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TAXKENbIX METaN/IoB B TKaHAX pblb. MepBbl 3Tan aHanM3a No AaHHOMY anro-
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BsegeHue

Ta)Kenble MeTanbl — XUMMUYECKUEe 3ne-
MEHTbI, MMEIOLLNE, KaK MPaBU/IO, BbICOKYIO
aTOMHYI0 maccy n obnagaroume cBo6oaHbIMU
sHepreTnyeckMmm d-noaypoBHamM, 6rarogaps
4yemy MOTyT BbICTYNaTb B KAYECTBE aKLEeNTopoB
nap 3/1eKTPOHOB Npu 06pa3oBaHUN AOHOPHO-
aKUEenTopHbIX cBs3ei. B KauyecTBe p[0HOPOB
3N1EeKTPOHOB MOTFYT BbICTyNaTb BaXKHble 6Mono-
rTMYEeCKM aKTUBHbIE COEANHEHUS, coaepKallne
atombl N, S n O ¢ napamu 3/1eKTPOHOB: 6enKu,
aMWHOKUCNOTbI, HYKNeoTuAbl, HYKNEeUHOBbIE
KMCAOTbl. [103TOMY MOHbI TAXKENbIX MEeTannos
OTHOCATCA K NPUOPUTETHLIM 3arpAsHUTENSAM
OKpyratouwei cpeabl (Yohannes et al., 2013).
CoaepKaHue TAXKEeNbIX MeTaIZI0B B TKAHAX Pblb
— BaYKHbI NOKa3aTe /b 3KO/IOMMYECKOro cocTos-
HWA Hacenaemoro UMu Bogoema. IToT NoKasa-
TeNb NOANEXKUT PEryIAPHOMY MOHUTOPUHTY BO
MHOTUMX CTpaHax mupa, Hanpumep B EBponen-
ckom 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 mexay TKaHA-
MW Pbl6 Ba*KHO C TOYKWU 3pPEHMA NOHMMAHMUA
dusnonornyecknx npoueccos obmeHa me-
TaANamMm Mexay TKAaHAMWU U 3alunTbl OT Bpes-
HOro BO34ENCTBMA MOHOB MeTannoB. MOXHO
npocneanTb, YTO MPOHUMKHOBEHME METaNN0B
B OpraHn3m pbibbl OCYyLLECTBAAETCA B OCHOB-
HOM Yepes Kabpbl, 3aTeEM 3HaUYUTENIbHAA YacTb
X NepeHocUTCa B PU3NONONMYECKM aKTUBHbIE
TKaHU — ne4yeHb, Noyku (Boalt et al., 2014). Oa-
HaKo 6oJiee TOYHbIX NPeACTaBAEHUN O TOM, Ka-
Kaa 4acTb Maccbl TOrO WU MHOFO MeTasnna 3a-
AEPrKUBAETCA B Kabpax, Kakaa nonaaaer B 3TU
N Apyrne TKAHU, Ha CEroAHsLWHUNA AEeHb HeT.
OTcyTCcTBME TaKUX NpeacTtaBneHuit obycnos-
JIEHO, B YACTHOCTM, OTCYTCTBMEM aAEKBATHbIX
MaTeEMaTUYECKMX MPUEMOB U NOKasaTenen ans
onpeaeneHna paHra 3arpA3HEHHOCTU TAXKeNbl-
MW MeTaNlaMmM Kakoi-nmbo TKkaHu. [leno B Tom,
YyTO coepXaHue psaaa MeTannos (Hanpumep,
Zn n Hg) nmeeT pasHbIM NOPAAOK, NO3TOMY
BbIYUMCNATb cpeaHee apudmMeTUYeckoe mexay
HUMM HEKOPPEKTHO. TaKKe HEKOPPEKTHO W
MCNoNb30BaTb CpeaHee reomeTpuyeckoe, T. €.
KOPEeHb CTeNneHn N U3 NPou3BeaeHns n 3Haye-
HUIA coAeprKaHUA, OAHAKO OHO MPUMeEHseTcAa
B KayecTBe T. H. MHAEKCA 3arpA3HEHHOCTU Mme-

TannaMm ToM UAK MHoM TKaHm (metal pollution
index, MPI) B page uccnepoBanuii (Subotic et
al., 2013; Vaseem et al., 2013). 3TOT UHAEKC U3-
HayaNbHO OblN NpeAHasHayYeH ANA Uenbix op-
raHmamos (AMA, 1992) n ucnonb3oBancs Ann
OLLEHKWN 0bLLEero ypoBHA 3arpsisHEHHOCTU Me-
TaNnaMu AByCTBOPYATOro Mmonntocka (Usero et
al., 1996), Ho ana 6onee TOHKOro aHanM3a pac-
npeaeneHna MeTanioB NO TKAHAM AaHHbIM No-
KasaTesnb He byAeT afeKBaTHbIM.

Lenb uccnepgoBaHuMa — uM3ydyeHWe pacnpe-
AENEHUA TAXKENbIX METANN0B MeXAY TKAaHAMMU
Pbl6 M MOUCK afeKBaATHbIX MaTeMaTUYECKUX
NPUEMOB ANA €ro OLEHKMU.

Martepuanbi

Ona nposepku pabotocnocobHocTM anro-
PUTMA WM NOJy4eHMA NpeaBapuUTebHbIX BbIBO-
0B O pacnpeaeneHnn MeTanioB MO TKaHAM
6blna BblbpaHa 06blKHOBeHHas LWyKa (Esox
lucius). 9To pacnpocTpaHeHHasa B BOAOEMaXx
cpeAHen nonocbl XxuuHaa pblba, cnocobHas
HaKan/aMBaTb MO NULLEBOWN LLeNW TaXKenble me-
Tannbl, notpebnas mux c Aobbluen, NoaTomy
pacnpegeneHve MeTannos Nno ee TKaHAM npea-
CTaBNAETCA MNOKa3aTe/IbHbIM U UHTEPECHbIM. 32
ocobu B3pocnoi wyku (18 camuos 1 14 camok,
BO3pacT 3—6 /1eT) 6bIAM BbI/IOBNAEHbI B NPOTOY-
HbIX Bogoemax bacceliHa p. Boara (pa3nnyuHble
Y4acTKM YIIMUCKOro BAXP.) Ha TeppuTopuun
TBepckon obnactu. Pbibbl noasepranmcb aHe-
CTE3UWN Ha NbAy, 3aTEM C MOMOLLBIO NMUHLETOB
M CKanbnesnen NpoBoAMNOChH BCKPbITUE M OTOOP
06pa3LLoB Kabp, neyeHu, ceneseHKn, Mbill,
KocTen (No3BOHKM), cepaua, roHan. Obpasupbl
TKaHel (0Kos10 1 1) oumLanmcb OT IULWHUX TKa-
HeW M XPaHUIUCb B 3aMOPOXKEHHOM BUAE.

MeToabl

ABTOpamu 6bIN CO34aH anropuTm, NO3BOASA-
OWMIA aBTOMATUYECKM PaCcCYMTbIBATb Pasiny-
Hble CpeAHMe COOTHOLWIEHMA COAEePXKaHUA Me-
TaNN0B MeXAy TKaHAMU pblb U UX cpeaHEeKBa-
ApaTUYHble OTKNOHeHMA. C uenbio NpoBepKu
paboTOCNOCOBHOCTN anropuTMa U MNosyYeHun
npeaBapuTe/IbHbIX BbIBOLOB O pacnpeaeeHnn
METaN/I0B NO TKAaHAM C MOMOLLLbIO MeToAa Macc-
CNEKTPOMETPUM B WHAYKTUBHO-CBA3AHHOM
nnasme ObinM BbINONHEHbI KOJIMYECTBEHHbIE
M3MEPEHUNN COAEPIKAHMNA PA3/IUYHbIX META/IIOB
B OpraHax 1 TKaHsAX pblb (Ha Npumepe LWyKHK).

Aneopumm aHanu3a pacripedeneHus
Anropuntm peannsyetca Ha nnatpopme Visual
Basic B npunoxkeHun Kk Microsoft Excel u BblI-

[AaeT 2 NPOMENKYTOUHbIX U 3 Pe3yNbTUPYHOLLNX
MaccuBa AaHHbIX. NPy HaAMYUKM JOCTAaTOYHOM
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BbIOOPKK Mo pblbam (BMA, NOA, BO3PACT) TaKoM
cnocob aHanu3a [aHHbIX AaeT BO3MOXHOCTb
MOHATb, B KAKMX OPraHax u TKaHAX TAXKe ble me-
Ta/NNbl HAKAN/IMBAKOTCA CUbHee unu cnabee, a
TaK¥Ke CyLLeCcTBYeT /In pa3HuLa B pacnpegene-
HUM TE€X UM UHbIX METANN0B, MOHbI KOTOPbIX
MMEIOT B 3HAYUTENIbHOM CTENEHU CXOAHbIe XU-
MUYEeCKMEe CBONCTBA.

MepBbli 3Tan aHaAM3a No AaHHOMY a/IfOPUT-
My (puc. 1) — pacyeT cpeaHUX COOTHOLLIEHUN
COAEPKAHMNA BCEX aHAZIM3UPYEMbIX METaNI0B
ONA KaXKOO0W napbl TKAHEW B KaxKaow pbibe. B
aNroOpuUTM 3aJI0XKEHO CO34aHMe AN KaxKaown
pbibbl 2-MepHOro MaccmMBa, B KOTOPbIA 3aHO-
CATCA cpegHue MO MeTasi/laM COOTHOLIEHMUA
CoAepKaHMA KaxKaoro U3 HUX B OLHOM TKaHU K
copepkaHuio B gpyro. Maccms npeactasnset
coboit maTpuuy M 3anonHAETCA NPU MPOXOXK-
AEHUN ABOMHOTO LMKNQ; B HAPYXKHOM LMKAe
MeHAEeTCA «TKaHb-yMcauTenby» (T. e. Ta, coaep-
¥KaHWe MeTaIIoB B KOTOPOW Npu pacyeTe cpea-
Hero oTHOWeHuA bGepeTcs B uucauTene), Bo
BHYTPEHHEM — «TKaHb-3HaMeHaTeNb». 3aTem
aHaNorMYHbIM 06pa3soM co3aaeTcs 2-MepHbIN
MacCCUB CpeAHEKBAAPATUYHBIX OTK/IOHEHUI CO-
OTHOLLEHUW CoAEeP!KaHMA 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 K3HAMEHATENIAMUY), APYIOM
— MaTpuuen cymm cpeaHeKBaApaTUYHbIX OT-
KNOHEHWUI, TPETUN — MAaTPULLEN KOIMYECTB 3TUX
COOTHOLWEeHMN. [lanee nporpamma nNpounssBoanT
pacyeT cpegHuX No BCEM Pblbam COOTHOLIEHNN
BCEX METAJI/IOB MEXAY TKAHAMM U COOTBETCTBY-
IOLLLNX 3HAYEHNIN OTHOCUTE/IbHOM NOrPELLIHOCTH
nyTem AeneHua cpefHeKBALPaATUUHbIX OTKIO-
HEHWIA HA cpegHMe COOTHOLLEHMUA, Y4YMTbiBaA
BO3MOXHOCTb OTCYTCTBMA AaHHbIX NO TOW UK
WHOW TKaHW B TOW MU UHOM pblbe.

BTropoii atan (puc. 2) — pacuyeT cpegHUX cooT-
HOLUEHMI COAEPKAHUA OTAENbHO ANA KAaXKA0ro
aHaNM3Mpyemoro meTanna Mo Kaxgoh nape
OpraHoB M TKaHen anAa Bcex pbib. B anroputm
3a/10KEHO LMKANYECKOE CYMMMUpPOBaHUE ANs
KaX[40ro MeTasn/ia COOTHOLEHUA ero coaepKa-
HMA NO KaXAoW nape TKaHel no BCEM pblbam
COOTBETCTBEHHO, @ TaK)Ke MOoACYET KO/IMYeCcTBa
3TUX Nap. 3aTem NPOMUCXOAUT pPacyeT U BblBOZ,
MaTpUL, CPeAHUX COOTHOLWIEHUI ONA KaXK[0ro
meTanna.

PacmeopeHue ob6pa3yos mkaHel (npobo-
noozomoeka)

MpobonoAroToBKy NpPoBOAMAN NyTeM pac-

TBOpPEHWA B 0c060 yncton HNO, npu mMuKpo-
BO/IHOBOM HarpeBaHuu B neyn Milestone Start
D cornacHo meToamKe, npegiaraeMon npoms-
BoauTenem neuun (Milestone, 2008): obpasey,
TKaHu (0.5—1 r) npenBapuTENBHO B3BELIMBAN,
3a/MBann KNMcnoton Ao obvema 8 mn u Harpe-
Banu B neun npum 200 °C B TeyeHme 30 MUH, 3a-
Tem oxnaxganu go 60 °C n pasbasnanun aeuo-
HM30BaHHOW BoAoM B 12 pas (ao 6esonacHom
ANA U3MepUTeNbHOro Npubopa KoOHUEHTpaLUmm
HNO, 5 %).
UN3mepeHue codepicaHua memasnsnos

KoHLeHTpaLunm MOHOB METaNN0B B NOy4YeH-
HbIX Npobax M3MepAnnUCb C NMOMOLLBbI OKTO-
NOJIbHOr0 Macc-CNeKTPOMETPaA C UHAYKTUBHO-
cBA3aHHOM nnasmoin Agilent 7500ce. Pabouune
napameTpbl: AaBNEHNE aproHa 7 aT, Temnepa-
Typa oxnaxgatouwen soabl 12 °C, ocTasbHble
onpeaenanncb Ha KaXKa0M Cepun U3mepeHui B
xoAe HacTporku. Kannbposka nprubopa npous-
BOAMACb MO CTAHAAPTHLIM PAcTBOpPam M3Me-
pPAEeMbIX MOHOB. 3HAYeHMA 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
0bpasuos.

Pe3ynbTatbl

B xoae 1-ro aTana aHanu3a bbiiv 06Hapyke-
Hbl Bonee-meHee OOCTOBEPHblIE CpeaHue co-
OTHOLUEHUA COAEPMKAHUA TAXKENbIX METa//IoB
ANA OTAENbHO B3ATbIX 0cobent pbib. Hanpumep,
y o4HOM 13 pblb (camka, Bo3pacT 4 roaa, macca
1.2 Kr) COOTHOLLEHNE META/IZIOB B MbILLLE U Ce-
neseHke coctasmnio 0.37 £ 0.15, a B mblwbax u
*abpax 0.54 + 0.40, T. e. MOXKHO FOBOPUTb, YTO
Yy OAHHOM pbibbl TAXKENble MeTaN/bl HaKanAu-
Ba/NCb B MbllwLLax cnabee, yem B ceneseHKe m
¥abpax. Takne faHHble MOryT H6bITb NONE3HbI-
MW, Hanpumep, MNpWU BbIABNEHUU MNPUYMHHO-
CNeAcTBEHHbIX CBA3EW MeXay naToNornamu
PbI6 U MacCcoBbIM AENCTBUEM TAMKENbIX METaN-
NOB B TOM MU UHOM PU3NKO-XMMmMUeckorn pop-
Me B BogoeMmMe Ha pblby. OgHaKo ecnm rosopuTb
06 06WMX 3aKOHOMEPHOCTAX pacnpeneneHns
TAMENbIX METANN0B NO TKAHAM LUYKWU, UX BblA-
BMTb He yAan0Cb, T. K. OTHOCUTE/IbHbIE NorpeLw-
HOCTM CpeAHUX COOTHOLIEHWUIN BCEX METaNNoB
no Bcem pbibam OKa3zanncb BECbMa BbICOKMMM.

B xoae 2-ro sTana aHanusa 6binv NonyYeHbl
COOTHOLLEHMA CoAEeP!KaHMA OTAE/bHbIX MeTan-
IOB NO Kaxkaow nape TkaHen (Tabnuuya). Mpwm
aHanuM3e 3TUX AaHHbIX AOCTOBEPHO BbIAAB/EHDI
0COb6EeHHOCTU pacnpeaeneHna HEKOTOPbIX Me-
TAN/I0B MO TKAaHAM, XapaKTepHble ANA BCeX pblb
AAHHOM BbIBOPKMU:
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2 HOO (HOMEP CTROHN BESyALT. TaBT:
BoMep CTonGia Taln | =0

Brirag, (3nemerT CCO (Homep cTponM pesynsT, Tafin,, momep cronbya Taba |/ Ausiine pesynetip,
snement HOO (HomMEp ETPEHW pesyAbT. TafA., nomep cranBua rafia )) 8 coots. meeiky Tafin. nycran

Buip0a L00x {3nement COOT [HoMmeg CTRosM peayasT. Taln., Homep cTanbua Tatn.)f
anement CCO (wowiep cpoww pesynnt. 726, nomep cTonbua 16,0} B coors. Ruediny

=

Puc. 1. Bnok-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.), @ MeTa bl pacnosiarajncb No cTonbuam.
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*B npomeKyTouHbIX Tabanuax, pacnosoKeHHbIX CpaBa OT UCXOAHOM, No cTonbuam HeobXoaAMMO BbinMcaTb
BCE nccnegyemble TKaHW B tlobom nopsaake (gaHHaA TKaHb 1 OyaeT ABASTbCA NepPeMeHHOoM B MaccuBe), a no-
CTPOYHO CMMCOK TKAaHEW KoNMpyeTca U3 UCXoaHoM Tabanupl. B pesynbtupyowmx 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 ToHagax coctasuno 1095,
B KOCTAX U Mmblwuax —931. MNpu aHanmze
NCXOAHbIX AAHHbIX NOMYYMUIOCh, YTO ANA
BCEX pblb 1-e COOTHOLEHNE NiexKano B
nHTepsane ot 383 no 2170, 2-e — o1 639
0o 3243,

e CpepHee COOTHOLWIEHME COAEpPKAHUA
Cd B cepaue 1 mbiwuyax coctasuno 229.
Mpn aHanM3e UCXOAHbIX AaHHbIX Bblno
BMAHO, YTO ecnn B NtoboM M3 3TUX TKa-
Hel coaep’aHne NpesbilWwano 5 MKr/Kr,
TO 3TO NPOUCXOANN0 UMEHHO B CEPALLE,
NpPUYEeM KpPaTHOCTb MNpPEBbIWEHNA CO-
OEPXKAHUA B cepale MO CPAaBHEHUIO C
MbILILLAMM coCTasnAna oT 226 go 3230.
Takux pbi6 66110 4 13 32 (T. €., cyaAa no
BCEMY, MME/I0 MeCTO pa3oBoOe nomnaja-
Hue Cd B Teno wyKku, Hanbonee 3Ha4MU-
Te/IbHOEe KOJINYeCTBO KOTOPOro oceaasno
B cepaue). B cpegHem B cepaue Cd Ha-
Kan/MBancA TaKKe 3HauuTesibHee, Yem
B roHagax (cpeaHee cooTHolweHue 92),
¥abpax (122), neyenu (156).

e OTmeyeHo Honee HWM3KOe HaKonaeHue
Cu B MbILWILAx NO CpaBHEHUIO C OCTab-
HbIMM TKaHAMM (cm. Tabanuy).

O6cyxaeHue

Mpwn pacwmpeHun n ontummsaumm Bbibop-
KM pblb MmoryT ObiTb BbiABNEHbl 0bOLWMe 3aKo-
HOMEPHOCTM pacnpefeneHua TAXKeNblX Mme-
Ta/N/IOB NO TKAHAM LWyKW. Bogoembl 6accenHa
BEpXxHen Bonrm cywectBeHHO He 3arpA3HeHbl
NOHAMW TAXKE/bIX METAJI/IOB, TAM OTCYTCTBYHOT
MeTaNINypPruyeckme UanM UHble NPOU3BOACTBA,
CnocobHble reHepMpoBaTb TaKoe 3arpsasHeHme.
3arpA3HEeHHOCTb YIMYCKOro BAXP. Cpean BO-
[0emMoB BepxHelr Bonru cumtaetca He camom
BbICOKOM (IKonornyeckme npobnemsi..., 2001).
CornacHo nocnegHMM AOaHHbIM 3KOMOHMUTO-
pUHra YriMyckoro BAXp., aHOMasibHbIX 30H 3a-
FPA3SHEHMA BOAbl TAMENAbIMW MeTaNlaMU He
BbifiBneHo (Mpuropbesa u ap., 2016). MNpu be-

IMOM aHa/NN3e UCXOAHbIX 3HAYEHUWN 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 COAEpKaHUA, He
BOCMNPOU3BOAALLMECA HU ANA APYTMX METaN0B
B AAHHOM TKaHW, HX ONs 3TOrO Ke MeTanna B
APYTUX TKaHAX. ITO MOXKET 06bACHATLCA pa3o-
BbIMM NONAAaHUAMM TOTO UIX MHOTO METaNNa B
OpraHM3M LYKKU (Hanpumep, No NULLLEBOM LLenK)
M PasHbIMW CKOPOCTAMM ero BUoakkyMynsaumm
M BblBEAEHMA U3 pasHbiX TKaHel. Hannume Ta-
KMX PE3KMX CKAYKOB BHEC/I0 OCHOBHOW BKNaz, B
BbICOKYIO OTHOCUTE/IbHYIO MOTPEeLIHOCTb KarK-
[10r0 U3 CPeAHNX COOTHOLWEHUN. TemM He MeHee
NPeACTaBAsAETCA, YTo y pblb, HacensaWwmx sKo-
CUCTEMbI C MOBbIWEHHbIM COAEPKAHNEM Cpa-
3y HECKONIbKUX TAXKE/NbIX MeTanoB (4To YacTo
MMeeT MecTo, Hanpumep, B Bogoemax B6113n
MecT A06blun, 06paboTKM U 3aXOPOHEHUS XKe-
Nle3a, UBETHbIX METANN0B, a TaK¥XKe yrns), no-
AOOHbIE CKAYKM MEeHee BEepOATHbI, a 3HAuwuT,
60/blle BEPOSATHOCTb MONYYUTb AOCTOBEPHbIE
COOTHOLLIEHMA MO AAHHOMY a/IFOPUTMY.

KacaTtenbHO pe3ynbTaToB 2-ro stana aHanm-
3a.

e B TOKCMKONMOrMYeckor nutepaType ecTb
AaHHble 0 TOM, YTO KobanbT bonee Bcero
HaKanaMBaeTca MMeHHO B KocTax (Bingham
et al., 2001). Npu 3TOM, €cAn NpoaHaNU3n-
poBaTb CpeaHMe COOTHOLLEHUA B KOCTAX U
roHagax TonbKo ans camuos (1034) n Tonb-
Ko ans camok (1074), nonyyaeTtca, YTo HeT
CYLWECTBEHHOM pa3HMUbl MO HAKOMJEHWUIO
Co B roHagax ocobel WwyKu pasHoro nona.

e B nuTepatype nmetotca gaHHble 0 cnocob-
HoCTK MoHa Cd?* 3amewatb Ca?* B cBs3bIBa-
towmx ero 6enkax (Marchetti, 2013). Takan
cnocobHoCTb BbI3BaHa, CKopee Bcero, 6u-
30CTbto paanycos noHos Cd?* (0.109 Hm) u
Ca®* (0.114 Hm). AcHo, YTO cepaeyHasn MblL-
Ua COAEPXMT 3HAYUTENbHOE KOJINMYECTBO
Ka/ibLMeBbIX KaHaNoB, rae, CKopee BCEro, B
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/E-BD‘,EI, HOMERE BEPXHEN CTROKKM TabAMUEl OTHOWEHMA iCTD]/

¥

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

3803HHME MBCCHMBE CYMM COOgepHaHni metanna (CC (yncno THaHel dT))
M MEBCCHMBE HOMTMYECTE IHAYEHMA CoOepadMil meTanna (HC (4T))

tHomep THaHW oT 1 oo YT =4

— Homep CTPOKW B MCX0AHOR Tabauue oT nepeoil Ao HDEJ‘IE,EI,HEﬁd

HET THEHE B CTONDLUE MCXOOHON

Tabn. Ta e, yto B (CTO® 1

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

L

/BEIBOO TERYLLLErD METEANE B cTpoRy CTO -1,

HoMep TEaHW (HapysHE i urkn) THU oT 1 oo 4T —

/' BbIBOJ TEKYLLEH THEHM B cTpory THLL + CTO - 1/

Homep TEaHW (BHYTReHHWA wirnl TBU o1 1 oo YT &

/Bbmcmcr: (TBLL) / KC (TBU)) / (CC iTHLLer:iTHLLJJ/
B A4elKy [THL + CTO - 1, TBU + 3a3op memxgy Tabn.)

¥

| CTO =CTO + 3anac CcTROK |

Puc. 2. Biok-cxema 2-ro 3Tana aHanM3a pacnpeaeneHuns TAXKeAblX MeTaNN0B No TKaHAM pblb. 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//Ibl pacnonaraance no ctonbuam. B pesynbtupytowei
cepuu Tabany, (ogHa nog Apyron ANA Kaxaoro metanna, ctonbupbl obume) no ctonbuam HeobxoaMmo Bbinu-
caTb BCe Uccneayemble TKaHW B lob6om nopsake (AaHHaA TKaHb 1 ByaeT ABAATbCA NEPEMEHHON B Maccuse).
ITa cepua TabauL, A0MKHA HAYMHATBLCS CO 2-1 CTPOKM Tabanupbl Excel, a Tabanua ncxogHbix AaHHbIX — € nep-
BOW (anka Tabanupbl — ogHa cTpoKa). *HavanbHoe 3HayeHme CTO He MeHAEeTCA B XO4E BbINONHEHUA 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 CcoaepHKaHMA 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 MbILWLblI  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  roHagbl  Kabpbl cepaue MneyeHb  MbIlWLUbl  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
neyeHb 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
MbILULLbI 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  cene3eHka
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
*abpobl 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
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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

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

OCHOBHOM HaKannBasca KaAMVII‘/‘I. NbIX METANNTOB MeXAY TKaHAMWU ONA OTAE/NNbHbIX

 MopoBHble pesynbTaThl ONKUCaHbI B iuTepa- ©OCODOEH pbib, a Npu paclMpeHnn 1 onTumumsa-
Type Npu UccaeaoBaHMN HAaKONAEHUS Mean 7z Bb|60p|'(|/1 — YCTaHOBUTb 06|JJ,V|e TOKCUKO-
B TKQHAX Pa3/IMYHbIX NPECHOBOAHbIX pblb6 /1OTMHECKNE 3aKOHOMEPHOCTU pacnpeaeneHna

(Gul et al., 2011; Zubcov et al., 2012). meTannos. [Ina oTAenbHbIX MeTanoB ya4anochb
BbIAIBUTb OOBACHMMbIE 3aKOHOMEPHOCTU MO
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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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