JNlekuna 11. Xumua un okpyxawLias
cpena

NCTOYHMKN 3arpA3HEHUS OKPY>KatoLLEN
cpelbl; eCTECTBEHHbIE U TEXHOIEHHbIE
PaaNOHYKNNABI;

PAOVNO3KONOrng; 3KOmornvyeckoe
HOpMUpOBaHUE — npeaenbHO AOoNyCTUMbIE
KOHLEHTPAaL NN, SKONMOrM4eCcKnun
MOHUTOPUHI OKpY>KatoLLen cpenbl;

MeToOdbl aHANMUTUYECKOU XUMUMU,
ncnonb3yemMble B MOHUTOPUHrE.



NoHusupyrowiee nsnyyeHue u
OKpy>arLiaa cpega

BaxHe#iuiue npupoaHbie U TEXHOTEHHbIE PALHOHYK-

uabl, 00YCH0BIMBAIOLIKE PALUALIMOHH I (DOH HA OBEPXHOCTU
Jemnu

[TpuponHbie paguoOHYKIUIL! TeXHOreHHbIE PAAHO-

TEPPUIEHHBIE KOCMOTEHHBIE HYKITHIbL

40K, 2IOPO, 222Rn, 226Ra, 3H, MC, 32P U Ip. SH, 9081.’ 85K]', 1311,
232Th, 235U, 238U U . mCS, 144CC, 239Pu U 1.

MaTepuHckue aapa: ‘°K, 2°2Th, #°8U; npoayKThl
UX paauoakKTUBHOIO pacnaga obpa3syoT
pagnoakTuBHbIE paabl



Nepexoa pagnoakTUBHbLIX U30TOMNOB U3 NOYBLI U

ropHbIiX nopoa B atMmocdepy, BoAblI OKeaHa ,
: OpPraHM3M XXUBOTHbIX
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MoHusupyrowiee nsnyyeHue u
OKpy>aroLiaa cpega

[Mpu paboTe aaepHbIX peakTopoB 0Opa3yoTCcA HE CYLLIECTBYOLLNE B
npupoae paanonyknunabl bonee 40 anemeHTOB [Nepnoanyeckon
cuctembl. [laxke npu 6esaBapumnHon pabote peakTopos B
OKpY>KalLLyo cpefy NoCcTynatT paanoakTUBHLIN ra3 KpUNTOH
(pagnonyknung 85Kr), a Takke Hebonbwme konmndecTtsa 1311, Tputun
N HEKOTOPLIX OPYrMxX paanoHyKnnaos.

Ecnn nonaswunn B okpyxawwyto cpeny 239Pu npoyHo
domKcmnpyeTca noysamMmmn 1 NpakTUYECKn He NepexoauT B NULLEBLIE
uenu, To Takne paguoHyknuael, kak 137Cs, 1311 n ocobeHHo 90Sr,
No pasfnyHbIM NULLEBLIM LENAM MOTyT OKa3aTbCsl B OpraHn3me
yerioBeka. Tak Kak HeKOTopble paAnNOHYKINAbl CNOCOOHbI
KOHUEHTPUPOBATLCA B ONpeaenieHHbIX OpraHax 4yerfioBeka
(Hanpumep, 90Sr B KocTsax, a 1311 B untoBnaHOM Xernese), To UX
HaKOMMNEHUE B 3TUX OpraHax MOXET MPUBECTU K TSXKENbIM
3aboneBaHuaM (Hanpumep, paky LWNUTOBUOHOW Xenesbl).



AKTUBHOCTb pagunoHyKnuaa

« CooepxaHne paguoHyknmaa B 00bekTe
XapaKTepusyrT Yepes ero akTUBHOCTb.
EagvHunua aktmBHoctn — 1 6ekkepernsb (|
bk), 1 bk oTBevaeT ogHoMy pacnagy B 1 c.
PaHee eanHUUen akTUBHOCTU ObIno 1
kKiopn (1 Kn), 1 Kn = 3,7 x 10" bk.
CBeneHunsa o cpeaHen aktuBHoctn 40K B
BOeE, MNOYBE N HEKOTOPbIX NPoAyKTax
NMUTAHNSA NMPUBEOEHbI HUXKE:



CBefneHust o cpeaHen akTUBHOCTU

‘K B Boge no4se 1 HEKOTOPbIX
NMDONVKTAX M ATAHINA

bk/n unu bk/Kr

Bosna nurheBas 0,1-0,3
Mopckas Boaa 6—12

IMouysbl HeyepHo3embs 350—450
[Tenuua 90-110
Monoko 3545

KopHennonp! u knybHu Kaprodens 100—150
DOpyKThI 50-100
OBouuu 40—-240
Msico 80—120

Pbi0a 90—-110



CocTaBnstoLwine cpeaHen roqoBou
0O3bl U3NYyYEHUS YernoBekKa
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CornacHo npuHATbLIM B HaLLEW CTpaHe HOpMaM, NpeaensLHo-
gonyctumas gosa msnydeHns ang xmntenen Poccmn paBHa He 6onee 5
M3B 3a rog. OTMeTuM, 4YTO rogoBasi 4o3a, OTBevalLas cpegHemMy no
Hallen cTpaHe ecTecTBEHHOMY DOHY MOHU3UPYIOLLENO U3NYyYeHns,
COCTaBNSET YyTb MeHee 1 M3B.



PAOUALMNOHHbBIE ABAPUN

* K ocobeHHO msixKerbIM rnocriedcmaeusiM ¢ MoYKU 3peHUs
pacripocmpaHeHUs1 MexHO2eHHbIX PpadUOHYKIUO08 o rnoeepxHocmu
3emru npusodsim asapuu, Komophble rnpoucxoousiu Ha S0epHbIX
peakmopax (Harnpumep, asapus Ha YepHobnbinbckou ASC e 1986
200y), unu asapuu 8 Mecmax xpaHeHusi paduoakmueHbIX 0mxo008
(Kbiwumbim, 1957 200).

Bcezo 8 ammocgepy moeada rornasno okorio 300 pasniu4vHbIX
paduoHykrnudos, 8 mom yucrie 90Sr, 137Cs, 1311,95Zr, 140Ba.

Bce nepelueqwive B oKpyxatowwyro cpefy CpaBHUTENBHO
KopoTKoXusywme pagunonyknuabl (1311, 95Zr, 140Ba) yxe
MNOSTHOCTbIO pacnanucob.

OCHOBHbIE KONMYecTBa OONTOXMBYLLNX paanoHyknuaos 90Sr m
137Cs okasanucb B JOHHbIX oTnoxeHusax. 137Cs nogBepKeH
MUrpauunm rno noBePXHOCTN 3eMSN 3HaAYUTENBHO criabee, Yyem 90Sr,
(n3-3a obpasoBaHNs pacTBOPUMOro B Bode rmgopokapboHarta
Sr(HCOs3),).

[ToaToMy B HacTosiLLee BpeMsi HanbornblLUYy OMNacHOCTb
npeacTaBnsieT nonagaHue ¢ NUWEBLIMU NPOAYKTaMU B OpraHn3m
yenoseka nMeHHo 90Sr.



V3yyeHuem pacripedesieHUsi paduoHyKuoo8 rno
r1o8epxHOCMuU 3eMsiu U 8bISI8IIeHUEM CB8513U 3M0o20
pacripedernieHuUsi ¢ eo3oelucmeuemM UoHU3uUpyrouieao
U3/1y4eHUs Ha Xueble op2aHuU3Mbl 3aHUMaemcsi
paduoakosio2usi — Hayka, pa3eusuasicsi 8 rocriedHuUe
decamuriemus Ha cmbike buoroauu, u3uKku U paduoxumudu.

B HacTosilwee BpemMs BKNagd TEXHOMEHHbIX
PagMOHYKINNOOB B CpeaHo addeKTUBHYIO 03y
COCTaBJISET HECKOJbKO MPOLIEHTOB OT 0bLLen 403bl; OH

3HAYNTEIIbHO MeHbLle, YeM BKI1aa TOJIbKO OT NPpUpoaHOro
222Rn



JKONIOrm4eCKM"N MOHUTOPUHT

e JKOMOrms — Hayka 0 3aKOHOMEPHOCTAX B3aMMOCBA3enN U
B3auMo4enCcTBUA OpraHN3moB U UX CUCTEM ApPYr C APYromM U cOo
cpenon oonTaHus.

e JKOonormyeckKkas xmmus u3yuvaeT npouecchbl, onpegensivowme
XUMMNYECKNN COCTaB U CBOMCTBA OOBHEKTOB OKpYyXatoLien
cpeabl.

e JKONIOrM4YeCKM MOHUTOPUHI — CUCTEeMa HabnaeHUn n
KOHTPONA 3a UBMEHEeHUSIMU B cocTaBe U (DYHKLUUAX pPa3fINYHbIX
3KONOrm4YeCKnx cCUCcTem.

B skonorn4yeckomM MOHUTOPUHIe akTUBHO UCMOMb3YHOT PasnuyHbIe
XnmMmm4yeckue, hmnsmnko-xmmmyeckue, mnsmnyeckne n brnonornyeckme
MeToAbl aHanmaa.

Llerib MOHUMOpPUH2a: onpeaereHne KOHLUEeHTpaLUumn 3arpsasHsoLLImnX

BELLIECTB B Pa3NNYHbIX NPUPOAHbLIX OObEeKTax.
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- Jonu 3arpsa3Henuit aTMocepsl pasinyHBIMU OTPACAAMHK TEXHUKH B Poccuii:
I — rennosuepreTuka, 2 — vepHas MeTannyprus, 3 — Hereaobbua u Hedrenepepaborka; 4 —
BTOTPAHCIIOPT; 5 — LBETHAs METALIYPrUs; 6 — IPOMBILIEHHOCTh CTPOMTENBHbIX MATEpHATOB;
J— XUMH4ECKan [IPOMbILLIEHHOCTD



[lpenenbHO gonyCTUMbIE KOHLUEHTpauun
3arpasHsaowmx sewects (MNAK)

- onpeaneneHHbie HOpMbl KOHUEHTPaLUnKn
3alrpA3HAROLWLNX BELWLECTB, HE Bbl3blBakloLlne

HeXxenaTtenbHbIX NOCneacTBUn B MPUPOLHOU
cpene.

[K ycmaHoerneHb! 05 pa3fiu4Hbix 06bekmos
— 800kb! (Numbesgasi 800a, 800a 8000EMO8
pPbI60X035UCMBEHHO20 3Ha4YEHUS, CIMOYHbIE
800kI), 8030yXa (cpeOHecymoyHas
KOHUeHmpauus, 8030yx paboyel 30HhbI,

MakcumarsibHo doriycmumas pa3oeas N4K),
1048.



[lpenenbHO gonyCTUMbIE KOHLUEHTpauun
3arpasHsaowmx sewects (MNAK)

[TepeyeHb 1 KONMYECTBO BbiGpacbhiBaeMbIX B OKpYXKatoLyto cpeay
3arpsaAsHAarLWmMX BelwecTB BKIoYatoT okosio 400 Teic. HAaMMEHOBaAHUA.

[Mpexnae Bcero HabnoaeHUo A0MKHbI NoanexaTb BellecTBa, BbIOpoc
KOTOPbIX HOCUT MacCOBbIN XapakTep, W1, creaoBaTeribHO, 3arpsi3HeHne Mu
OCYLLECTBNSAETCA NOBCEMECTHO.

Amo, Hanpumep, SO.,, CO, nbinb - 055 20p09cK020 8030yxa;
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HegbmernpodyKmabl, No8epPXHOCMHO-aKmueHble seuecmea - 01151 MPUPOOHbIX
800;

necmuuyudsbl - Ors [1048.

Ob6sizamesnibHO csiedyem KOHMpOoJiupoeamb U caMble MOKCUYHbIE
eewecmea, omnu4varoujuecsi Haubonee Huskumu K.



[NMpenenbHO AONYCTUMBbIE KOHLIEHTpaLMn
3arpsA3HAIOLLMX BELLEeCTB

BOoNbLWMHCTBO HOPMUPYEMbIX 3arpASHAIWNX BELLECTB [i/19 BO3AyXa
umeer MAK B npegenax 0,005—0,1 mr/m®: V,0O,, HeopraHuyeckue
COeOMHEeHUA MbILLbAKa, Cr(6+) opraHMLleCKme BeIJ.I,eCTBa
aueToeHoH, ctnposn n ap. Ang He6OJ'IbLUOI'O NnepeyvHs BeLLecTB
[MOK ewe meHbwe: Hg - 0,0003 mr/m3, Pb 1 ero coegmHeHus
-0,0007, Kap60HVIJ'IHVIKeJ'Ib- 0,0005, 6eH3[a]nMpeH 0,000 001 mr/m3.

OCHOBHOE KOSIMYEeCTBO HOPMUPYEMbBIX 3arpA3HAIOLLINMX BELLECTB ANs
BoAbl Bogoemos nmetoT MNAK 0,1-1 mr/n. [Ing MHOMMX TOKCUYHbIX
BELWECTB (Hanpumep, HeopraHU4Yeckne coegmnHeHust Se, Hg).
yctaHoeneHa 0K 0,001—0,003 mr/n. HebonbLwoe 4yncno BewecTs -
coegnHeHua Be, onatunptyTtb, TeTpaatunonoso nmetot MNAOK
0,0001-0,0002 mr/n. Ana ocobeHHO onacHbIX TOKCUYHbIX BELLECTB,
TaKuX, Kak pacTBopvMble conun H,S, akTuBHbIA X1op, 0eHs[a]nupeH,
N-HUTPO30aMWUHbI, ANOKCUHbI, B kauecTBe HOpMaTuBa YCTaHOBMNEHO
NOSIHOE OTCYTCTBUE UX B BOAE.



NAOK Hanbonee pacnpocTpaHeHHbIX
OpraHU4YecKuUX U HeopraHU4YeckKMx TOKCUMKaAHTOB B BO3AyXe U B

BoAax
(mr/n):
OpeaHu4yeckue coeduHeHus K  HeopzaHuyeckue coeduHeHus NLK
o-xnopdeHon 0,0001 Hg(2+) 0,02
deHon 0,001 Pb(2+) 0,1
Kpes3orbl 0,001 Cd(2+) 0,3
rBasikor 0,01 Sn(2+) 0,6
b6eH3on 0,01 Mn(2+) 0,8
TOnyon 0,01 Zn(2+) 1,2
HUTPODEH30MN 0,01 Cu(2+) 1,5

HagoTOoNbI 0,1 Ni(2+) 1,6



XuMUIEeCKHe BEUIECTBA, IOIJIEXAITUE OIIpeaeiie-
Hmo B IIPUPOIHEIX cpefiax B GHochepHBIX 3aITOBEIHMKAX

Cpena
B
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‘Hell, KaIIMU#, MBIIIbIK. * A30T, docdop. ° CynsdaTel, XJIOpHUABI, aM-
MOHUM, HUTPATH, HUTPUTHI, KaJXLLIMH, MarHmii, Harpm’fl KaJmﬁ TS-
* XeJBIe METAJUTBI, HOHBI BOIOPOAA (pH)



AHanuTnyeckasa Xxmmusa

— HayKa O MeToAax onpegerneHnAa Ka4eCtBeHHOIro n
KOonin4yeCTBeHHOIo CoCtaBa BeLlleCTB U MmaTepuaroB.

B gaHHOM cny4vae peyb nget ob6 onpegeneHnn KoHUeHTpaumn
3arpsI3HAIOLLINX BELWECTB B Pa3fMYHbIX NPUPOAHbIX OObeKTax:
NPUPOAHBLIX U CTOYHbIX BOAAX Pa3nMYHOro coctaBa, AOHHbIX
OTNOXEeHUsIX, aTMoCdEPHbIX OcaaKax, Bo3ayxe, noysax,
Ononornyecknx oobeKkTax.

* [lpyHUMNMANBbHO BaXXHO, YTOObLI HWMXHUW Npeaen
OOHapYyXXeHUs1 3arpsi3HAILLINX BELWECTB aHaNMNTUYECKUMMN
meTogamm obin He Hke 0,5 MNIOK. B cBa3n ¢
4ype3BblHYanHO 6OMNbLLUNM KOSTMYECTBOM BbIMOSTHAEMbIX
aHann3oB Bce Dorbllee 3Ha4YeHne npmnobpeTtatoT
aBTOMaTu4eckme n gNCTaHLUMOHHbIE METOAbl aHann3a.



XMMUYECKME npoLiecchbl B Bogax
MwunpoBoro okeaHa

Cywecmeyem
COBOKYIMHOCMb
g3aumoodeticmeauti
BOHHERS I —— — MeXXQOY Haxo0auWUMUCS
pacTern S it 8 800e UoHaMUu U
MosieKyrnamu,

ATNIOC B0
co,

'PacTBOpPEHHbIE

opraHuieckue ammocgepHbIM
~ BellieciBa

yareKucribiM 2a30M U
meepObiM KapboHamom
OctaTtkm )
OpraH1u3moB A BOP KalibUUHA.

3mo npusodum Kk
obpa3sosaHuro
bycepHou cucmemsl ¢
pH 8,0—8,4.




Cneuundrmyeckmne xapakTepuCTUKMU
oOLen 3arpa3HeHHOCTH BoA

e BaxxHeuwue u3 Hux - XI1K u BIIK.

« XIIK (COD - Chemical Oxygen Demand) — mepa
obuwel 3a2psi3HeHHOCMU 800bI cooepXXxaujuMucs 8 Hel
op2aHU4YeCKUMU U HeopaaHU4YecKuMuU
goccmaHosumerisiMu, peazgupyrouwumu ¢ CUribHbIM
okucnumernem. Boiyucriue omHoweHue XI1K k obwemy
op2aHu4yeckomy yariepody, rosy4arom riokazamersib
3a2psA3HEHHOCMU CMOYHbIX 800 Op2aHU4YeCKUMU seule
cmeamu.

 BIIK (BOD - Biochemical Oxygen Demand) -
Kosiudecmaeo Kucriopooa, mpebyrouwieecs Orisl OKUCTIeHUS
Haxo0AaWUXcs 8 800e opaaHU4YecKUx seujecms 8
asapobHbIX ycriosusIX 8 pe3yribmame rnpoucxoo0auwux 8
800e buosioauyecKux rnpPoueccos.



METObl ONPEOEJTEHNA
SAIPASHAOWNX BELLUECTB

¢ CMNeKTpocKornmnyecKkme metToabl aHalin3a,
¢ ANIeKTpoxXxnmmMmmnyeckKkme metoabl aHarin3a,

* XpoMaTorpadpmnyeckme MmetToabl
aHanuasa.



IANEeKTPOXuMmnyecKme Mmetoabl
aHanu3sa

NMoTeHUMOMeTpPUMUECKUN MeToA 0a3npyeTcsa Ha U3MEPEHUN INEKTPOAHbIX
NOTEHLMANOB, KOTOPbIE 3aBUCAT OT aKTUBHOCTM (KOHLIEHTPALMX) MOHOB.
N3meputenbHasa s4enka CoOCTOUT U3 N3MEPUTENBHOIO aneKkTpoaa u
3NeKTpoaa CpaBHEHUs!, KOTOPbLIN HE YYBCTBUTENEH K OnpeaensieMomy
BELLECTBY.

NMonaporpacgpunyecknm meton OCHOBaH Ha N3MEPEHUN TOKA B 3aBUCUMOCTU
OT HapnskeHust a4eunkn. lNonaporpaduyeckas kpmsas (nonsiporpamma)
MMEET HECKOSTbKO U3NOMOB (BOSTH) — B 3@aBMCMMOCTW OT Yncna
paspsaxarowmxcs B a4enke NoHOoB. 1o 3Ha4YeHno noTeHunarna rnonyBosiHbl
onpegendaeTcsa BU4 NOHOB, B MO BENUYMHE NPeaenbLHOro Toka — nx
KOHUEeHTpauus. Taknm obpasom, nonaporpadonyeckuin Metoq no3BonsieT
onpenenaTb KOHUeHmMpauuo HeCKO/IbKUX UOHO8 8 pacmeope.

KoHaoykToMeTpnyeckune metoabl OCHOBaHbI HA NPONOPLMOHANbHOCTH
3NEKTPONPOBOAHOCTN pa3baBneHHbIX PaCTBOPOB KOHLIEHTpaLMK
anekTponuta. 3TN MeToabl UCMONb3YTCA ANda onpeaenenuns obuezo
cooepxxaHus rpumeceu 8 800€ 8bICOKOU YUCMOMNBbI.




XpomaTtorpadunyeckme metoabl

-OCHOBaHbl Ha MHOIOKpPAaTHO NOBTOPSIOLWMXCA Npoueccax
agcopouuu n gecopoumn; nNo3BONAIOT pa3aensTb U
aHaNM3npoBaTb CIIOXHble CMECN KOMMNOHEHTOB.

Bbicokoa(pheKTUBHYIO XXUAKOCTHYIO XpomMaTorpacgpuio npuMeHsoT npu
aHanuse cMecen MHOMMX 3arpsaAs3HAaoLLINX BELLECTB, Npexae BCcero
HeneTy4dux. icnonb3ys BbICOKOYYBCTBUTENbHbIE AETEKTOPLI:
cnekTpooTomMmeTpumdeckme, pnyopnumMeTpuyeckme, anekTpoxmmMmmnyeckme,
MOXXHO OnpenensTb o4eHb Marnble KonmyecTsa BeLLeCTB.

[Tpy aHann3e cMeceun CrioXXHOro coctaBsa 0COHeHHO AP PEKTUBHO
coveTaHue xpomarorpadum ¢ MHPpakpacHom cNneKTPOMETPMEN N OCODEHHO
C MacC-CrNeKTPOMETPUEN..

NoHHaa xpomaTorpadumsa yagobHa npu aHanmse KaTMOHHOIO U aHMOHHOIO
COCTaBOB BOf.



