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Determination of cadmium, lead, copper and arsenic in drinking water by
anodic stripping voltammetry
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ABSTRACT: Objective To establish a rapid method for the determination of cadmium, lead, copper and arsenic in
drinking water by anodic stripping voltammetry. Methods The samples were treated by microwave digestion. The
glassy carbon electrode was used as a working electrode, with Ag-AgCl reference electrode and Pt counter electrode,
for the determination of the currents. The external standard method was used for quantitative. Results In the
concentration range of 0.1-10 g/L, the linear relationship of Cd, Pb, Cu and As was good. The detection limit of the
method was 0.00004-0.001 mg/L, and the recovery rate of standard addition was 98.15%—-100.35%. The accuracy of
the actual sample was less than 2%. Conclusion This method is stable, rapid, sensitive and reliable, which is an
efficient method for detecting trace heavy metal.

KEY WORDS: anodic stripping voltammetry; drinking water; cadmium; lead; copper; arsenic

SR A% . (HEEE L5t M T REUR i, REETS
X fi e fe 5 M2 PrAt 2 SRR O . ST A
UTAESR, AATTAYAE G P B2 3 5, XK B A b BRICE M T IR RENE | SR AVERIA YR 2T A

mEEE: IAMSRERR (2018-0329)

Fund: Supported by the Guangxi Local Standards Project (2018-0329)

HEIAEE: XU, B BRI, ERMFFIT N A . E-mail: 80266582@qqg.com

*Corresponding author: LIU JIA-Ling, Associate Senior Technologist, Guangxi-ASEAN Food Inspection Center, No.9, Qinghu Road, Qingxiu
District, Nanning 530022, China. E-mail: 80266582@qq.com



5512 4]

BeEk, & B AR R E K R . B B, A 4111

Xt A i A I LA B Y e R ) o T S Y
RSN, . HAETCTE BAT R 1 E AR K
R, B A, KB 5215 G i B sk Mok 2
M ARG 51, w AR A RS SR C R =,
GB 5749-2006 (A=K F/K TAEARHE ) ), Bz T 3 A 1%
YRR BAE BT fa e, Hro s 7. 45, . PSRk
UL 4 T e BR B AR . R G A3 X PR R K
M & B ICRAFEA IR TS 3%, BUEEZE R T K ik 2
AR, I A 2R Rt 2o X AR = A A

KSR AL L B RGN, SRR e
IR E TS, . # . W, SRR
IK BT A 52 05 Qe i) — AN BB bR, HoR IE I A
6% BE s (ultraviolet visible, UV-Vis)P!, 5+ IOG v
(atomic absorption spectrometry, AAS)® | H B A4 B
% B 6 1% B (inductively coupled plasma-atomic emission
spectrometry, ICP-AES)”">'3 K H JEGHE 4 45 B 1 1A o 33 12
(inductively coupled plasma-mass spectrometry,
ICP-MS)* 3L Sk T BRI AR AN 48 B 5%, RTAR R 44,
N R BTSSR, FLe gy A Re R I E ZR/ocR, X T
TN HIMERE R o BRI AR 20 B RIS = L 4
ety AR E ZROCR L AR . SRAE RS5O
AT AR SR FH BEAR A H R 00 5 A 6 R PR K s 4
B, BhAEE AR, DAL S

2 MREREE
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ARG B S WA A K (AR AR A A K AR R T T 4
TR KA S3HT

PKBERR . AHER (K2, 75 Merck H]); i & ALA
(& 30%, PP fb LIRMy A RA W), BERRE(rhrat, K
HETT R AL R A BR 2 R, SR (i dl, SN
B2 ), ERER (A BT 2, T AR R A TR
2D, SRR R Milli-Q 4l A i & B Atk (R H R
18.2 MQ-cm),

BRLORRL HRLOET. BRL HR. BY. AL B BN BNRG
PRSI A& /DL 100 pg/mL i1, 3E4& 1 mol/L fisiR (b
AL AR A P AR B TE B o

Multiwave GO FHU 7H fif {5 [ B8 b R 22 ZR e (o (1) FR
25 HEl]; HM3000-1 # 5 1 4 J& B 5 (¥ (Trace20 2 ]
A, TAERRCH BB, Ag/AgCl B S LHL,
B Ry Xt AR ); FA1004 5 40 Z— 43 Bt KPR
AR ) o
22 WA
22.1 #HFk

A #346; H4 BR (instrument detection limit, IDL)FN 7246

i B (method detection limit, MDL)4» 3% 1. =8 2 318,

IDL=3S,/b (1
Rof, S MRS 1 11 R RS b AL,
U R < R
MDL = HURE & x 1000 @

222 KA A

it R - Pt iR 2 2% WP MR (1 mol/L): FRIEX 38.5410 g FitifiR
BT 400 mL K, JIABERR IR pHAEZE 5.0, FI/KES
% 500 mL.

SR H(0.01 mol/L): FRHL 13.5760 g &AbKE T
iEHK, FKEZ % 500 mL.
223 ARBIRIREH

HERR BUR S FRMEA M 1 mL T 100 mL B2,
JMAZERK, FA 1 mL SR, DUKFREEZ 2 100 mL,
IR IR UE A 1000 pg/L BIIRSFRUE AR . B
G AR E AR BT KR AR B S Al 4282 0.1, 0.2,
0.5, 1.0, 2.0, 4.0, 6.0, 8.0, 10.0 pg/L FIFRAENE WK,
VR IS FBE PR MEVA TR 20.0 mL JE A 1.0 mL i iR -1l 2
BRI TROR 1.0 mL SRR, WA, R B s
W2 o
224 Hopara

i GB/T 5750.2-2006"" " rf A1 56 B2 R R AL FMRAT AR AY
K, BEIL 1.0 mL ZKFEF Rl iH M b, ARSI 4~5 mL,
AN AEMAR 1~2 mL, HEER S TR
AT, fRRHEERE, TTIFHEMRE, 8RR
(130 °CZEFAHBRZE | mL Z2f, F/KPBIETNREE 3~4 Ik,
PR AHT 50 mL R, HKEREZE., BUSK
20 mL, ML 1 mL B R2- g FR 028 o R 1 mL ALK
W, FeH SRR a E.
225 BEEH

(DI T A1

P T 10 min; RFFEE: 180 °C, FRLLAT(H:
10 min; ¥ HIEE]: 5 min,

(2) B LT SE

ML AR 0.5; THEEA#ITIE]: 1.5 min; E4ERF[E]: 150 s;
FR B VRS TA] - 2 min,

3 HER5SH
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Fan AT SCHAR AR E AR TR S AT AL B, 7T LA
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THAFAFE R R HClO,. HNO;, H,SO, %5541k
PR K Hy0, %, HIHMHARTEH Cl. SmHER, &4
iﬁgﬁ/ﬂ 35C1160\ 328160\ 338160\ 34SI6O %gﬁ%%%, 7{
W R REXT V. Se. Zn ZEOLR M E =, R Lk
HNO;-H,0, R R AT, ZERNREH O N H X 3
MotE, AE5IAHMEZETFE T, RRMLER
W, 7F HNO;-H,0, & R T i B M AT g 5 1, 28
FE BB BB T 1 i
3.2 SRIEEEN
32,1 ZME I F AR IR

W5 RAIBRE R, MRS 3 Wk, DAMREE AL
ARBR,  LAFRL TSR I R AR AR Rl AR v TR R, e R
JEH 0.1~10 pg/L Ju N HEC R RAF, HIKEREr H2K
0.999 DA Io FLHMRYLRPERIE TR . HH5C R BRI H PR
mE 1 iR,

322 ERERE
Ay IKRET S HERR IR I 1 mL T 4 DO W iR b, 43
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k2 FrR.

% 2 A5 EISCRIEEZE 98.10%~100.35%K, XS
FRUEIRZE RSD N 0.2%~1.4% . 2R F AR 330 % A 36 2R K o
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R,

323 WEEEE

HRJR]— K FEFEAR TR B, SESEIE 6 IR, SRAAE %
SCIGEEIANSR 3 PN

3 AT, [l —RE AT IUE 6 YR AR X s i e 22
RSD #/NF 2.0%, R FAALN E 4 E XK F Cd. Pb,
Cu. As F REMRE % R, U8B FIZ O 5 T A A 225 5
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33 HMINE

A ] — S B0 2 AN [] X 358 28 A 22 i K e Sk A OR B R A
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Table 1 Regression equation, correlation coefficient () and limit of detection

JLE [l )=y r IDL/(ug/L) MDL/(mg/L)

Cd Y=1738.1275X+18.5200 0.9997 0.00077 0.00004

Pb Y=20521.0101X+3052.6533 0.9996 0.0077 0.0004

Cu Y=16555.9099X+898.9533 0.9994 0.0052 0.0006

As Y=737.0810X+60.6100 0.9999 0.010 0.001

%2 ERELR(N-0)
Table 2 Recoveries of analysis method (n=6)
TR JE 8RR/ (ug/L) BMARIHER)/ (ng/L) T5E B/ (ng/L) SEH IR % RSD/%

Cd 3.20, 1.80, 2.60, 8.70 20.0 23.21,21.65, 22.43, 28.46 100.05, 99.25, 99.15, 98.80 1.0,0.5,1.4,0.8
Pb 2.23,1.37,21.09, 14.32 20.0 22.12,20.99, 41.03, 34.14 99.45, 98.10, 99.70,99.10 1.1,0.2,0.7,0.5
Cu 2.04,14.71, 3.64,7.83 20.0 21.67,34.52,23.71, 27.65 98.15, 99.05, 100.35, 99.10 0.8,0.7,0.7,0.7
As 1.08, 0.65,4.97, 16.22 20.0 20.93,20.52, 24.89, 36.05 99.25, 99.35, 99.6, 99.15 0.3, 0.6, 0.9,1.0

3 HEENEN=6)

Table 3 Precision of analysis method (N=6)

PIVE 3 SEH{E/(ng/L) RSD/%
Cd 14.34 0.9
Pb 274 1.4
Cu 8.69 0.5
As 21.26 0.5

GB 5749-2006( A= Gk FH /K 1A AR E YO 48 Cd.
Pb. Cu, As AYFREES510: 0.005, 0.01, 1.0, 0.01 mg/L.

4 0] 0L, ZXIANESE Cd. Pb, Cu. As Fm3fk
FTHEFRFMERE, WHLRENRAKFEER DA
Ko Hrf, Z3ldok RGBS B9 A SO KA H A
&JEILE, UL K RGNS AR AKKBA Bl
34 KM AEERT

A3 TR TR | S G 55 B T R g A
PR AR e ot [l — b A T I, AR ik b ie 3 9K,
CHAE S A Fe 2 25 51, HAG 3G 25 R ik 5 FiR .

FEAS () F8 A 000 7y 3 A ) — A o, R D0 40 S 7 P
M AR ek gdata s, FRTFRIR . HEGRS F 5 Tk
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S GTE R i 22 AR, BT IR ACASORI R B 5 2
BT SIS B B, 0T /il R,
R BRI AR 2R e AR B L B o ARG R,
RS HT AL BR AR B, RGN R AR TR B, 192 T SR AR,
I FLR FH BE R o AR 2206 BRI P 0 et . SRR . MERf
A 40 A e SUINNEE BN R N S TN N N
AR E SR, 2 S REAGR LR R, fE
% S RSP 20 4, A IR ] 29 R A R BT U

F4 LRGSR
Table 4 Actual sample test results

FRbnshi = /&Qg mgﬁ) /&ﬁg @Em
1 0.0005 A EN oA 0.0003
2 A 0.0011 A A
3 A Rkt 0.0008 0.0012
4 0.0006 EN o 0.0018 0.0006
5 A 0.0009 0.0006 A
6 A 0.0025 0.0031 A
7 AR A A Akt
8 0.0008 A A 0.0012
9 Akt 0.0017 A 0.0091
10 0.0032 EN s 0.0008 A
11 0.0015 A 0.0025 A
12 oA 0.0016 0.0067 0.0052
13 0.0007 A H 0.0044 0.0011
14 Akt 0.0070 AAE A
*5 KREGRE
Table 5 Comparison of test results
K ik el gD gl gD
AAS 13.32 5.87 4.89 3.47
ICP-MS 13.28 5.79 4.84 3.49
PR S Hh AR 22 1% 13.30 5.82 4.87 3.50
4 % g

SR BRI AR 20 5 AR 16 KK B8 L 5L 4L AR
EIRIOURKIIIEMER . TUE, (TR PRI AL H, 46
MR Z I T, TR, K R, T
SFHAET, Al L B PR A I 4 (I A, PR BTG
I TR /S o S URAN S e 8

SE

[1] Khan S, Shah IA, Muhammad S, et al. Arsenic and heavy metal
concentrations in drinking water in pakistan and risk assessment: a case
study [J]. Human Ecol Risk Asses: Int J, 2015, 21(4): 1020-1031.

[2] sk, Wbk, k. FEATRAZK S 10 Fs Qe po @l xS IEm ).
PRI T A 24K, 2019, 9(3): 203-209.

Han JY, Ye BX, Zhang L. Health risk assessment of 10 pollutants in a
city’s drinking water [J]. J Environ Hyg, 2019, 9(3): 203-209.

[3] Ikehata K, Jin Y, Maleky N, et al. Chapter 7: Heavy metal pollution in
water resources in China—occurrences and public health implications [M].
Heavy Metals Water: Presence, Removal Saf, 2014.

[4] FTRTF, WM. REE SRS Y IR AT R ] R ST
5, 2019, (6): 75-78.

Yu TY, Hu SY. The overview for the current status of heavy metal
pollution in water and the treatment methods [J]. Construct Budget, 2019,
(6): 75-78.

[5] WangJ, Chen C. The current status of heavy metal pollution and treatment
technology development in China [J]. Environ Technol Rev, 2015, 4(1):
39-53.

[6] GB 5749-2006 A= THER K DAFRIES].

GB 5749-2006 Standards for drinking water quality [S].

(7] 3RER, PHE. PEFSEE . HAKRAOK B ER LR D]
257Kk HEK, 2018, 34(10): 26-31.

Peng HX, Li C. Comparative study of drinking water quality standards
among China, the United States and Japan [J]. China Water Waste Water,
2018, 34(10): 26-31.

[8] bz, 2=, Eml, 5. DIZEXIE 4 m R ICHHZ 5 2B
BERR[I]. KR, 2007, 26(1): 51-55.

Li JR, Li XP, Wang L, et al. Advances in uptake, transportation and
bioaccumulation of heavy metal ions in bivalves [J]. Fish Sci, 2007, 26(1):
51-55.

[9] GB/T 5750.6-2006 A= {G U JHAPRIER S 51 4@ FEHR[S].

GB/T 5750. 6-2006 Standard examination methods for drinking
water—Metal parameters [S].

[10] Jorhem L, Engman J. Determination of lead, cadmium, zinc, copper, and
iron in foods by atomic absorption spectrometry after microwave digestion:
NMKL' collaborative study [J]. J AOAC Int, 2019, 83(5): 1189-1203.

[11] Molognoni L, Vitali L, Ploéncio, et al. Determining the arsenic, cadmium,
lead, copper and chromium contents by atomic absorption spectrometry in,
Pangasius, fillets from Vietnam [J]. J Sci Food Agric, 2016, 96(9):
3109-3113.

[12] ZRIRA), BREE, kb, 55, TR EERE s 8w - B 5 5 e T

PRIEF R SRR K YRR . A SR R E ). S
k24, 2010, 29(6): 599-602.
Zhu ZK, Chen JG, Jin XZ, et al. Simultaneous determination of trace
cadmium, copper, lead and zinc in water samples by inductively coupled
plasma atomic emission spectrometry after preconcentration/separation by
soluble membrane filter [J]. J Instrum Anal, 2010, 29(6): 599-602.

[13] Vermeiren K, Vandecasteele C, Dams R. Determination of trace amounts
of cadmium, lead, copper and zinc in natural waters by inductively
coupled plasma atomic emission spectrometry with thermospray

nebulisation, after enrichment on Chelex—100 [J]. Analyst, 1990, 115(1):



4114

B dn 2 4 R R I A 4R

511 4

[14]

[15]

[16]

[17]

17-22.

/NG, R A A5 B AT I I K (R R B S SR ]
AEJE S 3RKE, 2018, 151(6): 89-91

Wang XH. Determination of copper, lead, zinc, cadmium, chromium,
manganese, nickel and arsenic in seawater by inductively coupled plasma
mass spectrometry [J]. Energy Environ, 2018, 151(6): 89-91.

Julshamn K, Maage A, Norli HS, et al. Determination of arsenic, cadmium,
mercury, and lead in foods by pressure digestion and inductively coupled
plasma/mass spectrometry: First action 2013. 06 [J]. J AOAC Int, 2013,
96(5): 1101-1102.

JIVE, TKFk, BERETT, AF. BARRIA AR L KT Y R gt
[ "PED, 2015, 2): 44-47, 51

Dao X, Zhang LL, Teng EJ, et al. Study and application in determination of
cadmium by portable anodic stripping voltammetry [J]. China Meas Test,
2015, (2): 44-47, 51.

GB/T 5750.2-2006 A=3G AR FHAKBRAERIG i IKEERREERIEAFLS).
GB/T 5750. 62006 Standard examination methods for drinking water—Metal

parameters [S].

(TiEHRE: £ RK)

{E&E &

BEWK, it SEIREN, TEMR
FRARBRAI~@REN, HITER.
E-mail: 574025037@qq.com

Xgte, BlEERN, EERARGEA
BRSNS REFRERR.
E-mail: jialingliu6@163.com



