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BeBepeHue

HakonneHne CTOMKUX 3arpAsHAKOLMX
BELLECTB B OKpy)Katowleln cpeae, obycnosnen-
HbIX Pa3BUTUEM NMPOMbILIEHHOCTH, METaNNyp-
TMK, TPAHCNOPTa, NPMMEHEHMEM CTOYHbIX BOJ,
ANA OPOLEHMA U Waama ANA CTPOUTENbCTBA
Aopor, cTtaHoBuUTcA rnobanbHoM npobnemoin
(Wharfe, 2004). Mpw 3TOM 3arpsisHEHUA NOYBbI
4acTo MeHee 3aMeTHbl, YemM gpyrve TuMbl 3a-
rPA3HEHWA, HO UX BO34EWNCTBME Ha Ha3emMHble
3KOCUCTEMBI U NtOAEN ABNAETCA OJ/INTE/IbHBIM,
a BcneacTteme atoro H6onee TAXKeNbIM MO Mo-
cneactemuam (Alloway, 2012). Cuna Bo3aencT-
BMA Ha BMOTY 3KOCUCTEMbI NPUCYTCTBYIOLLMX B
cpeae 3arpAsHALWNX BELLECTB 3aBUCUT OT pA-
A3 GM3NKO-XMMUYECKUX U Bruonormyeckmx dak-
TOPOB, Cpeau KOTOPbIX peluatollee 3HayeHue
nmeeT BUOAOCTYNHOCTb TOKCUMKAHTOB B XOA4€ UX
HaKOMNEeHUA U MUTPaLLMK MO NULLEBON LENU B
aKocucTeme. B npupogHom cpeae B Henocpea-
CTBEHHOM 6/1M30CTM C BOAHbIMM Ob6bEKTAaMMU
BO3MOKEH BO3A4YWHbIA NyTb 3arpAsHeHus,
CBA3AHHbIN KaK C MCNApEHMEM NeTy4mX 3arpas-
HUTeNen, Tak u GopmmpoBaHMEM BOZAHbIX a3-
po30/ien, cogeprawmx B TOM 4YMcC/ie U COMu
TAXKeNbIX MeTannos. lNpumepom TaKoro nytm
3arpA3HeHMA NoYBbl MOTyT ObITb CTAaHLMK OYn-
CTKM KQHA/NN3aLMOHHbIX CTOKOB MEranoimcos ¢
60/blWMMM OTCTOMHMKAMM, KOTOpble Bblaens-
IOT B aTMochepy amMMMaK U CepoBOAOpOs, a
BOZA XO3AMCTBEHHO-ObITOBbIX CTOYHbIX BOA, U
nocne 6MONOrMYECKON OYUCTKU COAEPHKUT TA-
)enble metannbl (TM) B KOHUEHTPaUMSAX, Npe-
BOCXO4ALWMX NpefeibHO A0MYCTUMbIEe KOHLLEH-
Tpayumn (MAK) BpeaHbIX BEWECTB B BOAE BOA-
HbIX OOBEKTOB, MCMO/b3yeMbIXx AnA pbiboxo-
3aicTBeHHbIX  uenen  (MAKPX)(Pybnesckas,
2016). YcTaHOBNEHO, YTO Ha3eMHble BPHOXOHO-
rme pearnpyroT Ha aMMMaK M CepoBOAOPOA,
(Kholodkevich et al., 2010), a Tak»ke cnocobHbI
HaKanaMBaTb MeTa/l/lbl HEMoCPeACTBEHHO W3
MoYyBbl, HE3aBMCMMO OT TMpMema MUK
(Vaufleury, Pihan, 2002). OHuM sBnatTCA Ha-
AEeXKHbIMW BUOUHAMKATOPAMM KAyecTBa MOYB U
MCMNONb3YIOTCA B CTAHAAPTU30BAHHbIX TECTAX HA
TOKCUMYHOCTb nouBbl (Hanpumep, [SO-15952:
2006). Mpamoe nonagaHWe mMeTansioB U3 Nouy-
Bbl MPOMCXOANT KaK MPU KOXKHOM KOHTAKTe C
cybCcTpaTtom, TaK U Npu NPOrnaTbiBaHMM NOYBbI
BmecTe ¢ nuwel (Dallinger et al., 2001; Gomot
et al., 2006). U3BecTHO, YTO XapaKTep HaKomn-
JIEHVA METaNN0B 3aBUCUT OT UX BAXKHOCTU ONA
BbINO/IHEHMA  WM3BECTHbIX  GU3MONOTUYECKNX
¢yHKUMIA. o aTomy npusHaky TM noapasgae-
NAT Ha BaXKHble U HEBaXHble A8 HOPMaNb-
HOWM KM3HEeAeATe/NIbHOCTU KMBOTHbIX, TO eCTb

6uoreHHble U HebuoreHHble COOTBETCTBEHHO.
Tak, KagMUI N CBMHeL, ONA KOTOPbIX HET U3-
BECTHbIX GM3NONOTNYECKNX PYHKLUMNIA, OTHOCAT-
€A K HebuoreHHbIM (Bryan, 1984; Coeurdassier
et al., 2002), B To Bpema Kak Zn, Cu, Fe n Mg,
BXOA4AWMe B cOCTaB PepMeHTOB U AbIXaTe/b-
HbIX MUIMEHToB, — K ObuoreHHbim (Wihte,
Rainbow, 1985). Hukenb oTHoOCUTCA K uyucay
MWKPO3NEMEHTOB, HeobxoAuMbIX ANA Hop-
ManbHOr0 Pa3BUTUA KMUBbIX OpraHM3moBs. W3-
BECTHO, YTO HWKeNb MNPUHUMAET y4vacTve B
bepMeHTaTUBHbIX pPeaKLMAX Yy KMUBOTHbIX W
pacTteHui. MoBbllEeHHOE coAepyKaHMe HUKena
B No4yBax NpuBOAAT K 3aboneBaHusam pacTe-
HWI: U3MEHEHMUIO LBETa /INCTbEB, NJIOAOB, A Y
YKMBOTHbIX — K 3aMeA/IeHUI0 poCTa U Pa3MHO-
EHUA U yBEAMYEHUIO cmepTHocTn (Scott-
Fordsmand, 1997).

HactosAwee vccnenoBaHMe MNOCBALLEHO
N3y4YEeHUI0 BO3MOXKHOCTW MNOMNAZAHMA MeTan-
JI0B 13 BOZAHbIX a3p030/1eM U NOYBEHHbIX UCMa-
PEHUI Yepes3 NerovyHoe AbIXxaHMe N KOXY B Op-
raHM3mM MOJINIOCKOB. [Monaaan B OpraHM3m, me-
Ta//lbl MOTYT HAKaMN/MBATbCA B MATKUX TKaAHAX
6proxoHOrMx, ocobeHHO B remaTonaHKpeace
(nnweBapuTenbHol xenese). McnonbsosaHue
MeTOA0B aTOMHO-abcopbunoHHOM cnekTpodo-
TOMepUM NO3BONAET ONpesenaTb CoAepKaHue
TM B TKQHAX HE3ABMCMMO OT XapaKTepa UX CBA-
31 C OPraHMYECKMMMU COEOMHEHUAMM U YCTa-
HaB/AMBATb 3KCMEPUMEHTA/IbHbIM NyTem 6Mo-
[OCTYNHOCTb HeKkoTopbix TM B cnyvae mux no-
naZaHWA B OPraHM3m BO34YLIHbIM NyTEM.

Matepuanbl

B  aKcnepumeHTax  MCMNOAb30BaNUCh
toBEHW/IbHbIE 0C0b6M opgHoro Buaa Achatina
fulica v ogHoro Bo3pacTa, KOTOpPbIX B3BELNBANN
nepes sKCNepUMeHTOM. 3aTeM MX NOMELLANN B
OoTAeNIbHble KamMepbl 3KCNEePUMEHTANbHOM yCTa-
HOBKW, T4e OHWU coaeprKanncbk 2—3 Heaenu npwm
noctosiHHon Temnepatype 28 + 0.3 °C u ocse-
weHHoctn 12 a/12 H (12 vacos cBet/12 yacos
TEMHOTA). MONIIOCKOB KOPMWUAWN  pPerynapHo
canatom ad libitum. KoHTpONbHbIX U noaBep-
raBLUMXCS BO3AENCTBMIO 3arPA3HEHHbIX a3p030-
el KMBOTHbIX B3BewWwMBann yepes 1 nam 2 He-
OEenv BO3A4ENCTBMA BOAHbIMM a3p030a5iMM, CO-
AepraWmmm cynbdaT HUKENA NN HEOUULLEH-
Hble CTOYHble BOAbl, a Takxe nocne 1 Hegenu
BO34ENCTBMA aspo3onem 6e3 Hukena u 6e3
CTOYHbIX BOA. Ha Kaxkgom 3tane otbupanu no
3-5 MONNOCKOB M3 KaxKgoK rpynnbl ans onpe-
OEeNneHna KoHueHTpaumm TM B TKaHAX METoA0M
aTOMHO-abcopbumoHHOM cnekTpodoTOMETPUM
(AAC). Kpome TOro, npoBOAWICA NOACYET Bbl-
MBLUMX Ha KaXX[OM 3Tane ocobei B KaxKaown
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rpynne. CToyHas Boga otbmpanacb cpasy nocne
MEXaHMYECKOM OUYUCTKM B MECKOSIOBKE OYUCT-
HbIX COOPYXXEeHUM M pasbasBnanacb nepesn sKc-
nepMmMeHTOM AUCTUNIMPOBAHHOM BOAOM B CO-
oTHoweHunn 1:1.

MeToapbl

SKkcnepumeHmManbHAA ycmaHosKa. Ana
reHepaumMn MOAENbHbIX aspo30/sei bbian uc-
NONb30BaHbl MbE303N1EKTPUYECKNE YBAAKHU-
TeNM Bo3gyxa ObITOBOro HasHayeHMA NpPous-
BoactBa LUsenuapum «Air-O-Swiss U7146»
(puc. 1; 1-2). Nbe3oanekTpmnyeckas membpaHa
npubopa, ynpasnsdemas 2 Ml reHepaTopom,
CO343aeT MexaHMYecKyto BuOpauumto, Bbi3bl-
BAlOLLYIO KaBUTALMOHHOE «BCKUMAHME» BOA-
HOro pacTBopa npu 06bIYHON KOMHATHOMN TEM-
nepaType ¢ BblbBpocom B BO3AYyX MeSIKOAMUC-
NepcHbIX YacTuy, pasmepom oT 1 40 5 mKm.
Nmerowmnmca B KOHCTPYKUUM MUKPOBEHTUNSA-
TOp cO34aeT NOTOK BO34yXa, KOTOPbIN noaaeT

BO34YLWHO-BOAAHYIO B3BeCb B IKCMEpPUMEH-
TaNbHble Kamepsbl (puc. 1; 5-6). Npun sTOM Hau-
H6onee KpynHble Kanau BoAbl 0CeAA0T HA CTEH-
Ku TpybOoK, He AOX04A A0 IKCNEePUMEHTA/IbHbIX
Kamep, NpeacTaBAAoWmMx cobo NaacTMkosble
UMANHAPBI OAMHaKoBoro obvema B 3 auTpa
(puc. 1; 5-6). Kaxkgaa Kamepa UMeET B OCHO-
BAHWW CNOW CTEPUNbHOrO necka 4-5 cm TON-
WMHOM (puc. 1; 7) U cucTeMy CTOKA U3INLLHEN
BOAbl, KOTOPAA KOHAEHCUpyeTcA M3 TymaHa
(puc. 1; 8). NHTEHCUBHOCTb YBNAXKHEHMA U €ro
ANMTENbHOCTb (4Ba Yaca 4yepes [ABYyX4acoBOM
WHTEpBan), 3aJaBaemas C MOMOLWbO pene
BPEeMeHM, yCTaHaBAMBaNaCb OAMHAKOBOW ANA
obenx Kamep. Bpems 3anonHeHUsa Kamepbl Ty-
MaHOM BOAHOrO asp030/1Aa C MOMEHTa BK/IO-
YeHWA yBNAXXHUTeNA coctasBnano okono 30 ce-
KYHA, @ KOHLEHTPauuA B 3TOM TYMaHe 4acTul,
BOAHOro aspo3ona 1 MKm B Anamerpe —
150 mr/n.

Puc. 1. 9kcnepumeHTaNbHan yCTaHOBKaA A4 UcCAeaoBaHMA BO3AeNCcTBMA aspo3onen c TM u
NPUTroTOB/IEHHbIX N3 HEOUULLEHHDbIX CTOKOB HA FOBEHWU/IbHBIX MOAMIOCKOB: 1-2 — MmoandUUMPOBaHHbIE
YNbTPa3BYKOBbIE YBAAXKHUTENWN; 3—4 — cocyabl A1A KOHTPOAbHbIX U OMbITHbLIX XUAKOCTEN; 5—6 —
3KCMepUMEHTaIbHble KAMepbl; 7 — CI0M NecKa; 8 — APeHaX ANA SKCNepPUMEHTaNbHbIX Kamep

Fig. 1. The experimental setup for the study of the impact of untreated sewage and aerosols with TM
prepared from untreated wastwater on juvenile mollusks. 1-2 — modified ultrasonic humidifiers; 3—4 —
vessels for control and test fluids; 5-6 — experimental chambers; 7 — sand layer; 8 — drainage for the
experimental chambers

AHanumu4yeckue MemoObl aHAAU3a.
KoHueHTpauma TM B TKaHW nuuieBapuTesb-
HOM »enesbl ynuTku Achatina fulica 6bina
onpeaeneHa ¢ ucnonb3oBaHnem obopynosa-
HuMA PecypcHoro ueHTpa «O6cepBaTopusa
aKonorunyeckom b6esonacHoctu» CM6TY. AnA
3TOro BblAeNeHHble OpraHbl KPMOPUKCUpoBa-

am npu Temnepatype -23 °C B TeyeHue 2-3
Heaenb. 3aTeM Pa3MOPOMKEHHbIE U OCYLUEH-
Hble ¢uAbTpoBanbHOM 6bymaroit o06pasupl
TKaHel B3BeLMBAN HA aHANUTUYECKMX Becax
«OHAUS Pioneer» PA214C c TO4YHOCTbIO A0
0.1 mr. B3BelweHHble 06pa3sLbl NOMeLann B
MepHble Npobupkn n gobasnaan 1 mn 70 %
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HNOszocy (FOCT 11123-84). Npobupku c ob-
pa3uamm Harpesasn B CyLUMIbHOM WKady A0
TemnepaTypbl 90 °C A0 NoOAHOW MUHEpanu-
3aumun. MNocne octbiBaHUA Npobbl J0BOAUNM
[0 2 UAn 5 Mn feMnHepann3oBaHHOM BOAOM,
nony4eHHoM ¢ nomoubio npubopa «Millipore
Milli-Q» A-10 npoussoactea «Merck» (Iep-
MaHus) ¢ mectom otbopa «Q-POD». Uamepe-
HME KOHUEHTpaLuUM MeTanna ocCyw,ecTBAAIN
Ha aToOMHO-abcopbunMoHHOM cnekTpodoTo-
meTpe pupmbl «SHINADZU A-7000» (AnoHuA)
C TepmMoaTOMM3aTOPOM W MMUKPOAO03aTOPOM
npob6. lNepes u3mepeHMem CTpPOMNACL Ka-
NMbpOBOYHAA KpMBAsA C NPUMEHEHMEM CTaH-
Aaptos npoussoactea OAO «YpanbCKuit 3a-
BO4, XMMWYECKUX peakTUBOoB». Pe3ynbraThbl
Bblpa*ka/M B MUANUIPAMMAX HA KUAOrPaMm
BNA)KHOTO Beca (mr/Kr B. B.).

Cmamucmuyeckaa obpabomka. [na
nocnenoBaTe/ibHOCTEM 3HAYEeHUM Beca MOA-
JIIOCKOB BbIYMCAANN cpegHue apudmeTnye-
CKMe BE/INYUHBI U UX CpeaHeKBaApaTUYECKME
oTKNIoHeHUA (CKO) ¢ nomoubio NporpaMmMmHO-
ro naketa «GraphPad Prism 5.0». MNocnepo-
BaTe/IbHOCTM MPOBEPANIN Ha COOTBETCTBUE
HOpManbHOMY pacnpefeneHuto (TecT Ha
HOPManbHOCTb). [lOCTOBEPHOCTb  OTAUYMUIA
cpegHux onpeaenanacb No Kputepuio t ana
He3aBMCUMbIX BbIOOPOK NpW ypOBHE 3Hauu-
moctn p < 0.05. lna 3HAYEeHUI KOHLEHTpa-
umin TM BbluMCNANUCHL cpeagHue apupmeTtmye-
ckne BennuuHbl n nx CKO. Pasznnuna mexxay
CPeaHUMM 3HAYEHMAMM KOHLLEHTPALUN [0 U
nocne BO34ENCTBMA M BO BPEMA OTMbIBKMU
NpPOBEPANUCL HA AOCTOBEPHOCTb. 3a A0CTO-
BEPHble MPUHUMANUCDL PA3AUYUA CPEAHUX MO
KpuTeputo t onA He3aBUCUMbIX BbIBOPOK, Mo
Kputeputo BunkokcoHa u F-tecty duwepa
npu yposHe 3Hauynmoctn p < 0.05.

Pe3synbTtaTbl

Pe3ynbmamesi. HabnwogeHus 3a mon-
NIOCKaMM B 3KCMEPUMEHTANbHOW YCTaHOBKe
MoKasa/im, 4To BO34eNCTBME ad3p030As, Noay-

YyeHHOro n3 pasbaBieHHON B 2 pa3a CTOYHOM
BOAbl A06aBNeHMEM AUCTUAINPOBAHHON BO-
Abl, He NpUBOANT K ux rmbenn 3a AByxHe-
AenbHY0 3kcno3uumto. Mpu cpaBHeHUU npwm-
BeZleHHbIX Ha puc. 2 n B Tabna. 1 (tabn. 1, 2)
BE/IMYMH BUAHO, YTO NPU TaKOM BO3AENCTBUM
(«CTOKM») KMBOTHbIE XyXKe HabupatoT Bec no
CPAaBHEHUID C XMBOTHbIMW W3 KOHTPOJ/IbHOM
rpynnbl («<KoHTp. 1»), KoTopble B TeyeHne To-
ro e BpeMeHu noasepranmcb BO34enCTBUIO
a’po30/1a, MPUroTOBNIEHHOIO W3 AUCTUNNU-
poBaHHOM BOAbl. TaKoe CHUXKeHWe Beca Yy
ONMbITHbIX *MBOTHbIX, MO CPABHEHWUID C KOH-
TPONIbHbIMM, 33 2 HeAeNN 3KCNepUMeHTa AB-
NAeTcA AOCTOBEPHbIM TONIbKO NO HenapameT-
puyeckomy kputeputo F @uwepa. B 10 *Xe
BpemA cpefHUin BeC YIMTOK U3 IKCNepPUMEH-
Ta/NIbHOM Tpynnbl K 3TOMY MOMEHTY BpeMeHu
cocTasnan tonoko 74.5 % ot cpegHero Beca
MOINIIOCKA M3 KOHTPO/bHOM rpynnbl. Bo Bpe-
MA OTMbIBKM C MOMOLLbIO a3p0301A U3 AMUC-
TUNNNPOBAHHOW BOAbl B TeyeHue 7 [AHeun
MOJIIIOCKM U3 3KCNEePUMEHTANIbHOW rpynnbl
(«OTmbIB»), NoagepraBlIMecA BO3LENCTBUIO,
BHOBb CTanM HabupaTb BEC M NOYTU AOTHANN
KOHTPO/bHbIX No Becy (Tab. 1, 4).

Kak yKa3blBanocb Bblle, CTOYHbIE BO-
Abl MOTYT COAEpP)KaTb PAS, TOKCUYECKUX Be-
wects (Hanpumep, TM). B cnyyae nonagaHua
MX B OPraHM3m B COCTaBe BOAHbIX a3p030/ieM
OHW CNOCO6HbI NPUBOAUTL K U3BMEHEHUAM B
obmeHe BelwecTB U, KaK pe3ynbTaT, K CHUXKe-
HUIO Beca. B Hawem akcnepumeHTe 6bIN0 UC-
cnepoBaHo HakonneHne TM B nuwesapu-
TeNbHOW Xenese MoAantocka Achatina fulica.
O6HapyKeHO, YTO AbiXxaHWe BO34YXOM C BOA-
HbIMWU @3pP030/1AMMN, a TaKKe KOHTAKT no-
BEPXHOCTU Tena MOIOCKA C BOAHbIMM Yac-
TULLAMM HEOUYMLLEHHbIX CTOYHbIX BOZA MPUBO-
AWT K goctoBepHoMy HakonaeHuto Cd, Cu, Ni
B renatonaHKpeace MOJIZIIOCKOB MO CpaBHe-
HUIO C KOHTPO/IbHbIMM, B KOTOPbIX TaKKe Obl-
N obHapyKeHbl TM (Taban. 2, puc. 3, 4,5, 8).
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Bec monnokoB (rp.)
e
|

Mcx.sec CtokM KoHTp.1 OTMbIB KOHTP.2

Puc. 2. Tuctorpamma M3MeHeHUs ycpeaHEHHOro No rpyrne Beca MOoAOCKOB NPw BO34eNCTBUM 3arpss-
HUTeNel U3 HEOUMLLEHHbIX CTOYHbIX BOZ, MOCTYMalOLWMX B BUAE a3p030/1a B IKCNEPUMEHTAIbHYIO Kamepy, U
npv NocneayoLLeli OTMbIBKE a3p030aem U3 AUCTUNANPOBAHHOM BOAbI (CleBa HANPABO — OT HAYaNa K KOHLY

3KcnepmmeHTa): «Mcx. Bec» —obe rpynnbl MONOCKOB A0 Havana BO34enCcTBUA (3a cueT noabopa oTaeNbHbIX

MOJIIFOCKOB), OblN OAMHAKOB A7 IKCNEPUMEHTANbHOM M KOHTPOAbHOM rpynn; «CTOKM» — 3KCNepuMeHTa b-

HaA rpynna nocne 2 HefeNb BO3AENCTBUA a3p030A5 U3 CTOYHOM BoAbl; «KOHTP. 1» — KOHTPOAIbHaA rpynna
nocne 2 Heaenb BO3AENCTBMA a3p0304 U3 AUCTUANINPOBAHHOM BOAbl; «OTMbIB» — 3KCNEPUMEHTA/IbHan

rpynna nocsne gonosHuTeNbHON 1 Heaenu BO3aencTBmA aspo30osa U3 gUCTUAIMPOBAHHOM Boabl; «KOHTp. 2»

— KOHTPO/IbHaA rpynna nocne 3 HeAe b BO3AENCTBUA a3p030as U3 ANCTUANIMPOBAHHON BoAbl. BepTUKanbHble

NnHWKM 0603Ha4vatoT CKO BennymHbl Beca. * — LOCTOBEPHOCTb OT/IMYMIA CPEAHMX NO KpuTeputo t U F ana Hesa-

BMCUMbIX BbIBOPOK Npu ypoBHE 3HaunmocTtu p < 0.05

Fig. 2. Histogram of average mollusk weight change under the influence of aerosol from raw sewage in
the experimental chamber and subsequent washing with aerosol from distilled water. Vertical lines indicate
the SD of arithmetic mean weight. «WMcx. Bec» — both groups of mollusks before the beginning of treatment

(due to selection of individual snails) was the same for experimental and control groups, «Ctoku» — the
experimental group after 2 weeks of exposure to an aerosol of waste water, «KoHTp. 1» —the control group
after 2 weeks of exposure to aerosol from distilled water, «OTmbIB» — the experimental group after the
additional 1 week exposure to an aerosol of distilled water, «KoHTp. 2» — the control group after 3 weeks of
exposure to an aerosol from distilled water. Vertical lines indicate the SD of arithmetic mean weight. * —
probability of differences between values by t and F test for independent samples at a significance
level p <£0.05

Tabnnua 1. UIsmeHeHMA BeCca MOAIIOCKOB NPU BO3AENCTBUM HeOl-IMLLI,eHHbIX3XO3FIl71CTBeHHO-6bITOBbIX
cToKos (1-5) n aspo3onsa us pacrtsopa Ni 30 mr/am

Cnyyam 3HaYMMbIX
KonnyectBo Bec monntockoB B rp.  (p < 0.05) oTanumii ot

Ne Bosaencraus MOIIIOCKOB * cTaHg,. ownbKa KOHTPOAA NO KpUTEPU-
amtunF

1 WcxoaHbin Bec 8 1.96 + 0.04

2 A3po301b U3 X03.-6bIT. CTOKOB 5 2.19+0.43 F

3  KoHTponb 1 5 2.94 +0.29

4  OTmbIBKa 3 3.34+0.17 tuF

5 KoHTponb 2 3 3.78 £ 0.05

A WcxogHbii Bec 15 0.23+0.01

5 Aspo3onb u3 p-pa Ni 30 mr/am’ 3 0.185+0.01 tuF

B Bec monnloCKOB B KOHTpOsie 6 0.30+£0.03
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Puc. 3. HakonneHune Kagmmua TKaHbIO MULLLEBAPUTENbHOM XeNe3bl MOIJIIOCKOB NPY BO3AEUCTBUN HEOUULLLEHHbIX
CTOYHbIX BOA, NOCTYNatOLLMX B BUAE a9P030/1A B IKCNEPUMEHTaNbHYIO Kamepy, — Cd. PesynbtaTt nocnegytouei

OTMbIBKM }KMBOTHbIX a3P030/1IEM U3 AUCTUNAUPOBaAHHOM Bogbl — Cdory. KOHTP — cogepkaHue Kagmus B
KOHTPO/IbHOM 06pasLe. * — A0CTOBEPHOCTb OT/IMUNI CPEAHNX NO KPUTEPUIO t AN1A HE3aBUCUMbIX BbIBOPOK Npu
YpOBHe 3HaumMmocTh p < 0.05
Fig. 3. Accumulation of cadmium in the digestive gland of mollusks under the influence of aerosol prepared
from untreated sewage and subsequent washing with the aerosol prepared from distilled water. * — probability
of differences between values by t test for independent samples at a significance level p < 0.05.
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Puc. 4. HakonneHne HUKeNs NULWEBaPUTEbHOM Kene30i MOINHOCKOB NPY BO3AENCTBUU HEOUMLLEHHbIX
CTOYHbIX BOA, NOCTYNalOWMX B BUAE a3p030/1A B SKCNEePMMeEHTaNbHYI0 Kamepy, — Ni. PesynbtaT nocneaytolei

OTMbIBKM KMBOTHbIX a3P030/1EM U3 AUCTUNNMPOBAHHOM Bogbl — Nigry. KOHTP — copeprkaHue H1Kens B
KOHTPOAbHOM 06pa3sue. * — 40CTOBEPHOCTb OTANYMI CPeAHMX N0 KPUTEPUIO t ANA He3aBUCUMbIX BbIBOPOK
npu yposHe 3HaummocTtum p < 0.05
Fig. 4. Accumulation of Ni in the digestive gland of mollusks under the influence of aerosol prepared from
untreated sewage and subsequent washing with the aerosol prepared from distilled water. * — probability of
differences between values by t test for independent samples at a significance level p < 0.05
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Puc. 5. HakonneHne meam NULLEBAPUTENIbHOW Kenesor MOIIIOCKOB NPY BO3AENCTBUM HEOUMLLIEHHbIX CTOYHBIX
BOZ, NMOCTYMNatoLWMX B BUAE a3P030/1A B IKCNEPUMEHTANbHYIO Kamepy, — Cu. Pe3ynbTaT nocieaytolei oTMbIBKM

YKMBOTHbIX a3P030/1EM U3 AUCTUANNPOBAHHON BoAbl — CUgry. KOHTP — coaeprKaHne meam B KOHTPONbHOM
obpasue. * — 4OCTOBEPHOCTb OTINYMIA CPEAHUX MO KPUTEPUIO t A1 HEe3aBUCHMbIX BbIBOPOK NpU ypoBHE

3HauynmocTu p < 0.05

Fig. 5. Accumulations of Cu in the digestive gland of mollusks under the influence of aerosol prepared from
untreated sewage and subsequent washing with the aerosol prepared from distilled water. * — probability of

differences between values by t test at a significance level p < 0.05

Tabnunua 2. HakonneHne meau NuLLEBAPUTE/IbHOM KeJie30 MOIIOCKOB NPU BO34ENCTBUN HEOUULLLEH-
HbIX CTOYHbIX BOA, NOCTYMAMOLNX B BUAE a9P030/11 B IKCNEPUMEHTAIbHYIO Kamepy

BO3,EI,€VICTBVI€ a3pP030/14 U3 He-

KoHueHTpauma TM B

Cnyyau 3Haum-
MbiX (p < 0.05)

No OYMLLEHHbIX X03.-6bITOBl?IX CTOKOB m%}mﬁgzg ;Tgienig%;ﬂ?s%ﬁi} OT/INYMI OT KOH-

n pacteopos Ni TPOAA No Kpute-
B. B.  cTaHA. OWMbKa OMAM t 1 F

Cd

1 KoHTponb 6 5.97+1.80

2 OnpepenexHne Cd 4 17.4+£3.43 t

3 OTmbIBKa 6 3.34+£0.17 tuF

Ni

1 KoHTponb 5 0.11+0.01

2 OnpepeneHune Ni 10 0.18 £ 0.06 F

3 OTmbIBKa 6 0.04 £0.01 F

Cu

1 KoHTponb 6 2.25+0.29

2 Onpegenenune Cu 5 3.78+0.40 t

3 OTmbIBKa 5 1.55+1.00 t

A3posonb 13 30 n 50 MI'/,D,MS Ni

1 KoHTponb 6 0.63+0.10

2 OnpegeneHune Niszg 3 3.50 £ 0.50 tnF

3 Onpegenerune Nisg 3 6.65 £ 0.35 tnF

4 OTmbIBKa 4 2.93+0.13 tuF
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Mpu 3TOM, NO CPAaBHEHWUIO C KOHLEHTpPa-
umerr TM B HeOuYMLLEHHbIX 6MonorMyecku
CTOYHbIX Boaax, HakonneHue Cd, Ni n Cu B re-
naTonaHKpeace MOJIMIIOCKOB MPOUCXOANUT Mo-
pasHomy. Ona Cd oHO npumepHo B 64 pa3a,
ana Cu npumepHo B 170, a ana Ni— B 36 pas
6onbwe ¢oHoBOW. Meab ABnAeTcA 6OMOreH-
HbIM, Ba)KHbIM A1 KU3HEOeATeNbHOCTU MOJI-
NIOCKOB  MeTansiom. Bcneacrteue 3Toro ero
KOHLIEHTpPAUMA B MNULLEBAPUTENbBHOWN Kesese
NpPeBOCXOANT OCTa/lbHble UCCNeAoBaHHbIE Me-
Tannbl. B To e BpemA BHYTPUTKAHEBaA KOH-
ueHTpauma Cd n Ni npeBocxoauT B AE€CATKM pas
3HaveHua NAK ans soabl 06bEKTOB pblibOXO-
3AMCcTBEHHOro HasHayeHusa (FTOCT 27065-86).
3TOT PaKT MOMKET 06BACHUTL CHUMKEHME CKO-
POCTM POCTA Y KMBOTHbIX, AblWALLMX BO3AYXOM
C a3p03015MU, NPUTOTOB/IEHHLIMU U3 HEOYU-
LLLEHHOM CTOYHOM BOAbI.

PaHee B NogobHOM 3KcnepumeHTe 6bl-
NN MOKasaHbl  peakumn  KapaMOCUCTEMbI
Achatina fulica Ha aspo3oaun, cogeprKawme Cu,
Cd (Kamardin et al.,, 2013). lenaTonaHkpeac
CYMTAETCS OPraHOM, OTBETCTBEHHbIM 33 HaKoM-
NeHve u peTokcukaumiwo TM, B 4YacTHOCTM
meTannotmoHemHamm (Dallinger et al., 2001).
TM He eguHCTBEHHbIE TOKCMYECKME BeLLECTBA
B CTOKax. OnacHbIMM ABNAAIOTCA TaKKe GeHOobI,
¢docdop ¢ocdaTtos, MAB u HedTenpoayKTbl,
KOTOpPbIE MOTYT TOPMO3UTb POCT MOJIJIIOCKOB.
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HCX. BEC

BEC npu
Ni 30 mr

OnAa yTOYHEHMA Knacca TOKCUYECKUX
BELLECTB Mbl MPOBESIN IKCMEPUMEHTbI C U3Me-
peHnemM CKOPOCTU pOCTa MOJIIIOCKOB, AblWwa-
LWMX BO34YXOM C ad3p030/7AMMU, NPUrOTOBNEH-
HbIMM W3 PaCTBOPOB C KOHUeHTpauuen 8 30 u
50 mr/am” NiSO,, YTO HUXKE OPUEHTUPOBOYHO
A0MNycTUMon KoHueHTpauun (OAK) ana sano-
Boro cogepkaHma Ni B nouse (FTOCT Ne 6229-
91). iByxHeaenbHoe npebbiBaHWE MOJIJIIOCKOB
B 3KCNEPMMEHTANIbHOM YCTAHOBKE MPUBENO K
YacTMYHOM rMbenn KaKk KOHTPOJIbHbIX, TaK U
9KCMNEePUMMEHTANIbHbIX KMBOTHbIX. [lpn 3Tom
KMBOTHble, NnoageprasLlimeca Bo3genctenio Ni,
normbanm B 6onbLIEM KO/IMYECTBE, YEM KOH-
TPOANbHbIE. TaK, ONbITHbIX }KMBOTHbIX OCTAaNOCb
30.4 %, a KOHTpOAbHbIX — 87.0 %. Boikunswwine
9KCNepMMeHTa/IbHble MO/IIIOCKM  A0CTOBEPHO
OTCTalOT B BECE OT KOHTPO/IbHbIX NPU AbIXaHUU
N KOXXHOM KOHTAaKTe C a3p030/1bi0, NPUroToB-
NeHHoit n3 pacteopa Ni (30 mr/am’®) (puc. 6).
MNosblweHne KOHLEeHTpaumu Ni Jile]
50 Mr/,cl,:v\3 noarTeepxaaeT ObOHapy*KEeHHbIN
dakKT. TMbenn sKcnepuMmeHTaNbHbIX *KUBOTHbIX
N CHUXEHUIO UX BeCa, BO3MOXHO, cnocobcTBo-
BaJI0 HapyLlleHMe NUTaHUA, O KOTOPOM MOKHO
CyaMTb NO OCTaTKaM canaTa, cobpaHHOro B
3KCNepuMeHTaNIbHOW ycTaHoBKe. O4MHaKOBble
NINCTbA CanaTa 4yepe3 ABOE CYTOK OKAa3anuCb
NONIHOCTbIO CbeAEeHHbIMU Y KOHTPOJIbHbBIX XU-
BOTHbIX M MOYTN HETPOHYTbIMU B SKCMEPUMEH-
TanbHOW Kamepe (puc. 7).

B2C B
KOHTpOnS

Puc. 6. V3MeHeHWA Beca MO/TIOCKOB NPY BO3AEICTBUM a3p030/1A U3 pacTBopa Hukens (30 mr/am’). BepTu-
Ka/bHble IMHUK 0603HavatoT CKO cpegHeint apndpmeTnyeckon BeanUYmHbl Beca. * — 4OCTOBEPHOCTb OTIMYMIA
CpeaHUX No KpUTepuio t 41A He3aBMCMMbIX BbIBOPOK Npu ypoBHe 3HauMmoctu p < 0.05
Fig. 6. changes in mollusks weight when they were exposed to Ni aerosol (30 mg/dm3). Vertical lines indicate
the SD of arithmetic mean weight. * — probability of differences between values by t test at a significance
level p £0.05

11



Kamapann H. H., iobumues B. A., Xonoakesuy C. B. MoaenbHble UCCeA0BaHMA BAUAHMA HA HAa3eMHbIX MOJIJIIOCKOB

Achatina fulica a3po30/bHbIX BbibpoCOB
DOI: 10.15393/j1.art.2016.5404

CTOYHDbIX

Boa // MpuHumMnbl

sKkonormmn. 2016. Ne 5. C. 4-16.

Puc. 7. doTtorpadums canarta nocie AByxAHEBHOro npebbiBaHUA B KOHTPOAbHOM (C)
1 akcnepumeHTanbHon (Ni) Kamepax
Fig. 7. Photo of lettuce after a two-day staying in the control (C) and experimental (Ni) chamber

B TO e Bpems aTOMHO-
abcopbUMOHHbBIN  CNEKTPOPOTOMETPUYECKUN
aHa/In3 MoKasaa A0CTOBEPHOE MNpUpaLLeHne
BHYTPUTKAHEBOM KOHUeHTpauuu Ni B nuuie-
BapUTENbHOM Xenese nNpu AByXHeAe/lbHOW
9KCMO3ULUMUM KUBOTHbIX B a3P0O301M, NPUro-
ToBNeHHOM n3 pacteopa Ni (30 mr/am’), noytu
B 6 pas, a u3 pacteopa Ni (50 mr/gm®) — 8 10
pas.

O6Hapv:KeHHble baKTbl UANOCTPUDVIOT
61040CTVNIHOCTb HUKENA MPU NOCTVAEHUU U3
BOZHOM 230030/ U, BO3MOKHO, NP KOXHOM
KOHTaKTe. Mpn 3TOM nornoweHne TOKCUKaHTa
HenocpeacTBEHHO M3 MOYBbI M BO3AvXa NPO-
MCXOAMT HE3ABMCMMO OT npuema nuwn. Mon-
NIOCKKU, KOTOPble nepecTtanu NUTaTbCA, NPO-
OOKANN UHTEHCUMBHO HaKkanameaTb TM, B Ya-
ctHoctu Ni, B nuweBapuTebHOM Kenese. 3a-
MeHa B vBnaxHutene pacrtsopa NiSO. Ha ae-
MMWHEPANN30BaHHVIO BOAV NPUBOAMT Ha 7-e
CVTKM K LOCTOBEPHOMV CHWUMEHWUIO KOHLEH-
TPAUMM HUKENs B MULLEBAPUTENbHON Kenese
(cm. puc. 8).

3aknoueHune

B skcnepumeHTax MCMNoab30BaHbI toBe-
HWAbHble 0cobw Mmonncka Buaa Achatina
fulica Kak buomMHAMKATOPA 3arPA3HEHMIN MOY-
Bbl M BO3AVIWHOW cpeabl. [MOKasaHoO. 4TO
OMbITHbIE }KMBOTHblE NOCTOBEPHO OTCTAlOT B
Bece OT KOHTDOJIbHbIX MDWU AbIXaHUU U KOXK-
HOM KOHTaKTe C a3p030/AMW, MPUrOTOB/IEH-

HbIMM M3 CTOYHbIX BOA. cOpacbiBaembIX B BO-
NOEeM-NMPUEMHUK, U a3p0301AMU, COAEDIKa-
wyumn Ni B ABVX KOHUeHTpaumsax. 1o pesvib-
TaTaM aTOMHO-abcopbumoHHOM cnekTpodo-
TOMeDPUN TAXKeble meTannbl, B yactHoctu Cd,
Cu. Ni, U3 CTOYHbIX BOA HaKan/aMBaKTCA B Nu-
LLLeBapuUTENIbHOM XKenese MOJIIFOCKOB.

[BVXHedenbHas 3KCNO3UUMUA MOAIO-
CKOB B Kamepe, NepuoanNYEecKnN 3anosIHAeMOM
aspos3o/siem, coaepKawmm Ni B KOHUEeHTpauum
30 v 50 mr/am’®, NOMBOAWT K HAKONAEHUIO HU-
Kensa B NuLLEBapUTENbHON »eJsie3e B KOHLLeH-
TPauMKn, npesocxoasllen ncxoaHvio 8 6 n 10
pa3 COOTBETCTBEHHO. JKCNepMMeHTa/IbHble
XMBOTHble [OCTOBEPHO OTCTAalOT B Bece OT
KOHTPO/IbHbIX. HeaenbHaa 3Kcnosvuma Mon-
NIIOCKOB B BOAHOW a3p030/11, NPUTOTOBAEHHOMN
M3 AUCTUNNMDOBAHHOW BoAbl (OTMbIBKA),
CHUXaeT KOHLeHTPauuio HUKena B nulleBa-
PUTENbHOWN Kenese. ITO VKa3bIBAeT Ha Cvile-
CTBOBaHME V MOJIZIIOCKOB MOLLHOM CUCTEMbI
NEeTOKCUMKaUMKU M BbiBOAA METa/NI/IOB U3 ODra-
HM3Ma, 4YTO, NO-BMAMMOMYV, MU MO3BOAAET UM
BbXKMBaTb BOAM3M 3arpA3HEHHbIX TEppuUTO-
puUn.

Takum o06bpasom. NPOAEMOHCTOUPOBA-
Ha 6uoaoctvnHocTb TM M3 CTOYHbIX BOA, HWU-
Kena u3 BOAHOW a3p030/IM MPU AbIXaHUU W,
BO3MOXHO, NMPU KOXHOM KOHTakKTe. Mpu 3Tom
NoCTVN/IeHMEe TOKCMKaHTa MNPOUCXOAUT, oye-
BMAHO, HE3AaBUCUMO OT NPUEMa NULLN.
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HaKonneHue HUKena nuLLeBapuTeIbHOM Xeneso monackos npu Bosaernctamm Ni 30 1 50 N\r/p,N\3, no-
CTynaLwem B BUAE a3p030/1A B IKCNEPUMEHTASIbHYIO KaMepy, U NOCeayoLWwe OTMbIBKM a3p030/1blo U3 AMUC-
TUAZIMPOBAHHOM BOAbI. * — JOCTOBEPHOCTb OT/IMYNIN CPEAHMX NO KpuTeputo t U F ana He3aBUCUMbIX BbIBOPOK

npu yposHe 3Ha4ymmocTu p < 0.05
Fig. 8. Accumulation of Ni in the digestive gland of mollusks under the influence of Ni 30 u
50 mg/dm? aerosol rendered into the experimental chamber and subsequent washing with the aerosol
from distilled water. * — probability of differences between values by t and F test at a significance
level p <0.05
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Key words: Summary: The laboratory experiments were carried on using the juvenile
heavy metals mollusk Achatina fulica as a bioindicator of soil contamination and air pollu-
bioassay tion. It is shown that when experimental animals breathed and had dermal
mollusks contact with the aerosols prepared from the wastewater and those pre-
wastewater pared from two solutions of Ni in distilled water at two concentrations they

weighed significantly less than controls . According to the results of AAS,
heavy metals (HM), in particular Cd, Cu, Ni of sewage accumulated in the
digestive gland of the shell. In model experiments mollusks were contained
in the chamber periodically (2 hours of input and 2 hours of pause) filled with
aerosol containing Ni at concentrations of 30 and 50 mg / dm3 nickel for two
weeks It resulted in accumulation of Ni in the digestive gland of mollusks
with concentrations 6 to 10 times exceeding controls, respectively. At that
the experimental animals gained weight reliably slower than the controls
contained in aquatic aerosol without Ni. The subsequent one week exposure
of shells in aerosol, prepared from the distilled water without Ni reduced the
concentration of nickel in the tissue of the digestive gland. Thus, bioavailabil-
ity of HM and nickel solutions prepared from untreated wastewaters in
breathing aerosol and possibly by skin contact was demonstrated. The
toxicant delivery seems to occur apart from food intake.
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