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\9 Ilpa MHKp03JIeMeHTHoM aaanase paCCOJIOB, KaK npanano, npar-reaa
\ IOT HefrrpoHHO-aKTI1BauI1OHHbIH, raMMa-aKTI1BaUI10HHbIH 11 perrrr-eno-rprryo

peCueHTHb.IH MeTo,nbl B C04eTaHI111 c n pe,nBapl1TeJIbHblM I<:OHueHT~l1pOBaHl1eM 

(coocazcneaae, COp6UI1H, asmapaaaaae) / ,2/. B pa60TaX/ 3 , / Orrl1CaHO 
npavroe orrpenerretrne KOHueHTpaul1H Pb 11 Cd C nor-roursro nonaporpadiaa. 
BBI1,ny CJIO)KHOrO XHMI14eCKOro COCTaBa aHaJII1311pyeMblx cpen rrpaKTI14eCKI1 
,lJ,nH rcaxcnoro orrpenenaer-roro 3JIeMeHTa He06xo,nI1Ma paspaõorrca KOH
KpeTHOH MeTo,nI1KI1. 

B rrocneznrae ronsr ,nnH aHaJlI13a npecnsrx 11 MOpCKI1X BO,n naaõonee 
1lII1pOKO rrpl1MeHHIOT I1HBepcl1oHHYlO aorn.raranepor-rerparo (I1BA). Meron 
n03BOJIHeT npoaoznrrr, onnoaperaeaaoe onpenenenae Pb 11 Cd (a TaK)Ke 
Zn 11 Cu) aenocpencraenao B accnenyer-rsrx pacraopax C npenerror-r oõnapy
)KeHI1H ne xyxce 1 MKr/n/5 / , 4TO na 1-2 nopaznca npeasnuaer B03MO)KHOCTI1 
OTMe4eHHblX nsnue xreronoa. Onpenerreaaro TaJInHH MeTO,nOM I1BA rrOCBH
ureno ~HalJl1TenbHO MeHblllee tlliCJIO pa60T / 5 -8 /. Ilpasana aroro - 6JII130CTb 
rrOTeHul1aJ10B aaonaoro paCTBOpeH"H TI 11 Cd, 4TÇ> npnaoznrr K nepexpsrrmo 
I1X rr"KOB na aaonnoã rrOnHp"3aU"OHHOH KpHB0I1 (1- l{J) 16/. TI03TOMY npa 
orrpenerrenaa 11 rr~e,nBap"TenbHO npoaonar ero KOHueHTpl1pOBaHl1e copô
u"eH na aH"OH"Te 1 I1JII1 coOCaJK.[(eHl1eM C f'l1)J,POKCH)J,OM MarHI1H16I, a paa
)J,eneHI1H rrl1KOB ,nOCT"ralOT 3aMeH0l1 qJOHOBoro 3ne'KTpOn11Ta/ 8 1. 

Hacroantan paõora rrocaautena paapaõorxe MeTo,nI1K" I1HBepCI10HHO
aons-rar-rrrepor-rerpnaecrcoro onpezieneaaa Pb, Cd 11 TI B npnponasrx paCCOJIax. 

3 KCTIEPI1MEHTAJIhHAH qACTh 

AHaJlI1311POBaJII1 npoõsr paccorra, oroõpamn.re na .repraam.asrx I1CT04HI1
xax nlo qeJIeKeH (lOro-BoCT04HbIH Kacrtaâ) . MI1HepaJII13aU"H pacconon 
200-250 r /n (Na, Ca, MgCI 2 ) .conepacanae OpraHl1lJeCKI1X BellJ,eCTB 10 Mr /n/ 3 / . 

Ilpa orõope paccorr cPIDIbTPOBaJIl1 xepea anepasre naacaaoasie MeM6paHbl 
C naar-rerpor-r rrop 0,45 MKM/ 9/ nrra OT)J,eneHI1H aaaeuieaasrx 4aCTHU H 
nomcacnarm ,HCI no pH 2 BO 1136e)KaH"e ranponasa Fe(llI) .. 

I1HBepCI10HHO-BonbTaMrrepOMeTp"4eCKOe orrpenerrenae conepscaaaa Pb, 
Cd 11 TI BbII10JIHHJl" na norraporpadie TIY-1 C perncrparopor-r TI,1lTI-4-002. 
Hcnorrsaoaarrn 3JIeKTpo,nbI: pa604"H - "MnperHl1pOBaHHbII1 rpa<p"TOBbIH/ 1 0/, 
acnoraorarensm.râ - crexnoyrneponasrà, cpaBHeH"H - xnopancepeõpaasrã 
3Bn-lM4. 06õeM 3neKTpOX"M"4eCKOH HlJel1KI1 a, COOTBeTCTBeHHO, aHaJI"
aapyer-roã npoõsr COCTaBnHJ1 40 MJI. Ilepen aHaJI"30M B npoõy ,n06aBnH
rra 0,5 MJl 10-3 M paeraopa Hg(N03 ) 2" Memarontaü aHaJI"3Y pacraopemrsrã 

KI1,c~~?PO,n y~~~nr~,~~P.?fYB,KOH pacraopa a30TOM. Fpadnrroasrã anercrpon 
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nOJIHpH30BaJIH B nOCTOilllHO nepesremaaaer-roxr pacraope npa nOTeHIJ;HaJIe 
-1,2 B B reseaae 1 MillI npa onpenenenaa Pb H Cd; npa. \{J = -1,0 B B rexeaae 
5 MHH rrpa onpe,1J,eJIeHHH TI. Qepe3 20 c nOCJIe OKOHqaHHH HaKOruIeHHH pe
rHcTpHpOBaJIM 1 -lP KPHBYIO B mrrepaane OT -1,2 (-1,0) B,lJ,o -0,2 B npn 
CKOpOCTH pa3Bep1.'KH nOTeHIJ;HaJIa 100 MB/c. Ilocrre rcazcnoro H3MepeH:IDI 
anexrpon OqHIUaJIH 3JIeKTpOXHMHqeCKH npa nOTeHIJ;HaJIe +0,2 B B reseaae 
1 MillI B neperaeurasaer-ror-r pacraope. IlOTeHIJ;HaJIhI nHKOB aHO,lJ,HOro pacr
BopeHHH TI, Cd H Pb 6hmH paansr COOTBeTCTBeHHO -0,72; -0,79; -0,53 B. 
Conepxcaaae MHKp03JIeMeHTOB onpe,lJ,eJIHJIH MeTO,lJ,OM CTaH,lJ,apTHhIX no
6aBoK. ,UnH npMrOTOBJIeHHH paCTBopOB HCnOJIh30BaJIH peaKTHBhI KBaJIH ~. 
cPtfKaIJ;HH "xu" H ,lJ,Ba:JK,lJ,hI nepernanayro C llJ;eJIOqHhIM paCTBOp0M KMn04 
BO,lJ,Y· 

PE3YJIbTAThI H HX OECY)I(,1lEHHE 

Ilpa aHaJIH3e HCXO,lJ,HhIX npo6 paccorra B onacanasrx asnue YCJIOBHHX 
KOHIJ;eHTpau;HH onpenerrensr paBHhIMH: Pb - 1,60 Mr/JI, Cd - 0,33 Mr/JI, 
OTHOCHTeJIhHOe crannapraoe OTKJIOHeHHe (n = 9) COOTBeTCTBeHHO 0,25 H 
0,30. Ilpn 3TOM nMKH Cd H TI na KpHBOH 1 - \(J nepercpsraanacs, r ,e. npnne
nennoe 3HatIeHHe KOHIJ;eHTpaIJ;HH Cd sassnueao H BKJIlOqaeT KOHIJ;eHTpau;mo 
TI(I). IlJIOXaH BOCnpOH3BO,lJ,HMOCTb pe3YJIbTaTOB 06õHCHHeTCH naCCHBaIJ;HeH 
paõosero 3JIeKTpO.n;a HMelOIUHMHCH B paCCOJIe OpraHHqeCKHMH npHMeCHMH 
(a,n;COp6IJ;HH IlAB)/11,12/. Bo H36e:JKaHHe 3TOrO B rrocnenyroutax OnhITaX 

npOBO,lJ,HJIH paapyurenae OpraHHtIeCKHX coenaaeaaã: 1) KHnHqeHHeM 40 MJI 

paccorra B reseaae 30 MHH C ,lJ,06aBJIeHHeM 0,5 MJI KOHIJ;eHTpHpoBaHHoH 
a30THOH KHCJIOThI/ 11/; 2) YJIbTpacPHOJIeTOBhIM (Y<l» 06JIy~eHHeM npoõsr 
paccoJIa/ 12/ OT PTYTHOH JIaMnhI MOIIJ;HOCTblO 250 BT B reaenae l: xaca B 
KBapIJ;eBOH KIOBeTe npn nenpepsraaor-r neper-reumaaaaa. 

,1lJIH pa3,lJ,eJIeHHH TI H Cd HaMH npe.n;JIO:JKeHO HCnOJIb30BaTb KOJIHtIeCT
BeHHYIO COKpHCTaJIJIH3aIJ;HIO nocrrennero C OCa,lJ,KOM NaCI, 06pa3YIOIUHMCH 
npa qaCTHqHOM ynapaaanaa paCCOJIa/ 13 /. Ilpo6y paccorra o6õeMoM 80 MJI 

nOMemaJIH B TepMOCTaT H npa rer-meparype 90°C yrrapasana ,lJ,O 60 MJI. 

Ilepecsnueaae CHHMaJIH HHTeHCHBHhIM nepevreuraaaaaevr npa 6hICTPOM 
OXJIroK)J;eHHH pacrnopa no KOMHaTHoH rer-meparypsr. BhIKpHCTaJIJIH30Ba.:s
lllHHCH OCa.n;OK NaCI '(OKOJIO 1,5 r) cPHJIbTpaIJ;HeH OT,lJ,emUlH OT MaTOlJHOrO 
pacraopa H paCTBOpHJIH, B 40 MJI H2O. MaTOlJHhIH pacrnop .n;OBO,lJ,HJIH BO.n;OH 
no acxormoro oõ'sevra. 

Ilpoõsr paccona nOCJIe paspyureaaa OpraHHtIeCKHX Coe,lJ,HHeHMH H paCTBO
psr, nonysernn.re npa pasnenenaa TI H Cd COKpHCTàJIJIH3aIJ;HeH C NaCI, ana
JIH3HpOBaJIH HBA-MeTo.n;OM. Ilorryueansie 3HaqeHHH KOHueHTpaIJ;HH 3JIe I]MeHTOB (B nepeCqeTe Ha 1 JI Hcxo.n;Horo paCCOJIa) H 3HaqeHHH,OTHOCHTeJIb

HhIX CTaH,lJ,apTHhIX OTKJIOHeHHH (Sr) npa tIHCJIe napaJIJIeJIbHhIX OllhITOB I.
 

Taõnuua 

Pe3YJIbTaThI onpeneneaaa KOHIJ;eHTpau;HH 3JIeMeHTOB
 
B npo6ax paCCOJIa (Mr/JI)
 

Pb Cd TI 

n c ~ n c s,. n c 8y 

HCXO~HbIÜ paccon 

OKHcneHHe HN03 

Y$-o6JIyq~HHe 

9 

7 

5 

1,60 

1,70 

1,80 

0,25 

0,15 

0,04 

9 

7 

5 

0,33 

0,65 

0,70 

0,30 

0,15 

0,05 

.. 

.*.. 
.. _. .. 

CoKpHCTlIJJJ1H3llI.UIR 5 1,80 0,03 5 0,66 0,04 5 0,060 0,10 

* IlHKH aaornroro paCTBopeHHH TI H Cd ne pasneneasr. 

0,95 COBna,lJ,aIOT. B cnyxae Cd nOJIytIeHHOe npa HCCJIe,lJ,OBaHHH HCXO,lJ,Horo 
paCCOJIa ananenae ero KOHueHTpaIJ;HH nparaepno B 2 paaa HH:JKe no cpas
HeHHIO C onpenerreansrr-r nOCJIe paapyurenaa OpraHHqeCKHX rrpar-receã, T.e. 
~ 50% Ka,IJ,MHH B paCCOJIe CBH3aHO B MeTaJIJIOpraHHqeCKHe Coe,lJ,HHeH:IDI. 
KHnHtIeHHe paCCOJIa C HN03 npHBO,1J,HT K HX paspyuiemno. O,lJ,HaKo anaxe
HHe sr nOKa3hIBaeT, qTO nOJIHorO pa3pYI1leHHH naCCHBHpYlOmHX paõo-má 
3JIeKTpo,lJ, OpraHHqeCKHX npar-receã ne npOHCXO,lJ,HT. 

Ilpa HCCJIe,lJ,OBaHHH npo6 paCCOJIa nOCJIe Y<l>-06JIyqeHHH Ha6JIIO,t(aJIH 
aaxreraoe YBeJIHqeHHe BhICOThI nHKOB anonnoro paCTBopeHHH Pb H Cd, 
T.e. YBeJIHqeHHe K03cPcPHIJ;HeHTa qYBcTBHTeJIbHOCTH; OTHOCHTeJIbHOe CTaH
ztaprnoe OTKJIOHeHHe ne npeasnnano 0,05. 

HCCJIe,lJ,oBaHHe npO,lJ,YKTOB ynapaaanaa paCCOJIOB HBA-MeTo,lJ,oM norca
3aJIO, qrO B OnHCaHHhIX asnue YCJIOB:IDlX aaêrnonaerca nOJIHaH COKpHCTaJIJIH
3aIJ;HH Cd H Pb. Opraaasecxae npHMeCH rtpn 3TOM OCTalOTCH B MaTOtIHOM 
pacrnope. Ilocrre HX paspyureaaa Y<l>-06JIyqeHHeM MaTOtIHhIH pacraop ana
JIH3HpOBaJIH HBA-MeTo,lJ,oM. CO,lJ,ep:JKaHHe TI orrpenerreao paBHhIM (0,060 ± 
± 0,006) Mr/JI, Pb - 5 MKr/JI. CO,lJ,ep:JKaHHe Ka,lJ,MHH B M,aTOqHOM pacraope 
onpeneneno pa,n;HOlVIeTpHqeCKH (Cd - 115 m) H COCTaBHJIO 1 MKr/JI. Ilormo
TY COKpHCTaJIJIH3au;HH Cd onpe,lJ,eJIHJIH TaK:IKe B axcnepar-renrax no ynapa
BaHHIO pacrnopa 250 r/JI NaCI C KOHIJ;eHTpaIJ;HeH Cd 1 Mr/JI. CO,lJ,ep:JKaHHe 
Cd B MaTOtIHOM pacraope ne npeasnuano 1 MKr/JI (na I\:pHBOH 1 - \(J B o6JIa
CTH OT -1,0 ,lJ,O 0,6 B nHKOB aHO,lJ,HOro pacraopenaa Cd ne Ha6JIIO,lJ,aJIH). 
B aHaJIOrHqHhIX onsrrax H3ytIaJIH rroaeneaae TI. B YKa3aHHhIX YCJIOBHHX 
TI KOJIHqeCTBeHHO OCTaBaJICH B MaTOtIHOM pacraope, C yqeTQM aroro rrpano
MepHO OTHOCHTb rtorryseaasre 3HaqeHHH cO,lJ,ep:IKaHHH Cd H Pb B pacrnope 
NaCl H TI B MaTOtIHOM pacraope K HX KOHIJ;eHTpaIJ;HHM B HCXO.n;HOM pacraope. 
y,I3JImI<eHHOe nsnue n03BOJIHeT pexor-reanoaari. COKpHCTaJIJIH3aIJ;HlO C NaCI 

n npaaenensr B Ta6JIHI(e. 3HaqeHHH KOHIJ;eHTpaIJ;HH Pb B paCCOJIe ripa ero 
onpeneneaaa B pa3nHtIHhIX npo6ax (HCXO,lJ,HhIl1 paCCOJI, paccorr nOCJIe KHilH
qeHHH C HN03 H Y<l>-06JIyqeHHH) B npenerrax ,lJ,OBepHTeJIbHOrO HHTepBaJIa 

2 

ae TOJIbKO rrpa aHaJIH3e paCCOJIOB na TI, HO H .n;JIH npenaaparensaoro asme
JIeHHH H KOHIJ;eHTpHpOBaHHH Cd H Pb C uerrsio HX HBA-onpe,lJ,eJIeHHH. 
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'!Paapaõoraaa MeTOAHKa HHBepCHOHHO-BOJIbaMnepOMeTpHqeCKOrO onpe
l'

AeJIeHWl CBHHua, KaAMHH H' TaJIJIHH B npHpOAHhIX XJIOpMHO-HaTpHeahIX 
paCCOJIax. MeTO,UHKa BKJIlOqaeT npeABapHTeJIbHoe BhIAeJIeHHe Pb 11 Cd H3 
paCCOJIa COKpHCTaJIJIH3au,HeH npn ynapnaanaa C OCa,IJ.KOM NaCI H ero nOCJIe
AYlOlllHH aHaJIH3; onpenerrenae TI nposonar B MaTOqHOM pacrnope nOCJIe 
ero Y<1>-06JIyqeHHH. OTHOCHTeJIbHoe crannaprnoe OTKJIOHeHHe (n = 5) paBHO 
0,05 (Pb, Cd) H 0,10 (TI) npn onpenenemta HX KOHueHTpaU,HH na yposne 
0,~-5 Mr/JI (Pb, Cd) H 0,02-0,2 Mr/JI (TI). Ilpa aHaJIH3e npaponm-rx pacco
JI.()B TOJIbKO na COAep'IKaHHe Pb npeABapHTeJIbHOrO BhIAeJIeHHH ne nposo ~I 
,UHT, a opraHHqeCKHe npavrecn paspyuiaror Y<1>-06JIyqeHHeM, OTHOCHTeJIbHoe 

I~ crannapraoe OTKJIOHeHl1e (n = 5) 0,04 npa co,Uep'IKaHHHX Pb B paccone 

1-5 Mr/JI. I
\ 
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Illauncaa C.B., ,[(MHTpHeB C.H. 12-87-212 
I1HBepcHoHHo-BonhtaMnepOMeTpHqeCKOe onpeneneaae 
CBHHIJ;a, Ka,rJ;MHH H rannaa B rrpHpO.IJ;HhIX paccorrax 

Paapaõoraaa MeTO.IJ;HKa IDIBepCHOHHO-BonhTaMrrepOMeTpHqeCKO
ro orrpezrenenaa caaana, Ka.)l;MIDI 11 TanJIHH B rrpHpO.IJ;HhIX XJ10pH.IJ;HO
HaTpHeBhIX paccorrax. MeTO.IJ;HKa axmosaer nperraaparerrsnoe BhI.IJ;e
nenae Pb H Cd H3 paccorra COKpHCTannH3aIJ;HeH npa ynapaaanaa C 
OCa,rJ;KOM NaCI H ero rrocne.IJ;YIOI.IJ;HH ananaa; orrpeneneaae TI npo
BO.IJ;HT B MaTOqHOM pacraope rrOCJIe Y<I>-o6nyqeHHH. Oraocarensnoe 
CTaH.IJ;apTHoe oTKnOHeHHe (n = 5) paaao 0,05(Pb, Cd) H 0,10 (TI) 
npa onpezieneaaa KOHIJ;eHTpaIJ;HH na ypoaae 0,1-5' Mr/n (Pb, Cd) 
H 0,0 2-0,2 Mr/n(TI). TIpH aaanase rrpapormsrx pacconon TonhKo na 
cO.IJ;epJKaHHe Pb rrpenaaparensuoro BhI.IJ;eneHHH ne rrpOBO.IJ;HT, a opra
HHqeCKHe rrpar-reca paspyuraror Y<I>-o6nYQeHHeM; OTHOCHTenhHoe 
CTaH.IJ;apTHoe OTKnOHeHHe (n = 5) 0,04 npa CO.IJ;epJKaHHH Pb B pacco
ne 1-5 vuln, . 

Pa60Ta asmormeaa B Jlaõoparopaa H.IJ;epHhlX peaKIJ;HH OI1HH.
 
Ilpenpmrr Oõsemraeaaoro HHCTHTYTa H,lJ.epHbIX HCCne,lJ.OBaIiHH. ,lly6Ha 1987
 

TIepeBO.IJ; aBTopOB 

Shishkin S.V., Dmitriev S.N. . 12-87-212 
Anodic Stripping Voltammetric Determination of 
Lead, Cadmium and Thallium in Natural Brines 

The method of determination of lead, cadmium and thallium 
by anodic stripping voltammetry in natural sodium chloride brines is 
developed. The method involves the preliminary extraction of Pb and 
Cd from brine by their co-crystallization with sodium chloride formed 
during evaporation, and its subsequent analysis. The determination of 
TI is carried out in mother solution after ultraviolet irradiation. The 
relative standard deviation (n = 5) is equal to 0.05(Pb, Cd) and 0.10 
(TI) when the elements concentrations are determined at leveIs of 
0.1-5 mg/l (Pbm Cd) and 0.02-0.2 mg/l (TI). No preliminary extrac
tion is carried out in the analysis of natural brines for lead concent
ration alone. Organic admixtures are destroyed by UV irradiation. 
In this case the relative standard deviation (n = 5) is equal to 0.04 
for a lead concentration in brine of 1 to 5 mg/l. 

The investigation has been performed at the Laboratory of Nuc
lear Reactions, JINR. 
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