TOCIIOJIAPCHKHUX KYJIBTYpP B IIJIOMY; 1Ie Ha0yBa€e opM «miarapy» Ta YOpHUX IUISIM Y KyKYPYII3H, )KOBTYXH Y IIYKPO-
BUX OYpsIKiB, 3HW)KEHHS 3aJIUCTSHOCTI 1 BCUXaHHS BEPXiBKH ILIOOBHX JIEPEB; y TBAPUH 3HW)KEHHSI aKTHBHOCTI (pe-
pMmeHTIB (docdaTtas, docdopinasi, i30TIMOHHOI JETiApOreHa3n) CHPHUsIE MOCTA0ICHHIO CHHTE3y OUIKIB, MPOIECIB
KPOBOTBOPEHHI 1 AWXaHHS, 10 TMOTIpIIye CTaH OMIPHO-PYXOMOro anapaTy (0COOJMBO XpSIIOBOI TKAHHMHU) Ta BH-
KJIMKA€ TIePO3KC y NTaXiB, 3HIDKYE 3aILTiTHEHICTh Ta MiBUIIYE PIBEHb CMEPTHOCTI 1 MEPTBOHAPO/KEHHX Y KODIB; y
JIIO/IMHHU TIPY HECTadi MaHTaHy y OpraHi3Mi pO3BUBAETHCS TiIIOXOJIECTEPiHEMIs Ta [ia0eT HeUYTIMBUHN 10 1HCYIiHY.
OpHak, BpaxOBYIOYH cepenHio 6iodinpHiCTh MaHTany (6,9—7,5 3a koedillieHToOM 010JIOTIYHOTO MOTJIMHAHHS), HeOe-
3MeKa UX eKOJIOTTYHHX 3arpo3 Mae BUCOKY iMOBipHiCTh. Hami MenuKko-eKomoriuHi JOCIiKeHHsl CBiI4aTh, 10 Ha
TepuUTOpii aJIMiHICTpaTUBHUX OO1acTel cyOperioHy YKpaiHu i3 HecTaduelo MaHraHy 3pOocTae piBeHb 3aXBOPIOBAHOCTI
Ha JiabeT cepel IUTAI0ro HaceneHHs: 10 1,5 pa3iB nopiBHsHO i3 aHmmadTamu JlicoBoro ripcekoro periony Kap-
maT 3 Horo 610reoXiMiyHOI HOPMOFO.

YV meoicax 6ioceoximiunozo cybpeciony naonuuky Zn — HeiH(QEKIiHI (HiTONATONOTIT MPOABICHO APiIOHOIUCTIM
(y dopmi apiOHHUX BY3BKOTO TMOKOBKJIOIO 200 KOBTYBATO-3€JIEHOT0 JIUCTSI), HEKPO30M ab0 PO3ETKOBOIO XBOPOOOIO
y 3J1aKiB, OBOYEBHX 1 ILIOIOBHX KYJIBTYpP; B OpraHi3Max TBapHH i JIIOAWHU nopyieHHs ¢GyHkuii nonan 70 depmen-
TiB IO MICTSATh LMHK, HETATUBHO BIUIMBA€ HA IPOLIECH 3aCBOEHHS CUIIIKATIB, JIEHHS KIITHH i BYIJIEBOJHEBO-
O1JIKOBOr0 OOMiHY, III0 BUKJIMKAE 3aTPUMKY POCTY, IOCIA0IIOE ICUXO-(I3NYHUNA PO3BUTOK, 3HIDKYETHCS IMYHITET
Ta TPOSIBIISIETBCS y CBIMCHKMX TBAapWUH aHEMisSMH, JIer€HepaTUBHUMH NATOJOTISIMH 1 IepeayacHUM CTapiHHsIM. B
YMOBax JIOKQJBHOTO TEXHOTEHHOI'O0 3a0pymHeHHs Zn aTtMoc(epHOro TOBITpS 1 3eMeib (BUKAAAMHU
KaM’SIHOBYTUIBHHX TEIUTOEIEKTPOCTaHIIH, BIAXOMAMH JIMBAPHUX MiJANPUEMCTB IHIIL) 3HIKYETHCS YpPOXKaiHICTH
3€pHOBUX KYJIbTYp, OypsikiB, 0000BuX, kaprorut Ha 20-47%; IMHKOBA IHTOKCHKALlisl Y TBAPHH 1 JIIOJAUHH OOYMOB-
JIIOE 3HIDKEHHSI BMICTY KaJblito i ¢ocdopy y KpoBi i KicTkax, MOpYIIEHHs 3acBOeHHs (ochopy; y Jitoael akTHBHO
PO3BHBAIOTHCSl OCTEONOPO3, OHKO3aXBOPIOBAHHS, MiJBHIIYETHCS PIBEHB IYKPY y KPOBI, a Takox crerudivyni ¢op-
MU OTpyeHHs. BpaxoByroun Bucoky 6iodinpHicTs muHKY (10,8—11,8 3a koedimieHTOM Gi0JIOriYHOrO MOTJIUHAHHS),
HeOe3MeKa [UX eKOJOTIYHMX 3arp03 Ma€ BUCOKY IMOBIpHICTb.

BucnoBku. OcHOBHI OioreoximiuHi MeTonu y0e3neuyroTs (pOpMyBaHHS HayKOBO-OOTPYHTOBaHMX BHCHOBKIB 1
MIPOTHO3IB  arpOeKOJIOTIYHMX JOCHIDKEeHb XIMIUHOI cKi1anoBoi arpocepu. Lle 3actocyBanHst OioreoxiMi4HOTrO pa-
HoHyBaHHs arponanamadTiB 3aMiCTh aJMIHICTPATHBHOTO, KUIBbKICHE OLIHIOBaHHS MpOILEciB OiOreHHOI Mirparii y
CHCTEMI «TipCBKI TOPOIU—BOIN—TPYHTH—CIILCBKOTOCIIOAAPCHKI KYIBTYpH» Y TPOJOBXKEHHS arpoxXiMidHOrO BH-
BYEHHSI IPYHTIB, MEIMKO-EKOJIOTUHE MPOrHO3YBaHHS 3aXBOPIOBAHOCTI HACENIEHHS, POCIHH, TBapHH. Teopis Ta me-
tojonorist BueHHs B.l. BepHajckkoro npo 6iocdepy 103BoIIsIE BUABITH SIK JiHIMHI 010reoXiMi4Hi 3aKOHOMIpHOCTI
¢yHKIIOHYBaHHS arpocdepu, Tak i CIHEPreTW4HI arpoeKOJIOTi4HI 3arpo3d Ha 3€MIISIX CLIbCHKOTOCIIONAPCHKOTrO
MIPU3HAYCHHSI.
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Inemumym azpoeronocii i npupodoxkopucmysanns HAAH

TOKCHUYHA 11 CTIHHUX BOJ1 MOJIOYHUX BJIOKIB TBAPUHHUIIbKUX ®EPM
Bucesimneno pesynomamu docniodicenns moxkcuyHoi Ot cmiuHux 600 MOAOHUHUX OJIOKIE MEAPUHHUYBKUX hepM Ha
OpeaHizmMu pizHO20 PieHs opeanizayii, 30Kkpema, pakonooioui i pocaunu. Bemanoeneno, wo oaguii 6invw vymaugi
00 CMIYHUX 800 MOJOHHUX OJIOKIS8, a POCIUHU MOAepanmui 00 ix Oil. IlpueHivenHs npopocmanHs 6i6Cy I peducKu 3a
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6NIUBY CMIYHUX 600 6l0Oysacmbcs auute y neputy 000y. Uepes 72 200. uucio npopocioco HACIHHA NPAKMUYHO
BUDIGHIOEMBCS 13 KOHIMPOTIEM.
Karou4osi ciioBa: criuHi Bony, TBApUHHUIBKI (PepMH, TOKCUYHICTh

Jlo ofHOTO i3 THUMIB BigXOIB, KU IOB’S3aHUH 3 MPOLIECOM JOTHHS KOpIB, HAJISKaTh CTiYHI BOIU MOJIOYHUX
OJIOKIB TBapUHHHUIBKHUX (hepM. BOHU MICTATH BiANpanboBaHi pO3UMHN MUMHUX Ta MUHHO-AE31H(DIKYyIOUHX 3aC00iB,
3aJIMIIKA MOJIOKA, SIKE€ 3MUBAETHCS 3 BHYTPILIHIX OBEPXOHB JOUIFHOTO 00JIaIHAHHS, CEUY KOPIB, 3QJIUIIKH KOPMY,
migcTiiku Tomo [5, c. 418; 1, c. 241]. Li cToku MOXYTh CKHAATUCS Y BOIOWMHU Ta IPyHTH, 3[1e0iIbIIoro 6e3 0yb-
SIKOT TIOTIEPEIHBOT OYHUCTKH, [0 MOXKE MIPU3BECTH 10 1X 3a0pyaHeHHs [2, ¢. 138)].

Haii0inpin npuiaTHUM METOAOM BH3HA4YE€HHS TOKCHYHOCTI CTIYHHX BOJ € OIOTECTYBaHHS 3 BHUKOPHCTaHHIM
MIPUPOJHHUX OPraHi3MiB (POCIUH, PAKOIMOAIOHMX TOLIO), SIKMW O3BOJISIE B KOPOTKI TEPMiHH OTPHUMATH IHTETrpajIbHY
OIIHKY iX mii [3, c. 83].

Merta OCHIKEHHS TONATalla y OIIHIOBaHHI TOKCHYHOI il CTIYHHMX BOJ MOJIOUHHX OJIOKIB TBapUHHHIIBKUX
¢depM. BIuuB CTiYHMX BOX MOJIOYHHUX OJIOKIB Ha Daphnia magna BusHaudanu 3rigao 1SO 10706:2000 [7, c. 1-14].
JlociipKeHHs! BIUTMBY CTIYHUX BOJI Ta IX PO3BENEHb HA CMEPTHICTh D. magna 3a 96-ToJJMHHOI €KCIIO3HIIiT IPOBO/IHU-
JIM Y BOCBMHU NOBTOpeHHsX. [Ipy BU3HAUEHHI TOKCHYHOCTI 3a HIBUJKICTIO MPOPOCTaHHS HACIHHS POCIMH HACIHHS
penucku YepBonwii 3 6inum kinuukoM (UBK) (Raphanus sativus var. radiculata) i BiBcy (siporo) (Hordeum vulgare
L.) copty Bycon poskiananmu (o 50 mir.) piBHOMipHO Ha (GiIbTPYBaJIBHUI Mamip B yaimku [leTpi i HaauBamu 1O
5 cm® nmocmimkyBaHoi ctiuHoi Boau. [lorim wamrku 3anummanu 3a temnepatypu 20 °C. HIBHAKICT MpopoCTaHHS
HACIHHS OIIIHIOBAJIM BIPOJOBXK 72 TOX. TPUPA30BO 3 iHTepBajioM y n00y. KoHTponem Oyna mkepenbHa Boma. Ek-
CTIEPUMEHTH TIPOBOJIMIIM B I1’ITU MOBTOPEHHSX [4, c. 45].

Bu3HayeHHs i1 CTIYHMX BOX Ha PIiCT POCIUH 3AikicHIOBaM 3rifHo i3 ISO 11269-1:2012 [6, ¢. 1-15]. Jisa Bupo-
LIyBaHHS KyKypya3u (Zea mays L.) copTy AMapoK BUKOPUCTOBYBaJIM LIMIIIHAPHYHI TOPIIUKH 1iaMeTPOM OJIU3BKO 8
cM 1 Bucororo 11 cM. /lyist BUpOIyBaHHSI BUKOPUCTOBYBAJIM KOHTPOJIBHUH CipUii JTICOBHH IPYHT.

VY rpynr BHocwim 1000 MI/Kr cTiuHOI BOOM Ta perenbHO mnepemimryBanu. Jlocmimkenns npooawmm y 10-
pasoBomMy moBTopenHi. CtiuHi Boxu Oynu BifiOpani 3 ceqo30ipHuka TBapuHHHUIBKOI hepmu CBK «3ops» c. Cras-
yanu, KirqMaHCchKOro paiiony, UepHiBeIbKOi 00J1aCTi.

HatuBHi cTiuHi Bomu Ta ix po3senenns 1 : 1, 1:21 1 : 3 Bxe uepe3 24 roxa. Bukiukaimu 3aruoens 100% nadHii.
I3 3MeHIeHHsIM pO3BEACHHS CTiYHUX Box a0 1 : 20 ymeTanmbpHicTh AadHIN 3a ekcro3ullii 48 roa. 3HWXKyBantacs Ha
6,0% mopiBHIHO i3 HaTUBHUMU. 3a po3BeneHb 1 : 40, 1 : 60 1 1 : 80 Ta 1i€i sk excro3uilii BiIOyBaIOCS 3MEHIIICHHS
cMepTHOCTI nadHii Ha 14,0%, 51,0% Tta 83,0% BimnoigHo. MiHiMalbHE PO3BEICHHS, MPH SIKOMY CTIYHA BOJA HE
MAa€ TOCTPoi TOKCHYHOI /il Ha JOCIIKyBaHUH BOAHUI TecT-00’€KT, craHOBHUTSH 1 : 100.

BcranoBieHo, 110 cTiyHa BOZAA MOMITHO BIUIMBA€ Ha MPOPOCTAHHS HACIHHS BIBCY Ta PEIHMCKH JIMILIE B MEPIIY
o0y excriepuMeHTy. [Ipu 1bOMY KiJBKICTh IIPOPOCIOro HaciHHsA MeHIie st BiBcy Ha 9,0% i pemaucku 6,4%,
MOPIBHAHO 3 KOHTpoJieM. Uepe3 72 rof. YUCI0 MPOPOCIOro HACIHHS B JOCTIAaX 3 HATUBHUMU CTIYHUMH BOIAMH 1 B
po3BezneHHi | : 1 mpakTHYHO BUPIBHIOETHCS 13 KOHTpOJIEM. [HriOyBaHHS MPOPOCTAaHHs HACIHHS HATHBHOIO CTIYHOIO
BOJIOIO MaiiKe HE MPOSBIAETHCA 1 cTaHOBUTH 1,4% 1 3,3% 1u1a BiBCy 1 penucku Biamosiano (P<0,05).

Hamu Oyno BU3Ha4Y€HO BIUIMB HATUBHOI CTIYHOI BOJM MOJIOYHOTO OJIOKY Ha PO3BHTOK KYKYPY/I3H Ta 3aTPHUMKY
pocry ii kopeHsi. Bu3HadeHo, o 3a BMiCTy B IPYHTI HaTHBHOI CTiYHOI BOAM MOJIOYHOrO OJIOKY y KiymbkocTi 1000
MI/KT CIIOCTEpIra€eThCs 3MEHIICHHS Macu crebiia Kykypymsu Ha 32,5% (P<0,001), moexunu crebma Ha 32,8%
(P<0,001) Ta momxwunu xopens Ha 18,2% (P<0,001) mopiBHSAHO 3 KOHTpOJIEM, IO CBIAYUTH MPO HU3BKHI PIBEHBb
¢iTorokcuyHocti. 3a BMicty y IpyHTi 1000 Mr/kr po3BeneHHs cTiyHol Bomu 1 : 1 crocrepiraerbesi 301NbIICHHS
MacH crebi1a Ha 26,9%, Woro noBxuHu Ha 28,1% Ta MOBXKHHU KOpeHs Ha 7,5% MOPIBHIHO 13 HATUBHUMH CTOKAMHU.

TakuM 4YMHOM, TOKCHYHA Jis CTIYHHX BOJ I10J0 AadHiii Moke OyTH TOB’si3aHa 3 BMICTOM Y JOCIIDKYBaHUX
3paskax MHHHHX 1 Je3iH(DiKylounx pedoBUH. Tomy mpu BUOOpI MHHHUX 1 Ae3iH(IKYIOUHX 3ac00iB Ui AOLIBHOTO
o0JaiHaHHS HEOOXiHO BPaxOBYBaTH iX MAKCUMAIIbHY €()EKTHBHICTh Ta HU3bKY TOKCHYHICTb.
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BIOTECHNOLOGIES FOR LIMITING THE EMISSION OF NITROGEN COMPOUNDS INTO WATERS FROM POINT AND
NON-POINT SOURCES OF POLLUTION FROM AGRICULTURE

INTRODUCTION. One of the main causes of pollution of surface, underground and also coastal waters is the in-
tensification of agricultural production. In 2012, as much as 45% of the total nitrogen load and 34% of the total
phosphorus load discharged by rivers to the Baltic Sea came from Poland (HELCOM 2018). The main problems are
surface and subsurface runoff from arable fields as well as improper management of animal manure. Leachate from
unprotected sites of storing solid manure and leaking floors of livestock buildings often cause exceeded acceptable
standards. Nitrogen from agricultural activity usually is emitted to the environment in nitrates (NO;") and ammonia
(NHj;) or in nitrogen peroxide (N,O). In order to limit the negative effects of agriculture on the natural nitrogen cy-
cle and on the environment, including ozone layer, water eutrophication, land acidification and biodiversity decline,
a number of guidelines have been adopted, specifying direct action to minimize or prevent these effects (Galloway
2003). Counteracting the negative effects of excess nitrogen in the environment must be related not only to limiting
the load of this element flowing into the basin from agricultural areas, but also with the possibility of accelerating
the biodegradation of pollutants and binding them in the so-called a hard-to-reach pool (e.g. accumulation in plant
tissues). In the case of nitrogen compounds, denitrification and nitrification processes play a key role in their trans-
formations.

The aim of the work was to assess the use of denitrification deposits in the context of limiting the emission of ni-
trates to groundwater from point and diffused sources in rural areas

METHODOLOGY AND RESULTS. Two biotechnological solutions were used in the research to protect waters
against point and non-point pollution from agricultural production: vertical deposits to protect waters against sur-
face pollution and horizontal deposits for manure storage (Figures 1 and 2). The above technologies use the so-
called denitrification deposits with a carbon substrate, constituting the basis for horizontal and vertical barriers
(Bednarek et al., 2010, 2014). The deposits use the natural denitrification process with the participation of microor-
ganisms. Denitrification bacteria, commonly found in the soil environment, reduce NO; to N,, using carbon com-
pounds as an electron acceptor for growth. These transformations can be presented as follows: NO3™ (V) — NO,-
(IIT) — NO (II) — N,O (I) — N, (0). In the leachates from manure dumps, NO;™ dominates. In the case of cattle the
ammonium (NH, ") predominates. Nitrifying bacteria inhabiting the soil profile oxidize NH," to NO5", and these in
turn under appropriate conditions can be reduced by denitrification to molecular nitrogen (N,), thanks to which the
nitrogen cycle is closed without adverse effects on the environment.
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Fig. 1. Horizontal denitrification deposit for manure storage sites
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