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ABSTRACT: Objective To develop an electrochemical rapid detection method for the determination of lead (Pb) in
berries by alumina doped carbon paste electrodes. Methods Berries were taken as research objects, and a prepared
alumina doped carbon paste electrode (Al,0;-CPE) was used to determine Pb(II) in the samples though square wave
anodic stripping voltammetry (SWASV). The detection performance of the electrode was analyzed. Electrolyte

composition was optimized to determine the detection conditions. The suitable pre-treatment for rapid
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measurement was gained though comparation of homogenate-ultrasonic extraction and wet digestion. And the
main interferences of berries matrix were analyzed. Results The results showed that when using the electrolyte
solution with Meegic acia:Msodium acetate=1-035, the linear range of the established SWASV for Pb(Il) detection was
0.5-80.0 pg/L, r*=0.9976. In verification test, detection results of the homogenate-ultrasonic extraction-SWASV
reached 95.05%—106.11% of wet digestion-inductively coupled plasma mass spectrometry (ICP-MS) detection results.
After homogenate-ultrasonic treatment as samples, K(I), Ca(II), Mg(Il) and anthocyanins had little influence on Pb(II)
detection. Zn(II) and Fe(Il) strong inhibited the detection response, and citric acid showed amplification effect
oppositely. And the signal deviation could be controlled within 5% when matrix was diluted 200 times in the detection.
Pb was detected from all 5 kinds of berries with the content was 0.068—0.112 mg/kg detected by SWASV method. The

content of Pb in cherry tomato was higher than other berries. Conclusion The results of this study have guiding

significance for the electrochemical rapid detection of Pb in fruits and vegetables, and provide technical reference for the

development of low-cost and easy to operate methods for the rapid detection of heavy metals in plant-based foods.
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Table 1 Content of main metal elements and properties in cherry tomato samples
- AJEILER (mg/kg)
Tk FIKE% pH B 53R /(us/cm)
K Ca Mg Fe Zn
{8 3365.7 762.9 317.4 32 354 90.59 4.48 3148
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ICP-MS YK 25 5 il — 20 o
1.5 ERFIRoH

FE o K. Ca. Mg o0&, M XEHBREZHH
FRUC, FEONFERRR . SRR . BRI AU m R I
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Fig.1 Effects of component of acetic acid-sodium acetate
on Pb(II) detection
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Fig.2 Optimization of acetate/sodium acetate buffer composition
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Fig. 5 Standard curve and voltammogram of Pb(II)
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Table 2 Detection results of Pb(II) by SWASV and ICP-MS

AR S A IE (mg/kg)

ISR E N N
;(mg /kg))l 51 -SWASV  lifit-SWASV  f#-ICP-MS
LRl il il
02 0.181(20.012)  0.198(£0.009)  0.187(x0.011)
1.0 0.963(£0.017)  1.070(x0.013)  1.009(0.022)

[, S)3 /s L IOGRE R S, 24 R 1 ok T A B 1Y)
1/30~1/20; YBIRIHMEAHRT S 4%, ANAI TG EAE, R4
R R, 515 -SWASV Kl i) 25 (A (B AR F 1 i -SWASV
FNHEAR-ICP-MS WA ZS 1, FTREH TR HNO; ¥
S T A AR R BRI, TR O A A ERRE ARSI 1 3 5
25 AR o

BT MRS ICP-MS K A28 SRt s, RIAAM 7T
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LR STHR R R SR I-SWAS Y AT HERRAS ISR AR T Pb. [
I AR BEAE IS b, SRR ] R, AT B 92t

24 EFFIMSH

Fi IR 1.5 SHOL P FEITR Y K. Ca. Mg, Zn
Ml Fe, FPEMRFIETF R, AT HXT Po(ID)HL Ak 240 T (14 52
Wi 422 BERE A A B 3%, BaRA TR 7 A B TS RO A
FEAEEL, HU100 F%. 150 5. 200 FE#ATAN (R 3).

FEFE T RCREAFIER K. Ca, Mg Xt Ph(IAY HE TR
HE /N, TR 100 RN, Ca(IDi Y = T KA
Mg(IDi T4k, X5 WU PRI

Zn(IDF1 Fe(I) . Fe(1IN)%f Po(IN) AN T4 K, ik
100 150, 1,50 (HISFEAR 40%L) |, 1fii H. Fe(IINAHH. Fe(ID)
Xt P(ID) A7 I s s 28 [lE, Sk Zn(IDXT Ph(ID)
v LA B BRI Y, LOCATELLI 2B aIF5T & 31
Zn(11) . Pb(I1) 5 5 4k B 7E 0.5~30 pg/L BAH B 22 8] A8 T4k,
AW BIZE R, Fikk 200 £5)5, Zn(ID)F Fe(ll).
Fe(IIDX} Pb(IDA) THFEARZE 5%LL T .

PN CK BEASTC M, 4 BRIR U b H S,
ke 100 FERFAFEERRAT R EE Po(ID) (50 pg/L)JA T4,
FPUNIETR 150 ORI 19.58%); HFEE 150 55, L.s0 {H

HIR 2.57% . BARFFERR 24 & Pl bz, {HZ:
FIARRRJE, R GRA50 D855 o AL S A6 T 2 % Po(ID A A
TTHAR /N (<2%)

Wit LA T30, B Zn(1D). Fe(ll). Fe(IID)FIFy
BERR X Po(ID ARSI A — s T, (H 3 BUAS RIS P i i
SE PRI AR 200 FEHEA TR, FHE AR HITE 5% LA
2.5 HEmEN

FE bR Ay I IR, &5 3R S R IUG A B 200
%, RFH SWASV K, [RIFLAEIRG 25 ([ o 4548 fh 2R ik
ARG, H2R A ICP-MS A7 Hill, I [EHt =50 2 A .
0 25 S (5 SR A A A A BRI 2 AR DS AR 4,
R 3 AN AIE

%2 SWASV il (RES: H Pb &4 0.068~0.112 mg/kg,
SR Po EriE e FHAAR S, RS T P SEYRRT
GB 2762—2017 { i Z 2 EEnE B P is YR E )
FUE ME(0.2 mg/kg). HLERTHAN )5 A Z5 5, SWASV
KB AT 35 3] ICP-MS Kl Y 77.89%~93.26% o

AWK ) 5 PR R0 P & am T H A
R, FWIFE MG L2 5 W A PoC 2 HAh A IR BT %
e AT EERTESIRRE,

#= 3 EEREYEXT PbADATRM T 54

Table 3 Interferences analysis of matrix substance on Pb(II) detection

. . THMREE/% - . THREE /%
7 T BEAT AL L) R AL
/(mg/kg) CK 50 pug/L Pb /(mg/kg) CK 50 pug/L Pb
100 +3.98 +0.71 100 +24.15 —60.78
K(I) 3365.7 150 +1.54 +2.20 Zn(1I) 35.4 150 +20.24 -39.48
200 +0.45 +1.29 200 +0.02 -0.75
100 +4.00 +5.15 100 -19.51 —44.98
Ca(ll) 762.9 150 +3.65 -0.25 Fe(Il) 3.2 150 ~7.94 -1.77
200 +1.79 +1.79 200 —-9.11 +0.42
100 +1.35 -0.26 100 -8.41 —40.89
Mg(ID) 317.4 150 +1.67 +1.07 Fe(I1I) 32 150 -9.67 -19.77
200 -0.59 +1.82 200 -1.38 —4.40
100 +0.88 +19.58 100 +0.52 +1.16
FrEERR 1.5% 150 +0.84 +2.57 HHR 1.6 150 +1.12 +1.90
200 —0.67 +0.55 200 +1.79 +1.11
F4 RRHERD Pb A E(n=3, mg/kg)
Table 4 Content of Pb in berries samples (n=3, mg/kg)
FE T4 5 Bl B2 B3 B4 B5

13K R R I-SWASV 6] 0.112(0.005) 0.079(+0.009) 0.083(£0.005) 0.074(£0.008) 0.068(+0.004)
B2 f#-1CP-MS A& 0.126(+0.012) 0.101(x0.010) 0.089(0.008) 0.095(£0.009) 0.075(£0.003)
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F 14

3 &

(12K ALOs-CPE HLHRM Pb(ID), I M ww:M mun
=1.05(BERR4MVEE 0.14 mol/L)WE N LMW, K SWASV
XF PN LR PEFE Ll 0.5~80.0 pg/L, Frifi i<k iy
1,=0.1959C+2.4548 (R°=0.9976), LOD 4 0.5 ng/L. ~J3K/#
FAREL-SWASY F{EFTIAS] ICP-MS il 95.05%~
106.11%, PRI kR 2 R —8E R .

Q)T A, K(I).Ca(ll) Mg(I)%F SWASV il Pb(II)
SR/, Zn(IDFN Fe(IT), Fe(IIN)X P(ITYR: A 4850 it 1 il
THE; PR P R G S SN, TiAEE R T
Wi 7] o RSO P J A R 200 A A, IR BTXE P AS I T
PR R %A,

()FELR ., ZEF . B IWREAIRAX 5 R RAR R
HRI5KE H Pb, SWASV Rl 94 24 0.068~0.112 mg/kg, H
LR Ph i T AL . SWASVY K ili{E AT ik )
ICP-MS il 77.89%~93.26%
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