XMMNA N OKPYXAKLLAA CPEOA

MICTOYHUKM 3arpAa3HEHNA OKpYKatoLLeN
cpenbl; eCTECTBEHHLIE U TEXHOTEHHbIE
PagaUOHYKNUAbI;

PAOMNOIKONOrnNg; aKoornyeckoe
HOpPMUPOBaHME — NpeaernbHO OOoNMyCTUMbIE
KOHLUEHTpPAaLWKX; 3KOMorm4eckmnm
MOHUTOPWUHT OKpYXatlLleun cpeabl;

MEeTOoOdbl aHANMUTUYECKOU XUMUW,
ncnonb3yemble B MOHUTOPUHTE.



MoHusupyrouiee nsnyyeHue u
OKpy>arLliaa cpega

BaxHe#iuiue npupoaHbie U TEXHOTEHHbIE PALHOHYK-
aunbl, 00YCJOBMUBAIOLIKE PALUALIMOHHBIA (OH HA I0BEPXHOCTHU

3emnu

[TpuponHbie PAAMOHYKIUIL!

TEPPUTEHHBIE KOCMOTEHHBIE

TexHOreHHbIE paauo-
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paganoakTUBHbIE pAAabI




Nepexoa pagnoakTUBHbLIX U30TOMOB U3 NOYBLI U
ropHbIX nopoa B atMmocdepy, BoOAbI OKeaHa ,
OpraHu3M XXUBOTHbIX
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WOHU3UPYIOLLEE U3JTYHYHEHUE U
OKPYXAIOLLAA CPEOA

[Tpn paboTe aaepHbIX peakTopoB 06pa3yoTCs HE CYLLIECTBYOLLME B
npupoae pagnoHyknunabl 6onee 40 anemeHToB Nepunoanyeckomn
cuctemsl. laxke npn 6es3aBapnnHon paboTe peakTopoB B OKPY>KaIOLLLYIO
cpeay NocTynakT paamoakTUBHbIN ra3 KpunToH (pagnoHyknua 85SKr), a
Takke Hebornblne konnyectea 1311, TpUTHUA 1 HEKOTOPLIX APYTrMX
paanoOHYKNUAOOB.

Ecnn nonaswui B okpyxatoLyto cpegy 239Pu npoyHo domkcupyeTcs
noYBaMu 1 NPaKTUYECKM HE NepexoamT B NULLEBLIE LIENN, TO Takne
paavoHyknuabl, kak 137Cs, 1311 n ocobeHHo 90Sr, no pasnnyHbIM
NULLEBLIM LIENSIM MOryT OKa3aTbCH B OpraHmM3Me YernoBeka. Tak Kak
HEKOTOpble PaaMOHYKNMAbI CMOCOOHLI KOHLEHTPUPOBATLCS B
onpeaerieHHbIX opraHax yenoseka (Hanpumep, 90Sr B kocTax, a 131l B
LLINTOBMOHOWN XXenes3e), TO UX HAKOMMeHMe B 3TUX OpraHax MoXxeT
anBeCT)M K TshkenbiM 3aboneBaHusim (Hanpumep, paky LWMTOBUAHOM
Xernesbl).



AKTUBHOCTb PAONOHYKITNOA

CoaepxaHne paanoHyknmaa B 00beKkTe
XapaKTepmaytoT Yepes ero akTUBHOCTb.
EavHuua aktuBHoctn — 1 6ekkeperns (1 Bk), 1
bk oTBevaeT ogHomy pacnaay B 1 c. PaHee
eauHuuen aktuBHocTn obino 1 kiopu (1 Kn), 1
Ku=3,7 x10'° Bk. CBegeHus o cpeaHen
aktuBHocTn 40K B BoAe, No4BE U HEKOTOPbIX
npoayKTax NUTaHnua npuBedeHbl HUXE:



CBEOEHWNA O CPEOHEN AKTUBHOCTW

“OK B BOIE NOYBE N HEKOTOPbIX

[NTPONYKTAX TMTATAHNA

Bona nurneBas

Mopckas Boaa

IMTousbl HeyepHo3embs

ITieHuna

Mornoko

KopHennonp! u k1ybHu kaprodens
DOpyKThI |

OBouuu

Msico

Pri6a

bk/n nnu bk/Kr

0,1-0,3
6—12
350—450
920110
3545
100—150
50—-100
40—-240
80—120
920—-110



COCTABJAOLWNE CPEOHEWN

FO0OBOV NO3bl N3NTYYEHUA
YEJTOBEKA

PeHTreHosckas th,epHaﬂ

ANarHoCTuka mepuumHa
B MeauuuHe 4 rlmsua
BrHyTpeHHee
obny4eHwve
11
AaepHbii
TONNUBHDBIA &
LI,MKﬂ orarar
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CornacHo NpuUHATLIM B HaLLEW CTpaHe HOpMaM, NpeaenbHo-
gonyctumas gosa mnsnydeHuns ang xmtenen Poccmn paBHa He bornee 5
M3B 3a rog. OTMeTuM, 4YTO rogoBas 4o3a, OTBevalLas cpegHemMy no
Hallen cTpaHe ecTeCTBEHHOMY DOHY NOHU3UPYIOLLENO U3NYyYeHns,
COCTaBNSET YyTb MeHee 1 M3B.



PAONWALIMOHHbIE ABAPUNA

K ocobeHHO msikenbiM nocaedcmausiM ¢ MoYKU 3peHUS
pacripocmpaHeHUs MexHO2eHHbIX paduOHYKIUOO08 0 Mo8epxXHOCMuU
3emriu rnpusodsim asapuu, Komophble rnpoucxoousiu Ha 10epPHbIX
peakmopax (Harnpumep, asapusi Ha YepHobbiribckoli ASC 6 1986
200y), uru asapuu 8 Mecmax xpaHeHusi paduoakmueHbIX 0mxo008
(Kbiumbim, 1957 200).

Bcezo 6 ammocgbepy moeda ronano okorno 300 pasinuyHbIX
paouoHykKnuoos, 8 mom qyucrne 90Sr, 137Cs, 1311,95Zr, 140Ba.

Bce nepelueglune B okpykatoLLyto cpeay CpaBHUTENbHO
kopoTKoXxusyLmne paanoHyknuabl (1311, 95Zr, 140Ba) yxe
MNOSTHOCTbIO pacnanuce.

OCHOBHbI€ KONMYeCcTBa O0NTOXUBYLLUX paanoHyknuaos 90Sr u
137Cs okasanucbk B JOHHbIX oTnoxeHusix. 137Cs nogsepxeH
MUrpaLmmn No NOBEPXHOCTM 3eMnu 3Ha4YnuTenbHoO crnabee, yem 90Sr,
(n3-3a obpa3oBaHUs pacTBOPMMOro B BOE rmaopokapboHaTa
Sr(HCO3),).

[loaTOMY B HacTosiLLee BpeEMSt HanbOsbLLYH ONAaCHOCTb
npeacTaBnsaeT nonagaHue ¢ NULWEBbIMU NPOAYKTaMM B OPraHnU3m
yenoseka nmeHHo 90Sr.



V3yyeHuem pacripedesieHUs1 paduoHyKuoo8 o
rnogsepxHocmu 3emrsu u 8bisierieHUeM c8513U 3Imoao
pacripederieHus ¢ eo3oelcmeuemM UoHU3uUpyrouieao
U3/1y4eHUs Ha Xueble op2aHuU3Mbl 3aHUMaemcsi
paduoakosio2usi — Hayka, pa3euswasics 8 rocriedHuUe
decamuriemus Ha cmbike buoroauu, u3uKu U paduoxumudu.

B HacTosilwee BpemMs BKNag TEXHOMEHHbIX
PagMOHYKINOOB B CPeaHIo 3dEKTUBHYIO O03Y
COCTaBJISET HECKOSbKO MPOLIEHTOB OT 0bLLen 403bl; OH

3HAYNTEJIbHO MeHbLUe, YeM BKI1aa TOJIbKO OT NPUpoaHOro
222Rn




3KOJNIOMMYECKUUA MOHUTOPUHT

JKOJIOrnMA — HayKa 0 3aKOHOMEpPHOCTSAX B3aUMOCBSA3en U
B3auMoaencTBUA OPraHM3MOB U UX CUCTEM APYr C APYromM U co
cpenon oontaHus.

JKoNorn4yeckas XmmMmusa nsydaet npoueccol, onpeaensouime
XUMUYECKNN COCTaB U CBOUCTBA OOBbEKTOB OKpYKalLlien cpeabl.
JKONOrMYECKUN MOHUTOPUHI — CUCTEMA HAONOAEHUN U KOHTPONA
3a UBMEHEeHUsIMU B cocTaBe U (pyHKLMAX pa3fIMYHbIX 3KOSTOrMYeCcKnx
CUCTEM.

B sKonorn4eckom MOHUTOPUHIE aKTUBHO NCMOMNb3YHT pasnnyHbie
XMu4yeckune, Pnsnko-xummieckue, dmsndeckme n bruonormyeckmne MeTo

Obl aHanuaa.

Llerib MOHUMOPUH2a: onpeaneneHmne KOHUeHTpaunn 3arpAa3HAaroLwmnxX
BELLECTB B PA3IINYHbLIX NMPUPOAHbLIX oObeKTax.
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- Jlonu 3arpsa3HeHui atMoc(eps pasid4HbIMY OTpaCHﬂMH TEXHUKH B POCCHii:
I — tennosnepreTuka, 2 — yepHas MeTantyprus;, 3 — HedreaoObua M nedrencpepaborka; 4 —
BTOTPAHCIIOPT; 5 — LBETHAs METALIYPrUs; 6 — IPOMBILIEHHOCTh CTPOMTENBHbIX MATEpHATOB;
J— XHMHY4ECKan [IPOMbILIIEHHOCTD




NPEOEJIBHO AOMNYCTUMbIE
KOHLUEHTPALUWA SATPA3SHAOLW X

BELLECTB (MOK)
- onpepneneHHble HOPMbl KOHLIEHTPaLUK
3arpsi3HAOLLMX BELLECTB, He Bbl3biBatoLL e
HeXXenaTenbHbIX NocneacTsnin B NpUpoagHou cpeae.

[K ycmaHoerneHsbI 0115 pa3nuyHbiX 0O6bEKMo8 —
800hb! (Mumbegasi 800a, 800a 8000eMO08
pbI60X0351LicMBEHHO20 3HaYEeHUS], CMOYHbIE 800bI),
8030yxa (cpedHecymoYHas KoHUeHmpauyus, 8030yX
paboyeu 30HbI, MaKkcumMmasibHO 0orycmumas pal3osas
1K), nous.




NPEOEJIBHO AOMNYCTUMbIE
KOHLUEHTPALUWA SATPA3SHAOLW X

BELWECTB (MAOK

I'Iepequb N KONMNYECTBO BblgpaCblBaeMbIX B OKpY>KatoLLlyto cpeay 3arpsi3HSAHOLLMX
BellecTB Bknto4varT okono 400 Tbic. HAaMEeHOBaHUN.

[Mpexae Bcero HabnoaeHMIo O0MKHbI NoANEXaTb BELLECTBA, BbIOPOC KOTOPbIX
HOCUT MaCcCOBbIV XapakTep, U, cneaoBaTeribHO, 3arpsi3HEHNE M
OCYLLECTBIIAETCHA NOBCEMECTHO.

3mo, Haripumep, SOZ,, CO, nbinb - 0n1s 20000CK020 8030y Xa;

HegbmernpodyKmabl, MOBEPXHOCMHO-aKmueHble sewecmea - 0risl IPUPOOHbIX 800;

necmuuyuodsbl - Orisi [1048.

Ob6sizamersibHO csiedyem KOHMposiupoeams U caMbie MOKCUYHbIe
eewecmea, omnu4yaroujuecsi Haubosnee Huskumu K.



NPEOEJIBHO AOMNYCTUMbIE
KOHLUEHTPALUWA SATPA3SHAOLW X

BELLWECTB

BONbLUVHCTBO HOPMUPYEMbIX 3arpAsHSAIOLNX BELLECTB A BO3AyXa
umeet NOK B npegenax 0,005—0,1 mr/m>: V0., HeopraHnyeckue
COeVNHEHMNS MbILLbSAKA, Cr(6+) opraHvMeCKme BeLLl,eCTBa aLeTodEeHOH,
cTUpon n ap. ,El,nﬂ HEBOMbBLLOTO nepeyHsa BewecTs K ewe meHbLue: HgE -
0,0003 mr/m3, Pb v ero coeamHenuns -0, OOO7 KapOOHUITHNKENb-
0,0005, 6eH3[a]n|/|peH 0,000 001 M/,

OCHOBHOE KONMMYECTBO HOPMUPYEMBIX 3arPsI3HAIOLLINX BELLLECTB Ad
BoAabl BogoemoB nmetoT INAK O,1-1 mr/n. Jnsa MHOrmMxX TOKCUYHBIX
BeLLEecTB (Hanpumep, HeopraHm4veckmne coegmnHeHuns Se, Hg).
yctaHoeneHa NaK 0,001—0,003 mr/n. HebonblLuoe Y1cno BELLECTB -
coeanHeHund Be, onatnnpTyThb, TeTpaatTmunonoso nmetot MNAOK

0,0001-0, 0002 mr/n. [1ns1 ocobeHHO onacHbIX TOKCUYHbIX BELLECTB,
TaKuX, Kak pacTBopumMble conu H,S, akTuBHbIN X1nop, 6eHs[a]nmpeH, N-
HUTPO30aMUHBbI, ANOKCUHbI, B kadecTse HOopMaTmMBa yCTaHOBMNEHO MOSTHOE
OTCYTCTBME NX B BOAE.




NAOK Hanbonee pacnpocTpaHeHHbIX
OpraHM4YecKuUX M HeopraHU4YeCcKMX TOKCMKAHTOB B Bo3fyXxe U B
BoAax
(mr/n):
OpeaHu4yeckue coeduHeHus K  HeopzaHuyeckue coeduHeHus MNLK
o-xnopdeHon 0,0001 Hg(2+) 0,02

deHon 0,001 Pb(2+) 0,1
Kpe3orbl 0,001 Cd(2+) 0,3
rBasikorl 0,01 Sn(2+) 0,6
BeH30/ 0,01 Mn(2+) 0,8
TOnyon 0,01 Zn(2+) 1,2
HUTPODEH30MN 0,01 Cu(2+) 1,5
HadTOsMbI 0,1 Ni(2+) 1,6




XuMUIEeCKHEe BEUIECTBA, IOMJIEXKAIITHUE OIIpeeie-
HUIO B IIPHPOTHEBIX CpeaxX B GMocdhepHBIX 3alIOBETHUKAX

'Cpena

HUszMmepsaemele
IpUMeECH

Y TIOI3EMHBIE BOJBI

aTMOC(EepHBIE
TIOBEPXHOCTHEBIE

BsBemeHHBIE 9aCTUIIBL
JnoKcun cepbl

O3o0H

Oxcup yriepozna
OKCHIEI a30Ta
YieBomopoasl
Bens[alumpen

- XJI0pOpraHM4YecKUe CO-
SMMHEHU

TsoKenbIe METAIUIBI>
Jdunoxcun yrnepona
®peoHBI

‘BuoreHHbIe aneMeHTH*

+ + 4+ + + + + +|arMoctepa

+ 4+ 4+

+ +
AHWOHEI 1 KATUOHBI® + +
'PamuoHyKIMOBI o

! Asposzomu. 2 AT, nonuxJiopupoBaHHble 6udeHmwIsl. > PryTh, CBH-

‘Hell, KaIIMU#, MBIIIbIK. * A30T, docdop. ° CynsdaTel, XJIOpHUABI, aM-

MOHHIT, HUTPATHI, HUTPUTH, KaXbLUi, MarHuii, HATpWUii, Kamuii, Ts-
" XKeJIBIe METAJUTBI, MOHBI Bomopona (pH)




AHATMUTUYHECKAA XUMUA

— HayKa O MeToAaXx ornpeaesrieHnA Ka4eCtBeHHOro u Korfimn4yeCrBeHHoOro
COoCTaBa BewlecCcTB U MaTepunanos.

B naHHOM cny4ae peyb Maet ob6 onpenerieHnn KOHLUEHTpaUmn
3arpA3HAOLLINX BELLIECTB B Pa3fnMyHbIX NPUPOAHbIX 0ObEeKTaxX: NPUPOLAHbIX
N CTOMHbIX BOAax pasfM4yHOro coctaBa, JOHHbIX OTNOXEHUSIX,
aTMocepHbIX ocaaKkax, BO3ayxe, noduBax, OMonornyeckmx oobekTax.

[MpnHUMNManbHO BaXXHO, YTOObI HWXHUIM Npeaen
ODOHapy>KeHus1 3arpA3HAOLLINX BELLLECTB aHaNnUTU4eCKMMN
metogamm obin He Hke 0,5 MOK. B cBsa3u ¢ Ype3BblHanHoO
OOonbLUMM KONMMYECTBOM BbINOSTHAEMbIX aHarNM30B BCE
bonbLlee 3Ha4YeHne NPUOdPETaOT aBTOMaTUYECKMNE U
ANCTaHUMOHHbIE METOdbl aHanm3a.



XNMUHECKUE MNMPOLUECCHI B
BOOAX MUPOBOI'O OKEAHA

ATNocihag

BoaHble
pacTteHus

5

PactBopeHHbie
opraHuyeckune
BeliecTea

I

OcTaTtku
OPraHv13mos,

CaCO,==CaCo, |

(kpueT.) (pacTeop)

Cywecmeyem
COBOKYINMHOCMb
g83aumoodeticmeauu
MeXX0y Haxo0aWUMUCS
8 800e UoHamu U
MoJiIeKynamu,
ammocgepHbIM
yareKucribIM 2a3oM U
meepObiM KapboHamom
KarnbUusi.

3mo npusodum K
obpa3soeaHuro
bycbepHou cucmembl ¢
pH 8,0—8,4.




CNEUMNDPUYECKUE XAPAKTEPUCTUKWU
OBLUEN 3ATPA3HEHHOCTU BO

BaxHeuwue u3 Hux - XI1K u BrI1K.

XT1K (COD - Chemical Oxygen Demand) — mepa obuweu
3a2psA3HeEHHOCMU 800kl cooepXxalljuMucs 8 HeU
op2aHuU4yecKUMU U HeopaaHU4YecKUMU 80ccmaHo8umerisimu,
peazaupyrouwiumMmu ¢ curibHbIM OKuciumernem. Beiqyucriue
omHouweHue XI'1K k obwemy opeaHu4ecKoMy yarepooy,
rofly4darom riokasamersib 3a2ps3HeHHOCMU CMOYHbIX 800
op2aHu4yecKkuMu seujecmeamul.

Br1K (BOD - Biochemical Oxygen Demand) - konuyecmeo
Kucriopooa, mpebyrouwieecs 0risi OKUCTIeHUS Haxo0sUWUXCcs 8
800€e op2aHUYeCKUX seuwecma 8 a3apobHbIX yCrio8UsIX 8
pe3yribmame rnpoucxoosuwux 8 800e buosioeuyeckux
rpoyeccos.



METO/Lbl ONPEOEJTERHNA
SAIPASHALWMX BELLWECTB

CMeKTpOoCKoNnnyeckue MetToabl aHanms3a,
3MIeKTPOXUMMYECKue MeToabl aHanms3a,
XpomaTorpaduyeckue MeToabl aHanusa.



AJIEKTPOXUMUHECKUE METOODbI
AHAJIN3A

MoTeHUMomMeTpuUecknn meton 6asnpyeTcs Ha USMePEHUN ANEKTPOAHBIX
NOTEHLManoB, KOTOpble 3aBUCAT OT aKTUBHOCTU (KOHLEHTpaLMn) MOHOB.
N3mepuTenbHas syerika CoOCTOUT U3 U3MEPUTENBHOIO aNeKkTpoaa 1 anekTpoaa
CpaBHEHUS!, KOTOPbIN HE YYBCTBUTENEH K ONpeaensemMoMy BELLECTBY.

MNMonaporpacpnyecknm meton 0CHOBaAH Ha N3MEPEHMN TOKa B 3@aBUCUMOCTHN OT
HapnsbkeHna suenkn. MNonsporpaduyeckas Kpueas (nongdporpaMmma) MMeeT
HECKOSbKO M3MOMOB (BOMH) — B 3aBUCUMOCTW OT YUCIIa Pasps>KatoLMXCH B AHENKE
MOHOB. [10 3Ha4YeHU0 noTeHurarna nosyBOoSiHbl ONPeaENnseTCH BUO UOHOB, B MO
BENUYMHE NpeaesribHOro Toka — UX KOHUEeHTpauus. Takum obpasowm,
nonsporpagpuyeckin MeToq No3BONSET OnpeaenaTb KOHUEHmMpauur HECKOIbKUX
UOHO8 8 pacmeope.

KoHaykTomeTpunyeckme mMeToabl OCHOBaHbI HA NPONMOPLMOHANbLHOCTH
3NEKTPONPOBOAHOCTM pa3baBreHHbIX PACTBOPOB KOHLEHTPAaLIUK SneKTponuTa.
OTK MeTOAbI NCMONbL3YITCA AN onpeaeneHns obuweao codepxaHus rnpumeced 8
800e 8bICOKOU YUCMOMMbI.




XPOMATOIPA®PUNYHECKUE
METOObI

-OCHOBaHbl HA MHOTOKPaTHO NOBTOPSIOLLMXCA NpoL,eccax agacopoLmm
n gecopouunmn; No3BonsloT pasaensaTbh U aHaNU3UpPoOBaTh CIIOXHbIe
CMeCU KOMIMOHEHTOB.

BbicokoadppeKTUBHYIO XXKUAKOCTHYHO XpomMaTorpaduio NnpuMeHaT npu
aHanuse cmecen MHOIMMX 3arpsA3HAoLLINX BELWECTB, NpeXae BCEero HeneTy4mx.
icnonb3ys BbICOKOYYBCTBUTESNbHbIE AETEKTOPLI: CNEKTPOdOTOMETPUYECKME,
donyopmmMeTpudeckme, NieKTPOXMMnUYeckne, MOXKHO ornpeaesnatb O4eHb Manble
KOfin4ecTBa BELLECTB.

[1pn aHanM3e cmecemn CroXXHOro coctaBa 0CobeHHO adPEeKTUBHO coHeTaHNE
Xpomartorpagum c MHdpakpacHOW CrNekTpoMeTpmen n 0COBEHHO C Macc-
CNEKTPOMETPUEN..

NoHHas xpomaTtorpadua ynobHa npu aHannse KaTMOHHOIO U aHUOHHOTO
COCTaBOB BOA.



