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DDICTOUU




BBeaeHue

OgHMM n3 nocneacTtBMn  pasBUTUA MPOMBILLIIEHHOIO U CENbCKOXO3SMCTBEHHOIO
NPOM3BOACTBA SABMISETCA TpaHcopmauus MPUPOLHbLIX LMKMNOB MUrpaumm Bellectsa U
CBSI3aHHOE C 3TUM YyXy[LUeHWe Ka4yeCTBa OKpyXXarwuwen vyenoseka cpefbl. TeXHoreHHoe
3arpasHeHune Yyepes atmocdepy (aTMoTeXHOreHes3) B nocrieqHue rogbl CTaHOBUTCSH O4HUM
N3 rnaBHbIX NyTEW NOCTYMNSIEHNUS SNEMEHTOB B NaHawadTbl. [1pn BbicOKOTEMMIEPATYPHbIX
TEXHOSTOrMYECKMX npoueccax obpasytoTcs Menbvanwmne asposonbHble Yactuubl (0,5...10
MKM), KOTOpblE€ TMJIOXO YfaBnNuBAKTCA YCTAHOBKAMM Tra3004YMCTKM W CMOCOGHLI
MUrpMpoBaTb B atTMocdepe Ha 3Ha4uTernbHbIE pacCToAHUA. [1pn 3TOM C MenbYanLLnMm
TEXHOreHHbIMW adpo3onaAMM B aTMOCepy CefieKTUBHO MOCTYNakT BbICOKOTOKCUYHbIE
Tskenole metannbl (TM) ¢ Hu3kumm knapkamm — Pb, Cd, Hg n gp. lNonagasa B opraHnam
Yyenoseka B OTHOCUTENbHO HEDOMNbLUMX KOMMMYECTBAX, OHWM HE NPUBOAAT K OTPaBMeHUsMm,
OLHAKO CrocObHbI HakannNuBaTbCA B psie OpraHoOB M TKaHEW, Bbi3blBasi X paspyLleHME,
BO3HMKHOBEHME 3I10Ka4YeCTBEHHbIX OMyXxonen, TepaToreHHble U MyTareHHble 3deKThl,
NOHWXEHNE CONPOTUBNAEMOCTU K UHpeKkumam. C 3TUM CBA3aH 3HAYUTENbHbLIN MHTEPEC K
M3yYEHMI0 MOCTYNMEHNs N TpaHcopMaumn B naHawadTax TexHoreHHbix TM, KoTopbin
o0ycnoBfieH He TOSIbKO MX TOKCUYECKMMUM CBOMCTBAMWU, HO Takke W TEM, YTO [aHHble
SNEMEHTbI ABMATCA NHANKATOPaMM aHTPOMOreHHOro BO34eNCTBUA.

okonornyeckad npobnema, cBs3aHHass c noctynneHnem TM B naHgwadThl,
Hanbonee obocTpeHa B perMoHax ¢ 60mnbLION CTENEHBIO KOHLUEHTPaLMXN NPpOnU3BOACTBaA U
HaceneHusi, B TY. B LleHTpanbHOM pernoHe Poccun. lNpu aTtom BnusiHne BbIGPOCOB
NPOMbILLUIIEHHbIX npeanpuaTun B DonbLIMHCTBE cny4vaes 3arparnBaet
CENIbCKOX03ANCTBEHHO OCBOEHHble naHawadtel B paanyce 0o 30 KM OT WCTOYHMKA
BblbpocoB. CyllecTByeT HacylHasi HeobxoauMOCTb pa3paboTKM  3KOMNMOrn4ecku
ODOCHOBaHHbIX  arpoTEXHOSIOMMK,  HanpasfeHHbIX HEe TOMbKO Ha  nonyyYeHue
CENbXO3MNPOoaAYKLUNKN, HO U HA YYET HEraTUBHbLIX NOCNEACTBUN TEXHOrEHHOIO BO34ENCTBUSI.



OgHoOM M3 KpynHEMWwMX TennoBbiX arekTpoctaHuun LleHTpa Poccum sasndetcs
PasaHckas [POC. Ha Hee npuxoagntca 50...60% Bcero obbema BbIGPOCOB NpeanpuaTmn
PasaHckon obnactu, Bko4vas u r. Psa3aHb. QnekTpocTaHums pacnonoxeHa B 80 KM K oro-
BOCTOKY OT Psi3aHuM B MECTHOCTW CO 3HAYUTENbHbLIM Pa3BUTUEM CENbCKOXO3ANCTBEHHOIO
npousBoacTBa (pacnaxaHHocTb npeBblwaer 70% obwen nnowagu Tepputopun).
OcHoBHble 3arpsasHsowmre BelwectBa (3B), npooyumpyemble B MpPOLIECCE CXUIaAHUS
TONNMBa — OKCUObl cepbl U asoTa, a Takke TM, agcopbupyrolimecs Ha 4YacTuuax
YroribHOM 1 Ma3yTHOW 30nbl. B npunerawowme Kk npeanpudaTtuio naHgwadTsl noctynaer
nmwb  7...10% rasoobpasHbiX KOMMOHEHTOB BbLIOPOCOB (OCTarbHOE BKIOYaEeTCA B
OanbHIOK aTMOCdepHyY0 Murpauuto), B To Bpems kak 40...60% TtBepaon dasbl ocefaeT B
npegenax 30Hbl Hambonbllero Bo3gencTeuda. B cBasm ¢ atum BnunsHme PIP3C Ha
9KOCUCTEMbBI MpUsieraroLlen TeppUToOpUn CBA3aHO B MepBY0 o4vepenb C aTMOCHEPHbLIM
nocrtynnexHnem TM.

MaTtepuansi n metoabl

B kayectBe OOLEKTOB MCCNegoBaHUA paccMaTpuBanuCb OCHOBHbIE KOMIMOHEHTbI
arponaHgwadToB 30Hbl Bo3genctBua PasaHckon [POC: nouyBbl, pacTUTENbHOCTb (B
NnepBylo ovepenb CErlbCKOXO3AUCTBEHHAS), NOBEPXHOCTHLIE U FPYHTOBLIE BOAbI, AOHHbIE
OTIIOXEHUS, OCafKM 3UMHErO N NeTHero nepmoaoB. HavanbHbIM 3TanomMm paboTbl ABUNCH
NnosieBble MCCreaoBaHUA TEKYLLEro 3KOMOrMYeckoro COCTOSIHUA arponaHgwadgToB cC
BbISIBIEHMEM (PaAKTOPOB N OCODBEHHOCTEN TexHoreHesa. [lpn 3ToM B rpaHuuax 30HbI
HanbornblUero BO3AENUCTBMA npeanpuatusa Obiia chopmMmpoBaHa CETb CTauMOHApPHbIX
ToYeKk ornpoboBaHusi, pasmMmelleHHbIX Bokpyr PIPOC no pagmanbHO-KOHLEHTPUYECKON
cetn (puc. 1). Bo Bcex obpasuax 00bEKTOB OKpyXKatloLLen cpeabl onpeaensanoch BarnoBoe
cogepxaHne TM aTtomHo-abcopOUMOHHBIM MeToaoM no metoguke LWMHAO c
ncnonb3oBaHWeMm 3akcTpareHTa — SH. HNO, (copbupoBaHHble M OOMeHHble opMmbl
9KCTparnpoBanucb COOTBETCTBEHHO 1H. HNO N aueTaTHo-aMMOHUMHbIM Bydepom ¢ pH
4,8). Tllony4vyeHHble OaHHbIE no,u,BepranMCb mMaremaTmyeckon obpaboTke, a Takke
NCMNoNbL30BaNUCb NPU cocTaBneHNN NaHaWadTHO-FEOXMMNYECKNX KapT.



PucyHok 1. KapTta-cxeMa parioHa NnoJieBbiX UccneaoBaHnm




Ha BTOpOM aTane mccnegoBaHun Obin 3aroXXeH MNoneBOWM OrMbIT, LENbi KOTOPOro
ABNAETCA BblIOOP 9KOMOMMYECKNM ONTUMAribHOrO KOMMSIEKCA arpoMenimopaTuBHbIX
MEPONPUATUA B TEXHONEHHO 3arpsisHAeMblX arporaHawadpTax perMoHa B YCIOBUSAX
pasfM4YHOro YpOBHS 3arpsi3HEHUs1 no4vs. BapuaHTbl onbiTa 060CHOBBLIBANIMCL MO CyMMeE
aTMOC(epHbIX BbINAageHUN nNpUOpUTETHLIX 3arpsasHutenen (Pb m Cd) B 30He
MaKkcumanbsHoro BnnsaHus Bblbpocos PITPOC 3a 10, 20 n 30 net (nocrnegHuin BpeMeHHON
NPOMEXYTOK COOTBETCTBYET BpemMeHu akcrsyaTaumm POC HaumHas ¢ nycka nepBow
oyepeaun). YPOBHU 3arps3HEHUss MNOYB MOLENUPOBANIUCb BHECEHMEM Ha OMbITHbIE
Nrowankn XmMmmyeckn vmctblx coner TM B gosax, ykasaHHbiX B Tabn. 1. Usyvancs
npouecc TpaHcnokaumnm TM B domTOMaccy KOpPMOBbLIX TpaB, €ro 3akOHOMEPHOCTU U
nocneacTBuUS.

AHanuns pe3ynsraTtoB MccrneaoBaHUN

[MocTtynneHne 3B 13 atmocdepbl OLEHMBANIOCbL HA OCHOBE aHanusa uUx coaepKaHus
B aTMOCEpPHbIX OCaZKax 3UMHEro 1 fieTHero nepuoaosB. OueHKa TEXHOreHHOro BKknaaa B
aTMocepHble BbinageHns TM ocyulecTBnsanack npu aHanuse COOTBETCTBYHOLLNX KPUBbIX
pacnpeneneHns. [daHHbIM MeTod OCHOBaH Ha TOM, 4YTO dpopMa pacrnpeneneHus, Kak
BECbMa KOHCEPBATUBHbLIA CTAaTUCTUYECKMA MOKa3aTemnb, OTKIOHSAETCA OT HOpMalbHOW
YHKUMM NLWb MPU HaNMYnUM CUNBbHOMO U YCTOMYMBOIO BHELLHEro BO34encTBuA. bbino
YCTAHOBIIEHO, 4YTO B 30He Bo3dencTBua PIPOC 4pko Bblpa)XeHHbIMWU aHOMarmsamm
pacnpegerneHnsa oTnuyarTca BenuyumHbl BoinageHun Pb n Cd (puc. 2). B ganbHenwem
onpegenanacb TepputTopuaribHag NPUYpPOYEHHOCTb aHoManun. BbiSiIBIEHO, 4TO 30Ha
MakCMMyMa MNOCTaBKM aTMOTEXHOreHHblx TM npoTarMBaeTcs OT Bogopasgernos
CpenHepycckon BO3BbLILLEHHOCTU Ha toro-3anage 4vepes npomnnowanky P3C no
HanpaBneHnio npeobnagaroLLero nepeHoca BblIbpocoB. OTO YKasblBAET HA 3HAYUTENBHbLIN
POCT BbiNageHUN NOMMNKOTAHTOB MO BAUSHNEM TEXHOrEHHbIX BbIOPOCOB N akTUBU3ALUIO
ocegaHunsa asposonen — Hocutenen TM B MECTHOCTU C 9PO3NOHHBIM penbedoMm.



Ta6bnuuya 1. YpoBHM BHEeCEHMS B NOYBY NPUOPUTETHDbIX 3B
Nno BapuaHTaM NoJ1IeBOro onbiTa

A WA TM* Jlo3a BHECEHUS Konuentpanuns TM B 0...20 cM citoe moYBbI MOCIIE
p P 3JeMEHTa, T/M? BHECEHMS COJIEH, MI/KT
1 Pb 13,5 62
Cd 0,14 0,57
) Pb 26,9 113,5
Cd 0,28 0,84
3 Pb 40,4 165,3
Cd 0,42 1,11
ITJIK, Pb 32,0
MTI/KT ITOYBBI Cd 1,0
*MpmevaHne:

cBuHeL BHocuncsa B popme Pb(CH3COO)2 - 3H20;
kagMmun — B popme CdSO4 - 8H20



PucyHok 2. KpuBble pacnpeaeneHus BeniMinH atmocdepHbix BbinageHnn TM (P)
B 30He Bo3aeuncTeuna PasaHckoi MPAC (Nno AgaHHbIM CHEroCbEMOK)
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B xoge nccnegoBaHMn NETHUX 0CcadkoB Oblfl BbIABNEH MAaKCUMYM aTMOTEXHOINEHHOIo
notoka Pb Ha ogHom n3 BogopasgenoB CpeaHepycckon BO3BLILIEHHOCTU, A€ YPOBEHb
ero BbinageHun gocturaetr 100 Kr/kM? B Mecsil, a KOHUEHTpauus B aTMocdepHbIX
aspo3onax npesblwaeT nodBeHHbIM oH B 1000...4000 pas un gocturaet 41000 mr/kr, 4To
XapakTepHO 06blMHO nNUWb A9 BbIOPOCOB NpeanpuATUA  LBETHOW MeTasyprumu.
AHanormyHoe oborauweHne oTtmedaetca wn  ana  Cd.  YpesBblMaHO  BblCOKast
KOHTPACTHOCTb M 3HayuTeNnbHasi YCTOMYMBOCTb BO BPEMEHM [AHHOIO Makcumyma
KpaCHOpPEeYMBO CBNOETENbCTBYET O MNOTEHLMANIbHON OMAaCHOCTU, NCXOASLLEN OT BbIOpOCOB
yrofibHbix TOC, 0COBEHHO — nMpu cneunduyecknx YCroBUAX pacCedHus npumecen
(nepecedeHHbIN penbed M Marble CKOpPOCTU BeTpa Npu YCTOMYMBOW CTpatudukaumm
atmocdepbl). B ganbHenwem ypoBHM BbinageHun AaHHbiX TM Obinv BblbpaHbl B
KadecTBe 0a30BbIX MPU MPOBELEHUM IKCNEPUMEHTANbHLIX UCCNeaoBaHUN.

B xooe NOYBEHHO-reOXMMUYECKUX MUCCREeNOBaHMN BbISIBNEHO TEXHOrEHHOE BIUSIHUE
Ha cogepxaHne TM B no4YBeHHOM MOKPOBE (B NepByt ovyepenb B OoTHoweHun Pb n Cd),
NposiBASAIOLLEECH, B YACTHOCTW, B Hann4inM OBLUMPHBIX aHOManun B MnovBax, KOTOPbIE
YETKO KOPPENUPYT C aTMOC(EpPHLIMM BbiMadeHUAMN HepacTBOPUMLIX dopm TM:
KOado(pnUMEHT Koppensauun cogepxaHma Pb B noyBe ¢ BennymHamm ero atmocdepHom
noctaeBku r = + 0,68, a cogepxaHme B Mo4vBax Kagmusl, no AOaHHbIM PErpeccuoHHOro
aHanusa, Ha 62% onpegensieTcsa NOCTynieHneMm u3 atMmocepbl ero HepacTBOPUMbIX
dopm, BNusiHne apyrnx paktopoB He3Ha4unMMo. ATMOCKEPHbIE BbiNageHMs CNoCOOCTBYIOT
Takke pocty copbmpoBaHHbIX hopm Pb 1 Cd; nogBuxHocTb Cu 1 Zn He NposiBNSET CBA3N
C TexHoreHe3oM. [lpn 3TOM CenbCKOXO3ANCTBEHHOE OCBOEHWE 3eMeflb CcrnocobcTByeT
aKkTMBM3aunm BblHOCA MOBUMbHLIX bopm TM n3 nouyBeHHoro npoduna (tabn. 2), 4To
CBSA3aHO C MUrpaumen B npoLecce NoBEPXHOCTHOIO U BHYTPUNOYBEHHOIO CTOKA.



Ta6bnuua 2. OTHOLEeHMe 3anacoB NoABMXHbIX ¢opm TM
B MOYBAX CE/IbX03Yyroaun K BE/IMUMHE 3anacoB B 06CnieA0BaHHbIX NOYBaXx
30HbI Bo3aencreua PsasaHckou NP3C, %

DOopMmBL: OKCTpareHT Cu Zn Pb Cd

CopbOupoBaHHbIe 1. HNO, 95 82 90 98

AneTaTHO-aMMOHUIHBIHN

oydepnsiit pactBop ¢ pH 4,8 79 68 73 84

OOMeHHbIE



PerpeccnoHHbI aHanma (nowaroBasi perpeccusi) nokasarsn, Y4To 13 Bcex (pakTopoB
NoYBEHHOW cpedbl npeobnapatowee BAMSHME Ha murpauuto psitga TM  okasbiBaloT
KOMMOHEHTbI rymyca, B T.M. obpasylwmeca npu gerymmpukaumm naxoTHbIX MOYB.
3adomkcMpoBaH Takxe pocT buonornoweHna TM B yCrnoBusix HU3KOM arpoTeXHUKN. Takum
obpas3om, nNpu OTCYTCTBUM MOYBEHHO-MENMOPATUBHBLIX MEPOMNPUATUA MPOUCXOAUT POCT
an)mrpaumm 3arpAsHUTENEN B COMPSIKEHHbIE C MOYBOM Cpedbl — [PYHTOBble BOAbl W

MTOMaccy.

Kak cBnaeTenbCcTBYOT pedynsratbl banaHcoBbIX pacyeToB (Tabn. 3), B naHawadTax
MccnegoBaHHOIO pamoHa CROXUIICS YCTONYMBBLIA NONOXUTESNbHbLIN BanaHC NOoCTynneHnsd
n BblHoca TM. lNpu 3aTOM paccMaTpuBaeMble 3fIEMEHTLI MO NpeobnagarowmmMm akropam
Murpaummn MoryTt 6biTb NnogpasaeneHbl Ha aBe rpynnbl. buoreHHass murpaumsa abcontoTHO
npeobnagaer ana Cu wn Zn BCNeacrtBMe WUX KOHUEHTPUPOBaAHUS B NpoayKuum
pacTeEHMEBOACTBA M OpraHUYecknx yaobpeHunsiX, B CBA3UM C YEeM posfib TakuMx CcTaTewn
GanaHca, Kak BblulenadnBaHme n atMocdepHbIe BbiNageHUss OTHOCUTENBHO CHMXKeHa. B
TO Xe BpeMsi aTMOTEXHOreHHbln npuBHOC obecnedmBaeT 80...90% noctynneHns B
naHgwadptel Pb 1 Cd, a ocHOBHOM hakTOp MX BblHOCA — BOAHAs Murpaums. Takum
obpasom, obLwun xapaktep murpaumm TM onpepenserca B OCHOBHOM CTEMEHbK WUX
BrnodnnbHOCTM.

[lo pesynbTaTtaMm nccnegoBaHuUim CBUHEL, U KagMUM ObinNu Npu3HaHbl NPUOPUTETHLIMU
3arpasHuTenaMmn  naHawadToB  30HblI  Bo3genctBua  PasaHckon [TP3C, o 4em
CBUOETENBLCTBYIOT, B YACTHOCTU, 3HAYEHNS KO3 PUUNEHTOB AECTPYKLUNOHHON aKTUBHOCTU
(COOTHOLWEHNE aTMOTEXHOrEHHOro MpUBHOCA W OWOMOIMNOLLEHUS), XapaKTepusyroLmne
CTeneHb onacHocTu anemeHToB ans 6uotbl: anad Cu v Zn 2,1...2,7, a ana Pb n Cd —
31...105. Takke onpegeneHbl TeppuTopun, Hambonee noaBEPKEHHbIE M3OLITOYHOMY
NOCTYNNEHNIO MPUOPUTETHBLIX TOKCUKAHTOB M3 aTMocdepsbl (puc. 3).



Ta6auua 3. bBanaHc TM B arponangwadTax 30Hbl BO34EUCTBUA
PsizaHckomn NP3C

Crarpu Oananca
+  BCEIO, r/km2,rox

AtM. BemaaeHus, %
MuH. ynoopenusi, %
Opr. ynobpenus, %
N3BecThb, %
Cewmena, %
. BCETIO, r/xm?,rox
BriHoc ¢ ypoxkaeM, %
Boanas murpanus, %
Texnomn. apo3us, %

Hessi3ka 6ajanca, r/kKm>,rof

MHTEeHCUBHOCTH HaKOIIJICHUA, % BaIOBOTO IIPUBHOCA

Cu

3082
39
1,5
54

799
58
31
11

+2283

74

/n

11585
62

34

4839

70

i)

+6746
58

Pb

4747
90
1,5
6,3
2,2
0,6

1070

14
82

+3677
Jilh

Cd

574
77

15

0,1
109,5
3,8
95
1,2
+464
81



PucyHok 3. OyeHka cTeneHM aTMOTEXHOreHHOro BJ/IMSSiHUSA
Ha naHawadTbl 30Hbl Bo3aencTtemsa PIPAC
(B oTHOWEHUN npuopuTeTHbiX 3B — Pb n Cd)

1 — BNUSIHNE NPaKTUYECKN OTCYTCTBYET; 2 — HeperynsapHoO BO3HMKAOLLNE TEXHOMEHHbIE aHOManNuu
Pb n Cd B oTaenbHbIX NpUPOaHbIX cpeaax (B OCHOBHOM B aTMOCHEPHbIX OcagKax);
3 — yCTON4YMBbIE TEXHOIEHHbIE aHOManun B OTAENbHbIX KOMMOHEHTaX naHgwadTa;
4 — 70 Xe, B bonbLuen YacTn naHAawWadTHLIX KOMMOHEHTOB; 5 — yCTONYMBLIE aHOManmMm
TOKCMKaAHTOB BO BCEX KOMMOHEHTax



[MoneBble aKcnepuMeHTanbHble uccrnenoBaHusa. [loneBon ONbIT 3arnoXeH B Mae
2003 r. Ha 3emnax AO3T «ManuHuwmny MNpoHckoro panoHa PasaHckon obnactn (TEMHO-
cepble necHble noyBbl). OnNbITHBIN y4aCTOK He nogBepraeTcd  MHTEHCUBHOMY
aTMOTEXHOIreHHOMY BO3AENCTBUIO, U MPU ITOM [MOYBEHHbLIE YCIIOBUS COOTBETCTBYIOT
TakoBbIM B arpo3KOCMCTEMAXx 30Hbl Bo3genctema PIPOC. BapuaHTtbl onbiTa Mmogenupytot
pas3BUTME CESIbCKOXO3ANCTBEHHbLIX KYINbTYp MPU PasfnYHbIX YPOBHSX KOHLIEHTpaunu
npuoputeTHbix 3arpsasHutenen (Pb mn Cd) B noyBax cenbxo3yrogum B YCIIOBUSIX
NPUMEHEHNS TEX UMM UHBIX arpoMennopaTuUBHbLIX NPMEMOB. YPOBHU BHECEHUS METarnsoB
B NOYBY paccymTaHbl HaA OCHOBAHUWM [daHHbIX MOSiEBbIX UCCMegoBaHUNM  UX
aTMOTEXHOreHHOro noToka B 30He Bo3aeuncTaus PIPOC (tabn. 1).

Kak pesynberar ykasaHHbIX NpoueccoB, OTMeYEH 3Ha4YUTEerNbHbIM POCT KOHUEHTpauum
Pb n Cd B komMnoHeHTax BOAHLIX 3KOCUCTEM (Tabmn. 4), KoTopble SIBMASAKTCHA, Takum
obpasomMm, Hambonee yaA3BMMbIM 3BEHOM B uenu murpaumm TM no naHawadTHbIM
cpenam.

[Mpn paspaboTke CXeMmbl OnbiTa Mbl UCXOAMNM U3 HEOBXOOMMOCTU MakCUMarsibHO
MCMNOSb30BaThb BeELLEeCTBEHHO-3HEPreTM4eCKNn noTeHuman arposiaHawadToB pernmoHa, a
Takke OpueHTUpoBanuMCb Ha  pesynbratbl 3Tana NoneBbiX  UCCrenoBaHUN,
CBUOETENLCTBYOLLNE O 3HAYMUTESTbHOWM ONAaCHOCTU TEXHOMEHHOro 3arpsA3HEeHNA CBUHLOM U
KagMuem 1 Bo3pacTaHuM JaHHOW OMacHOCTU B YCMNOBUAX Aerpagaunm naxoTHbIX NoYB Mo
NPUYNHE HU3KOIO YPOBHS arpoTexHukn. B nepBbin rog uccrnenosaHu NnpousBeneH noces
OLHOJSIETHNUX KOPMOBbLIX TpaB (BUKOOBCAHAA CMeCb) C MOOCEBOM MHOIOMETHUX; YKOC
OOHONETHMX NpoBOAMSICS 26 Mon4.

Pesynbratbl mnccnepoBaHus cogepxaHma TM B pacTuTenbHOCTM MO BapuaHTam
onbiTa npeactaeneHol B Tabn. 5. Kak cBMOETENbCTBYOT MONYYEHHbIE [aHHbLIE,
HanbornbLwen KoHueHTpauum Pb u Cd gocturanu npm oTCyTCTBUM arpoMeniMuopaTmMBHbIX
meponpuaTtui (V' BapuaHT), npuyeMm Ha TPETbEM YPOBHE 3arpsi3HEHUs coaep)KaHue
kagmua npesbiwano MAK B 1,3 pasa, a ceuHya — B 11 pas. NpumeHeHne mnsBectn (13
pacyeta 6,5 T/ra) 1 MuHepanbHbIX yaobpeHun (HUTpodocka) No3BOSSANO CHU3UTb 06LMI
ypoBeHb TpaHcnokaumm TM B domtomaccy (B 4acTHOCTW, Mo4 BrunsHMEM 3dodekTa
pa3baBneHus), Ho nsbexartb npesbiweHus MNOK, Tem He MeHee, He yaanocsk.



Ta6nuua 4. NokasaTtenun sogHOU Mmurpauun TM
B naHawadTax Pycckoil paBHUHDI

[Tokazarenn Pernon, Hopmarus Cu Zn Pb Cd

30Ha BO3A€HCTBUS

PLPOC 2,8 7,8 10,3 1,0
Konuenrpanus
pacTBOPEHHBI »
X hopM, gﬁfﬁg};{) 0,3-3 0-7,5 0-1 0,05-0,1
MKT/J1 B
ITAK ¢/6 1000 1000 30 1,0
30Ha BO3JEHUCTBUS
PIPOC 2. 60 163 13,4
KoHuenTpanuus Bo
B3BECH
MIOBEPXHOCTH & 3
BIX BOJ, MI/KT i 1-10 27-138 0,06-3,0 HE3H.

p. Bonru (cpennee)



Tabnuua 5. KoHuyeHTpauua TM B ¢puToMacce oaHONETHMUX TpaB (OBeC, BUKa)
Nno BapuaHTaM NoJiIeBOIro 3KCrepuMeHTa, Mr/Kr BO3iyLLHO-CyXOro BelyjecTBa

i ATpOMENTMOpPaTUBHBII VYpoBens 3arpszHenus TM Pb cd
pueM (cm. Tabm. 1)

1 2,54 0,40

2 1,05 0,44

; 5 at 3 2,36 0,13

cpeaHee 1,98 0,32

1 1,94 0,41

i Hago3, munepanbHbIe 2 3,88 0,42

yI00peHus, U3BECTh 3 14,77 0,41

cpeaHee 6,87 0,41

1 14,52 0,70

2 3,70 0,20

III H3Becth 3 3.69 0.33

cpeaHee 7,30 0,41

1 3,09 0,44

2 2,82 0,17

v MuHepanbHbI€ Y10OpeHUS 3 30,61 0.68

cpeaHee 12,17 0,43

1 4,29 0,24

v — i 3,76 1,19

(Tosibko BHeceHne TM) 3 54,68 1,30

cpeaHee 20,91 0,91

KonTtpons 1,43 0,12

TJIK 5,0 1,0



[MpnynHa — noBbIlWLEHNE FEeOXMMUYECKOW noaBmXHOCTM TM B noyBe Npu BHECEHUU
asoTocogepxXxawmx yaobpeHun, a Takke pocT CTabunbHOCTU KOMMMNEKCHbIX COeANHEHUN
TM C HM3KOMOMNEKYNAPHON OpraHMKOW Ha NepBOM, MUHMMASIbHOM YPOBHE 3arpsi3HEHUS B
BapuaHTte lll ¢ n3sectbto (Npyn Gonblien KOHUeHTpauun TM B nNoyBEHHOM pacTBOpE,
O4YEeBMOHO, NPOMCXOOAMUT UX OCaXdeHue B COCTaBe MaropacTBOPUMbIX KapboHaToB, 4TO
CHWXaeT KOpHeBoe nornoweHne). Hanbonee akonorndyeckn ontumarbHbii YPOBEHb
KOHUeHTpauun TM pgocturancs npu BHeceHun HaBo3a KPC (13 pacyeta 100 T/ra), 4to
CBMOETENbCTBYET O MPUOPUTETHOCTU NPOBGNEMBbI ynyylEHNS TYMYCHOIO COCTOSIHUS
NaxoTHbIX MOYB B LENAX CHMKEHNSA MUTPaLMN TOKCUKAHTOB.

[Mog BMAHMEM arpoMeniMopaTUBHBIX MEPONPUATUA N PasNUYHOIO YPOBHS BHECEHUS
TM mn3ameHsNacb Takke ypOXXamHOCTb KOPMOBBLIX TpaB (Tabn. 6 v puc. 4). lNpn atom B
psge CryyYyaeB POCT 3arps3HEHHOCTM MOYBbl OMbITHBLIX MAOLWALOK MPUBOAUIT K POCTY
brnomaccel pacteHun (ocobeHHo B Il n IV BapmaHTax C NpUMEHEHMEM MUHepasribHbIX
yaobpeHun), 4TO, MO HaWeMy MHeHUo, OByCcrnoBfneHo 4acTo Habnogaembim
«TpeHupyoLwmnm acpdektom» 3arpasHutenen. OgHako Bo3pacTtarna u KoHueHTpauus TM B
dmTomMacce, YTO Aenano ee HenpurogHow Asisi CKapMIiMBaHUSA CENbCKOXO3SAIMCTBEHHbLIM
XNBOTHbIM. Kpome TOro, ypoXxamHOCTb Ha KOHTPOSIbHbIX Mnowiagkax B 60MfbLUMHCTBE
cnyyaeB Oblfla 3aMeTHO Bbille, YEM Ha OMNbITHLIX (pUC. 4), B BapuaHTe C N3BECTbl0 — Ha
43,5 %. MuHUManNbHOE CHWXKEHWE YPOXaWHOCTU NoL BIUSAHMEM TOKCUKAHTOB W
onTMMarbHOE COOTHOLLEHME KONM4yecTBa WM KadectBa doMTOMaccChbl 3apuKCUMpOBAHO B
BapuaHTe | ¢ npuMeHeHnem HaBo3a.

BbiBOAbI

Takum obpasoMm, MO MOMYyYEHHbIM HaMX [AaHHbIM, aHoOMaribHO MOBbIWEHHbLIMU
HaKOMIeHeM U Murpaumnen Bo BCEX KOMMNOHEHTAX OKpY»KaloLlen cpeabl B 30HE BNUSAHUS
BblbpocoB PaszaHckon TPOC xapakTepusyloTcs CBUHEL U KaaMWA, YTO MO3BOMNUIIO HaMm
OTHECTU MX K MPUOPUTETHLIM 3arpA3HUTENAM arponaHawadToB. [lpn 3TOM BHeECEHUEe
opraHuyeckux ygobpeHnn B 3arpsasHeHHble Pb n Cd nousbl cnocobHO paTtb
MaKCcUManbHbIN 9KONorn4ecknu 9 peKT. [MoneBble n NU3nMeTpuYeckne
9KCnepuMeHTarbHble UCCeoBaHMdA, a TakKKe MOHUTOPUHI  aTMOTEXHOrEHHOro
3arpsisHeHus arponaHglwadToB permoHa nNpoaomKaroTCs.



Tabnuua 6. Yporxxait ogHONETHUX TPaB NO BapuaHTaM MOJIEBOro SKCNepuMeHTa
(xr/™M? cbipoii puTOoMacchl)

Bapuast VYposens 3arpasHenus TM (tabm. 1)
KonTpois
(Tabum. 5)
1 2 3
| 34 4,0 3,8 3,8
11 4,2 4,6 4.6 4,77
I 3 3.4 24l 4,20
IV 4.4 &% | 5,0 5,17
v 3,8 3,95 3,7 4,47

KonTposnp uncterit 4,28



PucyHok 4. Ypo)xait no BapmaHTam onbita (2003 r.)
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