PED®EPAT

OnpedeneHo coOepHaHue Mmsesnbix Memasnnos
8 80/10CaX 4en08eKa paznuyHoll 8o3pacmHol epyn-
nbl. YcmaHoeneHo, Ymo 80 8cex npoaHanu3upos8aH-
HbIX 06pa3yax 80/10C NPUCYmMcmMayom UuHK, cauHeu,
pmyms u Medb 8 Kosudecmeax, Mkz/e: 19 - 64; 0,37
- 1,91 u 1,93 - 9,63 coomesemcmeseHHo. B 0bpazuax
80710C Kypsawux atodeli 0OHApyxeH makme KaoMmud.
CodepmaHue kaomus, CBUHUA U pmymu 80 8CeX UC-
c1edoB8aHHbIX 06pasyax 8o/0C He npesviiaem pe-
pepeHcHble 3HavyeHus. OmmedeHo, 4mo 8 0bpasyax
80J10C 8CEX U3yYeHHbIX 803pACMHbIX 2pynn xumenel
2. MuHcka codepwaHue MuKpo3/1eMeHmos UuHKa u
Medu MeHbUE HUMXHe20 npedena HOpMsl, 4mo Mo-
em 6bimb 00yC/10871€HO 0COOEHHOCMAMU UCNOJIb3Y-
eMbIX 8 nuUly NpodyKmos nuMmMaxus.

O6s3aTenbHbIM YCI0BMEM HOPMANbHOTO (YHK-
LMOHUPOBAHMs OpraHn3Ma YenoBeka SIBNSeTCs CTa-
OUNBHOCTb €ro XMMMYeckoro coctara. OTKIOHEHUS
B COAEPXKaHMUU XUMUYECKMX INEMEHTOB, BbI3BaHHblE
pasinYHbIMK AKTOPaMu, MPUBOAST K HAPYLUEHMIO B
COCTOSIHMM 30,0pOBbS YenoBeka. B nocnenHue roapl
BCe OONbLUMI UHTEpEC ANS BbISIBNEHUS COCTOSHUS
obMeHa 3neMeHTOB B OpPraHU3Me YenioBeKa 1 BIus-
HUS TSXKENbIX METasoB NpeLnCcTaBAseT UCCIenoBa-
HWe BoNOC yenoseka. Bonocel gaBndTca Hanbonee
[OCTYNHbIM cyBCTpaToM YenoBeka Afg NofobHoro
poAa uccnenoBaHuid, oT6op mMx Npob npoct u Ges-
6onesHeH. Tspkenble MeTansbl, MONaBLLIME B BOMOCHI
BO BpeMS pOCTa, He yAANATCS U3 HUX B JaNbHeN-
wem. CocTaB BOMOC [OCTAaTOMHO MOJIHO OTpaxaeT
COAEpXKaHWe TKENbIX METaN0B B OpraHu3Me ye-
noseka [1, 2].

PedepeHcHble (cpeaHue) 3HaueHus coaepXKaHus
3/1EMEHTOB, B TOM YUCNIE U TSKEbIX METANOB, B
BOJIOCAX Y€N0BEKA B Pa3/IMUHbIX UTEPATYPHbIX UC-
TOYHMKAX HeoAMHaKoBbl [3 - 5]. Hanbonee nonHo
cBefeHUs1 0 pedepeHCHbIX 3HAUYEHUSAX COAEPXKAHUS
3NEeMEHTOB B BOJIOCAX YeNoBeKa NpuBeAeHbl B pa-
6oTe [3]. B yacTtHOCTW, MHTepBanbl pedepeHCHbIX
3HAYeHW CoLepXKaHMS HEKOTOPbIX MUKPO3INEMEH-
TOB W TOKCMYHbIX 3/1IEMEHTOB B BOJIOCAX Y€NOBEKA

ABSTRACT

The content of Zn, Cd, Pb, Cu and Hg in human
hair specimen of different age groups by stripping
voltametry method is determined.

cnenytowme (Mkr/r): umHk 120,00 - 250,00; menp
10,00 - 30,00; kagmuii 0,00 - 0,102; ceuHey, 0,20
-5,00; ptyte 0,01 - 2,00.

Llenb naHHOM paboTbl — onpeaenuTb coaepa-
Hue Tskenbix MeTannos Zn, Cd, Pb, Cu v Hg B BONO-
cax xutenen r. MMHcka.

METOOMKA SKCNEPUMEHTA

[na nccnepoaHus obpasubl Bosoc Maccon 0,1
- 0,2 r cocTpuranu ¢ 3aTbI/IOYHOW YaCTU FONOBbI
Ha BClo AnuHy. Mpoby Bonoc obpabaTtbiBanyu aue-
TOHOM, MpOMbIBANU AUCTUANMPOBAHHOW BOAOM
W BbICYlIMBANM Ha Bo3ayxe. [OArOTOBKY KaXnow
npobbl BONOC MPOBOAMIM METOLOM MOKPON MMU-
Hepanu3auun C MUCNOoNb30BaHMEM [ABYXKaMepHOM
nporpammupyemoit neum MAMN - 18M. Kaxayto
npoby o6pabaTbiBanu KOHLEHTPUPOBAHHOM a30T-
HOWM KMcnoToi u 30 %-HbiM pacTBOPOM Mepokcuaa
BOAOPOAA M Bbinapueanu npu Temnepatype 130 °C.
3aTeM npobbl 0301911 Npu Temnepatype 450 °C B
TeyeHue 30 MMHYT. O6paboTKy NPO6 KOHLLEHTPUPO-
BAHHOM a30THOM KMCNOTOM, 30 %-HbIM pacTBOpPOM
nepokcMaa BOLOPO[A, BbiMapuBaHUE U 030/7€HUE
NPOBOAMAM HECKOMbKO pa3 A0 MOJyYeHUs OAHO-
POLHOM 30/Mbl CEporo LBeTa. 301y pacTBOpsS/IU B
1 Mn KOHLEHTPUMPOBAHHOM MYpaBbMHOM KUCOTHI,
nocne yero obbeM pacTBopa AOBOAMAM [BAXAbI
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neperHaHHorn sopow (buamctunngatom) oo 10 mn.
[ns aHanusa otbupanu anmMkeoTtbl o6bemoM 0,3 -
0,5 mMn u pasbaenanu GOHOBLIM 31EKTPOAUTOM A0
10 mn.

Conepxanue Zn, Cd, Pb n Cu onpepenanu Meto-
[1OM UHBEPCMOHHOM BOMBTAMMNEPOMETPUM Ha aHa-
nu3atope BOMbTAaMNEPOMETPUYECKOM Mapku TA-4.
MHOMKATOPHbIM 3M1EeKTPOAOM CNYXMNa aManbra-
MMpOBaHHas cepebpsiHas NPOBOMIOKA, 3N1EKTPOLOM
CpaBHEHUS M BCMOMOraTeNlbHbIM 3/1EKTPOAOM —
xnopcepebpsiHbli anekTpoa. YCNoBuS NpoBeLeHus
aHanu3a u coctaB GOHOBOrO 371eKTPONUTa onpeae-
NSNU OTAENbHBIMU UCCNEef0BaHUAMU. YCTaHOBNEHO,
YTO 3NEKTPOXMMMUYECKYH OUYMCTKY MHOMKATOPHOIO
anekTpona LenecoobpasHo OCyLecTBNATb B Teye-
Hue 20 ¢ nonepeMeHHOW aHOLHOM M KATOLHOM
nonsipusaument npu noteHumane +100 u -1150
MB cooTBeTcTBEHHO. HakonneHwe MeTannoB Ha
NMOBEPXHOCTU MHAMKATOPHOIO 31eKTpoAa Npu Mno-
TeHumane -1350 mMB B TeyeHune 20 - 40 c (Bpems
3aBUCUT OT KOHLLEHTPaLMM METANNIOB B PacTBOpe).
YcnokoeHwne pactBopa npwu noteHumane -1120 mB
B TeyeHue 10 c,a pa3BepTka NOTeHLManNa o CKOpO-
cteto 80 MB/c Ha doHe 0,37 M BogHOro pacteopa
MypaBbWUHOM KMCNOTbI.

Onpepenexve Zn, Cd, Pb v Cu npoBogunu Me-
TOAOM A06aBOK C MCMONMb30BAaHWMEM CTaHAAPTHOMO
pacTBOpa, COAEPXKALLErO MO 2 MI/N KaXA0ro MeTan-
Na, KOTOpbIM FOTOBM/IM Ha OCHOBE roCyAapCTBEH-
HbIX CTaHAAPTHbIX 06pa3uoB (FCO) u buguctunnsTa.
PacueT KOHLEHTpaLuM TSXKenblX MeTannoB B Npo-
6ax BbINOAHAN C MOMOLLbIO CMELUaNU3UPOBAHHOM
KOMMbOTEPHOW nporpaMMmbl «VALabTx».

CopepxaHue pTyTM onpenensnuM MeToAOM WH-
BEPCMOHHOM BOJITAMNEPOMETPUM HA aHanu3a-
TOope BO/bTaMnepoMeTpuyeckoM Mapku ABA-3 ¢
NpMMEHeHMeM BpallaloLerocs nuMporpaduToBo-
ro MHAMKATOPHOrO 3M1EeKTPoAa, xNopcepebpsHoro
371eKTpofia CpaBHEHMS U MNATMHOBOrO BCMOMOra-
TeNbHOro 3nekTpoaa. AHanm3 npob BONOC Ha co-
[lepXXaHue pTyTU BbIMOJHANM, UCNONb3YS YCI0BUS,
onucaHHble B pabote [6], Ha doHe 0,2 M pactBopa
cepHOM Kkucnotel, cogepxauwero 0,1 mMonb/n HUT-
pata kKanus. CKOpoCTb pa3BepTkM MnoTeHumana 5
B/c. CopepxaHue pTyTH B siuelike onpenensnm me-
TOAOM [06aBOK C MCMOMb30BAHWMEM CTAaHAAPTHOrO
pacteopa pTyTH, npurotosneHHoro u3 NCO n 6uam-
cTunngra.

Kaxpayto npoby Ha copepxaHue Zn, Cd, Pb, Cu n
Hg aHanu3mpoBanu He MeHee 4 pas.
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Bce pesynbrathl 06pabaTtbiBanM METOAOM MaTe-
MaTUYeCKOM CTAaTUCTUKKM, PacCUMTaB OTHO-CUTESb-
Hble CTaHAAPTHblE OTKNOHEHUS (Sr) U MHTepBasnb-
Hble 3HauveHus (*Ax) copepxanus Zn, Cd, Pb, Cu un
Hg B BONOCAXx.

PE3VYJIbTATbI M X OBCYXXAEHME

Ha pucyHke 1 npeactaBneHbl  TUMWYHbIE
BOJIbTAMMNEpPHbIE  KPUBblE, 3aperMcTpupoBaHHble
npw onpenenenun Zn, Cd, Pb n Cu B npobax Bonoc
yenoseka.

} i }
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Moteruman [B]

PucyHok 1 - BonsmamnepHsie aHOOHblE Kpussbie:
1 - ¢oHos020 3n1ekmponuma, 2 — npobsi 8osoc N 5,
3 - npobsi gonoc N2 5 ¢ dobaskoli cmaHdapmHo2o
pacmesopa. Temnepamypa 25 °C

M3 pucyHka 1 BMAOHO, YTO Ha BONBLTAMMEPHOM
KpuBoM ¢dOHa OTCYTCTBYHOT MUKW, 0OYCNOBEHHbIE
OKMCNEHUEM BeLLECTB, YTO CBUAETENLCTBYET O YM-
ctote QOHOBOro 3fnektponuta. Ha BonbT-amnep-
HOW KpmBOW Npobbl obpasua Bonoc N2 5 nmeetcs
yeTblpe nuKa npu noteHumanax —-850; -470; -340;
—-20 MB, KoTOpble OTHOCATCS K NpOLLeccaM aHOAHOro
okucnenus Zn, Cd, Pb, Cu cooTBeTCTBEHHO. [1pU BBE-
[leHnn B pacTBop A06aBKM CTaHAAPTHOrO pacTBopa
MUKW ToKa okucnenus Zn, Cd, Pb, Cu nponopuuo-
HaNlbHO BO3PacCTaloT, YTO BUAHO HA BONbLTAMMNEPHOMN
KpuBOWM Npobbl ¢ fobaBkon (kpuBas 3). NopobHoe
XapakTepHO W AN8 BONbTAMMEPHbIX KPWBBIX, 3a-
perncTpupoBaHHbIX Ans obpasuos Bonoc NeN? 8
n 9. 1na ppyrux uccnenoBaHHbIX 06pasLOB BONOC
Ha BOJIbTAMMEPHOM KPUBOM NMpobbl OTCYTCTBYET MUK
TOKa OKWUC/IEHWUS KagMusl, KOTOPbIA NOSBASETCS Ha
BOJIbTAMMNepPHOI KpMBOW Npobbl ¢ A06ABKOM CTaH-
[apTHOrO pacTBopa, YTO CBUAETENLCTBYET 06 OTCYT-
CTBMM B Npobax 3TMx 06pasL0oB BONOC KaaMus.

Ha pucyHke 2, kak npumep, npuBenEHbI



BOJIbTAMMEpPHbIE KPMBble pPasHOCTM Npobbl 06-
pasua Bonoc N2 8 u doHa (kpuBas 1), a Takxke
BO/IbTAMMNeEpPHbIe KPWBble Pa3HOCTM 3TOW Npobbl C
[06aBKOM CTaHAAPTHOrO pacteopa pPTyT™M M (oHa
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PucyHok 2 - BonbmamnepHsie aHOOHbIE Kpugble pas-
Hocmu: 1 - npobbl gonoc N° 8 u ¢oHa, 2 — npobsi
gonoc N° 8 ¢ dobaskoli cmaHOapmHo20 pacmeopa
pmymu u ¢oHa

(kpuBas 2).

BuaHO, YTO Ha 3aperucTpupoBaHHbLIX Npu onpe-
[EeNeHUn pTyTU BOJIbTAMMEPHbIX KPUBbIX Habsto-
[AEeTCca NMWb OAMH MWK Npu noteHumane +315 mB,
KOTOpbIN 0OYCIOBNEH aHOAHbIM OKMCneHueM Hg.
MNpuyem BBeAeHME [,O0OABKM CTAHAAPTHOMO PacTBo-
pa pTyTM NPUBOAMT K BO3PACTaHMIO MWKA OKMCIe-
HUQ pTYTU (KpMBas 2). AHANOrUYHbIE BOMLT-aMMep-
Hble KpWBblE MPU ONpeaeNneHun PTyTU MONyYeHbl
NS BCEX MCCnefoBaHHbIX 00pa3LoB BOMOC Yeno-
BeKa.

Ha ocHOBaHMM COBOKYMHOCTM BOJbTAMMEPHbIX
KPWBBIX, 3aPErMCTPUPOBAHHBIX A5 BCEX U3YyYeH-
HbIX 06pa3LLOB BONOC, pacCUMTAHO COAEpPXKaHUe Ta-
XenblX MeTannoB B 1 r Kaxaow npobbl BOSOC.

Pesynbratbl MccnegoBaHWi M MX CTaTUCTMYe-
cKoi 06paboTKM NpencTaBneHbl B Tabnmue.

M3 paHHbIX Tabnuubl BUMAHO, YTO BO BCEX WC-
CNef0BaHHbIX 0OpasLax BONOC COAEPXKAHUE LMH-
Ka MeHblle HWKHero npegena ¢u3nMonorn4yeckom
HopMmbl — 120,0 mkr/r. KagMuii B HE3HAYUTENbHbIX
KonuyectBax (He npesbiwatoT HopMy 0,102 mkr/T)
obHapyxeH nuWwb B Tpex 0bpasuax uccnenoBaH-
Hbix Bonoc N2 5, N2 8 n N2 9, koTopble npuHaane-
XaT KypsILLMM cybbekTaMm.

N3 Tabnumubl TakKe BUAHO, YTO BO BCEX UCCNEN0-
BaHHbIX 06pa3Liax BONOC COAEPXKMUTCS CBMHEL, B KO-

Tabnuya - Codepxarue Zn, Cd, Pb, Cu u Hg 8 obpasuax 8os10c Yyesnoseka

N¢ CopeprkaHue MeTanna, MKr/r Bonoc
npo6bl/
BO3- Zn S, % Cd S, % Pb S, % Cu S, % Hg S, %
pacr,
ner
1/70 23%0,3 0,8 - - 1,31+0,03 1,5 2,91%0,05 1,1 0,07%0,003 2,7
2/66 36%0,4 0,7 - 1,36%0,03 1,4 2,12%0,03 0,9 0,05%0,002 2,5
3/63 640,5 0,5 - - 1,22%0,02 1,0 3,22%0,06 1,2 0,06£0,002 2,1
4/60 21+0,3 0,9 - 1,47%0,03 1,3 3,535+0,06 1,1 0,04£0,002 3,1
5/56 300,53 | 0,6 | 0,014*0,001 | 4,5 | 1,91*0,04 | 1,3 8,82%0,12 0,9 0,18+0,005 1,8
6/36 68%0,5 0,5 - - 1,23+0,02 1,0 4,43%0,07 1,0 0,04+0,002 3,1
7/31 33%0,3 0,6 - - 1,41+0,03 1,3 9,63%0,13 0,8 0,04+0,002 3,1
8/23 20+0,3 0,9 | 0,007+0,0007 | 6,2 1,71£0,04 1,5 1,93+0,03 1,0 0,15%0,005 19
9/21 19+0,3 1,0 0,020+0,002 6,2 1,62%0,03 1,2 8,62%0,12 0,9 0,14%0,004 19
10/12 37+0,4 | 0,7 - - 0,53*0,01 | 1,2 3,31%0,06 1,1 0,020,001 3,1
11/7 42+0,4 0,6 - - 0,37%0,01 1,7 3,64+0,06 1,0 0,02£0,001 3,1
Hopma | 120-250 - 0,00-0,102 - 0,20-5,00 - 10-30 - 0,01-2,00 -
[3]
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nmyectBax o1 0,37 po 1,91 MKr/r, 4To He npeBbIWaeT
dusmonormyeckyto Hopmy 5,00 mkr/r [3]. Mpu 3ToM
HauMeHbLUee KONMYeCTBO CBUHLLIA XapaKTeEPHO A4S
obpasuos Bonoc geter (N2 10 n N2 11) un cocras-
nsaet 0,53 n 0,37 mkr/r cootBeTcTBeHHO. Copepka-
HWe CBMHLA B 06pa3LLax BONOC KypaLwmnx CyObekToB
(NeNe 5, 8, 9) npumepHo B 1,5 pasa Bblwe, 4em y
HeKypsLero Yyenoseka.

B Bonocax kypawux nopen (o6pasubl Bonoc
NeNe 5, 8, 9) xapakTepHO Takxke bonee BbICOKOE CO-
[lepXkaHue pTyTW, OAHAKO BO BCEX MCCNEA0BAHHbIX
0bpasLax BONOC ee KONMYECTBO He NPeBbILWAET pe-
(epeHCHble 3HaYeHUs 2 MKI/T.

Bo Bcex uccnenoBaHHbIx 06pa3uax Bonoc obHa-
pyxeHa mMenb. Ee konunyectso konebnetcs B MHTEp-
Bane 1,93 - 9,63 MmKr/r, npu 3T0M Ans BCcex 06pas-
LLOB OHO HMXe dur3nonormyeckor Hopmbl 10 MKr/T.
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BbIBOL,

Taknum 00pa3oMm, UCCNefoBaHUS COAEPXKaHUS
TSXKENbIX METaNoB B BOIOCAX XuUTenen . MUHCKa
pa3HoOM BO3PACTHOM rpynnbl MOKa3anu, Yto Komye-
ctBo Zn, Cd, Pb, Cu n Hg npakTMyecku He 3aBUCHT OT
BO3pacTa yenoseka. McknoueHne coctaBnser nuulb
CBMHeL, coaepXaHune kotoporo B obpasuax Bosoc
neten B 3 1 6bonee pas MeHblle, YeM Yy B3pOCSIOroO
yenoseka. Cnepyet Takke OTMETUTb, UTO KagMWW
obHapyxeH TOnbKo B 06pasuax BOMOC KypsLLMX
mopen (NeN2 5, 8, 9). B Bonocax 3TuXx e nwoaen
oTMeyaeTcs u bonee BbICOKOE coAepXKaHWe CBUHLA
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MEHTOB LMHKA U MeOu MeHblUe HWXHEero npenena
HOPMbI, YTO MOXET BbITb 06yCN0BNEHO 0COBEHHO-
CTSIMU MCNONb3YEMbIX B MULLY MPOAYKTOB MUTAHUSI.

4. CkanbHblit, A. B. PedepeHTHble 3HAYeHUsI KOH-
LeHTpaLumM XMMUYECKUX 3/1EMEHTOB B BOJIOCAX,
nony4yeHHole metogoM MCM-A3C / A. B. Ckanb-
HbIM // MukpoaneMeHTbl B MeauumHe. — 2003.
- T.4.-Bbin. 1.- C.55-56.

5. CkanbHbiR, A. B. MrkpoaneMeHTbl y feTei: pac-
NPOCTpaHEHHOCTb M NyTH Koppekuuu. NpakTtuye-
ckoe nocobue gns spavent / A. B. CkanbHblIi, I B.
Aubik, H. . OguHaesa. - Mocksa, 2002. - 86 c.

6. XycteHko, J1. A. Dkcnpecc-onpeneneHue prytu
B MPUPOIHbIX BOAAX METOLOM MHBEPCUMOHHOM
BO/IbTAMNEPOMETPUM HA YINIEPOAHOM 3NEKTPOLE,
mMoaubuumposaHHoM 3o0n0ToM / J1. A. XycTeHko,
J. H. NapwuHa, b. ®. Hazapos // XXypH. aHanuT. xu-
mumn. - 2003. - T. 58.- N2 3. - C. 297-216.



