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YIK 613.3:543.3

METOAUKA PACHETA CPEJHEI'O COAEPKAHUA XUMHWYECKUX BELIECTB
B MUTHEBOM BOJIE U BOJIHBIX OBBEKTAX
C. B. Kanpanos', JI. E. ﬂo,u.nnne:m:mm2
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Paspabomana memoouxa u npediodicena (hopmyia olHUCIeHUs CPEOHUX KOHYESHMPAYULl Xu-
MUHECKUX GeWeCmE U UX COCOUHEHUL 6 NUMbEBOL 800e, BOOHBIX 0OBLEKMAx, d makice Opyeux cpe-
Oax npu Hanuyuu eeauyUH Hudce yyecmeumenvHocmu memooda (HYM). B ocnose dannozo nooxoda
JeJACUM YYem HACmomsl 6CMpPedaeMocmu pe3yabmanios 1abopamopHsblx UccIedo6anll, oyenusae-
muix kak HYM, 6 obweil cosokynnocmu RonyueHHblx danislx. Beinonneno Mamemamuyueckoe oboc-
HOBAHUE A0eK6AMHOCHIU NPUMEHEHUA 8bIUEVKAZAHHOI MEeMOOUKU U (hopMYbL.

Ilpeonoscennas memoouka evluucienus modxcenm Gvimsb UCKOAb306AHA Oisl paciema NOaHOU
PeanbHOll HAZPYIKU HA OP2AHUIM HEN08EKA XUMUYECKUX HNeMEeHMO8 (6 MOM Hucae, MEMAIN0s) u ux
coeduneHutl, 4mo HeobxXoduMo Oas pazpabomru U 6HEOPEeHUs. MEPONPUAMUll no 3awyume cpeovl
HCUBHEOCAMENLHOCIU U 300P08bsI HACETCHUS.

Kniouegvle cnosa: eoda u dpyeue cpedwl JcuzHedeamensHocnmu, Memoouka paciema cpeoHux
KOHYeHMpPayull XUMU4ecKux 6eujecms, opeanusm 4eno6exd.

Beenenue

CocrosiHue 3/10pOBbS JIETCKOTO W B3pPOCIOro HAaceleHUs ABIsSeTCs OJHMM M3 Haubosee Bax-
HBIX TOKaszarenei Onaromosiyuus rocylapcTsa. 310poBbe suTesneid GopMHpyercs Moj BIUSHUEM
PazIMYHBIX YHJIOTEHHBIX YCIOBWIT (BHYTpeHHEH cpelbl OpraHm3Ma) M OSK30IeHHBIX (aKTOpPOB
(BHELLIHEH OKpYIKAIOLLIEH Cpeibl IKU3HEACATENLHOCTH ).

Buetnue Gaktopsl cpeibl KH3HEAEATENLHOCTH ObUIO MPEIOKEHO Pa3/IeUThL Ha YEThIpE 0C-
HOBHBIE TPYIIbL: PUPOJIHLIE IKOJIOIMHUECKHE, TEXHOINEHHbIE YKOJIOMMYECKHE, COLMAILHBIE U KO-
HoMHYeckue [1].

K oanoii u3 naubosiee BaKHBIX IPYII IKOJIOrHYECKHX (PAKTOPOB OTHOCATCH XMMHYECKHE,
00yc/laB/IMBAIOLIME BO3JCHCTBHE HA OPraHH3M YesloBeKa XMMHUYECKUX BEIIECTB, Pa3/IMYHbIX 110 XH-
MHYECKOH CTpYKType (HeopraHuyeckue, OpraHM4eckue M CMelllaHHble) M XapakTepy JAeicTBHs
(ob1eTokcuyeckoe, paszjpaikarollee, CeHCHOUIU3UPYIOLLee, KaHLEPOreHHOoe, MyTareHHoe) Ha op-
raHu3M 4ell0BeKa.

XUMHUECKHE IEMEHTBl, a TAKKe UX COeJUHEHHS MOTYT OblTh NPUPOJHOIO W TEXHOIEHHOTO
MPOUCXOIKIACHUA U MOCTYNATh B OPraHu3M TPEeMs OCHOBHBIMH ITAMHM: Hepe3 atMocepHbIi BO31yX
(MHraJIILIHOHHBIN), UILEBLIE NPOAYKTH W NMUTheRYIO Boay. CoaepiaHue pasiuyHbIX XHMHUYECKHX
9JIEMEHTOB B YKa3aHHBIX CPEJaxX 3aBUCHT OT MPUPOJHBLIX M TEXHOI'eHHBIX (aHTPONOIreHHbIX) YCI0-
Buii. [IpupoiHble MPUYHHBI ONPE/IENAIOTCS YPOBHEM €CTECTBEHHOIO CO/IePIKAHUS IIEMEHTOB B OT-
KPBITBIX BOJOEMAX, MOA3EMHBIX BOJAX, OYBE U TOPHBIX MOPO/AX, & TEXHOTEHHbIE — MOCTYILIEHHEM
B OKPYIKAIOIIYI0 Cpe/ly XUMHUYECKHX JIeMEHTOB B Pe3yJIbTaTe XO3AMCTBEHHOMN 1eSTeIbHOCTH Yelio-
Beka. K XUMHUYEeCKHM 2/1eMeHTam, cojilepikaHie KOTOPLIX B BOAHOH cpele (M cle/10BaTebHo, B CBS-
3aHHBIX € HEH cpejax) B 3HAYMUTENILHOW Mepe onpejensercss crneun(puyeckuMH 0COOEHHOCTAMHM
OHOreOXMMHYECKHUX MPOBHHLIKI, OTHOCATCS QTOP, XKelle30, Oapuid, TUTAH, UMPKOHUI, BaHaIKii, MO-
JNMOIeH, JIMTHH, CTPOHUMIA M KODaJIbT.

broreoxuMuyeckas NMpoOBHHLMSA — OTAEIbHbBIA YHACTOK MOBEPXHOCTH 3eMJIH, OTIHYAIOLLMIACS
OT APYTHX MOA00HBIX YYACTKOB MO cojiep:kaHuio (M30BITOK MM HEA0CTATOK) M COCTABY XMMHUe-
CKHX JIEMEHTOB W BELLECTB, HAXO/ALIMXCS B [0YBAX, BOAAX, PACTEHUAX U )KUBOTHBIX [2].

XuUMH4ecKHe BelllecTBa, OKa3bIBalollie BPEHOE BO3/ICHCTBHE HA OPraHU3M YeoBeKa, sBIis-
10TCS 3arpsA3HUTENIAMHU. 3arpa3HUTeNb (WK 3arpa3HAIOILee BEUIECTBO) — ITO J1000€e NMPUPOIHOE JIH-
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00 aHTPOINOreHHoe XMMUYECKOE BELLECTBO (B TOM 4YMCie, METasll), Monajaatollee B OKpyKaloLLyio
Cpely MM BO3HHMKAIOIIHE B HEH B KOJMYECTBAX, BBIXOAIIMX 32 PAMKH OOBIMHOrO COJEpIKaHus
MpeesbHbIX €CTECTBEHHBIX KOJIeOaHWii WM CPeIHEro NpupoaHoro GoxHa. AHTPONOreHHbIC 3arps3-
HUTEIIH CPe/ibl JKU3HEESITeIbHOCTH Ha3bIBAIOTCS KCEHOOMOTHKAMH.

KcenobuoTuk - moboe dy:KepoaHoe /Uil JaHHOTO OpraHu3Ma MM MX COODIIECTBA BEIIECTBO
(mecTvuMAbl, npenapaThl ObITOBOH XWMHH, KOMIIOHEHThI BHIOPOCOB M COPOCOB MPOMBIILICHHBIX
NPEANPUATHIH, TPAHCIIOPTHBIX CPECTB M JPYTHE 3arpsA3HHTEN), KOTOPOE MOKET BbI3BaTh Hapylle-
HHe DMOTHUYECKHUX TPOLIECCOB, B TOM uuciie, 3abosieBanue U rubesb KUBbIX OPraHU3MOB — pacTeHuit
M JKHBOTHBIX [3].

K OCcHOBHBIM KCEHOOMOTHKAM, OKa3bIBAIOIIMMH BIMAHWE HA MOYBY, PACTMTE/bHBIH W JKHBOT-
HBIH MU, OTHOCATCS: Tskenble MeTa/utel (TM), HemeTanIbl, NeCTHIIM/BI, A30TCOIePIKalllHe BEIeCTBa
(HMTpaTBl, HUTPUTBI, HUTPO3aMHUHBI), paanoakTuBHbie Bewectsa (PB), kanueporeHusie U Ipyrue Be-
uiecTBa. ['1aBHBIMM MCTOYHMKAMM AHTPOMOIEHHOTO 3arpsA3HEHWs OKPYJKalollel cpejibl ABJIAIOTCS
IPOMBIIIICHHBIE MPEANPHUATHS, TPAHCIIOPT, CEJILCKOE X035HCTBO H KOMMYHAIILHOE X03AHCTBO.

BpesiHoe BiMsHHE HA OPraHU3M YelOBeKa METAJIOB, TaK K€ KaK M JPYTHX XHMHYECKHX dJie-
MEHTOB, MOJKET ObITh CBSI3aHO ¢ ABYMs 00CTOATEIbCTBAMH. Bo-1nepBbiX, OMOreOXMMHUYECKMMH 0CO-
OEHHOCTAMH MECTHOCTH, TO €CTh €CTECTBEHHbIM COJIEPIKAaHMEM METAILIOB B OKpYyIKalollei cpee -
ux u3dbITKOM (MK HepocTaTkoM). Tak, Hanpumep, HeaoctaTok uian usbeitok Ca, Mg, Cd, Zn, Li,
Mn, Co, Ba, Cu, Sr, Fe, a taoke V 1 Cr B okpy:kaitolieii cpejie crnocobCTByeT pocTy pacnpoctpa-
HeHHOCTH Oone3neit cuctembl kpoBoobpatuenus. M30pirox nim nenocrarox Ca, V, Cr, Mn, Co, Zn,
Li, Cu, Ba, Sr, Fe, Pb u Mo Bo BHelHeii cpejie MOTYT MOBJIHATh Ha BO3HUKHOBeHHE OoJie3Heil JH-
JIOKPHHHO# CHCTEMBI, paccTpoiicTBa NMUTaHKA W HapyiieHus oOmena BeutectB. HemoctaTok v M30bI-
ToK Zn, Pb, Ca, Mn, Co, Cu, Fe cnocoberByior pocty Goie3Heil MOUEOIOBBIX OPraHoB, HEl0cTa-
ToK W u3bbiTok Mg, Mn, Zn, Co, Mo, Cu - kK HOBOOOpa30BaHHAM BbIlIE YKa3aHHBIX OpraHos [4].
Hmerorest ony0iMKoBaHHBIE JaHHBIE O TOM, YTO ectecTBeHHOe cojiepskanue metamnon: Cd, Cr, Co,
Pb, Hg, Ni, Ag, V, tauus (T1) u 30101a (Au) B ropHbIX 110po/Iax, yrie, MOpPCKOi BoJIe, pACTEHHIX
1 KHMBOTHBIX, HCIIO/Ib3YEMBIX JII0/IbMH, BbI3bIBaeT 3a00/eBanus y yesnoBeka [3].

BTopbiM acnekToM BpeHOro BIMSHUS METAII0B HAa OPraHu3M SBISETCS 3arpsA3HeHHe HMH OK-
pyKalolel cpe/ibl B pe3yJbTaTe XO38HCTBEHHOH 1eATeIbHOCTH Yea0BeKa (aHTPONOreHHOE 3arps3He-
HHE). YCTaHOBJIEHO, YTO MPOYKUBAHUE B WHTEHCHBHOM NPOMBIIIEHHOM PErHOHE M0 CPABHEHHMIO €
YCJIOBHO IKOJIOTHYECKMUX YMCTBIM PaHOHOM NPHMBOAMT K HAKOMJICHMIO KaaMHs B TKaHaXx nouek. Co-
JiepiKaHue KaJIMHsl B KOPKOBOM BELIECTBE M0YEK B3poCiblX skuTenel JlHenponerpoBekoii obnactu
3HAYUTENNBbHO OOJIbIIE, YEM Y JIETEH, YTO yKa3blBAeT HA HAKOILIEHHE 3TOro0 KCeHOOMOTHKA ¢ BO3pac-
ToM. B TO 3Ke Bpemsi, OTCYTCTBHE JIOCTOBEPHOM Pa3HHIBI MEXK/TY COIEPIKAHUEM CBHMHLIA B KOPKOBOM
BEILIECTBE MOYEK Yy JeTel M B3POCIBIX yKa3bIBA€T HA TO, YTO ITOT KCEHOOMOTHK HaKarMBaeTcs B
TKaHu nouek jetei J{nenponerposckoii obdiactu eile BO BHYTpHyTpoOHOM nepuoje [5].

B pesyabraTe NpoBeIcHHBIX HCCIIE0BAHNII MOJTYHUEHB] JaHHBIE O COJICPIKAaHUHU CeleHa, ME/IH,
LIMHKA, CBUHIIA M Ka/MHs B CHIBOPOTKE KPOBH JKHMTellei OT/EeNbHBIX FOpOJIOB H paiioHoB JlHenpo-
neTpoBckoii 06aacTH. YeTaHOBIECHB! TEPPUTOPHAIIBHBIE H BO3PACTHO-MOJIOBbIE 0COOEHHOCTH HAKO-
MJICHUS JJAHHBIX MUKPOJIEMEHTOB B opranu3me suteneii. CoriacHo noayyeHHbIM JaHHbIM, MEACLY
ICCEHUHATBHBIMUA (HEOOXOAMMBIMU JUIl HOPMAIbHOMN JKM3HEAEATEILHOCTH OpraHu3Ma) MUKpOdJie-
MEHTaMM — CEJIEHOM, ME/IbI0 U LIMHKOM, C OJIHOH CTOPOHbI, M TOKCHYHBIMH — CBHHIIOM H KaJIMMEM C
JIPYTOH, BLISABJIEHO CYLIECTBOBaHHE 0OpaTHON KOPPEIALHOHHOM CBsA3U. DTOT (akT BhI3biBaeT Oec-
MOKOHCTBO B CBSA3H € TOTAIbHBIM 3arpA3HCHHEM OKPY/KAIOLIEH Cpe/bl TOKCHUHBIMH CBHHLIOM H
KaJMHEM, KOTOpbIE CHOCOOHBI KOHKYPHPOBaThb B OPraHM3Me C ICCEHLUMAIBLHBIMMU JJIEMEHTaMH-
aHTHOKcHaanTamu [6].

CrneumnanuctamMy H3y4eHO BO3/JeHCTBUE HA COCTOSIHUE 3/I0POBbsl HACEICHHUS METAIJIOB U JIPYTHX
MUKPOAJIEMEHTOR, a TAKXKE UX COSIMHEHHH, MPOHMKAIOIIMX B OPraHu3M pazinuHeiMu 1y Tsamu. Oco-
OeHHO 00JIbIIOE KOJIMYECTBO HAYUHBIX MCC/IC/IOBAHUH MOCBAIIEHO OLEHKE BIMAHUS HA 3/10POBLE Be-
ILECTB, MOCTYNAIOUIMX C NUTHEBOH BOAOIH. M30bITOUMHOE MM HEJLOCTATOMHOE MOCTYIJIEHHE B Opra-
HH3M XMMHUYECKHX YICMEHTOB MOJKET IPHBECTH K IHAEMHYECKUM 3a00s1eBanusM: (U1100po3y (BbI3BaH
n30bITOYHBIM coJiepkanueM (ropa), kapuecy (0OycioBieH HU3KON KOHLeHTpalumeit ¢ropa), Moaud-
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JIGHOBO#A rojarpe (B pesyJ/braTe MOBbILIEHHOIO cojep:kaHus moianbdiaeHa) v apyrum. TexnorenHoe
3arps3HeHre BOJbI XMMHYECKMMH BELIECTBAMH B KOHLEHTpauusx, npepbimatronmx [TJIK, moxer
MPUBECTH K CIEAYIONNM 3a00/IeBaHUAM: CATYPHU3MY (3arps3HUTENlL — CBHUHEIll), UTal-utai (Kaj-
muit), Patuiesoit, konbITHOR 00s1e3HM (MBILIbSK), O01e3Hs Munamara (pryTs) u T.4. [7].

VeTaHoBAEHO, YTO TSDKEIbIE METallbl OTHOCATCS K Haubojee pacnpocTpaHeHHbIM aHTPOIO-
FeHHBIM 3arPSA3HUTENSAM [THTHEBOH BOJIbI, KOTOPBIE YXY/IIIAIOT €¢ Ka4eCTBO M OTPHLATEIBLHO BIIHs-
I0T Ha 3[I0POBbE HACEJIEHHUs Jayke B HM3KHMX KOHlleHTpalusX. [locTenenHoe yBelnueHue cojepia-
HUS METAJUIOB B BOJ03a00pax M npesbilieHHe UX (JOHOBOrO YPOBHs (JlaXKe B KOHLEHTpALMAX HUKe
ITJIK) cBUIETENLCTBYET O TEXHOTCHHOM IPOMCXOKIAEHHH ITHX JIEMEHTOB, YTO J0JIZKHO BbI3bIBAThH
HACTOPOKEHHOCTH HA30PHBLIX opraHoB. [locrosHHOE nocryrieHue ¢ BOJOH WU APYTUMH MyTAMH
METALIOB (HApUMep, CBUHIIA U KaJMUs1) B KOHLIEHTPALIUAX, HE TIPEBLILIAIOIINX PEAeIbHO I0MyC-
THUMBIE, TEM He MeHee, (OPMHUPYET BBICOKHE MX 3HAUCHHS B MHIMKATOPHBIX OHOMOrHUecKHx cy6-
cTpaTax - KpOBH, Moue, IJIAlleHTe, MOJIOKE - KaK CJIeJICTBHE /UIMTEIbHOTO HAKOIUICHHsA B OPraHu3-
M€, a 9TO MMOBBIIIAET PUCK MATOJIOIHH PENPOAYKTUBHOM HYHKLINK Y skeHLmH [8].

B skosoruueckd HeOGIaronpusTHHIX PErMoHax CyMMapHoe MOCTYIJIEHHE XMMHYECKHX Be-
IECTB TEXHOI€HHOIO MPOMCXOJK/CHHMS B OPraHu3M 4Ye0oBeKa SBISETCS JOCTATOUHO BBICOKHM M
(opMUpyeT HeraTHBHbIC OTBETHbIC PEAKIMU OpraHu3Ma, BKIIOYAsi IKOJOrHYECKH 00YC/I0BICHHbIE
3aboneBanms. B criekTpe XUMHYECKHUX 3arps3HUTelei MPUOPUTETHOE MECTO 3aHMMAET CBUHELL, KaK
rno0aibHBIH ¥ MOTEHIIHAIBHO OMACHBIH TOKCHKAHT, IMPOKO PACIIPOCTPAHEHHBIH MPAKTHYECKH BO
Bcex o0beKTax okpysxatomieii cpebl. OcoGeHHO onaceH CBUHEL Ul IETCKOTO OpraHu3Ma, ¢ BIIH-
HHEM 9TOr0 MeTallla CIElHANUCThl CBA3LIBAIOT HAPYIIEHHs (M3HYECKOro W HHTEIUIEKTYaIbHOTO
pasBuTus pedenka. ObbeanHenHblit komuter akcnepror @AO/BOO3 B 1986 r. pexomenjioBaln To-
JIEPAHTHYHO [103Y CBMHLA JUlsl JeTeil Ha ypoBHe 25 MKI/KI Macchl Tea B Hejleto, Wi 3,57 MKI/Kr B
CYTKH, OMpEJIEInB ee Kak CyMMAapHOit npu nocrynienuun u3 Beex cped. Eciu uexoauts uz ITJIK
cBrHLA B Bo3ayxe 0,0003 MI/M° M BOJIE 0,01 mr/n, Tora ¢ NUIIEBBIMH MPOYKTAMH /Ul JI€TeH TO
cocrapisieT menee 60 mxr/cyTiu [9].

VuuThiBas BBILLEH3I0KEHHOE, MPECTABIAETCS 1eleco00pa3sHbIM U TOKCHYHBIX 2JIEMEHTOB
W MX COCIMHEHHH pa3pabaThiBaTh TOJEPAHTHBIE, A /IS ACCEHIHATBHBIX JIEMEHTOB — ONTHMAIIbHBIE
J103bI KX CYTOUYHOTO (@ TakKe 3a OONbIUIMH MepHo/1 BpeMEHH) MOCTYIICHHUS B OPraHu3M.

CyMMmapHoe MoCTyIUIeHHe MHKPOJIEMEHTOB B OPraHu3M PasiIMuHbIMU YTIMH TOAPOOHO H3-
JIOYKEHO Ha MPUMEPE METAILIOB.

[Tonuas peanbhas Harpyska merajuios (PHM) Ha opranusm B3pociioro uenoBeka rnpejcras-
JiseT coboi cyMMy Harpy30K METaJlIoB, MOCTYNAIOMMX U3 PA3IHYHBIX Cpell. DTO MOKHO BBIPA3HTh
crenyiouei Gopmyoii:

PHMU['I,-‘IEL Lz Z(PHMa'r.\L T PHMII(N, + PHMP} + PHM!I,I!,L" + PHMlLIl,l\‘. + l:)I_H\AII}'.") + PHanu‘i.a

riae PHM,oy,. - MosIHAs peasibHas Harpy3ka MeTajlioB;

PHM,,y. - peajibHas HArpy3Ka METAJJIOB, NOCTYMAIOIMX B OPraHu3M 4eloBeKa U3 aTMo-
chepHOro BO3/yXa; 3aBUCHT OT KOHIIEHTPAIMHA METAILIOB BO BibIXaeMoM atmocdepHom Bo3ayxe (B
MI/M’) 3a NpeesIaMy MOMEIICHHIT JKHIIBIX M OOIIECTBEHHBIX 3AaHMH, MHHYTHOTO 0OheMa JIbIXaHHs!
W KpaTHOCTH BO3yX000MeHa;

PHM oy, - peanbHas Harpys3ka MeTauios, noc?namumx B OpraHu3m 4eJjoBeKa U3 BO3yxa
MOMEIIEHHH KHIIbIX H 00LIECTBEHHBIX 3/1aHHIH (B MI/M”); HAXOAMTCs B 3aBUCHMOCTH OT KOHLIEHTpa-
LMKM METAIOB B BO3/lyXe THUX MOMEIIeHUI, MHHYTHOTO 00beMa JIbIXaHUsl U KPATHOCTH BO3IYXO-
obmena;

PHM, . - peaibHas Harpy3ka MeTaIOB, MOCTYNAIOIIMX B OPraHU3M YellOBEKa M3 BO3JyXa
paGoueii 30HbI; 3ABHCHT OT KOHIEHTPAIMH METAIIOB BO BJBIXaeMOM BO3yXe (B Mr/m’) paGoueii
30Hbl, MUHYTHOTO 00beMa JbIXaHus W KpaTHOCTH BO3/1lyX000MeHa;

PHM, ¢ - peasiibHasi HArpy3Ka METaJjloB, MOCTYNAIOUMX B OPraHU3M YeJlOBeKa ¢ MUTHEBOM
BOJIOM, MCIOJIb3YEMO ULl MIUThSI B CHIPOM BH/IE; HAXOAWTCS B 3aBUCUMOCTH OT KOHLIEHTPALIMK Me-
TaA0B B ATOM Boje (B MIV/JI WM MKI/I) M CPEIHECYTOUHOro KojiMuecta yrnorpedisemMoit chipoii
BOJIbI HA | KI Macchl Tena;
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PHM,, 5. - peajibHast Harpy3ka MeTajioB, MOCTYNAIOUIMX B OPraHU3M Yel0BeKa ¢ MMUThe-
BOI BOJI0#, MCIOJIb3YEMOIi /15 THThS B KHIAYEHOM BM/IE; 3aBUCUT OT KOHILIEHTPALIUKH METalIoB
B 9TOH Bojie (B MI/J1 WK MKI/J1), B TOM YHCJI€ IPUTOTOBIEHHBIX U3 HEe HKUAKUX O110/1 U cpelHe-
CYTOYHOTO KOJIMYeCTBa MoTpediseMoit KumsueHoi Boabl (B TOM uucie kuakux 6mon) Ha | kr
Macchl Teja;

PHM;;;. - peanbHas Harpy3ka METaiIoB, MOCTYIAIONIMX B OPraHu3M YeJloBeKa ¢ 1pojyKra-
MH [UTAHUS PACTHTEILHOIO M JKUBOTHOIO MPOMCXOKIACHHUS, HAXOAWTCA B 3aBUCHUMOCTH OT KOH-
LeHTPALMK METAJLIOB B MPOAYKTAX MUTaHHs (B MI/KI MM MKI/KI) M CPEIHECYTOYHOTO KOJIMUYecTBa
noTpediseMbIX MPOJYKTOB Ha | KI Macchl Tena;

PHMjpoy. - peanbHas Harpy3ka MeTauloB [pouasi, MpeACcTaBlsioNnias CyMMy Harpy3ok me-
TJUJIOB, MOCTYNAIOIMX B OPraHu3M Yepe3 HEMOBPEIKACHHYIO KOKY M JKEITY/I0YHO-KUIIEUHBIH TpakT
u3 noussl (PHM,,), Bozbl oTKpBITEIX BogoemoB (PHM, ), npeamMeToB npou3BoJCcTBEHHONH U ObITO-
BOH cpesbl  apyrumu nytamu. Onaxako, yuer PHM,p, Kak npaBuiio, npeacTaBiseT 3HAUUTEIb-
Hbl€ TPYAHOCTH.

CrniestoBatesibHO, pacrioaras CBeeHUAMH 0 COJIePAAHNM Kaz/10r0 MeTallia B IPUPOHBIX U
MCKYCCTBEHHBIX Cpejlax, MUHYTHOM o0beMe JbIXxaHus (3aBHcAlleM OT Bo3pacTa W (u3nveckoii Ha-
IPY3KH), KoJM4ecTBe MoTpebiseMoil CBIPOH BOAbI, KMMSYEHOH BOBI, MPUIOTOBICHHBIX W3 HEe
HKMIKUX MPOYKTOB MUTAHMS, KOJIMYECTBE NOTPedIsieMbIX MPOAYKTOB PACTUTEIBLHOTO W KHBOTHOIO
MPOUCXOMACHUS M MacChl Tella, MOJKHO pacCUUTaTh MOJHYIO pealbHYI) HAarpy3ky METaluloB
(PHM,;o,11.)- E€ MOKHO BbIpa3suTh B OTHOCHTENBHBIX (B MI/KI HJIX MKI/KT) HJIH a0COMIOTHBIX (MI" HIIH
MKT') eMHULEAX [Ulsl KasK10ro KOHKpeTHoro yenoseka [10]. Ananornyno ueiecoobpasHo paccyuThbi-
BATh HAIPY3KH HA OPraHW3M YellOBeKa APYTHX J1eMEeHTOB, He SIBIISAIOIIMXCA MeTalaMH, YTO B Ha-
cToslllee BpeMs ABIseTCH 0COOeHHO aKTyalbHbIM B rpolecce pa3paboTkH M BHEAPEHHS TOcyaapeT-
BEHHOTO CONMANBHO-TUrHeHnueckoro monutoputra (CI'M) B Ykpaune [11].

Takum oOpaszom, s pacuera CyMMapHOro MOCTYIUICHHS MUKPOJIEMEHTOB B OPraH13M 4elio-
BEKa M3 pasiiMuHbIX Cpejl, 0CODEHHO BOJIbI, HEOOXOAMMO MAKCHMAILHO TOYHOE BbIYMCIEHHE Cpejl-
HEro COJIePIKAHMs ITHX DIEMEHTOB B YKa3aHHLIX Cpellax, Hanpumep, B MUTheBOH Boje. B To Ke
BpeMs, 3TO MOJKET MpeJCTaBlATh 3HAYMTEIbHbIE TPYJAHOCTH TPH MPOBEJCHHH PAcueTOB HHM3KHX
KOHLIEHTpALM XMMHUYECKHX IEMEHTOB W HX COeIMHEHHH, O0HApy/KUBAaGMbIX HAa YPOBHE HHKE
yyseTBUTENBbHOCTH MeToga (HUM). OcobenHo cioxHOil npeicTapisercs 3aiada Uis Bpavei ru-
FMEHUCTOB M DKOJIOTOB B Cllyyae, KOrja OJIHa YacTh PE3yJIbTaTOB MCCIIC/I0BAHWH OlleHHBaeTCs B
npeaenax HYM, a apyras uacts — Bbitre HUM.

3anaua uccaeaoBanuit. Matepualibl 1 METOAbI

[leabio Hactosmeld paboThl ABASETCs pa3padoTKa METOJAMKH a/IeKBATHOTO BBIYHCICHHA
CPeIHMX KOHIEHTPALMH XUMHYECKHX BELIECTB M UX COEJAMHEHHI B MUTHLEBOH BOJE M BOAHBIX 00b-
€KTax NP HAJIMYHMK BEJIMYUH HHIKE UYBCTBHTEILHOCTH METO/1A.

Jlis onpenesneHus ONTUMAbHBIX MYTeil BbIYHCIEHUS B MUTLEBOH BOJE CPEJAHHUX KOH-
LleHTpaLnii XUMHUYECKHUX BELIECTB, YaCTh M3 KOTOPBIX HaxoasTcs B npeaenax HUM, Obuin nc-
T10JIb30BAHBl PE3yIbTaThl 1a00PATOPHBIX HCCIEI0BAHUI B MUTHLEBOH BO/E IIEHTPAIU30BAHHOTO
MUTBEEBOTO BosocHAaOKeHUs cBuHLA. MccnenoBanus 3TOro Merauia B BOJIE BBIMOJHEHBI MPO-
usBojcreeHHoi nabopartopueit KIl «AnueBckoe npou3BoJCTBEHHOE YIpaBleHHE BOJOINPO-
BO/IHO-KaHAJIM3aLlMOHHOTO X03sicTBa»  HAa aTOMHO-a0copOUMOHHOM crekTpodoToMeTpe
«Kpuerann-2000» B 2010 r. Pesyabrath 1abdopaToOpHbIX MCCIEJOBAHUN MPUBEJIEHDI B Mr/ M’
(TO ecTh, B MI/n).

YyBCTBUTENBLHOCTD MPUMEHAEMOr0 METO/1a MCCIIEI0BAHUS CBUHLA B IIMTHEBOH BOJE COCTAB-
gsier 0,001 mr/am’. TTo3TOMY KOHIEHTPAIH, ONpeae/seMbie B MHTHEBOI BOJAE HA YPOBHE HUIKE
a1oit Bemmumnbl (< 0,001 Mr/av’), ouennBatores kak HUM. Pe3ysibTaThl pOBEISHHBIX HCCIIEI0BA-
HUii npeacTapieHsl B Tadn. 1.
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Tabnuua 1. PesynbraTel 1a00paToOpHBIX UCCIEI0BAHUI COEpKaHUs CBUHIIA B BOJIE LIEHTPalM30-
BAHHOTO MUTHLEBOTO BoAocHaO)eHus r. Andercka B 2010 r.

KoHueHTpaunu cBuHLA B 1podax MUTHEBOI BOIbI, MI/J1 B Ipodax, 0TOOpaHHBIX B MECSILbL:
sHBaph |(eppans| mapr | anpens | Mmaii HIOHB | Wionb | aBryct | ceH- |oKTaOpb| HOAOPE |nekabpsb
TA0pb
<0,001| 0,006 | 0,005 |<0,001{<0,001|<0,001| 0,004 [<0,001[<0,001{<0,001| 0,003 [<0,001
<0,001] 0,008 | 0,007 | 0,002 |<0,001| 0,005 | 0,003 |<0,001| 0,006 | 0,003 |<0,001|0,0023
<0,001| 0,009 | 0,009 [<0,001]|<0,001] 0,003 | 0,004 |<0,001|<0,001]|<0,001| 0,004 | 0,001

0,004 | 0,007 | 0,008 [<0,001(<0,001{<0,001[{0,0035|<0,001[<0,001| 0,002 [0,0035|< 0,001

< 0,001 0,003 0,005 0,004
0,008 < 0,001 0,002 0,003

< 0,001 < 0,001 0,003 0,002
0,003 < 0,001 < < 0,001

0,001

< 0,001 < 0,001 0,005 0,0016
0,005 < 0,001 0,002 0,002

< 0,001 < 0,001 0,003 < 0,001

Kak BHAHO M3 pe3yJbTaTOB HCCIIE/I0BAHUI HU B OJIHOH M3 Mpo0 BOJIbl KOHLEHTPALMH CBUH-
la He npesbimaioT HopMbl (0,01 Mr/am’), yeTaHoBICHHO# TS BOAOMPOBOHON Bozl [12].

MakcumanbHas 0GHapykKeHHas KoHueHTpaius coctaina 0,008 mr/am’, To ects 0,8 uactu ot
YCTAHOBJIEHHOTO HOpMaTHBA. B TO e BpeMsi BaXKHO yyecTh CYMMAapHOE MOCTYIUIEHHE CBUHLA B Op-
raHW3M 4el0BeKa OJHOBPEMEHHO M3 pasHbIX NMPUPOAHbIX cped. s sToro uenecoobpasHo ¢ Mak-
CHMAIILHOM TOYHOCTBIO PACCUMTBLIBATEL CPE/IHEE COJICPIKAHME CBUHIIA (A TAKIKE APYTUX XMMHUECKUX
BEIIECTB M UX COEMHEHHI) B MUTHEBOM BOJIE M JIPYTHX KOHTAKTHPYIOLIMX C YETOBEKOM Cpe/iax

CornacHO JaHHBIM TIPUBECHHON Ta0IUIBlI YacTh KOHIEHTpaIMi CBHHIA B MUTLEBOH BOjle
okaseipatotes npeaenax HUM (ro ecte < 0,001 Mr!nm3), a apyras vacth — Beiie HUM (10 ecth
0,001 mr/am’ 1 Gostee 31oii BEJIUYNHBI).

Jlns BBIYMCIICHUS CpejIHei 3a TOJl KOHLIGHTPAlMK CBHUHIIA B MHTHEBOI BOJIC B JaHHOM CITy-
4ae y pazaM4HBIX CMEIHAIUCTOR OTCYTCTBYET eauHoe MHeHue. Ho npu aToM npejularatores pas-
JIMUHBIE CrIoco0bl pacyeTa B pellieHHH JJaHHOTo BOIMpOca.

Ilepebiii cnocob — npu BBIYMCIEHUHM CPe/IHEH KOHUEHTpaluu Metajiia seinuynHsl HUM
npuHuMath 3a 0 (Hojb). OHAKO, HEJIOCTATKOM TaKOro MOAX0/1a ABISETCS HCKYCCTBEHHOE 3aHMKe-
HHE CPEIHEro COIePIKAHUs JEMEHTOB B MTUTHEBON BOJIE.

Tak, B paccmMarpuBaeMOM HaMH CIydae MpH MCIOJIL30BAHUH JIAHHOTO criocoda cpe/iHss 3a
2010 r. KOHIIEHTPAIHS CBHHIIA B THTHEBO# Boje Oy1eT coctaBsth — 0,00216 Mr/am’.

Bmopoii cnoco6 — npu BBIYUCIEHUH CPe/IHeH KOHLEHTpaluu mMetaiia npeuioxkeno HUM
NPUHUMATL 3a BEJIMYMHY YYBCTBHUTE/IBHOCTH MeToja (B aaHHom ciaydae 0,001 MI'}"J]\M"')‘ Onnaxko,
HEJI0CTATKOM TAKOrO MOAX0/a SIBJSETCS MCKYCCTBEHHOE 3aBblllIeHUE CpejiHell KOHLEHTpaLuK dJie-
MEHTOB B ITMTHEBOMN BOJIE.

B nannom ciyuae npu Mcnosib3oBaHuM yKaszaHHoro crocoda cpeanss 3a 2010 r. xonuentpa-
LMl CBMHLIA B TIMTHEBOI Boje Oyet coctaBisith — 0,00264 mr/am’. Dta Benmumna okasanack (ak-
THYecKH Ha 22,2% Bbillle, 4eM B pe3yJibTaTe MPUMEHEHUs MepBOro cnocoda BIYUCIEHHS.

Tpemuit cnoco6 — npu BEIMUCICHUH CPEIHEH KOHIEHTPALMKU MeTallla Npe/UlokKeHO BeIHYH-
Hel HUM BooOIIe HCKIIIOYUTL M3 BBIYMCICHUH, TO eCTh He yuuThiBaTh. OJHAKO, ITO NPHBEIET K
ele 6oJbIIEMY 3aBbILIEHHIO CPe/IHEH KOHLIEHTPALMK IEMEHTOB B TUTHEBOM BOJIE.

Tak, B paccMaTpyBaeMOM HaMHM Cliydae Mpu MUCMOIb30BAHUH TPEThEro crocoba cpeHss 3a
2010 r. KOHUEHTpALMsA CBHHIIA B THTHEBOH BoaE Gyaer coctapmsath — 0,00433 mr/am’, uto B 2 pasa
BBILLIE, YEM B Pe3yJIbTAaTe MPUMEHEHHS MEepBOro crocoda BeruucieHus U B 1,6 pa3s Beiie, M0 cpae-
HEHHIO C MCTIOIBL30BAaHHEM BTOPOTO criocoba.

Yemeepmotii chocod — NPH BBIMUCICHUN CPeHEH KOHLEHTPALMKM METalla MpPeUloKeHO
HYM npunumats 3a 1/2 BelIMUMHBI YYBCTBUTENLHOCTH MeToa (B aanHom ciyyae 0,001 /2 = 0,005
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mr/am’). OJHAKo, TAKO#H MOIXOJ ABIACTCS XOTS U OoJiee afeKBaTHBIM, 110 CPABHEHHIO C MpPeIbiay-
LIMMH Tpems crocodamMH, HO OKa3bIBAETCH BEPHBIM TOJIBKO B TOM Cllyuae, eciii U3 o0llIero Kojauye-
CTBA MCCIIE/IOBAHHBIX MPo0 nosoBHHa uxX OyeT omeHena Ha yposHe HUM, a Bropas nonoBuHa Bbi-
mwe HUM, uro moseT BCTpedaThesl 0CTATOMHO pelko. B octanbHbIX ciydasnx, OyaeT HeM30ekKHO
POUCXOMTE 3aBbILLIEHHE WIH, HA0OOPOT, 3aHHIKEHHUE PE3YIILTATOB HCCIIEIOBaHMIA.

B nanHoM ciydae npu MCrosib30BaHHM YKa3aHHOro 4eTseproro crocoda cpensis 3a 2010 r.
KOHILIEHTpAllMs CBUHIIA B ITMThEeBOI BoJie Oyer coctasisaTs — 00,0024 MI/aM . JTa BeJuunHA 3aHsIA
IPOMEIKYTOUYHOE M0JI0KEHUE B PABHOMN CTENEHH MEXKIy pe3ylbTaTaMu CTaTHCTHYEeCKOii 00paboTKn
JIAHHBIX, MPOBE/IEHHBIX MEPBLIM H BTOPBIM CIOCO0AMH.

B 10 e Bpems, HM OJIMH M3 YKa3aHHBIX YeThIPEX croco0OB cTaTHCTHUECKOH 00paboTKH pe-
3y/bTATOB J1a0OpaTOPHBIX MCCICJIOBAHMH HE YYMTBIBAET HacTOTY BCTPEYAEMOCTH [MOJYHEHHBIX
JaHHbIX Ha ypoHe HUM u3 o0uiei COBOKYMHOCTH MOJYUEHHBIX JaHHbIX.

IToaromy nHamu paszpabotan naTbiil 1 Haubosiee ajJieKBaTHBIA Crocod BBIMMCICHHS CPEIHUX
KOHLIEHTpaLHi XMMHYECKHX BEIIECTB U UX COCJMHEHHUI B MUTLEBOH BOJIE U BOJIE BO/HBIX 00BEKTOB
[IPH HAJIMYWK BEITHYHH HHIKE YYBCTBUTEIILHOCTH METO/Ia.

PesyabTaThbl n ux obcyxaeHne

B ocHOBe npe/u10KeHHOro MoAX0/1a JIeKUT YUeT 4aCTOThl BCTPEUaeMOCTH pe3y ibTaToB j1abo-
PaTOPHBIX Mccle0BaHui, olleHnBaeMbIX kak HUM, B 0011ieif cCOBOKYIHOCTH MOJYYEeHHBIX JTAHHBIX.
[Tpu sTOM ycioBHas cpeiHss KoHueHTpauuu Bewectra (Cep) u3 coBokynHocern Beauuun HUM Oy-
JIeT HaXOAMUThes B npejenax cueayrouero auanasona: 0 < Cy, < HUM. [lo namemy MHEHHIO, YyeM
OoJiblle yeabHbIH BeC (TO €CTh BhIILIE YACTOTa BCTPEYAEMOCTH) Pe3yJIbTaTOB MCC/e0BaHMii, ole-
HuBaeMblx kak HUM, Tem B Oonblueil Mepe yclioBHas cpejHss BeJIMYMHA 3THX PE3y]bTaTOB MpH-
Gimxaercs k 0 (nHomo). U naoGopot, uem meHblle yaelbHBIH BeC (TO €CTh HUIKE 4acToTa BCTpe-
4aeMOCTH) pe3y/IbTaTOB HUCClIeaoBanuil, onenuBaemelx kak HUM, u coorBetcrBenHo, Gonbiue pe-
3yJILTATOB BBILIE YYBCTBHTEILHOCTH METO/a, TeM B OOJIbIIeH Mepe YCIOBHAs CpeHss BeluduHa
STHX PE3yIIbTATOB npudamxaerca kK HUM (B ciyuae co ceunuoMm B nutheroil Bojge — k 0,001
Mr/am”).

Jlns ajieKBaTHOM OLIEHKH CPeJIHMX KOHUEHTpPAlMii XHMHYECKUX BEIECTB U UX COCAMHEHHH B
MHTHEBOI BOJE U BOJHBIX 00BEKTAX MPH HAIUYWH BEJMUMH HHKE YYBCTBHTEILHOCTH METO/Ia HAMH
npejuloAkKeHa cieyiomas Gpopmya:

(P - k)/(%) +a,+a,+a,..+a,,
= , (1)

mn

&

rne C, — BblUMCIsAEMAas CPE/IHsAA KOHLEHTPalLUs BELIeCTRA (Mn’ﬂm3);
P — BeJM4MHA YyBCTBHTEJIBHOCTH METOJA (MI/AM’) BEIIECTBA, U1 KOTOPOrO OCYIIECTBIIS-
eTCs BHIYUCIICHUE CPeIHEH KOHLIEHTPALIMH;
k — KonnyecTBO pe3ynbTaTOB MCCIIEIOBAHUI BEILIECTBA ¢ KOHLEHTpallMei, OLleHHBAaeMON Kak
HYM;
== 06].[166 KOJIMYECTBO PE3yJIbTaTOB HCCI[E,.ELOB&HH[:‘{;
m — KOJHYECTBO pe3yJlibTaTOB HCCIIC,EIOB&I-IHFI Cc I{OI-[LIEI-[TpaLLHEﬁ BBIIIE YYBCTBUTEJILHOCTH
METOAa;
a, ax as .. , d, — (PAKTHYECKHE BEJIMYMHBI KOHIIEHTpALM XMMHYECKOro BElIEeCTBa
(MI/aM’), NPeBBIIAIOIIHE UyBCTBHTEILHOCTH METOJIA.
B jaHHOM ciiyuae rpu MCHONIB30BaHUM MPEIIoKeHHON HaMu (opmydbl cpeansis 3a 2010 r.
KOHLEHTpALMs CBUHIA B UTHEBOH Bojie I. AnueBcka Gymer coctapmsath — 0,00247 mr/am’.
AHaJOrHYHBIM CIIOCODOM MOMKHO ¢ MAKCMMalbHOH TOYHOCTBIO pPacCcHHTLIBATL CpelHHE KOH-
HEHTPALIUH XUMHUYECKHX DJIEMEHTOB H UX CDCHHHEHHﬁ B BOJIE, a TAKKC JAPYTHX Ccpelax yWH3HCeIcH-
TEJILHOCTH YelloBeKa (B MovBe, MUILIEBLIX MPOAYKTaX, aTMOC(HepHOM BO3JLyXe M T. 11).
[Tpr HeoOX0AMMOCTH BBIMUCICHUS HE TOJBKO CpejiHeH KOHLEHTPALMH BELIECTB B MUTHEBOMH
BOJIC WIIM JPYTOii cpeie, a ¥ OlNOKK cpejiHeil BeIMYMHBI M CPEIHEro KBaJpaTHYECKOro OTKJIOHe-
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HHUSA C MCTIOIB30BAHHEM [POrPaMMHOI0 MUKpoKajibKyasTopa uin [1DBM, uenecoobpasHo nepso-
HauaibHO 1o dparmenty dopmyist (P - k) / (n / m) paccuurars cpeiiHee coaepiKaHue ornpejense-
MOrO BelllecTBa B COBOKYNMHOCTH 1npo0, oueHupaeMblx kak HUM. Ilocie sroro neobxoaumo BBo-
JIUTh B MMUKPOKaIbKyJIaTOp Wik [19BM o1y cpeanioo BeaMYHHY CTOIBKO pas, CKOJILKO 00HapyKe-
HO pe3yJbTaTOB HMccieaoBaHui, olenuBaemblx, kak HYM. 3atem HYy»KHO BBECTH OCTajlbHbIE pe-
3yJbTaThl HCCIIEOBAHUI ¢ BEJMYHHAMM BbILIE 4YBCTBHTEILHOCTH METO/IA.

MosHo TaKke pazpaboTarh, OCHOBaHHYI0 Ha opmyiie (1), yCOBEpIIEHCTBOBAHHYIO KOMITbIO-
TEPHYI [POrpamMMy CTaTHCTHYECKOH 00paboTKH pesysbTaToB J1abOpaTOPHbIX HCC/E]0BaHM
MUTHEBOI BOJIBI M IPYTUX CpeEl.

Husxe npuseseno marematuueckoe o0OCHOBaHHE aAeKBAaTHOCTH mnpumenenus Gopmyssl (1)
BBIYUCICHUS CPEIHMX KOHIIEHTPALMH XMMHYECKHX BELIECTB U UX COEAMHEHHI B MIUTHEBOH BOJE H
BOJIHBIX 00BEKTaX MPU HATMYUH BEJIUYUH HUKE YYBCTBUTEILHOCTH METO/1a.

OGo3HauUM MOPOr YyBCTBUTEIBHOCTH METO/1a uepes P, BeJIMuMHY KOHIEHTpalMii BellecTa
yepes C, o6beM BeIOOpKH uepes n. Bennunna C sapasercs cyyaiiHoil BeTHYHHON, W Pe3yIbTaThl ee
3aMepoB (MpH YCI0BHH OTCYTCTBHS 110POra YyBCTBMTEILHOCTH METO/A) MNPEACTaBIAIOT co00i He-
KOTOPYIO BbIOOPKY:

C=1C 0y EaY (2)

Ho MOCKOJIbKY MpH M3MEPECHHH KOH].leHTpaL[P]F{ CYUIECTBYET 1OPOI HyBCTBUTEILHOCTH METO-
Jia, TO He BCe 3Ha4YeHus B paje (2) MOryT ObITh MPEACTABIEHBI aKBaTHO HMEIOLLEHCS CHTYaLuH, 1
B CJlydae peajibHbIX KOHUEHTpauuid HHKe Mopora 4yBCTBUTEILHOCTH METO/la YHMCIIOBbIE 3HAYECHMS
KOHLEHTPALMH He MOTYT ObITh ONpE/Ie/IeHbI.

Pazjiesium pesynbTaThl MCCICI0BaHWN Ha [1Ba MOAMHOKecTBa A 1 B:

A -—_{a-l;az_;---yai "‘Jam I af -:—?—P}'

B ={b,b,,...b; ..,b | b <P} (3)

HeoOx011MM0 OTMETHTB, YTO MOJAMHOKECTBO A COIEP/KUT 3HAYEHMS M3y4aeMOH ciyyaiHoi
BesinurHbl C BBIILE MOPOra YyBCTBUTEILHOCTH METO/1A, B TO BPeMs KaK MOJAMHOKeCTBO B MOXKHO
paccMaTpuBaTh Kak BUPTYalbHOE MOJMHOKECTBO BeaH4YHMHBI C, 3HAUEHMS KOTOPBIX HHIKE MOpora
4yBCTBHTEIILHOCTH MeTo/1a. [ToaMuokecTBo B He MOKeT ObITh M3MEPEHO CYIECTBYIOIMM METO-
JIOM, U B COOTBETCTBYIOIIMX MPOTOKOIAX OTMEUAETCS HE YUCIEHHO, a MOMETKONH ‘“HHMKE YYBCTBH-
TenkpHocTH Metona”. IlocaeaHee oOCTOATENBLCTBO CAYHKMUT ONpeaeseHHol npodbnemoii npu BeluMC-
JIEHHH CPE/IHEH KOHIEHTPALMK 10 cepuy u3mepeHuit. Ecin bl mopora 4yBCTBUTEIBHOCTH METO/1A
HE CYLIECTBOBAO, TO BLIOOPOUHAs cpeiHsas /s psaaa (2) paccuuThiBanack 1o Gopmyie

-i:‘- ; (4)

B yCﬂDBHHX JKE€ HaIIU4YHA l'IOpDra quCTBHTEﬂbHUCTH METOda BO3MOXHA JIMIIE OLICHKA Cpe,[l-
HETO 110 MEPBOMY MOJAMHOKECTBY A:
™m
1
— % (5)
i=1

Jlna onpenesnenust cpeHero ¢ y4eTom nojamMHoxkecTsa B HeoOX0AMMO OLEHUTH 3HAYEHHs
ATOTO MOJMHOMECTBA. B HacTodee BpCMR HC]'[O.TIbByHZ)TCH cneny}oume OLICHKH:

ol
I
N

2
Il

1. b,=0, mpuecex i=1,..,k;
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2. b,=P, mpuscex i=1,...k;
3. b, = 05P, npuecex [(=1,..,k.

Torna cpeanee 3HaueHHe KOHLEHTpaluu ¢ yuetom pesynbtatoB HUM ouenusaercst cie-
JytoluM odpazom:

m
1
ana cavdasg 1 E:;'Za" ,
=1
m
1
ana cayaas 2 cT=— Za"}-Pk :
n
_ 1
ona caveas 3 c=—- a;, +0,5Pk
T

i=1

OCHOBHOH HEOCTATOK MPEIOAKEHHBIX (POPMYJT 3aKJIIOHAETCs B TOM, UTO BBIOOpP COOTBETCT-
BYIOIUMX OLEHOK b; He 000CHOBAaH CTaTUCTHYECKH.

MblI npejuiaraemM MCHosb30BaTh CTATUCTHUECKHUIT MOAXO0A /1l OLIEHKM BEIMUUH MOIMHOKECT-
Ba B u, cooTBeTCcTBEHHO, Onpe/iesieHus cpeiHell KOHIIEHTPAaLMK ¢ yUeTOM BCEX Pe3ylbTaToB M3Me-
peHuid. B kayecTBe MCXOAHOTO NMPEANOIOKEHHs TPUMEM, YTO BeJIMUMHA KOHUEHTpauni C aBiser-
cs ciyuaiino BenuuuHoN. Ha nepBom aTane cTaTHCTHYECKOro UCCieIoBaHUs IPOBEPUM THIOTE3Y O
TOM, 4TO MHOsKecTBa A M B npuHajuiexar 0/1H0# reHepaabHOH COBOKYITHOCTH.

Ha Bropom starne B 3aBHCUMOCTH OT PE3YJILTAaTOB MEPBOIO TAra BbIBEJIEM COOTBETCTBYIOLIHNE
(OpMYJIbI [UIs OLEHKH CPeHeH KOHUEHTPALMH.

Iepebiii yTan. TlockojibKy OCHOBHBIE Pe3y/IbTaThl ONPEAEIeHUsI KOHLIEHTPALMK MPEICTaB-
JIeHbI TIOJIMHOKECTBOM A, TO Oy/J€M CUMTATh, YTO OHO MPUHA/UIEKUT reHepaibHOH COBOKYMHOCTH
X ¢ HOpMasbHBIM 3aKOHOM pacnpezenenus. Martemaruueckoe oxuanue ciaydaitHoil Benuuunsl C
OLIEHHM KaK CpejiHee M0 MHOMKECTBY A MpH MoMoiH (GopMyibl:

m
=),
a=—- a ,

m :
i=1

a cpejiHee KBaJPAaTHYECKOE OTKIOHEHHME KaK HCIPABICHHOE CpeHee KBaJpaTHYECKoe OT-
KJIOHEHHE 110 hopmyie:

‘ m
A ’Z(“E — &)?2/(m- 1)

2

Jlns BbISICHEHHS TIPHHA/UIEKHOCTH JIEMEHTOB MOAMHOMKECTBA B renepanbHOi COBOKYNHOCTH
X BBIIBUHEM JIBE THIOTE3bI:

OcuoBHas runote3a Hy: MHOKeCTBO B He BXOJNT B TeHEpaIbHYIO COBOKYITHOCTD X.

AnbTepHaTuBHas runote3a Hy: Muoxkectro B BX0OAMT B reHepaibHyIo COBOKYMHOCTh X.

Ecan okaxercs BepHOH OCHOBHAs TMIIOTE3d, TO OTCIO/Id MOJKHO OYJIeT ¢/le/iaTh BbIBOJL O TOM,
YTO JIEMEHTBI MHOJKECTBA HE SIBJAIOTCS Pe3yabTaToB pa3dpoca ciyuaiiHoi BeIMYMHbI, 4 Npe/ICcTaB-
Js110T cO00H Cilyyau, KOrjia BEIeCTBO HE MPUCYTCTBYET B H3MEpAEeMOM 00beMe, U, CIe10BaTelIbHO,
Bce 3HaueHus b; pasHbl 0, TakKe Kak U cpeHee 3HaueHue 1o Beibopke B.

Jlns npoepku runotessl Hy OlleHUM BEPOATHOCTE TOTO, 4TO ClydaifHas BenuuHa X OKaxer-
csl MeHblle nopora uyscTBUTe/lbHOCTH MertoAa P.  Cornacno aurtepaTypHbIM ucTOuHMKaM [13]
JlaHHAs BEPOATHOCTL P onpesenseTcs mo creyiomieii gopmyre

P — &

P = BepoamHocme { X < P} = QU( )_ #(—) =0,5— (p(as_ P) : (6)

a n
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I'unotesa Hy BepHa npu ycinoBuu:
P< a, @)

rje @ — ypoBeHb 3HAYMMOCTH OLIMOKH MEpPBOro poja.
Torna u3 yenosus (7) ¢ yuerom BelpazkeHHs (6) MoJy4uM HepaBeHCTBO:

115(&5_‘0:):“:0,5—&. (&)

a

PaspemuB neByto yacte HepaBeHcTBa (8) oTHocHTenbHO aprymenTta (yHkuuu Jlannaca, no-
JIyMUM OKOHYATEIBHOE YCII0BHE MPUHSITHSI OCHOBHO# runotesst Hy

a—~pP
5

=t s ©)

a

IJle KPMTHYECKOe 3HAYeHHe t,, = @71(0,5 — @) HAXOAMTCS MO COOTBETCTBYIONIEH Tabiuie

[13].
Ecnn ycnosue (9) BelnonnseTcs, To HeT ocHoBaHui oTBepHyTh runore3y Hy. Torna cpeinee
3HAYEHHE KOHUEHTPAIMK C YYETOM BCEX PE3yJIbTATOB BBIYUCIACTCS O (opMyie:

i a; . (10)

=1

[+1]
Il
3|~

Ecnu ycnosue (9) He BbinonHsercs, To ocHoBHas runortesa Hy orBepraercs, npuHumaercs
runore3a Hy .Orcrona ciieayer, 4To 2neMeHThl MHOKecTBa B sBisiioTCS pesyibraTtoMm pasdpoca
ciyuaiiHoil BenMuMHbL X, W MOITOMY HEOOXOJMMO OLIEHKY Cpe/HEH KOHUEHTpaLHuH MpPOBOIUTEH C
YUETOM OLIEHKH Cpe/iHell KOHUEHTpaLMH 10 MHOKeCTBY B, uTo ocylilecTBisercss Ha BTOPOM 3Tare
MCCIICI0BAHMIA.

Bropoii yran. 3anumem gopmyny pacuera cpejiHeil, yUUTLIBasA W peajbHO W3MEpPEHHbIE 3Ha-
YEHHsI MOJMHOMKECTBA A W HEM3BECTHBIEC 3HAYEHHS MHOKecTBa B, olleHeHHbIE KaK He TpeBbILIao-
LIME MOPOI" YYBCTBUTEIBHOCTH MeToa P:

m k
1
c=—- a + o IE 11
- Z Z (11)

m k
c=——2 a;|+—-| = | =w, @atw,-b, 12
n m i n k i a b ( )
i=1 i=1
/1€ Cpe/IHUe 3HAUYeHHs KOHLIEHTPALMH 110 KaKA0MY M3 NOAMHOKECTB A ¥ B BbIuKC/s0TCS 110
dopmynam:
m
_ 1
a=rr ) B, (13)
i=1
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= |

k

= 1

b= -Zbé , (14)
i=1

@, W @ — YacTOThl BCTPEYAEMOCTH Pe3yJIbTAaTOB H3 NOAMHOKECTB A U B, BhuHCseMbIe 110
Qopmynam:

¥ wb=

(15)

2|3

2=

JU1s oueHKM cpeHell KOHLEHTPALUMH 10 MHOMKECTBY B BbIIBUHEM NpearnosoikeHue, 4To
cpejiHee 3HaYeHHe b NpONOpLHOHAIBLHO HYacTOTe @), , YTO O3HAYAET, 4eM Oosblie yacToTa @, (T.e.
BCTPEYAEMOCTh PE3yJIbTATOB BBILLE UYYBCTBHTEIBHOCTH METOJA), TEM PE3yJIbTaThl U3 MOIMHONKE-
crea B 6nmke k nopory uyBcrBuTenbHOCTH MeToa P. M nHaobopot, malible 3nauenus @, (M coot-
BETCTBEHHO OOJIbIIME 3HAUYCHUS (@) ) TOBOPAT O TOM, YTO PE3yJIbTaThl U3 MOJAMHOKecTBa B ABAA10T-
¢l He3HAYUTeIbHBIMU. OTCIO/A TOTYyYaeM CJIe/IyIOILYI0 OLCHKY:

Torna u3z opmyisl (12) nonyunum Gopmysy OLEHKH cpejiHed KOHIEHTPaLHM:
e=w,(al w,-P),
KOTOpasl 1ocJjie 1nojAcTaHoBKU BelpaskeHui (13) u (15) npumeT oKoHuYaTe/IbHbIH BU:

a,+a,+ay..+a,+P-k Sl
Cp = n (16)
n
Kak Buaum, sta popmyna copnaaaer ¢ popmynoii (1).
AusrropuT™, paspabotanHblif B 1anHoi paborte, peanu3oBaH B BUJE KOMIBIOTEPHOH Mporpam-
MBI, KOTOpas npejacrapiseT coboi anekTponnyio Tabauiy B dopmare Excel. TTons3osarenio npo-
rpamMMbl J0CTATOYHO BBECTH BEJIMUYHMHY MOPOra YyBCTBUTEILHOCTH MeTOa P 1 JlaHHbIe H3MEpEHHH,
BKJII0Yas 0OTMEeTKH pesyibratos HUM, Ilporpamma Bbigaer cpeiHee 3HaY€HHE KOHUEHTPALMH H3Y-
4aeMOro XMMHYECKOr0 BEILECTBA W €ro COeIMHEeHUH B NMUTheBOH Boje. Ilpu HeoOxomumocTH pe-
3yJbTaT MOKET ObITh MPEJCTAB/ICH B BHJIE J0BEPHTEIBHOTO MHTEPBAA, OLEHHBAIOLLIETO CPEAHION
KOHLIEHTPALMIO XHMHUYECKOT0 BEILIECTBA B MUTHEBOI BOJIE € 3a1aHHBIM YPOBHEM HAEHKHOCTH.

BoiBoabi

1. Paspaborana merojuka u npeaiokeHa Gopmylia aieKBaTHOroO BbIYMCICHHS CPEAHUX KOH-
LCHTPALMH XMMHYECKHX BELLEeCTB M UX COCJIMHEHHMH B NMMTHEBOH BOJIE, BOAHLIX 00bEKTaX, a TaKKe
JPYTHX cpejax MpH HAJIWYHMK BEJIMYHH HHIKE YYBCTBHTEIBHOCTH MeTO/a. B OCHOBe npe/uioKeHHO-
IO NMOJX0/1a JISKUT YUeT YacTOThl BCTPEYaeMOCTH Pe3y/IbTaToB J1abopaTopHBIX HCCIIe/I0BAHUI, Olle-
HuBaeMblx kKak HUM, B o0uieii COBOKYHOCTH MONYyUYEHHBIX JAaHHBIX. BblnoaHeno MmaremMaTHyeckoe
000CHOBaHHE a/IeKBATHOCTH IIPUMEHEHHS Bhillle YKa3aHHONH METOJAMKH W (OPMYJIbI.

2. [lpepnoxeHHas METOIMKA BLIMUCICHUS CPEIHMX KOHLEHTPAaLWid XMMHYECKHX BEIIECTB M
MX COEJMHEHHI B NMPUPOAHBLIX cpeiax MOKeT ObITh MCINOJb30BaHa IS pacyera MOJHOH pealbHOM
HArpy3Kku Ha OpPraHu3M 4YeloBeKa XMMHUYECKHX JJIEMEHTOB (B TOM YMCIIE METAIOB) U MX COEAMHE-
HUIi, MOCTYNAIOIMX B OPraHU3M € MUTHEBOH BO/I0i, HCIOJB3YEMOIi /Ul MUTHS B CHIPOM M KHIIsUe-
HOM BHJIe, MPOAYKTAMH NMUTAHHUs, U3 aTMOC(EPHOro BO3AYyXd, MOYBBI M JIDYTHX Cpejl jKH3He/es-
TenbHoCTH. [lonydyeHHble AaHHbIe HEOOXOAUMBI A1 pa3paboTku U BHeapeHus >(PheKTUBHBIX Me-
POIPHUATHI 10 3aLUUTE CPeibl KH3HEACATETLHOCTH, 310POBbs JIETCKOI0 M B3pPOCIOro HacelleHus,
OCODEHHO B TeX Ciy4asx, KOTja KHTEeNH MPOKUBAIOT B YCIOBHAX HeOJaronpHsTHOH 2KoJI0ruye-
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CKOIl cuTyaluu. YKazaHHass METOJMKAa MOKET ObITh YCIELIHO UCIO/b30BaHa B npoliecce paspador-
KH ¥ BHEJPEHUs B YKpanHe rocy1apcTBEHHOI0 COLMAIbHO-THIHEHHYeckoro MoHutoputra (CI'M).

METO/IUKA PO3PAXYHKY CEPEJIHbOI'O BMICTY XIMIYHUX PEYOBHH
Y IIUTHIN BOAI I BOIHUX OB’€EKTAX

C. B. Kanpanos', JI. €. Iixannenceka’
1 — I3 «AnueBchbKa MichbKa caHiTapHo-eniemionoriyna cranuis Jlyranckoi obnacriy,
2 — Jloubacekwuii nepxasuuid Texuiuuuid yuisepeuret (JonATVY), m. Anueschk
e-mail: lida.podlipensky@gmail.com

Pospobaena memoouka u 3anpononoana (hopmyna po3paxyuxy cepeonix KoHyenmpayitl xi-
MIYHUX peqosUH ma IX cnoay4enb Yy numHitl 600i, 600HUX 00 €kmax, a makoic iHwux cepecosuuyax
3a YMOBOIO GUABTEHHA Geauyun Hudxcye vymaueocmi memody (HUM). B ocnosi danozo nioxody ie-
AHCUMB VPAXYEAHHA YACMOomu 3ycmpivacmocmi  peyabmamie 1abopamopHux 0ociioxiceis, o oui-
neni axk HYM, y saeaneniti cykynnocmi ompumanux oanux. Buxonano mamemamuune o6rpyumy-
sans QOYITbHOCMI 3aCMOCYBAHHA GULEBKA3ANOT MEMOOUKL Ma (hopmyau.

3anpononosana memoduka modce dymu euxopucmand Ois PO3PAXYHKY NOBHO20 PEaibHOZ0
HABAHMAICCHHS HA OP2aHi3M TIOOUHU XIMIYHUX eleMenmie (6 moMy yucii, Memanie) ma ix cROIVK,
o HeobXiono 0na po3podKu ma enpoeaddicenHs 3axodie uodo 3axucmy cepedosuuya JCUmmeois-
abHocmi ma 300poe6 s nacenemns.

Kniowosi crosa: eoda ma inwi cepedosunya HcummedisibHocmi, MemoourKa po3paxyiky ce-
peoHix KoHyenmpayit XiMivHux pevosun, opeaniam JoouHu.

CALCULATION OF AVERAGE OF CHEMICALS IN DRINKING WATER
AND WATER BODIES

S. Kapranov', L. Podlipenskaya®
I - SE «Alchevsk Municipal Sanitary and Epidemiological Department of Lugansk region»,
2 - Donbas State Technical University (DonSTU), Alchevsk

The methodology and the formula have been developed for the calculation of average concen-
trations of chemicals and their compounds in drinking water, water bodies, as well as other media
in the presence of values below the sensitivity of the method (BSM). The basis of this approach is
accounting frequency of laboratory results that are defined as BSM among total obtained set of da-
ta. The mathematical justification of the adequacy of the above mentioned method and formula was
performed.

The proposed calculation method can be used to calculate the total actual load of chemical
elements (including metals) and compounds on the human body that is necessary to develop and
implement measures to protect the living environment and public health.

Keywords: water and other environments, method of calculating the average concentrations
of chemicals, the human body.
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