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bMOTECTUPOBAHUE NMOBEPXHOCTHbBIX BOA,
M AOHHBIX OTAOXEHUUN U3 PEKAU UAE
N IOIO-3ANMAAHOWN YACTU O3EPA BAAKALL

B xoae akcrneamumoHHbix Bble3poB B HOxHoe [Mpubasxalibe B mioHe 2018 rosa cobpaHbl u
MCCAeAOBaHbl 06pPa3Libl MOBEPXHOCTHbIX BOA M AOHHbIX OTAOXKEHMUI Ha Pa3AMYHbIX ydyacTkax p.Mae
n o3.bankaw (loro-3anapHon uyactm). B pe3syabraTe NpPOBEAEHWS TMAPOXMMMYECKOrO aHaAM3a
NMOBEPXHOCTHBIX BOA YCTAaHOBAEHO, YTO BOAb! p. Mae (c.bakaHac), p. Tonap mn 03. baakaw (c. KyrraH)
HanboAee 3arpsi3HeHbl TKeAbIMM MeTaaramu: Pb, Cd, Zn u Fe, ux yposetb npesbiwaa MAK ot 1,6 Ao
5,5 pasa. Ha 311X >ke yyacTkax MCCAEAOBAHHOIO BOAHOI0O 6accerta 6bIA0 0OHAPYKEHO MpeBbileHne
MAK aast Pb, Cr, Co, Ni, Cd, Zn 1 Fe B AOHHbIX OTAOXeHMsIX. [1pn 3TOM ypoBeHb OOHAPY>KEHHbIX
B ceaAMMeHTax TM B 3HAUMTEAbHOM CTerneHW MpeBblllaA MX COAEpIKaHWe B MOBEPXHOCTHbIX BOAAX,
ocobeHHo no coaepykaHntio Fe (MAK Bbiwe ot 2,9 A0 6,9 pasa). broTtecTrpoBaHme NoBepxXHOCTHbIX
BOA M CEAMMEHTOB Ha 3MbOproHax 3ebpacuw (Danio rerio) n wnopueson Asrywkm (Xenopus laevis)
BbISIBUAO MX 3HAUMTEAbHbIN 3MOPUOTOKCHYECKMI 3DEKT, Bbiparkarolmincs B ux 20-40% cMepTHOCTU.
BbickasbiBaeTCsl MPEANOAOSKEHNE O TOM, UTO CHUXKEHME YMCAEHHOCTU PbIO M aMrbUii B UCCAEAYEMbIX
BOAOEMAX CBSI3aHO C WX TMOEAbI0 Ha PaHHMX CTaAMsIX pas3BUTUS. Pe3yAbTaTbl MPOBEAEHHOrO
MCCAEAOBAHUS BaXKHbI AAS PAa3pabOTKM MPUPOAOOXPAHHbIX MepornpusTuii B KOxHom Mprbaxatube.

KatoueBble caoBa: peka WMae, o3epo baakall, noBepXHOCTHble BOAbl, CEAMMEHTbI, TS>KeAble
MEeTaAAbl, broTecTupoBaHme, Danio rerio, Xenopus laevis, 3MOPUOTOKCMUYHOCTb.
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Biotesting of surface water and bottom sediments from the lle River
and the southwestern part of the Balkash Lake

During the expedition trips to the Southern Balkhash in June 2018, samples of surface waters and

bottom sediments from various sites of the lle River and Lake Balkash (the southwestern part) were col-
lected and investigated. As a result of the hydrochemical analysis of surface waters, it was determined
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that the waters of the lle (Bakanas) and Topar rivers and Balkash lake (Kuygan) were the most polluted
with heavy metals: Pb, Cd, Zn and Fe, their level exceeded the maximum permissible concentration
(MPC) by 1.6-fold to 5.5-fold. At the same sites of the studied water basin, the MPC for Pb, Cr, Co, Ni,
Cd, Zn and Fe in bottom sediments was found to be exceedeng. At the same time, the level of heavy
metals found in sediments largely exceeded their content in surface waters, especially in terms of Fe
content (MPC is higher by 2.9-fold to 6.9-fold). Biotesting of surface waters and sediments on zebrafish
(Danio rerio) and African clawed frog (Xenopus laevis) embryos revealed their significant embryotoxic
effect, expressed in their 20-40% mortality. In this regard, possible reduction in the number of fish and
amphibians in the studied areas was suggested. The results of the study are important for the develop-
ment of environmental protection measures in the Southern Balkhash region. It is suggested that the
decline in the number of fish and amphibians in the studied water bodies is associated with their death
in early stages of development.

Key words: lle river, Balkash lake, surface waters, sediments, heavy metals, biotesting, Danio rerio,
Xenopus laevis, embryotoxicity.
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Ine e3eHiHeH xaHe baAkalu KOAiHIH OHTYCTIK-0aTbIC 6OAIriHeH
)Kep acTbl CyAapPbIHbIH, )XKoHe LUeriHAAepiHiH, OMoTecTaumschbl

2018 >KbIAABIH MayCbiM aibiHAQ OHTYCTiK baAkalka 6apraH akcrneamums 6apbicbiHAQ Ine o3eHi
MeH BbaAkall KeAiHiH, (OHTYCTiK-6aTbiC GOAIriHAEr) 8PTYPAI ariMakapbiHaH XKep YCTi CYAQpbIHbIH, >KoHe
LIeriHAIAEPAIH, YATIAEPI >KMHaAbIN 3epTTeAai. Kep yCTi CyAapbiHbIH TMAPOXMMMUSABIK, aHAAM3IHIH
HoTuxeciHae Iae e3eHi (bakaHac), Tornap e3eHi >xaHe baakaln keai (KyiraH ayblAbl) cyAapbl aybip
mMeTarpapmet Pb, Cd, Zn xeHe Fe eH ken AactaHfaH, orapabit, LLIKA 1,6-aaH 5,5 ecere aeniH XKeTKeH.
Ocbl 3epTTEAreH Cy KOMMAChIHbIH, aiMakTapbiHaH TeMeHri weriHairepiHae LLIKA Pb, Cr, Co, Ni, Cd,
Zn >oaHe Fe yuwiH >xorapbl kepceTkiw 6arkarsbl. CoHAQ AQ, WriHAiAepAeH TabbiAFaH AM aeHreni,
acipece Fe koHueHTpauusicbl 6ombiHwa (MLLUK 2,9-aaH 6,9 ecere aeitiH) oAapAblH MEALLEPi >Kep YCTi
CyAapblHaH anTapAblKTan acbin TycTi. (Danio rerio) >xaHe (Xenopus laevis) aMGproHAapbiHa Kep YCTi
CyAapbl MeH LIBriHAIAEpAIH 8cep eTyi apKblAbl >KacaaFaH GuocapanTaMachiHbiH, HOTUXKECH, OAAPAbIH
epdyip ambpuoTokcuHairiHeH 20-40% eAiMiMeH askTanabl. OcbiFaH 6aliAa@HbICTbl 3ePTTEAETIH
anmMakTapAa 6aAbik neH aMOrbMsIHBIH CaHbIHbIH, a3al0bl MYMKIH AereH 60AXaM anTbiAaabl. XKyprisiareH
3epTTeyAepAiH HaTvxkeAepi OHTYCTIK baAkall armarblH KOpFay MakKcaTbIHAQFbI iC-lLiapaAap a3ipAey
YLWiH MaHbI3AbI.

Tyhin ce3aep: Ine e3eHi, baakall Keai, >ep YCTi CyAapbl, LUGriHAIAEp, ayblp MeTaAAap,
6uocapanTtama, Danio rerio, Xenopus laevis, sMOPMOTOKCHHA,.

BBenenune

B nocnenHue rojpl OIMH U3 KPYITHBIX BOAOEMOB
Kazaxcrana — o3epo bankant ucnpITeiBaeT OOJBIIIHE
9KOJIOT'MYECKHUE MPOOJIEMbI: OOMEJICHUE U BBICOKYIO
3arpsi3HEHHOCTH IOJUTFOTAHTAMHU Pa3JIMYHOTO TIPO-
ucxoxnenus [ 1]. Ozepo bankai, ob6mamgas HepecTH-
JIAIIAMHA U OONBIMMMH IIIOIIAISIMHU JIJISI MAaCCOBOTO
Haryyia pbIObl, SIBJISICTCS OJHUM U3 BOJIOEMOB, CO-
CTaBJIAIONINX OCHOBY PhIOOX03HCTBEHHOMN OTpacin
Kazaxcrana [2]. Kpome Toro, 3a C4ET pecypcoB 03e-
pa TPOU3BOJIUTCS MTUTHEBOE, OBITOBOE W MPOMBIIII-
JIEHHOE BOJIOCHA0KEHHUE, YTO 00YCIOBIMBAET HEOO-
XOJIMMOCTb KOHTPOJISI KOJIOTHYECKOI'O COCTOSHHSI
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Bogoema. OCHOBHBIM HCTOYHUKOM THAPOPECYPCOB
o3epa bankar, kak M3BeCTHO, ABISAETCS TpaHCTpa-
HU4Hasa peka Wie, kortopas panee nasana 1o 80%
npuToka Bojsl (70% ee mpoTekaeT 1Mo TeppUTOPHH
Kuras, 30% — no rtepputopun Kaszaxcrana) [3].
DKoJloruuecKue mpoodaeMbl BOZHUKIN B Pe3yJIbTaTe
MHTEHCU(PHUKAIMN 3eMIIEJICNTUS U TIPOMBIIIITICHHOCTH
kak B KHP, tak u B Kazaxcrtane. Hekontponupye-
MbI€ 3200PbI BOABI M COPOC B PeKy CTOYHBIX BOJ IIPO-
MBIIUIEHHBIX MPEANPUSATUH, CEIbCKOXO035HCTBEH-
HBIX MPOU3BOJACTB NPHUBEJIN K CHHKEHHIO YPOBHS
03epa U 3arps3HEHHIO BOJBI M JOHHBIX OTJIOXKECHUH
03epa THKEITBIMA METaJIaMH, TIECTUIIIaMH, PaIi-
OHYKJIUAAaMH, HeTenpoaykTamu [4-5]. OOmeneHue
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U 3arpsi3HEHUE aKBAaTOPUH 03€pa SIBISETCS OJJHOH U3
BaXHEHIIINX TIPUYMH COKpAIEHHUS PHIOHBIX 3ara-
COB, NITUI] ¥ MJICKOTIUTAIOLINX, & TAKXKE YXYyALICHUS
3I0pOBBS JKUTENEH perroHa [6]. Uepes 3arpsa3uéH-
HYIO BOJLy IO MTUILEBOM I MOJUTIOTAHTHI MoMaja-
0T B OPraHN3M THAPOOHOHTOB, & 3aTeM B OPraHU3M
MMO3BOHOYHBIX JKUBOTHBIX, YTO CHM)KAET OMOpa3HO-
obpasme oburareneit ozepa. MccimemoBanwmsi, mpo-
BOoAMMBIE B JenbTe peku Mne m o3epe bamkar,
MOKa3alll 3HAYUTENIBHYIO0 CTCIICHh HAKOIJIICHUS TSI-
JKEJBIX METAJUIOB M JPYTUX MOJUTIOTAHTOB B TKAHSIX
MIPOMBICTIOBBIX pBIO U ambubnii [7-9]. Kpome Toro,
HanOoJiee BayKHasl U ySI3BUMasl CTAAMs KU3HEHHOT'O
uKJa peid u aMmpuonit — SMOpHUOTeHe3 — MPOXOTUT
B Bozie. Hapymenust smOprorenesa npuBoAsT K M0-
SIBJICHUIO TIOPOKOB U YPOJICTB, CHIKAIOIINX JKU3HE-
CIOCOOHOCTD M BBDKMBAEMOCTb BH/A, B pe3ybTaTe
Yero UCTOIIAIOTCS U THOHYT IieJible MOy, B
CBSI3U C 3THM, IIPU U3YYEHHH COCTOSIHUSI BOJIOEMOB
HEOOXOAMMO TIPOBOANTH UX OMOTECTHPOBAHUE, HC-
clleysl ypOBEHb CMEPTHOCTH 3MOpHOHOB. Takum
o0pa3oM, cocTosiHIEe OMopazHO0Opaszus peId U am-
¢ubuit oTpaskaeT 3KOIOTHIECKOE COCTOSHUE BOJO-
ema. MHOTHE OTEYECTBCHHBIC HCCIEIIOBATENN OT-
MEYalOT COKpaIleHNE YNCICHHOCTH a0OPUTeHHBIX U
IIEHHBIX BUJIOB PBIO, a TAKXKE JAPYTUX THAPOOHOHTOB
B o3epe bankam [10-11].

[TodTOMY T1EBI0 HACTOSIIETO HCCIICTOBAHUS
SIBUJIOCH OMOTECTHPOBAHHE MMOBEPXHOCTHBIX BOJ U
JIOHHBIX OTJIOKEHUM K3 peku Miie u roro-3anajaHoun
yacTu o3epa bankai, coOpaHHBIX BO BpeMsl SKCIIe-
TUITHOHHBIX paboT B utoHe 2018 roxa.

MaTepnaﬂu U METOAbI

Obvexmul 4 Mamepuanibl UCCIEO08AHUL

OOBeKxTaMu uccie10BaHni SIBUITUCH SMOPHOHBI
0JIOCATOr0 JaHuo wiu 3ebpadum (Danio rerio)
U INOopuIeBoi msarymku (Xenopus laevis), moBepx-
HOCTHBIE BOJBI M cenuMeHTsl p.Mne m o3.bankamn
(roro-3amajiHasi 4acTh)

Memoouxa noayuenust ukpot sedpaguw (Danio
rerio)

[Tomyuenune MKpbI 1 OMOTECTUPOBAHKUE BOJIBI U
CEIMMEHTOB M3 03. bankam mpoBOAWIM COTIACHO
pexomengamusM OECD (Opranusaiusi 5KOHOMH-
YECKOro cotpyanuuectBa u paspurusi) u ECVAM
(EBpomeiickuif TIEeHTp MO MPOBEPKE aJbTEPHATHB-
HBIX METOJIOB uccienoBanus) [12]. Jlns momy-
YeHUsT dMOPHUOHOB 3e0paduIn B3POCIBIX 0coOei
conepxkanu B 50 1 akBapuymax IMpH MOCTOSHHOM
notoke, Temmeparype 23+1°C u 12 9 cBeToBOM
LUKJIe, KOPMHJIU JKUBBIM M CYXHM KOPMOM OJIMH

pa3 B JIeHb. B 1eHb, npenecTBYOMMIA THIO Havya-
J1a SKCIIEPUMEHTOB, HEPECTOBBIE aKBAPUYMBI 00b-
eMOM 15 11 HamoJHSAIW YUCTOU, HArpeTou 10 26 +
1°C BOmO# W TepecakuBaIl B HUX MPOU3BOIUTE-
Jiel (COOTHOIIIGHHWE CaMIIOB M caMOK 2:4) B Beuep-
Hee BpeMsl, Tak Kak OCHOBHBIM CTHUMYJIOM K Hadajy
METaHMs UKPHI SBISICTCS PAHHUI COJIHEUHBIH CBET.
Ha nHO HEpecTOBBIX aKBapUyMOB IIPEIBAPUTEITHHO
YCTaHaBIMBAJIHM MJIACTUKOBYIO CETKY C pa3MepoM
sgeek 1,25 MM, 94TOOBI MPEAOTBPATUTH MOETAHHE
MKpPBI B3pOoCibIMU ocobsimu. Ha cremyromee yTpo,
MocJie HepecTa, B3POCIBIX 0CO0EH OTCaXKMBaIH B
ocHoBHBIE (50 1) akBapuyMbl, HKPUHKH cOOMpain
Y TIEPEHOCWIIN B CTepUiIbHBIe Yamku [letpu ¢ um-
croii Bojoit (26+1°C) mist gaNbHEHIITNX HCCIIEI0-
BaHMiA. OTOOP OTUIOAOTBOPEHHBIX HKPUHOK TIPOU3-
BOJWIN € MOMOINBIO cTepeoMukpockona DM 143
(Motic, Kuraif).

Memoouxa 6uomecmuposanus Ha SMOPUOHAX
sebpaguw (Danio rerio)

DKCIIEpUMEHTHI IO OMOTECTUPOBAHUIO HAUKWHA-
JIA C paHHEH cTaauu 3MHOoIHH (MIPUOIU3UTEITHEHO 6
4acoB rocie ortofoTBopenus) [13]. Ha atom stame
JIETKO Pa3INYUTh HOPMAIBHO PA3BHBAIOIINXCS M-
OpPHOHOB OT JIOKHO-PA3BUTHIX U KOATyJIHUPOBABIIMX
SMOPHOHOB U M30€KaTh JOKHBIX TOJOKUTEITHHBIX
pe3ynbraTos [14].

IIpn OmoTecTHpOBaHWM BOABI M CEANMEHTOB,
0TOOpaHHBIX BO BPEMs AKCIICIUIIMOHHBIX BBIC3T0B
B 1e716TY p. Wne u 03. bankam nHKyOannoHHOH cpe-
JIOW CITy>KUJIM 00pa3ibl TOBEPXHOCTHBIX BOJ M Ce-
IMMEHTOB U3 MecT cOopa mpoo: p. Mie (c. bakanac),
p. Une (moct um. J[.A. Kynaesa), 03. bankam (c.
Kapaoit), p. Tomap, 03. bankamr (c. Kyiiran). Beero
obu10 10 SKCHEpUMEHTANBHBIX TPYHI M0 3 YallKu
[Terpu ¢ 20 uxkpuakamu B Kaxmou. s 6uorectu-
POBaHUsI JOHHBIX OTJIOKEHUH B yamiku [letpu ¢ uu-
cToi Bozol momemianu mo 10 r ceanMeHTOB. DM-
Opuonbsl nomemanu B uakyoarop APT.lineTM B28§
(Binder, I'epmanns) npu Temmneparype 27+1°C.

WkpuHKy uccnenoBany Moj CTEPEOMHUKPOCKO-
oM wepe3 10, 24, 48 u 72 yaca mocine OIUIONOT-
BOPEHHUS JUIsl ONpPENEICHHUS YPOBHA CMEPTHOCTH.
YpoBeHb CMEPTHOCTH OTPEAEISUIN TOJICIETOM TI0-
rUOIINX ¥ BBDKUBIIKX K 96 4 3KcIiepuMeHTa SMOpH-
OHOB U BBIPa)KaJH B MPOIECHTAX.

Memoouxa noxyyenus ukpvl wnopyegou aaeyiul-
Ku (Xenopus laevis)

Jnis monmy4yeHHsT MKpBI INHOPLEBOM JIATYIIKH
B3POCIBIX 0CO0CH comeprkany pazneapHo B 50 1 ak-
BapuyMax npu temnepatype 22+1°C u 12 4 cBero-
BOM ITMKJI€, KOPMIJIH €KETHEBHO JKUBBIM KOPMOM
(moThIIEM) [15].
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Jnist cTUMYISLMU HEpecTa INMOPLEBBIX JISTY-
IIeK U TTOITyYEHHsI JOCTATOYHOTO ISl NCCIIEIOBAHNUS
KOJINYECTBA T'OJIOBACTUKOB HAMU ObLJ1a HCIIOIB30Ba-
Ha cliefyromas cxema: 1) pa3mensHoe cofepKaHue
CaMIIOB M CAMOK B T€UCHHUE IBYX HEJElb; 2) COKpa-
IEHUE YHClIa KOPMJICHUH B 3TOT MEPHOI; 3) TOI-
JiepkaHKe TeMIepaTypsl BoJbl Ha ypoBHe 18—19°C;
4) 3aTeM BO30OHOBJICHHE OOBITHOTO PEXUMa KOPM-
nieHust (MOTBUTB) U 5) CMEHBI BOJIBI C TIOCTETICHHBIM
noBeIIIeHneM ee Temreparypsl g0 25°C. IloBbI-
HIEHUE TeMIIEpaTypbl IPU 3TOM MPOU3BOJMIOCH Ha
1-2°C B cytku. [locie momy4eHns MKpbI B3POCIBIX
oco0ell 0TCa)KMBAJIM B OCHOBHBIE aKBAPHYMBbI, UTO-
OBl TIPENOTBPATUTH TOEJAHUE HWKPBI B3POCIBIMH
0c00sIMU, HKPUHKH COOMPAIH U MEPEHOCHIIH B CTE-
pwibHble Yamku [letpu ¢ uucroit Bogoi (25+1°C)
JUTSL TATBHEUTIIHX UcciienoBanuii. OTOOp OIIoaoT-
BOPEHHBIX HKPUHOK TIPOU3BOMIIH C TIOMOIIIBIO CTE-
peomukpockona DM 143 (Motic, Kurait).

Memoouka 6uomecmuposanusi Ha SMOPUOHAX
wnopyegotl naeyuxu (Xenopus laevis)

buorectupoBanme BOJBI M CEIMMEHTOB U3 03.
Bankam mpoBOAMIM COTJIACHO MEKAYHAPOIHOMY
craugapry [15].

[Ipu OuoTECTHPOBAaHMHM BOABI M CEAMMEHTOB,
O0TOOpaHHBIX BO BPEMs DKCIICJMIIMOHHBIX BBIC3IOB
B JIenbTy p. Uie u 03. bankam nakyOannonHou cpe-
JIOW CITY MM 00pa3Ilbl TOBEPXHOCTHBIX BOJ U Ce-
JTUMEHTOB 13 MecT cOopa npo0: p.Une (c. bakanac),
p. Une (moct um. JI.A. KynaeBa), 03. bamkamr (c.
Kapaoii), p. Tomap, 03. bankam (c. Kyiiran). Bce-
T0 OBITIO § PKCTIEPUMEHTAIBHBIX TPYII 1O 3 YaIIKH
[etpu ¢ 20 ukpuHKamMu B Kaxaou. J{ns OuorecTu-
pOBaHMs JIOHHBIX OTJIOKEHUU B yaku [letpu ¢ uu-
ctoii Bojor momemianu 1mo 10 r ceIUMEHTOB. DM-
Oprons! moMemnany B nakyoarop APT.lineTM B28
(Binder, I'epmanus) mpu Temmepatype 24+1°C.

MxpuHKku uccnenoBany Mmoji CTepeoMUKPOCKO-
oM uepes 24, 48, 72 u 96 yacoB mocie OmIoAO0T-
BOPEHHS ISl OIPEJCNICHUsT YPOBHS CMEPTHOCTH
U HapymeHud pasButus. [lornbmmx >mMOpHOHOB
MOJICUUTHIBAIIA M YJalsUTH. YPOBEHb CMEPTHOCTH
OTIPEICIISUT MOJCUETOM MOTUOIINX U BBKHUBIINX K
96 4 sxcTiepuMeHTa SMOPHOHOB U BBIPAYKAIH B TIPO-
LEeHTaX.

Memoouku c6opa 6006l U ceOUMEHMO8

B KOHTPOJNBHBIX TOYKaX HCCIEIYyEMBIX Yy4acT-
KOB peku Mine u roro-3amajnHoil yactu o3epa bai-
Kalll IPOU3BOAMIN COOp, KOHCEPBALMIO U XpaHEHUE
o0 MOBEPXHOCTHBIX BOJ| COTIIACHO MeXayHapoa-
HBIM cTaHAapTaMm Hu yTBepxkaeHHbIM ['OCTam [16-
17]. OT60p mpoOBI BOABI OCYIIESCTBIISIIN Ha TITyOHHE
0,5-1,0 m. [IpoGooTOOpHUKAMHU SBISUTUCH XUMUYE-
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CKH CTOMKHE 4HCThle 1-5 NUTPOBBIE MIACTHKOBBIC
eMKOCTH. XpaHEHHe W JIOCTaBKy A0 Jlaboparopuu
po0® BOJBI OCYWIECTBISUIM NMPH HU3KHUX TEMIIEepa-
typax 0°C B cymxax-xomoanibHuKax. [lepen xpa-
HEHHEM M KOHCEpBAlMEHl BOAY MpOIEKUBAIH OT
BOJIOpociiei uepe3 Menkomnopucroe cuto. Ilepen
oTOopoM P00 BOJBI M CETUMEHTOB MPOU3BOIUIN
OTIpe/IeTICHNE Psijia TapaMeTPOB BOJABI C IIOMOIIBIO
CIICAYIOMINX TPUOOPOB @ TeMIlepaTypy, OOMIyIO
MUHEpaIn3auio (pacTBOpPEHHBIE B BOJE COJH) H
3JIEKTPONPOBOAHOCTh M3MEPSUIM C TIOMOILBIO TIOp-
tatuBHOTO aHanmm3zaropa TDS&EC-merpa (Barry
Century, Kwuraii), 3Hauenne pH— mnopraTuBHOTrO
ananmzaropa pH-metpa PH-009(1) (Barry Century,
Kwuraii), OKHCIHTENBHO-BOCCTAHOBUTEIBHBIA I10-
TEHIIMaJ — mopTaTuBHOTO aHaym3aTopa ORP-meTpa
ORP169E (Barry Century, Kuraii), conepxanue
PacTBOPEHHOTO KMCIIOPO/a — MOPTATUBHOTO aHAIU-
3aropa DO-metpa DO-pen type (Alvin Instrument,
Kwuraif).

B Tex ke Toukax MCCIIEeOBAHUS TaKKE B COOT-
BETCTBUU ¢ MEXTyHapOJHBIMU CTAaHIAPTAMHU U YT-
BepxaeHHbiMU ['OCTamu [18-20] ocymiecTBisiiu
O0TOOp JTOHHBIX OTJIOKEHHWH (CEIMMEHTOB) Ha TITy-
OuHe oT 1 10 2 METPOB C MOMOIIIBIO JHOUYEPIATEIICH,
Kpar u CTpaTuMeTpoB (TpyOOK pa3IWYHBIX THame-
TpoB). B 3aBHCHMOCTH OT aHAM3UPYEMBIX 3arpsi3-
HSIOIIMX BELIECTB U CBOMCTB JOHHBIX OTJIOXKEHUU
nepes XpaHeHHeM B ITPOObI J0OABISUTN pa3InuHbIC
KOHCEpBHpYIOIINE BemiecTBa (KUCIOTHI). [IpoOsr
JOHHBIX OTJIOXEHUH XpaHWJIH B OXJIAXKICHHOM (OT
0 mo munyc 3°C) COCTOSTHHM.

MeToauKN XUMUUYECKOTO aHaJIN3a BOJIbI U CEU-
MEHTOB, OPraHoB pbI0 ¥ am(puOuil Ha coaepKaHue
TSKEINBIX METAJUIOB

BaxneluM 1okaszaTeseM KadecTBa CpPelbl
00UTaHUs THAPOOMOHTOB SIBJISIETCS CTENEHb YHCTO-
THI TIOBEPXHOCTHBIX BOJ M JJOHHBIX OTJIOXEHHUU IO
COZIEPKAHUIO TsDKENbIX MeTamioB [21]. B cBsizu ¢
9THUM BO BCEX COOpaHHBIX TPOOaxX BOABI U CEIUMECH-
TOB OBIIIM ONPEAEIICHBI TSXKEIbIE METAJIIBI COTIIACHO
npakTHdeckuM pykoBonactBam u 'OCTawm [17-19].
Onpenenenne TM npoBOIMIM TOCIE COOTBETCTBY-
foreil MpoOOTOATOTOBKH Ha aTOMHO-a0COpOIIMOH-
HOM criektpodoTomerpe MI'A-915 M/ (r. Cankr-
[TerepOypr) [22-24]. M3mepeHue KOHIEHTpAIHH
TM npou3BoAMIM B aTOMHO-aOCOPOIIMOHHOM pe-
JKUME TIPY JIJIMHAX BOJIH, COOTBETCTBYIOIINX KaX-
JIOMY HCCJIElyEMOMY METAJIITy C COOTBETCTBYIOIINM
KKIOMY METAITy ATaIOHOM.

Cmamucmuueckas 06pabomka 0aHHbIX

Pe3ynbpraThl KOJNMYECTBEHHBIX MCCIEIOBaHUI
MOJIBEprajiich CTAaTHCTUYECKOW oOpaborke. Bo
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BCEX CIIydasX OINpENesUIN CpeJHUE 3HAYEHHA H
OIMOKY CpefaHel BeNTW4HMHBI. J|OCTOBEpPHOCTH pas-
JUYUN CPeAHHMX BEJIWYMH OLIEHWBAIH, UCIONb3YS
t-kputepuii CrpronenTa. Paznuuuns cumranuce no-
CTOBEPHBIMU TIPU JIOBEPUTENIBHON BEPOATHOCTHU
paBuoi#t 0,95. Craructudeckyro oOpabOTKy M Trpa-
(uueckoe MpeacTaBICHUE MaTepUaoB OCYIIECT-
BIISUTH C TIOMOIITBIO TTpritoskeHust Microsoft Exel 7.0.

Pe3y.]'leaTLl " 06cym11elme

st THAPOOMOHTOB 3HAYNTEIBHYIO OMACHOCTH
Cpenu 3arps3HSIONIMX BELICCTB MPEACTABISIIOT Ts-
xenple Metauiel (TM), TTOCKONBKY B OTIWYHE OT
OpraHUYECKUX BELICCTB, OHU HE PACMAIAIOTCS, HE
WCYE3ar0T, a MepepacrpeesstoTcs] M0 KOMIIOHEH-
TaM 3KOCHCTEMBI BOJOEMa U MOTYT HAKAILIUBAThHCS
B opranmsme [25-27]. [Ipuuem, ObIJIO yCTaHOBIEHO,
yT0 nepensmxerre TM 1o Tpodudeckoit enu npo-
HCXOIIUT B BO3pACTAIONINX KoindecTBax [28-29]. B
CBSI3H C ATUM OBLIO MPOBEICHO XUMHYECKOE HCCIIe-
JIOBAaHUE TTOBEPXHOCTHBIX BOJ W JOHHBIX OTIIOXKE-
HUH (CEMMEHTOB) W3 FOTO-3aIlaJIHOW YacTH 03epa
Bankai u npuieraronieit 1enbtel pexu Mie Ha co-
nepxkanve TM, a Takke X OMOTECTUpPOBaHWE Ha
aMOpuoHax 3edpadum (Danio rerio) v IMOPIIEBOH
JSrymKy (Xenopus laevis).

Pe3ymbpTaThl XMMHYECKOTO aHain3a IMOBEpX-
HOCTHBIX BOJI, COOPaHHBIX BO BPEMS IKCIICIHIIH-
OHHBIX BBIC3JIOB B JIEIbTY p. MiTe 1 1or0-3amagHyo
4acTh O3epa bajkami, NmpeacTaBliIeHbl B TaOJHIIC
1. B uccremyembix mpoOax MOBEPXHOCTHBIX BOJ
BBISIBUJIOCH PA3TUYHOE COACPKAHUE CIECAYIOIIHNX
TSDKENbIX MeTalutoB: cBuHIa (Pb), xpoma (Cr), xo-
oanbra (Co), mapranma (Mn), aukens (Ni), kana-
musa (Cd), menn (Cu), nuaka (Zn), xenesa (Fe).
Conepxkanue OONBIIMHCTBA TSKEIBIX METalIOB
HE MPEBBINIATI0 CAHUTAPHBIC HOPMBI JIJIST BOJOSMOB
PpHIOOXO3SIICTBEHHOTO Ha3HAYEHUS, OJIHAKO TaKUE
TM, xak Pb, Cd, Zn u Fe 6611 06HapyKeHBI B KO-
nuyectBax, npesbimatomux [IJIK. Ipesbimenue
BBINNICHA3BaHHBIX 1M HaOMOZAIOCh B BOJAX P.
Wne B paiione c. bakanac, p. Tonap u 03. bankam
omm3 c. Kyitran. Tak, cogepxxanmne Pb, Cd, Zn u
Fe B moBepxHOCTHBIX Bogax p. Mine B paiione cena
bakanac npessimano [1/IK coorBeTcTBerHO B 1,6;
1,7; 4,6 u 5,5 pasa; B 03. bankam okono c. Kapaoit
-8 1,6; 1,4; 3,6 u 3,5 paza; B p. ne 6au3 mocrta
um. JJ.A. Kynaesa — B 1,2; 1,1; 4,2 u 2,5 pa3za; B
p. Tomap — 1,6; 1,7; 5,8 u 5,2 paza; B 03. bankam
o3 c. Kytiran — B 1,8; 5,5 u 6,5 paza. U3 npen-

CTaBJICHHBIX PE3yJIbTaTOB OYEBHMJIHO, YTO HanOO-
Jiee 3arps3HEHHBIMH 110 coaepskannio Pb, Cd, Zn u
Fe asnsrorcs Boas! p. e B paiione c. bakanac, p.
Tomap u 03. bankam 6mu3 c. Kyiiran (tabmmma 1).

AKTHUBHOE 3arpsi3HCHHE IMOBEPXHOCTHBIX BOJ
p. Une B paitone c. bakanac TM mpoucxoaur, Be-
POSITHO, Kak 3a cyeT ux cToka u3 Kammaraiickoro
BOJIOXPAHWININA, TO-CYTH, OTCTOMHHMKa JUIS BOJ
BEPXHEro TEUEHHsI TpaHCrpaHW4yHOi pexu Wie, B
ToMm umcine, 3 KHP, a Takyke 3a cdeT CTOUHBIX BOJ
camoro cenenust bakanac [30]. Pexa Tonap — oqun
u3 pykoBoB p. Mie, Ha 3TOM y4acTKe JeNbThI, MO-
BUAMMOMY, emie B OoJblIeH CTeneHd coOupaer
MOJUTFOTAHTHI BCIIEICTBHE OOMENEHNUS, MEJIEHHOTO
TEUEHUs, a TAKXKE BIMBAHUS CTOYHBIX BOJ B paiio-
Hax c¢. bamaromap u ¢. Tomap. Cama mensta p. Une
u 10)kHOe mobepexbe o3epa banxam B paiione ce-
nennst Kyiiran 3arpssustorcs TM emne B Oosnbleit
CTEITEHH B PE3yJbTaTe BO3PACTAIOLIETO OOMENICHHS,
JIeTpajlalliil PEYHON CUCTEMBI, OTCYTCTBHS MeXa-
HUYECKOTO OYMIICHHUS pycia OT Wia U YXyALICHUs
ycioBuii st camoounmieHus [31].

OMOpPHOTOKCHYHOCTh ~ TTOBEPXHOCTHBIX  BOJ
OIICHWBAJIM IO YPOBHIO CMEPTHOCTH 3MOpPHOHOB
3eOpaduir (Danio rerio) M IMOPLEBOH JSATYIIKA
(Xenopus laevis), THKYOUPOBABIIMXCS B BOJAX W3
p. Une (moct um. JI.A. KynaeBa u c. bakanac), p.
Tomap u 03. bankam (c. Kyiiran u c. Kapaoii). Pe-
3yJIBTaThl 3TOIO UCCIEIOBAHUS MPHUBEICHBI HA PH-
cynke 1. VI3 maHHOTO pHCYHKAa BHUIHO, YTO CaMBIH
HU3KUH YPOBEHb CMEpPTHOCTH 3MOPHOHOB 3e0pa-
¢umm (Danio rerio) HaOMIOANCS TIPH BO3JACHCTBUH
Bozbl U3 p. Une (17%), cobpannoii 6;1u3 MocTa UM.
J.A. KynaeBa. Uyts Boime (18%) mporeHT cmepr-
HOCTH SMOpHOHOB Danio rerio oTMedancs Ipu BO3-
NEWCTBUH BOJBI, COOpaHHON W3 03. bankam Omu3
c. Kapaoit. HanGonpmwuii TpoOLEHT CMEPTHOCTU
aMOproOHOB Danio rerio TPOUCXOIWIT MPU BO3IEH-
cTBUM BoAbl U3 p. Mie, cobpannoii B paiione c. ba-
ka"ac — 24%, p. Tomap — 33%, a Taxxe u3 03. bain-
Kam B paiione c. Kyiiran — 37%.

[IpaxTrueckn Takas ke KapTHHA HaOJI0/1a1ach
npu OMOTECTHPOBAaHMM TIOBEPXHOCTHBIX BOJA U3
nenbThl p. Mne u 03. bankam Ha sMOproHax mmop-
LEeBOH JSTYIIKH (Xenopus laevis): HanOoee HU3KNe
MIPOIIEHTH CMEPTHOCTH IMOPHOHOB Xenopus laevis
ObLTH BBISIBJICHBI ITPH BO3ACUCTBUM BOABI U3 p. Mie
(moct uMm. JI.A. Kynaesa) — 20% u u3 03. bankam
6mu3 c. Kapaoii -22%, a BeICOKHE ITpH HHKYOHPOBa-
HUU B Boje u3 p. Une (c. bakanac) — 29%, p. Tomap
—36%, 03. bankam (c. Kyiiran) — 38%.
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Pe3ynbpTaThl XMMHYECKOTO aHAJM3a JOHHBIX
OTJIOKCHHH (CETUMEHTOB), COOpAaHHBIX BO BPEMS
IKCHEUIIMOHHBIX BBIE3ZOB B JIENBTY peku Mne u
I0ro-3amajHylo 4acTh o3epa bankari, mpencrasie-
HBI B TaOsnIie 2. B oTiuame oT MOBEpXHOCTHBIX BOJT
(tabmuma 1), conepxanne TM B HOHHBIX OTJIOXKE-
HUSX 3Ha4YMUTeNbHO TipeBbimiano [1JIK mns mHOTHMX
3 Hux: Pb, Cr, Co, Ni, Cd, Cu, Zn u Fe (Tabmuma
2). Hanpumep, conepskanue Pb npessimiano [TJ1K B
1,6 paza B p.Tomap u B 03. banka (c. Kyiiran). Co-
neprkanue Cr ObUTO 3aBBIIIEHHBIM KPOME ITHX JIBYX
MyHKTOB e1e B p. Mine (c. bakanac), cooTBeTCTBeH-
Ho B 1,9; 3,1 u 1,7 paza. Conepxkanune Co B cenu-
MEHTax, Tak xe, kak u Pb, mpesprmrano I1/JIK B 2,5
u 1,6 pa3a B p. Tomap u B 03. bankam (c. Kyiiran).
Conepxanne Ni npessimaino ITJIK Bo Bcex mccie-
JIOBaHHBIX MyHKTax: B 3.4 pasa B p. Une (c. baxa-
Hac); B 2,3 pasa B 03. bankam (c. Kapaoit); B 2,0
pasa; B p.lne (moct um. [.A. Kynaea); 5,4 paza
B p. Tomap u B 3,7 pasza B 03. bankam (c. Kyiiran).
Conepxanne Cd B cemuMeHTax OOHApYKHBaIOCh
3aBBIIICHHBIM B TpeX MmyHKTax: B p. Mie (c. baka-
Hac) — B 1, 4 paza; B p.Tomap — B 2,6 paza u B 03.
bankamr (c. Kyiiran) — B 1,6 paza. Cogepxanue Cu
B JIOHHBIX OTJIOKEHUSX TpeBhImano yposeHb [1JIK
TOJIBKO B OJJHOM IIYHKTE — B p. Tonap — B 2,8 pasa,
a cojepkanue Zn ObUIO 3aBBIICHHBIM MTPAKTUIECKU
BO BCEX UCCIIEIOBAHHBIX ITYHKTAX, COOTBETCTBEHHO:
B 3,2; 2,5; 2,4; 5,2; 1,4 pa3za. Hanboiree BEICOKUM B
JIOHHBIX OTJIOXKEHUsIX ObLIO copepkanue Fe, koro-
poe npessimaio [1/[K B BogoeMax BeIllieHa3BaHHBIX
IIyHKTOB, COOTBETCTBEHHO: B 6,2; 3,3; 2,9; 5,6; 6,9
pasa.

Takum oOpazom, conepxanne Pb, Cr, Co, Ni,
Cd, Zn u Fe B IOHHEIX OTIOXKEHMAX OBLIO HaHOO-
nee BeICOKUM B p. Mie (c. bakanac), B p.Tomap u
B 03.bankam (c. Kyiiran). Cnenyer oTMETUTB, YTO
npeseimenns K mis takux TM, xak Pb, Cd, Zn
u Fe B cenuMeHTax, IpOUCXOIUT B TeX XKe Hccie-
JIOBAaHHBIX MYHKTaX, YTO M B MOBEPXHOCTHBIX BO-
J1ax, TOJBKO ele B Oosbliel cTernend. Hakormienue
TM, B TOHHBIX OTJIOKEHUSX, TAK K€, KAK U MOBEPX-
HOCTHBIX Bojax, B p. e (c. bakanac), p. Tonap u
o3.bankam (c. Kyiiran) cBsizano co cOpocoM cTod-
HBIX BOJI, 0OMeJIeHHEM, CHIIbHBIM 3apacTaHHeM BbIC-
1Iel BOJAHOW pacTUTENBLHOCTBIO, YTO CO3/1aeT Oaro-
MIPHUATHBIE YCIOBHS JIJIS 3aWJICHUSI JTHA M OCAXKICHUS
B3BEIIICHHBIX YaCTHII, B TOM uucie, TM [32].

BuorectupoBanue cemuMenToB u3 p. Mie u 03.
bankamr Tak ke, Kak ¥ MOBEPXHOCTHBIX BOJI TPO-
BeJICHO Ha 3MOpuoHax 3ebpaduin (Danio rerio) u
mnopueBol narymku (Xenopus laevis). Pesynbra-
TBI 9TOTO UCCIIEZIOBaHUS MTPUBE/ICHBI HA PUCYHKE 2.
Ha sm0puonax Danio rerio ObUIO BBISIBICHO, YTO
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HauMEHbBIIIUM YMOPUOTOKCHUECKUM IP(PEeKTOM 00-
JaJlat0T JIOHHBIE OTIOXKeHus u3 p. Wne (MocT M.
I.A. KynaeBa) — cMepTHOCTh SMOPHOHOB COCTaBU-
na 23%, 3arem cnenyrot: o3. bankam (c. Kapaoii)
—26%, p. Tonap — 27%, p. Une (c. bakanac) — 36%,
03. bankarm (c. Kyiran) — 40%.

CxoHBIM 00pa30M pearupoBalii 3MOPHOHBI
MITIOPIEBOH JATYIIKY (Xenopus laevis) ipu noOas-
JICHUH B MHKYOUPYEMYIO BOJY JOHHBIX OTJIOKCHHM
13 PA3JIMYHBIX ITYHKTOB UCCIICIOBAHUS. Y CTAaHOBJIC-
HO, YTO YPOBEHb CMEPTHOCTU SMOPHUOHOB Xenopus
laevis cocTaBui TIpu BO3ACHCTBUHU JOHHBIX OTJO-
xenuit u3 p. Une (moct um. [I.A. Kynaesa) — 26%,
03. bankam (c. Kapaoit) — 28%, p. 1ne (c. bakanac)
— 34%, p. Tommap — 39% u 03. bankam (c. Kyiiran)
—45%.

3ak/ouyeHne

Takum o00Opa3oMm, OHOTECTHPOBAHHE ITIOBEPX-
HOCTHBIX BOJI M CEIMMEHTOB ITOKAa3aJI0, YTO SMOPUO-
TOKCUYECKUH UX 3P PeKT noBbIIIaics B psy: p. Mie
(moct um. JI.A. Kynaesa), o3. bankam (c. Kapaoii),
p. Une (c. bakanac), p. Tomap, 03. bankam (c. Kyii-
ra). [Ipu sTOM BO3ICHCTBHE CEAMMEHTOB HMEIIO
3HAYHUTETLHBIA 3P (PEKT M0 CPAaBHEHUIO C BIUSTHUEM
IMMOBECPXHOCTHBIX BOJI, BbIpa’KaromieMcCs B 0oJIBIIEM
MIPOLIEHTE CMEPTHOCTU SMOPUOHOB Kak Danio rerio,
Tak U Xenopus laevis. IT0 HAOIIOACHHE COOTBET-
CTBOBAJIO JaHHBIM XUMHYCCKOI'O aHaJIn3a, IToOKa3aB-
1IeT0, 4YTO B JIOHHBIX OTJIOXeHusX TM HakariuBa-
FOTCS B OOJIBIIIEH CTENIEHH, YeM B Boje. 110 MHEHUIO
psana ucciemosareneit [33] HOHHBIE OTIIOKEHUS BO-
JTHOW SKOCHCTEMBI UTPAIOT OOJIBIIYIO POJIb B TIPO-
[eccax MHTPAld XUMHYECKHX JJIEMEHTOB BOJIO-
eMa ¥ CO3Jal0T MOTEHIHAIBLHY ONACHOCTh IS
TUAPOOUOHTOB. TsbKesble MeTaluTbl, HAKOIUICHHBIC
B JIOHHBIX OTJIOKEHUSX, KaK M3BECTHO, HE TMOJIBEP-
raroTcst OMoierpagay U akKyMyJIUPYIOTCS B opra-
HU3MaX TUIPOOUOHTOB, TOITOMY MX OMACHOCTH IS
Pa3BHUBAMOIINXCS OPTaHU3MOB OCOOCHHO BEJIHKA.
Bricokast cMepTHOCTH SMOPHOHOB, HaOIIOJAEMAs Y
Danio rerio u Xenopus laevis ipu uX WHKyOUpOBa-
HHUU B 3arpsi3HeHHOW TM Boje u mpu q00aBIeHUN
CCIUMCHTOB CBUACTCILCTBYET 00 aZICKBATHOCTH
JTAHHOW MOJIEJIA B KA4eCTBE 00BEKTOB OMOTECTUPO-
BaHUS JTFOOBIX BOJHBIX KOCHUCTEM, TIOJBEPIKEHHBIX
JICHCTBHIO TOJUTFOTaHTOB. [lo peakimu 3Kcrepu-
MEHTAJIbHBIX MOJIENIEH Ha 3arpsA3HEHHOCTh TM ak-
BaJIbHBIX KOMIUIEKCOB MOYKHO CYJIUTh O COCTOSTHUH
TUIPOOHMOHTOB, OOUTAIOIIMX B BOJoeMax. MOXKHO
MIPEIOJIOKUTh, YTO CHUIKCHHUE YNCIICHHOCTHU PhIO U
am¢pubHii B UCCIIEyEeMBIX BOJIOEMax CBS3aHO C WX
ruoenapio Ha paHHUX CTagusX pa3BUTHUA.
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