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R IWRT /=T 4w AN w ELY
FRILZ XM —C& B kehm§dE (II), 87
I BRUOARFIOLI) 1A DER
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(1986 % 9 A 29 HEM)

KBARCAERE KD 10ng/ml v~<ro Cu(Il), Pb(II) Fox CAID) 2 EiEB#IC FEER
TH50% HIZ, 20 TTFKBEHERB 2AVI BO VAT /) =T 4 9 7AYo EVIHEALLE YR
FY —RBEAWICBERAT A D0RBRN 2T, BEWMAA v 2850 BLEI VYA RO ERIX
Cu(Il) Bt Pb(Il) or — 7 BNERUVY -7 BRICAS(HERZRET I LB o7, RO <Y
HvEroFAEynRsohnsiREcix, Ly Vv A2V, EEE, WE, WE, JVVvBRTHE

BEEBRIITHERYEL LCHEHYTD - .

BREZEDLI-DCHERMERELST5 2 Lz CAII)

WTOWTESRERLL, X, Pb(l) o»bRARENREL L5 0THHERM 30 BellE®2fTo7. £

ABE L TAKEK,

HFEKBROCRIEKEZH, AAS LIt L72E 25, REFRERZE ..

FHETIX

ABCBEZBMT 2 23 OB T, 59MoBRBRERMZED THAIERMIIZH 10 4B TH - 72.
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AEHED & X B KEAROKERKFOEEBO O
23, AAS pHRIRINhTW5. LaL, Cdd) RO
Pb(II) =2\ CiiZEBEHYE S {Cd(II) : 0.01 pg/ml,
Pb(II) : 0.1 pg/ml}, HEAASTILEREL A+ CHRIE
PHHETHS. LTOLDEBROTHBHERED DI
PR &\ 5 M RITLEE A T h T %

¥, Cu(dl) i o\Ti AAS CiTHEHIREEIVEL .
BlfE, KFORBSBOSMECISSEREOTEL S
£, BEOLTERIPARCHERTE S EFbhTw
bbﬁﬁﬂw17/—f4y9xruyEvyﬁwﬂyx
} U — (DPASV) pVHF& ShTuw529. LaL DP-
ASV * HESWCERT o0 KT —203HF D
Ao 0O T KERER (HMDE) % Huw
T, Kk Cu(dl), Pl Kor Cd(dl) & EBEREC
ERET 5 DT HFEHEOBRKRONT RO B
EOEBBREZTo D TLORBREYRETS. X, E
AE LTKEK, KEFRKELTRCLRTWSHF
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DPASV [T XMl &R KA RV ALY o 7 T7H5 44—
P-1000 B BROMIET ) F4 v Z7ALY o ¥V 2 L=<
— AST-100 &, Z&HKFITITEIRBE L o — 45— WX-
01 BAEAL. fEAEKRICIE HMDE 2 b = — &
% EA-290 & (WK 1.39mm?) %, HEBITIIE4E

W, 2EEEICE af» = 2 LEE (SCE) 2B \v7-.
AAS &1, A% 180-80 Az A\ 7.
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3x#ED lpg/ml R 10pg/ml OREAIEWER 2 FRIL
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2.3 HMEFRE

HOMLUDWBEC ERO% 5% REBKC BLI
%, BEKCTHEEY T-7 10ml ov v FAMDOEL
K7 7 e vElEf EJIERR 6ml 2k, ZEHERE
BROBEERERKY <1 7 r X, F THML, R
N OEBEMES K CHRMHEL fotk, Table 1 iwR$
&#T DPASV JIFER 1T - 7c. KFAKHT 10ng/ml ©
#, RO F 1Y 20RAEEREIRMI RIS
DR e H SR E Fig. 1 wRT. 7o, #iHRR
DNLT 7 v vEBET T A NOBERILH XEE R T
W5,

Table 1 Standard conditions of differential pulse
anodic stripping voltammetry (DPASV)
analysis

Modulation amplitude 50 mV

Deposition potential —0.800V ws. SCE

Deposition time (Te) 30s

Standing time 10s

Scan rate 20mV/s

Pulse interval 0.1s

40 -1160

Cu

= 30 4120 ~

Ay Pb =

5 9/

o Cd <

< 20f 180 =

~ ]

Nﬂl

w0p & 140
(1)
1 1 1 1 1
—0.8 —06 —0.4 —0.2 0
E/V vs. SCE
Fig. 1 Typical anodic stripping voltammetry by

DPASV with hanging mercury drop
electrode (HMDE)

(1) sample solution in 0.13 M nitric acid; (2)
(1) +10ng/ml CudI), Pb(II) and Cd{I) in
0.13 M nitric acid

3 FRLEE

3.1 FRHMBRARVZORERTILICLIER

B e T RFBEMEORIRCIL, BREILD M #
BT ENEETHHH, BESHTLLAIMELE
DREZ BRI LA, BERROFELHERLT L 0N
FELv. F—RHBAFLH &, @A
BRETILEo R WEBMEORETHEE L, 7o
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SEFEEME L UTER, BhER, AERR, v v, R
ROYE EH v v 2% EY, £ 10ng/ml o Cu(Il), Pb
(D) Rk Cd(AL) o v — 7 B (Ep) RO - 7&K
(ip) ~OEBEXHRNI. ToOREY Table 2 iR,
—#Riz ASV B WA RIE T 1 4 v o
MREVWEFELRTWBELD-D, KL THLZEHERED
BEELr#OC— 7k KEL Y RIFT o &L
H VY AR BEEBK ThHote. LD VA BEN
0.02M 75 2M wie sk E, 134 180 mV & fI~B
TL, ip (159 50% WAL 7.

THEMBRE) B KB oNnT iy 23\BAT 5
MLEERBERCE T Bbhas, E, 0FLL
EENLR b ot X, Cu(l) oy — 7 13KEHE
H¥FE & B> THBET D), ip #RDBEE, Pb(I)
Kor Cd(Il) X h BA|RENKREL IehDRBhich -
fz. Pb(l) @ E, RV i, R RIFTHZFEREREDOE
{EOEEIBEH VY ABWEHRD RED 7.

IM R Y 0.2, 1, 2M H{b» Y v 2K TIL,
Pb(Il) o LREEN L, 30 BT HEHT Table
3 iR TEMMBEE B,

fhoRETIZ, HORBREITEALEHTE 2BE
ThHHMN, C—IEObNLDEHotetcsd, HH
R R 725 @ EREO LRRBRECHERET 5 LE N
»sbEEbhs. Table 2 gk V) v & RUEEEAIK
> Pb(Il) o i, fHIDOWTikh HLRBEX L
fETHs.

7eds, Cu(l) For CA(IL) oW T ERNE
hote. CAAL) o iy 3 H Y v A R EEER T
OZRHEHE LY PEr 7. 1M RO 2M DR
BEBBTIKREA A v ORTE L Eis - THENTER
ot

ZOBEWNEMY —0.600V IZHE L. HBREO
B v v so@REREME PbAD) Ry Cd(II) o E,
ChRELS FEYRITTID, BMEh 3 EEERCIT
AL A A VR EFIL@RIARWEEZDRD. L
L, WTFhotHRCE W Th Eilo EOREL THFEM
BERL XS &, RECIIKRERWT EB0h -1,

3+2 DPASV (ZH(FHHHBEMOES
BEEAYOFELET T ASV st 5 FrHBEm (T,
DEET, Lukaszewski B9 § o THE IR T 5.
AR TIIRESIHERE L LT Cudl) o, — A
E— 708 bh5 ) vBY, XEEK - HBRBT %1
DIPHEEDENR S Vv 2% BAR. X, ERBck
Ty T, OFELHEI-.
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Table 2 Effect of supporting electrolytes on the peak potential and currents of
DPASV of Cu(Il), Pb(II) and Cd(II)

Supporting electrolyte Cu(I) (10 ng/mD Pb(I) (10 ng/ml) CddDn (10 ng/mlb)
concentration/M Ep/V ip/nA Ep/V ip/nA Ep/V ip/nA

KCl 0.02 —0.080 45.0 —0.410 21.5 —0.610 39.0
0.2 —0.150 39.0 —0.425 20.0 —0.635 39.0

1 —0.230 25.0 —0.460 18.0 —0.665 41.0

2 —0.260 24.0 —0.485 12.5 —0.690 39.0

HCl 0.02 —0.090 40.0 —0.410 21.0 —0.615 34.5
0.2 —0.160 32.0 —0.430 21.0 —0.640 35.0

1 -0.230 27.5 —0.465 21.5 —0.670 37.5

2 —0.270 22.5 —0.500 21.0 —-0.700 40.0

H2SO04 0.01 —0.000 69.0 —0.405 17.0 —0.600 32.5
0.1 —0.015 60.0 —0.425 17.5 —0.615 31.5

0.5 —0.020 55.0 —0.430 17.0 —0.620 32.0

1 —0.024 53.0 —0.435 18.0 —0.620 33.0

HNOs 0.02 —0.000 35.0 —0.405 18.0 —0.610 22.0
0.2 —0.010 38.0 —0.420 17.5 —0.610 27.0

1 —0.020 36.0 —0.440 16.0 —=a) —

2 —0.025 44.0 —0.455 14.5 —a) -

HsPOu« 0.007 —0.000 36.0 —0.400 16.8 —0.600 32.0
0.067 —0.000 46.0 —0.405 18.5 —0.601 32.0

0.33 —0.010 50.0 —0.410 19.5 —0.605 32.0

0.67 —0.010 45.0 —0.410 20.0 —0.605 33.5

HCIO4 0.02 —0.000 59.0 —0.400 18.0 —0.605 31.0
0.2 —0.010 47.0 —0.410 19.0 —0.610 32.0

1 —0.010 38.0 —0.420 20.0 —0.610 34.0

2 —0.010 30.0 —0.420 19.0 —0.605 32.0

a) deposition potential : —0.600 V vs. SCE

Table 3 Contamination of lead in supporting

electrolytes
Supporting electrolyte ip/nA Ep/V
0.2M KCl 6.5 —0.425
1M KCl 36.0 —0.460
2M KCl 73.0 —0.485
1M HCl 2.0 —0.465
2M HCl 3.5 —0.500

3.2.1 0.33M yUEE#H  0.33M ) YEREKH
» 10ng/ml o CAd(IL) @ i, & T, OBERE /D
L, To 7 90FDE TIT ip XEBNCHEINTS. Te A7
150 &gz 5L CAAL) o i, RE—gLiot.
T, 7% 300 e s & Ey BIEAI~NHTHARBITTS.
25, 50 }% ¢ 100 ng/ml OBEOBETE, (FIFREED
Bgskz b, X, Ricd To OWTKREREZIERL
trr o5, Te H 10 #pTiL 100ng/ml, 30 #Tix 60
ng/ml, 60 F5Ci¥ 50 ng/ml ¥ COWEE L i, BHEFAL
#r. ki CAd(I) rEEED PbIl) Ko Cu(ll) &
FhEhFic CdAD) &g xeegacd CGddAD) o

ip CRET To Oz, CA(I) OZFELTH5H
&L ERBOER%Y R L. Fig. 21320.33M J V&
BEEPCIEEL TV 5% 50ng/ml © Cd(1I), Pb(Il)

1 1 1 L

200 100 600
Te/ S
Fig. 2 Effect of deposition time on the peak cur-

rents of 50ng/ml Cu(II), Pb(II) and
Cd(II) in 0.33 M phosphoric acid

[JCu, APb, OCd
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B Cu(ll) OoFFTHED iy & T, DBHEE R LT 5.
Fig. 2 pR3 iy & To OBRIL, fMOBBKICE T
bIRIFFARTH . To #ELLT ip 28k 2
EDRBHFFTE B Cu(ll) Trkic PbAD) Th -
2. 3LMEOFTIX Ey RS A CH B Cd() <
3, Teo DHICHE - T ip A LI I b, KAHIEI
BWINLTH# 20mV ¥¢c, @D T, ORI HH
Lie e 2 B0 LS Bh 5. E R W
ROAERIBRD £ DI\ Td FEOBS 1 H bR
oo COFRDO—DE LTAEY 2 NBRERKIEY BHET
LIbELEZ bhies, HRE, WK OBEER I
0.02M 25 2M %-C, iz 0.01M 285 1M,
VERIZ 0.007M 755 0.67M ¥ ToOREELLTIE, Cd
) @ i, & T, BRI P 7. F 2T 0.33
M v VBB I T, Ing/ml }tX 10 ng/ml o
Cd(Il) % T, »3 50, 150 J% ¢ 300 # o> DCASV o
WEEL, HE~70OHE (4) kbt os, 41
To WHBIL. CoEIS, CAAD) B MG
BRI HPI L TSR TV 5 & L3 h o fo. o
DPASV o © — 7 Bifind HTHIRERIIC KB L7e< 12 % 0
ik, Gd(Il) 2% HMDE sr~z5 B icikied 5 702, B
CREHD 0, iy 2% BT E B UFe & e o ot 2
EEZDBRA.

302¢2 H{bHY v LBEK IM fn v v 2 85%
HIC 25ng/ml © Cd(I) DZEFEELT V584, Cd
(D) @D iy 12 Te 73450 B % C Ty M L F-. 25 ng/
ml o Po(Il) 2%+ 5841 CdAD o iy i3 300
#, X 25ng/ml o Pb(Il) Ror Cu(ll) pidefrd 248
AIRI0PET To i B L k. ASWEEBOBE,
HL7e8-2 ¥ 3 v A ROGH-FEEAD & B UL & 4D TRk
REDRIRGETbR TV 2209, kEBRTI1Z i, 2 T,
BT 2 FIRTIRETRD E, it BIbid 7 ds - e
BALs Y v 2B Whciz CdAD o i, & T, it %
OBy S HEMEC LB E L0 B kT 5
B, BEELT T iKxt$ 53 TRO% iy BRI
ERROMBEE Th oo, BREELW 1.5 55 L
Th, X, Br vy 2By 0.02, 1 Ror 2M L7
e Th, Fig. 2 DfERE K, -1 kic, T,
% ip DB L7e < 7% 300 iz L, 0.2 M o i
E7 Y Y ABHRAORBREER L2 25, Cudl,
Pb(I) Rt CA(ID) owFhi 20ng/ml % C& iy i3
BECHERAL 7.

3:2:3 KRFAKBE  ARBEAET 2HBE, A&
O BEY, Bl i vBO EE EBTE T
HWB,0.33M V VBRIBE Ll KEAROHE K
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ERESBRLFML, # 10ng/ml o Cu(l), Pb
(D) Kor Cd(ID) woT i, & 1205 % <D Ty &
DEGRE F Y. KEA TR Pb(ID) 70 # Rk o Cd 1)
4 BEc, HFEKTIR PbD) 50 Ko Cd(II) 35§
ET ip 1k To RIEFILA. Cudl) 2u-FhoRElc
b 1200 %C T, HBIL. PbAD) Ryt CAID o
i BEBITD T, ORFALERKOBE, 3-2-1 KO
322 DXORHEBAREFACEIBEL b £ < feo T
5. Zhik DPASV i1t Pb(Il) Kot CddD) o
ip & To DBIRCEEMIL EDFEENKE L BHEY K
FETEHEINRS.

3.3 REHOER

BERCRGCHELE &% o T oo DBED T A Y
a8 BB KB Table 2 1Bl 1= 4 A4 B £
2T, Table | OLHT CHIE LI-EEL Table 4 1=
Y. FRC AAS TEB LR E R L, Hit
WYY AUNDBRRAIEE THRERECH G EBE, T
NPEBIE-BLTDC b, 16, FlE, "8, v
v ERK OB R E AT E SR L, Cu(ll), Pb(II)
B Cd(Il) @ 3 THRE FAHCEETEET S - & 2
THDHT EXGhote. UL, HILH Y w algh
X, Pb(Il) 3BHI ST, Cu(dl) o45HHED EVEL
HMELRIsh o7, Zhit Ugapo 5 o#fid o I 5
i, CuIl) RO Pb(Il) 3KEEHFABYE LTk

CRFEL TS oEby vV v s S HBRE

CHERALCHE, TABW AR TS Cudl) By
Pb(Il) 3 A 4 vic fREEL 7o\ icd, BRERER: L5
DTHA5.

¥, CA(I) KHXhich 70T 10 ng/ml %
WML T EfTolcl ZACTHOREDB S L 12T

Table 4 Determination of Cu(II), Pb(II)
and Cd (II) in tap water by various
supporting electrolytes

Supporting Cu/ Pb/ Cd/ IOthgd/ g&}Cd
electrolyte  ng ml-! ng ml-! ng ml-1 ng ml-1
DPASV
0.2M KCl 5.6 N.D. N.D. 9.0
0.2M HCI 13.1 10.4 N.D. 9.5
0.1M Ha2SO. 9.3 9.2 N.D. 11.1
0.2M HNOs 9.9 10.3 N.D. 9.6
0.067M HsPO4 9.5 9.4 N.D. 11.0
0.2M HCIO« 11.3 9.6 N.D. 10.5
AAS
10.5 9.5 N.D 10.0
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Table 5 Determination and recovery of Cu(Il), Pb (II) and Cd(II) in water
DPASV
Element 0.2M HCI» 0.2M HNOs® AAS
Sample added/ . Mean/ R.S.D.
ng ml-! L ’
Mean/ R.S.D,, Rec., Mean/ R.S.D., Rec., ng mi-1 %
ng ml-! % % ng ml-! % %
Tap water Cu 0 18.0 5.6 19.0 4.2 18.5 1.7
10 29.0 4.2 110 28.7 3.1 97 28.7 1.6
Pb 0 14.0 4.1 13.4 3.4 13.9 2.7
10 24.0 3.4 100 22.8 3.6 94 24.0 2.7
Cd 0 N.D. N.D. N.D. -
5 5.5 2.5 110 5.2 4.3 104 5.0 2.9
Surface water Cu O 5.0 17.1 5.3 3.5 5.5 2.0
5 9.8 10.3 9% 10.4 2.5 102 10.4 2.0
Pb 0 2.3 9.3 2.1 -11.0 N. D.
5 6.8 8.1 90 6.9 8.0 96 7.0 2.6
cd o N.D. N. D.tt N.D.
5 5.0 5.2 100 4.9 6.5 98 5.0 2.5

Mean values are results of five determinations. N.D. : not detected; Rec. : recovery

Table 6 Determination of Cu(Il), Pb(II) and Cd(II) in untreated

and treated drinking water

5ng ml-! Cd added

s ) Cu/ng ml-1 Pb/ng ml-? Cd/ng ml-1
ample —_
DPASV AAS DPASV AAS DPASV ‘AAS " DPASV AAS
~ Tap water 1 2.1 2.0 1.1 N.D. N.D. N.D. 5.1 5.0
Tap water 2 40.2 42.1 17.1 16.8 N.D. N.D. 4.8 5.1
Well water 2.9 2.0 7.3 7.0 N.D. N. D. 4.6 5.0
Surface water 4.5 5.0 N.D. N.D. N.D. N.D. 5.5 5.0

Supporting electrolyte : 0.13M HNOs;

Amount of Fe and Mn in samples (pg/ml determined with AAS:

tap water 1 (Fe 0.01, Mn 1.0), tap water 2 (Fe 1.1, Mn 0.4), well water (Fe 0.5, Mn 1.0) and surface water

(Fe 0.08, Mn 0.01)

ITVERR B LR, WThoXHERECE VT
BB 3 Xk 40ng/ml % TR BREEY &
L7z,

AAS T xFATF ARSI VEEF YYD 2R F
Ve bFIELAF ALY TF Ay b v aiilidgEs LT
e, B, AREOBE, HRAREDLERIUH
iz bhd T, S0, BB 5 VI HEE th
ZhAEARORIEAD 2 Bphc i L T E R X EIR
Kie o CHET Lok % Table 5 i, AAS TE&E L
Foffid b Oh0 O . BRERRE & RS L L
L5, Pbdl) RO CA(D) g & A E—BLUITHER
28 SRt Cu(l) @ouTik BRERE TIREURIC
I o THEWEE s A EEND D, EEERIME TRDI
HDE 5 H AAS TOfEE —FK L. AE W I% H
FRRE T HIRHERERED S 5L L, 0.2M R T
Cu(Il), 1.8, Pb(1D), 1.2, Cd(I), lL.4ng/ml, RO
0.2M W&k ci3 Cu(ll), 1.1, Pb(Il), 0.8, Cd(I),
0.9ng/ml T -tc. AAS OEHBFRMEX S/N=3 K

L, Cu(ID), 1.1, Pb(Il), 3.2 %¢* Cd(II), 0.4 ng/ml
Chot. HBRURBBO LS LOBEL AAS Offs
B —FKL, EIRKS 90~110% & RUWEREBLHR
Fo. AGHEAK 23, AHEEKTHBHFRAROEHRKE
1 e DT Ak L AAS © ERLIcfli % Table 6
Rt s, CdAD) pounTikgEH Ihish oD
c3khic 5 ng/ml Nk T ot FAPREOERED
B —HKLTH D, FECIEEOKEKRROKEFK
ik REHOTBIRD bhich ot AAS TX, F
HOBERC A B Fodici 500 ml O FEE inEkk#E
Lic#s 10ml oxF14 YV FFAyr b vICHB LR
R e BF, Ak Ll U ORI K S BER &V 5 R
VB o o, AETIRRRCBEYHEMT H5OAT
M%ﬁﬂﬁfib,1aﬂmmmawﬁﬁﬁu5ﬁﬁo
B EERYE»Th 10 FETH 7.

Eh D ICARRCH L THERZEBELEZE > 2 kK

LR AL 8 E SRA I N B LIRS
BHELET.
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Determination of Cu(Il), Ph(Il) and Cd(II) ions
in water by differential pulse anodic stripping

KAGAKU Vol. 36 (1987)

voltammetry. Keiko Icumasur (Division of Envi-
ronmental Science, Public Health Institute of Hyogo
Prefecture, 2-1-29, Arata-cho, Hyogo-ku, Kobe-shi,
Hyogo 652)

For direct simultaneous determination of Cu(II), Pb(II)
and Cd(II) ions in tap water and untreated drinking
water by differential pulse anodic stripping voltam-
metry (DPASV) with a hanging mercury drop electrode
(HMDE), the effect of supporting clectrolytes and
deposition time on metal currents were studied. Chlo-
ride ion affects peak potentials and peak heights of
Cu(Il) and Pb(II). Except for potassium chloride,
nitric acid, hydrochloric acid, sulfuric acid, phosphoric
acid and perchloric acid are suitable supporting elec-
trolytes for water samples including a few colloidal
particles consisting of Fe and Mn. Long deposition
time is not always effective for increasing the DPASV
peak currents of Cd(II) and causes the increase in blank
peak currents of Pb(II). After nitric acid or hydro-
chloric acid was added to the 6 ml of water samples,
DPASYV of them with deposition time of 30 s were meas-
ured. The detection limits of Cu(II), Pb(II) and
Cd(1I) were 1.1,0.8,0.9 ng/ml, respectively. The pre-
sent analysis requires only about 10 min.

(Received September 29, 1986)

Keyword phrases

differential pulse anodic stripping voltammetry; direct
and simultaneous determination of Cu(II), Pb (IT)
and Cd(II) in tap waters; the effect of supporting
electrolytes and deposition time.
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