





























































































































































































































































































































SKOJTOIMM3ALNA NMPON3BOACTBA

materials, etc., have not found wide practical use, which is due to the heterogeneity of the granulometric and chemical
composition of the waste. Carried out X-ray phase analysis and studies of the physicochemical and chemical properties
of waste samples showed that its main components are calcium carbonate (calcite) and calcium hydroxide (portlandite).
It is known that the natural mineral limestone efficiently extracts HMI from aqueous solutions with the formation of
less soluble basic salts, carbonates, and hydroxy carbonates of HM. It has been established that sludge samples have
high sorption activity when copper(11) and zinc ions are extracted from low concentrated solutions (sorption capacity for
copper ions is 35.0 mg/g, sorption capacity for zinc ions is 40 mg/g). To increase the operational properties, a method
has been developed for the production of a modified granular sorbent based on the sludge of soda production, consisting
in treating with sodium silicate. The effect of a dose of sodium silicate in the sorbent composition on the mechanical
strength and sorption properties of the obtained samples was studied. It has been established that the introduction of 8,6%
Si0, into the sludge leads to an increase in the mechanical strength by 50—80%, and does not have a significant effect
on the sorption activity of the material. The kinetic and sorption regularities of extraction of copper(l1) ions and zinc on
modified sorbents are revealed. Based on the analysis of the adsorption isotherms obtained, the adsorption equilibrium
constants and maximum adsorption values (Amax (Cu?*) = 50.8 mg/g; Amax (Zn?") = 97.1 mg/g) were determined.

Obtained sorption materials can be recommended for wastewater treatment from HMI.

Keywords: heavy metals ions, soda production sludge, calcium carbonate, sorbents, sorption capacity.

OumncTKa MPOMbILLMIEHHbBIX WU MOBEPXHOCT-
HbIX CTOYHbIX BOJ, OT MOHOB TSXKE/NbIX MeTas/10B
(NTM) 10 HopMaTMBHbLIX TPeboBaHWN K copocy
OUULLIEHHbIX CTOYHbIX BOA B NPUPOAHbIE BOJOEMbI
ABNIAETCHA OLHOW M3 CMOXHbIX 3KOM0rMYeCcKnX
N TEXHOMIOTMYECKMX NpobneM. Ons aTux Lenein
B HacCTOsLLLee BPEMSA MCMOMb3YHOTCA MeTObl
NMOHHOro obmeHa [1-6], agcopbuunu [7—9], mem-
6paHHble (HaHOUABTPaLMS U 06paTHbIA 0CMOC)
N 3N1EKTPOXMMMYECKME npoLiecchl [1, 4].

Kaxkablili 3 nepeyncneHHbIX MeTogoB 06-
nafaet psgoM NMPEVMYLLECTB U HeAO0CTaTKOB.
Tak MembpaHHble U 3/1IEKTPOXUMUNYECKNE METO-
Abl OYNCTKM CTOYHBIX BOJ LienecoobpasHo umc-
Nnonb30BaTb 415 NIOKA/IbHON OYMCTKU CTOYHbIX
BOJ, Heb6osbLLOro 06bEMa. Mpu ncnonb3oBaHUN
MeM6paHHbIX TEXHO/IOr M BO3HUKAET npobrema
YTUIN3aLMU KOHLLEHTPATOB.

C y4yéTOM MPUHLMMNOB YCTOMYMBOro pas-
BUTUSA, LUPKYNAPHO 3KOHOMUKN (3KOHOMUKMN
3aMKHYTOr0 UMKNa), a Takxke YTBepXKAEHHOM
MpaButennctBom P® «CTpartervein passmtums
NPOMbILLNEHHOCTK M0 06paboTKe, yTUIN3aLmn
N 06e3BpeXXMBaHNIO 0TXOA0B MPON3BOACTBA U
noTpebeHnsI» AN FNYB0KOM OUMCTKM CTOUHbIX
Boa 0T I'TM Hanbonee NepcrneKTUBHO UCMO/b-
30BaHMe [eLlléBbIX NPUPOAHBIX MaTtepuanos 1
COpP6GEHTOB, MOMYYeHHbIX N3 OTXOL0B MPOU3-
BOACTBA.

B HacTosiLLee Bpems 3TOM NpobnemMe yaenser-
CA 3HaUUTE/IbHOE BHUMaHWE, 1 0630p Hay4HO-
TEXHUYECKOM MHopMaLMKM rnokasas, 4to ans
OYMCTKW BOAbI OT TsHKEbIX MeTanioB (TM) mnc-
NoNb3yHTCA:

— NPUPOAHbIE MaTepuanbl (LpeBeCHbIN
yronb, aHTpaLMTOBass KpPOLUKa, APO6NIEHbIN Ke-
pam3unT, MOAUMPULMPOBaHHbIE MMNHbI, LLEONNTI,
M3BECTHSKWN, fONIOMUTLI 1 ap.) [9—14];

— aKTUBHbIe YI/N, NONYyYEeHHbIE TepMU-
YeCKOM AeCTPYKLMNEN MOMMEPHBIX O0TX0L0B,

CKOpP/yTbl OPEX0B, PUCOBOW LUEyXU, 0TX0L0B
CenbCKOro xo3ssmcrea u ap. [1, 2, 9];

— LW/1aKu, lWwnambl BOAOMNOAroTOBKM, hocdo-
runc un gp. [15].

[Ona moancmumpoBaHms 0TX0A0B MPUMEHS -
FOTCS METO/bI KUC/IOTHOWM 1 LLIENOYHOM 06paboTKu,
a TaK>Ke UCMO/b3YHTCA CBA3YIOLLNE KOMIMOHEH-
Tbl, TMAPOHOOM3MPYIOLLME f06ABKU C LIe/bIO MO-
JlYYeHUNA rpaHyIMPOBaHHbIX KOMMO3ULMOHHbIX
MaTepuasos.

OLHUM M3 MHOTOTOHHaXKHbIX OTXOZO0B TeX-
HOMOIMMM HEOPraHMYeCKNX BELLECTB ABMAETCA
Lam, obpasyowmniics Npu NolyYeHNN Kasb-
UMHUPOBAHHOM COfbl aMMMaYHbIM METOLOM
ConbBe. Tak, B NepMCKOM Kpae B I. bepesHu-
KW B LLIaMOHaKOMUTENSAX CKNaaMpoBaHo 6onee
50 M/TH T 0TX040B, OCHOBHbIM KOMIMOHEHTOM KO-
TOPbIX ABNSAETCA KapboHaT KasibLnA.

HecmoTps Ha nMeroLLMecs HayyHble paspa-
60TKM Mo yTunn3aumm 1 nepepaboTke LUIaMoB
C nonyyeHMeMm acanbTob6eTOHOB, CTEHOBbIX
N LpeBeCHO-LEMEHTHbIX Marepmnanos, CUIU-
KaTHOro KMpnuya, OHW He Hallunu LWKUPOKOro
NPaKTUYeCKOro UCnonb30BaHWs, UTO CBA3AHO
C HeOLHOPOLHOCTbIO FpaHy/IOMeTPUYECKOr0 U
XMMWYECKOro cocTasa LUIamMoB, 3aBUCALLNX OT
NPOJO/HKUTENIbHOCTU LENMOHMPOBaHNA OTX0L0B,
N3MeHEeHUA TEXHOIOTMYECKUX NapamMeTpoB, Kn-
MaTUYecKux hakTopos u ap. [16].

PacLumpeHuve obnacteli NCNob30BaHUsA OT-
XOf0B M aCCOPTMMEHTA NPOAYKTOB Ha NX OCHOBE
ABNSAETCHA aKTya/lbHOW 3KO/OrMYECKON N TEXHO-
NOTNYEeCKOl 3aaaqeri.

AHaNN3 Hay4YHO-TeXHMUYECKOI MH(opmaLmn
nokasasi, YTo NPUPOAHbLIE MaTepMasibl Ha OCHOBE
KapboHara KasibLus (M3BECTHSAK, ONIOMUT, Kaslb-
LMT, Mpamop) CroCO6HbI K nornouieHnto NTM
[14, 15, 17].

Llenbto HaCTOALLEro UccnefoBaHUSA ABNANACH
pa3paboTka cnocoba nonyvyeHns MoaANULMPo-
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Puc. 4. unbTpytoLye KacceTbl /15 04UCTKN NOBEPXHOCTHbIX BOA
Fig. 4. Filter cassettes for surface water treatment

aacop6ummn TM. PesynbTatbl NpeAcTaBeHbl Ha
pUCyHKe 3 1 B Tabnuuge 4.

Mpouecc n3BeYeHNss MOHOB Mean Ha Mo-
AnurunposaHHom copbeHTe MC-1 ¢ BbICOKOI
CTeMNeHb AOCTOBEPHOCTU annpoKCUMUPYeETCH
(koathpmumeHT Koppensauum -0,90) ypaBHeHU-
em JleHrmopa, KOTopoe ONucbIBaeT NpPoLEecChl
MOHOMOJEKYIAPHON afcopbumn Ha aHepreTu-
4eCKM 0HOPOLHOW NOBEPXHOCTU, a Takxke (-
3MYECKYH0 afcopbLMI0 B MUKPOMOpax aKTUBHbIX
yrnen [17].

lMornowleHmne noHoB UMHKa Ha MC-1 ¢ Bbl-
COKMM KO3(h(hMLIMEHTOM KOPPeNsALum onmcbisa-
eTCs AMMUPUYECKUM YpaBHeHNEM PpelnHAINXa,
KOTOPOE 4acTo UCMO/b3YHT A1 ONucaHus aj-
COpOLMM BELLIECTB 13 PaCTBOPOB Ha reTeporeHHoM
NOBEPXHOCTU. MonyyYeHHble pe3ynbTaTbl TaKkXe
CBUAETENbCTBYIOT O Pa3/INYHbIX MeXaHU3max
agcop6umn noHos megm (1) v uMHKa Ha mccne-
AyeMOM copbeHTe.

CornacHo faHHbIM, NpeAcTaB/ieHHbIM B pabo-
Te [14], Ha N3BECTHSIKe MOHbI MeAn copbmnpytoTcs
c obpa3oBaHVeM MasiopacTBOPUMOro rMapPoOKCo-
cynbgpara Meam — NO3HAKNTA, KpUCTalInyeckas
CTPYKTYypa KOToporo nogobHa Kanbumty (MOHO-
KNMHHAsA CUHTOHNA).

MoHbI UMHKa NornowarnTcs NpupoaHbIM
N3BECTHSAKOM C 06pa3oBaHMEM FMAPOKCOKapbo-
HaTa UMHKa [14], Kpuctaninyeckoe CTpoeHue
KOTOPOro OTBeYaeT TPUrOHa/IbHON CUHTOHUN,
OT/INYAKOLLENCH OT CUHIOHUW KaslbLMTa 1 NopT-
NaHAMTa, YeM U MOXKET ObITb 06 ACHEHO pasnnyne

B KMHETUKe aficopOLIMM 3TUX MOHOB U B TUME N30-
Tepm aacopbumn.

Cnepyet OTMETUTL, YTO B OT/INYME OT NpPU-
POAHbBIX N3BECTHAKOB, COLEPXKaLLnX B OCHOBHOM
KapboHat kanbumsa, LLICTT n moguduumposaH-
Hble COpPOEeHTHI cofepkar KapboHat mMarHus,
rngpokeng Kanbuma (Lo 15%), npucyrcreme
KOTOPbIX TAKXKE B/IUAET HA MeEXaHW3M afcopoummn
1noHoB TM.

Ha rpaHynupoBaHHOM o6pasue MC-1
Obl/IN NPOBeLEHbI JUHAMUYECKMNE UCTbITAHUSA
no n3sneyeHuto noHos mean(ll) n3 pactsopos
cynbhata Meu ¢ KOHUeHTpauwvein 50 mr/n npu
CKOPOCTM NOTOKa 2 M/4ac. YCcTaHOB/eHa BbICO-
Kast 3pPeKTUBHOCTb OYUCTKM MO/E/IbHOIO pac-
TBOpa. OCTaTouHasA KOHLEHTpaLua NOHOB Mean
B (hmunbTpare coctaBnana meHee 0,01 mr/n. 1r
copbeHTa criocobeH rnornoTntb 120—150 Mr MOHOB
megn(11). Oco6eHHOCTbLH COPOLIMOHHOM OUNCTKM
pacTBopoB 0T U'TM Ha nonyyeHHbIX obpasuax
ABNSAETCA 3HAUNTENIbHOE NPEBbILLIEHNE BENINYNHDI
ANHAMNYECKOl EMKOCTM copbeHTa B CpaBHEHUM
CO CcTaTMyecKon. CrneflyeT OTMETUTb, YTO B (hW/b-
TpaT BbIAENATCA MOHbI KaslbLSA B KOIMYeCTBe
HEe3KBMBa/IEeHTHOM COpPOMpYyeMbIM MOHaM Mefw,
YTO TaK>Ke MOATBEPXKAAET MeXaHW3M afcopoumm
noHoB mean(ll) B pesynbtaTte hopmMmpoBaHUs
HOBbIX KPUCTa/I/IMYECKUX (pa3 OCHOBHbIX CO/EN
mean(ll) Ha NOBEPXHOCTN N BHYTPU FpaHy/l, a
TaKXXe YaCTUYHOM 3aMeLLEHMN NOHOB KaslbLA
Ha MOHbI Mefu ¢ 06pa3oBaHMeEM TMAPOKCOKap-
6oHaTa mMean.
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MpoBeféHHbIE MCCNeA0BaHMSA NOKa3anu, 4To
NoslyYeHHble COPOLMOHHbIE MaTeprasibl C yUETOM
KMHETUYECKNX OCOBEHHOCTEN Lie/1ecoobpasHo
MCNONb30BaTb B KaCCETHbIX huabTpax Ans
OYMCTKM NOBEPXHOCTHbIX JINBHEBbLIX Y CTOYHbIX

Boz (pwuc. 4).

BbiBObI

MpoBefEHHDBIN XMMUYECKII N PeHTreHOo(a30-
BblIli aHa/1M3 06pa3LL0B LL1aMa CoL0BOro Npov3B0s-
CTBa MokasaJl, YTo ero 0CHOBHbIMM KOMMOHEHTaMU
ABNATCA KapboHaT KasbLms (Kpuctanimyeckas
hopma «KanbuuT») 1 rmapokeung Kansumsa (Kpu-
cTannunyeckasi oopma «Portlandite»). Tepmoam-
HaMWUYECKNI aHaIN3 TEOPETUYECKM BO3MOXKHbIX
MPOLLeCCOB, MPOTEKAOLLMX NPy n3sneveHn UTM
Ha obpasuax Linama CoA0BOro rMpovn3BOACTBaA U
MOZMMPULMPOBaHHbIX COpbeHTaXx, C 06pasoBaHVEM
MasiIopacTBOPUMBbIX COeAMHEHUIA — KapboHaTOB,
rMAPOKCUAOB N rMApoKcokapboHaToB TM no-
3BOJINN OMpPeLeNinTb, YTO PacYéTHbIE OCTATOYHbIE
KOHLEHTpaLmn MOHOB Meau, UmnHKa v xenesa(ll,
111) 3HauUMTEeNIbHO HXKE NPeaesibHO A0NYCTUMbIX
KOHLIEHTPaLMiA, YCTaHOB/IEHHbIX /19 BOJOEMOB
PbI60X03ANCTBEHHOIO0 HA3HAYEHNS. Y CTaHOB/IEHO,
YTO COPOLIMOHHbIE EMKOCTM 06pa3LoB Lilama npu
n3sneveHnn noHos Mean(ll) v UMHKa U3 HN3KO
KOHLeHTpMpoBaHHbIX pacteopos (50 mr/n) fo-
CTaTOYHbI /191 UICMO/b30BaHWA LLIamMa B Ka4ecTse
COp6EHTOB.

YCTaHOB/EHbI YCNOBUA MOANMDUKALUN 06-
pasLoB LU1ama CoL0BOro NPon3BOACTBA C LieNbo
NOBbILWEHNA 3KCMNIyaTaLMOHHbIX CBOWCTB U
NoJly4YeHUss MexaHNYeCcKM NPOYHbIX U rpaHy-
JINPOBaHHbIX COp6eHTOoB. Mpn NCNosib30BaHUN
B KayecTBe CBA3YIOLLEr0 KOMIMOHEHTA XXUAKOro
ctekna (maccoBas gona 8—10%) noayyeHsl
rpaHynmMpoBaHHble copbeHTbl, 0b6nagaroLime
BbICOKO MeXaHM4ecKon npo4vHocTbio (80% un
6onee) N copobLMOHHON aKTUBHOCTBLIO MO OTHO-
LweHuo K NTM.

YCTaHOB/EHbl KNHETUYECKME U COPOLINOH-
Hble 3aKOHOMEPHOCTM M3B/IEYEHNA MOHOB Meaun
N UMHKa Ha MOAU(MLMPOBaHHBLIX COpGEHTaX.

lMony4yeHHble cCOpOUMOHHbIE MaTepuasbl
MO>XHO PeKOMeHJ0BaTb A4/1 UCMNO/Ib30BaHWSA B
COOPY>KEHUAX OUNCTKIM MOBEPXHOCTHLIX N CTOY-
HbIX BO4 OT TM.

ViccnepoBaHue BbINOHEHO NPU (OIMHAHCOBOW
nopaep>kke PO®®U B pamkax Hay4yHOro npoekrTa
Ne 17-45-590169 «INonyyeHne MoAUPULIMPOBAHHBIX
COp6EHT 0B 419 OUUCT KM MPUPOAHBLIX U CTOYHBIX BOA
npu nepepaboTKe LLUIamMOB COA0BOrO MPON3BOACTBA
npeanpusTuiA MNepMCcKoro Kpasi».
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O6BbEKTOM MCCef0BaHNS BbICTyNan 0TpaboTaHHbIA JOPMOBOYHbIV NECOK OLHOr0 M3 TUANYHbIX CTaNeNUTENHbIX
npeanpuaTUiA. OLeHKa 3SMUCCUN 3arpsa3HAILLMX BELLECTB M3 cocTaBa 0TpaboTaHHOro (hOPMOBOYHOMO Mecka nokasana
NX HU3KYI SMUCCUOHHYIO U GMONOTMYECKYIO aKTMBHOCTb, YTO MO3BO/IU/0 pa3paboTarb TEXHOIOTUIO ero yTuamMsaumm ¢
Nnony4YeHnem 3K010rMYecKm 6e30MacHOro CTPOMTENIbHOMO Matepuana. MposeféHHbIe UccefoBaHUA PUIMKO-MeXaHNYECKINX
CBOICTB 0TPaboTaHHOro hOPMOBOYHOIO MeCcKa NoKasanu, 4To OH MPUrofeH AN UCMO0/b30BaHNSA B Ka4eCTBE MUHEPaIbHOTO
3ano/IHUTENSA MPY NPOM3BOACTBe acanbTO6ETOHHbLIX CMeceit. VccnegoBaHnsa 06pasyoB achaibTo6eToOHa B COCTaBe,
KOTOPOr0 B Ka4ecTBe Me/IKOro MMHepasibHOr0 3arnosIHUTENSA UCMO/Mb30BaH 0TPaboTaHHbIV (HOPMOBOYHbIN NECOK, MOKa3au,
YTO OH yfoBneTBOpseT TpeboBaHMsM MTOCT 9128-2013. ®un3nMKo-MexaHUYeCKMe NoKasaTenn acabToO6eTOHHOM cMecu
COOTBETCTBYIOT achasibTobeToHy Tmna b | Mapku. Mpegnaraemasn TeXHONOMNA YTUIN3ALMN BO3MOXKHA 63 3HaUMTe IbHbIX
KanuTa/bHbIX BIOXKEHUI Ha 6OMbLUNHCTBE CTaNeIMTeNHbIX NPesnpusATUiA. Peannsauns aHHOW TeXHOMO0MMN NO3BOAUT
CHU3UTb TEXHOTEHHYIO Harpy3Ky Ha OKPY>KatoLLlyt0 Cpedy B MecTax pasmeLLeHUs cTanenuTeiHbIX NpesnpusaTUii.

K/toueBble crioBa: (POPMOBOUHbINA NMECOK, YTUIN3ALVS, aChaibTOGETOH, OTXO/b! MPOU3BOACTBA, CTPOUTE/bHbIE MaTePUasTbI.

Production of environmentally safe building materials
on the basis of the waste foundry sand
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The object of the research was the waste foundry sand of one of the typical steelmaking enterprises. Estimation of pol-
lutant emissions from the composition of waste foundry sand has shown their low emission and biological activity, which al-
lowed to develop a technology for its utilization with obtaining environmentally safe construction material. The granulometric
composition of the waste foundry sand was determined with an average grain size of 0.38 mm. Based on the results of the
analysis of buffer extracts, the content of heavy metals in the samples of waste foundry sand in mobile form was determined.
Heavy metals (lead, zinc, chromium, nickel, manganese), as well as phenol and formaldehyde, were chosen as the indicators.
Samples of waste foundry sand contain formaldehyde in mobile form exceeding the limits for soil. It has been proposed to use
formaldehyde-containing sand in a dense and hydrophobic structure, such as asphalt concrete, to reduce the formaldehyde
emission. Investigations of the physical and mechanical properties of waste foundry sand showed that it is suitable for use as
a mineral aggregate in the production of asphalt concrete mixtures. The conducted studies of asphalt concrete samples in the
composition, which as a fine mineral filler used waste foundry sand, showed that it meets the requirements of Russian stan-
dard GOST 9128-2013. Physico-mechanical characteristics of the asphalt-concrete mixture correspond to asphalt concrete of
B type | grade. The proposed recycling technology is possible without significant capital investment in most steel mills. The
implementation of this technology will reduce the industrial impact on the environment in the locations of the steel plant.

Keywords: sand waste, recycling, asphalt, industrial waste, construction materials.
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B HacTosiLLee BpeMs B Poccum 1 pa3BUTbIX B
NPOMbILLI/IEHHOM OTHOLLIEHWM CTpaHax yaensietcs
NOBbILLEHHOE BHMMaHMe pa3paboTke MeTOL0B
N TEXHOMIOTUIA, NO3BONAKLWMX UCNONb30BaThb
PeCypCHbIi MOTeHUMan 0TX040B NPOM3BOACTBA
[N151 MONTyYeHUS Pa3/INYHbIX LiefeBbIX MPOAYKTOB,
B TOM 4YuC/ie CTPOUTE/NIbHBIX Matepnanos. BHe-
ApPeHne TaKnX TeXHONOMMIA [aéT BO3MOXKHOCTb
HapA4y C 3KOHOMUYECKMMUW BbIrofamu JoCTUraTb
NOSIOXKNTENbHbLIX 3KOJTIOTMYECKMX U COUMasTbHbIX
3(P(heKTOB, KOTOPbIe NPOAB/IAIOTCA B YMEHbLLIE-
HUU 06BEMOB HEYTUIN3NPYEMbIX OTXOL0B Mpo-
N3BOLCTBA, CHUXXEHUM TEXHOTeHHOW Harpys3km
Ha 00bEKTbI OKPY>KatoLLel cpefibl POpMMPYEMOiA
HeyTUIN3VPYEMbIMM 0TX04aMU, CO34aHnK 6naro-
NPUATHON cpefbl AN1S NPOXMBAHUA HaceeHNs
[1-4].

B psge oTpacneit NpoMbILLIEHHOTO NPOU3-
BO/ACTBA, B YaCTHOCTU, B YEPHOWM MeTanypruu,
B pe3ysibTate HefoCTaTOYHOro NUCMo/b30BaHUA
PecypcHOro noTeHumMana cbipbs 1 Mnosyvyaembix
No60YHbIX MPOLYKTOB 06pa3yeTcs 3HaAYUTE b-
HOe KOJINYeCTBO OTXOZOB, KOTOPbIE MO CBOUM
(PU13MKO-MeXaHNYeCKM CBOMCTBaM He YCTYNatoT,
a B psAfe c/y4vaeB NPeBOCXOAAT MPUPOAHOE MU-
Hepa/ibHOe CbIpbE, LUMPOKO UCMO/b3yemMoe 41
NoNTy4YeHUs psija CTPOUTENIbHbIX MaTepuasios C
NOBbILWEHHbIMW NOTPeBUTENLCKMMI CBOMCTBA-
MW. B HacTosiLLee BpeMs U3BECTEH PSf PELLIEHNIA
NCMNONb30BaHUA KPYMHOTOHHAXHbIX OTX0L0B
YEpHOI MeTa/INYPrm B3aMeH MNePBMYHONO Cbipbs
NMpwv NPOV3BOACTBE CTPOUTE/IbHbBIX MaTepunasnos
OCHOBaHHbI Ha POACTBE CBOMCTB C MUHEpa/lb-
HbIMU MHEPTHLIMW MaTepuanamu [5—7].

BwmecTe ¢ TeM, 3HaUUTENIbHOE KO/IMYECTBO
OTXOZ0B YEPHOM MeTa/ITyprn He BOBJ/IEKAETCA B
PeCYpPCHbIN LMK, & B BUAE HEYTUIN3UPOBAHHbIX
OCTaTKOB OTXO/0B pa3MeLLaeTCs B OKPY>KatoLLei
cpese, hopMUpys TEXHOTEHHYO 3KOJTOTMYECKYHO
Harpysky [8—11].

OfHMM 13 TaKMUX KPYMHOTOHHAXHbIX 0TX0-
[10B, KOTOPbI B HAcTOsILLee BPEMS He HaxoauT
[O/MHKHOM0 MCMO/b30BaHWUSA, a LENOHNPYETCA Ha
NOJINrOHaX NPOMbILLIEHHbIX 0TX00B, ABNSAETCS
0TpaboTaHHbIN (hOPMOBOUHbLIN necok (OPI).
O®dI1 aABnsieTca 0TX040M CTaNeNUTeRnHOro Npo-
N3BOLACTBa, 06pa3ytoLLeroca B npowecce nony-
YeHNA OT/IMBOK M3 CTa/IN B JINTbEBbIE MecyaHble
thopmbl. B KayecTBe MCXOLHOIO MaTtepuana 4/s
N3roTOBNEHNSA NTNTLEBLIX (POPM UCMONb3YyeTCA
KBapLeBbI NecoK. O6bEMBI 06pa3oBaHNA OPI1B
CpeAHeM COCTaB/IAKT OKO/10 OAHOM TOHHbI HA TOH-
HY rOTOBbIX OTIMBOK. B Poccuiickoii ®epepaummn
(P®) HacunTtbiBaeTcsA 0kos10 1100 feiCTBYOLLMX
npeanpuATUA, KoTopble B 2016 . Npon3Benn
3,8 M/1H TOHH OT/INBOK. 3TO ONpefenseT akTyab-

HOCTb peLleHnsa 3agadum no ytmnmsaymm OPri
Anst 60MbLIOr0 Yncna npeanpuaTuin Poccun.
XNMUYECKMIA cOCTaB U (PN3NKO-MEXaHUYECKME
ceoricTBa OPIT NOCTOAHHbI U HEU3MEHHbI NPK
[0/TOCPOYHOM (PYHKLVOHNPOBAHUN Mpesnpus-
TWSA, 4TO 00YC/OB/IEHO BbICOKMMMW TPebOBaHUSAMM
K TEXHOIOrMAM MOMYYEHNSA OT/IMBOK BbICOKOIO
KayecTBa v ABMIAETCA MOSIOXKNTENIbHbIM MOMEHTOM
npw paspaboTke TexHonornv ytnnmnsaumm OPri.

M3BecTeH psag 3apybexkHbIX HayYHbIX 1cc/e-
A0BaHWIA, NOCBALLEHHbIX BONPOCcam yTUIM3aLmm
O®r1. Mo gaHHbIM accoLaLmn IUTENLLWKOB H-
anaHbl (The Indiana cast metals association IN-
CMA USA), exxerogHo B wtare MHguaHa CLLUA
Ha NpeanpuAaATUaX, 3aHATbIX JINTbEM MeTasl/ioB,
o6pasyeTcsi 0Kos10 450 ThbiC. TOHH OTPabOTaHHOWA
(hOPMOBOYHOM CMecK, 60/bLLIasA YacTb KOTOPOA
MCMOJIb3YeTCA B KAYECTBE MHEPTHOIO MUHepaib-
HOro 3ano/IHUTENS B CTPOUTENbHOM oTpacnn. Pag
Hayu4HbIX ueHTpos CLUA, NHanu, EBpocorosa
npegnaratot ncnosb3osaHve OPIT B KavecTse
MWHEPaIbHOT 0 3arno/IHUTENA B LLEMEHTO6ETOHAX,
CTpOUTE/IbHBLIX pacTBopax, NMpu rMpou3BOACTBE
KUpNnyein N TpOTYyapHOM MAUTKK, 415 YKpene-
HWA cnabbIX FPYHTOB NPW LJOPOXXHOM CTPOUTE Tb-
CTBE, BblpaBHMBAHUA penbeda MecTHOCTU 1 ap.
[12—18]. OaHaKO LUMPOKOro pacnpocTpaHeHMS B
P® faHHble TEXHOMOrMW HEe NOAYYUIN, TaK Kak
O®I10THOCUTCA K YETBEPTOMY KJ/1acCy OMacHOCTr
N3-3a Ha/INYMSA B CBOEM COCTaBe OCTATKOB (pypa-
HOBbIX ((heHoNGopManbAErnaHbIX) CMOM U A1S
ero MCcno/ib30BaHNsA B3aMeH NMPUPOLHOTro CbipbA
Nnpwv NPOVN3BOACTBE CTPOUTE/bHbBIX MaTepunanos
TpebyeTcst 060CHOBaHMe 3KO/I0rMYeCKoi 6esonac-
HOCTU UX NPUMEHEHUS.

Llenbto naHHoM paboTbl Gbia pa3paboTka
TEXHO0rMM NOSTYYEHNS 3KOSI0rnyeckm 6esonac-
HOr0 CTPOMTENIbHOr0 MaTepmasa Ha ocHose OPI
CTaneNnTenHOro NPoM3BoACTBA.

O6BEKTbI M METO/bI MCCNefoBaHNS

O6beKTOM MccnefoBaHUA BbiCTynana oT-
paboTaHHas (hOpMOBOYHAsA CMECb OAHOr0 13
TUMWNYHBIX CTaNennTeriHbIX NPeANPUATUIA, pac-
MOJIOXKEHHOr0 B MNpPUBO/MHKCKOM (hefepasibHOM
okpyre. OcHOBY (hOPMOBOYHOI CMECW COCTaB/AET
NPVPOAHbIA KBapLEBbIA Necok Mapku 1K 0,03
CO cpefHUM pa3Mepom 3epHa 0,38 MM, MaccoBoi
aonen auokcuga KpemHusa 99,6% u cBA3ylo-
LWMIA KOMMOHEHT. IMpn N3roToBNEHNUN NNTLEBOIA
(bopMbl B KauecTBe CBA3YIOLLEr0 UCMONb3YyeTcs
theHondopmanbierngHaa cmona AnbpaboHa-07,
HOpMa pacxofa KOTOpoW cocTaBnsieT 126 Kr Ha
1 TOHHY OT/INBOK, U 0TBEpAUTeNb AnbdaboHa,
HOpMa pacxofa Kotoporo pasHa 31,6 Kr Ha 1 TOH-
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Tabnmuya 1/ Table 1

YcpeaHEHHbIN Xxnummnyeckuii coctas 0PI (%)
Averaged chemical composition of WFS (%)

HavmeHoBaHVe HOpMaTUBHOIO Mony4eHHble 3HaYeHNSA NpK
HavmeHoBaHuve nokasatens [LOKYMEHTa Ha MeTo[, UCMbITaHW NCMbITAHNAX
Indicator name Name of the normative document for | The values obtained during
the test method the tests
OKcna KpemHUsA MHAO ® 16.1.42-04 93+9
Silicon oxide ERD F 16.1.42-04 B
OKCVI,C_I, IOMUHISA MHAO ® 16.1.42-04 0,200,02
Aluminium oxide ERD F 16.1.42-04
Okcemnp xenesa MHAO @ 16.1.42-04
Oxide of iron ERD F 16.1.42-04 0,80+0,04
Okcmp mapraHua MHO & 16.1:2.3:3.11-98
Manganese oxide ERD F 16.1:2.3:3.11-98 0,060+0,003
Okecng marHms MHAO ® 16.1:2.3:3.11-98
Magnesium oxide ERDF 16.1:2.3:3.11-98 0,020+0,001
Okeng Kansums MHAOP 16.1:2.3:3.11-98
Calcium oxide ERD F 16.1:2.3:3.11-98 1,500,08
O_Kcm,q, TnTaHa MHAO4 @ 16.1.:2.3.:3.11-98 1,20+0,06
Titanium oxide ERD F 16.1:2.3:3.11-98
deHongopmasbaernaHas cMona MHO @ 16.1:2.3:3.45-05 3 60040018
Phenol-formaldehyde resin ERD F 16.1:2.3:3.45-05 T

Tabnuua 2 / Table 2

"paHynomeTpryeckmin coctas OdI
Granulometric composition of WFS

Cogep>kaHue nblnesuagHbIX Yyactuu, % 1,0£0,1
Content of dust particles, %
Mogynb KpynHocTn / Grain size distribution 1,25

"paHynoMeTpryecKnin coctas
Granulometric composition

Pasmep 0TBEPCTUM CUT, MM | o4 | 15| 10| 5 |25 125| 063 | 0315 0,16 0,05
Size of sieve holes, mm

i1 0,
OMHEIV OCTATOoK, % 0,0/0,0 00/00/00| 00 |13+0,1|255+0,1 | 982+0,1 | 99,0+0,1
Full residue %

HY OT/IMBOK. [Npn 3a11BKe MeTas1a POPMOBOUY-
Hasi CMecb NoABepPraeTcsi BO3AECTBMIO BbICOKOM
Temnepartypsbl (4o 1600 °C).

Lna onpepeneHns BO3MOXHOCTU UCMOSb-
30BaHMA OPI 6bIn onpefenéH ycpeaHEHHbIN
XUMWYECKUIA cOoCTaB 0TX0Aa MO OCHOBHbIM
KOMMOHEHTaM WM K/acc ONacHOCTU PacYETHbLIM
METOZOM COr/laCHO METOANKE YTBEPXKAEHHON B
CI12.1.7.1386-03. CofeprkaHne NOHOB MeTas110B
B oTXofe (>Kenesa, mapraHua, TMtaHa) onpegens-
I METOAOM aTOMHO-abCOPOLMOHHON CNEeKTPO-
ckonun (AAC), oKCua KPeMHUSA — rpaBUMeTpu-
YeCKUM METOLOM, cofeprkaHune heHonopmasb-
AEernaHoM CMObI ONpeaensim PoToMETPUYECKM
MeToA0M Ha K®PK-3. lonyyeHHble gaHHble
npegcrasneHbl B Tabnvue 1. MNpoBeféHHbIE nC-
cnefoBaHMA nokasann, yto OPI1 oTHocUTCA K
YeTBEPTOMY KJ/lacCy OMacHOCTW MO CTeneHn He-
raTMBHOIO BO3/ENCTBMA Ha OKPY>KatoLLLYO Cpesy,

YTO MO3BOJISET PACCMATPUBATL Er0 KaK CbIpbé A/15
NnoslyyYeHUs CTPOUTENIbHbIX MaTepranos.

I"paHynomeTpryeckuii coctas OPI onpese-
nanv no metogmke FOCT 12536-2014 ¢ vicnosb-
30BaHMeM CTaHAapTHOro Habopa 1abopaTopHbIX
cuT. MNonyyeHHble faHHbIe MPeLCTaBNEHbI B
Tabnuue 2.

AHaNM3 gaHHbIX N0 rPaHyN0MeTPUYECKOMY
coctaBy O®I1 nokasasn, Yto Mo MOAY/HO Kpyn-
HOCTM OH COOTBETCTBYET OYEeHb MefIKOMY MeCKY.
Copfep>kaHue NblIeBUAHBIX Y TTMHUCTBIX YacTULY
cocTasnset 1,0%, 4To COOTBETCTBYET TpeboBaHN-
am FOCT 8736-2014 pna o4eHb Mefnkoro rnecka
11 knacca (He 60onee 5,0%).

O®PI1, ucnonb3yemblii B KavecTse opm A5
NINTbA, MOXKET Cofep>KaTb TAXKENble MeTanbl
(TM), nornowaemMble hopMoii Npuy NTbe, a TaK-
YKe MOXKeT CoAep>kaTb MPOLYKTbI PasfioXXeHUA
CBA3YIOLLMX KOMMNOHEHTOB — )eHO0/1 1 hopmasib-
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ferng. MNpn atom ocHoBHaA yactb TM cogep-
»xuntca B ODI1 B BUAE CUNMKATOB, NPaKTUYeCKMU
HepacTBOPUMbIX B BOLE N CUJIbHBIX KUC/OTax,
Jpyrasi yacTb — B BUAe KapboHaToB 1 CyNb(aTos,
KOTOpble MOTYT NnogsepraTsca MefieHHOMY pac-
TBOPEHMIO B BOJE U KUC/bIX Cpeaax.

OLHVM 13 OCHOBHbIX KPUTEPUEB BO3MOXKHO-
CTW NCMNOJIb30BaHNA OTXOA0B B KAYECTBE Chipbsi
Nnpu Noay4yeHUU CTPOUTESNbHBLIX MaTepuasnoB
ABNAeTCA 6e30MacHOCTb /19 06bEKTOB OKPY»Kato-
LLIe cpefbl 1 340POBbSA YenoBeka. B aToi cBA3n
ONA ornpefenieHUs HanpasieHUs yTunusauum
OTXO[0B B NepBY0 04epesb HeOOXO0AMMO OLEHUTH
thopmurpyemMyto UMW 3MUCCUIO 3arpPA3HALLNX
BELLIECTB.

MccnegoBaHUs aMUCCUIA 3arpA3HAOLWLMX
BeLLlecTB B BOAHbIE Cpefbl MPOBOAMAN B CO-
OTBETCTBUM C TpeboBaHUAMN MY 2.1.674-97
«CaHUTapHO-rNrMeHnYecKas oLeHKa CTponma-
TepnasioB ¢ fob6aBrieHNEM MPOMOTX0A0B». [ns
OLIEHKM 3MUCCUIA Bbl/IN MOATOTOB/IEHbI BOAHbIE U
OyepHble (aLeTaTHO-aMMUAYHbIE ) BbITSIXKKN U3
06pa3yos OPI1 npm COOTHOLLIEHNW 06paseLl; pac-
TBOP paBHOM 1:10, KOHTPOIMPOBaIU MPOLLECC NO
COLepP>KaHM 0 B BbITSXXKaxX CrefyoLwmx KOMMo-
HEHTOB: MOHOB CBMHLA, LIMHKA, XpoMa (006LLero),
HUKeNA 1 mapraHua; goeHona n hopmanbernaa,
KaK Hanbosiee onacHbIX 1 NPUCYTCTBYHOLLMX B CO-
ctaBe OPIT. MNpun aHanM3e NOYYEHHbIX JaHHbIX
MpoBOAWNV CpaBHeHMe co 3HaYeHnAMKU IMAK aTnx
TM gnsa Boabl BOJOEMOB Pbl60X035ACTBEHHOIO
HasHayeHna n ¢ MAK B nouse (MAK ana TM
MOABV>KHbIX (hOpM).

M3mepeHune cogep>kaHuns TM B npobax npo-
BOAWN METOLOM MACC-CNEKTPOMETPUN C UHAYK-
TUBHO CBA3aHHOM Na3MoK C MpUMeHeHNeM Macc-
cnekTpomeTpa Agilent-7500cx (Npon3BoAcTBO
Agilent Technologies Inc, CLLIA).

OnpegeneHve hopmasibiernia B BOAHbIX pac-
TBOpax NPOBOAW/IN METOA0M >XUAKOCTHOM XpoMa-
Torpadmm Ha xpomarorpadie ¢ AM0AHO-MaTPUYHbIM
petektopoMm (npoun3soactso Agilent Technologies
Inc, CLLUA). AHasi13 NpoBOAW/IV B COOTBETCTBUN C
MHA P 14.2:4.227-2006 «MeToanKa N3MepeHuin
MaCCOBbIX KOHLIEHTpaLWIA a/lbAerMa0B B MUTLEBbIX
M MPUPOLHbIX BOAAX METOLOM BbICOKO3((EKTMB-
HOW YKMAKOCTHOW XpomaTtorpadums.

MN3mepeHMA MaccoOBOM KOHUeHTpayum
(heHONa NPOBOAMNAN METOLOM Fa30BOM Xpoma-
Torpadmm Ha xpomatorpade Kpucrtann 5000.2
(npomnseogcteo 3A0 CKB Xpomatak, Poccus)
B cooTBetcTBUK ¢ MHAO ® 14.1:2:4.225-06
«MeToanKa BbIMONHEHNS U3MEPEHMIA MACCOBO
KOHLEeHTpauun eHona u peHoNnpon3BogHbIX
B Npobax MNTbEBbLIX, MPUPOLHBLIX M CTOYHbIX BOJ,
rasoxpomarorpapuyeckmm MeTo4oM».

AHaNM3 MonyyYeHHbIX aHHbLIX NMPOBOAU/IN
B cCpaBHeHUKU co 3HavyeHuamn MNAK atux TM
ANs BOAbl BOLOEMOB Pbl60X035ICTBEHHOI0 Ha-
3HauveHus, u ¢ NMAK B nouse (MAK gna TM
NOABMXXHbIX DOpM).

Pe3ynbTaTbl 1 06CYyXXAEHME

Pe3ynbTathl onpefeneHUs KOHLeHTpauuu
aHaIN31PYyeMbIX BELLLECTB B BOAHOM BbITSXKKE U3
O®I1 npefcTaBneHsbl B Tabnmue 3.

Kak BUAHO 13 MpeacTaBfieHHbIX AaHHbIX,
cofiep>xaHne TM B BOAHbIX BbITS>XKax 06pas-
LLOB 0TX0/fa 3HAaYMTeNbHO HWKe 3HaveHnin MAK
BOA0OEMOB Pbl60X03AMCTBEHHOIO0 Ha3HAYeHUs,
YTO CBUAETENLCTBYET O HU3KOW MUIPaLMOHHON
N BLNOIOTNYECKON aKTMBHOCTU 3arpPA3HSOLWMX
KOMMOHEHTOB, BXOAALLKMX B cocTaB OPIT.

B BOAHbIX BbITAXXKax O®PI1 cogep>kutcs
thopmanberns, B KONIMYeCTBax 3HaUNTENbHO MNpe-

Tabnmua 3/ Table 3

KOHLEHTpaLms BELLIECTB B BOAHOW BbITsKKe OPIT npu pH =7, mr/am®
Concentration of substances in the aqueous extract of WFS at pH =7, mg/dm?
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OTpaboTaHHbIN MAK A7 BOAOEMOB
KomnoHeHT / Component (POPMOBOYHbI MecCoK pbl60:;33§;qc;33:mro
Waste foundry sand MPC for fish reservoirs

CsuHey, / Plumbum 0,0013+0,0003 0,03
LIMHK / Zinc 0,0030+0,0006 0,1

Xpom / Chromium 0,0052+0,0009 0,05
Hukenb / Nickel 0,0027+0,0005 0,01
MapraHey, / Manganese 0,0085+0,0016 0,1

dopmanbgerng / Formaldehyde 3,8+0,9 0,25
deHon / Phenol 0,0020+0,0010 0,001

MprMeyaHyie: >KUPHbLIM LLIPUGTOM Bblae/ieHbl 3HaUeHws1, npesbiluaowye MAK.

Note: values in bold are higher than MPC.
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Tabnuua 4 / Table 4

CopeprkaHue TSHKENbIX MeTa/I/10B B MOABMXKHOM chopme B 06pasuax ODI npu pH= 4,8, mr/kr
The content of heavy metals in mobile form in samples of WFS at pH = 4.8, mg/kg

OTpaboTaHHbI POPMOBOYHbIV MECOK MNAK nouse
KowmrorenT / Component P Waste f%)ugdry sand MﬁC in soil
CsuHel / Plumbum 0,086+0,018 6
LIMHK / Zinc 0,760+0,014 23
Xpom / Chromium 0,17+0,03 6
Hukenb / Nickel 0,094+0,016 4
MapraHel, / Manganese 0,70+0,013 60—80
dopmanbgerng / Formaldehyde 38+9 7
deHon / Phenol 0,020+0,010 HE ycTaHoBneHa
notassigned

MprMeyaHyie: YKUPHbIM LLPUGTOM Bblae/ieHbl 3HAaUeHs1, npesbiluatole MAK.

Note: values in bold are higher than MPC.

Tabnmua 5/ Table 5

D U3MKO-MeXaHMUECKMNE XapaKTePUCTUKM 06pasLL0B acthanbTobeToHa
Physical and mechanical properties of asphalt concrete samples

TpeboBaHue TOCT oorn oorn
Moka3atenu 9128-2013 ¢ 6utymom 5,3% | ¢ 6utymom 5,6%
Indicator The requirement of WEFS with WEFS with
GOST 9128-2013 | hitumen 5.3% bitumen 5.6%

3
CpegHsas M/I0THOCTb, /M He ycTaHOB/IeHa 2.44+0.01 2.43+0.01
Average density, t/m? not assigned

1 0,
I‘Iopvl(_:Tocn; MI/IHe_paJ'IbHOI/I yactu, % 14-19 15.02+0,02 15.75+0,02
Porosity of the mineral part, %

0,
OcrarouHas nopucTocte, % 2,5-5,0 2,790,01 2,80+0,01
Residual porosity, %
[Mpenen npo4yHocTK nMpu cxxatnum, Mlla
Compressivestrength, MPa:
20 °C, He meHee / 20 °C, not less than 2,5 3,61+0,01 3,48+0,01
50 °C, He meHee / 50 °C, not less than 1,2 1,69+0,01 1,50+0,01
0 °C, He 6onee / 0 °C, not more than 11,0 8,37+0,01 7,18+0,01
BoaoCTOMKOCTb, He MeHee
Water resistance, not less than 0.90 1,00+0,01 1,00+0,01

Bblwarowmx NAK (15 NAaK), v deron (2 NAaK),
4YTO HEO6X04MMO YUUTbIBaTb MPU paspaboTke
TEXHO/IOTNIA ero yTunn3auunu.

Ha ocHoBaHWUU pe3ynbTatos aHam3a bydep-
HbIX BbITS>KEK ObI/10 OMpefesieHo cofepykaHue
TM B 06pasLax 0TX04OB B MOABUXHOWN hopme.
MonyyeHHbIe pe3ynbTarhl NpeacTas/eHb! B Tabnm-
ue 4. B gaHHoOM Tabnuue npusegeHbl MAK TM B
NOABWMXXHOW thopme Ans AePHOBO-MOA30/IUCTbIX
N CYT/IMHUCTLIX MOYB B COOTBETCTBUW C TUrMe-
HUYeCcKUMM HopmaTtmeamm M'H 2.1.7.2041-06
«[MpepenbHO gonycTuMble KoHueHTpaunu (MAK)
XMMNYECKNX BELLECTB B NMOYBe».

O6pasupbl OPI1 cogepkat hopmanbaerns B
KOHLIeHTpaumMsax 3Ha4YMTeNIbHO MPeBbILLaoLLINX
HopmaTtuB (5,4 MNAK), 4T0 HE06X0AMMO YUUTbI-
BaTb Npuv paspaboTKe TEXHOOTUN ero yTuansa-

umun. Ona geHona NMAK B no4vse B HacTosLlee
BPEMS He yCTaHOB/eHa.

SMUCCMOHHYI0 aKTUBHOCTbL (heHona n op-
Manbgernga n3 OPl MOXXHO CHU3UTL 3a CUET
pasmMeLleHns OPI1 B rmapodo6HOM MK NNOTHOM
cpefe, B KayecTBe KOTOPOM MOXXeT BbICTyNaTb
cama CTpyKTypa CTPOUTE/NIbHOr0O Marepuana
(Hanpumep, achanbTo6eTOHA), B KOTOPOIA OH
MCMOJIb3YeTCHA KaK OfVH 13 KOMIMOHEHTOB [19,
20]. Ha ocHoBe aHanM3a o3nKO-MexaHNYeCKNX
N XUMUYeCKUX cBOMNCTB OPIT 1 BO3MOXKHOCTU
CHMXKEHUSA 3MUCCMOHHOM aKTUBHOCTU 3arpss-
HAWmMX BeLects 13 OPI npum ero pasmeLLeHUN
B rmapodo6HoON 1 6onee NIOTHOW cpege, 6b110
060CHOBaHO mcnonb3oBaHne OPI1 B cocTase
acthanbtobeToHa. pu 3TOM CHMXKEHUe 3MUC-
CMOHHOW aKTUBHOCTUN 3ar pA3HSAOLLMX BELLECTB,

113

TeopeTnyeckasa n npuknagHasa akonorua Ne3, 2018




SKOJIOI M3ALINA NMPON3BOACTBA

114

copepxkatmxca B OPI, gocTnraetcd 3a CUET ero
pa3meLLleHns B rnapoobHoi cpeae, KoTopasi 06-
pasyeTcs Npy UCNosib30BaHUM 6UTYMa B COCTaBe
acthanbtobeToHa.

MpoBeféHHbIE NCCNefoBaHUA NokKasanu,
YTO MO CBOMM (PU3NKO-MEXAHNYECKMM U FpaHy-
JIOMeTpUYecKnM rnokasartensam OPI1 npurogeH
ANA UCNOMb30BaHMA B Ka4ecTBe MUHepasibHOro
3anonHUTeNsa npu rnpousBoAcTBe acianibTobe-
TOHHbIX CMECEM.

Bb11 BbINO/HEH NOA60P COCTaBOB acasibTo-
6eToOHHOW cmecn B cooTBeTcTBUM ¢ FTOCT 8267-
93, NOCT 9128-2013, TOCT P 52129-2003,
FOCT 22245-90 npun 12% copep>xkaHun OPI1 B
MMHepanbHOM YacTn acasibTO6ETOHHO CMECH.
MpoBeaEHHbIe NnabopaTopHble UccefoBaHUA Mo-
3BONUNV ONPeSenUTb ONTUMasIbHOE CoAepyKaHme
6uTyMma B cocTaBe ac)asibTOGETOHHOM cMecK npu
ncnosb3oBaHumM OPI1, KOTOpoe CocTaB/sAEeT OT
5,3 40 5,7% cBepx 100% MUHepasbHOI YacTu.

Mony4yeHHble 06pasubl acthansTobeToHa, B
COCTaB KOTOPOro B Ka4ecTBe MeIKOro 3arosiHu-
Tena mucrnonb3osaH OMPI1, npownu ncnbiTaHUA
Ha cooTBeTCcTBUEe TpeboBaHuA MTOCT 9128-
2013, KOTOpbIN ycTaHaBNMBaeT TpeboBaHUS K
N3roToBNeHU acasbTOOBETOHHbIX CMeCein n
acthanbTobeToHa, ¢ NPUMEHEHUNEM OUTYMHbIX
BSOKYLLMX M nonumMepacdaibTo6eToHa U3 aTmux
cMmeceii. VicnbiTaHnA acanbTo6eTOHHbIX 06-
pasuoB, B cocTaB KOTOpbIX BXoAnn OPI1, 6biin
NpoBefeHbI B aKKPeANTOBaHHOW 1labopaTtopmm no
NCNbITAHWUIO JOPOXKHbIX MaTepnanos MNepmcKoro
HaLMOHa/IbHOIO MCC/eA0BaTe/IbCKOro NoanTex-
HUYecKoro yHusepcuteta. OCHOBHbIE (PU3NKO-
MeXaHW4YecKme rnokasatenn achasibTO6eTOHHbIX
06pasLoB npescTaB/ieHbl B Tabnvue 5.

3aK/ouYeHne

MpoBeféHHbIE UcCnefoBaHUs acanbTobe-
TOHa, B COCTaBe KOTOPOro B KayecTBe MESIKOro
MUHepasibHOro 3anosiH1TeNs ncnosb3osaH OPr,
MoKasasiv, YTo OH Y[0B/IETBOPSET TPEOOBAHUAM
FOCT 9128-2013. ®131KO-MEXaHNYECKWE MOKa-
3aTenn acthasibTO6eTOHHOM CMEeCU COOTBETCTBYHOT
acthansrobetoHy Tuna b | mapku. 310 no3sonser
CAenatb BbIBOZ 0 BO3MOXXHOCTU MCMO/b30BaHUSA
TexHonornm ytunmsaumm O®Ir1 gna nponsBosi-
CTBa acthanbTo6eTOHA C 3aMeLLeHNEM YacT NPU-
POAHbBIX MVUHepPa/bHbIX CblIPbEBbIX KOMIMOHEHTOB
0TX04amu CTaneINTenHOro NPon3BoACTBa.

O®dI1 cTanennTenHOro NPOM3BOACTBa Xapak-
TepusyeTca 60NbLLINMM 06BEMOM 06pa3oBaHUA,
OAHOPOAHOW CTPYKTYPOI, NOCTOAHCTBOM XUMU-
YECKMX N (hM3MKO-MeXaHNYECKNX CBOWMCTB, UTO
yKa3blBaeT Ha BO3MOXXHOCTb MUCMO/Ib30BaAHUSA

npegnaraeMoin TeXHONormm 6e3 3HaUnTeNbHbIX
KanuTa/ibHbIX BMOXXEHN Ha 60/IbLLUMHCTBE CTa-
NeNNTENHbIX NPeANPUSTUNA.
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This research was aimed at studying of population and biological aspects of cattle retroviruses’ expansion, such as
breed and age of animals, form of head ownership, retroviruses biology. Bovine leukemia virus (BLV) and bovine immuno-
deficiency virus (BIV) are retroviruses which cause chronic incurable diseases of cattle. These agents have a phylogenetic
relationship with similar pathogens in humans. There is a possible danger of viral entry to humans through the consump-
tion of infected foodstuffs. 773 blood samples from Black-and-White, Holstein, Simmental, Kazakh White-headed and
crossbred cattle of different districts of the Saratov region were analyzed by polymerase chain reaction (PCR). Studies
reveal that bovine immunodeficiency and bovine leukemia viruses are spread widely in cattle of the Saratov region: 30.5%
and 39.8% on average, respectively. The infection rate varies considerably depending on age-sex group affiliation and
cattle ownership. BIV and BLV infection rates increase with the animals age, especially among farm herd. Significant
epizootic feature of retroviral infections in cattle in the Saratov region is a high level of retroviral coinfection — 25.2%
on average. The clinical complications of BIV infection, confirmed by laboratory studies, were most frequently recorded
in cattle aged 5—10 years. For analysis of diagnostic accuracy of serological and molecular genetic methods for enzootic
bovine leucosis diagnosis, 271 cattle blood samples were studied by PCR and AGIDT (agar gel immunodiffusion test) in
parallel. The comparative analysis shows that diagnostic efficiency of AGIDT in comparison to PCR is 30.8%. Taking into
account the retroviruses biological features, the PCR assay can be recommend as a screening method for BLV-infection
revealing, especially when the imported cattle are quarantined at the place of keeping. In herds with high BLV-infection
level, cattle should be tested for BIV presence to stop the cattle retroviruses’ expansion.

Keywords: polymerase chain reaction, agar gel immunodiffusion test, retroviruses, enzootic bovine leucosis, bovine
immunodeficiency, expansion, diagnostics.

YOK574.3:578.828:599.735.51

MonynauMoHHO-6M0N0rMYecKme NPeanockbIIKu
9KCMaHCcUM PETPOBUPYCOB KPYMHOro Poratoro cKota
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Lienblo HacTosAWMX UCCNeA0BaHUIA SBUNOCH BbiABAEHWE MONYASALNOHHbLIX M 6LUOMOrMYECKMX MPeAnoCcbIIoK
pacnpocTpaHeHUss PeTPOBMPYCHbIX MH(EKLMIA Cpean KPYMHOro poratoro ckota. Ocob6oe BHMMaHWe yaensinocb Takum
acrneKTam Kak nopoja v BO3pacT XXMBOTHbIX, hopMa BnaaeHusi, 61oa0rnyeckme 0Co6eHHOCT peTpoBMpycoB. Bovine
leukemia virus (BLV) u bovine immunodeficiency virus (BIV) aBnsTca peTpoBrpycamu, Bbi3bIBalOLLUMN XPOHNYECKME
Hen3neymmble 3a60/1eBaHNSA KPYMHOr0 POraToro cKota. JlJaHHble BO36yANTeNN MMetOT (hN0reHeTUYECKYHO CBA3b C MOAOOHbIMM
naroreHamu yesioseka. CyLLeCTBYeT BEPOSATHOCTbL Mepefaqn BUPYCOB OT XKMBOTHbIX Ye/IOBEKY Hepe3 KOHTaMUHMPOBaHHbIe
NPOAYKTbl NMTaHMsA. MeTogom nonnmepasHoit uenHol peakuun (MLP) 6biin nccnegoBaHbl 773 npobbl KpoBy YepHo-
necTporo, MoAWTMHCKOro 1 CMMMEHTa/IbCKOro CKOTa, KOPOB Nopogbl Kasaxckasn 6enoronosast v 6eClOPOAHbIX XXMBOTHbIX
13 pasINyHbIX parioHoB CapaToBCKoM 06nacTu. ViccnegoBaHns nokasanum, 4to BLV v BIV Wwinpoko pacnpocTpaHeHbl cpeamn
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KpYMHOro poratoro ckota CapatoBckoii o6nactu: 30,5 1 39,8% B cpefiHEM, COOTBETCTBEHHO. YPOBEHb MH(PULIMPOBAHHOCTH
3HauYUTENIbHO BapbMpPyeT B 3aBUCMMOCTM OT MO/I0BO3PACTHOM rpynnbl U hopMbl BNageHnst ckota. CteneHs BIV n BLV-
MH(PULUPOBAHNSA YBENIMYNBAETCS C BO3PACTOM >XXMBOTHbIX, 0CO6EHHO cpen hepmMepcKoro ckota. HemanoBa>kHOM
0CO6EHHOCTbLIO PETPOBUPYCHbIX MHDEKLMIA KPYMHOFO poratoro ckota B CapaToBCKOM 06/1aCTU IBNSIETCS BbICOKUIA YPOBEHb
PeTPOBUPYCHOM KOMHMeKLMN — B cpeaHeM 25,2%. KnnHunueckune nposieneHus BIV-uHGeKLn, NogTBep>XAeHHOM
nabopatopHbIMU UCCEf0BAHMAMM, HaMb0 Iee YacTo PErMCTPMPOBAIUCH CPeAM CKoTa B Bo3pacTte 5—10 fieT. [1/19 BbISSCHEHMSA
AMarHOCTUYECKOM LLeHHOCTM CEPOJIOrMYECKOro N MOEKYNSIPHO-TEHETUYECKOTO METOA0B AMAarHOCTUKM 3H300TUYECKOro
Neriko3a KpyMnHOro poraTtoro ckoTta, 271 npoba KpoBu 6binia nccnegoBaHa napannensHo metogamu MNLUP n P (peakyus
UMMYHOAN(GY31KM). CpaBHUTENBHBIN aHaIN3 NoKasasl, 4YTo AnarHoctnyeckas apdpektnBHocTb PU/, oTHocuTensHo MLP
coctasnsiet 30,8%. YuuTbiBas 6M0OrMYecKme 0CO6EHHOCTU peTpoBUpycoB, MLLP-aHann3 moxeT 6bITb peKOMeH0BaH B
KayeCTBe CKPMHWHIOBOro MeToAa BbisiBNeHUA BLV-MHMeKLUMN, 0C06eHHO NPUY KapaHTUHUPOBAHUM BBO3VIMOTO U3-3a rpaHunLbl
cKoTa. B cTagax ¢ BbICOKUM ypoBHEM BLV-MH(eKLMW, KPYMHbIA poratblii CKOT HE06X0AMMO 1cceoBaTth Ha Hannyue BIV,

UTOGbI OCTAHOBUTL 3KCMAHCUIO PETPOBMPYCOB KPYMHOIo POratoro cKota.

KntoueBble c/ioBa: NosiMMepasHasi LierHasi peakuusi, peakuust UMMYHOAN( Y31, PETPOBUPYChI, 3H300TUYECKUIA
Neliko3 KPYMHOro poratoro CKoTa, UMMYHOZe(hULIMT KPYTHOro pOraToro cKoTa, pacrpocTpaHeHue, AUarHocTuKa.

According to the International Committee
on Taxonomy of Viruses (ICTV) database,
currently 96 families of viruses are described
and the Retroviridae family is one of particu-
lar importance among them. This is due not
only to the unique biological properties and
structure, but also to the fact that retroviruses
cause chronic incurable diseases, which tend
to widespread, such as enzootic bovine leucosis
and bovine immunodeficiency. The causative
agents of these diseases, bovine immunodefi-
ciency virus (BIV) and bovine leukemia virus
(BLV) were isolated in 1969. These agents have
aphylogenetic relationship with similar patho-
gens in humans: human immunodeficiency virus
(H1V) and human T-lymphotropic virus (HTLV)
and a high degree of genetic homology between
them [1]. Under experimental conditions sheep,
rabbits, pigs and monkeys turned to be sus-
ceptible to the leukemia virus [2]. It is known
that retroviruses are capable of overcoming the
interspecific barrier, including the transition
from animals to humans [3]. Although the
pathogenicity of BLV to humans is not proven,
it is considered as a breast cancer risk factor,
other researchers have a different opinion [4].
BIV and BLV are revealed in the milk and meat
of sick and infected animals, accordingly there
is a possible danger of viral entry to humans
through the consumption of infected foodstuffs.
Moreover, it was found that the infected animals
milk contains the hazardous to human health
metabolites [5].

BIV and BLV, similarly HIV and HTLV,
infect the immune system cells (lymphocytes,
monocytes and macrophages), which is de-
signed to fight them and ensure the organism
homeostasis. The viruses turn the lymphocytes
into the “viral particles cloning factories”. As
aresult, the adaptive capacity of the organism,
specific and non-specific resistance are sharply

lowered, which inevitably leads to the develop-
ment of the pathological process [6].

Enzootic bovine leucosis is one of the most
pressing and urgent problems of livestock
husbandry. The cattle stock with hematologi-
cal malignancies is rather high, especially in
countries with highly developed dairy cattle. It
leads to significant economic loss in connection
with reducing quantity and quality of products,
cattle death rates or emergency slaughter of
animals, receiving less young stock, loss of
the breeding value and limited sales of cattle,
additional costs for anti-epizootic preventive
measures, animals’ treatment and milk pas-
teurization [7].

According to the researchers’ data, these
infections are widespread. BLV registered in
Japan from 28.6 to 68.1% in different regions,
in South America from 34 to 50%, in Canada
up to 89%, in USA up to 83.9%, in Brazil to
50%, in Korea from 50 to 86.8%, in Turkey
and Iran 48.3% and 64.7%, respectively [8], in
Chile 29.1%, in Peru and Paraguay 42.3% and
over 50% of samples, respectively, In Bolivia
30% [9], in Argentina from 32.8 to 84% (up to
90.9% by some accounts) [8, 9], in Philippine
4.9—23.1% [10], as well in Bulgaria, Croatia,
Estonia, Latvia, Poland, Romania, Ukraine,
New [8], Lithuania [11]. Enzootic bovine leu-
cosis is spread in many regions of the Russian
Federation [12, 13]. According to the data of the
information-analytical center of the Rosselk-
hoznadzor of the Russian Federation, enzootic
bovine leucosis is the disease with a subclinical
case. At the present time are 138 affected with
leukemia points in Russia. Moreover, it was
revealed 31256 suffering from leukemia cattle
heads in 2017. This is the highest rate in the
nosological profile of cattle infectious diseases.

Bovine immunodeficiency virus is recorded
in Australia (15.9%) [14], in the USA (21—

117

TeopeTnyeckasa n npuknagHasa akonorua Ne3, 2018




COUNAJTIBHAA SKOJ10I 1A

118

30%) [15], in South Korea (33%) [16], in
Brazil (11.7%) [17], in Zambia (11.4%) [18],
in Turkey (12.3%) [19], in Germany (6.6%),
in Japan (7.5%), in Italy (2.5-5.1%), in India
(24%), as well as in French and Louisiana [1].
On the Russian Federation, such studies are
sporadic. According to some data, infection with
bovine immunodeficiency virus in the Moscow
region constitutes from 11 to 67%, and in the
Stavropol region this figure is 11—33% among
the examined cattle [20, 21].

There are a number of serological tests
that determine viral structural proteins and
glycoproteins. In Russia, according to the
officially approved rules, anti-epizootic mea-
sures against bovine leucosis are based on the
identification and removal of infected with BLV
animals, basing on the data of agar gel im-
munodiffusion test (AGIDT) and hematologic
studies. AGIDT is prescribed for international
animals’ trade, in spite of its relatively low
sensitivity [22]. For the diagnosis of BIV there
are no certified sets and approved instructions.
There is an opinion that polymerase chain re-
action has higher test-sensitivity, specificity
and informative value than other methods for
viruses detecting [12].

Saratov region is an important agricultural
area with developed dairy cattle. According to
official statistics, the enzootic bovine leucosis
infection rate is 9.5%, and there are 9 epizootic
focuses of leukemia in the Saratov region in
2017. Thus, the problem of cattle retrovirus
infection is very relevant at the moment and
requires a specific attention. The purpose of
the research was studding of epizootic situation
of retroviral infection in cattle of the Saratov
region and comparative analysis of standard
serological method (AGIDT) and contemporary
molecular genetic method (PCR) for enzootic
bovine leucosis diagnosis.

Material and methods

Cattle from 5 dairy farms and 299 cows
in private ownership were tested over a five-
year period using AGIDT and PCR. A total,
for analyzing the epizootic situation of retro-
virus infection in cattle, 773 blood samples
from Black-and-White, Holstein, Simmental,
Kazakh White-headed and crossbred cattle of
different districts of the Saratov region were
analyzed (Table 1). FEEVT “Krasnokutsky
Veterinary College” is a structural subdivision
of the Saratov State Vavilov Agrarian Univer-
sity. All the tested samples were divided into

4 groups: | group samples were getting from
3—6 months’ calves; Il group samples were
obtained from 7 18 months’ youngstock; 111
group samples — from 1.5-5 years old cattle
and IV group samples — from older 5 years old
animals (Table 2). BLV provirus carriers were
considered the animals, which confirmed their
positive status in PCR twice for 2 weeks.

For comparative analysis of diagnostic
accuracy of serological and molecular genetic
methods for enzootic bovine leucosis diagnosis,
271 cattle blood samples from disadvantaged
by leukemia “Yagodnopolyanskoe” LTD. of
Tatishchev district were studied by standard
serological method (AGIDT) and contemporary
molecular genetic method (PCR) in parallel. All
AGIDT positive samples used for the compara-
tive analysis were confirmed by PCR.

Molecular genetic method. DNA extraction
and purification was performed using the kit of
DNA-Sorb-B (Amplisens, Russia) according to
the manufacturer’s instructions.

The blood samples were analyzed by PCR
method. For amplification of BLV and BIV pro-
viruses DNA, the amplifier T 100 (“Bio-Rad”,
USA) was used.

In the study of enzootic bovine leucosis,
to identify provirus DNA, the “LEUKOS” kit
(InterLabService, Russia) was used according
to the kit instruction.

BIV infection in cattle was determined us-
ing the PCR mix and buffer solution (“Lytech”
LTD., Russia) with the adding of the primers to
the BIV gag gene (synthesized by JSC “Syntol”,
Russia). The structure of the oligonucleotide
primersis: the forward primer (5’-GTCTTCCCA-
CATCCGTAACATCTCCT-3") and the reverse
primer (5’-CCCCAGGTCCCATCAACATTCAT-
CAG-3"). Samples were initially denatured at
95 °C for 2 min, then amplified by using 45 cy-
clesof 95°C for 20 s, 58 °C for 20 s, and 72 °C for
40 s. A final extension of 1 min at 72 °C was
added at the end of the program to ensure com-
plete amplification of the target region.

Detection of the amplification products was
performed by method of gel electrophoresisin a
2% agarose gel with 0.5 mkg/L ethidium bro-
mide under standard conditions accompanied
by the photographic recording of results using
BioRad ChemiDoc MP equipment (“Bio-Rad”,
USA).

Serological method. For comparative
analysis the statistical data of “Tatishchev
regional veterinary laboratory” LTD. (Saratov
region) were used. Sera were tested for anti-p24
antibody in AGIDT.
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Results and Discussion

BIV infection in cattle. The test results
revealed that presence of BIV provirus in cattle
varies widely (Table 3). From 79 the | group
animals’ blood samples, 8 (10.1%) showed posi-
tive results, in private ownership only 7.7%, 3
out of 39 calves, were BIV-positive while in
farm herds infection rate was 12.5% (5/40).
Of 139 young stock’ blood samples (Il group),
24 (17,3%) were positive and infection rate in

private ownership cattle was less again — 12.8%
(6/47), than in farm herds — 22.5% (18/80). In
111 group animals’ blood samples BIV carriers
were revealed in 15.4% (39 samples out of 254).
Only 12 examined animals (11.8%) of this group
in private ownership showed positive results.
The infection rate in local herd at the age of
1.5-5 years was averaged 15.4% (39/245) and
varied from 9.4% (8/85) of “Yagodnopolyans-
koe” LTD to 17.7% (2/12) of “Ozernoe” LTD
and 25.0% (5/20) of FEEVT “Krasnokutsky

Table 1
Tested cattle head
The Sarato'v region Ownership Number of Cattle age, | Cattle Cattle breed
district cattle heads yars gender
Tatishchev district Yagodncig_)lfnlljyanskoe 271 0.6—10 F/M | Black-and-White
Krasnokutsky FEEVT* “Krasnokutsky 40 48 = Kazakh White-
district Veterinary College” headed
Atkarsky district “Ozernoe” LTD 32 4-8 F Kazakh White-
headed
17 from locale 5-6 F .
cattle Black-and-White
15 from 5—-6 F
Marksovsky “Trudovoe” LTD Slovakia and Holstein
district Estonia
72 from Canada 4—7 F .
Holstein
Penza district EPF** “Zarya” 27 1-3 F Simmental
Simmental,
Dukhovnitsky Private ownership 299 03-10 | F/m | Black-and-White
district and crossbred
cattle
Total 773 X X X

Note: M —masculine, F —feminine, * — Federal Educational Establishment of Vocational Training, ** — Experimental

Production Farm.

Table 2
Blood simples number
. Cattle age group
Ownership 3—6 months 7—18 months 1.5-5 years > 5 years

“Yagodnopolyanskoe” Ltd 40 80 85 66
FEEVT “Krasnokutsky

Veterinary College” B B 20 20
“Ozernoe” LTD — — 12 20
“Trudovoe” LTD:
Locale cattle — — — 17
European cattle - — - 15
Canadian cattle - — 20 52
EPF “Zarya” — 12 15 —
Private ownership 39 47 102 111
Totale 79 139 254 301

Note: “—"" — studies have not been conducted.
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Table 3

The incidence of viral immunodeficiency in cattle

Cattle age groups
Ownership 3—6 months (1) | 7—18 months (I1) | 1.5-5years (I1l) | >5years (1V)
BIV+, No/% BIV+, No/% BIV+, No/% BIV+, No/%
“Yagodnopolyanskoe” Ltd. 5/12.5 18/22.5 8/9.4 38/57.6
FEEVT "Krasnokutsky - - 5/25.0 13/65.0
Veterinary College
“Ozernoe” LTD — — 2/16.7 12/60.0
“Trudovoe” LTD:
Locale cattle B B B 6/35.3
European cattle — — — 8/53.3
Canadian cattle — - 14/70.0 38/73.1
EPF “Zarya” - - - -
Private ownership 3/7.7 6/12.8 12/11.8 48/43.2
Totale 8/10.1 24/17.3 39/15.4 163/54.1
Note: “—"" — studies have not been conducted.

Veterinary College”. The most commonly BIV-
infected animals occurred among imported from
Canada cattle — 70.0% (14/20). The prevalence
of BIV-provirus in 1V cattle group was 54.1%
(163/301) and oscillated between 35.5% (6/17)
in local cattle of satisfactory by leukemia farm
and 73.1% (38/52) in imported from Canada
cattle. In cattle of disadvantaged by leukemia
farms, infection rate was within the order of 60
percent. Less infected animals were detected
among private ownership cattle — 43.2% or
48 out of 111 tested animals. All the 27 blood
samples of EPF “Zarya” were negative. Our
research results correlate with the St Cyr Coats
et al (1994) data, which revealed that the BIV-
positive cattle are mainly recorded among adult
animals: 29% of cases among cattle of 3—4 years
and 70% among cattle of 7—10 years.

Other researchers’ studies correlate with
our data. In Canada, the highest retrovirus
infection rate was achieved in farm herds (up
to 89%) and in private ownership animals it
was 20.8—-37.4%, as well as in Argentina indi-
vidual and herd prevalence levels was scale up
to 32.8% and 84%, respectively, and in Japan
it was 28.6% and 68.1% at the individual and
herd levels, respectively. In Iran retrovirus
infection prevalence rate in herds constituted
64.7%, while in private ownership cattle it was
from 17 to 24.6% [8]. It may be due to closer
contact between farmers’ cattle, the possibility
of iatrogenic spread of infection when carry-
ing out therapeutic and diagnostic activities,
predisposition to disease of highly productive
animals and other factors determined by the
peculiarities of the acquisition, feeding and
housing of animals.

Clinical manifestations of an immunode-
ficiency state were observed in 29.7% of the
examined animals. The most commonly BIV-
infected animals had evidence of mastitis, me-
tritis, placenta retention, respiratory syndromes
and gastrointestinal tract dysfunction, as well as
regional lymphadenitis. It should be noted that
in most cases there was a combined develop-
ment of symptoms, and clinical manifestations
were recurrent. According to [23] data, there
is enough experimental evidence that BIV can
cause the immune system dysfunction in ani-
mals, which makes them vulnerable to secondary
infections. It is explained by the diversity and
not the specificity of the BIV infection clinical
manifestation [1].

BLV infection in cattle. Results of cattle blood
PCR testing have been summarized in Table 4.
The incidence of enzootic bovine leucosis among
cattle of the Saratov region is sufficiently high.
According to results of 1V group animals’ blood
testing, PCR analysis allows to identify the BLV
carrier state in 2 samples out of 17 (11.8%), even
when the AGIDT negative cattle have not shown
the antibodies presence. Among the imported
from America (Canada) and Europe (Slovakia
and Estonia) cattle only a few respondents have
been positively to AGIDT, when conducting
research into a period of quarantine (within
1%), most of the animals were latent carriers of
infection. However, in accordance with the results
of PCR studies the imported cattle of this group,
BLV infection was reviled 33.3% (5 samples
out of 15 in European cattle) and 26.9% (14
samples out of 52 in Canadian cattle). In cattle of
disadvantaged by leukemia farms, BLV-infection
rate was within the order of 70.0 75.0%, while
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