doi.org/10.1016/j.atmosenv.2012.02.046
https://doi.org/10.1016/j.agee.2015.11.020
https://doi.org/10.1016/j.apr.2016.11.003
https://doi.org/10.1016/j.biosystemseng.2019.08.007
https://doi.org/10.1016/j.biosystemseng.2009.11.006
https://doi.org/10.3390/atmos13030452
http://doi.org/10.5668/JEHS.2015.41.5.277
https://dnacih.com/niosh/nioshdbs/oshameth/id141/id141.html
https://www.osha.gov/hydrogen-sulfide/hazards
http://www.cdc.gov/Niosh/npg/npgd0337.html
https://doi.org/10.13031/2013.5067
http://dx.doi.org/10.5307/JBE.2014.39.2.076
https://doi.org/10.1080/1059924X.2015.1009667
https://doi.org/10.1006/jaer.2000.0561
https://bioresurs.ck.ua/publications/

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

28. Boiko, O. V., Nebylytsia, M. S., Demydenko, O. V. et al. (2024). Metodyka
vyznachennia pokaznykiv emisii parnykovykh haziv ta deiakykh zabrudniuvalnykh rechovyn vid
silskohospodarskykh obiektiv i ahrolandshaftiv metodom bezperervnoi avtomatychnoi reiestratsii.
[Methodology for determining indicators of greenhouse gas emissions and some pollutants from
agricultural facilities and agricultural landscapes by the method of continuous automatic
registration] [in Ukrainian]. Retrieved from https:/bioresurs.ck.ua/o-601iko-m-Hebunuus-o-
nemMmuaeHko-o-raspu/ (date of access: 30.11.2025).

29. Nebylytsia, M. S., & Boiko, O. V. (2022). Multyparametrychna otsinka
mikroklimatu tvarynnytskykh prymishchen metodom bezperervnoi avtomatychnoi reiestratsii.
[Multiparametric assessment of the microclimate of livestock premises using the method of
continuous automatic registration]. Svynarstvo [Pig farming]. Poltava, TOV «Firma-«Tekhservis»,
77-78, 106—116 [in Ukrainian]. https://doi.org/10.37143/0371-4365-2022-77-78-09

30. Bogan, B. W., & Heber, A. J. (2013). Air pollution emissions from dairy farms: a literature
review. Proceedings of the Intemational Symposium on Gas and Dust Emissions from Livestock (EMILI 2012)
10-13 June 2012 in Saint-Malo, France. IFIP — Institut Technique du Porc, 18-21. Retrieved from
https://mwww.rmtelevagesenvironnement.org/backoffice/uploads/Symposium_Emili2012.pdf (date
of access: 30.11.2025).

31. Bogan, B. W. et al. (2022). National Air Emissions Monitoring Study: Dairy
Industry Data. Freestall Premises and Milking Center in New York State. — NY5B Site. Final
Report. Purdue University, Lafayette, IN / Prepared by: U.S. Environmental Protection Agency
Office of Air and Radiation Office of Air Quality Planning and Standards 109 T.\W. Alexander Drive
Research Triangle Park, N.C. 27709., 13-14. Retrieved from https://www.epa.gov/system/files/
documents/2024-11/historical-dairy_preliminarydraft_report.pdf (date of access: 30.11.2025).

32. Lim, T. T. et al. (2022). National Air Emission Monitoring Study: Emission Data
from Two Freestalls and a Milking Parlor on a Dairy Farm in Indiana State — Site IN5B. Purdue
University, Lafayette, IN 2010 / Prepared by: U.S. Environmental Protection Agency Office of Air
and Radiation Office of Air Quality Planning and Standards 109 T.W. Alexander Drive Research
Triangle Park, N.C. 27709, 12-13. Retrieved from
https.//www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.pdf (date
of access: 30.11.2025).

33. Cortus et al. (2022). National Air Emissions Monitoring Study: Data from Two
Freestall Dairy Facilities in the state of Wisconsin — Site WI5B, Final Report. Purdue University,
Lafayette, Vi, 2010 / Prepared by: U.S. Environmental Protection Agency Office of Air and
Radiation Office of Air Quality Planning and Standards 109 T.W. Alexander Drive Research
Triangle Park, N.C. 27709, 16. Retrieved from hitps:./mww.epa.gov/system/files/documents/2024-
11/historical-dairy_preliminarydraft_report. pdf (date of access: 30.04.2025).

34. Ramirez J.C. et al. (2022). National Air Emissions Monitoring Study: Data from
Two Freestall Dairy Facilities in Washington State WAS5B, Final Report. Purdue University,
Lafayette, Va, 2010 / Prepared by: U.S. Environmental Protection Agency Office of Air and
Radiation Office of Air Quality Planning and Standards 109 T.W. Alexander Drive Research Triangle Park,
N.C. 27709, 14-15. Retrieved from https:/mww.epa.gov/system/files/documents/2024-11/historical-
dairy_preliminarydraft_report. pdf (date of access: 30.11.2025).

35. Bottenheim, J. W., & Strauss, O. P. (1980). Gas-phase chemistry of clean air at
55 degrees north latitude. Environ Sci Technol., 14, 709-718.
https://doi.org/10.1021/es60166a010

36. Fuller, D. K., & Suruda, A. J. (2000). Occupationally-related hydrogen sulfide deaths in
the United States from 1984 to 1994. J OccupEnviron Med., 42, 939-942. Retrieved from
https://journals.lww.com/joem/fulltext/2000/09000/occupationally_related_hydrogen_sulfide_dea
ths_in.19.aspx (date of access; 25.04.2025).

37. Moretti, M., Ballardini, M., Ciodambro, S., Tronconi, L., Osculati, A., Freni, F.,
Vignali, S., & Morini, L. (2020). Fatal poisoning of four farm workers: distribution of hydrogen
sulfide and thiosulfate in 10 different biological matrices. Forensic Sci International, 316, 110525.
https://doi.org/10.1016/j.forsciint.2020.110525

38. Masure, R. (1950). La Keratoconjunctivite des filatures de viscose; etude clinique
and experiementale. Rev Belge Pathol., 20, 297-341.
39. Nordstrom, G. A. (1975). A study of the response of calves to ammonia and

hydrogen sulfide. Dissertation, University of Alberta, Department of Agricultural Engineering,

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

116


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://bioresurs.ck.ua/%d0%a0%d1%95-%d0%a0%c2%b1%d0%a0%d1%95%d0%a0%e2%84%96%d0%a0%d1%94%d0%a0%d1%95-%d0%a0%d1%98-%d0%a0%d0%85%d0%a0%c2%b5%d0%a0%c2%b1%d0%a0%d1%91%d0%a0%c2%bb%d0%a0%d1%91%d0%a1%e2%80%a0%d0%a1%d0%8f-%d0%a0%d1%95-%d0%a0%d2%91%d0%a0%c2%b5%d0%a0%d1%98%d0%a0%d1%91%d0%a0%d2%91%d0%a0%c2%b5%d0%a0%d0%85%d0%a0%d1%94%d0%a0%d1%95-%d0%a0%d1%95-%d0%a0%d1%96%d0%a0%c2%b0%d0%a0%d0%86%d0%a1%d0%82%d0%a0%d1%91/
https://bioresurs.ck.ua/%d0%a0%d1%95-%d0%a0%c2%b1%d0%a0%d1%95%d0%a0%e2%84%96%d0%a0%d1%94%d0%a0%d1%95-%d0%a0%d1%98-%d0%a0%d0%85%d0%a0%c2%b5%d0%a0%c2%b1%d0%a0%d1%91%d0%a0%c2%bb%d0%a0%d1%91%d0%a1%e2%80%a0%d0%a1%d0%8f-%d0%a0%d1%95-%d0%a0%d2%91%d0%a0%c2%b5%d0%a0%d1%98%d0%a0%d1%91%d0%a0%d2%91%d0%a0%c2%b5%d0%a0%d0%85%d0%a0%d1%94%d0%a0%d1%95-%d0%a0%d1%95-%d0%a0%d1%96%d0%a0%c2%b0%d0%a0%d0%86%d0%a1%d0%82%d0%a0%d1%91/
https://doi.org/10.37143/0371-4365-2022-77-78-09
https://www.rmtelevagesenvironnement.org/backoffice/uploads/Symposium_Emili2012.pdf
https://www.epa.gov/system/files/%20documents/2024-11/historical-dairy_preliminarydraft_report.pdf
https://www.epa.gov/system/files/%20documents/2024-11/historical-dairy_preliminarydraft_report.pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.%20pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.%20pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.%20pdf
https://www.epa.gov/system/files/documents/2024-11/historical-dairy_preliminarydraft_report.%20pdf
https://doi.org/10.1021/es60166a010
https://journals.lww.com/joem/fulltext/2000/09000/occupationally_related_hydrogen_sulfide_deaths_in.19.aspx
https://journals.lww.com/joem/fulltext/2000/09000/occupationally_related_hydrogen_sulfide_deaths_in.19.aspx
https://doi.org/10.1016/j.forsciint.2020.110525

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

Edmonton, Alberta. Internet Archive. Retrieved from
https://archive.org/details/Nordstrom1975/page/n9/mode/2up (date of access: 25.04.2025).

40. Michal, F. V. (1950). Eye lesions caused by hydrogen sulfide. Cesk Ophthalmol,
6, 5-8.

41. Alberta Ecology Centre (1986). Morphological observations on rats exposed to
an atmosphere containing 0.56 or 420 mg/m? hydrogen sulfide for six hours. AECV86-A1, Alberta.
Retrieved from https://archive.org/details/morphologicalobs00albe (date of access: 25.04.2025).

42. Kosmider, S., Rogala, E., & Pacholek, A. (1967). Electrocardiographic and
histochemical studies of the heart muscle in acute experimental hydrogen sulfide poisoning. Arch
Immunol Ther Exp., 15, 731-740. Retrieved from https://pubmed.ncbi.nlm.nih.gov/4174426/
(date of access: 25.04.2025).

43, Dorman, D. C., Struve, M. F., Gross, E. A., Brenneman, K. A. (2004). Respiratory
toxicity of hydrogen sulfide inhalation in Fischer-344, Sprague-Dawley rats, and BsCsF1 mice after
subchronic (90-day) exposure. Toxicology and Applied Pharmacology, 198(1), 29-39.
https://doi.org/10.1016/j.taap.2004.03.010

44, Elovaara, E., Tossavainen, A., & Savolainen, H. (1978). Effects of subclinical
hydrogen sulfide intoxication on mouse brain protein metabolism. Exp Neurol, 62, 93-98.
https://doi.org/10.1016/0014-4886(78)90043-2

45, Savolainen, H., Tenhunen, R., Elovaara, E., & Tossavainen, A. (1980).
Cumulative biochemical effects of repeated subclinical hydrogen sulfide intoxication in mouse
brain. Int Arch Occup Environ Health, 46, 87-92. hitps://doi.org/10.1007/ bf00377463

46. Higuchi, Y., & Fukamachi, M. (1977). Behavioral studies on toxicity of hydrogen
sulfide by means of conditioned avoidance responses in rats. Folia Pharmacol Jap, 73, 307-319
[Japanese]. https://doi.org/10.1254/fpj.73.307

47. Prior, M. G., Sharma, A. K., Yong, S., & Lopez, A. (1988). Concentration-time
interactions in hydrogen sulphide toxicity in rats. Can J Vet Res., 52, 375-379. Retrieved from
https://pmc.ncbi.nim.nih.gov/articles/PMC1255467/ (date of access: 25.04.2025).

48. Tansy, M. F., Kendall, F. M., Fantasia, J., Landin, W. E., Oberly, R., & Sherman,
W. (1981). Acute and subchronic toxicity studies of rats exposed to vapors of methyl mercaptan
and other reduced-sulfur compounds. J Toxicol Environ Health, 8, 71-88. https://doi.org/10.1080/
15287398109530051

49, Prior, M., Green, F., Lopez, A., Balu, A, DeSanctis, G. T, & Fick, G. (1990).
Capsaicin pretreatment modifies hydrogen sulphide-induced pulmonary injury in rats. Toxicol
Pathol. 18:279-288. https://doi.org/10.1177/019262339001800206

50. Khan, A. A., Schuler, M. M., Prior, M. G., Yong, S., Coppock, R. W., Florence, L.
Z., & Lilly, L. E. (1990). Effects of hydrogen sulfide exposure on lung mitochondrial respiratory
chain enzymes in rats. Toxicol Appl Pharmacol, 103, 482-490. https://doi.org/10.1016/0041-
008x(90)90321-k

51. Lopez, A., Prior, M., Yong, S., Albassam, M., & Lillie, L. E (1987). Biochemical
and cytological alter ations in the respiratory tract of rats exposed for 4 hours to hydrogen sulfide.
Fundam Appl Toxicol, 9, 753-762. https://doi.org/10.1016/0272-0590(87)90182-5

52. Lopez, A., Prior, M., Lillie, L. E., Gulayets C., & Atwa, O. S. (1988a). Histologic
and ultrastructural alterations in lungs of rats exposed to sub-lethal concentrations of hydrogen
sulfide. Vet Pathol., 25, 376—384. https://doi.org/10.1177/030098588802500507

53. Lopez, A., Prior, M., Yong, S., Lillie, L., & Lefebvre, M. (1988). Nasal lesions in
rats exposed to hydrogen sulfide for four hours. Am J Vet Res. 49:1107-1111. Retrieved from
https://pubmed.ncbi.nim.nih.gov/3421534/ (date of access: 25.04.2025).

54, Beck, J. F., Cormier, F., & Donini, J. C. (1979). Combined toxicity of ethanol and
hydrogen sulfide. Toxicol Lett., 3, 311-313. https://doi.org/10.1016/0378-4274(79)90009-2

55. Kage, S., Nagata, T., Kimura, K., Kudo, K., & Imamura, T. (1992). Usefulness of
thiosulfate as an indicator of hydrogen sulfide poisoning in forensic toxicological examination:
A study with animal experiments. Jpn J Forensic Toxicol., 10(3), 223-227.

56. Smith, R. P., & Gosselin, R. E. (1964). The influence of methemoglobinemia on
the lethality of some toxic anions: IlI. Sulfide. Toxicol Appl Pharmacol, 6, 584-592.
https://doi.org/10.1016/0041-008x(64)90090-0

57. Lopez, A., Prior, M. G., Reiffenstein, R. J., & Goodwin, L. R. (1989). Peracute
toxic effects of inhaled hydrogen sulfide and injected sodium hydrosulfide on the lungs of rats.
Fundam Appl Toxicol., 12, 367-373. hitps://doi.org/10.1016/0272-0590(89)90053-5

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

117


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://archive.org/details/Nordstrom1975/page/n9/mode/2up
https://archive.org/details/morphologicalobs00albe
https://pubmed.ncbi.nlm.nih.gov/4174426/
https://doi.org/10.1016/j.taap.2004.03.010
https://doi.org/10.1016/0014-4886(78)90043-2
https://link.springer.com/article/10.1007/BF00377463%23auth-A_-Tossavainen-Aff1
https://doi.org/10.1007/%20bf00377463
https://doi.org/10.1254/fpj.73.307
https://pubmed.ncbi.nlm.nih.gov/?term=%22Lopez%20A%22%5BAuthor%5D
https://pmc.ncbi.nlm.nih.gov/articles/PMC1255467/
https://www.tandfonline.com/author/Landin%2C+Wendell+E
https://www.tandfonline.com/author/Oberly%2C+Richard
https://www.tandfonline.com/author/Sherman%2C+William
https://doi.org/10.1080/%2015287398109530051
https://doi.org/10.1080/%2015287398109530051
https://doi.org/10.1177/019262339001800206
https://doi.org/10.1016/0041-008x(90)90321-k
https://doi.org/10.1016/0041-008x(90)90321-k
https://doi.org/10.1016/0272-0590(87)90182-5
https://journals.sagepub.com/doi/10.1177/030098588802500507%23con4
https://journals.sagepub.com/doi/10.1177/030098588802500507%23con5
https://doi.org/10.1177/030098588802500507
https://pubmed.ncbi.nlm.nih.gov/?term=Lefebvre+M&cauthor_id=3421534
https://pubmed.ncbi.nlm.nih.gov/3421534/
https://doi.org/10.1016/0378-4274(79)90009-2
https://doi.org/10.1016/0041-008x(64)90090-0
https://doi.org/10.1016/0272-0590(89)90053-5

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

58. AfTSaDR U.S. Department of Health and Human Services, Division of Toxicology
and Environmental Medicine/Division of Applied Toxicology (ed.) (2016). Toxicological Profile of
Hydrogen Sulfide and Carbonyl Sulfide. Atlanta, GA. Retrieved from
https://www.ncbi.nim.nih.gov/books /NBK591605/ (date of access: 25.04.2025).

59. Ministry of Agrarian Policy of Ukraine (2005). Svynarski pidpryiemstva
(kompleksy, fermy, mali fermy): VNTP-APK-01.05 [Departmental norms of technological design.
Pig enterprises (complexes, farms, small farms)] [in Ukrainian]. Retrieved from
https://lugdpss.gov.ua/images/bezpechnist_veterynariya/Svynarski-pidpryyemstva-VNTP-APK-
02.05.pdf (date of access: 25.04.2025).

60. Ministry of Agrarian Policy of Ukraine (2005). Skotarski pidpryiemstva (kompleksy,
fermy, malifermy): VNTP-APK-02.05 [Departmental norms of technological design. Cattle
enterprises  (complexes, farms, small farms)] [in  Ukrainian]. Retrieved from
https://dbn.co.ua/load/normativy/vntp/14-1-0-1039 (date of access: 25.04.2025).

61. Ministry of Agrarian Policy of Ukraine (2007). Pidpryiemstva zvirivnytstva ta
krolivnytstva: VNTP-APK-05.07 [Departmental norms of technological design. Animal and rabbit
breeding enterprises] [in Ukrainian]. Retrieved from
https://online.budstandart.com/ua/catalog/doc-page.htmi?id_doc=67808 (date of access:
25.04.2025).

62. Schiffman, S. S., Auvermann, B. W., & Bottcher, R. W. (2002). Health effects of
aerial emissions from animal production waste management systems. National Center for Manure
and Animal Waste Management White Papers (North Carolina State University, Raleigh, NC.
Retrieved from https://elibrary.asabe.org/azdez.asp? JID=1&AID=23886&CID=aqwm2007&T=1
(date of access: 25.04.2025).

63. Saeedi, A., Najibi, A., & Mohammadi-Bardbori, A. (2015). Effects of long-term
exposure to hydrogen sulfide on human erythrocytes. Infern J of Occupation and Environmental
Health, 6(1), 20-25. Reetrieved from https://pubmed.ncbi.nim.nih.gov/25588222/ (date of access:
25.04.2025).

64. Guidotti Tee L. (2010). Hydrogen Sulfide: Advances in Understanding Human
Toxicity. Infern J of Toxicology, 29(6), 569-581. https://doi.org/10.1177/1091581810384882

65. Helmi, N., Pripp-Boos, K., Vons, K., Lenoir, V., Abou-Hamdan, A., Guedouari-
Bounihi, H., Lombés, A., & Bouillaud, F. (2014). Oxidation of hydrogen sulfide by human liver
mitochondria. Nitric Oxide, 41, 105—112. https://doi.org/10.1016/j.niox.2014.05.011

66. Aneja, V. P., Blunden, J., Roelle, P. A., Schlesinger, W. H., Knighton, R., & Niyogi,
D. (2008). Workshop on agricultural air quality: state of the science. Aimospheric Environment,
42(14), 3195-3208. https://doi.org/10.1016/j.atmosenv.2007.07.043

67. Kilburn, K. H. (2012). Human impairment from living near confined animal (hog)
feeding operations. J Environ Public Health, 2012, 565690. Retrieved from
https://pmc.ncbi.nim.nih.gov/articles/ PMC3306954/ (date of////).

68. U.S. Environmental Protection Agency (1993). Report to Congress on Hydrogen
Sulfide Air Emissions Associated with Oil and Natural Gas Production. Research Triangle Park,
North Carolina: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards. EPA-453/R-93-045. Retrieved from https://www.osti.gov/biblio/5394599 (date of
access: 25.04.2025).

69. WHO (1981). Environmental health criteria: Hydrogensulfide. Geneva, Switzerand:
World Health Organization. https://www.inchem.org/documents/ehc/ehc/ehc019.htm (date of access:
25.04.2025).

70. Hill, F. B. (1973). Atmospheric sulfur and its links to the biota. Brookhaven Symp
Biol., 30, 159-181.

71. Cox, R., & Sheppard, D. (1980). Reactions of OH radicals with gaseous sulfur
compounds. Nature. 284, 330-331. https://doi.org/10.1038/284330a0

72. Millero, F. J., Hubinger, S., Fernandez, M., & Garnett, S (1987). Oxidation of H>S
in sea water as a function of temperature, pH and ionic strength. Environ Sci Technol, 21, 439—
443, https://doi.org/10.1021/es00159a003

73. Millero, F. J., LeFerriere, A., Fernandez, M., Hubinger, S., & Hershey, J. P. (1989).
Oxidationofhydrogensulfidewith H:Ozinnaturalwaters. EnvironSciTechnol, 23(2), 209-213.
https://doi.org/10.1021/es00179a012

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

118


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://www.ncbi.nlm.nih.gov/books%20/NBK591605/
https://lugdpss.gov.ua/images/bezpechnist_veterynariya/Svynarski-pidpryyemstva-VNTP-APK-02.05.pdf
https://lugdpss.gov.ua/images/bezpechnist_veterynariya/Svynarski-pidpryyemstva-VNTP-APK-02.05.pdf
https://dbn.co.ua/load/normativy/vntp/14-1-0-1039
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=67808
https://elibrary.asabe.org/azdez.asp?%20JID=1&AID=23886&CID=aqwm2007&T=1
https://pubmed.ncbi.nlm.nih.gov/25588222/
https://doi.org/10.1177/1091581810384882
https://www.sciencedirect.com/author/16468394400/anne-lombes
https://www.sciencedirect.com/author/56279250000/frederic-bouillaud
https://doi.org/10.1016/j.niox.2014.05.011
https://doi.org/10.1016/j.atmosenv.2007.07.043
https://pmc.ncbi.nlm.nih.gov/articles/%20PMC3306954/
https://www.osti.gov/biblio/5394599
https://www.inchem.org/documents/ehc/ehc/ehc019.htm
https://doi.org/10.1038/284330a0
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Stephen.%20Garnett
https://doi.org/10.1021/es00159a003
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Scott%20Hubinger
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=J.%20Peter%20Hershey
https://doi.org/10.1021/es00179a012

CBuHapcTBO Ta arponpomMucnoBe BUpobHuUTeo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

74. O’Neil, M. J., Heckelman, P. E., Koch, Ch. B., & Roman, K. J. (eds.) (2001).
Hydrogen sulfide. The Merck index. An encyclopedia of chemicals, drugs, and biologicals.
Whitehouse Station, NJ: Merck & Co., Inc.

75. Torrance, E. L., & Clemens, G. P. (1982). Physiological and biochemical effects
of acute exposure to hydrogen sulfide in fish. Comp Biochem Physiol 1, 71(2), 183-190.
https://doi.org/10.1016/0306-4492(82)90034-X

76. Bagarinao, T, & Vetter, R. D. (1992). Sulfide-hemoglobin interactions in the
sulfide-tolerant salt marsh California killifish Fundulus parvipinnis. J of Comparative Physiology
B, 162, 614—624. hitps://doi.org/10.1007/BF00296642

77. Fryer, J. M. (2018). Soil Properties That Influence the Occurrence of Hydrogen
Sulfide Toxicity in Rice Fields. Graduate Theses and Dissertations Retrieved from
https://scholarworks.uark.edu/etd/2640 (date of access: 24.04.2025).

78. Li, P., Li, M., Liu, Zh., Zhao, Y., Qian, X., & Huang, P. (2022). Effect of high
temperature and sulfur vapor on the flammability limit of hydrogen sulfide. J of Cleaner Production,
337, 130579. https://doi.org/10.1016/j.jclepro.2022.130579

79. Chen, B., Kozel, J. A., Li, M., O'Brien, S. K,, Li, P., & Brown, R. K. (2021).
Reduction of acute hydrogen sulfide and ammonia emissions from pig manure during three-hour
mixing using granular biochar. Aimosphere, 12(7), 825. https://doi.org/10.3390/atmos12070825

80. Wi, J., Lee, Sh.,, Kim, A., Kim, A., Lee, M., Kozel, J. A.,, & Ahn, H. (2019).
Evaluation ofthe effectiveness of a semi-continuous manure pit replenishment system in reducing
ammonia and hydrogen sulfide emissions from a pig fattening barn. Atmosphere, 10(4), 170.
https://doi.org/10.3390/atmos10040170

81. Vorobel, M. I., Kaplinskyi, V. V., Klym, O. Ya., Dmytrotsa, A. |., & Telushko, H. Ya.
(2022). Efektyvnist vplyvu riznykh doz biopreparatu Kapeliukhiv Yarok na riven vydilennia
shkidlyvykh haziv z kuriachoho poslidu [Effectiveness of the effect of different doses of the
biological preparation Kapelyukhiv Yarok on the level of emission of harmful gases from chicken
droppings]. Visnyk ahrarnoi nauky [Bulletin of agricultural science], 2, 67—73 [in Ukrainian].
https://doi.org/10.31073/ agrovisnyk202202-09

82. Lim, T. T., Heber, A. J., Ni, J. Q., Sutton, A. L., & Shao, P. (2003). Atmospheric
pollutants and trace gases: Odor and gas release from anaerobic treatment lagoons for swine
manure. J Environ Qual., 32(2), 406—416. https://doi.org/10.2134/jeq2003.4060

83. Zahn, J. A., Hatfield, J. L., Laird, D. A., Hart, T. T, Do, Y. S., & DiSpirito, A. A.
(2001). Functional classification of swine manure management systems based on effluent and
gas emission characteristics. Journal of Environmental Quality, 30(2), 635-647. https://doi.org/
10.2134/jeq2001.302635x

84. Biletskyi, V. S., & Orlovskyi, V. M. Biohaz [Biogas]. Velyka ukrainska
entsyklopediia [Great Ukrainian Encyclopedia] [in  Ukrainian]. Retrieved from
https://vue.gov.ua/bioras (date of access: 25.04.2025)..

85. Sanzhara. R. A., & Lesnovska, O. V. (2024). Tekhnolohiia pererobky vidkhodiv
silskohospodarskoho vyrobnytstva [Technology of processing agricultural waste]. Dnipro [in
Ukrainian]. Retrieved from https://dspace.dsau.dp.ua/handle/123456789/11992 (date of access:
25.04.2025).

86. Holub, H. A., Dubrovin, V. O., Polishchuk, V. M., Siera, K. M., Marus, A. O.,
Drahniev, S. V., Sydorchuk, O. V. ...& Shcherbak, S. D. (2015). Biohaz. [Biogas]. Kyiv [in Ukrainian].
Retrieved from http://ir.polissiauniver. edu.ua/bitstream/123456789/5144/1/Biogaz_TM7.pdf (date
of access: 29.04.2025).

87. Bioenerhetyka v Ukraini [Bioenergy in Ukraine]. Official website UABIO [in
Ukrainian]. Retrieved from https://uabio.org/bioenergy-in-ukraine/ (date of access: 22.09.2025)..

88. Biogas desulfurization. Website Knowledge Ridge. Retrieved from
https://www.knowledgeridge.com/expert-views/biogas-desulfurization [in Ukrainian] (date of
access: 09.06.2024).

89. Dumont, E. (2015). H2S removal from biogas using bioreactors: a review. Infern
J of Energy and Environment (IJEE), 6(5), 479-498. Retrieved  from
http://www .ijee.ieefoundation .org/ (date of access: 22.04.2025).

90. Chemical Products Industries Inc. Hydrogen sulfide removal from natural gas and
biogas. Site Chemical Products Industries, Inc. Retrieved from
https://www.chemicalproductsokc.com/sulfurtrap-h2s-removal-gas/ (date of access: 30.09.2025).

Hebunmua M. C., Boiko O. B., lMaepuw O. M., Nonuap O. @., Bonowyk O. B., OcokiHa T. I'. Bnnwve emicii cipkoBogH!o Big
06’eKTiB TBAPMHHULITBA Ha SKICTb MOBITPs pobodoi 30HM OyaiBens i AoBKinna (ornsgosa)

119


https://doi.org/10.37143/2786-7730-2025-5-6(83-84)4%d0%b2%d0%82%c2%a6
https://doi.org/10.1016/0306-4492(82)90034-X
https://doi.org/10.1007/BF00296642
https://scholarworks.uark.edu/etd/2640
https://doi.org/10.1016/j.jclepro.2022.130579
https://doi.org/10.3390/atmos12070825
https://doi.org/10.3390/atmos10040170
https://doi.org/10.31073/%20agrovisnyk202202-09
https://doi.org/10.2134/jeq2003.4060
https://doi.org/%2010.2134/jeq2001.302635x
https://doi.org/%2010.2134/jeq2001.302635x
https://vue.gov.ua/%d0%a0%e2%80%98%d0%a1%e2%80%93%d0%a0%d1%95%d0%a0%d1%96%d0%a0%c2%b0%d0%a0%c2%b7
file:///D:/%D0%A0%E2%80%9D%D0%A0%D1%95%D0%A0%C2%B1%D0%A1%D0%82%D0%A0%D1%91%D0%A0%D1%94/%D0%A0%E2%80%9D%D0%A0%D1%95%D0%A0%C2%B1%D0%A1%D0%82%D0%A0%D1%91%D0%A0%D1%94/%D0%A0%D1%9E%D0%A0%C2%B5%D0%A1%D0%82%D0%A0%D1%98%D0%A1%E2%80%93%D0%A0%D0%85%D0%A0%D1%95%D0%A0%D0%86%D0%A0%D1%95/%D0%A0%E2%80%A0%D0%A0%D0%8E/%D0%A0%C2%B7%D0%A0%C2%B1%D0%A1%E2%80%93%D0%A1%D0%82%D0%A0%D0%85%D0%A0%D1%91%D0%A0%D1%94/5-6(83-84)/%D0%A1%E2%80%9E%D0%A0%C2%B0%D0%A0%E2%84%96%D0%A0%C2%BB%D0%A0%D1%91/Retrieved%20from%20https:/dspace.dsau.dp.ua/handle/123456789/11992
http://ir.polissiauniver
https://uabio.org/bioenergy-in-ukraine/
https://www.knowledgeridge.com/expert-views/biogas-desulfurization
http://www.ijee.ieefoundation
https://www.chemicalproductsokc.com/sulfurtrap-h2s-removal-gas/

CBuHapcTBO Ta arponpomMucnoBe BUpobHuuteo. 2025. Bun. 5-6(83-84)
Pig Breeding and Agroindustrial Production, 2025, 5-6(83-84)

ISSN 2786-7730 Print https://doi.org/10.37143/2786-7730-2025-5-6(83-84)7

91. Yadav, A., & Kale, S. (2021). Hydrogen Sulfide Control via Biotrickling Filters.
Clean Technologiesand Environmental Policy, 23(3), 457—-468. https://doi.org/10.1007/s10098-
020-01972-3

92. Guo, L., Zhao, B., Jia, Y., He, F., & Chen, W. (2022). Strategies for reducing air
pollution in mechanically ventilated livestock and poultry houses — a review. Atmosphere, 13(3),
452. https://doi.org/10.3390/atmos13030452

93. Ni, J.-Q. (2021). Factors affecting toxic hydrogen sulfide concentrations on swine
farms - Sulfur source, release mechanism, and ventilation. J Clean. Prod., 322, 129-126.
Retrieved from https://www.sciencedirect.com/science/article/pii/S0959652621033151 (date of
access: 22.04.2025).

94. Kafle, G. K., Chen, L., Naibling, H., & He, B. B. (2015). Field evaluation of
downflow wood bark-based biofilters for reducing odor, ammonia, and hydrogen sulfide emissions
from closed pig houses. J Environ. Manag., 147, 164-174.
https://doi.org/10.1016/j.jenvman.2014.09.004

95. Dumont, E., Cabral, F. D. S., LeCloirec, P., & Andrés, Y. (2013). Biofiltration using
peat and nutrient synthetic packing material: influence of packing configuration on H2S removal.
Environ. Technol, 34, 1123-1129. https://doi.org/10.1080/09593330.2012.736691

96. Nour, M. M., Cheng, Y.-H., Ni, J.-Q., Sheldon, E., Field, W. E. (2021). Summary
of injuries 139 and fatalities involving livestock manure storage, handling, and transport operation
sin seven 140 central states: 1976-2019. J Agric. Saf Health, 27, 105-122.
http://doi.org/10.13031/jash. 14343

97. Oesterhelweg, L., & Puschel, K. (2008). Death may come on like a stroke of
lightning. Phenomenological and morphological aspects of fatalities caused by manure gas. Int. J.
Legal. Med. 122(2), 101-107. http://doi.org/10.1007/s00414-007-0172-8

98. Liu, Sh., Ni, J.-K., Radcliffe, J. S., & Vonderohe, C (2017). Hydrogen sulfide
emissions from a pig farm affected by crude protein in the diet. J of Environmental Management,
204(1), 136-143. https://doi.org/10.1016/j.jenvman.2017.08.0

THE IMPACT OF HYDROGEN SULFIDE EMISSIONS FROM LIVESTOCK FACILITIES ON
THE AIR QUALITY OF THE WORKING AREA OF BUILDINGS AND THE ENVIRONMENT
(REVIEW)

M. S. Nebylytsia, O. V. Boiko, O. M. Havrish, O. F. Honchar,
O. V. Voloshchuk T. G. Osokina
Cherkasy Research Station of Bioresources ofthe NAAS (Cherkasy, Ukraine)
76 Pasterivska St., Cherkasy, Ukraine, 18036

Objective.To identify the main sources of H:S emissions in livestock farming. To quantify
its concentration levels in the air ofthe working area and emission factors into the outside air. To
assess the toxicometric effect of H>S on the health of animals and humans at different levels of
exposure. To determine ways to minimize environmental pollution. Methods. A desk-based
analysis of literary, scientific, and regulatory materials and an evaluation method were used to
summarize the data collected. Results. According to literature data, hydrogen sulfide (H:S) is a
colorless, flammable gas with the odor of rotten eggs. It is heavier than air, therefore it is most
dangerous when itis formed as a result ofthe decomposition of organic matterin sewage systems,
cesspools, and tanks for storing liquidmanure. Ifprecautions are not taken, it can cause poisoning
ofpeople working on cleaning and maintaining these facilities. Inefficient storage and disposal
systems for manure and poultry droppings can lead to the accumulation ofH:S and its emissions
into the environment. Hydrogen sulfide exhibits a peculiar behavior ofreleasing bubbles in tanks
with liquid manure. There are data on unexpected outbreaks of H:S release and a sharp increase
in its concentration from manure storage tanks. In addition, an increase in H:S concentration
occurs in livestock buildings, especially during manure removal operations. This can lead to the
accumulation of high concentrations of H:S in the air of the working area. At H:S concentrations
above 100 ppm, olfactory receptors completely lose their functions. This makes the smell of gas
an ineffective warning of danger The negative consequences of HS emissions are manifested
by toxicological effects on animal and human health. The gas can cause headaches, nausea,
dizziness, and at concentrations above 700 ppm - severe poisoning and death. The weighted
average concentration level of H:S in the air of the working area of various types of livestock
buildings is mainly less than 1000 ppb. The average daily emission factors of hydrogen sulfide
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from premises for dairy cows range from 401 to 7162 mg/day per cow; from poultry houses - from
462 to 508 mg AU' (conditional unit of animals 500 kg); from pig houses - from 220 to 1250 mg
AU day’. H.S emissions from anaerobic lagoons for storing liquid pig manure are 492.5
mg/m?day’. Conclusions.To reduce hydrogen sulfide emissions, it is necessary to implement
effective manure disposal systems, improve ventilation in livestock facilities, and use balanced
animal feeding rations.

Keywords: hydrogen sulfide, concentration, emission, livestock building, working area,
level of impact, method of minimizing pollution
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