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Use of the Air Pollution Summary Calculations for Industrial Emission Regulation
in the City of Belgorod

Andrey E. Borovlev?#:*, Evgenia Ya. Zelenskaya ?
a Belgorod State National Research University, Russian Federation

Abstract

The problematic issues of the industrial enterprises emission quotas justification on the
atmospheric air pollution summary calculations for the Belgorod city environment taking into
account the stationary and mobile sources are considered. For solving a problem, the complex of
research and development it to be performed including: remote measurement of the atmosphere
temperature profile using the MTR-5 profile meter, fine particles content determination at the
points of air pollution control using the OMPN-10.0 dust meter (based on the Dust Trak optical
unit); the cement production rotating furnaces and steel pipes production furnaces heavy metals
air release determination; soil ecological condition assessment in the industry’s release
contamination zone using the integral calculation score as a basis for the areas contaminated with
heavy metals remediation needs justifying, as well as for selecting appropriate designing solutions
most environmentally and economically appropriate in the specific conditions. Proposals are
presented for the computational monitoring of air pollution with suspended particles RM10 and
RMz2.5 based on GIS analysis of instrumental research data, as well as on the results of calculations
of the total atmospheric pollution with solid particles. An original approach to the geoecological
assessment of technogenic air pollution influence on unsealed soils of the functional zones of the
city for the environmental regulation of industrial emissions of carbonate dust into the air on the
basis of the allowable contributions of enterprises to air pollution establishing is proposed.

Keywords: particulate matters, settlement monitoring, technogenic impact, stability of
soils, functional areas.

1. BBegenue

s KOMIUTEKCHON U Oosiee OOBEKTHUBHON OIIEHKU BO3JIEHCTBUS Ha aTMOC(EPHBIA BO3IyX
OOBIYHO HCITOJIB3YETCSI HOPMAaTHUB JIOMyCTUMOM aHTPOIOTEHHOW HArpy3ku. Ero ocob6eHHOCTBHIO
SIBJISIETCSI TO, UTO OII€HKA BO3JIEHCTBUSA HA OKPYKAIOIIYIO CPEZy OCYIIECTBIISETCA C YUYETOM BCEX
HMCTOYHUKOB BO3/IEICTBHS B IIPEZiesIaX ONpe/ieJIeHHON TeppuTOpur. Tak HOpMaTHB aHTPOTIOTEHHOU
Harpy3kud Ha aTMocgepHBIA BO3AyX OMIpEAesseTcs Ha OCHOBE Pe3YJIbTaTOB CBOJHBIX PAacueTOB
3arpsi3HEHUsT aTMocepHOro Bo3Ayxa (CBOAHBIE pacueThl), T.e. PACUETOB IPHU3EMHBIX
KOHIIEHTpalli 3arpA3HAINX BEIIeCTB 10 JAaHHBIM 00 MX BBIOpOCAX OT BCEX HCTOYHUKOB
CTAI[MOHAPHBIX WM TMEPEABIIKHBIX HCTOYHHUKAX 3arpsA3HEHUs aTMocdephl, PacHoJIOKeHHBIX Ha
TEPPUTOPUU Topojia. Pe3ysbTaThl HCIOJIB30BAHUA CBOJHBIX pacueToB Kak 3(GdEeKTHBHOTO
WHCTPYMEHTA I TPOTHO3UPOBAHUA COCTOSIHUA OKpYXKaIled cpeApl W IJIAHUPOBAHUA
IIePCIEeKTUBHOTO Pa3BUTHsA KOHKDETHBIX TEPPUTOPHUM, IpejcTaBiieHbl B paborax (Bosikozjaena,
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Kanuan, 2009; BosikomaeBa, Kucesnes, 2017). IIpu 3ToM, 0co60e BHIMaHUE yAEIAETCA BOIIPOCAM
HEraTUBHOTO CHIKEHUsI BRIOPOCOB HA OT/EeIbHbIEe KOMIIOHEHTHI IIPUPOIHOMN CPeIbl U COXpAHEHUE
5KOCHCTEM C yUeTOM COOJTIOIEHUs 9KOJIOTHUYECKUX HOPMATHBOB KauecTBa aTMOC(EPHOTO BO3/yXa.

Metoauueckoe obecrieueHue pabOT I BBIIIOJTHEHUS CBOJHBIX PACUETOB U OIpeesIeHUs
JIOIIYCTUMBIX BKJIQJIOB B 3arpsi3HeHUe aTMocdepbl (KBOTHpOBaHUE BhIOPOCOB) paspaborano HUU
Atmocdepa (Mertoamueckoe mocobue..., 2000; Pekomenmanwu..., 2003). B cooTBercTBUU ¢
IIpukasom I'ockomakosoruu N2 66 oT 16.02.99 T. «O IPpUMEHEHUN CHUCTEMBbI CBOJHBIX PAaCueTOB
P HOPMUPOBAaHUU BBIOPOCOB» YK€ OBLIM MPOBEJEHBI CBOJHBIE PACUeThl B Ps/ie KPYITHBIX
roponoB Poccutickoit ®enepanuu (Caukr-IletepOypr, Actpaxaub, Besn. Hosropos, Boponex,
ITepmb, IIckoB, Kamyra). B Bearopoyckoi ob61acTv CBOHBIE pacueThl ObLIA BHITTOJTHEHBI B TIEPUO/T
2007—-2008 rT. B ropomax bemropoxa, I'yokun m Crapsiii Ockos (Boposses, 2007). OmHako,
HOpPMATHBHbBIE JJOKYMEHTHI, PErJIAMEHTUPYIOIINE IOPSAIOK KBOTHUPOBAHUs BBHIOPOCOB, HE WMETH
COOTBETCTBYIOIIIETO IOPUAUYECKOro obecreyeHus. ITO 3aTPYAHSJIO BHEJIDEHHE pe3yJIbTaTOB
CBOJHBIX PACUETOB B MPAKTHUKY BO3AYXOOXPAHHOU JieATeabHOCTH. Hampumep, 1y obecrieueHus
JIETUTUMHOCTH pe3yJIbTaTOB CBOJIHBIX pacyeToB B CaHkT-IleTepOypre ObLIO pa3paboTaHO H
BBINYIIIEHO 11 IIPABOBBIX U METOJIMUECKUX aKTOB. BMecTe ¢ TeM, II0 HUTOTaM 3acelaHWUs
TocymapcrBeHHOTO coBeTa o Bompocy «O0 skosoruueckoM pasButuu Poccuiickoit ®eneparuu B
HWHTepecax Oy/yIuX MOKOJEHU» OT 27.12.2016 T., [Ipe3uneHT Poccuiickoit Penepariuul yTBepauI
nepeueHb nopydenuii. Ogao n3 Hux (IIp-140T°C, n.1 mynkT 6) npexnuceiBaeT [IpaBurenbctBy PO
BHECTU B 3aKOHOJIaTeIbCcTBO Poccuiickoit Pesepariuy n3MeHeHUs, HallpaBJeHHbIE HA CHUKEHUE
BBIOPOCOB BPEMHBIX (3arpA3HSAIOININX) BEIIECTB B aTMOC(EPHBIN BO3/yX, U MPeAyCMaTPHUBAIOIINE
pa3pabOTKy W YTBEpP)KIEHHeE IOpSAKa BBIIOJHEHUS CBOJAHBIX PAaCUyeTOB W WX IPUMEHEHUS IPHU
HOPDMHPOBAaHHH BBIOPOCOB BpeAHBIX (BarpssHsiomux) BemecTB. CorsacHo «CrpaTteruu
9KOJIOTHYECKOH Oe3ormacHocTH Poccmiickoin ®@enepamuu Ha TEPUOJ A0 2025 Tofa» OTHUM U3
OCHOBHBIX MEXaHU3MOB peajn3allid TOCYJapCTBEHHOW IIOJIUTUKH B cdepe obecrieueHUs
9KOJIOTUYECKOU 0e30IIacHOCTH sIBJISIETCSI TNPUMEHEHHWE CHCTeMbl CBOJHBIX pAaCyeTOB IS
TEPPUTOPUN TOPOZOB C YYETOM PAacCIOJIOKEHHBIX Ha 5THX TEPPUTOPUAX CTAallMOHAPHBIX W
MePE/BIKHBIX HCTOYHHUKOB 3arps3HEHHs OKpYKaoIled cpeabl. B  Hacrosimee Bpems
MuHnpupospl Poccuu BHeceH Ha pacCMOTpeHHE B 3aKOHOJIaTEJIbHBIM OPTaH CTPAaHBbI IPOEKT
denepanpHoro 3akoHa «O BHeceHuu usMeHeHudl B @enepanbHblii 3akoH «0O06 oxpaHe
aTMocdepHOTO BO3/IyXa» W OT/eIbHbIe 3aKOHOaTeIbHble aKThl Poccuiickoii ®eyepaniuy B 4acTu
obecrieyeHUsI CHUKEHUs 3arpsi3HEeHUs] aTMOC(HEPHOTO BO3/AyXa», IMPeayCMaTPUBAIOIIUHA MTOPSIOK
ompezieJIeHusI IOMyCTUMbBIX BKJIAJIOB MPEANPUITUHN B 3arpsA3HeHHe aTMOChEPHOTO BO3/TyXa.

Takum 00pa3oM, OKHZAeTcs, YTO B OJIMKaMINEel IePCHEKTHBE HCIIOJIb30BAHUE CBOHBIX
pacueToB BOWJIET B MPAKTUKy HIPUPOJOOXPAHHOU JiesiTeIbHOCTH. I[loaToMy, B mpeaaBepuu
IPOBEIEHUSI CBOJIHBIX pacueToB B benropozickoi ob6sactd, Ieecoo0pa3HO PaccMOTPETh
Mpo0JIeMHbIE BOIIPOCHI, BO3HHUKAIOIIKME IPU MPOBEAEHHN PabOT 10 HOPMUPOBAHHUIO BBHIOPOCOB
MIPOMBIIIJIEHHBIX TPEANPUATHA Tropojia benroposa ¢ MCIOJb30BaHUEM Pe3YyJIbTATOB CBOJIHBIX
pacueToB 3arpsi3HeHUs1 aTMOCGHEPHOTO BO3/IyXa.

2. O0'BbeKThI U METOAbI UCCAEA0OBAHUA

OObeKkTaMH HCCIIEZJOBAHUA ABJAIOTCA HCTOYHHUKHU 3arpsA3HeHUus aTMOchepHOro BO3/yXa,
pacrosiokeHHble Ha TeppUTOpUM ropoza besaroposa, miomazpo 160.6 KM2 U YHCIEHHOCTHIO
HaceJleHUA 391.1 ThIC. YesioBeK. ExkeromHo B atMocdepy roposa BeiOpackiBaercs 6osiee 37 ThIC. T.
3arps3HAIMX BemecTB (3B), a oblmee KOJIWYECTBO CTAIMOHAPHBIX HWCTOYHHUKOB 3arps3HEHUS
atmocdepsl (M3A) npesimraer 3000. B 06beme BbIOpocoB 3B 710151 cTalliOHAPHBIX UCTOYHUKOB
cocTasJisfeT 17.1 %, aBToTpadncnopTa — 82.9 %.

OcHOBY pabOTHI COCTAaBWJIM PacyeThbl PACCEeMBAHHUsA BBIOPOCOB BPEAHBIX (3arpsA3HAIOIINX)
BEII[ECTB aTMOC(EPHOM BO3JIyXe, ITPOBEJEHHBIE C YyUaCTHEM ABTOPOB, MCCJIEAOBAHUA 3aTrPA3HEHUSA
BOB/IyIIHOTO OacceiiHa M TOYB TEPPUTOPHH Topoja besropoaa, 6a3a /JaHHBIX CBOJAHOTO TOMA
IIpefieJIbHO JIOMyCTUMBIX BBIOpPOCOB mnpennpuAtuil r. besiropoza, paspaboTaHHas aBTOpaMH.
OneHKa CAaHUTAPHOTO COCTOSHUSA BO3ZYIIHOTO OacceilHa W MOYB TeppuUTOpUU ropoja besiaroposa
IIPOBeZIeHA B COOTBETCTBUM C JIEWCTBYIOIIUMU CAHUTAPHO-3TH/IEMHOJIOTHYECKUMU TPeOOBaHUAMU
K kauecTBy atMocdepHoro Bo3ayxa (CanlluH 2.1.6.1032-01) ¥ MOYB TEPPUTOPUU HACEJIEHHBIX
mecT (CaulluH 2.1.7.1287-03).
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B wmccrmemoBaHuu 1A pacueTa 3arpsA3HEHUs aTMocdepsl HCIOIb30BAIIM IPOrPAMMHOE
obecrnieuenne «JKoyor» GpUpMbl «IHTerpas», a TakkKe cJIeAyIOIIe MeTO/Ibl: KapTorpaduiecKui,
MaTeMaTUKO-CTATUCTUYECKUH, MeTOJIbI MAaTeMaTHUYeCKOTO MOJEJNPOBAHUA U  CHCTEMHO-
(GYHKIMOHAIBPHOTO aHaMM3a. AHaJIN3 IPOCTPAHCTBEHHOTO pacupeneseHus 3B B atmocdepHOM
BO3/lyxe U TeppuTopuu ropoza BbimosiHeH B I'MIC Meromamu oBepiies, UHTEPIOJALUH U
MIPOCTPAHCTBEHHOU CTATUCTHUKH.

3. Pe3ysbTaThl HCCIEA0OBAHUA U UX 00CYyXKAEeHUE

B mporecce mpoBezieHHA CTOJIb CJIOKHOM U 00BEMHOUN pabOThl KaK CBOJHBIE PACUYETHI
BO3HUKAET IeJIbIN psAJT mpobJiieM, Hanbosee Ba>KHbIe U3 KOTOPBIX KPATKO PACCMOTPEHBI HUIKE.

PacuerHas mozenp «MeToabl pacuyeToB pacCerMBaHUs BHIOPOCOB BPEAHBIX (3arpsA3HSIONINX)
BelllecTB B aTMOChepHOM Bozayxe» (momaieskaT obs3aTeTbHOMY IPHUMEHEHHIO ¢ 1.01.2018 T.)
(O6 yTBEp:KIEHUN METOOB..., 2017), KaK U paHee JeWUCTBYMOINas 70 ee BBeleHUs «MeTomuka
pacueTra KOHIIEHTpAIMi B aTMOC(HEPHOM BO3/[yXe BPEHBIX BEIIECTB, COJIEPIKAIIMXCSA B BHIOPOCAX
npennpusatuii» (OH/[-86), He yIUThIBaeT peayibHbIE U3MEHEHHS TEMIIEPATYPHOU CTPATH(UKAIIUN
B TOM MECTE, JIJII KOTOPOTO BBINOJTHAETCA pacueT MPU3eMHbBIX KoHIleHTparui 3B. Tak B pacuere
MaKCHUMAaJIbHBIX MTPU3EMHBIX KOHIeHTpanuii 3B ucmosnb3yercs koaddunueHT A, 3aBUCAIUN OT
TeMIlepaTypHOU cTpaTudukKanuu arMocdepbl, YCTAHOBJIEHHBIH OJHUM 3HAUEHUEM I Ppsfia
perunoHoB Poccutickont @enepanmu. [Ipu 3ToM pacuyeTHON MOZEJIBIO IOMYCKAETCsA, YTO 3HAUEHUs
kod¢dunmeHTa A MOTyT OBITh YTOYHEHBI C YIETOM KJIMMATHYECKUX U (PU3UKO-TeOrpadUIecKux
YCJIOBHH pacCMaTPUBAeMOI MECTHOCTH.

[IpoGsieMHOIT sABJIsIETCA OIEHKA AadPOTEHHOTO 3arps3HEHHA CeJIUTEOHOU TEepPUTOPUH
MEJIKOJIUCIIEPCHBIMU B3BEIIEHHBIMH 4YacTtuiiaMu — PM10 u PM2.5 (bpakiuu TBEPABIX YACTHIL C
adpOAMHAMUYECKUM JHaMeTpOM MeHee 10 MKM M MeHee 2.5 MKM). B ropogax Besnropozckoit
obJracTu Ha CTallMOHAPHBIX IMOCTax PocruzpomMera onpeiessieTcss TOJIbKO 001as mblIb, T.e. CyMMa
B3BellleHHbIX BelecTB — TSP (total suspended particulate), KoTopasi BKJIIOUAeT BCe HAXOISIIHAECS
B BO3/[yXe TBep/ble YaCTHUIIbl. MOHUTOPUHT 3arps3HeHus aTMocdephl o nokasareasm PM10 u
PM2.5 B HacTosiIiee BpeMsl OTCYyTCTBYET, M B OJIMIKAHIIIel MmepcrekTrBe He IiaHnupyercs. OgHaKo
vactunpl PM10 u PM2.5 1o mpaBy CUMTAlOTCA OJHUM U3 OIIACHBIX BHUJIOB 3arpsA3HEHUS
aTMochepHOTO BO3/yXa, TPEOYIOIIUX CHCTEMATHYECKOTO KOHTPOJisi. TpeBOTry 5KOJIOTOB H
OOIIECTBEHHOTCH BBI3BIBAIOT (DAKTHI JIOTOJIHUTEIPHOM CMEPTHOCTH HacejleHus EBpombl u
CeBepHOII AMepUKH IIpH BAbIXaHUM vyacTull PM10 u PM2.5 (Samoli et. al., 2008). 9xoHOMUYeCKUi
POCT B a3WATCKUX CTpPaHaX CTUMYJIUPYeT AaKTUBHOE PAa3BUTHE METOJIOB MOHHTOPHWHTA
MEJIKOJIUCIIEPCHBIX B3BEIIEHHBIX YAaCTHIL /s 3TOro pernoHa mupa (Karimian et al., 2016; Li et al.,
2017; Munir, 2017). Yka3aHHBIE YaCTHUIbI MOTYT a/ICOPOUPOBATH M3 BO3/AyXa OOJIBIIIOE KOJHMIECTBO
3arpsa3HAMUX BellecTB (3B), KoTopble BMeCTe ¢ HUMHU TaK»Ke MOTYT MOMaZaTh BO BHYTPEHHIOKO
cpey OpraHu3Ma U TMPOSBJAIOT TOKCUYECKOe JeHCTBHE, YTO IPHUBOJUT K Pa3BUTHIO
CEepAIEIHOCOCYIUCTHIX, PECIIMPATOPHBIX M OHKOJOrH4Yeckux 3abosieBanuii (Reche et al., 2012).
®paknusa PM2.5 sBisieTcs 6osiee ommacHOM /i 340poBhs, ueM ¢pakuusa PM10. B crpanax EC Ha
cyeT BusAHUSA PM2.5 OTHOCAT 3 % CMEPTHOCTH OT CEPAECYHOCOCYAUCTON TATOJIOTHU U 5 % cMepTe
OT paka JIETKOTO U B IIeJIOM Ha JI0JII0 3arps3HeHus arMochepsl PM2.5 B roji mpUXoANTCA 3.1 MJTH.
ciyuaeB cmepteit (Cohen et al., 2004). Bosee Toro, kK HacTOsAIIEMY MOMEHTY €Ille HE CYIIECTBYET
OIIpeZIeJIEHHOTO IIopora, Hike Kotoporo PM2.5 He mpexacraeisuim 6b1 yrposy (Directive
2008/50/EC). CooTtHomenue mexay dpakmnueir PM10 u TSP B pasHbIX ropogax pasjiiaHO, HO B
KauyecTBe YCPEAHEHHOTO IIepecYeTHOr0 KO3(d¢UIMeHTa OOBIYHO NPUHUMAETCS BEJIMYHMHA 0.55,
obocHOBaHHasI OOJIBIIIUM YKCJIOM TMapasuieabHbix uamepennii (US..., 1994). B 1998—-1999 1T. 610
NPOBEAEHO IMapajUleibHOe u3MepeHHUe KoHIeHTpauuu TSP m PM2.5 B BocbMH Tropogax
CBep/TOBCKON 00JIaCTH ¢ pPa3HbIM YPOBHEM INPOMBIIUJIEHHOTO 3arps3HeHus. IlosrydeHHbBIE
Ko3(pPpunmenTH cooTHOIIeHUs Mexay PM2.5 u TSP BappupoBasi OT 0.07 70 0.34. YcpeaHeHUe
k023G GUITUEHTOB, ITOJIYYEHHBIX B TEX K€ MPOMBIIIUIEHHBIX TOPOaX, B KOTOPHIX I mepecyera TSP B
PM 10 6bw1 TOTyueH ko3dbduIuenT, 6JIM3KUHN K 0.55, 1aet 111 PM 2.5 BeuunHy 0.26. B pedysibrare
ompenenenuss TSP maccoBbiMm Meronom u PM10, u PM2.5 ¢ ucnosp3oBaHueM mbuiemepa «OMITH-
10.0» (Ha ocHOBe omtudeckoro 6;10ka Dust Trak, mogenp 8520, MBU N M-MBH-117-03) B pamkax
IIpOTpaMMbI HAOJTIOZIEHUH ¢ UIOHSA 2012 T. 110 Mak 2013 T. 714 T. besiroposa (60 mpo0b, mccieZloBaHHBIX
10 12 MOHUTOPHUHTOBBIM TOYKAM HA TEPPUTOPUU PA3INYHBIX (PYHKIIMOHAJIBHBIX 30H) MOJIYYEHBI
ko3 dunmenTsl cooTHomteHus st PM10/TSP, paBuble 0.595 u gy PM2.5/TSP — 0.393
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(bopoBseB u zip., 2013). ATU KOADDUITUEHTHI XapaKTEPUIYIOTCA OIPE/IeIEHHON CTaOHILHOCTHIO U
MEHAIOTCA B 3aBUCHMOCTH OT KoHIeHTpauuu TSP, 4yTo paer ocHOBaHUA i YIPOIIEHUS
MpOLIeTyPHI OIeHKHN KOoHIleHTpanuit PM10 u PM2.5 myteM ux nepecuera u3 KoHieHTpauuu TSP B
TOUKax Bo3zelcTBus. B pabore BoposiieBa u ap. (2013) U1 OIEHKHU pacIpe/iesIeHUsT B3BEIIIEHHBIX
YacTUll C YYeTOM HUX JUCIEPCHOCTH B arMocdepHOM Bo3Ayxe TI. besropoza mpeasioKeHO
ucronb3oBath ['MIC-aHamu3 JJaHHBIX WHCTPYMEHTAJIBHBIX HCC/IEIOBAHUM M PE3YJIbTaTOB PaCUeTOB
paccenBaHUs BBIOPOCOB TBEP/IBIX YACTHI, IOJYYEHHBIX C HCIIOJIb30BaHMEM 0Oasbl JlaHHbIX (basza
JIaHHBIX..., 2008). B pesysprate reomHGOPMAIIMOHHOTO KapTorpaupoBaHusA  IOJIEH
MaKCUMAaJIbHBIX TPU3eMHbIX KoHIeHTpamui TSP (Puc. 1a) ObLia BBIABIEHA 30HA ILIONIABIO
73.5Ta (2.2 % IUIOmMAAN >KWUJIOW 3acTPOUKH) B paiioHe pacmosoxkenus 3A0 «besropojackuit
nemeHT» (F), rae HaOII0AI0TCA TPEBBIIMIEHHUA B KUIOU 30He Mo PM10 no 2.5 ITIK, PM2.5 — no
2.8 IIJIK (Puc. 16). IlpencraBieHHass Ha pHUCYHKEe 1 CHTyallusi ydHThIBaeT pabotry 3A0
«benropoAckuii eMeHT» I10 ITOJTHOW IPOMU3BO/ICTBEHHOU ITporpaMmme. B ykazaHHOM ciiydae BKJIaJ
HMCTOYHUKOB BBIOPOCOB IIEMEHTHOTO IPOU3BO/ICTBA B BEJIMYUHY IOJyUeHHBIX MpeBbimeHun [1/JK
cocrautr 1mo PMi1o 86.2%, a mo PM2.5 — 914 %. B pjanpHeieMm, IpeJicTaBisgeTcCsA
11eJ1ecCO00pa3HbIM IIPOBOJIUTh PAaCYETHbIH MOHUTOPHUHT 3arps3HeHusi aTMoc(epHOro BoO3yXa
B3BEIIeHHBIMH dYacTHaMu PM10 u PM2.5 B pesysbTaTe akKTyau3alnuu 0Oasbl JAaHHBIX JJIA
MPOBE/IEHUST CBOJHBIX PACUETOB II0 MaTepuajiaM WHBEHTapU3alUui CTAI[MOHAPHBIX UCTOUHUKOB U
BBIOPDOCOB BPEIHBIX (3arpsI3HAIOIINX) BeIIeCTB B aTMOChEpPHBIH BO3/yX, BBIIOJHEHHBIX B
COOTBETCTBUH ¢ HOBBIMU TpeboBaHuAMHU (OO yTBEPKIEHUH TOPSAAKA..., 2018).

a) 6)

.

4 o B 1-1,0 NAK PM10
C — — 2-1,0 ﬂ,[lK PM2,5

Puc. 1. V301HUY MaKCUMAaJIbHBIX TPU3EMHBIX KOHIIEHTPAIUN B3BEIIIEHHBIX YACTHUI] HA
tepputopuu ropoaa bearopoza, nonu I[TI1K: a) TSP; 6) PM10o u PM2.5

HeoOxomumMo Tak:ke OTMETHTH I1eJIecOOOPAa3HOCTh IIPOBEJEHUSI OIEHKH adpPOTEHHOTO
3arpsA3HeHUs ceJuTeOHOU Tepputopuu TskeabiMu Metasiamu (TM) ropona Benroposia Ha ocHOBe
HOBBIX HCXOJHBIX JIAHHBIX TI0 TIIBUJIEBBIM BBIOpOCAM CTajleIUIaBUJIbHBIX Teuelr 3A0
«Bbemsnepromam (benropon — B39M)» u Bpamatomniuxes neueit 3AO «benroposickuii memMeHT».
B Hacrosimee BpeMs yKa3aHHBIE IIbLIEBBIE BBIOPOCHI  KJIACCUDUIUPYIOTCA KaK IIbLIb
HeopraHuueckasi ¢ cozepkanueM SiO, < 20 % (kox 2909). OgHako coryacHo (CnpaBOYHUK...,
2005), Takue TM Kak CBUHEI], MBIIIbsIK, M€e/ib, K€JIe30, KaJIMUH U Jp. MPHUCYTCTBYIOT B COCTaBe
TBEPABIX YacTull (aspo30jield KOHIEHCAI[UH), 00pa3yoIIuxcs IpU BbIIIaBKe craiei (meuu 3A0
«bemsuepromarm (benropox) — B39M»), a Tak:ke XapaKTepPHBI JIJISI aspo30Jield KOHEHCAIUH,
obpasyoomuxcss Tpu TNpou3BoacTBe 1emMeHTa (mmeunn 3A0  «DBearopoackuil  1eMeHT»).
WX opreHTUPOBOYHAS BEJIMUYMHA CyMMapHOTO BBIOpOCa, pacCUMTaHHas HAa OCHOBE VAEIbHBIX
ToKas3aresjeldl BbHIOPOCOB, IMpHBe/eHHBIX B (CIpaBOYHUK..., 2005), MOXKET OBITH JI0 20 T/TOI.
Ha ocHOBe moJIydeHHBIX JIAHHBIX MOKHO IPEIIOJIOKUTD, YTO M3 IMIPOMBIIIIEHHBIX MPEATPUATHI
ropoyia umeHHO 3A0 «benropoackuii nemeHT» U 3AO «bemuepromam (bearopoa) — B39M»
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MOTYT B CYIIIECTBEHHOU CTEIIEHU OIPEAEIATh a9POTEXHOTeHHOE MmocTyIienre TM B OYBBI TOPO/Ia
3a cueT BBIMAJEeHUH C JOKIAMU, CHETOM U IIBLIBIO.

Takum o06pa3oM, aKTyaJlbHO IIPUMEHUTh 0ojiee COBEPIIEHHBIA IIOAXOJT K OIIeHKe
9KOJIOTUYECKOTO COCTOSHUSI TOPOJICKMX IIOYB, IPE/IOJIaralolUil HCIIOJIb30BAHUE CJIEAYIOIIUX
IoKa3aTesel: CoZep)KaHHe TOKCUUYHBIX JJIEMEHTOB B IIOYBE C OIEHKOH II0 CAaHUTApHO-
TUTHEHUYECKUM KPUTEPHUAM, Y4eT CBOHCTB IMOYB U (OHOBOE COZEp:KaHUE B HUX DJIEMEHTOB.
[Ipu 5TOM OIleHKY CTEeleHH 3arps3HeHHs ITOYBBI dJIeMeHTaMHU, IIOMUMO IOKa3aTesisi CyMMapHOTO
XUMHUYECKOTO 3arpsi3HeHusaA (Zc¢) corylacHO MeToaudeckuM ykasaHusaMm (MY 2.1.7.730-99),
11eJIeECO00pa3HO MTPOU3BOIUTD C HCIOJI30BAHUEM CYMMAapHOTO KO3¢@HUIMEeHTa aHTPOIOTEHHOTO
3arpsiI3HEHUST — WHTETPAJIbHOTO IOKAa3aTeslsl, YYUTHIBAIOIIEro CTEIeHb OMACHOCTH 3arpsi3HEHUs
mouB TM 1o 3aKphITON 100-0a/UIPHOU IIIKase mpezyokeHHoro /labaxoBbiM u ap. (2014). bas,
XapaKTepU3YIOIUHN CTeleHb 3arps3HEHUs IOYBBI, HA OCHOBE COJIEpKAHUS B MOYBE TOKCUYHBIX
2JIEMEHTOB M COeIMHEHHH, UX (DOHOBOTO 3HAUEHHs, CAHUTAPHO-TUTHEHUYECKUX HOPMaTHUBOB (C
yUeTOM COJIEPIKAHUS BJIEMEHTa) PACCUYUTHIBAETCS TI0 (popMyIie:

D :g[(cilciqm)' Ki]’ €

rae D — npuBesieHHBIN cyMMapHBIN KoaddunueHT KoHneHTpanuu; Ci— cozepkaHue 3jeMeHTa B
n3ydyaemoil mouBe, Mr/Kr; Ci ¢on — (DOHOBOE coziep:KaHHe 3jieMeHTa, Mr/kr; K — xoaddunuent
3HAYMMOCTH 2JIEMEHTOB U COeIMHEHH, 00paTHO npomnopiiroHatbHbIi [TIK (OJK) — 1/IT1K;.

IIpu sTOoM KO03(PHUIMEeHT CyMMapHOTO 3arpsA3HeHUs Hanbojiee 00BEKTUBHO XapaKTEPU3YeT
AHTPOTIOTEHHYI0 TpaHCOpMAaNHI0 MOYB (MHBIMU CJIOBAMU, CTEIEHb AaHTPOIIOTEHHOW Harpy3KH,
MPUBOJAIIER K W3MEHEHHI0 TEeOXMMHYECKOTO COCTOSIHHS TEPPUTOPHH), a WHTETPATbHBIN
OIEHOUHBI Oayur  jaer Haubosee KOPPEKTHYID OIEHKY CAaHUTapHO-TUTUEHUYECKOTO
(sKoJsIOTHUECKOTO0) cocTosTHUS Tepputopuu (Jlabaxos u ap., 2014 ).

Ha »skosornueckoe coCcTosiHHE TOYB T. benroposa Tak:ke MOTYT BJIMATH 3HAUYUTETbHbBIE
00beMbl BBIOPOCOB TBepgblx yactul] (TY) B pesysbraTe MPOU3BOACTBEHHOHN IEATEIBHOCTH H
CTPOUTENBCTBA, TPEUMYII[ECTBEHHO IBLJIM HEOPTAHHYECKOW KapOOHATHOU (/1aylee — kKapOOHATHAs
IbLIb) B KOJIMYECTBE 10 1.4 ThiC. T (73.7 % or BbIOpoca TY). CocTaB IbLIM, OCeNaroOIIed Ha
ITOBEPXHOCTD B PA3HBIX QYHKIIMOHAIBHBIX 30HaX TOPOIa, MOYKET OTIPE/IEJISITh O0IIKe TEHAEHIIUH B
TpaHcGOpPMAaIMK TMOYBEHHBIX CBOWMCTB, M, B IIEPBYI0 OYe€peb, T'PAHYJIOMETPUYECKOTO COCTaBa,
rymycupoBaHHOCTH U OydepHocTu. Cosep:kaHre KapOOHATOB B MOYBE M ypoBeHb pH OKa3bIBaiOT
BJINSIHUE Ha TpaHchopMaiumw coeauHeHuid TM, T.K. XUMHUYECKUI COCTaB ITOYBEHHOTO PacTBOPA,
IIPOIIECCH] PACTBOPEHHUS, MUTPAIUH, 0CaIKOOOpa3oBaHe KapOOHATOB U XapaKTep HOHOOOMEHHBIX
MIPOIIECCOB Ha TPaHUIle pasjiesa (a3 3aBUCAT OT KApOOHATHO-KAJIbIIIEBOTO PABHOBECHS.

B pa6ote BoposieBa (2016) Opl1a BbIIIOJIHEHA OIleHKa OydepHOCTH mouB rojyia bearopona,
MTO3BOJIAIONIAS COCTABUTh IIpE/CTaBJeHHe 00 YCTOMYHMBOCTH He3amedaTaHHBIX II0YB K
MTOTEHITUATLHOMY a3pPOTEXHOTEHHOMY BOBJEHCTBHUIO 3arps3HUTEsel Ha OCHOBE KOMILIEKCHOTO
ydyeTa TPaHYJIOMETPUUECKOTO COCTaBa, T'yMYCHUPOBAaHHOCTH W PeaKIMH ITIOYBEHHOTO pPacTBOpA,
MpsIMO CBSAI3aHHOW ¢ KapbOoHaTHOCTBhIO 1MOouB (Puc. 2a). Ha ocHOBe pe3yJsibTaTOB pacyeToB
pacceBaHUsl BBIOPOCOB KapOOHATHOW MbUIM OBLIM IOJIyYeHBI JaHHbIE 00 WHTEHCHUBHOCTU €€
BBIMIAQJIECHU Ha TMOJICTWIAIOINIYI0 ITOBEPXHOCTh (YHKIIMOHAJBHBIX 30H TOpoaa. 3areM ObLT
paccuuTaH MOHMKAIOIIUNA Oa/UT IO OTHOIIEHUIO K OydepHOCTH MOUBHI I KaK/IOTO JHMana30Ha
W30JINHUN WHTEHCUBHOCTU BBIMIQJIEHU KapOOHATHOW WbUIM. B wWTOre, ¢ HCIOJIb30BAHUEM
nporpamMmbl ArcGIS 10.1 METOIOM OBepJiess MTPOCTPAHCTBEHHBIX CJIOEB OBLIM CKOPPEKTHUPOBAHBI
O6anel  OypepHOCTHM TIOYB U TMOJyYeHA WHTETpaJibHAs OLEHKA YCTOWYHMBOCTU IIOYB K
a’pOTEeXHOTeHHOMY Bo3ielicTBHIO (Puc. 20).
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Puc. 2. ITokazarenn YCTOﬁqHBOCTH He3alledyaTaHHbIX IIOYB K IIOTEHIHAJIbHOMY
adpPOTEXHOTEHHOMY BO3/IECTBHIO 3aTPsA3HUTEJIEN HA TEPPUTOPUH (PYHKIIMOHAIBHBIX 30H TOpoAa
Benropoga: a) UHTerpaspHas oreHka OydepHoctu 1mouB; 6) CTerneHb yCTOUMYHUBOCTH
He3alledaTaHHbIX II0OYB K a9POTEXHOTE€HHOMY BOSI{GﬁCTBHIO

JanpHetinee pa3suTtue B besropoackoii 061acT MPOU3BO/ICTBA CTPOUTEIHHBIX MATEPHAJIOB
Ha cOOCTBEHHOU pecypCcHOM 6a3e HECOMHEHHO IPUBEET K YCHIEHHIO BIUSAHUSA a3POTEXHOTEHHOTO
BO3/IeiCTBUS KapOOHATHOU IBUIM HA TEPPUTOPUSAX T. Bearoposa ¢ HU3KOH yCTOMYMBOCTHIO TIOYB.
CyueroM ¢akThuecku AOCTHUTHYThIX BenuduH (pH = 8-9) B BepxHEM cjioe IMOYB C HHUBKOH
YCTOMYUBOCTBIO IIPHU YBEJIMUEHUUM a3POTEXHOT€HHOM Harpy3Ku HPOTHO3UPYETCSA IIpeBbIIIeHNe
YKa3aHHBIX BeJIMYUH PH, YTO MOXKeT IPUBECTU K YMEHBIIEHUIO MOJIBUKHOCTH B IOUBE Ba’KHBIX
JUIS TIMTAHUS PACTEHUH MUKPO3JIEMEHTOB, M BIIOCJIEZCTBUH — K YXY/IIEHUIO OMOIKOJIOTHYECKOTO
COCTOSIHHSI TAPKOB IeHTpa ropoja. Ilo3ToMy mepCcHneKTHBHOE pa3BUTHE IIPOU3BOJICTB
CTPOUTENBHBIX MaTepuaJioB Ha TeppUTOpuU benropoza 1esecoo6pa3Ho 006yciaBiIuBaTh
orpannyeHneM nocrymieHus TU B aTMocdepy 13 UCTOUHHUKOB BHIOPOCOB YKa3aHHBIX ITPOU3BO/ICTB
Ha OCHOBE YCTAHOBJIEHUS KBOT KOHIleHTpamuid 3B 1A OTAENbHBIX YYaCTKOB TEPPUTOPUU
PEeKpealliOHHBIX 30H U 3€MeJIb C.-X. Ha3HaYeHUs] C HHU3KOU CTENEHbID YCTONYHUBOCTU K
BO3J/IEICTBUI0O  a9POTEXHOTEHHBIX BBIOPOCOB KapOOHATHON WbhUIM (30HA KBOTHPOBAHUS
KOHIIeHTpanuu KapboHaTHOW mbLn). [Ipu3eMHble KOHIIEHTpAIMU KapOOHATHON IBUIH B
pacueTHbIX (KOHTPOJIBHBIX) TOYKAaX 30HbI €€ KBOTHPOBAHU:A, PACCUMTAHHBbIE HA IEPCIEKTUBHOE
pa3BuUTHE IPOU3BOJICTB CTPOUTEIBHBIX MAaTepUaJiOB, He JIOJKHBI IPEBHIIIATH pPaCueTHBIE
3HAUEHUs YKa3aHHOU MBUIM Ha CyIlecTBYIOIlee MosokeHUe. [Ina obecrieueHUsA ONTUMAaJIbHOTO
pacripezieJieHUsI KBOT IIPU3E€MHBIX KOHIIEHTPAIUi KapOOHATHON MBUIM B PACYETHBIX TOUKAX 30HBI
€€ KBOTHUDOBAHHUA MEXJy INPEANpUATUAMU, AEUCTBYIOIIUMH B 3TOU 30He, IpeJjlaraercs Jisd
KaKZIOTO HCTOYHWKA BBOJIUTh OTPAaHHYEHUs] HA Maccy BBIOpOCa, OIpenessieMOd WCXOAS W3
coJieprKaHus KapOOHATOB B BRIOPOCE TBLIH.

Takum 00pa3oM, Ha HAYaJIbHOW CTQ[IMM IPOBEJEHUS CBOJHBIX PACUYETOB 3arpsA3HEHUS
atMocdepsl roposa benroposa, mpencraBiisercA IieslecOOOpa3HBIM  BBIIIOJHUTD CJIEYIOIITE
HICCIJIeZIOBAHUSA U Pa3pabOTKU:

— JUCTAHIUOHHOE W3MepeHHe MpoduIA TemIleparypbl arMocdepbl Jisi yTOYHEHUS
ko duIeHTa TeMIepaTypHO! cTpaTudukanuu A ¢ ucrosab3oBaHueM mnpodunemepa MTP-5
[leHTpa KOJUIEKTUBHOTO NOJIb30BaHUA «De/lepayibHO-PETHOHAIBHBINA I[EHTP a3POKOCMUUYECKOTO U
Ha3eMHOT'0 MOHUTOPHUHTAa 00BEKTOB U NPUPOAHBIX pecypcoB HINTY «benl'y»;
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— onpenienienue TSP, PM10 u PM2.5 B KOHTPOJIBHBIX TOUKAX HA TEPPUTOPUAX PYHKIIMOHATIBHBIX
30H Tropoza benropoma B pamMkax OoJiee pacIIMpeHHOW IpOTpaMMbl HaOIIOeHUH ¢
vcrnoiap3oBanreM mbuieMepa «OMITH-10.0» (Ha ocHoBe omrtudeckoro Osioka Dust Trak) mis
MOJIyYeHUs] YTOUHEHHBIX 3HaueHnU KoaddunneHnTos nepecuera PM10 u PM2.5 u3 TSP;

— ompenesieHne BeJuduH BbIOpocoB TM B atmocdepHbidi Bo3ayx 3AO «benropoackuii
nemeHT» u 3A0 «bemsuepromam (benropox) — bB39M», a Takke TIPOBEJEHHE OIEHKU
9KOJIOTUYECKOTO COCTOSHUS MIOYB B 30HE BIUSHUSA BHIOPOCOB YKA3aHHBIX TPEATTPUATUN.

4. 3aRJaioueHue

Haubonee mnpobieMHON 3aadyell MPU IPOBEIEHUH CBOJAHBIX PAaCUYeTOB 3arps3HEHUs
atMocdepsl ropoza benroposa sABisfeTcAa OleHKA a’pPOTEHHOTO 3arps3HEHHUs CeJnTeOHOU
TEPPUTOPUN MEJIKOJIMCIIEPCHBIMU B3BEllIEHHBIMU YacTHIAM U TAKeJbIMU MeTaslamMu. Jlisd ee
pelleHus IPEeJIOKEHO BBIMIOJTHUTh KOMIUIEKC HCCIEIOBAHUN U Pa3paboOTOK, BKJIIOYAIOIINI
JIUCTAHIIMOHHOE M3MepeHHe Npoduia TeMiepaTypbl arMocdepsl, IporpaMMy MOHUTOPHUHTOBBIX
HaOJ/II0IeHNH 3arps3HeHus aTMOcEepHOTo BO3/yXa B3BelIeHHBIMU dacturamu PM10o u PM2.5
c ucrosb3oBaHueM mbuteMepa «OMITH-10.0» (Ha ocHoBe omnTuyeckoro Osioka Dust Trak),
IIPOBEJIEHHE  WHBEHTAPU3AIUM  CTAI[MOHADHBIX  HCTOYHUKOB U  BBHIOPOCOB  BPEIHBIX
(3arpsA3HAIONIMX) BemlecTB B atMocdepHbIil Bo3ayx Ha 3AO «benropoackuii niemeHT» u 3A0
«bemsuepromam (Benaropox) — B39M» A ompeseneHUsT BENIUYUH BBIOPOCOB  TSXKEIBIX
METaJUIOB; IPOBEJIEHHE OILIEHKH 5KOJIOTUYECKOTO COCTOSIHHSA ITOYB B 30HE BJIMSHUSA BBIOPOCOB
YKa3aHHBIX MPEJINPUATHH € UCIIO0JIb30BaHUEM MHTETPAJIbHOTO PACUETHOTO 0asia, KOTOPBIN MOKET
HCIIOJIb30BAThCA B KauecTBe 0a3bl i1 000CHOBAHUA HEOOXOAMMOCTH ITPOBEAEHUS MEPOIPUATHN
0 peabwInTaniy 3arpsA3HEHHBIX TKEJIBIMH METa/UIaMH TEPPUTOPHH, a TakKiKe ]Il BbIOOpA
COOTBETCTBYIOIIMX IPOEKTHBIX peleHni, Hanbosee 5G@PEeKTUBHBIX U 5HKOHOMUYHBIX B
KOHKDPETHBIX yCIIoBUAX. 111 obecrieueHrs cHIDKEHUS BbIOpocoB TY Ha mepCreKTUBHOE Pa3BUTHE
IIPOU3BO/ICTB CTPOUTEJIBHBIX MaTepUaIOB IPeJIOKeH OPUTMHAJIBHBIN IO/XOJl, IO3BOJIAIOIINN
yCTaHABJIMBATh OrpaHUYEHUE BHIOPOCOB KapOOHATHOU MBLIU B aTMOCQEPHBIN BO3AYX C yYETOM
SKCIEPHMEHTAJIbHO OIpeZleJIeHHBIX IIoJiell KBOT IpU3eMHBIX KOHUeHTpamuu TY g
(QYHKIIMOHAIBHBIX 30H TOpoia C HU3KOM CTelleHbI0 YCTOMYMBOCTU IIOYB K BO3/IEHCTBUIO
TEeXHOT€HHBIX BHIOPOCOB.

5. baiarogapHocTu
UccnenoBanue BbINIOJHEHO IIpu (uHaHCOBOU mopaepkke POOU u IIpaButenbcrBa
Benropojickoit o61acTi B paMKax HaydHOTo mpoekTa N2 18-45-310008.
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IIpoGieMBbI WICHOJIb30BAHUS CBOJAHBIX pacuyeTOB 3arpA3HeHUs arMocdepsbl A
HOPMHUPOBaHUA NPOMBINLJIEHHBIX BRIOPOCOB ropoaa beiaropoaa

Annpeit 9nyapmoBud boposiies?: *, EBrenus IkopyieBHa 3esieHCKAs 2

a BeITOpO/ICKUH roCyZIapCTBEHHBIN HAITMOHAIBHBIN MCCIIEI0BATETLCKUIN YHUBEPCHUTET,
Poccutickas ®enepamnys

AnHoTamusa. PaccmaTpuBaroTcsi poOJieMHbIE BOIPOCHI, BOBHUKAIOIINE MPHU IIPOBEIEHUN
paboT M0 HOPMUPOBAHUIO BEIOPOCOB IMMPOMBINILIEHHBIX IPEAPUATHNA Ha OCHOBE CBOJIHBIX PACUETOB
3arpsi3HeHUs1 atMochepHOTo BO3AyXa JJid TEeppUTOPUHM Tropojia benropoma ¢ yuerom
PACIOJIOKEHHBIX Ha 3TON TEPPUTOPUU CTAITMOHAPHBIX U MEPE/IBUKHBIX UICTOUHUKOB 3aTrpsA3HEHUA
OKpyKamlIiei cpenbl. /[y ux pelleHUs] MPEJIOKEHO BBITIOJHUTh KOMIUIEKC HCCIEOBAHUN U
Pa3paboTOK, BKJIIOYAMIINN: JUCTAHIIMOHHOE U3MepeHue Mpoduiis TeMrepaTypbl aTMocdepsl ¢
rcroab3oBanueM npodunemepa MTP-5; onpeznenenue copep:kaHusl TOHKOAUCIIEPCHBIX YaCTHUIL B
TOUKAX KOHTPOJIA 3arpsA3HEHUs aTMOC(HEPHOrO BO3/yXa C HCIIOJIb30BaHUEeM IbuieMepa «OMITH-
10.0» (Ha ocHOBe omTuyeckoro 6sioka Dust Trak), ompesesieHre BHIOPOCOB TSI?KEJIBIX METAJIOB B
aTMocGepHBIN BO3/IyX OT BpAIAOIIUXCs Mevell EMEHTHOTO MPOU3BOCTBA U CTaJIEIIaBHJIbHBIX
meveil MpOU3BOJICTBA TPYOD; OIEHKY DKOJIOTHYECKOTO COCTOSHUS ITOYB B 30HE BJIMSHUSA BHIOPOCOB
YKa3aHHBIX ITPOU3BO/ICTB C UCIIOJIb30BAHNEM HMHTETPAJIbHOTO PACUYETHOTO Oasia, KOTOPBIA MOXKET
HCITOJIb30BAThCs B KauecTBe 0as3bl /I 000CHOBAaHUSA HEOOXOAHUMOCTH IIPOBENEHUS] MEPOIPUSITUHN
0 peabWIUTAlU 3arpPsA3HEHHBIX TOKEIBIMHU MeTa/UlaMH TEPPUTODHH, a TakiKe ]ISl BbIOOpA
COOTBETCTBYIOIIMX IPOEKTHBIX pellleHni, Haubosmee 5G@PEKTUBHBIX U 5HKOHOMUYHBIX B
KOHKPETHBIX YCI0BUAX. [Ipe/icTaBieHbl MPEAJIOKEHUS 10 IPOBEAEHHUIO PACYETHOIO MOHUTOPHHTA
3arps3HeHusa aTMOC(hEepPHOTo BO3/yXa B3BellleHHbIMU vactuniamu PM10 u PM2.5 Ha ocHoBe I'MIC-
aHaM3a JIAHHBIX WHCTPYMEHTAJIbHBIX HCCJIEJIOBAHUA UM PE3YJIbTAaTOB CBOJHBIX PaCUeTOB
3arpsi3HeHuss aTtMocdepbl TBEPABIMU dacTUIaMHU. [IpeasiokeH OpUTHHAJIbHBIA MOAXOHA K
Te09KO0JIOTHYECKOH OIleHKEe BJIHUSHUS TEXHOTEHHOTO 3arps3HeHus: aTMocdepbl Ha He3alleuaTaHHbIe
MMOYBBI (PYHKITMOHAJIBHBIX 30H TEPPUTOPUHU TOPojia JJis Iejled HOPMUPOBAHUSA ITPOMBIIIIIEHHBIX
BBIOPOCOB KapOOHATHOUW IBLIM B aTMOC(EPHBIH BO3IyX HAa OCHOBE YCTAHOBJIEHHS JIOIYCTHUMBIX
BKJIQJIOB IPEAIIPUATHI B 3arpsi3HeHre aTMOChepHI.

KiioueBble cjioBa: B3BelllEHHBbIE YACTUIIBI, PACUETHBIH MOHUTOPHUHT, a3POTEXHOTEHHOE
BO3/IEUCTBUE, YCTOHNUYNBOCTD MOYB, QYHKIIMOHAIbHbBIE 30HHI.
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Abstract

Soil fertility is associated with the soil health, which determines the environment-forming
(ecological) functions of the terrestrial-soil ecosystem - biological quality of products, and
minimized eco- and sociosphere eco-toxic load. In the current conflict of the biosphere and
technogenesis, it is important to avoid the increasing evolutionary risks associated primarily with
the negative consequences of the global socio-environmental problem. For this a predictable co-
evolution of technosphere (noosphere) and biosphere is the most acceptable wayout. In this regard,
the development of fundamentally new nature-similar solutions and technologies in relation to
balance — pools, drivers, fluxes — of the most important biophilic elements (carbon and other) is
relevant. Today, the ability to control the carbon cycle in agrosphere is very limited. In addition,
the data on this balance calculated via different models differ significantly. Apparently, it is most
realistic to intensify carbon sink into the terrestrial-soil ecosystem. The technological potential for
Balance enrichment of C capture and storage (BECCS) currently looks truncated due to traditional
approach to ecosphere management. The nutrients (in particular, nitrogen) that are introduced
into the soil in large quantities are largely eliminated from the root layer due to leaching and/or
volatilization. In general, the agrogeochemical balance of NPK in the soils of Russia is very
unfavorable, largely due to the systematic surplus exports of mineral fertilizers abroad. With the
soil improvement and optimization of the most important crops mineral nutrition, the country in
the nearest future can become a leader of the food exporters. It is necessary to rethink the
interaction of socium with biosphere as well as with most important component of biosphere, the
pedosphere. As a new development paradigm, “Biogeosystem Technique” was proposed —
an innovative scientific and technological direction as a framework of nature-similar algorithms,
technologies and technical solutions. One of this is a soil aggregates and biogeochemical cycle
management in order to create the nature-similar biogeosystems with transcendental properties.
The principle proposed of soil reclamation via the milling of illuvial horizon (layer 20—45 cm),
which ensures the growth of agrocenosis productivity and achieving the consistently high economic
indicators for a long period. A new nature-similar water strategy of Biogeosystem Technique is
proposed — the intra-soil continual-discrete humidification paradigm. In the supply phase, water is
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injected into the soil in a controlled dose, distributed in a vertical primary moistening cylinder at a
depth of 10—40 cm. Subsequently, moisture from the primary moistening cylinder is redistributed
by capillary, film, and vapor transfer. The proposed humidification technology eliminates the loss
of water, its negative excess effect on the soil and agrolandscape, typical for standard irrigation.
A nature-similar technology for mineral and organic wastes recycling has been proposed and
substantiated, ensuring (simultaneously with a 20—45 cm layer intra-soil milling) the in-situ
synthesis of meliorating and fertilizer substances. The developed artificial geophysical aggregate
system ("soil — waste") is a priority recycling substrate. As a result, the phytoimmune status of the
soil is optimized, its bioremediation is ensured, and a phytosanitary situation in the
agrophytocenosis is improved. Thus, the controlled coevolutionary intensification of the
agrosphere by the methods of Biogeosystem Technique will ensure an effective implementation of
the state strategic programs for development of nature-similar technologies. This will improve the
quality of life of the population, and a real solution to the global socio-environmental problem will
provide the additional biofuels, raw materials and food production, the sustainability of biosphere
will be increased by implementation of biodiversity saving, agriculture biologizing, and soil-
protective strategy.

Keywords: conflict of biosphere and technogenesis, global socio-ecological problem, soil,
health, biogeochemical cycle, Biogeosystem Technique.

1. BBegenue

Ob6siuraTHblE TPUPOJHBIE PECYPCHl — II0YBA, IpecHas Boja, Tpomocdepa u PAP —
OIIpEeIeJISIIOT KauvyecTBO JKU3HU COITUYMa, CYBEPEHUTET U IIPOJIOBOJIBCTBEHHYIO 0O€301acHOCTD
ctpaHbl. IIpu 3TOM pOJIb IIOYUBBI SIBJISETCSI TEPBOCTENEHHON. KadecTBO ITOYBBI MPHUHATO
XapaKTepU30BaTh IUIOJIOPOAUEM U 370pPOBbeM. FIMEHHO OT 3/I0pOBbsI IIOYBBI, OT €€
Cpenoo0pasyoIuX, OKOJOTUUYECKNX (YHKIUA 3aBHUCAT: a) CcTabWIbHOE IIPOU3BOICTBO
IIPO/IOBOJIbCTBHSA, 6) MUHUMH3AIUsI 9KOTOKCUKAHTHOW HArpy3KH Ha KO- U coruocdepy.

B TeueHue mociegHUX 20—25 JIET XapakTep 3emiiefiesinsg PocCMH MOKHO XapaKTepHU30BaTh
KaK OKCTEHCHBHBIH, IIOCKOJIbKY (OPMUPOBAHUE YPOIKAEB CEJTbCKOXO3SHCTBEHHBIX KYJIBTYP
obecrieynBaerca Ha 80—90 % 3a cYeT MOYBEHHOTO IUIOJIOPOAMS, KOTOPOE B CHJIy HUYTOKHO
MaJIOTO MPUMeHeHUs y00peHui (MHUHEPATbHBIX U OPTaHUYECKUX) HEYKJIOHHO HCTOIAETCS, UTO
BeJleT K IUTATEIbHOU Jlerpajlaliii IMOYB. A BHEJPEHHE B IPOU3BOJICTBO BHICOKO3(hGHEKTUBHBIX
CPE/ICTB 3aIlUThl PACTEHHH W HOBBIX COPTOB CEJIbCKOXO3SHCTBEHHBIX KYJIBTYP IPH AedUIuTE
MMUTAaTEJIbHBIX BEIIECTB B II0YBaX He /aeT JOo/DKHOTO 3ddexrta. Ecom onTuMu3upoBaTh
MHHEpPaJbHOE IIUTAaHUE CEIbCKOXO3SHUCTBEHHBIX KyJbTYp COAJIaHCHUPOBAaHHBIM HPHUMEHEHUEM
yI0OpeHUH U MO/IEPKUBATH 3/I0POBbE ITOYBBI, CTPAaHa B OJIMIKAUIINEN MEPCIEKTUBE MOMKET CTaTh
JIUZIEPOM BKCIOPTEPOB mpoaoBosibeTBUsA (KyzmespoB u ap., 2017). OnacHble i MEPCHEKTHUBBI
IUBWIN3AIUN Pe3yJIbTaThl COBPEMEHHOTO TeXHOTreHe3a TpeOyIT IIepeOCMbICIIEHUs ITyTel
B3aUMO/IeHCTBUA coluyMa ¢ 6uocdepoii, u eé Ba>KHEHIITUM KOMIIOHEHTOM — Ite/lochepoi.

Texymuii kKOHGIUKT Ouochepbl W TEeXHOTeHe3a OOIIeNpU3HAH OOIIEeCTBEHHOCTHIO U
MHPOBBIM Hay4YHBIM co00IecTBOM. HeoOX0oAuMO YJIydIINTh MMOHUMaHHE 3HAYMMOCTH ITOYBHI,
BOZBI B YCJIOBHUAX HapylleHUs OWOTeOXMMUUYECKUX ITUKJIOB, UTO IPHUBOJAUT K HAKOIUIEHHUIO
3arpsi3HUTENIE B BOJlax, IMouYBax, aTMocdepe, YTOOBI MOJYIUTh HAIJIEKAINIUN TOAXOMA K
yIpaBJIEeHHUI0 KayecTBOM TIOuBbI, cocrosinueM kiauMmarta (Glazko, Glazko, 2015), 3m0poBREM
KOMIIOHEHTOB 3Kocdepbl (Arnold, 2014; CokosioB u ap., 2015; Hering, 2018). BoccraHoBeHue
JIeTPaUPOBAHHON TOYBHI — CJIOJKHBIN JIJINTEILHBIN MpOIlecc, MPUYEM 5TO JIaJIeKO He Bcerja
Bo3MoskHO B npuHrume (Kalinina et al., 2015). Becbma BakHO n30€KaTh SBOJIIOIIMOHHBIX PUCKOB,
BEPOSITHOCT W HEONPEAEEHHOCTh KOTOPBIX BO3pacTaeT II0 MepPe COBPEMEHHOTO
sBostionoHupoBanus skocdepsl (Cheshko et al., 2014).

2. Bocrmpoun3BoacTBO pecypcoB 6uocdepsl

2.1. [Ipuopurer cTparernyeckoro mojAxo/ila K PacIIMPEHHOMY BOCIPOHU3BOJICTBY PECYPCOB
6uocdepsnl

[Ipuopurer npUOOpPETAIOT CTpaTerHuecKue TIOJAXOAbl K pelleHuio ¢yH/IaMeHTaIbHO-
MIPUKJIQJIHBIX MPOOJEeM, 3aTParuBalOIIUX WHTEPECHl IPAKTUUYEeCKU BCEro HaceJleHUsA 3eMJIU.
BaxHeilmaa mpo0sieMa JieKjlapupoBaHa emfé B JIOKyMeHTax Puo-92 — rmiobajbHasA COIUAIBHO-
skosiormyeckas npobsema (I'CIII), cyTh KOTOpON — McUepHaHue, Jlerpafalus, mopya KU3HEHHO
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BR)KHBIX IIPUPOJIHBIX pecypcoB (OMOTHUECKIX, MaTepHUabHBIX) B Ipoliecce TexHorenesa. I'CIOII —
CJIEJICTBUE TIEPEOIEHKN BO3MOXKHOCTEN HAYYHO-TEXHHUYECKOTO Iporpecca Ha €ro TeKylleM, He
COOTBETCTBYIOIIIEM IpUpose Ouocdepbl HHAYCTPHATIBHOM STale, a TakKXkKe HIHOPUPOBaHUE
conuymMoM (0 HeZaBHEro BpeMeHU!) HeOOXOAMMOCTU K0380a10uull TexHocdepsl (Hoocdeps) U
6uocdepsl. IIpu3HakamMu 3TOTO 3Tama ABJISAIOTCA JOCTATOYHO MPAMOJIMHEHHBIE, JaXke BO MHOTHX
CIydasgxX MPUMHUTHBHBbIE TONBITKH  KOMHUPOBAHHUSA HEKOTOPHIX BHEIIHUX  IPOSIBJIEHUU
3aKOHOMEPHOCTeH mpupozsl. lleap MOAOOHBIX TMOMBITOK — W3BJIEUEHHE KPAaTKOCPOUHBIX
SKOHOMUYECKUX mpedepeHIUil 6e3 ydeTra OTKIMKAa KOMIIOHEHTOB Omocdepbl Ha MO00HBIE
BO3MYIIleHUsA. B UTOTE — 9KCITaHCHA Xy IIINUX IPOIECCOB TeXHOCHEPHI, TePEIKCILIyaTallisA PECYPCOB
coBpemeHHOU Omocdepsl. Jlaa pemenus 'CIII, moumcka BBIXOZIa W3 CO37JaBIIENUCS KPU3HCHOUN
CUTyallUl B3aNMMOBJIMSHUA I[UBWIN3ALNU, TEXHOJIOTUH U Ouocdepsl TpebyeTcsa pas3BUTHE
MEXIUCIUIUINHAPDHOTO ~ HAYYHO-TEXHOJIOTMYECKOTO  IO/AXO0Za, pa3paboTka  MeTO/I0JIOTHH
IPUHIUIINAIBHO HOBBIX IIPUPOONIOA00HBIX PEIIEHNH 1 TEXHOJIOTHH.

VIMeroT mepcreKTUBY MHHOBAIMIOHHBIE IIOJIXO/IBbI, KOHKPETHBIE MPEeJJIOKEHUS U pelleHus,
obcyk/laeMble M YAaCTHYHO anpoOMpPOBAaHHBIE HA NMPOTSKeHUH mociaenHux Jjer (KamuHudeHko,
2016), COOTBETCTBYIOIIHE COBPEMEHHBIM IPUHIIUIIAM PAIITOHAIBLHOTO HCIIOIH30BAHMUSA TOUBEHHBIX
pecypcos, aeknapupyeMbix ®AO (FAO SOILS PORTAL, 2018).

2.2, [Ipeomonenune I'CIII

Koundepennmua OOH mo mnpobsiemam oxpyxkamwiieir cpeabl (CTOKrospMm, 5-16 WIOHS
1972 rosa), mocjae KOTOPOU B MUPE yCTAaHOBJIEH BceMUPHBIHN /IeHb OKPY’KAIOIIENH CPeAbl 5 UIOHA,
Kondepennus OOH mo okpy:karoIei cpezie 1 pa3Butuio Pro-92 (Puo-ne-’Kanelipo, 3—14 HOHA
1992 roxaa), Koudepennusa OOH mo ycroiiumBoMy pasBUTHIO Pro+20 (20—22 uroHS 2012 rozaa)
BBIPA3WIN COTJIaCHE€ MHUPOBOTO COOOIIECTBA MO IMOBOAY *KU3HEHHOU HEOOXOAMMOCTH U3MEHUTH
MapajirMy pa3BuTUsA MUBWIN3AIUU. OTHAKO JIEKJIAPUPOBATh YCTOMYHUBOE PA3BUTHE, OPUEHTAIIUIO
Ha 3eJIEHYI0 9KOHOMUKY JIaJIEKO HEJIOCTATOYHO I MOJIyUYeHUsI 3HAUUMBbIX Pe3yJIbTaTOB PA3BUTHS
Ha aToM HOBOM myTu (FAO, 2015). ITotromy B BbicTyiieHuu IIpe3usienra PO B OOH B 2015 roay
JIeKJIapupoBaHa HEOOXOUMOCTh Pa3BUTHUS IPUPOJIONOAOOHBIX TEXHOJIOTHH, UTO OTPa)KEHO B
Vkazax IIpesuaenta P® NO 642 ot 1.12.2016 roza, N2 204 ot 7.5.2018 rojia, 0003HAYUBIIHNX
OOJIbITIE BBIBOBBI CTPATETHMYECKOTO PA3BUTHsA CTPaHbl M Mupa. C TOYKM 3pEeHUs COXpAHEHUs U
BOCIIPOU3BO/ICTBA OMOCHEPHI aKTyaJIbHBI CJIEIYIOIME BHI3OBHI: 1) BO3pACTaHHUE AHTPOIIOTEHHBIX
Harpy30K Ha OKPYKAIOIIYI0 CPely /10 MacHITaboOB, YTPOKAIOIUX BOCIIPOU3BOJICTBY TPUPOIHBIX
pecypcoB, CBs3aHHBIN C MX HEI(POEKTUBHBIM HCIIOJIH30BAHUEM POCT PHUCKOB I KU3HU U
37I0POBbsSI TPaKJaH; 2) IOTPEOHOCTh B 0OOeCIeYeHWU IIPOJIOBOJIbCTBEHHON 0O€e30MacHOCTH U
MIPO/IOBOJILCTBEHHON  HE3aBUCUMOCTH  Poccuu, KOHKYPEHTOCHOCOOHOCTH  OTE€YECTBEHHOU
MPOAYKIIMKA Ha MHPOBBIX PBIHKAX ITPOJIOBOJILCTBUSA, CHIDKEHHE TEXHOJIOTHYECKUX PHCKOB B
arpoIpOMBIIIJIEHHOM KOMILJIEKCE, TPEOI0JIEHNEe UCHHUIUIMHADHBIX M OTPAC/EBBIX TPAHUI] B
HCCIeIOBaHUAX U pa3paboTkax, 0cOOEHHO MPUMEHUTEPHO K MErasKOJIOTHHU B II€JIOM, BKJIFOUAs
JiedeHue U cOepekeHre HalllUuX TI0YB.

3HaunTeIbHAA YaCTh KYJIbTUBUPYEMBIX IOYB CTPAHBI, UX IUIOJIOPOJVE U 3/I0POBbE CETOTHS
HAXOJATCS B KPU3HCHOM COCTOSIHUM. DTHU TOYBBI HYXKJIAIOTCA B peMeTUAIlUM, YJIYJIIeHUU U
sneuennu (Kynespos u ap., 2017). [IpeonosieHne Kpusuca IJIOAOPOAUs U 370POBbS TIOUB CJIEAYET
0a3upoBaTh Ha METasKOJIOTUH, OOBEUHAIONIEN eCTECTBEHHBIE U COIIMAIbHBIE CHEPDHI U CHUCTEMBI,
TaKHe KaK: «Te0dKOCHUCTEMa», «OHMOIKOCHUCTEMA», «AHTPOIOIKOCUCTEMA», «COIIMOIKOCHUCTEMA»,
«menocdepar, «IyI00abHass SKocHcTeMa» (TO ecTh, buocdepal).

Kputnyeckn BaKHO OCMBICIUBATh IPHUPOJIOTIOIOOHBIN TEXHOJIOTHYECKUH IOAXOM C
MMO3UIIMH, KOTOPYIO Mpezjaraer «omocdeposorusi» (biosphere doctrine) — dbyHaaMeHTaTbHO-
MIPUKJIQITHOE HAYYHOE HaIpaBJeHHEe O BO3HUKHOBEHWH, HBOJIIOIMH, CTPYKTYpe, MeXaHH3Max
dyHKIIMOHMPOBaHUA U yeToHunBocTU 6rocdeps! (F610k0B U Ap., 2015; [JIMHYIIKUH U 7p., 2016).
B XXI Beke Ouocdeposorusi — TeopeTHUYeCKHH (GYyHIAMEHT CO3HUATEIbHON, MaKCHMAJIbHO
HENPOTHBOPEYUBO BCTPOEHHON B OKPYKAWOIIYIO Cpefly JIeATEJIbHOCTH YejiOBeuecTBA — YacTb
HAay4YHO-TEXHUYECKOTO IIporpecca, HaIpaBjieHHas HAa IPAKTUYeCKH 3HauuMble IJI00aJIbHbIE,
pernoHajibHble U JIOKAJIbHBbIE NpeoOpa3oBaHUsA 5Kocdephbl, a TakKe Ha obecreyeHUe eINHCTBA
IIPUPOZIOOXPAHHON U 5KOHOMHUUYECKOH 3(h¢eKTUBHOCTH pecypcocOeperaronux, MaJOOTXOJHbIX U
6e30TXOHBIX TEXHOJIOTUN. Y HCTOKOB O6Mocdeposoruu Kak 1y100aIbHOr0 HayYHOTO HalpaBJIeHUsA
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CTOSUT HAIll BEJIUKUH COBPEMEHHUK, YUEHBIH-DHI[UKJIOMEIUCT, TII00aIbHBINA 3BOJIIOIUOHUCT,
HaTypaJHuCT-MbIcuTe b Biagumup ViBanosuu Bepuazackuii (Cokosios, 2013).

JIBMKYIIUMH CHJIAMHU 3BOJIOIMKM Guocdepsl B Hoocdepy BBICTyNaeT Tpuaza (HakTOpoB:
a) abuoTuyeckrue — TeoJIOTHYECKHe, KocMudeckue, O0) OHOTHYECKHMEe — TIeHeThdecKasd
HM3MEHYHMBOCTH, 60pb0a 3a CyIeCTBOBAHUE, ECTECTBEHHBIN 0TOOD, B) aHTPOIIOT€HHbBIE, BEAYIIIUN U3
KOTOPBIX TEXHOTEHE3; ero MacIITabbl BO MHOTOM IPEB3OILIN IT0 00bEMY HapYIIIEHHOTO BEIECTBA
aHaJIOTUYHbBIE TPUPOAHBIE OOTEOXUMUYECKHE ITPOIECCHI.

2.3. KosBosronus cormyma u 6mocdepbl — aJbTepHATHBA HCTOIIUTETLHOU KCILIyaTaI[uN
MIOYBEHHOTO MTOKPOBA

Tpuenunas ['CIOII B mostHON Mepe XapakTepu3yeT KpU3UCHOE COCTOsSIHME MOo4YB U Poccuu, u
OOJIPIIMHCTBA CTpaH IuIaHeThl. AkageMuk I.B. JloOpoBosibcKHME (2012) KOHCTaTHPOBAT: «...
dezpadayus nou8eHHO20 NOKposa 3emau — e€¢ nedocgdepvbl — NPOOOAKCAEMCA, ... HE NOCAEOHION
POAb 8 IMOM u2paem HedOCMamouHoe NOHUMAHUEe peanbHoCmu 2100a1bHOUL Y2po3bl npoyecca
dezpadayuu nous, eeayugeeo K HADYUWIEHUIO CAOHCUBILE20CS ycmouwueoeo PYHKUUOHUPOBAHUSA
buocgepul, 8 KOMOPOM HUBEM BCE ULN0B8EUECTNBO U BCE HCUBOE HA 3eMHOU CyULe».

[TouBa Kak yHUKaJIbHasA TJI00abHASA MOMU(GYHKITHOHAIbHAS SKOCHCTEMA B TIOCJIETHHIE TOBI
yTpauuBaeT OCHOBHBIE CBOMCTBA — IIPOJYKIIMOHHBIE, cpenoobpasyolnue W OHuOpecypCHBIE.
V3HaYaJIbHO yTpauuBasi MPUCYIIYIO €l H9KOJIOTHYECKYIO YCTOMYHUBOCTD, OHA HYK/IA€TCSI B CDOUYHOM
JIEYEHUH.

CKOpOCTh Pa3jIoKeHUs OIaJila U JAPYTUX OPTaHUYECKUX IPOJYKTOB, IIOTOK OPTraHUYECKOTO
BEI[ECTBA B BEPXHUH CJIOH MOYBBI (KaK YaCTh 30HBI adpalliu) Yepe3 30Hy adpaliy B MPUPOIHO-
TEPPUTOPUATIBHBIA KOMIUIEKC, BOJTHBIN PEKUM JIaHAIA(GTa UHTEHCUBHO MEHSIOTCSA BO BDEMEHH U
B 3aBucuMocTy oT tuna jJagamadra (Ford et al., 2011; Thurman, 1985; Popovskaya et al., 2011;
Kaiser et al., 2002; Spencer et al., 2012; Qualls, 2016). BogHO-pacTBOpUMOe OpraHUYECKOE
BEIllECTBO COCTaBJIsIeT HEOOIBIIYIO (0,005—0,1) YaCTh OPTaHNYECKOTO BEIeCTBA ITOYBHI, HO B TO K€
BpeMs SBJIETCS ero HauboJsiee MOOWJIBHBIM KOMIIOHEHTOM. [IpHpOji0mo/Ib30BaHKE BJIHSET Ha
COCTaB BOJTHO-PAaCTBOPUMOrO opraHmyeckoro BemectBa mousl (Kalbitz, 2001; Laudicina et al.,
2013). MoJieKyJIIpHBIN COCTaB BOTHO-PACTBOPUMOI'O OPTaHUUYECKOTO BEIECTBA B MIOYBE MEHSIETCS
B 3aBHCUMOCTH OT CE€30HA, HO €ro COjiep:KaHUe B IIOPOBOU BOJI€ ITOYBBI, TPOCAYMBAHUE CKBO3b
TIOYBY U 30HY adpaIliu OCTAIOTCS BRICOKUMHU B TEUeHHE Kaxaoro ce3oHa (Kaiser et al., 2002).

BogHO-pacTBOpUMOE OpPraHUYECKOe BEIECTBO CUJIBHO BJIMSET Ha DBOJIIONMIO TMOYBBI —
HAKaIlJIUBAETCs B BUJIE JITAOWJIHBHOTO OPTaHUYECKOTO BEIECTBA VJIM BBIMBIBAETCS U3 DKOCHUCTEMBI,
JIETKO BOBJIEKAsICh B IIpoIlecc rmepeHoca ckBo3b nmouBy (Kalinichenko et al., 2018). 3to BhI3BIBaET
HEOTIPEe/IeJIEHHOCTh B OIIEHKaX KPyroBOpPOTa yryieposia u nmutaTesbHbIX BerecTB (Uselman et al.,
2012).

[MpodusibHass u JlaTepajbHAas MUTPAIUs OPTaHUYECKOTO BEI[eCTBA ITOYBHI BHOCHUT
3HAYUTEJIbHYI0 HEOIPEJIEJIEHHOCTh B OIIEHKY PErHoHAIbHBIX OaysancoB yriaepoga (Qualls, 2016;
Zubrzycki et al., 2013; Post et al.,, 2018). CozmepkaHme OpPraHHYECKOrO BEIIECTBA B IIOYBE
CHUKaeTcsl B OOJIBIIMHCTBE CETHCKOXO3SMCTBEHHBIX YKOCHCTEM, UTO CYIIECTBEHHO BIIMSET HA UX
MHOrouucsieHHsle pyknun (Garratt u ap. 2018). IIpu sToM BaskHeHIeH ABJsAeTCA BPEMEHHAS
JINTHAMUKA CBOMCTB IIOYBBI KaK OTPpAKEHHE €€ BaKHEHUIIIHUX 5KOCHUCTeMHBIX GyHKIUH. OJHaKO
STOMY AaCIIEKTy ITOYBEHHBIX HKOCHCTEM IIOKA YAENAIOT oueHb Mayio BHuMaHuA (Schliiter, Vogel,
2016). ITotomy u B Poccuu, u 3a pybe:koM AaHHasg npobsjieMa He TOJIBKO KapAWHAIBHO He
peraercs, a ¢ KaK/bIM TOJIOM yCYTYOJIseTCA.

ITo pazHOOOpasuio MuUKpOOHO20 2eHOPOHOAa TIOYBA — CaMbIH OOTaThIM CyOCTpaT ILJIAHETHI
(3BATUHIIEB U JP., 2005). B 3T0# cBsI3M TIpU pa3BUTHU MPHUPOAOIOTOOHBIX TEXHOJIOTHH CJIETyET
YUUTHIBATh OMACHOCTh JIOKHOTO STOMCTHYHOTO AHTPOIIOIEHTPUYECKOTO HUMIepaTHBa —
3aBBINIIEHHON CAMOOIIEHKH BO3MOKHOCTEl UeJI0BeuecTBa. BeZlb B IPUPO/ie UBBECTHBI SKOCHUCTEMBI,
COCTOAIIME U3 OJHUX MHKPOOPTaHW3MOB, HW3BECTHBI TaKK€ SKOCHUCTEMBI, COCTOSIIHE U3
MHUKPOOPTAaHU3MOB U BBICIIUX OPTaHU3MOB, HO HET SKOCHUCTEM, BKJIIOYAIOIIUX TOJIBKO BBICIIHE
OpraHU3MBbI — PACTEHUS U )KUBOTHBIX. Tak UTO UeI0BEYECTBY HE CJIEAYET MO3UIMOHUPOBATH ce0sl B
yxe OJIM3KOM HAM BH3aHTHUHCKOM Tpaaunuu B Ouocdepe MMO-IapCcKu, a HCKaTh, HAWTU U
obyctpouth B Ouochepe cobcTBeHHYI0 ckpomHyw Huiry (Bohle, 2017; Bohle, Erle, 2017)
CKpPOMHOCTH 3/IeCh O3HAYaeT He pa3Mep HHIIM, a MOAXO K €€ co3/laHuio. Ecu crpaTernvyeckuit
IIOJIXO/T BBIPAOOTAaH HA OCHOBAHUU KBAJIU(DUIMPOBAHHOU 3BPUCTUYECKON HHTYHIUU, TO €CTh
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y/ladeH, TO W HHIIA KaK pe3yJbTaT FapMOHHYHON KOSBOJIOIHMHU UYeJIOBEUECTBA, TEXHOJIOTHMH H
6uocdepbl MOKET OBITh HEHM3MEpPUMO OOJIbIle, YUeM Mbl UMeEEeM celdyac B IPOTHBOCTOSHUH C
o6uocdepoii (CokosoB u ap., 2018).

Mukpobobuora Ma€T BeayIIMH BKJIaJ B TeHE3WC W TeHOMOHJ B370pOBON IOUBBI KakK
0JIaTONIPUATHONW TMPHUPOJHOW CpeAbl IsI TOPU30OHTAJIBHOTO IIepeHOca KJIACTEPOB TEHOB
MMPOKApUOTOB — TPAHCMHCCUBHBIX IJIa3MUJl. ITOT (DEHOMEH, ITO-BUAUMOMY, SIBJSETCS Ba*KHBIM
dakTopoM aylanTanuy, BOJIIOMUYA U BHA000Pa30BaHUSA MPOKAPUOTHOU MUKPOOOOHOTHI. [Ipruém
BIIOJTHE BO3MOXKHO, TAKXKe U 00JIee CJIOKHBIX OPTAaHU3MOB.

Haxkonen, npupoaHo¥ (M3HAYaJIbHO 3J0POBOM) MOYBE IPUHAJIEKUT JBYEAWHAs POJIb B
mojijiep>kaHuu  O6mopazHooOpa3us TreoOHOHTOB. bBuomacca pa3zHOOOpa3HON MHUKPOQIIOPHI
37I0POBOM, OKYJbTYPEHHOH IIOYBBI JOCTAaTOYHO BeJIMKAa: Macca Oakmepuill U 2pubo8 TIOYBBI
rmacTOuIa yMepeHHOU 30HbI Poccru O1leHNBAaeTcs1, COOTBETCTBEHHO, B 1—2 U 2—5 T/ra (I JIMHYIIKUH
U Jp., 2016). MHasg cuTyanusi C MOYBAaMH TPAJUIIMOHHBIX arporieHo030B (C OJHOJIETHHUMHU
KyJIbTYpaMH): COCTOSIHME WX 3JIOPOBbS M HWMMYHHBIA CTaTyC 3aBHUCAT OT CTEIeHU YHCTOTHI
(He3arpsI3HEHHOCTH BPEIHBIMU areHTaMu) U (QYHKIMOHAIBHOTO COCTOSIHUS — TeTepOoTpPOdHOU
aKTUBHOCTH, CAMOOUYHMINAIONIEN CIOCOOHOCTH, CyIPECCUBHOCTH, a30THOTO OOMEeHa U JPYTuX
nporieccoB (CemeHnoB, CokosoB, 2016; CokosoB u 7p., 2010; Cokosios, ['1a3ko0, 2015).

MupoBoMy COOOIIECTBY IPEIJIOKEHO HACTOJIBKO OOJIBIIIOE YKCJIO TOKas3aTeseld 3/10POBbs
mouB (Bloem et al., 2006; Burns et al., 2006), 4To 3TO KOJTMUECTBO 3aTPy/HSAET UX IIPUMEHEHUE.
K Tomy ke, 3a 00MIIEM BTOPOCTENEHHBIX JeTajIel ocTaloTcs 6e3 BHUMAaHUS TPaHCIeH/IeHTaIbHbIe
— ecTecTBEHHBIE ITpoliecchl (0OBEKTHI) HE UMHUTHUPYIONIHE HAIPAMYK (QYHKIHU MOYBBI, HO IPHU
3TOM NPUPO0OONOJ0OHbBLE TIO CYTH IPEAOCTABISIEMBIX UMU BO3MOKHOCTEH yIIpaBJIeHUs IOUBEHHBIM
37I0POBbEM U €€ MIPOJAYKTUBHOCTHIO.

HeratuBHbIEe pe3yabTaThl COBPEMEHHOTO ITPUPOJIONIOJIH30BAHUSA BO MHOTOM OOYCJIOBJIEHBI
HHU3KHM YPOBHEM TEXHOJIOTHI, KOTOPbIE IPUMEHSIOT B MUPE KaK B IIPOMBIIIIEHHOCTH (TLI0/IIIIEN
omacHbIe /ISl 9Kochepbl OTXO/bI), TaK U B arponpousBojctBe. OueBuHO, /i pemrenus 'CIII u
BBINIOJIHEHUsI YKa30B IIpesuzeHta P® [2016, 2018 rr.] akTyajsbHbl NPUHIUIIHAIHHO HOBBIE
TEXHOJIOTHH, CTUMYJIUPYIOIIHE OHOJIOTHYECKHH IpOollecC B IIOYBAX, 03/0PABJIUBAIOIIUE HX H,
CJIeI0BaTeIbHO, aKTUBU3HUPYIOIKe Onocdepy, MOBBIIIAIIIE ee OMOJIOTHYECKU TPOIYKT U POJIb
B KauecTBe Oydepa Bcex cHucTeM 3eMJIM, BKIIOYas KJIMMATHUECKYylo cuctemy. /il TpUHATHA
aJIeKBaTHBIX PeEIeHN HeoOXOAWMMBI CBeJleHUs O OajlaHce — IIyJaX, JipaliBepax M IOTOKax —
yTJIeEpO/ia U BeAYIUX XUMHUUecKUuX 31eMeHTOB (CoKoJI0B u JIp., 2018).

3. bBuoreoxnuMuueckue mMUKJIbI

Ha Teky1el craguu OMOTeOXUMHUYECKUX ITUKIIOB 3EMJIH TTPEBATMPYIOT TUITUYHBIE JIJIST BCETO
MHpa OJTHOHAIIPaBJIEHHbIE TIOTOKH BelllecTBa (10 ruziporpadu M T€0JIOTHUYECKUM OTJIOKEHUIM) C
CYIIId B MHPOBOU OKeaH. DOJIOBBIM TPAHCIOPTOM KOHTHHEHTAJIbHBI MaTepHasl JOCTAaBJISETCS B
meJjlariyeckue 00JIaCTH MHUPOBOTO OKeaHa. IIuTaTesibHBbIE 3JIEMEHTHI C TIOJIEH IOCTYIAIOT HA
ypOaHU3UPOBAHHBIE TEPPUTOPUH B BU/IE TPOAYKTOB ITUTAHUSA U CHIPhS, 3aTEM MUTPUPYIOT TEM 3Ke
IIyTEM, UTO U BCE OCTAJIbHBIE ITOTOKU. B mpeseax coBpeMeHHOUN 6nocdepbl MHTEHCU(PUITUPYIOTCS
IIOTOKU BEIIEeCTB MeXAY cpermamMu (aTtmocdepa, MOUYBEHHO-PACTUTEIbHBIE COOOIECTBA, BOIHBIE
00'BEKTHI), BhIPA’KAIIIUECS B BH/IE€ CTOKOB U DMHUCCUN Ia3000pa3HBIX BEIECTB, BKIIOYAIOIIUX B
ce0s1 Kak MPUPOAHBbIE BEIEeCTBa, TAK U TEXHOTEHHOTO IPOUCXOXKAEHUS, CPEAU KOTOPBIX HEMAJIO
3arpsi3HUTENIed. B dmce MHOTHUX TMOJUTIOTAHTOB HAXOJATCA TJIaBHble OMOMUIIbHBIE 3JIEMEHTHI —
yIJIeEpPO/, a30T, hocdop, cepa.

OOmM CBOHCTBOM TEKYIIIUX OHMOTEOXMMHYECKUX ITUKJIOB 3eMJIM B TBEDPJIOH, JKUIKOM,
razoo0pa3Hoil popme ABJSIETCA UX HEOIPEIeJIEHHOCTh U OTHOCUTEIFHO MAJIbIH ITOTOK BEIECTBA,
0COOEHHO B CPAaBHEHUH C IIPOIIEAIITUMHU re0JJOTUYECKUMHU SII0XaMU.

BaxkHeWmuii  371eMeHT OHOreOXHMHUUYECKOTO IHKJIa 3eMJIM — IUKJI  yIJIepojia.
IIpomomkuTenbHOCTh 000poTa CO, B atMocdepe 3emin oneHuBaloT B 23 roaa (Carvalhais et al.,
2014), CH, — 9 zet (Stocker, 2014). BappupoBaHue TeKyIIero nmukia yriaepoaa HabJio/1aeTcs B
ITUPOKHUX IIpeJlejlaXx KaK B OTHOIIIEHWH BPEMeHU NpeObIBaHUs B atrmMochepe 3eMid, Tak U B
acIleKTe IMOTOKa. DTO BapbUPOBAaHUE 3aBHUCUT OT XapaKTepa U cTaauu buoreocrucreMbl. Ecin jiec Ha
HAYaJIbHBIX CTAJIUAX PA3BUTHUSA SIBJISETCS CTOKOM YIJVIEPO/Ia, TTOCKOJIbKY HaKaIIMBaeT Oruomaccy, To
Ha CTa/INU CTaTHAIIMU, HA00OPOT — MpPEBPAIAETCA B SMUTEHTA YTJIEPO/ia, IIOCKOIbKY IPEBATUPYET
nerpaaarus apepocros (Kudeyarov, 2015).
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AHTpomnoreHHasi TpaHcopMarus Ha3eMHBIX CHUCTEM BJIMSET HE TOJbKO HA DMHUCCHIO
yIjiepojia U3 TMOYBHI, HO B 3HAYMUTEJIbHON CTENIEHH U Ha €€ MUKPOOHOJIOTUYECKYI0 aKTHBHOCTD
(Ananyeva et al., 2016).

Kak B arpompousBOjicTBE, TaK U B IPHUPOJHONH OOCTAaHOBKE BO3MOKHOCTH CETOJHS
KOHTPOJIMPOBaTh ITUKJ yIyiepoja BecbMa ciabble. Hampumep, B Jsecax Anmanauedr 78.2 %
O6uomaccel omaza mpeobpasyercsi B mapHukoBble Trasbl (Qualls, 2016). IAmuccusa CO. wus
PACTUTEIBHBIX OCTATKOB U IIOYBHI COCTABJISAET MPe0bJIafaioIIyi0 YacTh IEPBUYHOM IIPOAYKIIHH
(dotocunTesa Ha Tepputopun Poccun (Pucynku 1, 2).
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Puc. 1. Svuccus CO, u3 ouB B % OT MEPBUYHOU TPOAYKIUY (POTOCHHTE3a HAa TeppuTOopuu Poccrn

KpaCHbIM BbIJICJICHBI obJtacTu ¢ npeo6naz[aHI/1eM IIaXOTHBIX YFOI[PIfI.

164




Biogeosystem Technique, 2018, 5(2)
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Puc. 2. Tpaachopmanusa NPP cesnbckoro xo3siicTBa Ha Tepputopun Poccun

Cnemyer uMeThb B BHJY, UYTO HEKOTOpOe IOBbIIIeHHMe cozep:kaHus CO. B armocdepe
obecrieyrBaeT CTaTUCTHYECKU OCTOBEpHbIH 3¢ dekT depruraruu (Zhu et al., 2016; Schéfer et al.,
2003), 4TO IOKa3aHO HaMU SKCIIEPUMEHTAILHO Ha nmpumMepe TomnoJis (Populus deltoides) (Barron-
Gafford et al., 2005). ToT HayuHBIH (PAKT B TEIUIMIYHOM XO3SHCTBE YKe JABHO HCIOJIb3YETCA KaK
CTAaHJAPTHBIA IMPOU3BOACTBEHHBIH INPHEM, IOBBIIIAIIINA ypPOKAWHOCTh O 100 % u 0OoJee
(Hicklenton, Jolliffe, 1978; Thayer, 2017).

Pacrenusi, umeronue C, Tun ¢GOTOCUHTE3a, OTHOCHUTEJIHLHO HEAABHO 3BOJIIOIUOHHO
IIPUCIIOCOOMIMCHh K COBPEMEHHOMY HU3KOMY COZIEPKaHUIO YTJIEKHUCIOTO Ta3a B atMocdepe 3eMIIH.
OHHU TI0JIOKUTETFHO OT3BIBAIOTCA Ha MoBbINIeHHE cozep:kauus CO. B atmocdepe 10 400 ppm.
Pacrenus ¢ C; TumoMm ¢oTocuHTe3a, HauboJiee pacpocTpaHEHHBIE B COBpeMeHHOU Ouocdepe u
arpocdepe, [alOT TOJIOXKUTETbHBIH OTKJIWK MPOAYKTUBHOCTH U IPH 3HAYUTEIBHOM OOJIbIIEM
COJIeprKaHUU YIJIEKHUCIIOTO rasa, 10 2000 ppm (Akatos, 2013). Cieayer o6paTuTh BHUMAaHUE, UYTO
JUIsl 4JeJioOBEKa HOpPMa COJEepPKaHHs VIJIEKHCIOro ra3a B atMocdepe 0e3 oOrpaHHYEHUs
JKU3HEEATEIBHOCTH cocTaBiisieT 600—1000 ppm (TehTab, 2017). IIpuBeseHHbIE JaHHBIE UMEIOT
mpoctoe o0bsiCHEHHE — B Grocdepe MPOIILIOTO Coiep:KaHKe YIJIEKHUCIOTO Ta3a ObLIO 3HAYUTETHHO
BhIe coBpemenHoro (Hileman, 2017), 4To 00ycjIOBMJIO afjaliTallMI0 PACTEHUH U >KUBOTHBIX Ha
reHEeTUYECKOM YPOBHE, IIPOSIBJIAIOIIYIOCS 10 HACTOSIIETO BPEMEHHU.

[ToBbIllIeHNE COZEPIKAHUSA YIJIEKUCIOTO ra3da B aTMocdepe COIMPOBOKIAETCS YJIydllleHueM
TIOTJIOIIEeHU a3oTa pacteHussMu (Ghannoum et al., 2000).

Emé oguH BaKHBIA pe3yJIbTAT MOBBINIEHUs COJEPKaHUsI YIJIEKUCIIOTO Ta3a B aTMocdepe —
H3MeHEHHe XapakTepa PeryJIMpOoBaHMSA YCTbUYHOTrO ammapara. II0CKOJIBKY YCIOBUS CHAOMKEHHS
pacTeHHi YIJIEKUCJIBIM Ta30M YJIy4IaioTCs, OTBETHOU (PU3HOJIOTHYECKON peaKIheld SBJISeTCs
yMeHbIIIeHHE ITPOBOAMMOCTH YCThUUHOTO allllapaTa, YTo CHHUKaeT Pacxo/ BOJbI Ha TPAHCITHPAIIHIO
(Le et al., 2011; Rascher et al., 2004).

Bosipiliee copepskaHue VIJIEKHCIOTO rasa B arMocdepe, Kak I10J1araioT, OOECIIeuuT B
[IEPCIIEKTHBE MPHUPOCT IIPOJOBOJILCTBUS U BO300OHOBsseMou sHeprum (Wittwer, Strain, 2008;
Kalinitchenko, 2017). CiemnoBaTenibHO, HEOOIBIIIOE YBETUYEHHE COAEPIKAHUSA YIJTIEKUCIOTO ra3a B
atMocdepe 3emiu obecrieynBaeT CyIlleCTBEHHOE YMeHbIIIeHHEe co/lep:KaHusA B Hel 60Jiee OIacHOTo,
YyeM YIJIEKUCIBIA Ta3 MapHUKOBOTO Traza — BOSHOTO Iapa. JTO BaskHOE OOCTOSATENbCTBO B
IIEPEOCMBICJIEHUU YIIPOIIIEHHOTO MOHUMAaHUs CTaHAAPTHOHN 33J1auMl KJIMMAaTHYECKOU HWHIKEHEPUU
(Urpelainen, 2012) — cekBecrtpa yriiepojia u3 arMmocdhepbl 3eMIH.

Peaknus pacrenuii Ha noBbllieHue cozep:kanusg CO. B aTMocdepe B BUJle YMEHbIIEHUSA
HOPMBI TPaHCIIHPAlMHU JAET ITOBOJ IIOHU3WUTH OIEHKY OIACHOCTU 3aCyXH I PACTeHUU IO/
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BJINSTHUEM BEPOATHOH KcepoTusanuu kiaumara (Swann et al., 2016; Lin et al., 2018). IlokasaHo,
YTO MPOJOJLKUTETLHOCTh 000pPOTa yTIepo/ia TECHO CBSI3aHA C TUAPOJIOTHYECKHM PEXUMOM CYIIH
(Carvalhais et al., 2014). 9Tu aBTOpHI YKa3bIBAaIOT Ha 3HAYMMOCTb JAHHOTO (haKTa KaK YCJIOBHE
KOPPEKTHOH OIleHKH BKJIaJla 3aCyIIMBBIX TEDPUTOPUH B IIOTOKHU M OajlaHC yTJIepo/ia, TEM CaMbIM
CTaBATCS I10J] COMHEHHE MPEINOChUIKH Pab0TOCIIOCOOHOCTH IEUCTBYIOIUX MOJIEJIEN YIIEPOTHOTO
OajylaHca u KJIMMaTa.

B Hacrosiee BpeMs 3acCylIUIMBbIE TEPPUTOPUH 3aHUMAIOT O0Jiee TPETH I100aIbHOM 3eMHOU
IIOBEPXHOCTH, IIOYBBI KOTOPOW IIOABEP)KEHBI jerpazamuu. I[lostomy OanaHc yrepoza B
3aCyIUIUBBIX paliOHaX 0c000 HecTabWIEH — OT IOIJIOIIEHUS YIJIEPO/ia TIOYBOM /10 €r0 SMUCCUH U3
ITOYBHI, MPUYEM HM3MeEHEHWe HalpaBJIeHUs TMOTOKA Ha IMPOTHBOIIOJIOXKHOE HAOJI0ZaeTcs Jake B
TeUeHNe KOPOTKUX BpeMeHHbIX mpoMexkyTkoB (Lopez-Ballesteros et al., 2018; Gong et al., 2018).
ITOT BBICOKHU YypOBEHb HW3MEHYHBOCTH OTPHIATEIbHO BJIMAET Ha OpPTaHOTeHe3 pacTeHUH,
YCTONYHUBOCTD KJIMMATA, IPOIyKTUBHOCTD arpo- U 6uocdeps B 11EJIOM.

Huks u motoku CH, B r106aIbHOM OMOTE€OXHMMUYECKOM ITUKJIE He MEeHee HeOIpe/leJIeHHBI,
yeM 1ukJI U 1oToku CO, (Carmichael et al., 2014; Atmospheric Methane, 2018). U1 croJib ke ci1abo
MIO/I/TAI0TCS PETYJIMPOBAHUIO HECOBEPIIIEHHBIMU, IOCTYITHBIMU /10 HACTOSIIIETO BPEMEHU IIPUEMAMU
U TEXHOJIOTHUSAMU, KOTOpbIe O0Jiee OpUEeHTHPOBAHbBI Ha MMAJUTHATUBHOE JiedeHne 9Kocdepsl, ueM Ha
MIPUHITAITHAJIBHO HOBbIE KapAuHaabHble pemteHus (Lizik et al., 2013). Ilukn u motoku CH, u CO.
MOTYT OBITH MPOTHUBOIIOJIOKHBIMH Ha COIPSKEHHBIX 3JEMEHTaX HKOTOIA, a DMHUCCHS U CTOK
CMEHSIOT APYT Apyra Ha KOPOTKUX BPEMEHHBIX MpoMeskyTKax (I'1aroses u ap., 2012).

IIpu TexHOTEeHE3€ BO3pacTaeT BeposTHOCTh amuccuu CH, B aTMocdepy. DTo IerpaupyoIiue
ITOYBBI M HACaXKJAEHUsI, CBAJIKH, ITPOAYKTHI HEIIOJHOTO CTOPaHHsA, 3€MJIU, OPOIIIaeMble B paMKax
yCTapeBIINX TeXHOJOTHH wuppurarmuu. Oco0eHHO HeraTMBHO 3a IIOCJAeAHHE 5000 JIeT
IIUBIJIN3AIIUHN B 3TOM acIleKTe OIeHUBAIOT KyJIbTypy 3aTomuissemoro puca (Ruddiman, 2003), kak u
mepeyBJIaKHEeHHE 3eMeJb BOOOIle, BeJlb C OJHOU CTOPOHBI, BOJAHO-OOJIOTHBIE TEPPUTOPUU —
uckomblii crok CO2 (Kyzesapos, 2018a), HO ¢ apyroii cropoHsl — smureHT CH4. OpHako crok
yriaeposa B OOJIOTHBIX YKOCHUCTEMAx 3HAUYUTENbHO IIPEBAJIMPYET HAJ DMHUCCHEH MeTaHa B
atMocdepy. IloaTBep:kIeHHEM TOMY SBJIAIOTCSA TpPOMajHbIe 3amackl TOP(OB, C BO3PACTOM
yIJIEPO/ia B HUX JI0 10—12 THIC. JIET.

He meHee BaKHO JiJisl aZleKBAaTHOW OLIEHKH ITE€PCIEKTHBBI MPOU3BOJICTBA M HCIIOJIb30BAHUSA
SHepruu B Ouocdepe MMETh B BHUAY HAJIEKHOCTh IapaMeTPOB M HHTPEIUEHTOB, XapaKTep U
KauecTBO MOJIeJiell BOAHOTO OajlaHca, KJMMaTa W Apyrux mnojcucreM 3emin. CoBpeMeHHBbIE
MO/IeJIH YIJIEPOTHOTO OaslaHca M KJIMMaTa BechMa JIaJieKu OT coBepleHcTBa. OiHa U Ta Ke MOJIeTh
MOJKET JaTh Pacy€THOEe MOTeIUIeHHe KJIMMaTa 3eMJIH, HO IIPU CaMOM HeOOJIBIIIOM H3MeHEeHUU
BXOZIHBIX TIapaMETPOB Ha BBIXOZE MOJEJTH OOHAPYKUBAETCS MPOTUBOIOJIOXKHBIA pPe3yabTaT —
roxostoganue kiuMmara (bopucenkos, [Tuuyrun, 2001; Rothman, 2015).

KosinuecTBeHHBIN yUeT JUHAMUKHY YIJIEPO/ia OPTAHUYECKOT'O BEIECTBO ITOYBHI, KPYTOBOPOTA
MIUTATEJIbHBIX BEIECTB SBJISIETCA CJIOXKHOW 3ajlauedl BBUY HEOIPENIEeJEeHHOCTH ITIOTOKOB U
HEYCTOUYMBOCTH pacueTHbIX mapamerpoB (Uselman et al., 2012), mpuuém moaxos K OIEHKE
COJIep’KaHUsl YIJIEPO/Ia B IOYBE SIBJISETCS HEOIPE/IEJIEHHBIM Jla’Ke Ha YPOBHE HHIUKATOPOB U
METO/IOB KOHTpOJIA cojep:kaHus yriaepoma B mouBe (Laudicina et al., 2013), BxIogas
JIUCTAHITMOHHBIE MeTozAbl (Spencer et al.,, 2012). Meroabl AUCTAHIITMOHHOTO MOHUTOPHHTA H
KOJINYECTBEHHOH OIIEHKM CHUHTe3a U IepeH0ca OPTaHMYEeCKOTO BelllecTBa W3 TOYBBI B BOJIHBIE
CHCTEMBI YaCTO TaK)Ke JaloT HeompezeneHHble onleHku (Han et al., 2017; Dunn et al., 2017; Van
Zalinge et al., 2017; Thurman, 1985; Batjes, 2016; Hestir et al., 2015). HekoHTposimpyeMmbIii
IIEPEHOC BOJIbI, MUHEPAJIbHBIX 1 OPTAHUYECKUX BEIECTB ABJAETCA HEOIArOMPUSITHBIM CJIEACTBHEM
CTaHJIaPTHOTO IIPHPO/IOIIOJIb30BAaHUs B PA3JIUYHBIX SKOcHCTeMax. FIMEHHO MOTOMY HEOOXOJHMMO
CPOYHO paszpaboTaTh ONTHMAJIbHbIE BapHUaHTHI 3aIMUTHI U cOeperxkeHus mouBbl (Altieri et al.,
2018).

BBumy cimokHOCTH TpOOJIEMBI, HEYCTOWUYMBOCTU OOBEKTAa M HECOBEPIIEHCTBA MO/JIEJIEH,
JIaHHBIE 0 OajlaHce yIJIepojia caeayeT MOCTOSHHO yTouHATh (Kurganova u ip., 2010), MOCKOJIBKY
pe3yJIbTaThl pacueTa MUKJIA yIIepo/ia, MOIydeHHbIe Pa3HBIMU aBTOPAaMU U M0 Pa3HBIM MOJEJISM,
cymiecTBeHHO pasinyatorces (Dolman et al., 2012).

P® obsamaer cambIMU OOJIBIIMMU TLIOIIASIMH JIECOB U OOJIOT — OCHOBHBIX ITOTJIOTHUTEJIEH
yTJIEPO/IA, U ABJIAETCA TEPPUTOpPUEH YncToro croka arMmocdepHoro CO2. 9To aKTyaJabHO C TO3ULNU
KOHTPOJISA COCTOSIHHsA TIJIobasibHOTO OajiaHca yIyiepojia, OCOOEHHO B CBA3U C TEXHOT€HHBIMU
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BBIOpOCAMHU TIAPHUKOBBIX Ta30B W M3MEHEHHMEM KjauMaTa. lIMeeT MeCTO IIUPOKHH paszbpoc
B OIleHKaX 3KocucTteMHOro croka CO2. 9To 00ycI0BJIE€HO NPEUMYIIECTBEHHO Pa3HOOOpa3ueM
METO/IOB OIIEHKU pe3epByapOB, UCTOUYHHKOB U CTOKOB ITADHUKOBBIX T'a30B. I10 pa3HbIM JaHHBIM,
YUCTHI OMOTEHHBIH CTOK YIJIEPO/Ia Ha TeppuTOpur Poccuu coctariser otT 200-300 MitH. T C/rox
1o 1 I'r C/rop, cpenusisa us 60see 4eM 10 OIeHOK — 714+260 MutH. T C/rox (Kyzaesipos, 2018a).

MexxayHapoaHass WHHIMATHBA «4 per 1000» (Sustainable Innovation Forum — SIF15),
BbIZIBUHYyTass OpaHiei 1 aekabps 2015 roga Ha COP 21 (21t Conference of Parties), siBisiercs
MHOTOOO€IIaoNIel, ITOCKOJIbKY JIeKJIapupyeT OWOJIOTHYEeCKUH CEKBECTD YIJIepoZia B TIOYBE
(Minasny et al., 2017). YMecTHO yBEJIUYUTD MTOTOK yIJIEpPOia K CyXOIMyTHBIM OOBEKTAM €ro CTOKa —
II0YBa, Jiec, 3alllMINeHHbIEe JIECOM 3eMJIH, BOJIHO-00s0THBIE yroabsa (Lal, 2016). OpHako Jydiivie
MPAKTHKH yIPABJIEHUs MOTOKAMHU U IIyJIOM YIJIEPO/Ia B IOYBE HE JIOJDKHBI OBITh COCPEIOTOUYEHBI
TOJIBKO Ha cekBecTp yriepoga u3 armocdeps (Lal, 2008), ero HeoO6paTUMOM 3aXOPOHEHHWH B
Heznpax (Lee et al., 2010).

[TombiTka nmoOUTBCA ddderta GUKcANMU YIVIEpOZa ITOCPEJICTBOM JAeKapOOHU3aIuN
HICXO/THOTO ChIpbsi OOMAaCCHI /IS POU3BOCTBA BOJAOPO/IA U IOJIyUeHHs OTPUIIATETLHOTO OaaHca
BbIOpocoB CO. (Serrano et al., 2012) obepHeTcss U30BITKOM BOJASHOTO Iapa B atMocdepe IocJie
C)KUTaHUS TIOJIyUeHHOTO TaKWM IIyTEM Bojopoza. BojsHoil map sBisercss 6ojiee OIacHBIM
MMapHUKOBBIM ra3zoM, ueM CO..

Crnenyer OMHOBPEMEHHO CTUMYJIMPOBATh IJI00QIBHBIN OajlaHC yIyieposia U oboraiieHue ero
6mosiormueckorr ¢aspl. [ToTeHIMAT TEXHOJIOTHYECKOH YCTOMYMBOCTU CEKBECTPA U 3aXOPOHEHUSA
CO, (Balance enrichment of C capture and storage — BECCS) (Fajardy, Dowell, 2017) siBisiercs
YCEUEHHBIM B Y3KHUX PAMKAaX CJIOKUBIIIETOCS CTAHZAPTHOTO IOZX0/Ia K YIPABJIEHUIO 3KOChEPOH.
I[TosTomy Bo3moxkHoctm BECCS He w™oryr ObITh peaJii30BaHbl B IIOJIHOM OOBEME.
HeorpaHuueHHBIH CEKBeCTp yriiepojia u3 atMocGhepbl MOXKET OTPUIATEIPHO MOBJIUATH HA POCT
pacTeHHi, U TOJIPKO TIIATEJbHBIA MMOAXOMA K YIPABJIEHHWIO OPraHUYECKUM YIJIEPOJOM IIOMOKET
n30ekaTh sKosiorudeckoro pucka (Wimde, 2018; Vanden Bygaart, 2018), o6ecriednTs HaZIe}KHOCTh
OIIEHOK POJIM IIOYBBI B IOBBINIEHUU IMPOAYKTHBHOCTH YKOCHCTEM Ha MECTHOM U IJIOOAJIbHOM
YPOBHSIX.

[Toka ke omupaTbcs Ha MPEAJIOKEHUsI O CEKBECTPE YIJIEPOJia IyTeEM 3aKauKH CIKUKEHHOTO
13 aTMocdepsI YIJIEKHUCIIOTO Ta3a B TE€0JIOTHYECKHUX OTIOKEHUAX, MTOA3EMHBIX JIbaX KPUOJIUTO30H
(Lal, 2008), pa3mMernieHuss HEAOCTYITHOTO PA3JIOKEHUI0 MUKPOOPraHU3MaM Omouapa IOJ[ CJI0EM
mouBbl (Lee et al.,, 2010) ciemyer ¢ OCTOPOKHOCTBHIO, WHAYe €CTh OITACHOCTH IIOJIyYHUTD
peXXIeBpeMeHHOe OuepeIHOe OJie/leHeHNe, KOTOPhIX B IielicTolieHe yiKe MPOIIUIO TPU JEeCATKA,
a B Xy/IIIIEM CJIydae — BOOOIIE YTPATUTh BO3MOKHOCTbD MIPOIOJIKEHUS KU3HHU Ha 3eMJle, IOCKOJIbKY
OHa MMeeT YTJIEPO/THYI0 OCHOBY.

[TpupoIonoIb30BaHKUE JIOJIKHO TpeAyCMaTpUBaTh KOMIIeHcanuio BbiOpocoB CO. B
atMocdepy € HCIOJIb30BaHUEM KYMYJIATHUBHOTO IMOTEHI[MAJIa CEKBECTPAIIMU YIJIEPOJia IOYBOM,
depturanuu pacreHuil 3a cuer yBenudeHus cozgep:xkaHua CO. B arMmocdepe, IMOBBIIIEHUA
YCTOHYMBOCTHA BOJHBIX CHUCTEM B yciaoBusix uaMmeHeHus kiaumata (Ford et al., 2011; Lal, 2004;
Shelby et al., 2011).

BydepHas emkocTh u 6uogocTynHOCTh docdopa, Kaausd U MUKPO3JIEMEHTOB 00yCIOBIeHA
XUMHYECKUM COCTaBOM OPTaHMYECKOTO BEIleCTBa IMOYBBI U CKOPOCTHIO UX 000pOTa B IIOYBE, WJIH,
€CJTM TIPOIeCC IepeHoca 3aTPOHYJI 30HY ajspalfd, TO W CKOPOCTHIO JIOKAJIBHOTO M OOIIEro
ruzaporeosiormyeckoro kpyroobopora (Helfenstein et al., 2018).

BaskHyI0 poJib B CTAOMJIM3AIMH U arperaniy BOJHO-PACTBOPUMOTO OPTaHUYECKOTO BEIeCTBa
MMOYBBI UrpaloT KapboHatsl (Apesteguia et al., 2016; Virto et al.,, 2011), KoTOpble UHTHOUPYIOT
motepto PO, u3 mouBsl (Qualls et al., 2009). [ToaToMy BaskHO 00ecHeYUTh TreoPU3NMUYECKIE
MPEANOCHUIKY /ISl YCIIENTHON BHYTPUIIOYBEHHOM a/ICOPOITUU YIJIEPO/Ia OPTaHUYECKOTO BellecTBa
mouBbl, docdopa M APYrUX MHUTATEIBHBIX BEIECTB, HMPUUYEM C OAHOBPEMEHHBIM 3ddeKToM
pemenuariuu (Bech et al., 2014).

CorsiacHO MUPOBOH CTaTUCTHUKE, 32 MOCJIEHUE 40 JIEeT Ha JOJII0 MUHEPAJIbHBIX YI00peHnH
KaK KOMIIOHEHTa OHOTeOXHMMHUYECKOTO [HKJIA HPUXOJWIOCH 40 TMPOIEHTOB IPHUPOCTA
npousBozicTBa mpoaoBosibeTBUA (FAO, 2011). MuHepanbHble yI00peHUS CTaIU OIIYTHMOU
QHTPOTIOTEHHON COCTABJISIONMIEN TIVIOOAJIBLHOTO OHOTEOXMMHUUYECKOTO IHKJIAa OHOMUIBHBIX
ay1eMeHTOB. [loc/IeICTBUA HAPYIIIEHUH eCTECTBEHHBIX ITUKJIOB OMO(GUIBHBIX 5JIEMEHTOB Haubosiee
SIPKO TPOSIBJISIIOTCS B BUJIE TOBBINIEHUs] MUTPAIIMOHHON aKTUBHOCTHU PACTBOPHUMBIX COEIUHEHUH
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azo0Ta, 9BTpodUKAINY IPUPOJHBIX BOA, sMuccuu 3akucu azota (N.O) — 3HAUMMOro NapHUKOBOTO
raza. Harpyska ceIbCKOXO3SHCTBEHHBIX YTOAUHM yIOOpEHUSAMH H XUMHUUYECKHUMU CpeJICTBAaMU
3amuThl pacreHudl yBenumuupaerca (FAO, 2015). [IpumeHeHre a30THBIX yI0OpeHUI B 3amajHON
EBpomne cocrasisier ot 40 kr (IToptyranus) mo 500 kr/ra (Hugepnauasr) (FAOSTAT, 2017).

BHeceHHBIE B ITOUBY ITUTATEJIbHBIE BEIECTBA HE IMOJTHOCTBHIO HCIOJIB3YIOTCA PACTEHUSIMHU B
CHWIy TPUMEHEHUs YCTApeBIINX WHAYCTPUAJIbHBIX TexHomoruii. B Kutae koaddummeHT
HCIIOJIb30BaHUsA a30THBIX yI0OpEeHUH IMoA puc, MIIEHUIy U KyKypy3y COcTaBisieT 26—28 %, mof
OBOIIIHBIE KYJIBTypbl — MeHee 20 % (Miao et al., 2011). 13 BHeceHHOT0 B IIOUBY a3oTa 6oJiee 50 % B
BuZie pactBopuMbIXx HHTpaToB (NO;) u razoobpasubix coequHeHUH (N., N,O) 3arps3HsioT
OKpy»katomiyto cpeny. B EBpocorose B pe3sysbraTe HU30BITOUHOTO HCIIOJIB30BAHUA YIOOpEeHUU
HAKOIUIEHUE a30Ta B II0YBE YTPOKAET YCTOMUUBOCTH 70 % mpupoHbix 6uoreocucrem (Hettelingh
et al., 2008).

BBICOKOIIPOAYKTHBHOE TOBAPHOE CETLCKOX03ANUCTBEHHOE IIPOU3BO/ICTBO MPEJICTABIISIET COOOU
MAacIITAOHYI0 OTKPBITYI0 OHOTEOXMMHYECKYI0 CHUCTEMY, Ha BXO/J€ KOTOPOH BBICOKHE J[03bI
ynoOpeHuii, obecrieyrBaloOIIe BBICOKYIO YPOKAHHOCTb KYJIBTYP, Ha BBIXOJZIE — arporeHHble
MIOJUTIOTAHTHI, M 3arps3HEHHAs MOJUTIOTAHTAMH TOBapHAas MPOAYKIHA, ¢ KOTOPOH OTUYKIJAIOTCS
6os1pI1TMIE 06'bEMBI BHECEHHBIX B ITOUBY U IIPUPOJIHBIX OMODUIHHBIX 3JIEMEHTOB.

Poccus, Ha mepBbIfi B3mIAA (PucyHOK 3), HaxoAWTCS B BBIUTPBIIIHOM IIOJIOKEHUH,
IIOCKOJIBKY 3aTPAaThl yI0OpEeHU Ha eANHUILY ITPOIYKIIUH 3/Iech TOKa MUHUMAasbHbIE. Ho 11 06'beMbl
MIOJTy9aeMOU CeTbCKOXO3ANCTBEHHON MPOAYKIMH TOPas/i0 HIDKE MOTEHIIHAIBHBIX BO3MOMKHOCTEN
COBPEMEHHBIX TEXHOJIOTUH IPOU3BOJICTBA IPOJOBOJBCTBUA, YTO BBIHYKJAET CTPaHY
UMIOPTUPOBATh NPOAOBOJIBCTBEHHBIE TOBAPHI HA MHOTHE MWuInapasl aosuiapos CIIIA, peanbHO
YTPOZKAET €€ IMIPOI0BOJILCTBEHHOU 6€30I1aCHOCTH.
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Puc. 3. CpaBHuTesibHasA 00€CIIEUeHHOCTh MUHEPAJIBHBIMU YA00PEHUAMU MaXOTHBIX YTOAUH
Poccuu 1 HEKOTOPBIX CTPaH MUPaA

Te3uc 0 HHUBKHX 3aTparax y1106peH1/1171 Ha e€eauHuny IMIOpOAYKIHNK Mbl KPUTHYECKU
IIEPEOCMBIC/IUM HHUXKE€ Ha HOBOM YPOBHE ITIOHUMAaHHUA HpI/IpOZ[OHOI[O6HI)IX TEXHOJIOTHH.

3.1. baslanc nuTaTeIbHBIX BElecTB B 3eMiiefennu Poccun

C mo3unuil arporeOXMMHUYECKOrO IMKJA IUTATEJIbHBIX 5JIEMEHTOB B IO/ABJIAIONIEM
OOJIBIIMHCTBE  CEJIbCKOXO3ANCTBEHHBIX JaHAmadgToB Poccuu  cozmaercss  5KCTPEMasIbHO
nedbunuTHRIA 6aJlaHC 3JIEMEHTOB MHHEpaJIbHOro muTaHus pacreHuit (KynespoB u gp., 2017).
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Mpbl fiB/IsieMcs CBHUJIETEIAMH YHUKAJIBHOTO IIOJIOKEHUs, KOTZIa CTPaHA BBICTYIIAeT KaK OJMH U3
KPYIHEHNIINX B MUPe ITPOU3BOAUTENIEH U 9KCIIOPTEPOB MUHEPAIbHBIX y100penuii (PucyHok 4), a B
3emiiefieiil Poccuy IPUMEHSIOT HHUYTOXKHO Mayloe KOJIMYECTBO YIOOpEHUM, CJIe/ICTBHE Yero,
uMesl OOIIMPHBIE CEJIHCKOXO3SMCTBEHHBIE YTOJbs, CTPaHA IIOJyYaeT OJHU W3 CaMbIX HU3KHUX
ypokaeB. JTO HE YAUBUTEIHHO, ITOCKOJIBKY IIOJIyUYeHHE CeJIbCKOXO3SANUCTBEHHON IPOAYKINU B
Poccuu noka mpousBOANTCS MPAKTUUECKHU TOJHOCTBIO 32 CUET He OYeHb OOraToro ecTeCTBEHHOTO
IJIOIOPOAYA MTOYB.
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Puc. 4. CooTHOIIIEHNE SKCIIOPTA U BHYTPEeHHEro noTpebiienus yaoopennii B P@
A — azotuble ynobpenusi (N); b — docdopusbie ynobpenusi (P.0s); B — kaynuiibie y100peHust
(K20). 1 — BHyTpeHHee NOTpebJIeHNE; 2 — SKCIIOPT 3a pyOesk

3.1.1. CocrosiHue OasaHca a30Ta

[IpakTHueckn Ha BceX II0YBAX TIJIABHBIM (DAKTOPOM, OIPEAEISIONINM ITPOAYKTHBHOCTH
OCHOBHBIX CEeJIbCKOXO3SIMCTBEHHBIX KYJIBTYp, sIBJIsieTcss a30T. Cpeln MHHEpPAIbHBIX yI0OpeHUH,
a30THBIE SIBJIAIOTCS HauboJiee TpaHCOPMUPYEMBIMH B OKpYy»Karolieid cpezne. To ecTb, ¢ OHOU
CTOPOHBI, a30T WHTEHCHUBHO YCBAWMBAETCSA PACTEHUSAMU, a C JIDYTOM aKTUBHO BOBJIEKAeTCs
MMOYBEHHBIMH MHKPOOPTraHM3MaMH B TPaHC(HOPMAIMOHHBIA ITUKJI C YYaCTUEM OPTaHUYECKOTO
yriepoza (MMMOOWIM3amus <> MHHepaIu3alfsa <« HMMoOWIu3anusa). B mporecce
MUHEpAJN3allid 4YacTh a30Ta MOKHUAAeT IOYBY 3a CUET MUTPAIUH HUTPATOB C MPUPOIHBIMU
BOJIaMH ¥ YXOAUT 3a TIPeNebl DKOCHUCTEM, a TaKKe IoABepraercs AeHUTPUPUKAIUN U
ysneryurnBaercs B atmocdepy (N., N.O). [ToaToMy a30T B ITOYBax IMIPaKTUUECKH HE HAKAILJIUBAETCS
JlasKe B YCJIOBUSX 3HAYUTEIHHOTO IMPEBAMPOBAHUSA €0 IMOCTYIUIEHUS HaJ BBIHOCOM C YPOIKaeM.
B mouBax B pe3yJibTaTe OTUYKAEHHA OUOJIOTHUYECKOHN MPOAYKINU CO3aeTcs eUIIUT aKTUBHOTO
OPTaHUYECKOTO YIJIepOZla — OCHOBHOTO HCTOYHHWKA THINU W SHEPTrUU TreTepoTpodHOU
MHUKPOQJIOPHI U CBSA3BIBAaHWSA MUHEPAJIHHOIO a30Ta B opraHudeckyio ¢opmy. ITorepu azora us
IIOYBHl B BHJI€ HUTPATOB IPH HCIOJb30BAHUM OPTaHUYECKOTO YAOOpPEHHs BBIIIE, YeM IIPH
MHUHEpPaJbHOU cucteMe ynoOpeHus. /I yMeHbIIEHHS BBIHOCA a30Ta HEOOXOJAMMO YMETHb
YIIPAaBJIATH €70 KPYTOBOPOTOM.

Kpome azora ymoOpeHuii, B KpyrOBOPOT BOBJIEKAIOTCA U JPYTHe HCTOYHHKU CBSI3aHHOTO
azoTa, M3 KOTOpPBIX Ouosiornyeckas ¢ukcanusa (cuMOMOTHUEeCKass W HeCUMOUOTHYecKas)
COCTaBJIsIeT HAHWOOJBIIYI0 YacTh. BO BCeX CEIbCKOXO3SHCTBEHHBIX YTOAbAX 3eMJId 3a CUeT
OuoJsIornYecKor a30TGUKCAINHU B TIOUBY ITOCTYIIAeT OKO0JIO 44 MJH. T N eskerosiHo (FAO, 2015).
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MeHee 3HAYNUTEIbHbIE KOJIMYECTBA, YeM C y/IOOPEHUAMU, B IIPUXOJHOHN YacTU I7106aIbHOTO
a3oTHOTO OajlaHca COCTABJIAIOT TIOCTYIUIEHUS CBS3aHHOTO Aa30Ta B pe3yJIbTaTe CXKUTAHUSA
HICKOIIAeMOT'0 TOIUINBA (TI0JIyyeHUe TeIlJIOBOH U 3JIEKTPUYECKON HHEPTUH, A TAKXKe TPAHCIIOPTHBIE
3aTpaThl). [Ipu CXKUraHUM TOIUIMBA BBIJEIAIOTCA B OCHOBHOM OKHCJIBI a30Ta — OCHOBHBIE
3arps3HUTENN HIDKHUX c10eB artMocdepbl. OmnpeneneHHas dYacth N—-NOy BBIBOAUTCA U3
atMocdepsl ¢ 0CaZIKaMU U IIOCTYIIAeT B IIOYBY.

Ha ¢one o6111eMUpOBHIX JAHHBIX MPUMEHEHU a30THBIX yI00peHu B 3eMuieiesiuu Poccun, ¢
ydeToM TOro (pakTa, YTO KyJIbTUBHPYEMBIE€ MOUYBBI O€THBI U JETPAIUPOBAHBI, IPUMEHEHUE BCEX
BU/IOB yZOOpeHUI, BKJIOYass a30THbIE, SABJISAETCA KPUTHYECKUM. 3a 25-JITHUH IepHuoJi B
3emsiefieiil Poccum BBIHOC a30Ta C ypPOKAaeM CeJIbCKOXO3SUCTBEHHBIX KYJIBTYD IIPEBBICHII
BHECEHHE a30Ta CO BCEMH BUIaMHU y1o0peHuit Ha 63.5 MUTH. T (814 kr/ra) (PUcyHOK 5).
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Puc. 5. bananc azora B 3emiefiennuu Poccun 3a 19092—2016 IT. HapacTaloIUM UTOTOM
(Kynespos, 2018b)

Bo3M0kHO, peanbHbIN AebUIUT a30Ta B 3eMJIEAEINH ObLT HECKOJIBKO MEHBIIE, TIOCKOJIBKY B
MIOYBY a30T IOCTYyHaJl TaKKe 32 CYET CUMOMOTHYECKON M HEeCHUMOHOTHYECKOH a30T(HUKCAIIUH.
K coxasienuio, Takoro poga OO bEKTUBHbBIE JJAHHBIE B HACTOSAIIEE BPEMs IIPAKTHYECKH HETOCTYITHBI
KaK B CHJIy OPTAaHU3AIMOHHBIX IIPUYNH — ¢Ja0oe pa3BUTHE CHCTEMbl MOHUTOPHWHTA, TaK U BBHUIY
BBICOKOW MHUTPAIlMOHHOM cIocoOHOCTU a3oTa B bmocdepe. Hapsaay ¢ dukcamueir arMochepHOTO
azoTa TeOOMOHTAMHM, IIOTEPU Aa30Ta IIOYBBI IPOUCXOMAAT BCJIEACTBUE JE€HUTPUDUKAIMH U
BBIMBIBAaHUA HHUTPATOB. O0 3TOM MOKHO CYAWTh MO JAHHBIM C MEUYEHHBIMU SN a30THBIMU
yIOOpEeHUAMH: HAa Pa3JIMYHBIX ITOYBAX U B PA3HBIX KJIMMATHYECKUX 30HAX MIOTEPU a30Ta TOJIHKO B
razoobpasHoil ¢opme oneHeHbl B 15—25 % oOT BHOocuMbIX 103 (Kyzespos, 2018b). C yuerom
MIpUBeIEHHBIX (PaKTOB MOKHO yTBEPK/IaTh, UTO CEJIbCKOe X035UCTBO Poccuu B HacTosllee BpeMs
HCIIBITHIBAET OCTPHIH JlepuuuT azora. Cyzs 1o mpojorKarolielcs TeHIeHIUY HapacTaHUsA 3TOTO
neduIuTa, CUTyanus B 0003pUMOU EPCIIEKTUBE CYIIECTBEHHO HE U3MEHUTCS.

HenocraTtok a3ora B MUTaHUM PAaCTEHUU HEe MOKET 00ecreunBaTh MOJIyUYeHHs TOJTHOLIEHHOTO
II0 KauyecTBy U KOJIMUECTBY ypoKas CeJIbCKOXO03AHCTBeHHOW mnpoaykiuu. OueBUIHO,
B arpolleH03ax HaZ0 CO3/1aBaTh YCJIOBUS JJI ONTUMHU3AINN OMOJOTHYECKOU (UKCAINU, a He
MIPOCTO TIOCTABJIATH a30T B MOYBY, OTKYZIa OH ¢ HEOJIArONmpUATHBIM 3 GEKTOM ISl OKpY Karolen
Cpenbl TYT *Ke BBIMBIBAETCS B 30HY a3palliy WK SMUTHUPYETCA B aTMocdepy.

3.1.2. bananc ¢pocdopa
[TomosiHeHne 3amacoB ¢ocdopa B IMOYBAX BO3MOXKHO TOJIBKO IIyTEM IIPUMEHEHUs
docdaTHBIX y/100peHuii U ApyruX cojepskamux docdop Berects. B Poccun BhiHOC docdopa c
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yPO’KaeM CeIbCKOXO3sHCTBEHHBIX KYJIBTYp 3a 25 JIeT B 3 pa3a IpeBbICHU BHeceHHe (ocdopa co
BCeMU BUIaMu yaoopenui (PucyHox 6).
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Puc. 6. bananc docdopa B 3emienenun Poccun 3a 1992—2016 IT. HapacTalOIINM UTOTOM
(Kynesipos, 2018b).

IIpu 5TOM B CTpaHe MMeeTCss OTPOMHBIN IIOTEHI[HAJ 3aMacoB JIYUYIIero B MUPE 10 Ka4eCTBY
docdaTtHOrO CHIpBS — XMOWHCKOTO amllaTUTa, OJTHAKO 0OoJiee MOJIOBUHBI BBIMycKaeMoW B Poccuu
dbocdopconepkaimeit mpoaykmuu yxomut 3a pyoexk (Iocmoxsiaz, 2016). 9To abCONIOTHO He
ONPaB/IaHO C TOYKH 3PEHUs CTPATETHH TOCYAApPCTBEHHOW ITPOJIOBOJILCTBEHHOW 06€30I1acHOCTH.
Benp XubmHCKOE MECTOPOXKAEHUE JIaJIEKO HE caMOe eMKO€E 110 MUPOBBIM CTaH/AapTaM, 0COOEHHO Ha
(oHe HOBBIX JIAHHBIX O pa3BeJlaHHBIX B MHpe 3amacax ¢ocdopHoro cwipbs (Lapin, Lyagushkin,
2014). 3atpatsl Poccuu Ha UMIOPT MPOJOBOJIBCTBUS TOPa3/0 BBIIIE, UeM BBIPYYKa OT MPOZAKU
ynobpenuii 3a pyboesx (Focmokstan, 2016).

3.1.3. bananc xanusa

Kanuit sBseTcss 3HAYNMBIM MMUTATETBLHBIM 3JIEMEHTOM B 3eMuiesiesinil Poccuu. Bo3daMorkHO,
CUTyaIUs C KaJIneM MeHee ocTpasi, ueM ¢ (ochopoM HiIu a30TOM, HO Oe3 MPUMeEHEHHUs KaJTUHHBIX
yIOOpEeHU HeJIb3s1 IOJIHOCTHIO PEean30BaTh MOTeHNHAT 3(¢GEKTUBHOCTU STUX OMODUIOB U
MIOJIYYUTh TIOJTHOIEHHYIO IHINEBYIO CEJThCKOXO3SIUCTBEHHYIO mpoaykiui (Pucynok 7). Bamanc
KaJIus B 3€eMJIE/IEJINU CTPAHBI YXY/IIIAETCS.
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Puc. 7. bananc kanuda B 3emuiefienun Poccun 3a 1992—2016 IT. HApacTamIIUM UTOTOM
(Kynesipos, 2018b).

B 1mesom, arporeoxuMu4eckwii 0OajlaHC OCHOBHBIX HUTaTeIbHBIX 3jeMeHTOB (NPK) Ha
Tepputopun Poccuu B HacTosilllee BpeMsi BecbMa HeOJIATONPHUATHBINA, MPUYEM CIIOKUBIIASACS
CUTYalHs BO MHOTOM 00yCJI0BJIeHA U30BITOYHBIM SKCIIOPTOM MHUHEPAJIbHBIX Y/IOOpEHUH.

4. YupasjieHHe OHOreOXMMHUYECKHM IHUKJIOM OuOPUIBHBIX 3JI€EMEHTOB
METOaMH OMOre0CUCTEMOTEXHUKH

[mobasbHBIE  OMOTEOXUMHYECKHH IUKJI YIVIEpOZJA B COCTaBe OPraHUYECKOrOo W
MUHEPAIHHOTO BeEIIeCTBA MOUBBI, ¢Gocdop, MPyrue MaKpo- U MHUKPOIJIEMEHTHI, MOJAENU 3TOTO
mporiecca W, OCOOEHHO HOBBIE TEXHOJIOTMH IPUPOJIONOJIb30BAHUS UYPE3BBIYAHHO BaKHBI JIJIS
KOPPEKTHOTO 5KOJIOTHYECKOTO MOHUTOPUHTA U MeHe/KMeHTa skocucteM (Van Mansvelt, 2017).

CoBpeMeHHOe TPUPOIONIOIH30BAHNE HA YCTAPEBIIMX WMHUTAI[MOHHBIX IMPUHITAIIAX
HCKJIIOUAeT B BII0Xy HOOochepbl KO3BOJIIOIMOHHOE PAa3BUTHE YEJIOBEUECTBA, TeXHOCHEpPHl U
6umocdepsl, nepexo K TpupoonogobHeiM TexHogsoruaM (KoBaipuyk u 1p., 2013; KoBanmbuyk,
Hapaiikun, 2017). B kadecTBe HOBOM mapajurMbl pa3BUTHS IPEJIOKEHO HAYYHO-
TEXHOJIOTHYECKOEe HaIlpaBJieHHe «OHOreoCHCTEMOTEXHUKA», B KOTOPOM  pa3paboTaHBI
MIPUPO/IONIOIOOHBIE AJITOPUTMBI, TEXHOJIOTHH U TEXHUYECKUE PEIIEHNs, B YACTHOCTH, IIPEJIOKEHO
yIIpaBJIeHUE CHUCTEMOM arperaToB IMOYBbI M OMOTEOXMMUYECKUM IIMKJIOM BEIEeCTBA B IIEJIAX
CO3/IaHUs TPHUPOJIONONOOHBIX OHOTEOCHCTEM C TPAHCIEHAEHTAIHHBIMU (T.e. HE HMEIOIIUMU
IPsSIMBIX aHAJIOTOB B Ipupojie) — cBorictBamu (Glazko, Sister, 2016; Kalinitchenko et al., 2016).

Teopus 1 MPaKTHKA MEeXaHUYECKON 00pabOTKHU MOYBBI OPUEHTUPOBAHBI MIPEUMYIIIECTBEHHO
Ha TPAJUIMOHHbBIE PHIXJIAINIKME ycTpoicTBa. Ilocie cTaHIapTHON MEMOPAaTUBHOU TPEXBAPYCHON
BCIAIIKYU KaIlITAHOBO-COJIOHIIOBOTO KOMILJIEKCA arperaTthl MOYB MPE/ICTABIEHbI IPEUMYIIECTBEHHO
B BUJle IVIbIO0 (WJLTIOBUAJILHOTO W IIEPEXOHOTO TOPH30HTOB) pasdMepoM Oosiee 100 MM. I[J1bIOBI
COXPAHSIIOTCS IIPaKTUYEeCKHM B HEM3MEHHOM BHZe B TeueHHe 30 U 0OoJiee JIeT, OCTaBasCh
HENPOHUIIAEMBIMHU JIJIsI KODHEH KYJIbTYPHBIX pacTeHuil. B pe3yspTaTe celMMEHTAIUU TYIHUKOBBIE
IIOPBI 3aHUMAIOT 710 99 % 06'beMa IMOPOBOTO MPOCTPAHCTBA arporeHHou mouBsl (Korost et al., 2012;
Shein et al, 2014a; Shein et al., 2014b).

Teodusuueckass nepapxus MOYBEHHO-TIOPUCTBIX CPEJ] OTBEYAET 32 TEKCTYPY, PACIPeeIeHIe
dpaxkiuii arperaTHOTO cocTaBa M Iporiecc arperamnuu B mouBe (Batukaev et al., 2016; Kalinichenko
et al., 2014; Shein et al., 2017). 9ta uepapxus BiHsAET HA YCJIOBUSA DPA3BUTUS PACTEHUH U
reoOMOHTOB, HA TEPCIEKTHBbI CTAOMIM3alM OPTaHUYECKOTO BeIeCTBa, HAa KAavyeCTBO U
ILJIO/TOPO/INE TTIOYBBI, 0COOEHHO IMPU BO3MYIIIEHHUH MIOYBHI MEXaHUUECKOH 00pabOTKOM.
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PazpaboTaH NpPUHIUII MeJIHOPAIIM IIOYBHI arpoIleHO030B IOCPENCTBOM (pe3epHOit
00paboTKM €€ WUIIOBHAJILHOTO TOpu30oHTa (Ha TIyOMHE 20—45 CM), O0eCIeYHUBaIONTUN
paspyllleHne KpYIHBIX TO4YBeHHBIX arperatoB (Illapmak wu 1p., 1974). OpHOKpaTHas
BHYTpUIIOUBEeHHAsA ¢pe3epHas o0paboTka obOecriedynBaeT IIOJyUeHHE MEJIKUX U CPEIHHUX
HCKYCCTBEHHBIX arperaTroB IMOYBBI — KOMQOPTHOro cyOcTpara i MPHUOPUTETHOTO Pa3BUTHSA
KOPHEBOU CcHUCTeMbI PaCTeHUU U o0uTaHus reoOHOHTOB. KosimuecTBO arperatoB mOYBBI pa3MepOM
1-3 MM B CJIO€ 20—45 CM TIOCJIE CTAaHZAPTHON TPEXBAPYCHOU OOpabOTKH MOUYBBI COCTABJIAIIO
TOJIBKO 10 %, a ocJjie BHYTPUIIOUBEHHOTO (hpe3epoBaHus — JI0 40 %.

B pesysbrare BHYTPUIIOUBEHHOTO (Hpe3epoOBaHUSA YIIYUIIAIOTCH (PUBUKO-XUMUYECKHE,
TEXHOJIOTHYECKHE U arpoOUOJIOTMYEecKHe IlapaMeTphl IOYBBI, ONTHMU3HUPOBAH KpPYTOBOPOT
MIUTATEJbHBIX 3JeMeHTOB. ObeclieunBaeTcs IOYBEHHO-OMOJIOTHYECKUN CEKBECTP VYIJIEpOo/a,
YBEJIMUMBAETCS COJlep:KaHUe TyMyca, B TeueHHe JUINTEJIbHOTO IIepHo/ia OTMEUYeH pOoCT
IPOJYKTUBHOCTU arpOKYJIBTYPhl U JIOCTUTHYTHI BBICOKHE OKOHOMHUYECKHE II0Ka3aTean
(Kalinichenko et al., 2011; MockaseHKo u Jip., 2013).

BayrpunouBenHasn ¢pesepHasi o06paboTka, 0coOOEHHO Ha YPOBHE HOBBIX TEXHUUYECKHUX
pemenni (Kalinichenko, 2005; KasimandueHKo u p., 2014 ), UMEET MEPCIEKTUBY KaK BO3MOKHOCTh
obecrieunTh 0OPATUMBIF CEKBECTD YIJIepo/a u3 aTMocdepbl B OHOJIOTUYECKOH (ase MOUYBEHHOTO
OpraHUYEeCKOTO BEIIECTBA U B BUE OMONMPOAYKIINH, IOJyYeHHOU HA YJIyYIIEHHOH IouBe. BBumy
YBEJIMUEHUsI MOIITHOCTH KOPHEOOUTAEMOTO CJIOS TIOYBBI M IepepacipesieJieHHsl arperaTHOM
KOMIIO3UIIUM €€ CTPYKTYpbl B HAIlpaBJIEHWH Mpeo0IalaHus MEJIKUX arperaTtoB, COKpAIE€HUS
KOJIMYECTBA TYIUKOBBIX IOP YJIyUIlIaeTCs MUTAHUE PacTeHUH, 0co0eHHO ¢ochOpPOM, MOBBIIIAIOTCS
KO3(PUIMEHTHI HKCIIOJIH30BAHUS MUHEDAJIBHBIX U OPraHUYECKUX YAOOpEHHH, COKpaIlaloTCs
oTepu OMO(UIIOB Ha BBIIEIaYUBAHNE B 30HY adpaIlyH.

[Ipu BHYTpUIIOUBEHHOU (dpe3epHOU 00paboTke Oosiee TIIyDOKUX CI0€B MOYBBI YCUIMBAETCSA
pa3BUTHE KOPHEBOH CHCTEMBI, COOTBETCTBEHHO, VBEJIMYMBAeTCA OOpa30BaHHE OTIAJA,
AKTUBU3UPYeTCS MHUHepAIU3alus OpPraHUYeCcKOTO BEIIecTBa, U B Ppe3yJbTaTe CO3/IAI0TCH
IPEANOChUIKU OoJsiee OJIarONpUATHOTO Aa30THOTO ITUTATEJIBHOTO pexxuMma. Ho emé Tosapko
IIPE/ICTOUT U3YUYUTh €r0 COCTABJIAIONINE B HOBBIX YCJIOBUAX, KOTOPBIE CO3/IA€T BHYTPUIIOUBEHHAS
dpesepnas obpaboTka (MUIIYCTHH U JIp., 1974; YMapoB, 1986; YMapos u Ip., 2007).

HemasioBaskHOE 0OCTOATENIHCTBO — OJIMH U3 MPOAYKTOB TpaHCHOPMAIUH a30Ta B IOYBE —
3akuch azora (N.O) — 3Hauumblii nmapHukoBblii raz (USEPA, 2018). Ha ¢oHe cranmapTHOM
arpOTEXHUKU WHTEHCU(]UKAIUs ero SMHcCUM 0oJjiee BEepOSATHA, YeM IIPU BHYTPUIIOYBEHHOMN
(dpesepHOI 06pabOTKE, KOT/IA CO3/IAETCSI BO3MOKHOCTD II€pEeBO/ia a30Ta B JOCTYIIHbIE PACTEHUSAM
dbopMBI 1, BMecTe ¢ TeM, BO3MOKHOCTD €ro OBICTPOTO YCBOEHUs PACTEHUSMH.

ViyurieHue ycsoBUM (POTOCHHTE3a TO3BOJISAET IOBBICUTH IPOAYKTHUBHOCTb PACTEHUHA U
06eCcTeunTh YCKOPEHHBIH KPYTOBOPOT 3JIEMEHTOB MUTAHMUS.

3a CuéT ONTHUMU3ANMHU YCJIOBHH 1 MUKpO(QAayHbI MOYBHI — ONTUMH3AIUN arperaTHOTrO
COCTaBa — MOBBIMIAIOTCS 3/[0POBbE U MPOAYKTUBHOCTH ITOYUBBI.

TpasUIIMOHHO HA UPPUTALHIO PACXOAYIOT OOJIBIIYI0 YaCTh PECYpca MPECHOH BOJBI, IPUYEM
pe3yIbTaTOM HPPUTAIUU SIBJISIETCS HE TOJIBKO MOTEPS BOZABI, HO U HaHECEeHHe Bpena reocdepam
(I'ypb6anoB u 1p., 2018). Pe3yspraToM CTaHAAPTHON HPPUTALMH SBJISIOTCSA: a) HapylleHue Hu
pe3Koe yXyAllleHWe THAPOJOTHYECKOTO PEXUM IOYBBI, JaHAmadTa, 0) BBIIIETAYHBAIOTCS
IIUTaTEJbHbIE BEIIECTBA, B) MPOUCXOAUT IEPEYBJIAKHEHHE, BTOPUYHOE 3aCOJIEHHE OPOIIAEMbIX
3eMeJib, T) B pe3yJbTaTe TIPAaBUTAIMOHHO-TUAPOAUHAMUYECKass GJIoTaluu TBEpPAOU (assl
Ha0JII0/1aeTc MHTEHCUBHOE BOHO-TPAaBUTAIIMOHHOE IepeyIuioTHeHune mouBkl (TomyHoBa U Jp.,
2010). Pacxos BoAbl Ha UPPUTAIUI0 B 4—15 pa3 MPEBBIINIAET SMIUPUUYECKYI0 MOTPEOHOCTh
KyJIbTUBUPYEMBbIX pacTeHud. K Tomy 3Kke, NpHUMeHeHHE CTaHAAPTHOTO MeTo/Ja pacuera
OPOCHUTEJIbHBIX HOPM TPUBOJUT K 3aBBIIIEHHOMY pe3yJIbTaTy, KOTOPBI HE COOTBETCTBYET
COBpEMEHHBIM TIpejicTaBaeHusaM o ¢usuke mous ([lleun, 2015; [lleun u ap., 2018), UBOBITOUHOMY
C TO3WIUU TMHUTAHUS PACTEHUH, KOTOpble NOTPeOJIAIOT HE BOMAY, HO COJAepKaluecs B BOJE
MIUTaTETbHbIE BEIECTBA.

CoBpeMeHHasi HMpPpUTalUs XapaKTEPHU3yeTCs CHUCTEMHBIM JedEeKTOM THUAPOJIOTUYECKOTO
peKHMa IMOYBEHHOTO IMOKPOBAa IPHU (GPOHTAIIHBHOU UCKYCCTBEHHOH oaue BoAbl. JledekT cocTouT B
TOM, YTO B IIPOIlECCE ITPOBEIEHUS CTAaHAAPTHOTO IIOJIMBA COBMEMAIOT a3y mosiauu BoJbl ¢ $ha3oi
€€ caMOIIPOU3BOJILHOTO II€pepacIpe/ieJIeHHs] B II0YBE, IPUYEM pPe3YJIbTHPYIOIINE IPOIECCHI:
IIEPEHOC BOJBI B HEHACHIIIIEHHOHN IIOYBE, IIEPEHOC BO/ABI B 30HY adpallvi, JIATEPATIHHBIN ITEPEHOC
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MEX/ly KOMIIOHEHTAMH CTPYKTYPhl IIOYBEHHOTO IIOKPOBAa HHUKAaK He KOHTPOJIUPYIOTCA.
ITO MPUBOUT K HEOJATONPHUATHBIM THAPOJIOTUYECKUM, 35KOJOTUYECKHM U KJIUMaTHYEeCKUM
MTOCIEACTBUAM (ArasblieBa u ap., 2011; Wood, 2014; Wu et al., 2013).

[IpenmoskeHa HOBas TPHUPOAOINOAOOHAs BOAHAs CTpPaTerus OHWOTEOCHUCTEMOTEXHUKH —
BHYTPHUIIOUBEHHAsT HUMITYyJIbCHAsI KOHTHHYAJIbHO-TUCKPETHAS IapaJIiTMa YBJIAKHEHUS, KOTOpas
IIO3BOJISIET  TMPEOZI0JIETh  HemocTaTKW  TpaaunuoHHoW wuppuranuu (Kalinichenko, 2010;
Kalinichenko et al., 2010). B ¢daze nmogauu 103y Bo/y BIPBHICKUBAIOT B IIOYBY, paclpeesisis e€ Ha
mIyOuHe 10—40 €M B IIWIMHAPE IEePBUYHOTO yBiIakHeHusA. Ilocse atoro ciemyer dasa
nepepacIpezie/IeHus BJIard KalWUISPHBIM, IUIEHOYHBIM UM MMapOOOpa3HBIM MEPEHOCOM, KOTOpast
IIPO/IOJIKAETCS BCETO HECKOJIBKUX MUHYT BMECTO HECKOJIBKHX CYyTOK P CTAaHZAAPTHOM UPPUTAIUH.
Pe3yIbTUPYIOIINE TepMOAMHAMHUYECKUN MOTEHIMAJ BOZABI B YBJIAXKHEHHOHW mouBe —0.2 MIla,
CYIIIECTBEHHO HIKe —0.033 MIla HaumMeHbIIEH BJIarOeMKOCTH ITOYBBI, SIBJISIOIIEHCS I[eJIEBOU
dyHKIMEN cTanAapTHOTO NoIKBA. [I0TOMY ITOC/IE CTAaHIAPTHOTO MOJIKMBA IT0YBA IEPEyBJIAKHEHA, U
pacTeHHsI HAXOJATCSI B COCTOSHUM JUCKOMQOpTa. YCThUYHBIM ammapar pacTeHUs MpPH 3TOM
ITOJTHOCTBIO OTKPBHIT, IIOCKOJIBKY PacTEHHE OTKAUMBAET U3 MOYBBI H30BITOUHYIO BOIY CKBO3b CBOIO
COCYZIUCTYIO CHUCTEMY. YCTbHUYHBIN amrmapaTr pacTeHHs IIPH HOBOM CIIOCOO€ YBJIAKHEHHS IMOYBBI
HaXOJIUTCS B PEXKUMe peryaupoBaHus. IIpu aToMm pacreHue nutaeTcsi 60Jiee KOHIEHTPUPOBAHHBIM
ITIOYBEHHBIM PACTBOPOM, YTO B CPaBHEHUH CO CTAHJAPTHBIM ITOJIMBOM IIO3BOJISET CYIECTBEHHO
CHUBUTh 3aTpaThl HHEPTUM HA HBAMOTPAHCIMPAIUIO, IOJyYeHUEe IMHUTATEIbHBIX BEIECTB.
Ontumusanus opraHoreHe3a CIiocOOCTBYET TOBBIIIEHUIO MTPOIYKTUBHOCTU pacTeHul (Zaitseva et
al., 2013). TuapoguHaMHYecKoe BO3/AEHCTBHE Ha IIOYBEHHbIE MeXaHUYECKHe CBI3HU
KPaTKOCPOYHOE, MIO3TOMY CTPYKTYpa IOYBBI BOCCTaHABJIUBAETCs OBICTPO. MexaHUUeCKUH KapKac
COXpaHsieTCs, BHYTPU Hero B (ase MOJCHIXaHUS YBJIAXKHEHHOU IMOYBHI BO3BMOXKEH CUHTE3 HOBBIX
MEeJIKMX arpOHOMHYECKH IeHHbIX arperatoB (Batukaev et al., 2018).

Bospacraer ycTOHYHMBOCTh pacTeHUH K (pUTOIATOTEHAM BCJIEJICTBUE OTHOCUTEIBHO HUBKOU
BJIQKHOCTH IOYBBI. VICK/TIOUEHBI IOTEPH BOJIbI, €€ HETaTUBHOE U30BITOYHOE BO3/IEHCTBHUE HA TIOYBY
U arposiaHamadT — B CPaBHEHUU C TPAJAUIMOHHOW HMppUTAIeld, pacxoJi BOAbI HA YBJIAKHEHHE
IIOYBHI CHMJKAETCS B 5—20 pa3. BBUAy MeHbIllel IOJIau¥l BOJABI, PACTEHHs C IOJUBHOHW BOJOU
MIOJIy4alOT MeHbIIIEe MTOJUTIOTAHTOB M JIETKOPACTBOPUMBIX COJIEH, CO/IEPIKAIIUXCS B IOJIMBHOH BOJIE.
VYilydiraetcsi KpyroBOpOT 3JIEMEHTOB ITUTAHUS PACTEHHH, KOTOPbhIE He BBIIETaUYNBAIOTCSA U3 TTOUBbI
KaK IPU CTaHJIAPTHOW HPPHUTAIlUH. BBUJIy OTCYyTCTBHSA TeEpPeyBJIKHEHUS MOYBBI M JaH/madTa
VCKJIFOUEHbI KPYIHbIE HEJOCTATKU CTAHIAPTHON UPPUTAIIUN — BBICOKUM YPOBEHb TPYHTOBBIX BOJI,
He0JIarONPUATHOE BO3/IEHCTBUE UPPUTAIUN HA JIAHAMA(T U 1MOTepsi IPecHOH BOAbL. [T0CKOJIBKY
mepeyBJIaKHEHWe TIOYBBI U 30HBI adpallid MeHbIlle, CcoKpalaercs mnpoaynupoBanre CH,,
a, IOCKOJIBKY O0ecrieueHO TIyDOKOe 3ajieraHyie TPYHTOBBIX BOJl, B IIOYBE IIPOMCXOAUT OoJiee
HajziexxHoe okucaenue CH,.

B mesnom, pocturaercss MHOTOKpaTHAs SKOHOMUS SHEPTUU, (PUHAHCOBBIX U MaTepPHAJIbHBIX
pecypcoB. 3a CYET NMPUMeHeHUs HOBOM BHYTPHUIIOUBEHHON MMITYJIbCHONH KOHTHUHYAJIbHO-UCKPETHON
BOJTHOU TTAPaJIUTMBbI JIOCTUTAETCS BAYKHEHIIIAsi BO3MOKHOCTh — COKPATHUTh IIOTOK B aTMOcdepPy CaMoro
OITaCHOTO MTAPHUKOBOT'O Ta3a — BOZSHOTIO mapa. PaHee 3TO 06CTOSITEILCTBO HE OIIEHUBAJIH, TIOCKOJIBKY
OTCYTCTBOBAJIO IIPHEMJIEMOE TEXHOJIOTHUECKOe pelieHre. Koyib CKOpO 3TO pellleHue Teleph eCTh, €ro
MHOTOTPaHHbIE BO3MOXKHOCTU HEOOXOJMMO HWMEThb B BHAY — B IIEPBYIO OYEPEb, 3TO TOBBIIIIEHHE
IIPOZYKTUBHOCTH TIOYBBI, OCOOEHHO B 3aCyIIUBBIX M ITyCTHIHHBIX YCJIOBUSX. IIpM KOBBOJIIOIUH
peayin3yercsi BO3MOKHOCTh 9KCIAHCHUU O1ocdepsl, KaK B IJIaHE ITOBBIIIEHUS €€ MPOAYKTUBHOCTH, TaK
1 [TOCPEZICTBOM HCITOJIb30BAHHSI MAJIONPOIYKTUBHBIX 3€MEJTb.

3a cyer MHOTOKPATHOTO YMEHBIIIEHHS HOPMBI PacXola BOAbI Ha YBJIA)KHEHHE IOYBBI 3TOT
aMOWIIMO3HBIN IUIAaH BIIOJIHE BBIMOJIHMM. B HEM Ke 3aji0KeHa HOBas BO3MOXKHOCTH MPHUMEHEHUS
CHCTeM OTIpeCHEHUs BOAbI. Paciivpenue 6uocdepbl — 3TO BO3MOKHOCTD CTaOMITU3UPOBATH COIHYM,
KOPPEKTHUPOBATh KJIMMATHUECKYIO CHCTEMY, OCOOEHHO BBHUIY HOBBIX CBEIEHUN 00 MMEBIIEH MECTO
paHee HEOOIIEHKE TECHOW CBSI3M IIPOOJDKUTETHHOCTH 000pOTa YIVIEPOAA C THUAPOJIOTHYECKUM
PEXKUMOM CYIIIH ¥ BRKHOU POJIM BKJI/Ia 3aCYIIUIMBBIX TEDPUTOPHUI B TOTOKHU U OAJIAHC 3TOTO 3JIeMeHTa
(Carvalhais et al., 2014). IlocsienHee nMeeT 0coOyi0 II06ATBHYI0 3HAYUMOCTD B (DOKYCE OTKPBITHIX
IPUHIUINAIGHO HOBBIX BO3MOXKHOCTEH OHOTEOCHCTEMOTEXHUKH B CBSI3HM C HEOOXOIUMOCTHIO
crabminsanuu KinMaTuueckoi cucrembl 3emutn (Kalinitchenko et al., 2017).

MupoBas nmpobsemMa erpaialiuy MaxOTHBIX ITOYB SBJISETCS CJIEJICTBUEM HEPAIMOHAJIBHOTO
3€MJIENI0IH30BAHUA. [[0OUBEHHBIN MMOKPOB AKKYMYJIUDYET IUTATEJIbHBIE BEIIECTBA, BBHICTYIAET B
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PO OMOJIOTHYECKOTO IIOTJIOTUTENISI W HEUTpasim3aTopa 3arps3HSAIONIUX BeIecTB. Ecau 3To
Ba)KHOE cocTaBiisiolee 6uocdepsl He OyZeT MOANEPKUBATHCSA M PAIIMOHAJIBHO HCIIOJIH30BaThCS,
MOZKET HaCTYIIUTh IVIO0ATbHBIHN MPOIOBOJIBCTBEHHBIN U SKOHOMIYecKHi Kpusuc (Kymesapos, 2015).

CrangapTHOe OOpalleHre C OTXO/JaMHU ITPOUCXO/UT 10 MPUHIUILY «ObICTpee N30aBUTHCA» —
9TO OTKPBIThIE CBAJIKU, COCPEIOTOYEHHOE 3aXOpPOHEHHeE, pa3MellleHHe B BEPXHEM CJIO€ ITOYBHI,
C)KUTAHUE, HEIOJIHAs OYMCTKA OIACHBIX JJIi OHMOTHI JKUJIKUX OBITOBBIX, JKUBOTHOBOAYECKUX,
TEXHUUYECKHX CTOKOB. DTO Hapylaer 6ajaHC yIyiepo/ia 1 MHOTUX JPYTUX XUMHYECKUX 3JIEMEHTOB,
6moduI0B, CIOCOOCTBYET pacIpOCTpaHEHUIO onacHbIX nHPeknuii (Sazykin et al., 2016; Gorovtsov
et al., 2018), TexHOTeHHBIX 3arpsA3HeHni (MUHKWHA U JIp., 2013; MyH u Ap., 2013).

Penuk/IMHT MUHEPAJbHBIX U OPTAHUYECKUX OTXO0B B (DOpMe arperatoB /0 3—5 MM, CUHTE3
YIOOPUTETBHBIX, MEJHOPUPYIOIIUX CYOCTAaHIMH IPEAJIOKEHO IPOBOIUTH OJHOBPEMEHHO C
BHYTPHUIIOUBEHHBIM (pe3epoBaHHEM B cJIoe 20—45 cM (30—-60) (KajmmHuueHKO, 2010;
KasmHudeHKo #u Ap., 2013). ITO MO3BOJISIET CUHTE3UPOBATh PA3BUTYI0 Te0(DU3UUECKYIO CHCTEMY
arperaToB «II0YBa — OTXOZbI» KaK IPUOPUTETHBIA CyOCTpAT, B KOTOPOM OOecHedeH YCIEeITHBIN
PENMKJIMHT pa3HooOpasHbeix oTx0m0B (bemouenko, 2016; Kalinichenko, Starcev, 2015).
OnTUMHBHUPYIOTCS YCJIOBHUS Pa3BUTHs KaK ITOJIE3HBIX aOOPUTE€HHBIX, TAK U BHECEHHBIX B MOYBY
O/THOBPEMEHHO C PEIUKJIHUHIOM OTXOJIOB MHKPOOPraHW3MOB U ¢epMeHTOB. ONTUMH3AIUA
dochopHOro, Kak W APYrHX BUJIOB IIUTAHUS PacTeHUU, Oosiee 3¢@eKTHBHA NHPU TIyOOKOM
BHECEHWHU Y/IOOPUTEJIbHBIX BEIECTB. B TakoM BapuwaHTe YJy4IIAIOTCA YCJIOBUS Pa3BUTHA
pusocdepbl U MUTAHUS pPacTeHUU. B pesysbraTe MOBBINIAETCS OMOJIOTHYECKAS IMPOJIYKTHBHOCTD
arporeHosa (MUIIeHKo u Jp., 2009).

VYruauzainus onacHbIX OHMOJIOTMYECKHX OTXOM0B (BK/IOUYas OOEHCKHE), OTXOJOB IIHIIEBBIX
IIPOU3BO/ICTB, ITPOAYKTOB MTHPOJIK3a (BK/IIOUAsA O1oYap), OTXOA0B ra3uduKaMy 10 MpejjiaraeMoi
TEXHOJIOTHH HapyImIaeT TpopUUEeCKHe e PacpOCTPaHEHU OMIaCHOTO MHOKYJIIOMA ITaTOTEHOB U
duronarorenos (Kasmmuuuenko, Crapues, 2013; KajmaudeHko u Ap., 2018). MUKPOOpPraHU3MBI-
CyIIpeccopbl B HOBOU Pa3BUTOM Ha YPOBHE MEJIKUX arperaToB MOYBEHHOH dKocucTeMe 3 GHEeKTUBHO
SJIMMUHUPYIOT MATOTEHHYI0 W/WIN (PUTONMATOTEHHYI0 MHUKPOO0OHOTY. PUTOMMMYHHBIH CTaTyC
ITOYBHI TIOBBIIIAETCS, UTO 0OECIIEUrBAET €€ OMopeMeIUaIIUIo, YIydIaeTcss PUTOCAHUTAPHBIN (OH.

BHyTpHUIIOUBEeHHAs] UMITYy/IbCHasi KOHTUHYaJIbHO-UCKPETHAs CUCTEMA BHECEHHs BeIlleCTBa B
KUIKON dopMe (IIysbIia, cMech) MO3BOJIUT ONTUMU3UPOBATH BOAONOTPeOIEHNE U OHOBPEMEHHO
MIUTaHUE PaCTEeHUH, NMPHU 3TOM O0OeCIIeYMBAEeTCs SKOJIOTHYECKas, MEAUIIMHCKAsA U BeTepUHapHas
6€e30I1aCHOCTh SKOCHUCTEM, YAOOPUTETbHBIN O€30IMaCHBIHN JIA S9KOC(EPHI PEIUKIUHT CTOYHBIX BO/I,
cojieprKalliuX MUHepabHOe (MCKITIoUast TSXKEJble METa//IbI) 1 OPraHUYecKoe BeIlleCTBO. 3a CUeT
accormuanuyd HOHOB B IIOYBEHHOM pACTBOpPE B  YCJIOBUSX OTHOCHTEJIBHO  HU3KOTO
TePMOJMHAMHYECKOTO TTOTEHIINAJIa BOJIbI, HOBAs arperaTHas CHCTeMa IT0YBBI ITO3BOJISET YCUIUTD
6uoreoxuMmuyeckuii baprep «mouBa — pusocdepa» (Endovitsky, 2017; Kalinichenko et al., 2018).
ATO B CBOIO OUepe/lb MO3BOJISET MUHUMH3HUPOBATh IMOCTYIJIEHUE B PACTEHUS TSKEJIBIX METAJIJIOB
(Bech et al.,, 2014), mocturaercs BbICOKash OMOJIOTHYECKAs MPOAYKTUBHOCTb U O37]0POBJIEHUE
nouBsl (CemeHoB, 2016; IllenH u np., 2018). YckopeHre KpyroBopoTa yrjiepoa U 3JeMEHTOB
MUTaHUSA CJIeAyeT 3a pacIIMpeHueM ux Omosioro-nouBeHHoOu dasbl (Blagodatskaya et al., 2014),
yJryuinaetcs: GyHKImoHupoBaHue pusocdepsl (Wu et al., 2016).

[Ipy OTKpHITOM XpaHEHWHM HaBO3a U aHAZPOOHOM pA3JIOKEHHH OPraHUYECKUX OTXOJOB
MIPOUCXOIUT ormacHoe 3arpsisHeHue armocdepsl N.O, CH, 1 MHOTUMU JIPYTUMH COEIUHEHUSIMHU.
Ho ecsiim meTozlamMmu 6MOTE0CHCTEMOTEXHUKU OTXOZbI B U3MEJTbUYEHHOM BHJI€ HAINIPABJIATH BHYTPH
MEJIKO-aTPEraTHOTO CJIOS IIOYBBI  (20—45 €M), TO JIOCTUTaeTcs mepepaboTkKa IPOAYKTa
canpotrpodaMu, B IIOYBE YCIIEITHO (UKCHUPYIOTCS YAOOPUTEbHBIE BEIEeCTBa, B TOM YHCIIE
JIOCTUTaeTcs 3HAUYWTeNbHAasA creneHb TpaHcdopmanuu N.O u CH, BmMecTo UX 3SMHUCCHU B
atMocdepy, KoOTopas HMMeeT MeCTO TIPH  CTaHJAPTHBIX  TEXHOJOTHAX.  MeTozbl
OMOTre0CHCTEMOTEXHUKH MMO3BOJIAIOT YBEJIMIUTh EMKOCTh OHocdephl, a TaKKe paclIupuTh Gasy u
YBEJIMIUTHh 00beM OHMOJIOTUYECKH JIOCTYITHBIX (hopM a3oTa, pocdopa, kamus (Kalinitchenko, 2016).

BHyTpurnouBeHHass ~ WUMITyJIbCHAsA  KOHTHHYaJbHO-JIMCKPETHAsT  CHCTeMa  BHECEHUs
OmorpenapaToB U IIECTUIIUJIOB B IIEJISAX 3allUTHl PACTEHHH IIO3BOJIUT YCUJINTH JIEHUCTBHE
OmorpeniapaToB Ha BpeIHbIE OPTaHU3MBI, IPU 3TOM OJHOBPEMEHHO JIOCTUTAETCs 0e30TacHOCTD
9KOC(epHI.

MeToabpl OUOTEOCHUCTEMOTEXHUKU TPUMEHUMBI K MHOTOJIETHUM ILJIOJIOBBIM KYJIbTypaM,
JIpEBECHO-KYCTaDHUKOBBIM HaCaK/IeHUAM, obecrieduBasi JIyUIIyl0 IMPIKUBAEMOCTh, YCKOPEHHOE
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HaKOIUIeHHe (PUTOMACCHI, TIOBBIIIEHNE TTPOAYKTUBHOCTH, YJIydIlIeHHEe TIOYBO3AIMUTHBIX (DYHKIIHH,
npuBsekaTesbHbIA radbutyc (Kalinichenko, 2015; Kalinichenko et al., 2013; Kalinichenko et al.,
2015).

Haxkonerr, MmeTo/1bl 6MOT€0CUCTEMOTEXHUKHU CJIEJTyeT HMETh B BH/Iy B KAaUueCTBE BO3MOXKHOCTU
obecrieyuTh  pa3pabOTKy  NPUHIHUIHAAIGHO  HOBBIX  3(P@EKTHBHBIX  TOCYAapCTBEHHBIX
CTpaTeTMYecKUX IIPOTPAaMM pa3BUTUSA, O0a3UPYMOIIUXCA HA IIPUPOAOMOAOOHBIX TEXHOJIOTHSIX
(Anexcees, 2014).

YTo0ObI N30€KATh AETPAAINH ITOYBBI, HEOOXOAMMO MOCTOSHHO TO/JIEP>KUBATh TOMEOCTa3 eé
dopmupoBanusa u pasButus (Blum, Eswaran, 2004). Tosgpko HOBasi TEXHOJIOTUS YJIydIIEHUS
sKocdephl MO3BOJIUT OTBETUTHh Ha 6osbiioi BbizoB BECCS (Fajardy, Dowell, 2017), obecieuuts
MTOJTHOMACIITAOHBIN TOTEHITUA B YCTOMYUBBIN OataHc skocdepsl B anTponorneHe (Cuomo, 2017),
CTaOWIM3UPOBATh IUIOJIOPOJIME W 370poBbe mouBbl (CeMeHOB, 2016) M KOHTPOJIUPOBATH €€
sBostionuio (JleMkuH u zip., 2012; JIucenkuii, Pogronosa, 2015; Lisetskii et al., 2015).

5. 3aKJIIOUeHUe

TpagulIOHHbIE TEXHOJIOTHU IIPUPOIONIOJIb30BAHUsS He 00ecleurBalT YCTOHMYUBbHIE
OuOTeOXHMUYECKHe ITUKJIbI OMO(HUIBHBIX U HWHBIX 3JIEMEHTOB, COXpaHeHHe OHOpPa3HOOOpa3us
O6uocdepbl, yCTOHYMBYIO IPOJYKTUBHOCTb arpocdeprl. B  wyacTHOCTH, 0OCyK/aeMbie
MIPUPO/IONIOIOOHBIE TEXHOJIOTUHU OMOTE0CUCTEMOTEXHUKHU 00O0TAIAl0T U JIeJIAl0T 3TU IUKJIBI OoJsiee
3aMKHYTBIMHA. ONTHMH3AIUI0 KOABOJIIOIUHN Owochepbl ©u  TexHOchepbl 00ecIedrnBaloT:
a) BHYTPUIIOUBEHHOE (pe3epoBaHUE WLIIOBHAJIBHOTO TOPHU30HTA MOYBBI; 0) BHYTPHUIIOYBEHHOE

HMIIYJIbCHOE KOHTHUHYaJIbHO-ANUCKPETHOE YBJIQXKHEHUE, B) BI)ICOKOHpOI/ISBOI[I/ITeIII)HIﬂﬁ
DKOJIOTHUHBIN BHYTpI/IHO‘IBeHHbel PEIUKJIINHTAa OPraHHUYEeCKHX OTXOJ0B; IL) BHYTPHUIIOUBEHHOE
HMIIYJIbCHOE KOHTHUHYAJIbHO-AUCKPETHOE BHecCeHHue arpoOXuMHKaTOB. Peaﬂnsaunﬂ

IPUPOJIOTIONOOHBIX TEXHOJIOTHI B OJmpKadiell IepCcHeKTUBE IO3BOJIUT: a) chHOpPMHUPOBATH
CTapTOBBIE YCJIOBUA I IOYBO3AIIUTHOTO pecypcocbeperaromiero semsenenusi, 0) yCHWINTh U
YCKOPUTb KPYTOBOPOT OMOMUIBHBIX BeIecTB, OOpa3oBaHWE AaKTUBHOU U WHBIX Gpakiui
IIOYBEHHOTO OPTaHUYECKOTO BEIIECTBA, ONTUMU3UPOBAB COOTHOIIIEHNE aHA9POOHOTO U a3pPOOHOTO
IIPOIIECCOB B IIOYBEHHOH BKocucTeMe, B) obecrneuuth Oe3nedUNUTHBIN OasaHC Tymyca H
0oOpaTUMBIN IMOYBEHHO-OMOJIOTHYECKUN CEKBECTD VYIJIEPOJIA, T) CHU3UTh SKOTOKCHKAHTHYIO
HarpysKy Ha skocdepy, /1) IepMaHeHTHO 03/]0PaBJIUBATh IIOUBY U IOBBIIIATH €€ IMPOyKTUBHOCTD.

KouTposmmpyemass ~ KO3BOIOIMSA  arpocdepbl  MO3BOJIUT  YCHENIHO  PeaJu30BaTh
rOCyZJapCTBEHHBIE CTPATETHYECKHE IMPOTPAMMbI Pa3BUTHUsA MPHUPOJIONOIOOHBIX TEXHOJOTUU IS
MIOBBIIIIEHNS KAUeCTBA JKU3HHU HACEJIEHHs CTPaHbL. ByJlyT co3/1aHbl peasibHble MPEATIOCHUTKU IS
3¢ GEKTUBHOTO pelIeHus TI00aJTbHOU COIMAIbHO-3KOJIOTUUECKOH IMpPo0eMbl — oObecredeHus
MIPOU3BO/ICTBA  JIOMIOJTHUTEJIBHOTO OWOTOIUINBA, CHIPbSI U  IPOJOBOJIBCTBUSA, IOBBIIIEHUS
ycrounBocTd  Oumocdepsl  TOCPENCTBOM — OHUOJIOTU3AIUM  3eMJIEZIeIAsl,  peayln3alluu
MIOYBO3AIUTHOH cTpaTeruu u coepexxeHus: 6uopazHoobpasus.

6. baarogapuocru

ABTOpBI BBIpAXKAaIOT IVIyOOKYIO IMpH3HATeabHOCTh Basepuio IlerpoBuuy KannHuuenko 3a
pa3paboTKy KOHIIENIIMM U METOAOJIOTUH OHWOTeOCHCTEMOTEXHUKH, 32 AaKTHBHOE YYacTHeE B
KPUTHUYECKOM 00CY>K/IEHUU TeKCTa PYKOIIUCH.
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2 BcepoccuCKUI HayYHO-UCCIe0BATEIbCKIU UHCTUTYT puTomarosioruu, boapmne Bazémsl,
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AnHoramua. Ilnogopoawe TOUYBBI CBA3AHO C €€  3/I0POBbEM,  OIPEAEIISIONIUM
cpenoobpasymomue (9KoJIoTHYecKre) (PYHKIIMU Ha3eMHO-IIOYBEHHOU HKOCHCTEMBI — KavyecTBO
MIPOU3BOANMOU OHONPOAYKIIUA, MUHUMH3AIMIO SKOTOKCHKAHTHONM HArpy3KHM Ha 3KO- H
cormmocepy. Ilpu Tekymem kKoHdukTe Ouochepbl U TeXHOTeHe3a Ba)KHO u30ekaThb
BO3PACTAIONIUX DSBOJIIOIMOHHBIX PHUCKOB, CBA3aHHBIX B IIEPBYI0 OUYepeAb C HETaTUBHBIMU
TTOCJIEZICTBUSAMU TJI00AJTBHOU COIMAIbHO-3KOJIOTHUECKOH ITpo0seMbl. Hanbosiee mprueMIeMblH ST
ATOTO MyTh — IpeZCcKa3yeMas KO3BOIONHA TexHocdepsl (Hoocdepwl) u 6uocdepsl. B aTo# cBA3M
aKTyaJlbHa pa3paboTKa MPUHIUIHUAIGHO HOBBIX MPHUPOJIONONO0OHBIX PEIIEHUA W TEeXHOJIOTHH
IPUMEHHUTEJIbHO K OayjiaHcy — mysam, JpaiBepaM, IIOTOKAM — BaKHEHIINX OHO(PUIBHBIX
ayeMeHTOB (yriiepozia u fap.). CerofHs BO3MOMKHOCTH KOHTPOJIMPOBATh IIUKJI YIJIEPOJIa B
arpocdepe BechbMa orpaHuueHsl. K Tomy ke aHHBIE O ero OayiaHce, pacCYUTAaHHbBIE 110 PA3HBIM
MO/IEJISIM, CYIIIECTBEHHO pasinJaioTes. [lo-Buaumomy, HauboJsiee peayibHO MHTEHCHUITIPOBATH €r0
CTOK B Ha3eMHO-IIOUBEHHYIO 3KocHcTeMy. [IoTeHIIMam TEXHOJIOTHYECKOH YCTOMYNBOCTH CEKBECTPA
¥ 3aXOpOHEeHUs opraHmdeckoro yriepoga (Balance enrichment of C capture and storage —
BECCS) B HacTosI1Iee BpeMs BBITJIAIUT yCeUEHHBIM M3-32 Y3KUX PAMOK TPAJUIIMOHHOTO MOX0/a K
BO3/IEHCTBUIO HA 3KOochepy. BHOCHMBIE B TOUBY B OOJIBIINX KOJIMTYECTBAX ITUTATEJIbHBIE BEIlECTBA
(B yacTHOCTHM, a30T) IO pa3HBIM IPUUYMHAM B 3HAYUTEJIBHOM CTEIEHH JJIUMHUHHPYIOT U3
KOPDHEOOUTAaeMOro CJIOS  BCJIEZICTBUE BBIMBIBAHUA U/WIM  yJeTy9uBaHUsI. B mesnowm,
arporeoxummdeckuii 6amanc NPK B mouBax Poccuu BecbMma HeOJIarOmpUATHBINA, BO MHOTOM H3-3a
CHUCTEMATUYECKOTO  HM30BITOUHOTO  OKCIIOPTA  MHHEPAJIBbHBIX  y/IOOpeHWUH 3a  pybOex.
[Ipu 0310POBJIEHNY TIOUBBI, ONTUMH3AIUN MUHEPAILHOTO MUTAHUSA BOUKHEUININX KYJIBTYP CTPaHA
B Oyimpkaiiiiedl IepcreKTUBEe MOXKET OKasaTbCA JIMJEPOM  SKCIOPTEPOB  IMPOJOBOJICTBUA.
Heo6xo1umMo 11epeocMbIC/IUTD IyTH B3aUMOJENCTBHSA collyMa ¢ 6mochepoi U ¢ e€ BaXKHEUIITUM
KOMIIOHEHTOM — Tiefjochepoii. B kauecTBe HOBOM mapagurMbl pPa3BUTUS IIPeJJIOKEHA
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«OHOTeoCHCTEMOTEXHUKa» — WHHOBAIlHOHHOE HAyYHO-TEXHOJIOTUYECKOe HallpaBJeHUe C
MIPUPOAOTIOIOOHBIMU aJITOPUTMAaMH, TEXHOJIOTHAMH U TEXHUYECKUMH perteHusaMu. OJTHO U3 HUX —
yIpaBJIeHHE CHCTEMOM arperaToB IMOYBHI M OHWOT€OXMMHUUYECKUM IIMKJIOM BEIIECTBa B IEJIAX
CO37JaHUsA TTPUPOJOTIOIOOHBIX GHOTE0CUCTEM C TPaHCIEHIeHTaJIbHBIMU cBoMcTBaMu. OOG0OCHOBAH
npuHIUN 3G GEKTUBHON MEJMOPAIUU ITOYBBI arpoIeHO30B IOCPEACTBOM (pe3epHOil 00paboTKU
€€ WLTIOBHAJIBHOTO TOPU30HTA (CJI0M 20—45 €M), UTO O3BOJIMJIO B Te€UEHUE JJTUTETLHOTO IIEPUOA
obecreyuTh POCT MPOAYKTUBHOCTH arporieH03a U JOCTUYb CTAOWJIBHO BBICOKHUX SKOHOMHUYECKHUX
nokazaTesiell. IIpeayioxkeHa HoBask MPUPOIONIOAO0HAS BOIHASA CTPATETUA OMOTEOCUCTEMOTEXHUKH
— BHYTPUIIOYBEHHAs MMITYJIbCHAs KOHTHHYaJIbHO-IMCKPETHAs MapaJurMa yBiaakHeHUs. B dase
IIOZIaY¥ BOJY BIIPHICKHUBAIOT B ITOYBY, JJO3UPOBAHHO PACIPEIEAIOT €€ B BEPTUKAJILHOM ITHJIUH/IPE
IIEPBUYHOTO YBJIQXKHEHUsA Ha TIJIyOMHEe 10—40 cM. B mocsenymoomem Bjara U3 OHJIAHAPA
MIEPBUYHOTO YBJIQKHEHUs IepepacipeiesieTcsl KallWUIAPHBIM, IUIEHOYHBIM M MapooOpa3HbIM
nepeHocoM. IIpemiaraemas TEXHOJIOTHS IIOJIMBA KCKJIIOYAeT IIOTEPU BOJABI, €€ HeraTHBHOE
U30BITOYHOE BO3/IEWCTBHE HA IOYBY W arposiaHAmadT, YTO XapaKTepHO IS CTaHJAapTHOU
uppuranuu. IlpemioxkeHa u 000CHOBaHA IPUPOAOINOAOOHAS TEXHOJOTUS  PEIUKIUHTA
MHHEPAJIbHBIX U OPTraHUYECKUX OTXO0/I0B, obeciieunBamIias (0JHOBPEMEHHO C BHYTPUIIOYBEHHBIM
dbpesepoBaHueM 10 20—45 CM) CUHTE3 N Situ MEJTUOPUPYIOIINX U YIOOPUTETHHBIX CyOCTAHITAH.
O6pasoBaBiasicsi pa3BUTas HCKYCCTBEHHas reodu3nyecKas cHUCTeMa arperatoB («ImoyBa —
OTXO/IbI») MIPUOPUTETHBIN CyOCTpaT Jy1A pelUKInHTa. B utore ontuMusupyercss GUTOUMMYHHBIN
CTaTyC ITOYBBI, OOecrieunBaeTcs e€ OrmopemMeInanus, yaydiiaercss gurocaHuTapHasi 00CTaHOBKa B
arpodurorieHo3e. Takum 00pa3oM, KOHTpOJIMpyeMas KOJSBOJIIOIMOHHAS WHTEeHCU(pUKAIUA
arpoceppl  MeToAaMH ~ OMOTEOCHCTEMOTEXHUKH obecnieduT 5G@PEKTHBHYI0 pean3aIiuio
TOCy/IapCTBEHHBIX CTPaTETHYEeCKUX IMPOTPpaMM Pa3BUTUSA IIPUPOJIONOAOOHBIX TEXHOJIOTHH.
ITO MOBBICUT KAYECTBO JKU3HU HACEJIEHWSA, a peajlbHOe pelleHne TI100aJbHON COIHAIbHO-
9KOJIOTUYECKOU TPOOIEMBI 00ECIIeUrT ITPOU3BOCTBO JIOIOJHUTEIBHOTO OWOTOIUINBA, CHIPbS U
IIPO/IOBOJIBCTBHSA, IOBBICUT YCTOHYHUBOCTH Omocdephbl 3a cyeT cOepekeHHs OHOpa3HOOOpas3ws,
OMOJIOTU3AIINY 3eMJIEIETUS U PeaIM3aI[UH IOYBO3AIUTHOHN CTPATETHH.

KiaioueBbie cioBa: KOHQIHKT Ouochepbl W TeXHOTeHe3, IVIoOajibHas COIHMAIbHO-
9KoJIormyecKas mpobJiieMa, o4YBa, 3I0pOBbe, OMOTEOXMMUYECKHUH ITUKJI, OMOT€OCHUCTEMOTEXHUKA.
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Abstract

Calcium carbonate is an important component of the edaphic components of ecosystems
(soils, river and lake sediments, suspensions). Calcite, aragonite, and vaterite are the three its
polymorphs, in order of decreasing thermodynamic stability. Aragonite and vaterite, as less
thermodynamically stable and more soluble polymorphs than calcite, are found in natural setting
much rare (except for their biogenic formations) and are much less studied. Although they are
important precursors in many carbonate-forming systems. We found examples of vaterite
microforms in the river ice suspensions, river and lake bottom sediments of the different natural
zones — the Amur and the Simmi Rivers (the Amur River basin, Khabarovsk Region, Russia),
the Jordan River (Jordan). Vaterite was originally thought to have a very short lifespan; however it
may have greater longevity. In the presence of low molecular amino acids ex and in situ vaterite is
stabilized as toroidal suprastructures. These microforms of CaCOj; are characterized with internal
diameter of 8—10 pm and cross-sectional radius of about 1 um. The age of peat stratum, in which
the toroidal vaterite microforms were found, is more than 6000 years. Another polymorphic
modification of CaCOs, aragonite, is stabilized in the bottom sediments of drainless lakes of the
arid zone with extremely high salinity, e.g. the famous ooids of the Grand Salt Lake (USA).
However, outside the "habitat" — the salt water of the lake — aragonite ooids are destroyed.

Keywords: calcium carbonate, calcite, aragonite, vaterite, river, lake, bottom sediments.

1. Introduction

Calcium carbonates are an important component of the terrestrial carbon pool. The global
importance inorganic carbon is reflected by the fact that it links the long-term geological cycle with
the fast bionic cycle (Zamanian et al., 2016) and this linkage is ongoing in the edaphic components
of ecosystems (soils, river and lake sediments, suspensions). The main attention of scientists was
and is being paid to geochemical confinement, processes of formation, content and morphology of
calcite, the most thermodynamically stable polymorphic modification of calcium carbonate (Lal et
al., 2016).

Climate, i.e. precipitation and temperature, is suggested as the main controlling factor for
formation and localization of calcite in soils (Borchardt, Lienkaemper, 1999; Eswaran et al., 2000).
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Accumulation of calcite near the soil surface is common for arid and semi-arid zones at mean
annual precipitation (MAP) <500 mm (Landi et al., 2003; Retallack, 2005). Calcite can accumulate
in soils in a wide range of temperatures from very hot conditions in hot deserts (Amit et al., 2011;
Thomas, 2011) to cold climatic zones such as tundra (Courty et al., 1994; Pustovoytov, 1998) and
Antarctic Dry Valleys (Gibson et al., 1983; Bishop et al., 2014). The amount and seasonal
distribution of MAP controls the depth of carbonate leaching and accumulation (Egli, Fitze, 2001).
The balance between MAP (total amount and seasonality) and evapotranspiration (driven by
temperature and wind speed) determines the rates and the amounts of carbonates as well as the
depth of carbonates accumulation. Hence carbonates are formed during soil drying when
evapotranspiration exceeds precipitation (Birkeland, 1999; Gile et al., 1966; Hough et al., 2014;
Rawlins et al., 2011).

The calcite formation in the river and lake waters and, accordingly, in the bottom sediments
is also a characteristic process of arid and semi-arid zones (Strakhov et al., 1954). Due to the
prevalence of evaporation over precipitation, surface waters (rivers and lakes) are oversaturated by
Caz* and CO5* that leads to the formation and precipitation of CaCO; in bottom sediments. In the
humid zone contrary, CaCO;, as a relatively highly soluble compound, is in a state of
undersaturation in the surface waters. Therefore, it does not accumulate either in alluvium or in
bottom sediments.

Two other polymorphic modifications of calcium carbonate, aragonite and vaterite, as less
thermodynamically stable and more soluble than calcite (Friedman, Schultz, 1994; Lee Kabalah-
Amitai et al., 2013), are found in natural setting much rare (except for their biogenic formations)
and are much less studied. Aragonite only occasionally occurs in the soil profile (Wing, 2016;
Quigley, Dreimanis, 1966). In lake sediments, aragonite is more common (Tompa et al., 2014).

Vaterite is thought to be metastable under all known conditions and has a higher solubility
than the other CaCO; polymorphs, calcite and aragonite (Plummer, Busenberg, 1982; Ogino et al.,
1987). Although vaterite was precipitated inorganically in the laboratory, it was originally thought
not to occur as a naturally forming mineral (Ievins et al., 1955). Natural occurrences of vaterite are
largely associated with organic tissue, gallstones, urinary calculi and microbial biscuits (Prien,
Frondel, 1947; Hall, Taylor, 1971; Lowenstam, Abbott, 1975; Rodgers, 1983; Giralt et al., 2001).
However, rare occurrences have been reported in a contact metamorphic aureol in Ireland
(McConnell, 1960), in zones of thermal metamorphism in Israel (Kolodny, Gross, 1974), and in
carbonate concretions (Fong, 1981). Vaterite has also been found in drilling mud (Friedman et al.,
1993; Friedman, Schultz, 1994).

Rowlands and Webster (1971) reported the first occurrence of vaterite precipitating
spontaneously from natural waters in Holkham Lake, UK. However, a reexamination of this site
did not detect vaterite (Lucas, Andrews, 1996; Friedman, 1997). The next time vaterite was
identified in precipitates forming at a supraglacial sulfur spring, in Borup Fiord Pass, northern
Ellesmere Island, Canadian High Arctic (Grasby, 2003). The unusual conditions of the site,
including an extremely cold climate, supersaturated alkaline waters, and the presence of gypsum,
mimics conditions used to grow vaterite in laboratory experiments. Found vaterite is characterized
by the spherical habit (size of vaterite particles was from 0.5 up to 10 pm), 33C values are
indicative of an inorganic origin.

Previously it was supposed that vaterite is stable CaCO; phase at low temperatures <10°C at 1
atm (Albright, 1971). Kralj et al. (1990) indicate that pure vaterite could only precipitate under a
narrow range of initial conditions and within a pH range from 9.3 to 9.9. However, mixed
calcite/vaterite was precipitated at slightly lower pH (8.5) in experiments by Vecht and Ireland
(2000). Experiments by Florke W. and Florke O. (1961) also show that vaterite growth is favored by
reaction of alkaline solutions with crystalline gypsum. Vaterite is highly unstable when exposed to
water; it can recrystallize to calcite within 20 to 25 h at room temperature (Silk, 1970). At higher
temperatures (~ 60°C), vaterite will transform to aragonite in 60 min (Ogino et al., 1987). As a
result of these rapid reaction rates at low temperatures, vaterite was originally thought to have a
very short lifespan. However, recent dating of natural occurrences suggests that vaterite may have
greater longevity up to 20—45 years in drilling mud (Friedman et al., 1993; Friedman, Schultz,

1994).
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The task of this work is to study the manifestations of metastable modifications of calcium
carbonate (aragonite and vaterite) in river suspensions and bottom sediments of rivers and lakes of
different natural zones.

2. Materials and Methods

Study area

River (the Jordan River, Jordan, site 1) and lake (the Grand Salt Lake, USA, site 2) bottom
sediments of semi-arid and humid zones (the Simmi River, Far East, Russia, sites 3 and 4) were
chosen as objects of study. Additionally, ice cores were studied (the Amur River, Khabarovsk,
Far East, Russia, site 5).

Sample 1 — bottom sediments of the Jordan River were sampled near Al-Maghtas ruins (300
m upstream, 31°50'13" N 35°32'47" E) in May 2014. The land is generally arid. The average
monthly temperature (Amman) ranges between 8 °C and 26 °C. Winter rains enable moderately
strong weathering of silicate minerals and especially enable the dissolution of limestones and other
calcareous parent rocks.

Sample 2 — bottom sediments, edge of the Great Salt Lake (40°43'04" N 112°13'58" W), were
sampled in 2017 by V. Kislovsky (Technion—Israel Institute of Technology, Haifa, Israel). Lake
locates in the semi-arid intermountain West of the USA (Rey et al., 2016). It is the largest salt water
lake in the Western Hemisphere. The lake's size fluctuates substantially due to its shallowness (from
2,460 up to 8,500 km?) (Arnow, Stephens, 1990; Gillies et al., 2015). As it is endorheic (has no outlet
besides evaporation), it has very high salinity (far saltier than seawater). The salinity of the lake's
main basin, Gilbert Bay, is highly variable and depends on the lake's level; it ranges from 5 to 27 %.
For comparison, the average salinity of the world ocean is 3.5 % and 33.7 % in the Dead Sea.
The ionic composition is similar to seawater, much more so than the Dead Sea's water; compared to
the ocean, Great Salt Lake's waters are depleted in calcium. Aragonite ooids are interpreted to have
been actively forming throughout most of the Holocene in the lake in the shallow nearshore in
hypersaline water (Eardley, 1938; Carozzi, 1962; Kahle, 1974; Halley, 1977; Pedone, Norgauer, 2002;
Rey et al., 2016). The 30 composition of the carbonate minerals is consistent with the formation of
highly evaporated saline water (Langbein, 1961; Arnow, Stephens, 1990).

Sample 3, 4 — bottom sediments of the Simmi River, the main tributary of the Bolon Lake (the
Amur River basin, Khabarovsk Region, Russia). Bolon is floodplain lake, a residual element of the
ancient channel of the Amur River (Avaryaskin, 1970). Sediments were sampled at the end of May
2018 during the period of abnormally low water level. Site 3 (49°42'23" N 136°16'53" E) is located in
the downstream on the right bank of the Ersuyn channel, which connects the Kiltasin and the Bolon
Lakes. The Kiltasin Lake has a water mirror in the period of high and medium water levels; with a
low level water occupies only the channel. As a result, accumulated in the Kiltasin Lake sediments are
removed through the Ersuyn channel. Therefore, the bottom sediments can be considered
transitional from lake to river (lake-river sediments). Site 4 (49°30'21" N 136°01'34" E) is located in
the upstream of the Simmi River. The climate of the region is cool, moderately humid, transitional
from the northern monsoon to the continental. In the cold season continental polar air masses
dominated. The average January temperature is —28 °C. The annual temperatures range is 48—50 °C.
Winters are not snowy; soils freeze up to 160 cm. Summer is warm and humid. July — September
accounts for 50—55 % of the annual precipitation (400—500 mm) (Nikonov, Anisimova, 1974).

Sample 5 — ice core drilled in a zone of moderately hummocky ice, Middle Amur, 350 m from
the edge of the right bank (48°36'18" N 135°02'24" E), ice thickness 1.33 m (Kharitonova et al.,
2017). Sampling was carried out in March 2014 (with a minimum water level and maximum ice
thickness). By color, transparency of ice, presence of inclusions the layers (0—40, 40—43, 43-52,
52—70, 70—117 and 117—133 cm) were distinguished in the core.

Methodology

The major methods were granulometric and gross chemical analyses and scanning electron
microscopy (SEM). The SEM analysis was carried out using VEGA 3 LMH (TESCAN, Czech
Republic). For the analysis, the samples, after grinding and sieving through a 2-mm sieve, were
prepared via pouring, Pt-spraying and magnification of up to 20,000. A backscattered electron
detector (BSE detector) was used for the analysis of phases with a high atomic number. When
images are acquired using a BSE detector, phases with a high average atomic number are reflected
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in contrast more vividly than those with a lower atomic number. The X-max 80 energy-dispersive
spectrometer (Oxford Instruments, UK) was used to analyze the elemental composition of the most
representative regions. The capture area of the microanalysis was about 1 um in diameter. If a
smaller object was scanned, the result was distorted due to the influence of the surrounding matrix
or the carbon table of the device. The granulometric composition (without decomposition of
carbonates) determined with the laser diffraction method on a particle size analyzer SALD-2300
(SHIMADZU, Japan) (Rawle, 2017; Wolform, 2011). The contents of selected chemical elements
were determined via the X-ray fluorescence method (XRF) (Pioneer S4, Bruker AXS, Germany),
using the silicate technique. The SEM and XRF analyses were carried out in the Analytical Centre
at the Institute for Tectonics and Geophysics, Khabarovsk, Far-eastern Branch of the Russian
Academy of Sciences.

3. Results and Discussion

An analysis of the metastable polymorphic modifications of calcium carbonate (aragonite and
vaterite) in the selected series of samples will be preceded by consideration of some their physical
and chemical properties — the gross chemical composition and particle size distribution (PSD).
According to the Table 1, the change in the calcium content and, accordingly, carbonates in
sediments does not contradict the climatic zonality of their distribution: a high calcium content in
the sediments of the semi-arid zone and much less in those of the humid zone. Highly dispersed
bottom sediments of the Jordan River are characterized by extremely high calcium content (more
than 40% CaO from the total composition). Lake-river sediments of the Simmy River
(downstream) have the close granulometric composition (the predominance of silt). But since the
basin of the Simmy River is located in the humid zone, and in addition, the processes of physical
weathering prevail in the territory (as a result of deep freezing of soils), which is confirmed by the
PSD data of the upstream river bottom sediments, the calcium content is almost two orders of
magnitude lower.

Table 1. Some physical and chemical properties of sediments

Gross chemical composition, % Content of granulometric

No fractions*, %
. s 2— | 20— | 50— | 200—
SiO. | Al,O; | Fe.O5 | CaO | MgO | Na.,O | K,O | Sr <2 20 =0 | 200 | 2000

Jordan River
1 20.7 5.7 7.0 451 6.1 1.3 1.4 2831 12.3 63.1 158 9.9 0
Grand Salt Lake
2 552 29 19.7 16.4 2.6 0.6 1.4 854 - - - - -
Simmi River (downstream)
3 70.0 164 5.1 0.7 1.4 2.4 27 192 7.0 48.0 271 17.9 0
Simmi River (upstream)
4 76.4 12.7 2.5 0.7 0.8 3.2 2.8 170 o) 4.1 3.3 56.6 36.1
Amur River (ice inclusions***)
5 — — - — - — — — 0 0 0 0.1 99.9

* — size fractions in um; ** — content in mg/kg; *** — 43—52 cm ice layer; dash — no data.

The absolute predominance of coarse sand (200—2000 um) in the Amur ice (43—52 cm layer)
is associated with the formation of the layer at the end of the freeze-up and participation in its
composition of bottom ice (Kharitonova et al., 2017). Calcium carbonate was detected only in this
layer (Figure 1). It could be assumed that calcium carbonate may have entered into the layer from
bottom sediments with rising bottom ice. However, our previous studies of the Amur River bottom
sediments do not confirm this assumption (Chizhikova et al., 2004, 2011; Kharitonova et al., 2014).
Most likely, CaCOs is formed in the layer during freezing of river water, since it contains the highest
concentrations of bicarbonate ion HCO; in at the end of the freeze-up (up to 60-80 mg / 1).

Calcium carbonate is represented by particles up to 100—200 pum in size. Most of them are
poorly (Figure 1a, ¢) and moderately crystallized (Figure 1b, arrow). But there are also spherical
shaped particles of CaCO; (Figure 1d). Similar formations (Figure 1e, f) were found in precipitates
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forming at a supraglacial sulfur spring, in Borup Fiord Pass, northern Ellesmere Island, Canadian
High Arctic (Grasby, 2003). Vaterite found at the site was characterized by 2 to 10 pm rounded to
spherical shaped particles (comprising smaller 0.5 to 2 um spheres) as both individuals and in
chainlike structures. Unfortunately, the content of CaCO; in our sample did not allow us to identify

u-CaCO; by means of power XRD. However, the morphology of the particles and similar conditions
for their formation allow us sufficient confidence to assume that is vaterite.

Fig. 1. SEM images of CaCOj; inclusions in the Amur ice (a — d) and vaterite particles from
supraglacial spring, Canadian High Arctic (e, f, Grasby, 2003): a, ¢ — poorly and b — moderately
crystallized calcite; d — spherical calcium carbonate structures; e — chainlike structures of spheres,
f— close-up of (e) showing micron-sized spheres that comprise the larger spherical structures
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Since vaterite was not diagnosed in the bottom sediments of the Middle Amur, but was found
in ice cores, we tried to assess the possibility of its formation in the sediments of the Lower Amur.
The Simmy River (the Amur River basin) was chosen for this. It is almost a degree to the north, it is
much colder there, winters are lightly snowy and soils freeze up to 160 cm. As SEM and EDS
analyzes showed, bottom sediments of the Simmi River are characterized by a relatively high
content of sphene CaTiSiO; (Figure 2a, b). However, CaCO5; was diagnosed only in the lake-river
sediments (site 3, downstream of the river) in the form of rare cauliflower-shaped agglomerates up
to 5 um in size (Figure 2¢, arrow). In addition, unusual toroid-shaped microforms of CaCOs, with
internal diameter of 8—10 pum and cross-sectional radius of about 1 um, were determined (Figure
2d, e). The similar toroid-shaped microforms of CaCO; (Figure 2f) we discovered in a peat stratum
of the Amur Region (Far East, Russia). The peat samples were kindly provided by M.A. Klimin and
A.Yu. Peskov (Far East Branch of RAS, Khabarovsk, Russia).

Fig. 2. SEM images of bottom sediments, the Simmi River: a, b — sphene CaTiSiO; grains in
varying degrees of weathering; ¢ — particles of calcium carbonate on the surface of the
microaggregate (arrow); d, e — toroid-shaped microforms of CaCOs; f — the similar microforms of
CaCOj; from a peat stratum
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In contrary, the bottom sediments of the Jordan River are characterized by an extremely high
content of CaCO; (over 40 % of CaO). It is represented by both lithogenic calcite (Figure 3a), and
neoformations of poorly crystallized rhombohedral calcite (Figure 3b, c), and its needle-like
crystals (Figure 3d). Porous microaggregates up to 200 um in size (Figure 3e) from micritic
particles <4 um are also encountered. As in bottom sediment of the Simmi River toroid-shaped
microforms of CaCO; were found (Figure 3f).

Fig. 3. SEM images of CaCO; formations from bottom sediments, the Jordan River: a — weathered
primary calcite, b, ¢ — poorly crystallized rhombohedral microcalcite, d — needle-like microcalcite;
e — calcite microaggregate; f — toroid-shaped microform of CaCOj4
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We were unable to establish the polymorphic modification of toroidal microforms due to the
difficulty of their extraction from natural samples for TEM and Micro-Raman analysis. Jiang W.
with collaborators (Jiang et al., 2017) solved this problem in the laboratory. They showed that
toroidal, hierarchically organized architectures for vaterite can be controlled simply by adding
chiral acidic amino acids (Asp and Glu). Chiral, vaterite toroidal suprastructure having a ‘right-
handed’ spiraling morphology is induced by L-enantiomers of Asp and Glu (Figure 4a—c), whereas
‘left-handed’ morphology is induced by D-enantiomers, and sequentially switching between amino-
acid enantiomers causes a switch in chirality. It should be noted the high stability of these
suprastructures. Thus, the age of peat stratum, in which similar toroidal formations (Figure 2f)
were found, is more than 6000 years. The 4C dating is according Bazarova et al. (2018).

Fig. 4. SEM images of CaCOs: a — hexagonal vaterite crystal; b and ¢ — vaterite toroidal particles
induced by chiral acidic amino acids (D-enantiomer) (Jiang et al., 2017)

In the bottom sediments of drainless lakes of the arid zone with extremely high salinity,
another polymorphic modification of CaCO,, aragonite, becomes stable. The most striking example
of aragonite formations are the famous ooids of the Grand Salt Lake. Sample 5 was selected a few
meters from the water's edge. But since the surface area of the lake is highly variable, we can
confidently assert that it can characterize the bottom sediments of the lake. The content of CaO in
the sample is high, more than 16 %. Indeed, the sample contains multiple ooids (Figure 5a) for the
most part of regular spherical shape up to 350—400 um in size. As shown earlier (Rey et al., 2016)
these are aragonite formations. Ooids were found with both a perfectly smooth surface (Figure 5b)
and ooids in which the processes of recrystallization and the formation of calcite began, leading to
their destruction (Figure 5c¢, d) and a reduction of their size to 250—300 um. The transformation is
not a direct solid phase reaction, but recrystallization of calcium carbonate throught the dissolution
of aragonite and growth of calcite. Porous microaggregates up to 200 um in size (Figure 5¢) from
micritic particles <4 pm (Figure 5f) are also encountered. Apparently, this is the result of the
destruction of aragonite ooids outside the “habitat” — the salt water of the lake.
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Fig. 5. SEM images of CaCO; from sediments of Grand Salt Lake: a — a sample as a whole with
many aragonite ooids; b — a separate unweathered ooid; ¢ and d — partially destroyed ooid;
e, f — calcite microaggregate

4. Conclusion

The paper presents data on manifestations of metastable modifications of calcium carbonate,
vaterite and aragonite, in the river suspensions, river and lake bottom sediments of the different
natural zones — the Amur and the Simmi Rivers (the Amur River basin, Khabarovsk Region,
Russia); the Jordan River (Jordan); the Great Salt Lake (USA). In natural conditions vaterite,
metastable polymorphic modification of calcium carbonate, can occur in cold (river ice) and
extremal cold (supraglacial springs) climate as spherical particles up to 10-100 um in size. Vaterite
formation is sporadic, triggered by an as yet unknown mechanism, and can recrystallized
spontaneously to calcite.
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In laboratory ex situ vaterite forms stable toroidal suprastructures in the presence of acidic
amino acids Asp and Glu. These microforms of CaCO; are characterized with internal diameter of
8-10 um and cross-sectional radius of about 1 um. In situ similar toroidal vaterite suprastructures
we discovered in the river sediments of the arid and humid zone (the Jordan and the Simmi
Rivers), and in the peat stratum (the Amur River basin, Khabarovsk Region). The age of peat
stratum, in which these varerite microforms were found, is more than 6000 years. Apparently, its
formation and stability in natural, as in laboratory conditions, are associated with the presence of
low molecular amino acids in natural water.

Another polymorphic modification of CaCOs, aragonite, are stable in the bottom sediments of
drainless lakes of the arid zone with extremely high salinity, e.g. the famous ooids of the Grand Salt
Lake. However, outside the "habitat" — the salt water of the lake — aragonite ooids are destroyed.
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KaPGOHaT KaJbllAd B Blla(l)I/I‘ICCKI/IX KOMIIOHEHTAaX 3KOCHUCTEM

lFayimna BiragumuposHa XaputoHosa 2, EBrenuit Buktoposuu Illenn b- ¢,
Banepus Onerosua Kpyrukosa 24, Aunipeii BssuecsiaBoBuy OcTpoyxoB 2

a MuctutyT Bogubix u konorundeckux [Ipobsem, /larbHeBocTouHOE oT/esieHre PAH,
Poccutickas ®eneparnus

b MT'Y um. M.B. JlomonocoBa, Poccutickass ®eneparus

¢ [TouBennsIit uHCTUTYT UM. B.B. JlokyuaeBa, Poccuiickas ®emepanus

d Muctutyt Tektronuku u ['eopusuku um. 10.A. Kocsiruna, /laibHeBocTOuHOE oT/iesieHne PAH,
Poccuiickas ®eneparus

AnHoTtamua. KapOboHaT KayibIis — BaKHBI KOMIIOHEHT 5/1adUUecKUX KOMIIOHEHTOB
sKocucTeM (IIOYBBI, PEUHBIE U O3€pPHBbIE JIOHHBIE OTJIOXKEHUs, B3BecH). VI3 Tpex MoIUMOpPQHBIX
moaudukanuii CaCO; (KaJapIUT, aparoHUT, BaTepUT) HauboJiee M3ydeH KaibIUT. /IBe Apyrue,
MeHee cTaOwiIbHble U 0OoJjiee pacTBOPUMbIE MOAMMUKANNM, U3y4eHbl HEJOCTATOYHO, XOTS OHU
SIBJIIIOTCA  BOKHBIMH IIPEKYypCOpAaMH MHOTHX KapOoHaT-oOpasyomux cucreM. B pabore
pacCMOTpeHbI HEKOTOPblE MPUMEPHI IPOSBJIEHUS BaTEpUTAa W aparoOHUTA B PEYHOM JIBAY,
TOPGAHBIX OTIIOKEHUSIX, PEUHBIX U 03EPHBIX IOHHBIX OTJIOKEHUAX PA3JITMYHBIX IPUPOIHBIX 30H —
peku Amyp, Cummu (6acceitn Amypa, XabapoBckuii kpaii, P®) u Nopaan (Mopaanus), Bosbinoe
Comenoe ozepo (CIIA). IlokazaHO, YTO BaTEPUT B TMPUCYTCTBUU HU3KOMOJIEKYJISIPHBIX
aMHHOKHUCJIOT MOXKeT CTaOMIU3UPOBATHCSA B BHUZE TOPOUJIHBIX CYNPACTPYKTYp ex W in Situ.
9tu mukpodopmbl p-CaCO; uMeoT BHYTpEHHHH auaMeTp 8—10 MKM U PaiyC IOIEPEYHOTO
cedyeHHs OKoyIo 1 MKM. CuuTaercs, 4TO B NPHUPOJHBIX YCJIOBUAX BaTepuUT HeycroWuyus. OpHaKO,
Hallll HCCJIeJIOBAHUSA IOKA3aJIM, YTO €ro TOpouHble (popMbl BechbMa ycToWuuBbl. Tak, Bo3pact
TOpQAHBIX OTIOXKeHUN I[IpuamMypbs, B KOTOPBIX TOPOUIHBbIE MHUKPOGOPMBI BaTepUTa ObLIU
oOHapy»KeHbI, cocTaBysgeT Oosiee 6 Tbic. JieT. Jlpyras mnonumopdHas mopudukarusa CaCOs,
aparoHUT, CTAOMIN3UPYETCs MIPU SKCTPEMAIBHON BBICOKOUM KOHIIEHTPAI[UH COJIEH, KaK HAllpHUMep,
3HAMEHHUThIE aparoHUTOBble oouAbl bosbmoro CosieHOro o3epa, (GOPMHPOBAaHHE KOTOPBIX
IIPOXO/IMJIO Ha IPOTSKeHUU O0JIblell yacTu rosioneHa. OfHAKO Ha mobepekbe 03epa BHE 30HBI
“oburanus” (coseHas BOA 03epa) OHU HAYMHAIOT Pa3pyIaThCs.

KiaroueBble cioBa: KapOOHAT KaJIbIUsA, KaJIbIUT, aparOHUT, BATEPUT, PEUHBIE U O3€PHBIE
JIOHHBIE OTJIOKEHHS.
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Re-inventing Agriculture!
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Abstract

During the last 200 years the idea became paramount that crops grow well on inorganic
artificial fertilizers. After World War two there was a high pressure in the USA and Western Europe
to stop investigating other forms of plant feeding. At the end of the 19t century there was the
controversy between Béchamp and Pasteur about microbes. Béchamp defended the idea that the
circumstances create diseases in plants and animals, and Pasteur was of the opinion that it was
mere accident. Pasteur won, but not on scientific grounds. During these 200 years the debate never
stopped completely. Inorganic fertilizing with a strong focus on nitrogen, potassium and phosphor
led to crops which were more and more out of balance. A reaction was unavoidable. Many scientists
concentrated their efforts on the risks of unbalanced crops. Especially for cattle. But only few
scientists translated these findings into the risks for humans. Other groups found out that the ideas
of Pasteur on microbes were incorrect. Microbes attack higher organisms when the macro elements
are not in balance and nitrogen is not converted into proteins.

In this paper I tried to investigate the risks of the dominant paradigm in the science of feed
and nutrition with regard to fertilizing and health. I developed optimal rations for the macro
elements potassium, sodium, calcium, magnesium and phosphor. And with these optimal ratios we
can see where things go wrong. Through the quality of the feed and fodder the quality of the milk
has gone down, and the risk of mastitis has gone up, and important crops like potatoes, tomatoes
and fruits are not in balance and have lost their natural resistance, their qualities and their taste.
As a consequence in many countries people don’t get enough magnesium — the key element for
staying healthy. In most of the food research the role of magnesium is completely ignored.

The second line is about the role of the microbes in health and disease. The recent research
regarding the role of viroids in our cells starts where the work of Béchamp ended. Only a small group of
scientists continued finding out about the role of microbes smaller than bacteria. There was a special
focus on their role in cancer. But with the recent findings of Pradeu and his colleagues about their role
in supporting our health the focus is back on their unmissable role in the health of plants, animals and
men. The main question is when and why these symbiontic viroids stop being symbiontic and start
being pathogenic. The balanced minerals and trace elements are the main clue.

Keywords: agriculture, protein, fertilizers, pesticides, human health.

1. Introduction

In the twentieth century, after World War Two, modern agriculture based on NPK salts and
liming for pH became the dominant practise in many countries (Visser, 2010). The idea was that
high yields with the help of nitrate, ammonium, potassium and phosphor salts, and regular liming
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was the best and only solution to feed the fast growing World population. In the beginning it
seemed a hopefull and good solution. Yields went up. But very soon it became clear that we had to
pay a price that became higher and higher: the growing need for more and more pesticides; the
necessity to use more and more artifical fertilizers for the same yields; the loss of many traditional
animal and plant varieties; damage to local and regional ecosystems; a strong need for fossile
energy to produce the artificial fertilizers and pesticides; imbalance of the nutrients in food and
feed, grown with artificial fertilizers and/or low quality composts and animal dungs; less and less
trace elements in food and feed; loss of water holding capacity and loss of organic matter in the
soils; soil erosion; salinisation and sodification of land; loss of biodiversity in and outside
agriculture.

But what to do? Improve the quality of the inorganic fertilizers? Combine them with more
carbon in order to get higher levels of organic matter in the soils? Extra composts? Only composts
and/or animal dung? Select special mixes of microbes in order to restore the loss of micro
organisms in the top soil, as Bayer does?

In my view this is not enough! Or better, it doesn’t solve the problem, because the basis is
wrong. We should not feed our crops solely with salts. We need in fact a new paradigm for the
feeding of our crops, and with them the feeding of animals and men. At least part of the plantfoods
must be living food and organic food.

2. Current results, discussion and outlines of a new paradigm concerning
fertilizing and health

In nature plants feed themselves. Or better: plants feed themselves with the help of countless
and for the biggest part unknown micro-organisms. We know about their symbiosis. We have
rough ideas about how this symbiosis works. But no more than that. We know only 3—5 % of all the
bacteria in the World and some microbiologists say we know only 1 % of them. We know even less
about archaea, viruses, viroids, bacteriophages, virophages, and biofilms (Cho et al., 2007).

And of this 1-5 % we got to know, we know almost nothing. The controversy between
Béchamp and Pasteur between 1870 and 1895 about polymorphism and monomorphism of
bacteria is still there, after almost 150 years of complete denial of polymorphism in the academic
World, at least in Europe and the USA. The work of Béchamp (1912), Almquist (1925), Enderlein
(Kramer, 2012), Naessens (1995), Russel (1890), Rusch (1968), Altenburg (1946), Schanderl
(1947), Kutikhin et al. (2012), Yaghobee (2015), Kajander et al. (1998), Ciftcioglu (2010), Cantwell
(1990, 2003), Mattman (1994), Klieneberger-Nobel (1949, 1951), Livingston-Wheeler et al. (1947,
1977), Alexander-Jackson (1956), Diller (1962), Seibert (1972), and many others has made clear
that there exist pleomorphic forms, bigger and smaller than the classic bacteria, and that they play
a role in many chronic inflammations, when the symbiosis is disturbed. And especially the work of
Enderlein, about whom Kramer (2012) has written her thesis, and Naessens (Bird, Naessens, 1991;
Hiller, 2018; Naessens, 1995) has given us an idea about the life cycle of these pleomorphistic
forms. Enderlein saw 12—16 different stages and Naessens saw also 16 different stages under the
microscope — all stages from very small to very big and back again... These ‘polymorphic’ scientists
have given many names to the smaller forms: L forms; nanobacteria; cell wall deficiént bacteria;
protids; somatids; microzyma’s; viroids etc.

Naessens postulated that the small forms from stage 1—3 support the health of plants,
animals and men:

“Cell division cannot take place without these busy, glowing bodies, Naessens postulated,
because in the course of its cycle the somatid releases the growth hormone trephone, which enables
cells to divide and multiply” (Hiller, 2018).

And he thought, like Enderlein, there is a moment in their life cycle — if they become bigger
than stage 3 — that they become parasites. Many of these scientists think they are also the
organisms which play a role in the origin and growth of cancer. Cancer in this view originates in the
cells themselves. The same situation is for AIDS.

Rusch postulated that the tiny microbial forms develop from the bacteria and fungi after
plant residuals and animal dung have been broken down by bacteria and fungi in the topsoil
(Rusch, 1968). When the breakdown of plant residuals and dung is completed in autumn, winter
and early spring the bacteria themselves are falling apart, and the tiniest organisms which result
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from this breakdown are in turn the new symbionts, the helpers of young plants when the new
season starts in the spring. Rusch and others regard them as the origins of life.

The falling apart is probably the work of the bacteriophages on the mucous surfaces in the
soil, comparable to the role of bacteriophages on the mucus in our intestines (Barr et al., 2013):

“In diverse metazoans, body surfaces that interact with the environment are covered by a
protective layer of mucus. Because these mucus layers provide favorable habitats for bacteria, they
serve as the point of entry for many pathogens and support large populations of microbial
symbionts. Also present are diverse phages that prey on specific bacterial hosts. Moreover, phage
concentrations in mucus are elevated relative to the surrounding environment (an average 4.4-fold
increase for a diverse sample of invertebrate and vertebrate metazoans; (...). The increased
concentration of lytic phage on mucosal surfaces provides a previously unrecognized metazoan
immune defense affected by phage lysis of incoming bacteria (Barr et al., 2013).

The soil is in Rusch view the great cleaner. In a healthy soil all pathogens are falling apart in
the end. The fertility and vitality of a good soil does not rely so much on the salts which feed the
plants, but on the presence of these tiny forms, according to Rusch. Béchamp, Naessens and
Livingston came, (independent from each other??), to the same conclusion: the small entities are
indispensable for the higher creatures — plants, animals and men. And they live in our cells and
body fluids in great numbers (Figure 1).
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Fig. 1. The sixteen stages Naessens distinguished during microbial growth (Hiller, 2018)

At what stage they become pathogenic is not clear. Naessens has thougt after the stage three.
But today we know that nanobacteria are playing a role in low grade inflammation (Ciftcioglu,
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2010). So maybe only the first stage, which Enderlein called the protids (Kramer, 2012), is a save
stage.

The overview of Thomas Pradeu (2016) “Mutualistic Viruses and the Heteronomy of Life”
confirms in a way these roles of viruses living in cells. One example from his overview:

“The panic grass, Dichanthelium lanuginosum, grows in soils that are extremely hot
(>50°C). This thermal tolerance requires a mutualistic fungus, Curvularia protuberata. Yet, the
thermal tolerance is in fact mediated by a symbiotic virus within the symbiotic Fungus”.

But what about NPK and lime? What do these salts have to do with life in the soil and
symbiontic relations? In general you can say that these salts kill many of the soil microbes and they
use up the carbon in the soil. Many soils become acid and lack oxygen. So many functions of life in
the soil are lost. Krasil'nikov has collected a lot of studies on the role of soil microbes and their
relation with higher plants (Krasil'nikov, 1958):

> The symbiontic soil microbes augment the resistance of plants to their pathogens in
return for a.o. sugars;

> They make the food in the soil available for plants: nitrogen; phosphor; potassium;
magnesium; trace elements etc. The metals become organically bound metals;

> They produce hormones and other plant stimulating compounds: auxins; gibberlins
and other;

> And they split nitrogen from the air and make N compounds which plants can use;

> They feed the earthworms.

And research in organic agriculture has proven that the microbes, the worms and many other
small creatures in the soil ensure that the structure in the soil is kept open: water and air can go
into the soil and carbonic acid can go out. The carbonic acid supports in its turn the growth of the
plants which catch the CO. that evaporates from the soil with their stomata (Reinau, 1927;
Lundegardh, 1924). The soil particles are covered with a layer of slime by the microbes and the
earth worms, which bind them together. A living soil can store much more water than soils devoid
of life. And an open soil is able to let the excess water from the rains go through it. Potassium
chloride makes ‘concrete’ from soils when too much is given (Khan, 2013). The same for sodium
salts (Howard, 1943) and magnesium salts. Too much is detrimental.

In areas where there is little rain the salts accumulate in the topsoil. Like in Pakistan which
has a lot of salinated areas. But also in the Netherlands we have many soils with too high electric
conductivity through the salts we give in excess. There are soils in the Dutch horticulture which
have so much elements in it that the plants can grow for years, without additional fertilizers. Some
soils contain enough phosphor for thirty years continuous growth. These soils need only microbes
to free these nutrients, e.g. mycorrhiza’s. Chaboussouh developed the theory that a plant which
can’t convert reduced sugars and amino acids into complex sugars and proteins will be attacked by
insects. Insects can’t eat complex sugars or proteins (Chaboussouh, 2005). For a good conversion
plants need enough macro elements like calcium and magnesium, and trace elements. And the role
of sodium is — especially in dairy farming —underestimated. For cows grasses with enough sodium
are a must. And they are fond of it (Chiy, Phillips, 1995).

Swerczek, an american veterinarian, saw that the fodder for the cows, horses and sheep has
very often too much potassium and nitrate and too little sodium, magnesium and calcium. These
animals developed what he called the potassium nitrate syndrome, a syndrome with a lot of health
problems: tetany; infertiliy; skin lesions®; dead calves, lambs and foals; enteritis; mastitis; claw or
hoof problems etc (Swerczek, 2002, 2012, 2018a, 2018b).

The quality of the cow milk in the Netherlands has gone down dramatically: less magnesium,
manganese; selenium; iron; copper; less vitamin D; E; A and B. And probably also less vitamin K2
(Table 1).

* These lesions are in fact a consequence of low magnesium levels. Low through high K and/or high sodium
(Bredon, Dugmore, 1985).
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Table 1. Quality of the cow milk in the Netherlands, according to Agrifirm, Sprayfo and the
Flemish Ministry of Agriculture

Cow milk in the Netherlands is at many dairy farms no longer suitable for the calves

The milk is too fat (it contains two times more fat than the calf needs). The calves are at risk of
getting diarrhea. They can’t metabolize the fat properly [too much omega 6 and too little omega
3).

The cow milk contains 1.5 times the amount of protein a calf needs. Too much urea in the milk is
a risk.

The magnesium content should be twice as high (Flemish Ministry of agriculture)

The copper content is 8 times too low

The selenium content is 16 times too low

The iron content is 16 times too low

The manganese content is 33 times too low

The vitamin B1 content is too low;

The vitamin A is 2,5 times too low

The vitamin D3 is 10,3 times too low

The vitamin E content is 15 times too low, according to the Flemish Ministry of Agriculture.

The vitamin K2 content is problably much too low. But the milk industry doesn’t measure it.

And more and more people who eat animal protein can’t digest it completely, or correctly.
Normally the liver is able to break down the proteins the body doesn’t need. And the breakdown
products — urea; phosphate — are eliminated through the kidneys. But the Liver of many people
can’t break down the proteins properly. Part of the proteins/amino acids pile up in the capillaries
and the connective tissues. There they induce many protein storage diseases. The cells of the body
don’t get enough food, oxygen and water because of these proteins which block the passages of the
capillaries and the connective tissues. And the waste products of the digestion and burning
processes in the cells can’t leave the connective tissues in time. Lothar Wendt who is the discoverer
of this clogging, adviced for recovery to eat a. no more meat and other animal proteins for at least a
month to six weeks, and b. then, when in the end the stacked proteins are removed from the body,
to eat less animal protein anyhow, or not at all. To accelerate the elimination of the stacked
proteins he also used blood letting (Wendt, 1983).

Lothar Wendt (1983) supposed that hereditary factors are responsible for the fact that the livers
of many people are not able to digest animal protein properly. This statement can only be true if the
genetic basis of all these people has changed in a very short time, which is not the case. The simple
reason why livers are no longer able to digest animal protein fully is that the animals have another
‘composition’ of their bodies through bad food, and so their cells: macro elements in the meat and eggs
are no more in balance; trace elements and vitamins are low or missing. Like in the milk in the
Netherlands. The more complicated explanation is that the animal cells are missing part of their
microzymas, the tiny microbes which Béchamp called mycrozymas (a contraction of micro and
enzymes) (Douglas Hume, 1948). In fact all farm animals which we produce are sick — chronically ill,
kept alive with antibiotics etc., but not dying a natural death from their diseases because they go to the
butcher before. Dairy cows in the Netherlands become five years old on average.

Their microzymas or somatids have probably reached a growth phase above the third stage
and have become parasites, because the animals become too acid. But, according to Ciftcioglu
(2010) they do so already as nanobacteria, also before reaching the bacterial stage.

And the animals are presumably already reprogrammed during their fetal growth through
imbalances in macro elements, and lack of trace elements and vitamins. In order to survive the
fetus adapts itself to shortages and imbalances. Later in life this reprogramming shows its price.
Pottenger (1937, 1939, 1946) found out in his cat-research that it takes three generations for
complete recovering from feeding on bad food: pasteurised milk; heated flesh (Cropley, 2014).
The theory of reprogramming during fetal growth is developed by (Barker, 2013). So for human
fetuses it is the same. Barker came to the same conclusion for de-programming. It takes three
generations.

Seelig (1981), Abraham (1982, 1990) and Schroll (1992) have shown that an imbalance
between the serum electrolytes and the cell electrolytes is mostly caused by a shortage of
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magnesium. In the long run a shortage of magnesium causes the loss of potassium from the cells
and an influx of sodium, calcium and protons into the cells. The electrolyte balans is disrupted.
The proper functioning of the cells is at issue. This is one of the causes of heart diseases (Seelig,
1981; Abraham, 1982, 1990; Schroll, 1992).

And if the mitochondria in the cells are missing magnesium, the citric acid cycle is disturbed.
After some time the cells can no longer use oxygen for the energy production. And the cells start
fermenting pyruvic acid for energy production. Then the risk is there that cancer cells develop.
Cancer cells don’t use oxygen but ferment pyruvic acid into lactic acid. Warburg already discovered
these facts (Warburg, 1956). He postulated that the disfunctioning of the mitochondria is at the
base of cancer. But he didn’t know magnesium was the key element for the proper functioning of
the mitochondria.

“Warburg hypothesized that cancer growth is caused by tumor cells generating energy
(as, e.g., adenosine triphosphate/ATP) mainly by anaerobic breakdown of glucose (known
as fermentation, or anaerobic respiration). This is in contrast to healthy cells, which mainly
generate energy from oxidative breakdown of pyruvate. Pyruvate is an end product of glycolysis,
and is oxidized within the mitochondria. According to Warburg, hence, cancer should be
interpreted as a mitochondrial dysfunction”.

“Cancer, above all other diseases, has countless secondary causes. But, even for cancer, there
is only one prime cause. Summarized in a few words, the prime cause of cancer is the replacement
of the respiration of oxygen in normal body cells by a fermentation of sugar”.

“Warburg continued to develop the hypothesis experimentally, and gave several prominent
lectures outlining the theory and the data“ (https://en.wikipedia.org/wiki/Otto_Heinrich_
Warburg).

If the calcium/magnesium balance is too high for a longer period, then the soft parts of the
body begin to calcify, and the bones and dents become weak. For the balance of the macro-
elements I derived the following rules from the relevant literature for food and fodder in relation to
the health of animals and men (Table 2).

Table 2. Rules for food and fodder

Ratio in the combined | Optima Regulation of:

daily food and fodder

Potassium/Sodium 2—4 (max 7 | Acid base balance; water retention; blood pressure
to 10 (?))

Potassium/magnesium | 2—5 (max7) | Electrolyte balance; citric acid cycle; energy
production; protein,carbohydrate and fat metabolism;
impulse conduction;

Calcium/Magnesium 1-2 Uptake of calcium; regulation of calcium metabolism;
bone health; (de)calcification of the weak tissues;
electrolyte balance; health of the hearth, and of cells

(cancer);
Calcium/Phosphor 1-3 Rickets; bone health; (de)calcification of bones and
weak tissues; Stone formation; fertility;
Mg/(K+Na+Ca+P) 0.15—0.25; Magnesium is necessary for electrolyte balance;
min 0.10 energy production; impulse conduction;

protein,carbohydrate and fat metabolism; for K/Na
balance; Ca/Mg balance; Ca/P balance; breakdown of
proteins, carbohydrate and fats; prevention of stone
formation; health of vital organs (brains; hearth;
liver; kidney; pancreas; stomach); the immune
system; prevention of depression; aggression
regulation; prevention of cancer; removal of heavy
metals and fluorine; 600 enzymes are magnesium
dependent;

K/(Ca+Mg) in MeQ <2-2,2 This measure is developed to see if cows are at risk of
grass tetany
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Magnesiumchloride prevents inflammation through viruses, bacteria and fungi. If people
and animals get enough magnesiumchloride on a daily basis, vaccination is no longer necessary
(Neveu, 2009).

Magnesiumchloride, in combination with selenium, manganese, vitamin C, vitamin A,
vitamin B, vitamin K2, zinc, iodide and other trace elements and vitamins can stop cancer in its
early phase (Delbet, 1945; Ramesha, 1990; Voss, 2010; Abraham, 2005; Diehl, 1954; Tromp,

1954).

Too much calcium makes rigid; too much magnesium makes soft (our hearth can stop
beating if our magnesium intake is too high in combination with poorly functioning kidneys).

In those areas where the soil contains high levels of magnesium as in most African countries
(Joy et al., 2014) and in parts of France, people have less cancer and less depressions (Delbet,
1945). Suicide was much lower in these magnesium rich areas in France (Robinet, 1934). In the
area in France with the highest level of magnesium in the soil, in Espalion, only 1 or 2 persons per
100.000 inhabitants died from cancer per year (Robinet, 1932, 1939). Potassium fertilizers and
high dosages of lime (calcium carbonate), ammonia, and phosphate fertilizers hinder the uptake of
magnesium by plants. The fertilizer sodium chloride can help to restore the balance in English
ryegrass (Lolium perenne). In field trials in England the optimum dose was 173 kg/ha (Chiy,
Phillips, 1995). Through sodium chloride potassium in the ryegrass went down and sodium,
calcium and magnesium went up. Cows prefer sodium rich grass. But not all grasses (e.g. timothy-
grass) can take up sodium. And giving too much (or too little) sodium is however detrimental.

Now I will show the effects of artificial fertilizers and of inferior organic fertilizers on crops:
Grasses;

Potatoes;

Tomatoes;

Fruits;

Take away food.

VVVVY

1. Grasses:
In the Netherlands grass is heavily fertilized with slurry, year after year, almost always
without amendments of missing macro elements and trace elements (Figure 2).
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Fig. 2. Minerals and N in Dutch fresh grass (2014). Data from 60 conventional farms,
g/kg DM Data from DMS

Conclusions:

> Potassium in this grass is far above the Dutch level for toxicity (30 g/kg DM) (CVB,
2005) and the American level for toxicity (20 g/kg DM) (Crawford, 2012).

> Sulphur is above the Dutch level for toxicity (CVB, 2005) and the American level for
toxicity — University of California (Crawford, 2012), and University of Montana (Olson Rutz, 2014):
4. 2 and 3 gr/kg DM respectively.

In English Field trials (Chiy, Phillips, 1995) made a correction by fertilizing with sodium
chloride:

> Their grass had a completely different balance (Figure 3).
10
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1
0 T T T T !
Na:4.1 K:9.38 Ca:5.55 Mg:2.16 P:4*

Fig. 3. Minerals in grass in a sodium trial of Chiy and Phillips (1995) (*P = estimated)
(165 NaCl kg/ha)
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How are the ratios of the Dutch grass and the grass of Chiy and Phillips compared with the
optimal ratios (Table 3)?

Table 3. Ratios of the grass

Ratio Optima Dutch grass 2014 | The grass of Chiy and
Phillips (UK)
Potassium/Sodium 2—4 (max 7-10) 16.3 2.3
Potassium/magnesium | 2—5 (max7) 14.9 4.3
Calcium/Magnesium 1-2 2.4 2.56
Calcium/Phosphor 1-3 1.3 1.4
Mg/(K+Na+Ca+P) 0.15—0.25; min 0.10 | 0.049 0.094
K/(Ca+Mg) in MeQ <2 1.9 0.52
Conclusion:

1. The Dutch grass is a health risk for the cattle;

2. The grass of Chiy and Phillips is almost measuring up to the standards. Some extra
magnesium suffices. The health of the cows is not at risk. And as Chiy and Phillips stated: this grass
is preferred by the cows;

3. Chiy and Phillips didn’t measure sulphur.

2. Potatoes:

In 2012 The Dutch Louis Bolk institution did a trial to compare the effects of different
fertilizer treatments on potato yield and potato quality (Burgt et al., 2012). In total they used
thirteen treatments — organic fertilizers and inorganic fertilizers; slurry; and different compost
types (CMC compost; pure vegetal composts; green composts) and different types of animal dung;
and combinations. To have a good overview I selected 7 treatments. The other six don’t deviate.
And I calculated the ratios.

All the fertilizing systems which we apply in the Netherlands lead to comparable imbalances
(Table 4).

Table 4. Potatoes

Ratio— K/Mg [K/Na |Ca/Mg|Ca/P |Mg/ K/(Ca+Mg) |N Yield in
Treatment| (..) In Meq (g/kgdm) [tons/ha
Deep litter 25.5 230 0.77 0.23 [0.033 |5.41 8.8 28
manure
Deep litter 22.9 206 0.88 0.290 |0.037 |4.63 7.4 16

manure CMC

Deep litter 22.7 >227 (0.8 0.27 |0.037 |4.77 8.1 26.5
manurecompost

- 23 >207 |1 0.34 |[0.037 |4.46 8 24.5
Chicken dung + |23.7 >213 [0.88 |[0.29 |0.036 |4.79 8.8 26.5
slurry
GFT compost + | 24.2 >218 |0.88 0.30 [0.035 |4.9 8.7 31.5
slurry
slurry 22.8 >205 |0.88 |0.32 |0.037 |4.61 8.1 25
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Van iersel 22.4 202 0.88 |0.29 |0.037 |4.54 6.9 16
compost
Average 23.4 >200 |0.87 0.290 [0.036 |4.76 8.1 24.25

Not Not Not Not |small |There are|There are|great
great |great |great |great differences [ differences

- CMC is controlled microbial composting;
- GFT compost is compost prepared from residuals of vegetables, fruits and home gardens;
- Van iersel compost is compost made from wood residuals.

In the Table 5 you can find the averages of Table 4, compared with the optima of Table 2.

Table 5. Averages (Table 4) compared with the optima (Table 2)

Ratio Optima The average of the seven
treatments:
Potassium/Sodium 2—4 (max 7-10) >200
Potassium/magnesium 2—-5 (max 7) 23.4
Calcium/Magnesium 1-2 0.87
Calcium/Phosphor 1-3 0.29
Mg/(K+Na+Ca+P) 0.15—0.25; min 0.10 0.036
K/(Ca+Mg) in MeQ <2 4.76
Conclusions:
> For all the ratios the differences between the treatments are small;
> There are great differences in yields;
> The potatoes from all treatments constitute a health risk. K/Ca+Mg) in mEq is more

than double the upper limit.

3. Tomatoes:
In Table 6 there are the ratios of cherry tomatoes, grown on rockwool from a dutch cherry

tomato producer — so called quality tomatoes, and the ratios of average Dutch tomatoes.

Table 6. Ratios of cherry tomatoes

Ratio Optima Ratios of cherry | Average Dutch tomatoes
tomatoes, grown on
rockwool
Potassium/Sodium 2—4 131 133
Potassium/magnesium | 2—5 63.7 33.2
Calcium/Magnesium 1-2 0.26 1.12
Calcium/Phosphor 1-3 0.29 0.34
Mg/(K+Na+Ca+P) 0.15—0.25; min 0.10 | 0.015 0.026
K/(Ca+Mg) in MeQ <2 17.15 6.12
Conclusions:
> The cherry quality tomatoes are a serious risk for health, even more than the average
tomatoes;
> The K/Ca+Mg) in mEq is more than eight times the safe upper limit for cherry
tomatoes, and more than 3 times the safe upper limit for the average tomatoes;
> The potassium level of the cherry tomatoes is with 87 g/kg DM almost three times

the Dutch upper limit (30 g/kg DM).
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4. Fruits:
The average ratios in Dutch fruits are as follows (ratios of cherry tomatoes (Table 7).

Table 7. Ratios in fruits

Ratio optima Average ratios in Dutch fruits
inclusive citrus fruits
Potassium/Sodium 2—4 198
Potassium/magnesium 2—5 16.5
Calcium/Magnesium 1-2 0.92
Calcium/Phosphor 1-3 0.58
Mg/(K+Na+Ca+P) 0.15—0.25; min 0.10 0.052
K/(Ca+Mg) in MeQ <2 3.25
Conclusions:
> The average Dutch fruits are a serious risk for health, but less than the average
tomatoes or the potatoes;
> The K/Ca+Mg) in mEq is too high but not that high as in tomatoes or potatoes;

The separate products is one thing, buth what do the Dutch people get on average as far as
macro elements are concerned (Figure 4)?
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natrium:3419 kalium:3578 magnesium:375 calcium:1148 fosfor:1656

Fig. 4. The average mineral intake in the Netherlands, mg/day, 2007 — 2010
K/Na= 1; K/Mg= 9,5; Mg/(K+Ca+Na+P) = 0,038; Ca/P= 0,69; Ca/Mg=3

This is what we eat on average. But there is one complication: the phosphor here is from the
food. But the food industry uses a lot of additional phosphor as taste enhancer. Finnish research
estimates we get 10-50 % extra P, depending on what you eat or drink.

And calcium is high because we eat a lot of dairy products. Sodium is high because we use
lots of salt. In fact we get even more calcium through supplements and food additives (Table 8).
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Table 8. Ratios in Average Dutch food

Ratio optima Ratios in average Dutch food
Potassium/Sodium 2—4 1

Potassium/magnesium 2—-5 9.5

Calcium/Magnesium 1-2 3

Calcium/Phosphor 1-3 0.69

Mg/(K+Na+Ca+P) 0.15—0.25; min 0.10 0.038

K/(Ca+Mg) in MeQ <2 1

Complications: the intake of magnesium is low but the uptake of magnesium in the intestines
is even much lower because high levels of calcium, potassium, and sodium diminish the uptake of
magnesium. And at high levels of sodium and phosphor intake, extra magnesium is lost through
the kidneys.

Another complication is that many people don’t eat ‘on average’. If you consume a lot of
processed and refined food, then the intake of potassium, calcium and magnesium is even much
lower. Then you have to live more or less on sodium, phosphor and nitrogen (see below).

Conclusions:

> ‘On average’ the potassium sodium balance is okay, but not for people who eat lots of
processed or refined foods;

> But many people who eat processed and refined foods get too little potassium,
calcium and magnesium, and too much sodium and phosphor;

> The calcium/phosphor balance is a risk for health for the average eaters, and even
more for the people who eat foods and drinks with added phosphor (like in Cola);

> The calcium/magnesium ratio is too high. This increases the risk of heart diseases
(Karppanen, 1981), calcification of the weak parts of the body, and of cancer;

> Mg/(K+Na+Ca+P) is much too low — a good basis for chronic diseases.

The case of refined and processed Foods.

I have collected the data on these Foods from the Dutch food website (RIVM Nevo online,
2015). This is the official Dutch website which provides a lot of data regarding the composition of
the foods in the Netherlands (Figure 5).
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Fig. 5. The average mineral composition of four types of take away foods in the Netherlands.
RIVM 2015, mg/100 g
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The ratios in these processed Foods are as follows (Table 9).

Table 9. Ratios in processed Foods

Ratio in the combined optima Ratios in four types of
daily food and fodder takeway foods

Potassium/Sodium 2—4 0.5
Potassium/magnesium 2—5 11.3
Calcium/Magnesium 1-2 2.77
Calcium/Phosphor 1-3 0.46
Mg/(K+Na+Ca+P) 0.15—0.25; min 0.10 0.023
K/(Ca+Mg) in MeQ <2-2.2 1.3

3. Conclusion

> Only the ratio K/(Ca+Mg) in MeQ is okay.

> The amount of N is high (but we don’t know how much of it is Non Protein Nitrogen

(NPN). Like for instance nitrate. In the Netherlands NPN is not measured on a regular base);
> NPN is a health risk if magnesium is too low.

People in the Netherlands get chronically ill because the food is not in balance.

So we need to rebalance the food through better fertilizing practises and less food processing
and refining.

In another paper I will show that vermicomposting in combination with basaltic volcanic
stone meal offers a better kind of fertilizing than the artificial fertilizers and the traditional
composts and animal dungs like slurry and deep litter manure. Vermicomposts produce huge and
very diverse numbers of microbes, and offer the plants the opportunity to select those elements
they need. The microbes fall apart in the tiny forms mentioned above, and produce the elements
for the plants as organic compounds, not as salts.The tiny microbial forms support the vitality of
plants, animals and men.
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Abstract

Technological progress of over than seven-billion population forces an avalanche development
of industry, transport and urbanization. The unusual demographic success of the Homo sapiens
species has caused very serious environmental impact on abiotic and living organisms. One of the
most visible phenomenon of anthropopressure is the increase of environmental contamination of
water, air and soil with various xenobiotics, in particular with Polycyclic aromatic hydrocarbons
(PAHs) — organic compounds with two or more fused aromatic rings. PAHs are widespread
environmental contaminants resulting from incomplete combustion of organics, but partly are of the
natural biological and soil-biological origin. PAHs are low soluble in water, but highly lipophilic and
easily adsorb on the air particles. PAHs are highly carcinogenic or mutagenic. The assessments of
PAHs and their remediation are important. The list issued by the USEPA in 1976 with a view to use
chemical analysis for assessing risks to human health, contains a set of compounds of 16 PAHs
following criteria of analytical standards availability, occurrence in environment; and toxicity
information. The PAHs chemical transformations via destroying double bonds by oxidants are
important for safe environment. PAH content in unpolluted soils of various types is relatively low.
PAHs are degradable by some microorganisms in the soil. 90 % of PAHs present in environment can
be stored in soils, sediments, and sedimentary rocks. PAH content in uncontaminated soils is aroud
100 ppb. In the airport area, due to jet turbine exhaust, the sum of 12 PAHs ranged from 2390 ppb to
7530 ppb. PAH concentration in the town soils is up to 12390 ppb. In the soils of railway junction
concentrations of 14 PAHs in 1995 was 2243 ppb, and in 2008 up to 59508 ppb. PAHs
concentrations in the soils of coking plant area reache 57921 ppb. The new analytical protocol for
determination of PAHs and OPAHs are elaborated. There are many classifications determining the
soil pollution degree due to the level of PAH. Poland Institute of Soil Science and Plant Cultivation
proposed “sum of 13 PAHs”, Poland Ministry Regulation provides “sum of nine PAHs”, Dutch List
contains “sum of ten PAHs”. According every classification, under transport and industries
anthropopressure, the soil PAH concentrations are dangerous to human health.
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* Corresponding author
E-mail addresses: zafarjonjabbarov@gmail.com (Z.A. Jabbarov)

229



http://www.ejournal19.com/
mailto:zafarjonjabbarov@gmail.com

Biogeosystem Technique, 2018, 5(2)

1. Introduction

Chemical xenobiotics are usually divided into inorganic and organic ones. The most
important inorganic xenobiotics are sulfur and nitrogen oxides as well as heavy metals, while the
most frequently studied organic xenobiotics are: polycyclic aromatic hydrocarbons (PAHs, also
called polyarenes), polychlorinated biphenyls (PCBs), dioxins and some pesticides.

Technological progress of over than seven-billion population forces an avalanche development
of industry, transport and urbanization. The unusual demographic success of the Homo sapiens
species has caused very serious environmental impact on abiotic and living organisms. One of the
most visible phenomenon of anthropopressure is the increase of environmental contamination of
water, air and soil with various xenobiotics, in particular with PAHs — organic compounds with two
or more fused aromatic rings.

Polycyclic aromatic hydrocarbons are in the first place among organic pollutants, because
they have been detected in various concentrations not only in polluted industrial and urbanized
environments, but also in soil, water, sediments in areas of different anthropogenic pressure.

Sources of PAHs to the environment are numerous and fundamentally well-known. PAHs are
a group of compounds that come from both anthropogenic and natural sources to the environment.
Generally, PAHs can be produced by the incomplete combustion of compounds containing carbon
and hydrogen or during some biotransformation processes. The main anthropogenic sources of
PAHs in environment include the processing of different fuels in coke plants, crude oil extraction
installations and refineries, as well as combustion of liquid and solid fossils fuels (Howsam et al.,
1998; Igwe et al., 2015). For this reason, the main suppliers of PAHs to the environment are
industry, transport and municipal facilities. But PAHs do not originate only from anthropogenic
sources. They can be formed during environmental fires of the steppes, forests and peat (Metrak et
al., 2006; Vergnoux et al., 2011) and during volcanic eruptions (Stracquadanio et al., 2003). It was
found that PAH emissions to the environment from anthropogenic sources are many times higher
than natural emissions

Observation that a reasonable amount of polyarenes are present in some habitats with very
little anthropogenic pollution, as well as in some sedimentary rocks led to suggestion that these
compounds can be formed as a result of biochemical transformation. Many sediments of organic
origin have been formed by the alteration of accumulated plant material, in which PAHs have
formed. The reason is, that their biosynthetic precursors were mainly di- and triterpenoids.
Hopanoids (common prokaryotic triterpenoides) and steroids may also be the precursors of
polyarenes (Simoneit, 1998; Malawska et al., 2006).

It was shown that the wood of tropical forests contains naphthalene, phenanthrene, and
perylene (Wilcke, 2007). Also, animal membrane components like cholesterol and steroid
hormones also have structures similar to substituted phenanthrenes, which can be precursors of
some PAHs, The synthesis of naphthalene and perylene can also occur in termite organisms
(Wilcke, 2000).

PAHs are also found in brown coal (Bojakowska et al., 2001), hard coal (Achten et al., 2009)
and crude oils (Bojakowska et al., 2012). The described ubiquity of PAHs causes that they are
important environmental xenobiotics, but their presence in various types of soils is particularly
important. The reason is the very high persistence of PAHs in the soil environment, which causes
that these compounds can persist in it for a very long time, and their biotic and abiotic degradation
is very slow. The majority of PAHs accumulate in soil (around 89.9 %), 0.3 % is contained in
surface waters, 9.3 % accumulates in bottom sediments and 0.5 % remains in atmospheric air
(Paterson et. al., 1989). The purpose of this article is to review the basic data on PAHs, with
particular emphasis on the presence of these compounds in various types of soils.

2. Discussion of the methods and results

2.1. Historical justification of the importance of PAHs

PAHs are widespread environmental contaminants suspected to be carcinogenic (Harvey,
1985). Before the carcinogenic effects of PAHs have been clearly demonstrated, many indications of
this have been observed. The first one comes from the second half of the 18t century. Over 200
years ago, surgeon to St. Bartholomew's Hospital in London, Percivall Pott made the astute
connection between soot and scrotal cancer, known then as the chimney sweeps cancer. Pott made
the connection between the causative agent — i e. soot, lodging in the folds of the scrotal skin — and
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the disease, but left it to others to consider prevention. A weekly change of working clothes and
daily washing of the private parts was the usual advice (Gordon, 1994; Herr, 2011). Of course, Pott
had no idea about the chemical composition of soot.

This observation was followed a century later by von Volkmann's reports published in
Beitrdge zur Chirurgié Leipzig concerning the occupational skin cancers in workers in the coal tar
industry in Germany (Harvey, 1985). The increase incidence of bladder cancer in workers
employed in dye industry was first noted by Rehn in 1895 (Barile, 2003).

Although chemical induction of cancer in humans, which was described above, was noted
long ago, utilizing experimental animals to examine chemical induction of cancer only began in the
early 20th century when Yamagiwa and Ichikawa described for the first time induction of the skin
neoplasms upon repetitive applications of coal tar to the ears of rabbits (Fujiki, 2014).
Bioconcentration and bioaccumulation of PAHs in organisms occurs through various routes
including ingestion, inhalation or dermal contact pathways.

Isolation of benzene and toluene, as well as some polyarenes, from coal tar in the early part of
the 19t century began a period of great interest in this compound group. The number of papers
dealing with PAHs rapidly grew when people realized that some polyarenes possessed highly toxic
and carcinogenic activity. This meant explaining the observations of researchers combining
exposure to certain organic substances with the occurrence of an increased number of cancers.
PAHs are also of environmental concern not only because of their toxicity and carcinogenicity, but
also because they are very resistant to decomposition. Hence, these compounds are included in a
group named persistent organic pollutatnt (POPs). Moreover, they have possible harmful effects on
soil organisms and plants (Menzie, et al., 1992). PAHs are not synthesized chemically for industrial
purposes. However, there are few commercial uses of many polyarenes. They are mostly used as
intermediaries in pharmaceutical, agricultural product, photographic products, thermosetting
plastic, lubricating materials, and other chemical (Igwe et al., 2015).

Toxic and carcinogenic action of PAHs combined in the ubiquitous presence in the
environment causes that work on this group of compounds is in the mainstream of environmental
chemistry and toxicology.

2.2. Structure and properties of PAHs

PAHs are organic compounds that are mostly white, or pale yellow solids with different
melting points. They are a ubiquitous group of several hundred chemically related compounds,
environmentally persistent with various structures and varied toxicity. It is a relatively
homogeneous group of substances in terms of physical and chemical properties. PAHs are
nonpolar and lipophilic. Larger PAHs are generally insoluble in water, although some smaller
PAHs are soluble to some extent, so they are known contaminants in drinking water (Feng et al.,
2009).

PAHs are organic compounds containing only carbon atoms with sp? hybridization and
hydrogen atoms. They are composed of multiple aromatic rings (organic rings in which the
electrons are delocalized). Chemically the PAHs are comprised of two or more benzene rings
bonded in linear, cluster, or angular arrangements. The simplest such chemicals are: naphthalene,
having two aromatic rings, and the three-ring compounds anthracene and phenanthrene. PAHs
with five or six-membered rings are most common. Although several hundred different polyarene
structures with a large number of rings have been obtained by synthetic methods, in the
environmental chemistry, hydrocarbons containing from two to six rings are the most important
(Feng et al., 2009).

The chemical transformations that PAHs undergo can be divided into two groups:
substitution and addition, in which double bonds are destroyed. PAHs are sensitive to oxidants,
including oxygen and ozone. In the presence of oxidants, light quanta induce photochemical
reactions. As a result, different types of diols, quinones and aldehydes are formed. Such
transformations may be important in removing PAH from the natural environment.

Three well known lists of PAHs frequently monitored exist, i. e. the list of EU Scientific
Committee for Food (SCF), the list of EU, and the list of US Environmental Protection Agency
(EPA). Among them, the most frequently used in environmental research is the EPA list (Figure 1).
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LMW
Naphthalene Anthracene Acénaphthene Acenaphthene Fluorene Phenanthrene
2-rings 3-rings
Benz(a)anthracene Chrysene Fluoranthene g@ Benzo(a)pyrene
HMW 4-rings

Dibenz(a,h)anthracene Benzo(b)fluoranthene Benzo(k)fluoranthene Benzo(g, h, i)perylene Indeno(1, 2, 3-cd)pyrene

3-rings 6-rings

Fig. 1. Structures and nomenclatures of the 16 PAHs on the USEPA priority pollutant list
(Source:https://www.researchgate.net/profile/Eman_ Koshlaf/publication/313957030/figure/fig2
/AS:526050025107456@1502431507235/Structures-and-nomenclatures-of-the-16-PAHs-on-the-
US-EPA-priority-pollutant-list.jpg)

The list of 16 polycyclic aromatic hydrocarbons issued by the U.S. Environmental Protection
Agency (EPA) in 1976 with a view to use chemical analysis for assessing risks to human health, has
gained a tremendous role as a standardized set of compounds to be analysed, quite especially in
environmental studies. This list of PAHs was created under time pressure with respect to the
following criteria:

1. availability of analytical standards and, if available, whether they were measurable
with current analytical methods (mainly GC-FID or GC-MS);

2. whether they occurred in the environment; and

3. whether they were known to be toxic.

Despite the doubts that have arisen in recent years, should this list be extended, it remains
the basis for scientific research (Andersson, Achten, 2015).

PAHs generally have a low degree of acute toxicity to humans. After chronic exposure, the
non-carcinogenic effects of PAHs involve primarily the: pulmonary, gastrointestinal, renal, and
dermatologic systems. But the most significant endpoint of PAH toxicity is cancer. Although
unmetabolized PAHs can have negative effects, a major concern is the ability of their reactive
metabolites, such as epoxides and dihydrodiols, to bind to cellular proteins and DNA. Like many
other carcinogens, these hydrocarbons are metabolized enzymatically to various metabolites, of
which some are reactive. PAHs undergo metabolic activation to diol-epoxides, which bind
covalently to DNA. The DNA binding of activated PAHs is considered to be essential for the
carcinogenic effect (Rengarajan, 2015).

Several analytical methods have been usually used for determination of PAHs and their
derivatives in the environment, as well as in biological or food matrices. Among chromatographic
methods GC or HPLC with mass spectrometry detection are used most frequently. HPLC methods
are more suitable for analysis of PAHs, as in comparison to GC, the thermally labile or low volatile
compounds can be analysed easily (Kumar et al., 2014).

2.3. PAHs in different natural soils

Soil is the primary steady reservoir and sinks for PAHs in the terrestrial environment,
because PAHs are readily absorbed by organic matter in soil and difficult to degrade (Yang et al.,
2014). PAHs in the soil are very persistent compounds, therefore the accumulation of polyarenes in
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soil may lead to contamination of food chains, which could cause a potential risk to human health
(Jiang et al., 2011). Some investigation proved that about 9o % of the PAHs present in the
environment can be stored in soils and sediments (Wild, Jones, 1995), which are thus the best
environmental "sink" for these compounds.

PAHs occur in the natural environment as natural components of soils, water sediments and
sedimentary rocks. Usually, soil rich in humic substances is characterized by a higher content of
PAHs than soils with a small amount of organic substance. Polycyclic aromatic hydrocarbons form
and are introduced into the natural soils also as a result of natural forest and peat fires and volcanic
eruptions. These compounds may also be formed during petrogenesis, in particular at high
temperatures. The formation of a whole range of aromatic hydrocarbons, including polycyclic
hydrocarbons, accompanies the processes of organic matter transformation leading to the
formation of crude oil (Evans et al., 1990).

The content and composition of polycyclic aromatic hydrocarbons in soils is the resultant of
the processes (formation and degradation) occurring in them. The formation of hydrocarbon
derivatives runs in parallel as a result of degradation of organic debris and deposition caused by
anthropopressure. On the other hand, microbial degradation of these compounds occurs. Microbial
degradation of PAHs depends on various environmental conditions, such as nutrients, number and
kind of the microorganisms, nature as well as chemical property of the PAH being degraded
(Ghosal et al., 2016).

Although much of the information available in the literature refers to the PAH content in
contaminated soils in areas undergoing strong anthropogenic stress, the number of publications on
the presence of PAHs in natural soils is also present in world scientific literature. A brief overview
of the characteristic examples will be presented below.

An important type of relatively less contaminated soils are forest soils. In areas without
industry and large cities, in soils of forests and meadows, the PAH content should not be high.
Bojakowska and Sokolowska (1998) examined the PAH content in 65 soil samples from the
forested areas of western Poland. The average content of 15 PAHs investigated in the soils of this
area was 155 ppb. The average share of tricyclic aromatic hydrocarbons, relatively low persistent in
the environment, accounted for 12 % of the total sum of PAHs. The proportion of four-ring
hydrocarbons negatively affecting animal organisms was 31 %, while, the most harmful — five-and
six-ring aromatic hydrocarbons — 56.6 %. The average content of polycyclic aromatic hydrocarbons
with carcinogenic and mutagenic effects on animal organisms was 92 ppb in the examined soils,
and their share in the total PAHs — 57.5 %.

Typical PAH concentrations in uncontaminated soils usually do not exceed 100 ppb. This has
been confirmed by Trapido (1999) for Estonian soils. The typical level of total PAHs in Estonian
rural soil is about 100 ppb dry weight, whereas PAH concentrations in Tallinn, Parnu and Kohtla-
Jarve (big Estonian towns) soil were quite high (the mean ¥ PAH concentrations were 2240, 7665
and 12390 ppb dry weight, respectively). This proves the strong impact of urbanization in terms of
PAH levels. The ratio of small molecule PAHs (3—4 ring) to big molecule ones (5—6 ring) altered
significantly (from 5:1 to 1.7:1).

The state of the contamination and distribution of PAH in agricultural soils (115 surface soils;
0—20 cm) in the subtropical regions was performed by Chinese scientists (Hao et al., 2007). The
total PAH concentrations ranged from 22.1 to 1256.9 ppb. In general terms, the current PAH
concentrations were lower than most PAH levels reported in a number of investigations from
different countries and regions.

PAHs level in soils obtained from uncontaminated locations can give useful information
about the influence of regional atmospheric sources, long-range atmospheric transport processes,
compound retention, partitioning and fate processes in the environment. There are some evidences
that background soil PAH concentrations in Europe appear most strongly affected by proximity to
sources and the likelihood of enhanced deposition.

The research on PAH levels in peats is very interesting (Borgulat et al., 2018). Although, from
a formal point of view, peat is not a soil, but a young sedimentary rock, it practically behaves in
many aspects like soil. As locations for the biogenic accumulation of peat, which may be regarded
as the youngest and least transformed sedimentary rock, mires provide records of the changing
fluxes of organic compounds from both natural and anthropic sources (Berset et al., 2001).
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Because peatlands in many regions of the world (also in Poland) are located in ecologically
clean regions, the level of PAH in peats is a good indicator of the concentration of these xenobiotics
in unpolluted soils. Very interesting and extensive research on the level and characteristics of PAHs
in peats was carried out by a team of scientists from the University of Warsaw. During the many
years of research, the content and characteristics of PAHs in peat profiles collected from several
dozen Polish peatlands, both bogs and fens, were determined (Malawska et al., 2002a; Malawska et
al., 2002b; Wilkomirski et al., 2002; Wilkomirski, Malawska, 2005; Malawska et al., 2006).

In 44 peat samples taken from different stratigraphical layers of 12 mires located in four
regions of southern Poland (the Sudeten and Tatra Mountains, Silesian Lowland and Orawa Basin),
the total concentration of 16 USEPA PAHs was between 39 and 384 ppb in all samples. The only
exception was Laséwka, a fen in the Sudeten Mountains, where an extremely high PAH
concentration (3746 ppb) was recorded.

The concentration of PAHs was also analyzed in samples of peat collected from two different
peatlands (Zdory and Wolosate) located respectively in the lake district and mountains in south-
eastern Poland. The total concentration in all peat samples was between 120 and 209 ppb.

The described level of PAHs in peat was also confirmed by Bojakowska et al. (2013) for
samples collected from other peatlands. This investigation proved that the level of 17 USEPA PAHs
in three peatland deposits selected for the study: Otalzyno near Kartuzy (northern Poland), Stoczek
near Radzyn Podlaski (central Poland) and Huczwa near Tomaszow Lubelski (south-eastern
Poland) was about 500 ppb.

With the content of PAHs in peat, one more interesting problem is associated. Peats are
organogenic rocks formed as a result of biochemical changes in remains of dead plants under the
conditions of high humidity and lack of oxygen. Various types of peat differ from each other in
terms of organic and inorganic component content and these differences are a result of peats being
formed under various oxygen conditions as well as various geological, hydrological,
geomorphological and physical and chemical conditions, and from various plant associations
(Orru, Orru, 2006). The occurrence of PAHs in peats formed in pre-industrial times can only be
explained on the ground that they came from natural sources — i.e. inclusion, in peat, of
compounds found in putrefying plant material, atmospheric deposition of compounds produced in
fires of plant communities or by reference to the that fact these compounds were formed as a result
of changes occurring during the biochemical phase in early sediment diagenesis.

As it was mentioned above PAHs, they can be formed from natural terpenoid precursors.
Perylene is a good example of PAH which can form on this pathway. The peat is made up of layers
that differ in their degree of decomposition, botanical composition and age; and different types of
peat show different microbial activity, acidity, degree of anaerobiosis and content of humic
substances. The accessibility of these properties, especially botanical composition, makes it
possible to investigate the natural processes of PAH formation from precursors of aromatic
compounds.

Perylene is derived from its natural precursors via post-deposition transformation during
early diagenesis, and much smaller amounts of perylene than of other PAHs are produced during
combustion processes (Yunker et al., 2002). Thus the abundance of perylene in some peats may
reflect biochemical transformations from plant precursors. The highest concentrations of perylene
occurred in woody peat. The concentration of possible chemical precursors of perylene is high in
woody peat because such peat was formed mostly from higher plant residues containing greater
quantities of isoprenoids than are found in moss residues.

As can be seen from the above examples, PAH content in unpolluted soils of various types is
relatively low. This level can clearly increase as a result of the inflow of various types of pollutants,
both natural and anthropogenic, into soils. A natural source of PAHs concentration increases in
unpolluted soils is large environmental fires of forests and peat bogs. Every environmental fire is a
violent phenomenon, bringing with it a series of serious consequences. In the case of
environmental fires the fuel is usually living and dead vegetation (trunks, branches, leaves), but
also soil humus or peat found in various peatland deposits type. Combustion of organic matter with
insufficient oxygen supply must bring with it the formation and increase of PAH levels. In such
processes, atoms carbon atoms are not completely oxidized and accumulate in the form of
thermodynamically stable structures of aromatic rings.
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The appearance of increased PAH content in the environment after forest or peat fires were
repeatedly observed (Eun-Jung et al., 2003; Gabos et al., 2001; Dreyer et al., 2005). After a fen fire,
a two-fold increase in the amount of PAHs was observed, from approximately 400 ppb to 800 ppb
(Malawska et al., 2007).

The contribution of forest fires to the content of PAHs in soils was demonstrated by
Vergnoux et al. (2011). Surface (0—5 cm) and subsurface (5 to 15 cm) soils from burned forest areas
in South of France were analysed to determine contents of 14 priority PAHs and their distribution
profile. The lowest molecular weight studied PAHs (naphthalene, acenaphtene, fluorene,
phenanthrene, anthracene, fluoranthene and pyrene) appear to be the major ones produced by
forest fire. Naphtalene levels are remarkably high in burned soils (more than 70 ppb, i.e. more than
20 times higher than in the control soils) and still remain important years after the last fire event.

Burning conditions (the amount of available oxygen, the duration of heating, the
temperature) and the type of vegetation define the amount and composition of PAHs (Medeiros,
Simoneit, 2008). A Russian-American group of scientists carried out research aimed at identifying
features of PAH accumulation in podzols and histosols of drained peatlands affected by wildfires
(Tsibart et al., 2014). They investigated PAHs profiles in areas occupied by drained peatland and
strongly damaged by fires in 2002, 2010 and 2012.

After analysis, they came to the conclusion that: the wildfires on the drained peatlands
caused the change in the morphological properties of soils; new soil horizons Cpir, OHpir, and
Hapir were formed with different accumulation rates of PAHs. The highest PAHs concentrations
were seen in charry peat Hpir horizons and in post-fire incipient O horizons. Also, post-fire
histosols and histic podzols differed in their PAH distribution. In both cases, the highest PAH
concentrations occurred in the organogenic post-fire horizons, but in cases of histic podzols, their
slight accumulation of PAHs in illuvial horizons was possible. The trends of higher PAH
accumulation in soils were observed in cases of incomplete burning out of peat horizons.

Another type of research regarding the PAH content in peats was carried out by Ekonomiuk
(2007). She investigated peats from whole stratigraphic profiles of three bogs; two of them are
located in a non-polluted area, the third is located in a heavily polluted area, due to the vicinity of
large metallurgical plants. The main objective of the research was to investigate the distribution
and migration trends of PAHs in high moorland ecosystems characterized by specific physical and
chemical conditions and various degrees of anthropopressure.

A different PAH content profile was observed in non-contaminated deposits and in a
contaminated deposit. In the case of uncontaminated peatlands, a more even distribution of the
PAHs in the stratigraphic profile is observed than in the highly contaminated deposit, in which
most of these substances accumulate in the surface layer of peat. Total contents of PAHs in strongly
contaminated deposit reached 6394 in 2002 and 6472 ppb in 2003, respectively. Relatively large
amounts of PAHs in the subsurface peat layer of the contaminated bed probably result from the
migration of some of the contaminants accumulated on the surface of the deposit. Studies have
confirmed the occurrence of perylene in deeper residual peats, which probably originates from
natural biochemical transformations of aromatic precursors.

A correlation was found between the PAH content in peat profiles and the level of these
compounds in the leaves of selected plants growing on the peatland (Metrak et al., 2016).

Another important reason for the increase in PAH concentration in unpolluted agricultural
soils may be alternative fertilization. Such specific fertilizers are produced mostly from municipal
solid waste or sewage sludge. The compost is relatively safe in terms of PAHs concentration.
Déportes et al. (1995) claim that the concentration of PAHs in municipal waste compost varies over
a wide range, from 1 to 250 ppm. Such a broad range of concentrations of PAHs in municipal waste
compost, results from the sources of its origin. Obviously, more PAHs were determined in
municipal waste composts than in green waste compost. The one-month compost produced from
municipal waste had the highest concentration of anthracene and pyrene, while the three-month
compost was the richest in benzo(a)anthracene, indeno(1,2,3-cd)pyrene, and phenanthrene and the
concentration of the other PAHs was the highest in the six-month compost. Fertilization of soil
with municipal waste composts raised the soil content of PAHs, although in most cases thenatural
level of these compounds was not exceeded (Sadej, Namiotko, 2010).

Sewage sludge (SS) is a complex organic by-product of the wastewater treatment process.
Large amounts of SS are constantly produced and the disposal routes are a matter of worldwide
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concern and environmental problem. This material is supposed to be potentially useful in
agricultural land amendment or degraded area recovery due to its rich nutrient composition,
especially in organic matter, and inorganic biogenes. However, soil fertilization with sewage sludge
is much less safe, due to high level of pollutant organic compounds, such as the PAHs (Wild et al.,
1991; Wloka, Smol, 2014). In all the analysed cases, an increase in the concentration of PAHs in soil
was observed as a result of the introduction of sewage sludge as a fertilizer.

It is known that the addition of increasing doses of sludge into the soil resulted in a gradual
increase in the amount of the polycyclic aromatic hydrocarbons contained therein. Moreover, the
introduction of SS into the soil influenced the increase of the total level of some PAHs in the plants
grown in this soil (Oleszczuk, Baran, 2005). Hence, the PAH concentration levels found in sewage
sludge might raise potential contamination risks to the soil.

2.4. PAHs in different anthropogenically modified soils

The great ecotoxicological significance of the appearance of PAHs in the soil causes that,
concentrations of PAHs in soil have been widely investigated in anthropogenically modified soil.
As the examples of such environments described in this review, soil connected with transport,
urbanization, mining and industry, were used.

One of the significant anthropogenic sources of PAHs is road transport. PAHs are emitted
during combustion of fuels (diesel, gasoline), use of lubricative and engine oils as well as during
abrasion of tyres and asphalt (Trang, Byeond-Kyu, 2009). The vicinity of roads and airports is
known to be exposed to gasoline, diesel and kerosene vehicle exhausts (cars, trucks or aircrafts).

The vehicle exhausts are considered to be this source of PAH contamination, which creates a
real threat to food produced on fields lying in the vicinity of transport routes. PAH contamination
levels by mobile sources are studied through their profiles found in grass and soil in the vicinity of
a motorway (connecting Luxembourg to the East of France and a medium size airport located in
the east part of France (Crépineau-Ducoulombier, Rychen, 2003). They showed that soil can be
contaminated by PAHs when they are located by a motorway or an airport. The vicinity of the
motorway is almost four times more contaminated than the area around the airport.

Research carried out on soil around the International Airport in Delhi, India, showed that
huge airport is really serious source of PAH contamination in peripheral soil (Ray et al., 2008).
What is important, densely populated residential areas surrounding the airport come directly
under both the landing and take-off flight paths. The study was undertaken to determine the level
of PAH contamination due to jet turbine exhaust. Twelve priority polycyclic aromatic hydrocarbons
(PAHs) were analysed in the <2 mm surface soil fraction. The sum of 12 PAHs ranged from 2390
ppb to 7530 ppb. PAH levels observed in the present study were found to be higher as compared to
most of the literature data on airport contamination. Predominance of pyrene was observed in the
airport soil. Factor analysis and isomer pair ratios suggest pyrogenic origin of PAHs in the study
area.

Apart from roads, railways are one of the principal means of transportation. The specificity of
rail transportation causes multidimentional environmental problems (Wierzbicka et al., 2015). One
of them is the increase in the concentration of xenobiotics in the soil of railway areas. Among the
most important railway pollutants are polycyclic aromatic hydrocarbons (Wiltkomirski et al., 2012).

The classical and broadly quoted habitat research on the railway grounds, which lasted over a
dozen years, has been led by a team of researchers from the University of Warsaw since the
beginning of the current century. One of the threads of this research was to determine the level of
PAHs in the soil of several Polish railway junctions.

Very important results were obtained for the Ilawa Gléwna railway junction (Malawska,
Wilkomirski, 2001). This junction (built in 1870) is located in northern Poland about 200 km north
of Warsaw on the Warsaw—Gdansk railway route in the western part of the Mazurian Lake Region.
This region covered mostly by forests and lakes is relatively clean, since no heavy industry is
concentrated there. The junction having such location is the relevant place to investigate the
influence of railway transportation on environmental pollution. Very heavy passenger and goods
traffic is concentrated in the area of the junction because Itawa Gléwna is situated at the crossing of
a few important railway routes. The railway junction covers an area of almost 2 km? within which
the different functional parts are situated.
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In 1995, concentrations of 14 PAHs in soil were tested on four functional parts of this railway
junction, i.e. vicinity of platforms, cleaning bay, railway siding and loading ramp. Total level of
these 14 compounds was: 2243, 910, 2178 1097 ppb, respectively.13 years later, in 2008, PAH tests
were carried out in exactly the same places. During this period, no modernization works were
carried out on the tested functional parts of the railway junction, which resulted in the
accumulation of pollutants.

The following 17 PAHs were determined: acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, benzo[a]anthracene, chrysene,
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[e]pyrene, benzo[a]pyrene, perylene, indeno[123-
cd]pyrene, dibenzo[ah]anthracene and benzo[ghi]perylene. The comparison of earlier findings with the
results indicating the total level of the same 14 PAHs determined in the present study showed a very
significant increase of PAHs content in all the functional parts of the railway junction Itawa Glowna.
At the same time, the PAH level in the control areas did not change (Figure 2).

It was found that all the investigated areas were strongly contaminated with PAHs. The PAH
contamination of the soil was the highest in the railway siding and in the platform area (59508 and
49670 ppb, respectively). In the loading ramp and cleaning bay, the PAH concentration in soil was
lower but still relatively very high (17948 and 15376 ppb, respectively). The contamination in the
railway siding exceeded the average control level up to about 80 times. This is one of the best
examples in the scientific literature for the fact that rail transport is a serious source of PAH. The
reasons for pollution of railway areas with these compounds are fuels, oils, lubricants and other
petroleum products used during the operation of rolling stock, as well as creosote used to
impregnate railway ties. The problem of PAHs migration from creosote-treated railway ties into
ballast was described comprehensively by Brooks (2004).
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Fig. 2. The comparison of 14 PAHs content in soil in four functional parts of the railway junction lfawa
Glowna in 1995 and 2008 years (micrograms per kilogram, ppb) (Source: Wiltkomirski et al., 2011)

According to his investigations emission of creosote-derived PAHs from newly treated
railway ties in supporting ballast is the biggest during the summer of the first year. Creosote-
treated ties are strongly heated during the summer because the black surface of the railway ties
absorbs sunlight. Specific, but serious source of PAH emissions are transport accidents.

The publication summarizing the research of the Warsaw team on the pollution of railway
areas with polycyclic aromatic hydrocarbons appeared in 2015 (Metrak et al., 2015).

Polycyclic aromatic hydrocarbons and heavy metals are the two most important groups of
pollutants associated with rail transport. Both have a serious negative impact on the natural
environment, including human health and degradation of sensitive ecosystems. In this study, apart
from qualitative and quantitative analysis of the main PAHs associated with rail, the authors tried
to assess composition of specific compounds related to functional areas of railway infrastructure
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and to distinguish potential chemical markers which can be used for identification of pollution.
Moreover, the authors evaluated the applicability of plants overgrowing railway infrastructure as
bioindicators of rail-associated pollution. It was confirmed that high amounts of PAHs in soil are
characteristic for intensively used railway infrastructure, but it was not found any typical pollution
profiles for the differently used areas (i.e. platforms, sidings, cleaning bays). The major source of
these contaminants is petroleum products used in conservation of railway infrastructure and
rolling stock. As far as the use of plants overgrowing railway infrastructure as bioindicators of rail-
associated pollution is concerned, it is rather limited, due to frequent application of herbicides for
security and track stability reasons.

As already noted, the other reason for the significant increase in PAHs in the soil is
urbanization. One of the most urgent environmental problems in the world is contamination of
soils by a variety of chemical pollutants (including PAHs) in urban regions. In the scientific
literature there are many examples of increased PAH content in soils in large urban
agglomerations. It is estimated that the average PAH concentration in soils in big cities is 600-
3000 ppb (Trapido, 1999). Of course, in many cases PAH levels in soils of urban agglomerations
are much higher. Some examples will be discussed below.

The objective of the study carried out by Banger et al. (2010) was to determine the depth-wise
distribution (0-15, 15—30, and 30—45 cm) of 16 PAHs compounds in four urban soils of different
land uses (residential, public parks, public buildings, and commercial areas) in Miami, Florida,
USA. Results showed that across use soils, total PAHs were significantly greater at surface (1869
ppb) than sub-surface (478—1079 ppb). Among land uses at 0—15 cm, PAHs were significantly
greater in commercial areas (2364 ppb) than the residential and public parks (1508-595 ppb), but
not the public buildings (2007 ppb).

Chinese researchers carried out PAH measurements in the soil of the megacity. Shanghai.
57 soil samples were collected in main urban areas of Shanghai, China (Wang et. al., 2013)
26 PAHs including highly carcinogenic dibenzopyrene isomers were analysed. The total
concentrations ranged from 133 to 8650 ppb for X.cPAHs and 83 to 7220 ppb for X.,cPAHs
(USEPA). Nearly half of the soil samples showed concentrations above the safe benzo[a]pyrene
value of 600 ppb.

The last mentioned reason for increasing PAHs concentration in soils is industry and mining.
We must realize that though the huge PAHs amounts are released to environment during the
combustion of fossil fuels and biomass used for house heating, as well as burning of petrol by
vehicles, another pool of these compounds is industrial the emission connected with coal and oil
processing, mainly coking and gas plants, oil refineries, steel industry, aluminum and copper
smelters.

Extensive research on the content of PAHs in soils in the industrialized areas of Poland was
carried out by Bojakowska (2005). Concentrations of seventeen unsubstituted polycyclic aromatic
were determined in samples of soils collected in plant and factory areas and their protective zones
where raw organic-rich materials: hard coals, lignite, oils, and bituminous shales are combusted or
processed. Soil samples were taken at the following localities:

« the power plant “Ostroleka”, hard coal-fired power plant,

« power plant “Belchatéw”, the largest brown coal-fired power plant in Poland and Europe,

« coking plant “Przyjazn” with annual average production of coke of about 2.5 min t,

» old gasworks, where above 0.10 mln m3 of gas was produced annually,

« refinery “Glimar”, the oldest refinery in Poland producing special kind of kerosene, engine
oils, industry oils, extra oils, and waxes,

« copper smelter “Legnica” in Legnica.

Analyses of the obtained results allow making an assumption that PAHs spectrum in soils, in
the vicinity of industrial plant, depends to a certain degree on PAHs presence in the processed raw
materials. It was noted that the WWA profile in soils in the vicinity of coking plant, gas work, and
coal-fired power plant shows similarity to the spectrum of PAHs in hard coal.

In all the studied sites, PAHs contents higher than natural, occurring in unpolluted soil, were
detected. Among the considered locations, the highest levels of PAHs were characterized by soils
from the coking plant area, in which the maximum concentration of PAHs reached 57921 ppb, with
the geometric mean 12089 ppb. Coke manufacturing based on high temperature degassing of coal
without air access, creates perfect conditions for forming PAHs. The highest content was observed
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in the sample taken near a tar tank. In other research locations PAH concentration in soil was also
much higher than natural, occurring in unpolluted soil.

Interesting and extensive research on the increased PAH content in soils in industrialized
areas has recently been carried out in China (Jiao et al., 2017). In this study, the PAH distribution
and characteristics in terms of concentrations and compositions in contaminated soil at a vertical
depth of 0—100 cm, and an area of 0—1500 m around a chemical plant located in Changzhi district
(Shanxi, China) were determined. Samples were analysed and characterized by PAH ratios and
composition. In this region coal chemical industry extracts many coal resources, producing at the
same time many PAHs that are emitted as by-products of coal incomplete combustion.
The concentrations of the priority control 16 PAHs in the 66 soils samples around the chemical
plant varied from 3870 ppb to 116000 ppb.

All the above Estonian, Polish, American and Chinese results have shown that PAHs are
present in high concentrations in the top soil of areas near the chemical industry.

One more interesting aspect related to PAH derivatives in soil is mentioned. Although PAHs
have been extensively studied, the knowledge of their oxygen-containing derivatives and
metabolites (OPAHSs) in soils is limited (Bandowe, Wilcke, 2010). The authors elaborated new
analytical protocol for determination of PAHs and OPAHSs. This procedure was applied to soils
from a former gasworks site, Berlin, an urban soil from Mainz, both in Germany, and a forest soil
from near Manaus, Brazil. The sums of 34 PAH concentrations were 107000, 3505, and 21 ppb:
those of seven carbonyl-OPAHs were 15690, 170, and 7 ppb; and for Berlin, Mainz, and Manaus
soils, respectively. Several OPAHs were present at concentrations higher than or equal to their
parent PAHs, demonstrating the importance of OPAH measurement for the assessment of PAH-
related environmental risks. It is important in carcinogenesis, because PAHs require metabolic
activation and subsequent formation of adducts with nuclear DNA.

We would like to end this review with a general remark. There are many classifications
determining the soil pollution degree due to the level of PAH. In Poland, the assessment of soil
quality is carried out based on different classifications, i.e. National Research Institute (Institute of
Soil Science and Plant Cultivation, ISSPC) system (sum of 13 PAHs), Ministry Regulation (sum of
nine PAHs) and Dutch List (sum of ten PAHs). Table 1 shows the comparison of PAHs content and
soil assessment.

Table. 1. Standard limiting PAH content in the soil surface layer (micrograms per kilogram)
(Wilkomirski et al., 2011)

| Class | 1 [ 2 L 3 |l 3 | a4 | 5 |
0—200 200-600 B _ ||5,000— up to
ISSPC (13 unpolluted unpolluted 6(.)0 1,0001,000 10,000 >10,000 very
. slightly 5,000 : :
PAHSs) (natural (increased olluted olluted heavily heavily
content) content) P P polluted  |polluted
Ministry of <1,000 >1,000
Environment un, olluted o,lluted >40,000
(9 PAHs) P P
Dutch List (10{|<1,000 1,000—40,000 ||>40,000
PAHSs) unpolluted polluted Heavily
polluted

3. Conclusion

The anthropopressure, especially transport and certain industries, cause an increase in PAH
concentrations in the soil to levels that can be really dangerous to human health. Soils with such
PAH content are classified in all the above classifications as very heavily contaminated.
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