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Detection System of Heavy Metals in Soil Based on
Electrochemistry and Virtual Instrument
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Abstract; A detection system for rapid monitoring heavy metals in soil based on electrochemical and
virtual instrument technology was developed. The ultrasonic-assistant extraction technique was used for
rapid pretreatment of soil samples. Single use sensors bismuth film modified screen-printed electrodes
coupled with differential pulse anodic stripping voltammetry ( DPASV ) provided a rapid, accurate
screening system for the simultaneous determination of cadmium and lead in soil. The control program,
developed in LabView, was adopted as control kernel, by combining the MSP430 microcontroller, the
potentiostat circuit, 1/V conversion circuit, peristaltic pump and electromagnetic valve. This system
realized the automatic measurement. The probability statistics algorithms and the standard addition
method were employed to overcome the inherent measurement errors existed in real soil analysis and the
system detection limits were 1. 8 pwg/L for cadmium and 2. 6 pwg/L for lead, respectively. Experimental
results showed that the system possesses many advantages such as high precision, good reproducibility,
high speed and low power consumption, which was suitable for rapid evaluation and measurement of
heavy metals in soil.

Key words: Soil Heavy metals detection  Electrochemical  Screen-printed electrodes — Virtual

instrument

Wk H . 2014 —03 =17 & H# . 2014 —04 —27

[ G R B AR W9 R R 1R (863 1K) BE BT H (2011 AA100704 ) 11 i 45 7 A5 1+ 24 Bk 4 % JURHF 3k 42 8 By 951 H (20120008110033 )
TEE BN LB, B2, P EA RFE A, EENFELR B B3P & G5 IR 5 AR 9T, E-mail : zbwzq77 @ sina. com
BIRAEE: XIR, 2082, LA S, FZ RO iS5 B Z L5, E-mail: pac@ cau. edu. cn



120 & A Bl B ¥ i

2015 4

5l

AR B AR TS e ROk, T 4
JEIG Y H 255 R AT B AR iR T
LN E M E RSy, FERE A Tk =
I HE I A B AR 24 1 HE 1 ok o P 0 A B - 4 B BT
o AR AE AR XE S B W W I RT
i EE AR P, e B N KRR S
PR b - 3 b Y B R oo 2R AT R I A A3 B, %
FARE A 7= BR824 MR 7 i 22 4 B
GEEI -9

155 ) 32 T 4 B A Oy 125 2 X - 48 R A7 URE
Ja kTl SR =, R H IR R IBOEEE L (AAS) R+
KA O6 L CAES) | RS A 5 B 7 R G Tk
(ICP — MS) ZE AT >4 | 5 86 )y 1 8 ELAT S 4
PR ARG 000 38 4950 R o A (EL R R AR AR B L
oA o T 1 S SO = I/ S S LS T 20 A N
BT R RN T ARAE 0 AT R AR
15 JL R AT PR R DU A PEAL o R Ak 2R O T R — P [ PR
TN B i R o o A R I ik, B R R A
JE R E R AT R T BB A8 R B 0 b 2 R R 4 R
TCER SO A, TR) I A 04328 AR BUIN LD REAIG B A
A B I T S B

) oA 2 O o0 TR 4 0 AT R I 5l R
JH R HL A A A A0 o R R A Bk 2 — b
FUHERENESE R, HATRZERME &4
1 T oK B M 19 fF B . 2000 4F, 35 [ L 4 B 22 K
Wang %54 T R FH B B H A% X 52 4 @ F A7 A
(977 7o A EL A A A B RS R AR LG 4
M P, 3 4F SR AR g — b 4 €0 Fa W B RE, B2
I 16 i 45 28 H Ak 2% AR SRR o 22 I ED R R
Je — R T 22 ) EQL I B2 A w7 1 RT 4 g 507
b g o 5505 G0 [ 25 W EL L 22 1 ED R R
W HA RN A B R RS K
A PR S . A T A — W B
Fr, AT DA G 7E 4 0 b s nd H B 3% T A Ak
Ph K il T 8 A2 1 R Y 28 75 e In) A, [ G
7z N T B WG L o AT DA B A R
LA

BExt 4 HE T 4 R Y Ak 2 K I, [ 41 Morales
sl T 2 r AL AR T X s R
B A DEAT R I, (E A AT A T 5 A BR T %o 4 J 8 AT
BT, A3 M A A3 8K A T R Al 2 TR IR BUR, 2
FEws, B A B . Christidis & P& T —%&
i 985 5 - 8 7 4 A I AR, (HLJ2: Ty B Ay AT B 4G
RPERAR, AREA B E T ZREIEESIE D

il

lof I 2 SRR A G T 4 R A 1 IR
R SR SR R R PR A

A SR Bt A A 1 22 0 ETD R v AR AR Ay A JRK
i AL 2 BOR 5 R A BOR R 25 45, DT ] — b
X S8 R < R R R AT DRI 1 R G

1 TEFEARETAE

TR RCE 2 2 A I BORE SR T R AR
W MCRRERR AT R A T AL T S
MESCHR9,12,16 [ Ay, B # o o LA AT
BRAE T T8 0.5 h B MY Je i 80 Hffie #5 1 gad
Jiti £4F 5 40 mL (0. 11 mol/L) B BRI TR 5 , AR )R
AP B B PRI L ho G 7 O A B R IR — b
L3 B R B o A S A TR P 5 A TR
(NS SRR P VA U L N Vil SN A
U0 o I B8 S AR AR R A I 1) P 7 A T B [ IR
R R DAL s e BRI I A S LB o < 0 1 T
ORI Hh oA, (A5 900 0 A 3 9 PP 24 20 20 WO Ik 1
VR R o S AR G AR O WA L R
B By B BBCEAT AR AR 2R e 3l VS L) AR A
Beata 45" 3f i 7 1 4 B - 48 7 4 J PO AR AT T
Bk, S5 R R, 1 h B P I A B B HORT DL S8 4
U 16 h I RR B b il BCR 4R 35 i $ U )y . 2
e SEWUR =k W o 3 FH 98 4R 0. 22 pm 1Y
g AR 2 UG IR A E A R

2 22 [ EN YRR AR 4

22 5 B i P AR 5 sl 522 P ER R AL A oo A
FO7 W AT ¥ PYC AR 560, & e (i 5
B BNt A 1A 1 BT s B0 R AR A A o R S R L
BRI (BRI B 15% ) B 7R 2 OB R X s, B
il R, A B — 2 OB AR TR AN 90°C
HR 151 46 30 min , d J 75 FL AR 3% A St B S B R B A
AL )R o I I AT AL AR S HE R AR I H A
G35 — A, AT RIS A 2 R i AT i
oo e 5 22 I B AL AR o AR R AR SN OB
TEFR A 25T 1 TR SRORL BE 8 A ACHR 5 15 AR 1
R R PRSI ] EE B

55 mm

SR
— TAEdHR

10 mm

Xt AR

! | |
A O EiR  E5E

Bl 2z L) e AR 4544
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Fig.4  Structure diagram of heavy metals detection system
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