
























































































































































































































































































































































APHIHbBIE 3KOCHCTEMDbI, 1997, mom 3, Ne 5

OTPACAEBBIE MPOBAEMbI OCBOEHM S
SACYIIAMBBIX 3EMEAL

YAK 598.2+599(517.3):504.54

IITALBI U MAEKOITUTAIOILMUE MOHTOAHMHM
KAK BUOHAMKATOPBI AHTPOIIOTEHHBIX 3ATPI3HEHUM
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*Pocmosckuil zocydapemeennulii ynusepcumen,
433000 Pocmos-na-l[ony, ya. Dnzensca, 45
*Hucmumym npobnem axonozuu u ssonoyul um. A. H. Cesepyeaa PAH,
117071 Mockea, Jlenurckuit npocnewm, 33
¥ HHemumym Guonozuu MoHzoasckoll axademuu nayic
Yaan-Bamop, Mownzoaun
R HHemumym Ouonozuu Komnu guauana YO Poccuiickoii akademuu nays
167610 Cukmuiskap, ya. Kommynuemuyeeras, 28

KoHTpoAs 3a HaKomAeHHeM TOKCHMYECKMX BeIIeCTB B JKOCHCTEMaX HMeeT BajyKHoe
3HavenMe B  YCAOBMAX  TAoBaABHOTO — 3arpssHeHus Guocdepn. Bpemennas W
NpocTpaHCcTBeHHAaA OLIeHKH HaKOIlAeHHA INOAAIOTAHTOB B SKOCHCTeMax TIO3BOASIET
KOHTPOAMPOBATEL M IIPOTHO3UPOBATE MX cocTosHMe. OcobeHIo BaXXHEl TaKue MCCAGAOBaHHSA B
apHMAHBIX M CyDapHAHBIX 9KOCHCTEMAaX, OTAHMYAIOIMXCA 0CoGOoik xpynkoctsio. HeobxopumocTs
GHOAOTHYECKOrO MOHMTOPHMHIA OKOCHCTEM, TPAAMUMOHHLIMU OGBEKTaMM KOTOPOTO SBASIOTCS
OTHANEL ¥ MACKOIMTAKIHe, OYeBHAHA M HEOAHOKpaTHO obcymaasack (Moriarty, 1993;
Nebepesa, 1996; AeGepena, Pabues, Beaoraazor, 1996).

Mouroaus TIpeACTAaBASIOT MHTEPeC AAS HMCCAGAOBAHMSA COCTOSTHMA TOMYASIMI NTHI[ M
MACKOIMTAIOIMX KaK TEPPUTOPUsS, KOTOPas TMOABEPraercss He CTOAL CYIIeCTBeHHOMY
3arpA3HeHMIO  TAKEARIMM MeTaAAdMH, II0 CPaBHEHHMIO CO CTPaHAMM C  pasBUTHIM
NPOMBIIAGHHBIM NpoH3BOACTBOM (Betleja, Cempulik, Kwapulinski, et. es., 1993; AeGepegra,
1997). TlosToMy AaHHBEIE O COAGPIKAHHMH TSKEAHIX METAAAOB M MHKPO3AEMEHTOR B TTHIaxX
Monroamn MoryrT GEITH MCHNOAL3IOBAHEI, BO—TIIEPBEIX, KaK OTHOCHTEALHEIH KOHTPOAEL B
CPaBHHUTEABHEIX HCCACAOBAHHAX NOMYAAIMH NTHI, HACCANIOIAX PasHEe YACTH apeanoB, BO—
BTOPBIX, AASl H3YYeHMS TIeOXMMHYECKHWX MapKepoB [ONyASLWi ¥, B—TPeTHHX, AAf
CPaBHUTCALHOW OKOAOTHYECKOH XapPAKTePUCTHUKH DAaJAMYHEIX TEPPUTOPHA M 9KOCHCTEM.
Ocoboe 3Ha4yeHVe MMelOT TaloKe HCCAEAOBAHHA HaAKOIASHHA HCKYCCTBEHHEIX M €CTeCTBeHHLIX
PaAMOHYKAMAOB B GHoTe. OTH AAHHEIC TakKe NO3BOASIOT OLEHWTE AMHAMHUKY Npolecca
HaKoIl\eHNs PaAHOHYKAMAOB B 6uocdepe.

Ilpn MOHHMTOpPUHTE KOHKpPETHHIX TEPPUTOPHH CPeAM MTHL, MHTePeCHE KaK MHTPaHTE,
TiepeHocsIMe Ha BOABLINE PaCCTOSHHA TOKCHYCCKHE BEIIeCTBd, HAKOTACHHLC B opraHusme,
TdKk B OCEAARIE BUALI, SMBAAIOIIMECH MHAMKATOPaMHM AOKAALHBIX 3arpasHeHnit. OcoBenno
Ba)KHOE 3HAYeHHMe MMeeT H3yYeHHe [THI], 3aMBIKAIOIMX TpodudecKkue Lemy, B YacTHOCTH,
XMIIHHUKOB,

Cpealt MAGKONMTAIONINX AOMallHWil CKOT IPEACTABASIET MHTEpPeC KaK MCTOYHUK TN
HaceAeHMs, 1epe3 KOTOPEII BO3IMOXHO MOCTYIACHNAE SKOTOKCUKAHTOB K YEAOBEKY,

Uerr macrosimeit paboThl — oueHKa COAGPKAHMSA MHKPOYACMEHTOB B NTHIAX |
MAEKOTIMTAIOIHX CTEIHON M ITYCTBIHHOM 30HE MOHIrOAMH, GRIAa peaAU3IOBaHA TI0 HECKOABKHM
HaIPaBASHHSIM:!

® BLIABAGHHE COAepMaHHuSA MHUKPO3AEMeHTOE B COBpeMeHHELIX INTHLax MOHI‘(}M{H;
¢ CpaBHeHHe MHKPOJAeMeHTHOro cocTara ITTHI ¥ MACKOITHTAOIINX;
®  OonpejpeAcHHe H3MeHeHH CoAepHaHWA MHUKDPOIAEMEHTOR B NTHLAX 34 NoCAeAHHE 30 AET;
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@ OlleHKa TAOBaABHOIO YPOBHS HAKOINAEHMS eCTeCTBEHHBIX M HCKYCTBEeHHLIX PaAMOHYKAMAOR
B rrunax Mouroaum.

Marepuar 6ra cobpan B aBrycre—cenrabpe 1996 r. Bo Bpems paborThl B cocTaBe
Poccuiicko — MOHIoOABCKOH KOMIAGKCHON OHoAorMYeckod skcenepuniud B llenTpassHoil M
Cepepnoit Monroaun. Briau nccaepoBannl koctu 35 Bupos (44 ocobeit) nTuy, HaWAGHHEIX
MEPTBEIMH MAM AOGHITHIX AAf HaydHEIX IjeAeH, a TakKe MOAYYCHHLIX M3 OPHUTOAOTHYECKOH
Koarekuuy WMucruryra Grosornyn Mouroakckol Akapemun Hayx. Tymkm nray, orobpannbie
M aHaAM3a M3 KOAAEKIIMH, TPEACTaBASAM co0GO0M 3ITMKETHpPOBAHHHIC BeTXHe OK3eMILASIPHL,
TIOArOTOBAGHEIE K VHHYTOXKeHMI0. Braropaps ToMy, 9TO KOCTH 1]eBKHM Npu 06paGoTKe IKYPKH
He IOABEpPraloTCsl BOZASHCTBHMIO XMMMKAAHHA, MBI TIOCYMTAAM BO3MOJKHEIM MCIIOAL3OBATL OTOT
MaTepuaA A CPaBHUTEALHOTO aHaAM3a COAEpPIKaHuA MMKposAeMmenToB. CIIMCOK BHAOB ITTHLY,
AAGTEl M MeCcTa HaXOAOK NpHBepeHEl B TaGamie 1. Haspanus M NopspOK BHACE B CIMCKe AGHEI
no A. C. Crenansiny (Crenansu, 1975; 1978), C6opul Maekonuraiomux (6 uaos, 10 ocobei)
NpeACTABACHEl AMKHMH BupaMu (rapBaran Marmota sibirica v xyaan Equus hemionus) wn
AOMAlIHAM CKOTOM (0BIja, BepOAIOA, AOLLIaAk, KOpoBa).'

AAsi aHaau3a Ha TSUKEABIC METaAALl M HEKOTOpPhle MHKDOJAEMEHTH y NTull 6paAu KOCTH
HWJKHell KOHEeYHOCTH (tarsus), a AAsl PaAMOHYKAMAHOTO aHaAM3a NpenapupoBasl CKeAeTHl M
oTOMpaAu AAs NIPOOL! Beck CKeAeT 0Cco0H, KOTOPEIH 3aTeM 030AAAH.

B moayuennnix ofpasnax onpeAeAsAd KOAMYeCTBO KobDaabTa, MeAM, Mapraiia, CBHHIE,
MEILILSKA, XPOMa, aAlOMHHHA, MOoAMOAeHA M HMKeAd, AHAAM3H BHINIOAHeHE B AaGopatopum
aHAAMTHYECKOH  DJKOTOKCMKOoAOrMM  MHcTuTyra mpoGaeM  SKOAOTMM H  OBOAIOLMHM
uM. A. H. CeseprioBa PAH. ITpu noaroroBke npo6 K aHaAH3y HCIOAL3OBAH METOA MOKPOTO
osoneHus B 50%—HoA aszoTHoOM KHMcaoTe. KoAMyecTBeHHEIH aHaAH3 IpoBeAeH Ha ATOMHO —
abcopbumonnom cnekrpodoroMerpe Mapku Z—8000 dupmpr  “Xuraun” (Amomms) c
HCTIOAB30BaHMEM AAeKTPHYECKOro aroMusaropa. Aps KaaubpoBkH mpHOOpa HCMOAL3OBAHBI
KaAMOpPOBOYHEIC PAacTBOPEI, ITPUTOTOBACHHLIE Ha OCHOBE [OCYAGpPCTBEHHBIX CTaHAAPTHBIX
obpa3noB pacTBOpoB coaeil Metasros (FCOPM). KaaubposouHble rpaduky HNOCTROMAM IO
3—5 ToukaM, KOa(pPHUHMEHT KOppeAsinu¥ B pesyAbrare KaanbpoBeu cocraBasa 0.98—0.99.
H3aMepenue Kaxpo0# nNpoOhl MpoBoAMAM 3 pa3da, OTHOCHTEABHOE OTKAOHCHHE BEeAMYHHEL
cocraeuro 1 —5%. HncTpyMeHTassHEIe YCAOBHA OBIAM YCTAHOBACHEI B COOTBETCTBHH C
PEKOMEHAALMAMH K pMbopy HocAe MX CPaBHEHMS C AMTEPATypPHBIMH AaHHBIMH. AASl CBHHIE,
MEHIIBEAKa M MoAuOAeHa TIpepeAnl oGHapysxeHus coctaBuan 0.0001 Mrr/r, xobGaanTa, MeaH,
xpoma — 0,001 mrr/r, maprannga — 0.01 Mxr/r, Hukeas u aaajomuius — 0.1 MKr/r cyxoro
Beca, JacTs aHaAM30B BHITIOAHEHA B papuMosKosorwdeckon AaGoparopun Mucturyra 6MOAOTHH
Komu dcuamana YO PAH. B kocTHEIX ofpasmnax ONpPeAGAGHEl CBHHEIl, KaAMMH, LHHK H
mere30. PEAMOHYRAMAHBIN aHAAM3 TIPOBeAeH B OHoAorHueckux obpasnax pajHOXMMHMYeCKHM
MetopoM. OmnpepeAsiam  copepikanme wmckycerBenmmix  (Cs!3,  Sr%0 Pu?38, 239, 240)
ecrectennnix (K10, Th?*2, Ra?%) paanonyxanaos. Copepanne paAMOHYKAMAOB AaHO B BK/Kr
CyXOTo Beca.

Pasauuusa B pacrnpepeAeHHH KOHIeHTpauuil GuAM OLiGHEHB! C [OMOIUBIO KpUTEpHs
Kpackeaa —Yoaauca. Mul nNpuHUMaAu pasAMYMs B KadecTBe AOCTOBepHEIX, €CAH YPOBeHL
3HAYMMOCTH He npepkian 0.05.

B rabauie 1 npepcTaBAeHEI AaHHBIE O KOHIEHTPAlMAX MHKPOJIAEMEHTOB B KOCTAX 35
BUACE K3 8 OTPAAOBR ITTHL, YKa3aHbl CTAaTyC BMAOB, reorpadgudeckue paitioHn MoHroaun no
B. E. ®omuny n A. Boaay (1991) u afimaxu, tae OmiaM AOOHITH nTHUE. Brepehie A%
MoHroAMH NpHBEeAEHE! A@HHEIE O COAEPKaHMH HEKOTOPBIX METarAOB B KocTAx nrTuil. BoAee
BCETO B KOCTAX NTHI] BaPEHPORAAO COAEPKaHHe MeAM, MapraHia, CBHHIla M XpoMa, TOTAa Kak
KoHUeHTpanusa kobaawta Owina Goaee crabuabHOM. Y mTHI, OOHMTAKOIMX B CTEIIHOW 30He
PocroBckoii oBaacti, GHAOC YCTAHOBAEHO, 4YTO KOHIEHTpalMs CBUHIIA B KOCTAX MMeAd
OTPHILIATEABHYIO KOppeadAnuio ¢ Maccoi Teaa (Aebepera, 1997). Meaxue Bupnl B Ooablliei
CTelleHH KOHIIeHTPMPOBaAH CBUHEI| N0 CPaBHEHMIO C KPYIHHEIMH BHAAMH. Takasd KoppeAsius
y mrail, ofuraionpux B crenax  MoHroann He 6blna obHapyKeHa. 9To MOMHO OGBACHUTH
TeM, UTO B €BPONEHCKHX cTenAX (hoHOBOe 3arpsizHeHMe CBHHIJOM BhILLIE,

Cpasnm‘emme CTATHCTHYEeCKHe AdHHEIE O KOHIEeHTpAalluAX MEeTaAA0B Y COBpeMEeHHBIX H
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A0OBITEIX B 60 —e roasl NTHI NpeACTaBACHE B Tabaune 2.

HenapaMeTpueecknii AMCINEepPCHMOHHEIM aHAaAN3 TOKasah, 9TO CYIIeCTBeHHLIe pasAHYvA
HabAIOABAMCE AMIUL [0 COAEPaHHK KobaabkTa B KocTax (1aba. 3), 0OAHAKO MOAQALHAA
KOHLIEHTpalus 9TOro JAeMeHTa GBIAa OAMHAKOBOH Y NTHL CpaBHMBaeMLIX rpymn (raba. 2).
Cpepusisi KOHIEHTPAIHs 3TOTO METaAAd B KOCTSX COBPEMCHHEIX MTHI] GLIAa MPUMepHO B 2
paza Bmime, yeM y nrun 30 aer maszap (Taba. 2, puc, 1), CyujecTBeHHLle H3IMeHeHMS B
KOHIIGHTPAlLlMAX MeAM, MapraHila, HMKeAsl, CBMHLA, aAIOMMHHS, MOAMOACHA M XpoMma 3a
nocaeprue 30 AeT B KOCTAX NTHI] He obHapy’eHE! (Taba. 3).

Ta6anna 2. CTaTHCTHYECKHE OLEHKHU COAEPKAHHA METAAAOB B KOCTAX [THI|, HACEASIONIHX MOHIOAHIO,

60—e u 90—e rops, rae N — ofbeM BuiGopku, Min —MuHuMyM, Max—makcumym, X — cpeaHee
apucdmernueckoe, Me— mMepuaHa, Mo — mopa, $?— aucrepcus, S — CcpepHee KBappaTHUecKoe
orkAaoHenue. Table 2. Descriptive statistics of of metal content in bones of Mongolian birds in differ
years, N — Sample size, Min —Minimum, Max—Maximum, X — Average, Me— Median, Mo —
Mode, §2— Variance, § —Standart deviation.

Metaan| Topwi N | Min Max X Me Mo L S
(Metal) | (Years)
Co 60—err. 12 0.001 0.1 0.0296 0.015 0.001 0.0015 0.0384
90—err. 41  0.001 0.13 0.0451  0.03 0.001 0.0019  0.0439
Cu 60—err. 12 0.2 20.9 3.999 1.225 0.8 37.33 6.11
90—err. 41  0.04 20.9 4.205 2.4 4.3 25.31 5.03
Mn 60—err. 12 1.31 24.2 6.43 3.07 3.1 56,69 7.53
90—err. 41 0.56 30.3 5.63 2.8 3.1 44.64 6.68
Ni 60—err. 12 0.5 4.3 2.23 2.3 2.8 1.77 1.33
90—err. 40 0.5 9.0 23 1.75 1.2 3.6 1.90
Pb 60—err. 12 0.02 29.5 5.80 3.75 2.5 66.68 8.17
90—err. 41  0.0001 25.0 5.03 1.34 0.41 44.23 6.65
As 90—err 11 0.03 1.6 0.27 0.08 0.07 0.216 0.465
Al 60—err. 12 128 40.0 24.6 22.85 17.2 81.37 9.02
90—err. 40 0.31 40.0 20.77 23.3 233 192.97 13.89
Mo 60—err. 12 0.0001  0.003 0.0018 0.0014 0.003 0.00000 0.00094
90—err. 30 0.0001 0.014 0.0016 0.0012 0.0011 0.00001 0.00242
Cr 60—err. 12 0.04 9.2 1.54 0.8 1.6 6.09 2.47
90—err. 31  0.24 17.0 4.3 14 0.45 29.23 5.41

ChepoBaTeABHO, HeOAAroNpHUATHRIE TEHAGHLMM &KKYMYAMPOBaHMA TSKEABIX MeTaAAOB
(cBuHI]a, MeApM, HHWKeAs) B KOCTAX ITHI, OOHMTAIOIIMX Ha TeppuTopu¥ MoHroaun He
HabAI0AAIOTCA. 3TO CBHAETEALCTBYeT 06 OTCYTCTBHM TAOOGAALIOro 3arpsAileHHs H3yYeHHBIMH
TAXKEABIMM MeTaaraMu  creneir  Monroamu. OpHAKO HeOOXOAMMEI  AONOAHMTCALHEIE
HCCASAOBAHMA COAEP)K&HHH APYI‘HX MEeTAaAAOB B IITHIAX, TAKHX KdK Kﬂ.AMHﬁ, MLEIIIBAK H p']'y'l'b

AaHHEIE O COABPAKAHMM METAAAOB B KOCTAX MAEKONMUTAIOLIMX NpeAcTaBAeHEl B Tabaune 4.
BricOKas KOHIIEHTpalMsA MapraHlia, CBHMHIJA M MEIUBAKA OTMeYeHa Yy cypka—rapbarana. Y
3TOT0 MACKONHTAIOLero B KocTax Guia o6HapyXeH KobOaAbT, TOTAa KaK ¥ AOMalllHero CKoTa H
KyAaHa KOHILeHTpauus KobaakTa OnlAa HIDKe YpoBHA oOHapyKeHus., [Itmust #
MAEKONHTaIIIHe HMelOT CHelpHYecKHil MHKPOIAEMeHTLIH COCTaB, 4YTO NPOABHAOCE B
0cOGEeHHOCTAX KOHICHTPHPOBaHMs MHKPOACMEHTOB. MapKepaMH MOTYT CAYKHTE KOGaAkT,
MapraHer] ¥ CBMHel], KOTOPHEe DOABIIE aKyMyAHpYIOTcs nTunamMu. CpepHss KOHI|eHTpaljus
KOﬁa.ALTa B KOCTHAX IITHIL] 651}\& IIppMEepHO B 4.5 pa3a BHILIEe ana.nomuoi‘q KDHI]EI{TP&.IIHH B
KOCTIX MACKONMTAIOIINX, Mapranma — B 4 pasa, a ceuHuna — B 1.9 pasa (taba. 5). Dtu
pﬂ.:'l.u’\]-l‘lﬂﬂ XOPO‘I’.IIO 3aMeTHRI Ha PHCY'HKE 2 Cpanﬂeﬂne OCDGEIIHOC'I‘Q]“’I HaKOIIAeHHA
MHKPOSAEMGHTOB B KOCTAX IITHI M MAKOIIMTANOLUIHUX IIOKA3adAO, 4TO CYI.I.IQCTBGIIIILIO OTAMYHA
6riAM ofHapyXeHsl AAsl KoBaabTa, Mapranna ¥ ceunna (rada. 6).
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Puc. 1. KonneHTpanusa MHKPO3AEMEHTOB B KOCTAX NTHI, B 60 —e # 90— e ropsl,
Fig. 1. Microelement concentration in bones of birds in 60—s and 90—s years.

Tabanna 3. PeayAbTaThl HemapaMerpuyeckoro aHaausa (Kpackena — Yoaauca) copeprKaHHs METAAAOB
B KocTsaX urvy MoHroaun B pazHeie ropel. Table 3. The resulls of non— parametrric analysis
(Kruskel —Wallis Test) of metal content in bones of Mongolian birds in differ years.

Merana|O6BeMEl BEIGOPOK (Sample size)|Beawunna KpuTepus|YpoBHE 3HawM AocroBepHocTs
(Metals) 60—e rr. 90 —e rr, | (Value of Kruskel — (Significance {(Difference
Wallis Test) Level) between groups)
Co 12 31 4.015 0.0451 Ects (Yes)
Cu 12 31 0.597 0.4398 Het (No)
Mn 12 31 0.212 0.6449 Her (No)
Ni 12 31 0.226 0.6344 Her (No)
Pb 12 31 0.041 0.8389 Her (No)
Al 12 30 1.151 0.2833 Her (No)
Mo 12 30 3:127 0.0769 Het (No)
Cr 12 31 0.900 0.3427 Her (No)

IoAydyennunle AaHHEIE O COAGPKAHHM HEKOTOPBIX MCKYCCTBEHHBIX H eCTeCTBEHHEIX
PAAMOHYKAMAOE B TeAe MAM KocTaAX NTUIl B B0—e u 90—e ropkl Ioka HEAOCTATOYHEI AASA
BLIIBAGHHMS HEraTHBHLIX TEHAGHIMI B HaKONAeHMH PapHOHYKAMAOR nTHIlaMu MoHroaum,
OpHEKO MOMHO OTMETHTL CAeAyioiliee: B 1982 ropy papvioaKTHBHOIO CTPOHIMS B KOCTAX
HEKOTOPLIX BHAOB ITHUL He OBIAO OBHapy>XeHo, AMB0 ero sHaueHust GLIAM Ha OAMH —ABa
nopsizKa Membile, dem B 1996 roay. Mul mpoBeAM aHaAM3 HallMX M paHee ONMyOAMKOBaHHEIX
AAHHEIX TIO COAEPIRaHHIO DAAMOHYKAMAOB B apUAHEIX W cyBapHMAHEIX aKocucTemax EBpasum.
CpaBHeHNe COACDIKaHMSA PAAMOHYKAMAOB B COBDEMEHHEIX TITHIIAX CTerHoil 30Hu Poccuu u
Monroaun T1oKagano, 4TO Ha TeppuTopuM PocTOBCKOW oBAaCTH cyMMapHas BEAWYMHA
PasAMYHBIX PAAMOM3OTOIIOB IMAYTOHMS B KOCTSAX NTHMI Ha 2—3 nopsaka Ooablie, weM B
Monroamn. 3910 MoXeT 6uITH CBA3aHO € HAKOIAGHMEM PAAMOHYKAMAOB B Ppe3yALTaTe
rAOGAABHEIX BRIMTAACHHH TocAe TepHOBBIALCKON aBapyH,

QaxTHUeCKHMe ASHHBIC, H3AOJKEHHEIe B CTATHE, BNEPBEIE MOAYUeHH! AAs MoHroAuu u
MOTYT TOCAYKUTE BKAGAOM B CO3AaHME KaAACTPOB KOHILEHTpAalMil XMMWYeCKHX SA€MEeHTOB
FKMBOTHEIX CTEIIHEIX 2KOCHCTEM.
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Ta6anna 4. KoHieurpaius MHKPOSAEMEHTOR B KOCTAX MAEGKONHTAIOUIMX, MKI/I, rae mecro cBopa
npobet (aimaku) oboaHaverbl kak B Tabauiie 1. Table 4. Concentrations of microelements in mammals

bones, pg/g, date and areas (see Table 1).

Mnekormraromue | Aara | Mecto| Co Cu Mn Ni Pb As Cr
(Specimen) (Dale) | (Area)

Aukue xupomnrie (Wild animals)

Tapbaran 27.08.95 8| 0.1 1.34 3.1 3.6 25 053 0.59
Marmota sibirica
Kyaan 8.09.95 B <0.001 086 2.46 1.36 0.72 0.11 0.47

Equus hemionus
Aomawnuii ckom (Domestic animals)

Oeua (Sheep) 10.09.95 I <0.001 4.78 1.02 1.04 <0.0001 0.07 0.56
Bepbaioa, 15.09.95 T <0.001 2.36 2.62 8.68 0.37 0.06 1.28
Bactrian camel )

Bep6atop, 10.09.95 T <0.001 2.38 2.52 1.06 0.59 0.03 0.65

Baclrian camel

Aomape (Horse) 10.09.95 r <o0.001 272 1.2 9 0.71 0.16  0.67
Aomaan (Horse) 10.09.95 r <0.001 0.54 0.56 1.94 0.39 0.08 0.31
Aomaps (Horse) 11.09.95 r <o0.001 0.82 0.75 2,44 2.27 0.17 145
Kopoga (Cow) 12.09.95 K <0.001 19 0.94 0.58 0.43 003 235
Koposa (Cow) 12.09.95 K <0.001 0.84 1.85 0.35 0.07 0.42

Puc. 2. KouneHrpalisi MEKPO3SAEMEHTOB B KOCTAX NTHI[ U MACKONMTAIOLIKX,
Fig. 2. Microelemenlt concentration in bones of birds and mammals.
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Tabamma 5. CrarHcTHKa copepxKaHusi MeTaaroB B Kocrax nrui (1) u maeronurawonux (M),
oBoaHayeHus Te ke, yTo B Tabavue 3. Table 5. Descriptive statistics of of metal content in bones of
Mongolian birds (TT) and mammals (M), see Table 3. Meraaa — Metals, Tpyninet — Groups.

Me’rm[l"pyunulN] Min IMa.x l X [ Me I Mo T 52 l S

Co n 43 0,0010 0.130  0.04%0  0.0300 0.0010 0.001800  0.04200
M 10 0.0010 0.100  0.0110  0.0010 0.0010 _ 0.009900 0.03100
Cu rn 43 0.0400 20,900  4.6950  2.4000 0.8000  31.980000 5.66000
M 10 0.5400 4,780 1.8540 1.6200 0.8600 1.660000  1,29000
Mn r 43 1.2900 30.300  6.7600 3.1000 3.1000  52.380000 7.24000
M 10 0.5600 3.100 1.7000 1.5250 1.0200 0.840000  0.92000
Ni I 43 0.5000 4.300  2.0700 1.8000 1.2000 1.500000 1.23000
M 9 0.5800 9.000  3.3000 1.9400 1.3600  10.680000 3.27000
Pb n 43 0.0200 . 29.500 5.7000 3.0200 0.4100  45.610000 6.75000
M 10 0.0001 25.000 3.0800  0.5100 0.3900  59.680000  7.72000
As l 1 1.6000 1.600 1.6000 1.6000 1.6000 0.000000  0.00000
M 10 0.0300 0.530  0.1300  0.0750 0.0700 0.022000  0.15000
Al n 42 3.8900 40.000  26.6000 24.3000 17.2000  78.270000 8.85000
Mo I 42 0.0001 0.014  0.0016  0.0012 0.0013 0.000004  0.00209
Cr n 43 0.0400 17.000  3.5300 1.0000 1.6000  24.030000 4.90000
M 10 2.3500 2.350  0.8800  0.6200 0.5600 0.400000  0.64000

Tabauna 6. Peayawrarsl Henapamerpudeckoro aHaansa (Kpackeaa—Yoaauca) copepKaHHHA METarAOB
B KoCcTsHX nruiy, u maexonuramowmux Mouroanu. Table 8. The results of non-— parametrric analysis
(Kruskel —Wallis Test) of metal content in bones of Mongolian birds and mammals.

Meraaa | O6nemMul BLIGOPOK (Sample size)| Beanunna Kpu — YpoBHL AOCTOBEPHOCTL
(Metals) | TItunn | Maerkonurawujue Tepusa (Value of 3HaYMMOCTH (Difference

(Birds) (Mammal) Kruskel — Wallis Test)(Significance Level)| between groups)
Co 43 10 11.316 7.6835°10~4 Ecre (Yes)
Cu 43 10 0.747 0.3874 Her (No)
Mn 43 10 11.185 8.246*10~4 Ects (Yes)
Ni 43 9 0.259 0.6107 Her (No)
Pb 43 10 5.648 0.0175 Ects (Yes)
As 1 10 2.523 0.1122 Her (No)
Cr 43 10 0.891 0.3451 Her (No)

b U

9,
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The aim of this study was to evaluate microelement contents in birds and mammals of steppe
ccosystems of Mongolia. We studied following points.

1. Currently concentration of microeliments in Mongolian birds.

2. Comparision of microelement concentration in birds and mammals.

3. Dynamic of microelement concentration in Mongolian birds during 30 last years.
4. Global level of radionuclide accumulation in Mongolian birds.

The study was carried out from August to September 1996 with Russian-Mongolian biological
Expedition in Central and Northern Mongolia. The bones of 35 species (44 birds) of birds , found by
dead or extracted for the scientific purposes, as well as received from bird collection of Institute of
Experimental Biology of Mongolian Academy of Sciences were used in this study.

Birds, sclected for the analysis from a collection, represented ramshackle samples with lables,
prepared to destruction. Due to that bones of tarsus at processing collection bird exemple is not
subjected to effect chimical substances, we have considered possible to use this material for the
comparative analysis of the contents of microelements. The dues mammals (6 species, 10 specimens) are
submitted wild animals (Marnmota sibirica and Equus hemionus ) and domestic animals (sheep, Bactrian
camel, horse, cow). The part biological specimens for the further analysis was received in 1995 from
Dmitry Krivolutsky, which we are very thanks. A part of data under the contents of radionuclides in
birds of Mongolia in 1982 was given to him from archives of Bioindication Laboratory of Institute of the
Ecology and Evolution Problems RAS.

Bones of tarsus were used for the analysis on heavy metals and some microelements, and we
prepared all skeletons of bird, which then were ashesed for radionuclide test.

Cobalt (Co), cooper (Cu), manganese (Mn), lead (Pb), amsenic (As), chromium (Cr), molybdenum
(Mo) aluminium (Al) and nickel (Ni) concentrations were determined in specimens. The quantitative
analysis was made on atom-absorbeionic Z-8000 (Hitachi, Japan) with use of electrical atomizator. The
minimum detectable concentrations for lead, amsenic and molybdenum were 0.0001 pg/g, cobalt,
cooper, chromium - 0.001 pg/g, manganese - 0.01 pg/g, nickel and aluminium - 0.1 pg/g dry weight.
Part of the analysis carried out in Laboratory of Radioecology of Institute of Biology, Komi Branch of
Ural Department, Russian Academy of Sciences. Concentration of lead, cadmium (Cd), zink and iron
(Fe) in bone specimens were determined. The radionuclide (cesium Cs!¥7, strontium Sr%, plutonium
Pu 238,239, 240 potassium K%, thorium Th232 and radium Ra22) concentrations in bones and bodies of
birds were measured. This was first determination of plutonium in birds from Mongolia. The
radionuclide contents were determined by a method of non-destructive spectrometer measurement and
radiochemistry analysis. Radionuclide contents are in Bq/g of dry weight.

Statistical analyses included descriptive statistics and Kruskal-Wallis analysis by ranks.
The data on concentration of microelements in bones of 35 species from 8 orders of birds, species

status, as well as geographical and administrative regions of Mongolia are submitted in Table 1. The
data on the contents of some metals in bird bones are published for the first time for Mongolia.

The contents of cooper, manganese, lead and chromium in bird bones varied more whole, where as
the concentration of cobalt was more stable. It was established, that lead concentration in bones of birds
inhabiting in steppe zone of Southwest Russia negative correlated with weight of a body. Small-sized
species in a greater degree concentrated lead in comparison with large species. Such correlation was not
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found out in Mongolian steppe birds. It can be explained by that in european steppes background lead
pollution is higher compared Mongolia.

The comparative statistical data on metal concentration in modern birds and birds lived in the sixies
years, are submitted in Table 3. Non-parametric analysis has shown, that the essential distinctions were
observed only in the cobalt contents in bones (Table 4), however modal concentration of this element
was identical in birds from compared groups (Table 3). The average concentration of this metal in bones
of modern birds was about in 2 times higher, than at birds lived of 30 years ago (Table 3, Figure 1).
Significant changes in concentration of cooper, manganese, nickel, lead, aluminium, molybdenum and
chromium in bones of birds not found out at the last 30 years (Table 4).

Hence, the adverse trends of heavy metal accumulation (lead, cooper, nickel) in bone of bird,
inhabiting on Mongolian steppes arc not observed. It testifies to absence of global pollution of
Mongolian steppes birds with investigated heavy metals. However additional research of the contents of
other metals in birds, such as cadmium, arsenic and mercury, are necessary.

The data on the contents of metals in mammal bones are submitted in Table 2.

The high concentrations of manganese, lead and arsenic were found out at Marmota sibirica.
Cobalt was found out in bones of Marmota sibirica, whereas the cobalt concentration in domestic
animals and Egquus hemionus was below a level determination.

The average cobalt concentration in bird bones was about in 4.5 times higher then that in mammal
bones, manganese - in 4 times, and lead - in 1.9 time (Table 5). These distinctions are well appreciable
on Figure 2. Comparison of features of accumulation microelements in bones of birds and mammals has
shown, that the essential differences were found out for cobalt, manganese and lead (Table 6).

Birds and mammals have specific structure of microelement contents, that was displayed in features
concentration of microelements in bones. Cobalt, mangancse and lead, which more accumulated by
birds, can serve as markers.

The data on the contents some artificial and natural radionuclides in body or bones of birds in 80s
and 90s years are submitted in Table 7. While it is not enough proofs for revealing negative trends of
accumulation radionuclides by Mongolian birds. However it is possible to note following: radiostrontium
in bones of some species of birds was not found out in 1982, or its values were on one and two order
less, than in 1996. We analysed our and earlier published data on the radionuclide contents in arid and
sub-arid ecosystems of Eurasia (Table 7). The comparison of the radionuclide contents in modern birds
from steppe zone in Russia and Mongolia was shown, that the total content of various radioizotops of
plutonium in bird bones from Southwest Russia on 2-3 order more, than in Mongolia. It can be
explaned to radionuclide accumulation as a result of global recipitations after Chernobyl accident in
European steppe.

The actual data, stated in article, are for the first time received for Mongolia and can serve as the
contribution to creation bank data of concentrastion of chemical elements of the animals inhabiting in
steppe ecosystems,
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