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Study on the Determination of Lead,Cadmium and Copper Using Differential Pulse Voltammetry (DPV) with Graphene Modified GC
electrode
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Abstract

modified GC electrode. [ Method ] The experiment used electroreduction method to reduce the graphite oxide and tested characterizations of the

(School of Food Science and Technology ,Jiangnan University , Wuxi, Jiangsu
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[ Objective | To present a method for the determination of heavy mental using differential pulse voltammetry ( DPV) with grapheme

graphene which modified GC electrode. And the experimental condition for the determination was optimized. [ Result] Graphene modified GC e-
lectrode could simultaneously determine lead ,cadmium and copper in food within four minutes,and it presented a precise ,stable and jamming-free

method. [ Conclusion] The study can provide reference for rapidly and accurately determining heavy metals in food.
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Fig.1 Ultraviolet absorption spectrum of graphene oxide and
reduced graphene
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Fig.3 Raman spectra of graphene oxide and reduced graphene
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Scanning electron microscopy of a glassy carbon electrode

modified by graphene through electrochemical reduction
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Fig.7 Effects of electrolyte pH on dissolution peak current of

lead ,cadmium and copper
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Fig.8 Differential pulse voltammetry of lead ,cadmium and cop-

per on graphene modified electrodes
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Fig.9 Differential pulse voltammetry at different concentrations
of Pb>* ,Cd** and Cu’* on graphene modified electrodes
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Tons Regression equation Linear range //g/L
Cu*” y=0.634 2x +0.011 2 0.982 3 1.0x1077 ~3.0x107°
Pb** y =0.368 Ox +0. 008 2 0.995 1 1.0x10™% ~7.0x107*
cd** y =0.357 6x +0. 003 7 0.995 0 1.0x10™* ~2.0x107*
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Fig.10 Stability of graphene modified electrodes
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Table 2 Effects of different ions on dissolution peak current of Pb’* ,

Cd** and Cu**

T T i3 AL 7 28 Change of peak current // %

o Concentration
Interfering ion

Mg/L Pb2* cdt C*
Ca’* 1 000 +0.3 +0.4 -0.3
Mg 1 000 -0.1 +0.2 +0.1
Zn** 1 000 -0.6 -0.3 -0.2
Fe’* 1 000 +0.4 -0.7 +0.5
Na® 1 000 — -0.1 +0.3
As’t 1.000 -0.7 -0.1 +0.4
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APEENE SR E SR E T A S P R AT T AR
X K2 SRR [ S AR GB 2762—2005 £ 5 Je R
)W, L3R 3,

28 R Y AR 2 AT A SRR E (B R < 0.3
mg/ kg, Bl 54 <10 mg/ke) , TR 7E 8 35 A1 22 53¢ A9
PREER (F & > 0. Img/kg) , X 2R 85 A 36 AAR3
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Table 3 GR and GFAAS comparison test results mg/ kg

RE S Pb Cd Cu

Sample GFAAS GR GFAAS GR GFAAS GR
Z3F Water spinach 0.185 0.176 ND 0.071 0.643 0.701
Bi3% Edible amaranth 0.190 0.216 0.121 0.126 1.006 0.984
JF3% Celery 0.124 0.121 ND ND 0.441 0.467
3% Spinach 0.144 0.137 0.050 0.047 0.771 0.725
24 Onion 0.036 0.031 ND ND 0.779 0.812
H:3F Lettuce 0.138 0.139 ND 0.008 1.261 1.303
£ Leek 0.136 0.139 0.032 0.033 0.518 0.492
3% Green vegetable 0.135 0.131 0.028 0.028 0.555 0. 606
JCI43E Chinese cabbage 0.09 0.093 ND 0.020 0.368 0.334
A2 3E Leaf lettuce 0.187 0.184 0.109 0.997 0.613 0.599
F5m Garlic bolt 0.112 0.109 ND ND 0.232 0.249
/N1 Pakchoi 0.177 0.181 0.019 0.020 0.782 0.831
¥ | Radish ND 0.018 ND 0.016 0.469 0.500
BT Asparagus lettuce 0.130 0.134 0.034 0.035 0.733 0.712
+ & Potato 0.232 0.232 ND 0.028 1.129 0.998
%~ Carrot ND ND ND ND 0.312 0.295
S%EF8 Lotus root ND 0.023 ND ND 1.560 1.491
ZE 1 Arrowhead ND 0.016 ND 0.013 0.586 0.572

e S
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BE S Pb cd Cu
Sample GFAAS GR GFAAS GR GFAAS GR
JKFE Cress 0.105 0.106 ND ND 0.621 0. 607
ZE [ Water bamboo 0.107 0.107 ND ND 0.473 0.501
232 Water chestnut ND ND ND ND 0.914 0.996
BIiAL Hot pepper ND 0.049 ND 0.015 0.976 0.988
13 Cauliflower 0.094 0.098 ND ND 0.946 0.993
F: i Tomato ND ND ND 0.013 0. 441 0.407
£ Wax gourd ND ND ND ND 0.235 0.248
#JIX Cucumber ND 0.040 ND ND 0.501 0.536
24J1\ Towel gourd 0.033 0.037 ND 0.036 0.592 0.604
H1.5 Cowpea 0.049 0.049 ND 0.011 1.840 1.951
J157 Sword bean 0.063 0.064 ND 0.018 0.879 0.912
WIREFK Hunan rice 0.331 0.358 0.260 0.226 3.175 3.200
ZE[E 7K Thai fragrant rice 0.305 0.273 0.187 0.204 2.946 2.013
Fdt K Rice in Northern 0.316 0.285 0.151 0.114 4.721 1.819
Jiangsu Province
I K Guangxi rice 0.135 0.146 0.105 0.137 1.896 1.906
75K Guangdong rice 0.290 0.268 0.172 0. 149 3.318 3.379
1% Razor clam 0.149 0.155 0.118 0.125 6.715 6.854
221 Silk thread 1.022 0.932 0.051 0.047 11.702 11.693
2 Sweet screw 0.678 0.703 0.103 0.091 32.461 32.459
S Meretrix lusoria 0.340 0.331 0.291 0.279 7.584 7.601
AU Clam 0.373 0.370 0.088 0.098 2.991 2.822
1614 Short necked clam 0.403 0.415 0.535 0.523 6.176 6.048

TE:ND FoRARAH o

Note :ND stands for not detected.

FRRT LU H, SRR A 4 e A R ) A v AR 2R R R S
WY, FTRES M3 A B S M A A BOGTK , TG R B0 HEA T
IR DL DR S T 0 S Ak 5 T L A VR X, T L A T Y
N HERBRS AR D, BT AT B X 7 s A7 8 4 IR 7
YePF .

A T TR AR [ AKX 2 R AR AR LR (4%
T >0.2 mg/kg) (HBIH ORI S B B TREE
K IER 1T PR, HoAy 4 FOORET & #R AR (FY 7 i >
0.2 mg/kg) o WA HERT AR RE K A= 7 5 1) - e B
)RR BE (Y S Ts P E G R

WRSR AR AR R O B A AR, E R e
SEHIAK, M GB 2762—2005 £ i {5 Yy FR &) X iAok
7 it A R R Rl £ e AR 2 T 228 Y P A Y
TR iR R B HET AR (R, SR S AR, T RN 22
B2 AT T U 2 LR & T HLE A PE T 1 > T, 22 48 1Y
I E S RAN R A G B, A F AR KM i
oA Ko 22 BRI AR, B U B T 2288, AW i K A A £
B SRS Qe LB W R AL T R ) Ay
Hemci bR . LA B ARG 25 SR8 LA B 1 A v A 72 1 AR 2
R,

3 #ig

PWFTERG S AT BRI ) 31, 5 22 U U o
SJE SRR SRR A o ORI TS B R S0 R
FUBRHEA T A2 it SRR R T ) S8 A Ay B i S i
JEAL A BRI RN T B, ILL Ak EE SRR SEM

AEXF A I BT B AT T ERE AL B S B X R

BRI MR B AR S A RIS pH IR

FORT A 5 s 8 1 3 s P R A, D0 2 63 B 1) 7 0 16 AT T P

MR R AR 3 Fh & IR 7 A S B 1 F A b e S P 1

L2 AN ES

Foe e T A SR A6 U R AR G TE 80 T S T 0 1R B Y R

H & RS O A i T T E 2@ E , [Fa 540

SRS RT B TR DU RE PP . A5 SRR, T

By & B P R SR A3 2 M TE AR, JOK Y

R KOK 28 [ B KA AE SRR b , TR A TP A Y 5 &

3 i e , X LR R AR KT ROAE I S I B (1 )

S ik

(1] FAHI S PR R,1980(6) :21 -23.

[2] OHSAWA M,KIMURA M. Isolation of B,-microglobulin from the urine of
patients with itai-itai (Ouch-ouch) disease[J]. Experientia,1973,29(5) .
556 —558.

(3] R, HR, 4012, 6. S5 G BRI BRSNS R & A 1
], ArEA R TI42,2004(9) 133 -34.

[4] LAUWERYS R R,BUCHET J P,ROELS H. The relationship between cad-
mium exposure or body burden and the concentration of cadmium in blood
and urine in man| J ]. International archives of occupational and environ-
mental health,1976,36(4) ;275 —285.

(5] A, B PREE TS Gy AT e se e o [l B[ T ] AR RMF5E, 2006
(2):241 -243.

[6] SEH, MR, T4, % fhis S B i A R ) . b
EF TR A, 2004(10) :29 -32.

[7] 5. DIErh ESEROIXBEIEEI D], &5 : FREE RS, 2012.

[8] B¥ . E&IEM T ik sesaR (], IR % 51717,2008 (10) ;
887 —890,898.

(9] hFERs, e BRazms, 5. ESRRIT T[], 2Rl R,
2013(20) ;8456 —8457,8476.

(T4% 205 W)



44 %20 XBeT AT RS LR 5 A SIS TR 205
FR3
BRGNS e FON K Bt Kk A JENa
Ecosystem service function Forest Grassland Cultivated land Water Unused land Total
e Z AR Biodiversity protection 90.83 0.14 49.72 4.30 5.74 150.73
B 77 Food production 2.79 0.04 70.04 0.17 0.17 73.20
JEAF R Raw material 72.44 0.01 7.00 0.02 0.00 79.47
PR IR AR Entertainment culture 35.66 0.01 0.70 7.50 0.17 44.03
ST Total 608. 81 0.93 483.93 79.40 7.09 1180. 15
F4 2020 EEEESRENE
Table 4 The ecological service value in Henan Province in 2020 {26

BRGNS TIRE FNN i Bt PN AR pEan
Ecosystem service function Forest Grassland Cultivated land Water Unused land Total
SARIHAT Air regulation 104.77 0.10 34.94 0.00 0.00 139.82
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JEAF £ Raw material 77.83 0.01 6.99 0.02 0.00 84.84
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