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Quantitative test method for rapid determination of lead in fishery seawater

LI Meng' ZHANG Xu-zhi** CUI Yi**
QU Ke-ming * MA Shao-sai®* YANG Feng'

(' College of Fisheries and Life Science, Dalian Ocean University, 116023)
(*Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries

Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

ABSTRACT A new method for rapid determination of lead in fishery seawater was developed
by using highly sensitive conductive carbon black paste electrode (CCBPE) as the working elec-
trode. CCBPE showed many attractive electroanalytical properties, such as low background
current, large electrochemical active area, good accumulation ability and so on. The heavy met-
al lead showed sensitive response at the CCBPE with anodic stripping voltammetry mode. Some
important factors, including the supporting electrolyte, pH, accumulation potential, accumula-
tion time, interference substances, etc. were studied. Under the optimized conditions, a detec-
ting limit of 0. 1 g/l was obtained. Based on the results, a new method for determining lead in
seawater was developed. The new method was used to determine the lead concentration in real
seawater samples collected from nearshore site in Qingdao. It was found that the test data were
in good agreement with that obtained by atomic absorption spectrometry, indicating that the
simple, rapid, mercury-free and cost-effective method had a great potential value for applica-

tion.
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HEASREREE AR P E MR EER KRN ES B Y Z — . B8Rk g%
5 A NAR G 23X 2 R G0 3 2% E LA SO IE A5 1 pURt L O B3R B b e R — R0 (@ (Gracia er al.
2007; Flora 2002; Shannon 2003), JL4FkK ., K& 28k Tl ALK P B B4 o Bl IR TS 34 H 25 18 A 8808 7
TE R 00 ™ . b A S TS Y RV R PR A TR AR T 2 — ot S R B AR A KT R A A A ()
B GEAATR D SCE . UNDP.FAO WHO 45 Ak 2 [6 B 4 2 B 4 HC 510 AW 42 X0 52 44 B . e Ik o i
A0 7 K B B L X RO R S B VE R OCH

T K 4 53 52 2% B ARON R HLFE 4 J 1 e A0 DR i) g K 4 S A T R FH I 0 B Ok o 2 (] B R
UE = Y R RN R A e B . B AT )T AW W O IR A R OGS % (AAS) (Olsen er al.
1983; Riley et al. 1968) . Hi J&HE & 2 B F Jii i (ICP-MS) (Batterham ez /. 1997; Beauchemin et al
1988) L J B F- 28 Y63 (AFS) (Cheam er al.  1994; Bol'shov et al. 1989)% . Hirp ICP-MS.AAS ¥
BRI T3 TC R R ppt Z B IR AR A B B A B3 5t X PR A S 0 00K 45 2 O WA v IR LA 2 1 A
FRuEll ot . AFS 52 H 1% PR 8 K f il v ok VR G 2R (9 43 B RN S L (HERPE BB, S /. BRIk i A A —
A fm] (4 [R) L HOBETE SE g = AT R REZEI I I . ¥ AKOKFE BL R A IS ik B S5 5 % R AT A0 A R HE
BUAS 55 B 0T 22 1 LT BT SR I KR o e A AR A DL R KR A i sk R v ) T R S 2 R e B R T 4
R B . BEA, 7E 58 PR 15 Gl T i o PR o A ) B T B S A A Tk A R A A R BBl R N
SO K,

FL Ak 2 20 BT T 5 04 S0 285 4 17 SR i A AR B T B & B A U L S S R v L T L TR R CRR DI R KRR
AL B R AL R 5 I AR 2] T )2 0898 . TR 2 84 8 AR v DL 5 ORI Ok 551 R TR 2 % th (Kefala et
al. 2003; Zhang etal. 2011), i ATCIE AL G BOM 5 25 (Gillain ez al.  1979) i 42 % FH 5K I B #; (Carapu-
ca etal. 2004; Annibaldi ezal. 2011; Demin etal. 2010)HREERIF5E B F/K P BEE LS BEWNE ., 4K
M7 o 74 B4 A8 P4 23 X 45 VR N 5% R0 PR S5 4 JS0 0 7 1) 78 3 XUR: (Houston 20075 Dinman 1964) , it LA™ 5 B T
H A 2 0 o o 4 sy T B HE)T . T JLAR L ANATTIE 5 00 54k S oK H A R T T 2K v A % G T B 4 A LB (B er
al. 2010; Svancara e al. 2006) 44K 4 &Mt % (Renedo et al.  2007) . Schiff #% & i ¥ #% ( Afkhami ez
al.  2012)%FH8A] LUBCAS 848 1) R AEORE S ABATY SR A7 75 1 W B AR 20 B BE T | A A v 25 B ik

AW 5T DL BEM 19 5 H 2k B2 (Conductive Carbon Black, CCB) i 5Bl il & H — Fh ELAA 8 5 5 e b AR 6%
R L (CCBPE) o 3 DL H y TAR il A 5E 1 B 4 Ja 45 00 BRI H0 AR &2 Rl O v . 78 S Hp i g e AP 26 L pH
1H 5 B2 HLAL L A I ) A R OG5 e R 22 A A5 B U0 A i G0 T T E T I 0 T K T A AR L S R A
N -
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L1 {2FF0iKF

CHI660C F Al TAE B, (Rl R A R A 7D s il 5248 . CCBPE 8 TAE AL (06 mm) . 5 22 HL 1)
Sy X A LRI H R BB O S HE R s pHES-25 JRR BT (R R B AR T 5 U O o ol e B 3 1S Z-5000
(HAHSL AR,

CCB. I ZR T ARG AL T 5 47 il R T ) Ak 27 300 A BR 2% 1) 5 il 1R A Il 28 4 AT A~ 3R] A PR 2
R 5 AR T R [ BT TR 28 w5 S B AR 48 S o3 M Al R 28— P el A 5 SR T K i BT B R BE R
ik R Gl % .

1.2 HIRmiRE Sl &
T e A %) ) £ R ST R L R 3E AY SCRR BEAT R A (Qu et el 2012), fRj BA M, CCB 047 B 4% 17 ¢+ 14
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() ) Wk o T Sh A R 2 57 L SR 5 4 — 22 1R RO B A SR DU R 2 0 B HL A TR (6 mmy, . dL ) R SE L 4 224
F k. MIE M AT E AR L B . B R BF I K E Y 0.5 mm AU BRI L B S B AT E R A
M. PR B TERTFTREC5E0.5°0),

1.3 EmBREERE

2012 4F 7 A d) TR BT 6 AN TR b s FH B A 48 R UK FE . 28 0. 45 pom FLAR (9 T 2 2F 4 6 I
I UERR LR Y RAE A T UKAR 4 °C ORAE L IFAE 72 h X H AT R 3 AT . 6 S RE SR AR M Y 22 26 R 0 0l
120°36. 678'E,36°7. 38'N;120°36. 48'E, 36°7. 14’ N; 120°36. 282'E, 36°7. 26" N; 120°28. 308’ E. 36°5. 502" N;
120°28. 302'E,36°5. 388'N;120°28. 272'E, 36°5. 358'N,

1.4 BEFEXR

R T7 e B AR 22 2k (SWASVO X HE & JR AT sE AT A I . N ARKR IR Bi W] PR — &R BB 77 — 1.2 V
Cos. SCE) HLAL T & 4B RE I E] 7 S b1 R B2 A9 RE 4% 1 L)L 300 r/min fRy 38 2 39 S B 1 5 20 R =« b J B FiL
F A AT R T AL L S EOE BT GBI —0.8 VL&A —0. 4 VL 4RIF 25 mV, 73 4 mV, i
AR 15 Hz. #f kWA 5 s,

AAS Xt B S2B H L WEAKRE S 4% BB AR (GB 12763, 4-2007) HE47 Fi AL B, SR 5 2 1 Kaya %8 (2012) )7 %% E#L.
ANAS AR B9 25 REE R 4020,

AL DT R AIE . MA—E R T & A N E SRR fE — 1.2 V (os. SCE)HAT &4
B I [8] o fo Bk AR () AN 4 1 P bl 19 T GO RO 45 201D

JI AT S8 ¥ e AR R 24T (2540.5 °0),
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2.1 %A% CCBPE /9 H K % g iz

BT R A A KA R A 85 0 O 5 FL AR A ) F B, CCBPE B A7 BT i B4R 1% | 20 r b =7 1k i
(Zhang et al.  2011) 8y H_FHA REEAYE AR 20 E D, L 0. 8 mol/L AR 22 sl (pH 2. ) 1E N
SCRPHUARE IR .20 pg/L BT SWASVY HLE R R (RS 17 g A SRAERE AN (E BT 2 7 1 35 308 04 35 e F Al L 4 vl A N
A7 OB TR FL A o R T B A A B4 B T WA B A (Ping et @l 2011),

2.2 HmEH

A3 50 L 1R h 2 R L TS R h 92 vP i W B-R 28 vhif HCLL K CL A1 HCLO, Sy 32 35 v i B K & L F 58 85 76 CCB-
PE I /% AR Zemi iy . 25 5 232 B L 0l 19 6 2 w0 v S 1% G 2 A I . R b G At S G T L TR R B R
Shy SR H R

W R £ 9% oh i ) pH XY A0 OR 22 s R I L B R s . A&l 2 iR L e pH 1. 0~3. 5 JE N BRI
WA R, 7 A 0 {7 R 2 Bt S HE EL A B pHL (I B Bl AR T AR Ak Hoh pH 2.0 R B SR R H 3 i B2 A PRk, pH
2.0 (Tl 1R 55 22 W BB H Ak hy At S 56 1) 28 A WA R

S LTI T 5 R )R A 2 o A A R s R I S i R e . N I&L 3 R L 7E 0. 1~0. 8 mol/L
FEL PN & 8 P 35 L e 7 {1 i 5 Tl 1 5 2 W ARV 2 1% 385 0 T 1 o {1 I 5 Tl T o 0% o AR B 1 BE — 5 8 L
FEL A T 7 1 25+ R — 2 R A B AT . R HL A S 56 B 0. 8 mol/ L i R R 28 ik St AR LA R

A1 A A SRR AT Lol 1 T T 4 R A e b A A AR 1 R T ] ST 3 G A VR At g SR S A W Y
AT 38 I I B 15 0 B 4 J A s R O L R s A R AU (Wa e el 1995) [R50 56 R G4k T 380 Ji e 7
S R EE A —0.8,—0.9,—1.0,—1.1.—1.2,—1.3.— 1.4 f1—1.5 V, S EAHMF . 3%
1520 pg/L AR RGN0 Hm B LA . 25 R R YR R i —0. 8 VARKE] — 1.2 V i, H A 7 0 (E 2
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WG Y EEAM L —1.2 VEGR, BEFHZEHB TR O, BRFEM A —1.4 VII—1.5V
B, T BB 27K 4> F HLf# , CCBPE [ 11 HH B0 K (9 03 . 3K S Ay 00 ) 77 Al 2 1T 19 3 2 AT ™ T 5 1) T #L
WO W b A SR AT I AR I (Ping ez al. 2011), [AIEF, ML E—1.4 V Al —1.5 V iz f7if, £ %) CCBPE #l
PR A R EXE B R . RIL, — 1.2 V iR iR R LA,

07 0,
z -0.3'\ 03]
2 ’ <
o | ) 061 o
= 0.6 //"/ o 0.6 2.0
g 09 T <09 16
5 1.2] & ] 21
E é A5 L 12
= oo l 0.8
£ 13 = 15
-1.8 # 13] 0'%.5 15 2.5 3.5 45
. oH
-2.1 T T T T . !
21 ; ‘ ‘ ‘ : |
048 <0.51<0.54-D.F7-D.G0 .63 0.6 <0.69-0.72 -0.45-0.50-0.55-0.50 -0.65 -0.70-0.75 -0.80 -0.85
i, {17 Potential(V) H3, {17 Potential(V)
Accumulation potential; —1.2 V. Accumulation time; 300 s. Accumulation potential: —1.2 V. Inset: The plot of i,, vs. pH.

= Other conditions were as in Fig. 1

Stir rate; 300 r/min. quiet time; 5 s. Scan rate; 0.1 V/s

Bl 1 4378 CCBPE I [%s itk % &l 2 pH B X540 AR 22 il 0 4 5 1)
Fig.1 SWASV of 20 ug/L Pb*" at the CCBPE Fig.2 SWASVs of 20 ug/L Pb*" at the CCBPE in 0. 8 mol/L
in 0. 8mol/L phosphate buffer phosphate buffer solution at different pH
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Other conditions were as in Fig., 1 . o
T Other conditions were as in Fig. 1
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Fig.3 Effect of supporting electrolyte concentration on . . . L
& bp & Y Fig. 4 Effect of deposition potential on the stripping

the stripping voltammetric responses of 20 L Pb*"
bping b ne/ voltammetric responses of 20 pg/L Pb*"

HAEMNEEESREENREONERES T — G150 R R A B4R OB 1 R A% SREPRIIE 2>
Prgm i FEEWMTE T — 1.2 V B R T & A2 I [A] 55 850t 0K 22 wi b7 Al 3 =2 ) A O R . 45 R AN 8T 50 7 600 s
00 FELPAS o FL A P 07 {1 I 98 BT (1) 28 71 SR8 A 5 - A T 6 I I L A WO (L Y G OB TR B O T
FABUE FICR B 300 s AN Al A9 m SR A) o Y AR L AN R AT e B ] LUSE a3 2 0 A I ok i — 2P 4R
T BT A G R

Bk — PRI A L B 2 S L T LARNE < 45 5 B B — R B0 T R 5 B A 4 DR T i P R AR SR B A i
Aot B < Ja HEAT ARSI 5 LA IO 5 R G TN 119 R B (Legeai et al. 20065 Wang  2005) . AR Z 223 W4 AL &
1 I £ P 7 ST T 5 R R M L S ) B AT 3 Y R MK (Bi ez @l 2010 Svancara et al.
2006;Ping ez al.  2011) . WHFFE T B BOAFAEXS A I BT OS2I o 75 35 pg/ L BB FF IR I A B B 1~ 5 4
DURR LB 81k 1 T AR r Al ACAE BiF/CCBPE) R 1] i A7 47148 45 B 4 ) 9 AR 22 0 . 25 2R 3R T A 100~
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400 pg/L W85 .75 BiF/CCBPE L i SR AY (9 15 H e 05 02 A8 45 B 4 3 5 L G A 728 74 S0 o (L v 30 g 7 (RO 382
A W Y 78 A CHUES S HE UL L 6) 5 44 A i AR R T 400 g/ L IF L BY A 0 T 46 98 /I o Hf HE I AT RE R K i
B R AEAETE B T BE A BEJZ SR T VA I A A B R L ORI o B R B R B BB AT B AR R AR A
S i g A U SRR A A e 4 B LA ) S b S 1 TR

6
st 0
2 -0.57
4t o -1.07
- = 151
2 5l g -2.01
= £ -25
2T 4?5 -3.0
g -3.59
1r -4.07
45 _— :
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& /] E] Accumulation time (s)
Concentrion of Bi([ll): 400ug/L.
Other conditions were as in Fig. 1 Other conditions were as in Fig. 1
P05 o S IR ] 15 7 H 06 PR 01O AR 6 HifE BiF/CCBPE(a) Fl CCBPEb) iy t 1k %
Fig.5 Effect of deposition time on the stripping Fig. 6 SWASVs of 35 pg/L Pb*" at the
voltammetric responses of 20 pg/L Pb*" BiF/CCBPE (a) and the CCBPE (b)
. F1 HESFIHEBHENH 2N
2.3 FHkl Table 1  Effects of coexisting ions on the SWASV' determination of 20 pg/L Pb*"
S P EE TR DL Y 2R AE B A T A Y ST A T/PHYT GRIEHD ] i %
. Nalland Coexisting ion/ Pb?* )
ﬂ@ o ﬁ‘%’] fﬂ 20 ,U-g/L AF:EI' E/‘J *ﬁ {IJJIJ V8 EP j][] )\ 5 /FI:‘Z(: ;F[] Coexisting ion (C(())i):;nllrrli;zz rali)on) Recovery( %)
10 1%%4%@2%5‘]5@#5@%%»%%%%‘3 CCB_ Zn2+ 5 98. 1
PE |45 i 3 W 07 {8 09 228 Ak A8 A6 (B AIR T K n i 10 96. 8
10 & AT, W3k 1 FrR, Bk 5 0L B Cu?" 5 97.5
Al RV X I W R AR T T AN AR AR B 10 96.2
5 N Co?™ 5 1.4
T I S T ’ ’
10 73.0
2.4 4 HERR T S MR cr : 5.2
10 82.5
L1 0.8 mol/L WS ER &L 22 wh i (pH 2. 0) 1 Niz* 5 96. 7
J ST, — 1.2 V(vs. SCE) L T ik J5 &5 10 95. 2
$E 300 s, G HE T L 300 r/min i 5 JE B 4E 05 Me* 5 98.7
- ~ — e N 10 97.5
5 T HY R AE CCBPE L 1y [] B 34 H K6 0 25 i ; 07 3
a” b Jil. <
SO T R BRI A TR T . o

P o FL 4 4 P A AR B /MR 22 0 it L )
Jil CCBPE 548 5¢ 4=l LA [ B A 0 45 A0 o A5 AT 2% 0 T D0 4 A9 SRR IR AN RN TS . 3 AT BB AL 9 4 1R i
X R R W A T AT R ARG R A i R S A O B B SRR BT R AR AR SEER B S R R L X N A
B RE A AR G ) ffp DR o 2 7 SR 1Y) S5 38 v X i v 0 ) G D) 2R 02 ik — 20 B IS

2.5 TIEHH&RENUHSREY

FEf L2 T SWASVY W R B BEAYES 1 AR 1k BE 78 CCBPE 1 (9 9 AR 22 B &1 8 o . Bk 5%
KB BASEAE 0. 5~100 png/L JH R P 55 0 H O 52 AP RO ZRPESC AR R D5 20 4, = 0.098 2 C+0. 005(R* =
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0. 998 335, R E , BAAL R pAsCRETRMREE Bl pg/ L) KR (S/N=3) 1] ik %] 0.1 pg/L AR F 4
TERIR B B B B (CGCE) (Zhang et al.  2011) DL S 8 B/ 409 K 4 /3% H % (Sn/GNPs/gold microelectrode)
(Wang et al.  2012) F ARG FR , 5 75 B0 BB 1 09 25 MR Hu Al (Ping ez al.  2011) bk I FREE A — 3L,
F Al — 3% CCBPE 7E# 2 45 2% vh O h XF 20 pug/ L HE A 5 UCOFAT R L AH X AR iR 25 (RSD) 2 5. 306 3 8K J5 . 42
e fiel & 7d J5FEXF 20 g/ L BT IEAT R I 2 AT AV HE O P A e R A AR AN R T 620, X B E] CCB-
PE 78 X 856 0 B 28 B T 3B 5 4 00 23 OB R B S M DL R R E 1

0
0. 0.4
_-0.81
-0.3 “< 17
=06 g s
= w =1.61
T 0.9 2 i
% b : 2
5 -1.29 5 -2.4
5 .15] & .81 0 5 10 15 20 25 30 35
) : : Concentration(ug/L)
B 1.8 a -3.21
N 217 -3.6
’ -0.51 054 057 060 063 066 069 072 075
-2.4 2 ‘ : : : i i, {7 Potential(V)
-040 -0.50 -0.60 -0.70 -0.80 -0.90 -1.00
i, {i7 Potential(V) From top to bottom: 1 pg/L, 3 pg/L. 6 pg/L, 9 pg/L, 12 pg/L,
15 pg/L. 18 ,ug/L, 21 ‘ug/L, 24 ,Lg/L, 27 ;1g/L Al 30 yg/L.
Other conditions were as in Fig. 1 Inset; calibration curves for Pb?>" . Other conditions wre as in Fig. 1
& 7 7 CCBPE I [7] i 0 % 45 F1 48 19 75 th AR & K8 ZF| Wk ELAE CCBPE I (3 k22
Fig. 7 Simultaneous determination of 20 pg/L Pb*" (a) Fig.8 SWASVs for different concentration of
and 20 pg/L Cd*" (b) at the CCBPE by SWASV Pb2* at the CCBPE

2.6 RzF T ik B A

SRR ARG S5 v, 6 KSR B R . KRR A K 0. 45 pm SFL VB B AT 6L A5 5] 5 ml £F
WIARE . 2 2 SC k32 ) /9 1 K BE S R Ak Ab 8 (Bi ez al. 20103 Afkhami er al.  2012; Zhang et al.
2011) o ] o W0 R A SR AR 1. 6 mol /L AR #5822 v (pH. 2. 0) LUJE BRI T 43 A 0 4 IR & . B —H
W R G E ARG W R LRSS 8 SWASY $ 4 . 38 220 B M A 5 15 7K ORE i e A 480 o 88 R [ )i
% VERRAF, 8 R E AR E B AAS 53 (GB 12763. 4-2007) XX 6 ANFES AT T2 . 4555 F 3 2,
MK 2 AT LA . SWASVY Fl AAS 85 B8R 22 5 /0T 6. 0%, Ul ik il 4E.

R2 KRB SWASY fl AAS HiiRE
Table 2 Data of the lead concentration determined by SWASV and AAS

MK HE 5 T R A 2R TR AR 2 B o 4 25
Number of sample AAS readout (pg/L)* SWASYV readout (pg/1)* Difference (%)
1 0.87340.036 0.83240.049 4.7
2 0.96740.042 1.018+0. 051 5.3
3 0.99440.032 0.95640. 044 3.8
4 1.144+0. 046 1.202-+0. 054 5.1
5 0.785+0.041 0.82740.058 5.4
6 0.88440.038 0.93240.047 5.4

TE BB 5 YRS I %5 405 ¢ S 34 18+ s o i 22

Note: *Average value of 5 readouts £ standard deviation
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