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AHHoTaumA: C uenblo M3yYeHUs pacnpenenieHma TAXKEeNbIX METanNoB MeXKay
TKAHAMM pPblb M NOMCKA afeKBaTHbIX MaTEMATUUYECKUX NPUEMOB A/1A ero OUeH-
KM CO34aH a/iroPUTM aHa/M3a SKCMEePUMEHTA/IbHbIX AAHHbIX MO COAEPHKAHUIO
TAXKENbIX METaN/IoB B TKaHAX pblb. MepBbl 3Tan aHanM3a No AaHHOMY anro-
PUTMY — pacyeT CpeaHWX COOTHOLUEHWUIM COoAepraHWs BCEX aHaM3UpyeMbixX
METaNNI0B ANA KaKA0W Napbl TKAaHEN B KaxKAoM pbibe; BTOpPOM 3Tan — pacyeT
CpeaHMX COOTHOLLIEHUI COAEPKAHUA OTAENbHO A5 KaXKA0ro aHaau3Mpyemoro
MeTasI/1a B KaXKAoM nape opraHoB 1 TKaHel ans Bcex pbib. PabotocnocobHOCTb
anropmuTMa nNpoBepsAnacb Ha NOAyYeHHbIX B Xo4e paboTbl AaHHbIX O coaepKa-
HUU TAXKENbIX METa/I/I0B B TKaHAX 06bIKHOBEHHOM LyKK (Esox lucius) Bogoemos
bacceiHa BepxHelt Bonrn. 3HauyeHua cogepaHua 6biav nosyvyeHbl METoAa0oM
MacCC-CMeKTPOMETPUM C MHAYKTUBHO-CBA3aHHOW nnasmoi. B xoge 1-ro aTtana
aHanm3a bblan 0bHapyKeHbl bonee-meHee AOCTOBEPHbIE CpeaHMEe COOTHOLLEe-
HUA coAep!KaHMA TAMKEbIX METaI0B A8 OTAE/NbHO B3ATbIX Pblb, 0AHAKO 06-
LMe 3aKOHOMEPHOCTU pacnpeneneHnsa TAXKEeNbIX MEeTaNIoB MO TKAaHAM LLYKM
BbISIBUTb He yaanock. ECTb BEPOATHOCTb, YTO NPU PACLUMPEHUN M ONTUMMU3ALNM
BbIOOPKM pblb 06LIME 3aKOHOMEPHOCTU pacnpeneeHma TAXKeAbIX MeTa/10B No
TKaHAM pbl6 MOryT ObITb HalaeHbl. B xoge 2-ro aTana aHa/iM3a CTaTUCTUYECKM
[OCTOBEPHO ObINIO BbIABNEHO, YTO Y LYKKN KobanbT (Co) 3HAaUUTENIbHO CUNbHEE
HaKan/aMBaeTCA B KOCTAX MO CPAaBHEHUIO C rOHaZaMM U MbIWLAMMK, @ KagMWiA
(Cd) — B cepaue no cpaBHEHUIO APYTMMU TKAHAMKU, 0COBEHHO MbllLamun. Kpo-
Me Toro, meab (Cu) cywectBeHHO clabee Hakan/MBaeTCA B MbILLAX MO CpaBHe-
HUIO C APYTMMUM UCCAeAYyEMbIMU TKAHAMM.
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BsegeHue

Ta)kenble MeTanbl — XUMMUYECKUEe 3ne-
MEHTbI, MMEIOLLNE, KaK MPaBU/IO, BbICOKYIO
aTOMHYI0 maccy u obnagaroume cBo6oaHbIMU
sHepreTnyeckMmm d-noaypoBHamM, 6rarogaps
Yyemy MOTyT BbICTYNaTb B KAYECTBE aKLEeNTopoB
nap 3/1eKTPOHOB Npu 06pa3oBaHUN AOHOPHO-
aKLEenTopHbIX cBs3ei. B KauyecTBe p[0HOpPOB
3NEeKTPOHOB MOTFYT BbICTYNaTb BaKHble 6Mono-
FTMYECKM aKTUBHbIE COEANHEHUS, coaepKallne
atombl N, S 1 O ¢ napamu 3N1eKTPOHOB: 6enku,
aMWHOKUCNOTbI, HYKNeoTuAbl, HYKNEeUHOBbIE
KMCNOTbl. [103TOMY MOHbI TAXKENbIX MEeTannos
OTHOCATCA K NPUOPUTETHLIM 3arpA3HUTENSAM
OKpyratouwei cpeabl (Yohannes et al., 2013).
CoaepKaHue TAXKENbIX METa/IZI0B B TKAHAX Pblb
— BaYKHbI NOKa3aTe b 3KO/IOFMYECKOro cocTos-
HWA Hacenaemoro UMu Bogoema. IToT NoKasa-
TeNb NOANEXKUT PeryIAPHOMY MOHUTOPUHTY BO
MHOTIMX CTpaHax mupa, Hanpumep B EBponen-
cKkom cotose (European Parliament..., 2008). Bo
MHOIMX Hay4YHbIX Ny6ANKaLMaX, B TOM YMCe 33
nocnegHwe roApl, NPOBOAMTCA HE NPOCTO W3-
MepeHMe, a NOMbITKM BbIABUTb AOCTOBEPHOCTb
Pas3/INYMN NO COAEPHKAHMIO METANNIOB MeXay
TKaHAMU pblb ogHoro Buaa (Turkmen et al.,
2013) nnbo obwuit ypoBeHb 3arpsisHEHHOCTU
MeTaNNaMWn OTAENbHbIX TKAaHEW U BCel pblbbl
(Vaseem et al., 2013).

PacnpeneneHne meTannoB Mmexay TKaHA-
MW Pbl6 Ba*KHO C TOYKWU 3pPEHMA NMOHMMaAHUA
dusnonornyecknux npoueccos obmeHa me-
TaANamMm Mexay TKAaHAMWU U 3aluTbl OT Bpes-
HOro BO3A4ENCTBMA MOHOB MeTannoB. MOXHO
npocneanTb, Y4TO MPOHUMKHOBEHME METaNN0B
B OpraHn3m pbibbl OCYyLLECTBAAETCA B OCHOB-
HOM Yepes Kabpbl, 3aTeEM 3HaUYUTENIbHAA YacTb
NX NepeHocUTca B PU3NONOTMYECKM aKTUBHbIE
TKaHU — ne4yeHb, Noyku (Boalt et al., 2014). Oa-
HaKo 6oJiee TOYHbIX NPeACTaBAEHNN O TOM, Ka-
Kaa 4aCTb Maccbl TOFO WU MHOIO MeTasnna 3a-
AEPrKUBAETCA B Kabpax, Kakaa nonaaaer B 3TU
N Apyrne TKAHW, Ha CEroAHsLWHUNA AEeHb HeT.
OTcyTCcTBME TaKUX NpeacTtaBneHuit obycnos-
JIEHO, B YACTHOCTM, OTCYTCTBMEM aAEeKBaATHbIX
MaTeMaTUYECKMX MPUEMOB U NOKasaTenen ans
onpeaeneHnsa paHra 3arpA3HEeHHOCTU TAXKeNbl-
MW MeTaNlaMmM Kakoi-nmbo TKkaHu. [leno B Tom,
YyTO coAepKaHue psaaa MeTannos (Hanpumep,
Zn n Hg) nmeeT pasHbIM NOPAAOK, MNO3TOMY
BbIUMCNATb CpeaHee apudmeTUyeckoe mexay
HUMM HEKOPPEKTHO. TaKKe HEKOPPEKTHO W
MCNonb30BaTb CpeaHee reomeTpuyeckoe, T. €.
KOpPEeHb CTeneHn N U3 NpPou3BeaeHns n 3Haye-
HUIA CoAEepPrKaHUA, OAHAKO OHO MPUMEHseTcAa
B KayecTBe T. H. MHAEKCA 3arpA3HEHHOCTU Me-

TannaMm ToM UAn MHom TKaHm (metal pollution
index, MPI) B page uccnepoBanuii (Subotic et
al., 2013; Vaseem et al., 2013). 3TOT UHAEKC U3-
HayaNbHO OblN NpeAHasHayYeH ANA Uenblx op-
raHmamos (AMA, 1992) n ucnonb3osBancs Ann
OLLEHKWN 0bLLEero ypoBHA 3arpsisHEHHOCTU Me-
TaNnaMu AByCTBOPYATOro monntocka (Usero et
al., 1996), Ho ana 6onee TOHKOro aHanM3a pac-
npeaeneHna MeTanioB No TKAaHAM AaHHbIM No-
KasaTesnb He byAeT afeKBaTHbIM.

Lenb uccnepgoBaHuMa — uM3ydyeHue pacnpe-
AENEHUA TAXKENbIX METANN0B MeXAY TKaHAMMU
Pbl6 M MOUCK afeKBATHbIX MaTeMaTUYECKUX
NPUEMOB ANA €ro OLEHKMU.

Martepuanbi

Ona nposepku pabotocnocobHocTM anro-
PUTMA WM NOJyYeHMA NpeaBapuUTeNbHbIX BbIBO-
[l0B O pacnpeaeneHnn MeTanioB MO TKaHAM
6bina BblbpaHa 0OblKHOBeHHas LyKa (Esox
lucius). 9To pacnpocTpaHeHHasa B BOZOEMaXx
cpegHen nonocbl XuuHaa pblba, cnocobHas
HaKan/aMBaTb MO NULLEBOWN LLeNW TaXKeNble Me-
Tannbl, notpebnas mux c Aobbluen, nNoaTomy
pacnpegeneHve MeTannos Nno ee TKaHAM npea-
CTaBNAETCA MNOKa3aTe/IbHbIM U UHTEPECHbIM. 32
ocobu B3pocnoi wyku (18 camuos 1 14 camok,
BO3pacT 3—6 /1eT) 6bIAU BbI/IOBNAEHbI B NPOTOY-
HbIX Bogoemax bacceliHa p. Boara (pa3nnuHble
Y4acTKM YIIMUCKOrO BAXP.) Ha TeppuTopuum
TBepckon obnactu. Pbibbl noasepranmcb aHe-
CTE3UWN Ha NibAy, 3aTEM C MOMOLLBIO NMUHLETOB
M CKanbnesnen NPoBoOAMNOCH BCKPbITUE U OTOOP
06pa3LLoB Kabp, NeyeHu, ceneseHKn, Mbill,
KocTen (NO3BOHKM), cepaua, roHan. Obpasupbl
TKaHel (0Kos10 1 1) oYMLanmcb OT IULWHUX TKa-
HeW M XPaHUIUCb B 3aMOPOKEHHOM BUAE.

MeToabl

ABTOpamu 6bIN CO34aH anropuTMm, NO3BOASA-
OWMIA aBTOMATUYECKM PACCYMTbIBATb Pasiny-
Hble CpeAHMe COOTHOLIEHMA COAEePXKaHUA Me-
TaNN0B MeXAy TKaHAMM pblb U UX cpeaHeKBa-
ApaTU4YHble OTKNOHeHMA. C uenbio NPoBepKu
paboTOCNOCOBHOCTN anropuTMa U MnosyYeHun
npeaBapuTe/IbHbIX BbIBOLOB O pacnpeaeneHnn
METaN/I0B NO TKAaHAM C MOMOLLbIO MeToAa Macc-
CNEKTPOMETPUM B WUHAYKTUBHO-CBA3AHHOM
nnasme 6binM BbINOMHEHbI KOJIMYECTBEHHbIE
N3MEPEHUN COAEPIKAHMNA PA3/IUYHbIX META/IIOB
B OpraHax 1 TKaHAX pblb (Ha Nnpumepe LWyKK).

Anzopumm aHanu3a pacnpedeneHus

AnropuTtm peanusyetca Ha naatpopme Visual
Basic B npunoxkeHuun Kk Microsoft Excel u BblI-
AAeT 2 NPOMENKYTOUHbIX U 3 pe3ynbTUPYHOLWMX
MaccuBa AaHHbIX. [Py HanMuYMKM AOCTAaTOYHOM
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BbIBOPKK Mo pblbam (BMA, N0, BO3PACT) TaKoM
cnocob aHanu3a [aHHbIX AaeT BO3MOXKHOCTb
MOHATb, B KAKMX OPraHax u TKaHAX TAXKe ble me-
Ta/NNbl HAKANIMBAKOTCA CUbHee unu cnabee, a
TaK¥Ke CyLLeCcTBYeT /In pa3HuLa B pacnpesene-
HWUM TE€X WU UHbIX METANN0B, MOHbl KOTOPbIX
MMEIOT B 3HAYMUTENIbHOM CTENEeHU CXOAHbIe XU-
MUWYEeCKMEe CBONCTBA.

MepBbli 3Tan aHaAM3a No AaHHOMY a/IfOPUT-
My (puc. 1) — pacyeT cpeaHUX COOTHOLLUEHUN
COAEPKAHMUA BCEX aHAZIM3UPYEMbIX METaNI0B
ONA KaXKOO0W napbl TKAHEW B KaxKaow pbibe. B
aNropuUTM 3aJI0XKEHO CO34aHue AN KaxKaown
pbibbl 2-MepHOro MaccuMBa, B KOTOPbIA 3aHO-
CATCA CcpegHue MO MeTa/i/laM COOTHOLIEHWUA
CoAepKaHMA KaxKaoro U3 HMX B OLHOM TKaHU K
copepkaHuio B gpyro. Maccms npeactasnset
coboit maTpuuy M 3anonHAETCA NPU MPOXOXK-
AEHUN ABOMHOTO LMKNQ; B HAPYXKHOM LMKAe
MeHAEeTCA «TKaHb-4yMcAuTenby» (T. e. Ta, coaep-
YKaHWe MeTaIIoB B KOTOPOW Npu pacyeTe cpea-
Hero oTHOWeHuA bepeTcs B uucauTene), Bo
BHYTPEHHEM — «TKaHb-3HaMeHaTeNb». 3aTem
aHaNorMYHbIM 06pasom co3aaeTcs 2-MepHbIN
MacCCUB CpeAHEKBALPATUYHBIX OTK/IOHEHUI CO-
OTHOLLEHUW COoAEP!KAaHMA MeTanNoB. [NonyyeH-
Hble AaHHble BbiBOAATCA B Tabanuy Microsoft
Excel, nocne yero Ha cnepgytowem atane npo-
rpamma co3gaet 3 ABYMepHbIX maccusa, 1 us
KOTOPbIX ABAAETCA MATPULLEA CyMM COOTBET-
CTBEHHbIX COOTHOLLEHUM (T. . C OANHAKOBbLIMMU
KYNCAUTENAMU» U «3HAMEHATENIAMUY), APYTOM
— MaTpuuen cymm cpeaHeKBaApaTUYHbIX OT-
KNOHEHWUI, TPETUN — MATPULLEN KOIMYECTB ITUX
COOTHOLEeHMN. [lanee nporpamma nNpounsBoanT
pacyeT cpegHuUX Mo BCEM Pblbam COOTHOLIEHNN
BCEX METAJI/IOB MEXAY TKAHAMM N COOTBETCTBY-
IOLLLMX 3HAYEHMIN OTHOCUTENIbHOM NOrPELLIHOCTH
nyTem AeneHua CpefHeKBALPATUUYHbIX OTKIO-
HEHWIA HA CpegHMe COOTHOLUEHMUA, YYMTbiBaA
BO3MOXHOCTb OTCYTCTBMA AaHHbIX NO TOW UK
WHOW TKaHW B TOW MU UHOM pblbe.

BTropoii atan (puc. 2) — pacuyeT cpegHUX cooT-
HOLUEHMI COAEPKAHUA OTAENbHO ANA KAXKA0ro
aHaNM3Mpyemoro meTanna Mo Kaxgoh nape
OpPraHoB W TKaHeln anAa Bcex pbib. B anroputm
3a/10)KEHO LMKANYECKOE CYMMMUpPOBaHUE ANs
KaX[40ro MeTan/ia COOTHOLIEHUSA ero coaepKa-
HMA NO KaXAoW nape TKaHel no BCEM pblibam
COOTBETCTBEHHO, @ TaK)Ke MOoACYET KO/IMYecTBa
3TMX Nap. 3aTem NPOUCXOAUT pPacyeT U BblBOZ,
MaTpUL, CPeAHUX COOTHOLWIEHWUIM ONA KaKL0ro
meTanna.

PacmeopeHue ob6pa3yos mkaHel (npobo-
noozomoeska)

MpobonoAroToBKy NpPoOBOAMAN NyTeM pac-

TBOpPEeHMA B 0co60 yncton HNO, npu muKpo-
BO/IHOBOM HarpeBaHuu B neyn Milestone Start
D cornacHo meToamKe, npegiaraeMon npoms-
BoauTenem nedun (Milestone, 2008): obpasey,
TKaHu (0.5—1 r) npenBapuTENBHO B3BELLIMBAN,
3a/MBann KMcnoton Ao obvema 8 mn 1 Harpe-
Banu B neum npum 200 °C B TeyeHme 30 MUH, 3a-
Tem oxnaxganu go 60 °C n pasbasnanun aevo-
HM30BaHHOW BoAoM B 12 pas (ao 6esonacHom
ANA U3MepUTENbHOro Npubopa KoOHUEHTpaLumm
HNO, 5 %).
UN3mepeHue codepicaHua memasnsnos

KoHLeHTpaLunm MOHOB MEeTaNN0B B NONyYeH-
HbIX Npobax M3MepANMUCb C NMOMOLLBbI OKTO-
NOJIbHOr0 Macc-CNeKTPOMETPa C UHAYKTUBHO-
cBA3aHHOM nnasmoi Agilent 7500ce. Pabouune
napameTpbl: AaBAeHWe aproHa 7 aT, Temnepa-
Typa oxnaxgatouwen soabl 12 °C, ocTasbHble
onpeaenanucb Ha KaXka0M Cepun UamepeHuii B
xoae HacTporKku. Kannbposka npmbopa npous-
BOAMACb MO CTAHZAPTHLIM PAcTBOpPam MU3Mme-
pPAEeMbIX MOHOB. 3HAYeHUA coaepKaHna meTan-
NoB B 06pasuax TKaHel BbIYUCAAANCD B MKI/KT
TKaHu gna Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Mo, Cd,
Sn, Sb, Hg, Pb c yueTtom pasbasneHus n macchl
o0bpasuos.

Pe3ynbTatbl

B xoae 1-ro aTana aHanu3a bbiv 06Hapyke-
Hbl 6onee-meHee O0CTOBEPHble CpeaHue co-
OTHOLUEHMA COAEPMKAHUA TAXKENbIX METa//IoB
ANA OTAENbHO B3ATbIX 0cobent pbib. Hanpumep,
y 04HOM U3 pblb (camka, Bo3pacT 4 roga, macca
1.2 Kr) COOTHOLLEHNE META/IZIOB B MbILLLE U Ce-
neseHke coctasmno 0.37 £ 0.15, a B mblwLax u
*abpax 0.54 + 0.40, T. e. MOXKHO FTOBOPUTb, YTO
Yy OAHHOM pbibbl TAXKENble MeTaN/ibl HaKanau-
Ba/NCb B MbllwLLax cnabee, yem B ceneseHKe m
¥abpax. Takne AaHHble MOryT H6bITb NONE3HbI-
MU, Hanpumep, NpU BbIABAEHUN MPUYNHHO-
CNeacTBEHHbIX CBA3EM MeXay naToNorMamu
PbI6 U MacCcoBbIM AENCTBUEM TAMKENbIX METaN-
JI0B B TOM UIN MHOM PU3MKO-XMMMYECKOM op-
Me B BogoeMe Ha pblby. OgHaKo ecnm roBopuTb
06 06WMX 3aKOHOMEPHOCTAX pacnpeneneHns
TAMKE/IbIX METANNI0B NO TKAaHAM LUYKW, UX BblA-
BUTb HE yAaN0Chb, T. K. OTHOCUTENbHbIE NorpeLu-
HOCTM CpeAHUX COOTHOLIEHWUIN BCEX METaNNoB
no Bcem pbibam OKazanMcb BECbMa BbICOKMMM.

B xoae 2-ro saTana aHanu3a 6binv NonyyeHbl
COOTHOLLEHMA COAEPIKAaHNA OTAENbHbIX MeTa-
IOB NO Kaxkaow nape TkaHen (Tabnuuya). Mpwm
aHaNMn3e 3TUX JAHHbIX AOCTOBEPHO BbIABAEHDI
0COb6EeHHOCTU pacnpeaeneHma HEKOTOPbIX Me-
TA/I/I0B MO TKAaHAM, XapaKTepHble ANA BCex pblb
AAHHOM BbIBOPKMU:
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Puc. 1. bBnok-cxema 1-ro sTana aHanM3a pacnpegeneHuns TAXKebIX MeTaiIoB Mo TKaHAM pblb. McxogHble AaH-
Hble nomMeLatotca B Tabanuy Microsoft Excel Tak, 4Tobbl Ha3BaHWA TKaHEN BblNM PACNONOXKEHbI MOCTPOYHO
(TKaHM 1-7 pblbbl, cpasy 3aTem 2-i1 U T.4.), @ MeTaANbl pacnosiarancb No cTonbuam.
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*B npomeKyTouHbIX Tabanuax, pacnosoKeHHbIX CpaBa OT UCXOAHOM, No cTonbuam HeobXoaAnMMO BbinMcaTb
BCE Uccnegyemble TKaHW B tlobom nopsaake (gaHHaA TKaHb 1 ByaeT ABASTbCA NepPeMeHHOoM B MaccuBe), a no-
CTPOYHO CMMCOK TKAaHEW KONMpyeTca U3 UCXoaHoM Tabanupl. B pesynbTupytowmx Tabanuax (cnpasa ot npo-
MEXYTOUHbIX) Ha3BaHMA CTONBLOB KOMUPYIOTCA U3 MPOMENKYTOUYHbIX, @ Ha3BaHMUA CTPOK Te e, UTO Ha3BaHuA
cTonbuos

Figure 1. The flowchart of the first stage of the analysis of the distribution of heavy metals in fish tissues. The
original data are placed in a Microsoft Excel spreadsheet so that the names of the tissues are arranged line by
line (the tissues of the 1st fish, then the 2nd, etc.), and the metals are arranged in columns.

* In the intermediate tables located to the right of the original table, all the concerned tissues must
be placed in columns in any order (this tissue will be a variable in the array), and the list of tissues is
copied line by line from the original table. In the resulting tables (to the right of the intermediate tables)
the column names are copied from the intermediate columns, and the row names are the same as the
column names

e CpepHee COOTHOLWIEHME COAEpPKAHUA
Co B KOCTAX 1 roHagax coctasuno 1095,
B KOCTAX U Mmblwuax —931. MNpu aHanmze
NCXOAHbIX AAHHbIX NOMYYMIOCh, YTO ANA
BCEX pblb 1-e COOTHOLEHNE NlexKano B
nHTepsane ot 383 no 2170, 2-e — o1 639
0o 3243,

e CpepHee COOTHOLIEHME COAEpPKAHUA
Cd B cepgle 1 mbiwyax coctasuno 229.
Mpwn aHanM3e UCXOAHbIX AaHHbIX bblno
BMAHO, YTO ec/n B Nt0b6oM M3 3TUX TKa-
Hel coaep’aHne NpesbilWwano 5 MKr/Kr,
TO 3TO NPOUCXOANN0 UMEHHO B CEPALLE,
NpPMYEeM KpPaTHOCTb MpPEBbIWEHNA CO-
OEPXKAHUA B cepale MO CPAaBHEHUIO C
MbILWLLAMM cocTasnana oT 226 go 3230.
Takux pbi6 66110 4 13 32 (T. €., cyaa no
BCEMY, MME/I0 MeCTO pa3oBoe nomnaja-
Hue Cd B Teno wyKku, Hanbonee 3Ha4mU-
Te/IbHOe KOJINYeCTBO KOTOPOro oceaasno
B cepaue). B cpegHem B cepaue Cd Ha-
Kan/MBancA TaKKe 3HauuTe/ibHee, Yem
B roHagax (cpeaHee cooTHolweHue 92),
¥abpax (122), neyenu (156).

¢ OTmeyeHo 6onee HM3KOe HaKonaeHue
Cu B MblLWILAxX NO CpaBHEHUIO C OCTaNb-
HbIMM TKaHAMM (cm. Tabanuy).

O6cyxKaeHue

Mpwn pacwmpeHun n ontummsaumm Bbibop-
KM pblb MoryT ObiTb BbiABNEHbI 0bOLWMeE 3aKo-
HOMEPHOCTM pacnpefeneHua TAXKeNblX Mme-
Ta/N/IOB NO TKAHAM LWyKW. Bogoembl 6acceinHa
BEepxHen Bonrm cywectBeHHO He 3arpA3HeHbl
MOHAMW TAXKE/bIX META/I/IOB, TAM OTCYTCTBYHOT
MeTa/INypPruyeckme UanM UHble NPOU3BOACTBA,
CNocobHble reHepMpoBaTb TaKoe 3arpsasHeHme.
3arpA3HEeHHOCTb YIMYCKOro BAXP. Cpean BO-
[0emMoB BepxHelr Bonru cumtaetca He camom
BbICOKOM (IKonornyeckme npobnemsi..., 2001).
CornacHoO nocnegHMM AOaHHbIM 3KOMOHMTO-
pUHra YriMuckoro BAXp., aHOMasibHbIX 30H 3a-
FPA3SHEHMA BOAbl TAMENAbIMW METaNaMU He
BbifiBneHo (Mpuropbesa u ap., 2016). MNpu be-

IMOM aHa/NN3e UCXOAHbIX 3HAYEHUN coAepKa-
HWS METaN/IoB B TKaHAX 6bl0 BUAHO, YTO ANA
psaa metannos (Co, Ni, Cd n ap.) aTn 3HayeHuA
ABNANNCH cnefoBbiMn (He bonee 5 MKr/Kr), oa-
HAKO Y MHOTUX pblb MMenu mecto peskue (Ha
2—-3 nopAgKa BBEPX) CKAYKM COAEprKaHUA, He
BOCMNPOU3BOAALLMECA HU ANA APYTUX METaN0B
B AAHHOM TKAHW, HX ONs 3TOrO Ke MeTanna B
APYTUX TKAHAX. ITO MOMKET 06bACHATLCA pa3o-
BbIMM NONAAaHUAMM TOTO UIU UHOTO METaNNa B
OpraHM3M LYKKU (Hanpumep, No NULLLEBOM LLenK)
M PasHbIMW CKOPOCTAMM ero BUoakkyMynsaLumnm
M BblBEAEHMA U3 pasHbIX TKaHel. Hanunume Ta-
KMX PE3KMX CKaYKOB BHEC/I0 OCHOBHOW BKNaz B
BbICOKYIO OTHOCUTE/IbHYIO MOrPeLlHOCTb KarK-
[10r0 U3 CPeAHNX COOTHOLWEHUN. TemM He MeHee
NPeACTaBAsAETCA, YTo y pblb, HacensawWwmx sKo-
CUCTEMbI C MOBbIWEHHbIM COAEPKAHNEM Cpa-
3y HECKONbKUX TSAXE/NbIX MeTanoB (4To YacTo
MMeeT MecTo, Hanpumep, B Bogoemax B6113n
MecT A06blun, 06paboTKM U 3aXOPOHEHUS XKe-
Nle3a, UBETHbIX METANNO0B, a TaK¥XKe yrns), no-
[OOHbIE CKAYKM MEeHee BEepOATHbI, a 3HaAuwuT,
60/blle BEPOSATHOCTb MONAYYUTb AOCTOBEPHbIE
COOTHOLIEHMA MO AAHHOMY a/ITOPUTMY.

KacaTtenbHO pe3ynbTaToB 2-ro stana aHanm-
3a.

e B TOKCMKONMOrM4Yeckor nAutTepaType ecTb
AaHHble 0 TOM, 4YTO KobanbT 6bonee Bcero
HaKanaMBaeTca UMeHHO B KocTax (Bingham
et al., 2001). Npu 3aTOM, €ecnn NpoaHaNn3n-
poBaTb CpeaHne COOTHOLIEHUA B KOCTAX U
roHagax TonbKo ans camuos (1034) n Tonb-
Ko ans camok (1074), nonyyaerca, YTo HeT
CYLEeCTBEHHOM pa3HMUbl MO HAKOM/JEHWUIO
Co B roHagax ocobel WyKu pasHoro nona.

e B nuTepatype nmetotca gaHHble 0 cnocob-
HOCTU MoHa Cd?* 3amewlatb Ca?* B cBsA3bIBA-
towmx ero 6enkax (Marchetti, 2013). Takan
CcnocobHoCTb BbI3BaHa, CKOpee Bcero, 6u-
30CTbto paanycos noHos Cd?* (0.109 Hm) u
Ca®* (0.114 Hm). AcHo, YTO cepaeyHasn MblL-
LA COAEPXMT 3HAYUTENbHOE KO/NINMYECTBO
Ka/ibLMEeBbIX KaHaNoB, rae, CKopee BCEro, B
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/E-BD‘,EI, HOMERE BEPXHEN CTROKKW TabAMUEl OTHOWEHMA iCTD]/

¥

HH omep cTonbua ot 1-ro 4o NnocnegHero MeTann a5

3808HHME MBCCHMBE CYMM COOgepHaHni metanna (CC (yncno THaHel dT))
M MEBCCHMBE HOMTMYECTE IHEYEHMA CoOepadMil meTanna (HC (4T))

tHomep THaHW oT 1 oo YT =4

— Homep cTpoKW B MCXogHOR Tabauue oT Nepeoil Ao HDEJ‘IE,EI,HEﬁd

HET THaHE B CTONDUE MCXOOHON

Tabn. Ta e, yto B (CTO® 1

CC (Homep THEHW) = CC (HOMEP THEHKM] + COOepHEHWE METENNE
HC (HOMEPR THEHW] = KC [HOMER THaHW] + 1

L

JBEIBOO TERYLLLErD METEANE B cTpory CTO -1,/

HoMEep THaHW (HapysHEA urkn) THU ot 1 oo 4T —

/' BbIBOA TEKYLLEH THEHW B cTpoky THL + CTO - 1/

Homep TRaHW (BHYTpeHHWA wirnl TBU o1 1 oo YT &

/ Brigog (CC (TBLL) / KC (TBL) / (CC (THL) / (KC (THL)) /
B A4elry (THL + CTO - 1, TBU + 3a3op mexgy Tabn.)

¥

| CTO =CTO + 3anac CcTROK |

Puc. 2. Biok-cxema 2-ro 3Tana aHanM3a pacnpeaeneHns TAXKeAblX MeTaNN10B No TKaHAM pbib. McxogHble faH-
Hble nomewatotca B Tabamuy Microsoft Excel Tak, 4Tobbl Ha3BaHWMA TKAHEN BblAM PACNONOMKEHbI MOCTPOYHO
(TKAHM 1-1 pbIbbI, cpa3y 3aTem 2-1i U T.4.), @ MeTa /bl pacrnonaraance no ctonbuam. B pesynstupytowen
cepum Tabany, (ogHa nog Apyron ANA Kaxaoro metanna, ctonbupbl obume) no ctonbuam HeobxoaMmo Bbinu-
caTb BCe Uccaeayemble TKaHW B lob6om nopsake (AaHHaA TKaHb 1 ByaeT ABAATbCA NEPEMEHHON B Maccuse).
ITa cepua TabanL, A0KHA HAYMHATBLCS CO 2-1 CTPOKM Tabanupbl Excel, a Tabanua ncxogHbix AaHHbIX — € nep-
BOW (Lanka Tabanupbl — ogHa cTpoKa). *HavanbHoe 3HayeHne CTO He MeHAETCA B XO4E BbINOJHEHUA UUKAA

Figure 2. The flowchart of the second stage of the analysis of distribution of heavy metals in fish tissues.
The original data are placed in a Microsoft Excel spreadsheet so that the names of the tissues are arranged
line by line (the tissues of the 1st fish, then the 2nd, etc.), and the metals are arranged in columns. In the
resulting series of tables (one under the other for each metal, the columns are common), it is nevessary to
put out all the studied tissues in any order in the columns (this tissue will be a variable in the array). This
series of tables should begin with the second line of the Excel table, and the table of the original data - from
the first one (table head is one line). * The initial value of the ratio table top row number is constant during

the cycle run.
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Cpep,Hme COOTHOLWEHNA coaepKaHMA mean mexagy TKaHAMU IJ.WKM*

Cu
TkaHb KOCTb roHagbl  abpbl cepaue neyeHb  MblWLUbl Cene3eHKa
KOCTb 1.000 3.198 0.415 9.138 4.140 0.036 0.963
roHagbl 0.313 1.000 0.130 2.857 1.295 0.011 0.301
*abpbl 2.410 7.706 1.000 22.020 9.976 0.086 2.320
cepaue 0.109 0.350 0.045 1.000 0.453 0.004 0.105
neyeHb 0.242 0.772 0.100 2.207 1.000 0.009 0.233
MbILLLLbI 27.988 89.509 11.615 255.764 115.873 1.000 26.949
ceneseHka 1.039 3.321 0.431 9.491 4.300 0.037 1.000
Cr
TkaHb KOCTb roHagbl  Kabpbl cepaue neyeHb MbILWLbl  CceneseHKa
KOCTb 1.000 6.417 5.639 2.836 7.757 8.659 14.518
roHagbl 0.156 1.000 0.879 0.442 1.209 1.349 2.262
*abpbl 0.177 1.138 1.000 0.503 1.376 1.535 2.574
cepaue 0.353 2.263 1.989 1.000 2.736 3.053 5.120
neyeHb 0.129 0.827 0.727 0.366 1.000 1.116 1.871
MbILLLLbI 0.115 0.741 0.651 0.328 0.896 1.000 1.677
ceneseHka 0.069 0.442 0.388 0.195 0.534 0.596 1.000
Mn
TkaHb KOCTb roHagbl Xabpbl cepaue neyeHb MbILWLbl  Ccene3eHka
KOCTb 1.000 0.096 0.556 0.016 0.041 0.004 0.063
roHaapl 10.414 1.000 5.788 0.166 0.429 0.047 0.653
Xabpbl 1.799 0.173 1.000 0.029 0.074 0.008 0.113
cepaue 62.691 6.020 34.840 1.000 2.583 0.280 3.930
neyeHb 24.273 2.331 13.490 0.387 1.000 0.108 1.522
MbILLILLbI 223.766 21487 124.356 3.569 9.219 1.000 14.028

ceneseHka 15.952 1.532 8.865 0.254 0.657 0.071 1.000
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Fe
TkaHb KOCTb roHagbl  Kabpbl cepaue neyeHb  MbIWLbl  CeneseHKa
KOCTb 1.000 0.001 0.540 0.030 0.010 0.007 0.187
roHagbl 826.198 1.000 446.237 24,978 8.106 5.907 154.291
*abpbl 1.851 0.002 1.000 0.056 0.018 0.013 0.346
cepaue 33.077 0.040 17.865 1.000 0.325 0.236 6.177
neyeHb 101.925 0.123 55.051 3.081 1.000 0.729 19.034
MbILLLLbI 139.872  0.169 75.546 4.229 1.372 1.000 26.121
ceneseHkKa 5.355 0.006 2.892 0.162 0.053 0.038 1.000
Co
TkaHb KOCTb roHagbl  abpbl cepaue neyeHb  MbIWLbl  CeneseHKa
KOCTb 1.000 0.001 0.282 0.008 0.001 0.001 0.002
roHagbl  1095.883 1.000 308.678 9.074 1.048 1.177 1.761
*abpbl 3.550 0.003 1.000 0.029 0.003 0.004 0.006
cepaue 120.765 0.110 34.016 1.000 0.115 0.130 0.194
neyeHb  1045.750 0.954  294.558 8.659 1.000 1.123 1.681
MbILLLLbI 931.261  0.850 262.309 7.711 0.891 1.000 1.497
ceneseHka 622.201 0.568  175.256 5.152 0.595 0.668 1.000
Ni
TkaHb KOCTb roHagbl  abpbl cepaue neyeHb  MbllWUpbl  Cene3eHKa
KOCTb 1.000 0.510 0.615 0.460 0.590 0.539 0.648
roHagbl 1.960 1.000 1.207 0.903 1.157 1.056 1.271
*abpbl 1.625 0.829 1.000 0.748 0.959 0.875 1.053
cepaue 2.172 1.108 1.337 1.000 1.282 1.169 1.408
neyeHb 1.694 0.864 1.042 0.780 1.000 0.912 1.098
MbILLLLbI 1.857 0.947 1.143 0.855 1.096 1.000 1.204
ceneseHka 1.542 0.787 0.949 0.710 0.911 0.831 1.000
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Zn
TKaHb KOCTb  roHagpl  Kabpbl cepaue MeyeHb  MbllWUbl  CeneseHKa
KOCTb 1.000 0.824 2.360 1.013 0.960 0.341 0.789
roHazbl 1.214 1.000 2.866 1.231 1.166 0.414 0.958
*abpobl 0.424 0.349 1.000 0.429 0.407 0.144 0.334
cepaue 0.987 0.813 2.329 1.000 0.948 0.336 0.778
neyeHb 1.041 0.857 2.458 1.055 1.000 0.355 0.821
MbILLLbI 2.934 2.416 6.925 2.973 2.818 1.000 2.314
ceneseHka 1.268 1.044 2.993 1.285 1.218 0.432 1.000
As
TKaHb KOCTb  roHagpl  Kabpbl cepaue MeyeHb  MbllWUbl  CeneseHKa
KOCTb 1.000 0.927 2.556 0.567 2.642 1.015 1.905
roHazbl 1.079 1.000 2.759 0.612 2.851 1.095 2.056
*abpbl 0.391 0.363 1.000 0.222 1.033 0.397 0.745
cepaue 1.764 1.635 4.510 1.000 4.661 1.790 3.362
nevyeHb 0.379 0.351 0.968 0.215 1.000 0.384 0.721
MbILLLbI 0.986 0.913 2.519 0.559 2.604 1.000 1.878
ceneseHka 0.525 0.486 1.342 0.297 1.386 0.533 1.000
Mo
TKaHb KOCTb  roHagpl  Kabpbl cepaue MeyeHb  MbllWUbl  CeneseHKa
KOCTb 1.000 0.585 2.018 2.018 2.353 0.398 0.998
roHazbl 1.709 1.000 3.448 3.449 4.022 0.681 1.706
*Kabpbl 0.496 0.290 1.000 1.000 1.166 0.197 0.495
cepaue 0.496 0.290 1.000 1.000 1.166 0.197 0.495
neyeHb 0.425 0.249 0.857 0.858 1.000 0.169 0.424
MbILLLbI 2.510 1.469 5.064 5.065 5.907 1.000 2.506
ceneseHka 1.002 0.586 2.021 2.021 2.357 0.399 1.000
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Cd
TKaHb KOCTb roHagbl )Ka6pbl cepgue ne4yeHb MbilUbl  cene3eHKa
KOCTb 1.000 0.054 0.040 4.944 0.032 0.022 1.628
roHagbl 18.606 1.000 0.752 91.986 0.590 0.401 30.292
abpobl 24.757 1.331 1.000 122.393 0.786 0.534 40.306
cepaue 0.202 0.011 0.008 1.000 0.006 0.004 0.329
neyeHb 31.510 1.693 1.273 155.778 1.000 0.679 51.300
MbILLLbI 46.386 2.493 1.874 229.321 1.472 1.000 75.519
ceneseHka 0.614 0.033 0.025 3.037 0.019 0.013 1.000
Sn
TKaHb KOCTb roHagbl )-Ka6pb| cepgue ne4vyeHb MblWUbl  cene3eHkKa
KOCTb 1.000 0.104 2.526 1.802 0.997 8.149 0.729
roHagbl 9.601 1.000 24.247 17.297 9.576 78.238 7.002
*abpbl 0.396 0.041 1.000 0.713 0.395 3.227 0.289
cepaue 0.555 0.058 1.402 1.000 0.554 4.523 0.405
nevyeHb 1.003 0.104 2.532 1.806 1.000 8.170 0.731
MbILLLbI 0.123 0.013 0.310 0.221 0.122 1.000 0.090
ceneseHka 1.371 0.143 3.463 2.470 1.368 11.173 1.000
Sb
TKaHb KOCTb roHagbl  »Kabpbl cepaue neyeHb MbIWLUbl  Ccene3eHKa
KOCTb 1.000 0.896 0.459 2.001 0.148 0.414 0.932
roHazbl 1.116 1.000 0.512 2.232 0.165 0.462 1.039
*Kabpbl 2.177 1.952 1.000 4.356 0.323 0.902 2.028
cepaue 0.500 0.448 0.230 1.000 0.074 0.207 0.466
nevyeHb 6.751 6.052 3.101 13.507 1.000 2.797 6.289
MbILLLbI 2.413 2.163 1.108 4.829 0.357 1.000 2.248
ceneseHka 1.073 0.962 0.493 2.148 0.159 0.445 1.000

43



3onoTapés K. B., Muxainnosa M. B., Haxog K. B., Muxaiinos A. H. AIroputm aHanun3a pacnpefeneHuma TAaxXeNbiX MeTa /1o
B TKaHAX pblb Ha npumepe wykKn // MpuHumnbl skonoruun. 2018. Ne 3. C. 34—47. DOI: 10.15393/j1.art.2018.7742

Hg
TKaHb KOCTb roHagbl  »Kabpbl cepaue neyeHb MbILWLblI  CeneseHka
KOCTb 1.000 1.507 2.022 1.950 1.584 1.065 2.644
roHagbl 0.664 1.000 1.342 1.294 1.051 0.706 1.754
»Kabpbl 0.495 0.745 1.000 0.964 0.784 0.527 1.308
cepgue 0.513 0.773 1.037 1.000 0.812 0.546 1.356
neyeHb 0.631 0.951 1.276 1.231 1.000 0.672 1.669
MbILLLbI 0.939 1.416 1.899 1.832 1.488 1.000 2.483
ceneseHka 0.378 0.570 0.765 0.738 0.599 0.403 1.000
Pb
TkaHb KOCTb roHagbl  abpbl cepaue nevyeHb MbILWUbl  ceneseHkKa
KOCTb 1.000 1.489 1.966 1080.050 1.568 1.064 2.579
roHagbl 0.672 1.000 1.320 725.411 1.053 0.715 1.732
abpbl 0.509 0.757 1.000 549.422 0.798 0.541 1.312
cepaue 0.001 0.001 0.002 1.000 0.001 0.001 0.002
neyeHb 0.638 0.950 1.254 688.910 1.000 0.679 1.645
MblLWLbI 0.940 1.399 1.848 1015.162 1.474 1.000 2.424
ceneseHka 0.388 0.577 0.762 418.804 0.608 0.413 1.000

MpunmeyaHue. * - KTKAHb-YNC/IUTE/NIb» B COOTHOLIEHMM HAXOAMUTCA B CTONIOLLE, KTKaHb-3HAMEHATEb» — B
CTPOKe Tabaunubl.

OCHOBHOM HaKanneasca KaAMVII‘/‘I. NbIX METANNTOB MeXAY TKaHAMWU ONA OTAE/NbHbIX

o MopoBHble pesyabTaThl ONKUCaHbI B iuTepa- OCOOEH pbib, a Npu pacliMpeHnn 1 onTumumsa-
Type Npu UccaeaoBaHMN HAaKONEHMUS Meaun 7z Bb|60p|'(|/1 — YCTaHOBUTb 06|JJ,V|e TOKCUKO-
B TKQHAX Pa3/IMYHbIX NPECHOBOAHbIX pblb6 /IOTMHECKNE 3aKOHOMEPHOCTU pacnpeaeneHna

(Gul et al., 2011; Zubcov et al., 2012). meTannos. [Ina oTAenbHbIX MeTanoB ya4anochb
BbIAIBUTb OOBACHMMbIE 3aKOHOMEPHOCTU MO
3aKknioueHue pacnpegenerHuto Co, Cd, Cu mexay HeEKOTOpbI-

Co34aHHbIA anropuTM MO3BONAET BblABUTL MW TKaHAMM.
cpeaHue COOTHOLIeHUA 06lLLei Mmacchl Tae-
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Key words: Summary: The paper deals with an algorithm created to analyze the
heavy metals heavy metals content in fish tissues. We developed it to study the
distribution distribution of heavy metals in fish tissues as well as to find appropriate
. mathematical approaches for its assessment. The algorithm consists of
pike

two steps. The first one is calculation of mean ratios of all the metals
| content being studied for every pair of tissues of each fish. The second
algorithm one is calculation of mean ratios of an every single metal content for
every pair of tissues of all the fishes. The operability of the algorithm was
tested with the values of heavy metals concentrations in the northern
pike (Esox lucius) tissues of the Upper Volga basin. These results were
obtained using the inductively coupled plasma mass spectrometry.
During the first step of the analysis more or less statistically reliable
mean ratios of heavy metals content for individual fishes were obtained,
but no common regularities of heavy metals distribution between pike
tissues were revealed. These regularities can be found in expanding and
optimizing the sample of fishes. At the second step it was statistically
reliably stated that in pike Co accumulates in bones much more than
in gonads or muscles, and Cd accumulates much more in heart than in
other tissues especially in muscles. Besides, Cu accumulates much less in
muscles than in other studied tissues.
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