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Abstract: Electrochemical stripping voltammetry offers high sensitivity, portability, and low cost, making
it well suited for rapid on-site detection of trace heavy metals in soil. However, severe mutual interference
among multiple heavy metals during electrochemical analysis will compromise detection accuracy. To
address this issue, a machine learning-assisted electrochemical stripping voltammetry method was devel-
oped for Cu’", Zn*", Cd*", and Pb*". Experimental conditions, including Bi’" concentration, deposition
potential, and deposition time, were optimized to achieve high-sensitivity measurement. Stripping signals
from single-metal and mixed-metal solutions were collected to analyze interference patterns. An orthogonal
experimental dataset was established, and stripping-current features (peak type, peak height, peak width,
and peak area) were extracted to build univariate linear regression (ULR), partial least squares regression
(PLS), and support vector regression (SVR) models. Real soil samples were collected to verify the practi-
cability of this method. Results indicated that Cu’" produced the most pronounced interference with other
heavy metals, while mutual interference also occurred among Zn’ ., Cd*", and Pb*", leading to poor
performance of ULR with coefficient of determination (R?) on the validation set less than 0.5 and relative
root mean square error (rRMSE ) greater than 40%. Machine learning models could better fit the high-
dimensional nonlinear relationship between heavy-metal signals and their concentrations. The SVR model
showed better detection performance with validation R% >>0.92 and rRMSE, <<21%. Average spiked
recoveries for real soil samples were above 85% for Cu’", Zn*", Cd*", and Pb*’

Key words: soil heavy-metal; electrochemistry; stripping voltammetry; mutual interference; machine

learning; detection model
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Fe WY S T RR B[R] e 1S 00 4 Ja8 1 8 ok, T34 A 5 5mBE . S T IR B S R W0 SR R NI AR, e Ak
W 180 s FE A UTRR S ]
2.2 EEREREEMKNFRST

TESAESI AT o 43000 B b 4 J8 i s AR et e, gl 7 pios, fE— B S B AAENE T,
Cu’' | Zn® | Cd* . Pb* WYKL (E S SREY 2 RIFMEHEXR, R® ¥E T 0.985, 4 fiE
4B B TR BR 43 51 K . Cu®' 1,79 pg/L. Zn®" 4.70 pg/L, Cd*" 0.17 pg/L. Pb*" 0.16 pg/L, IEH T
VA LR AR 22 AR SO RS I 1 o 4 R I LA O S Y R R N E A BT i

Ve R AR 22 et S T) B 4 D 00 R I SR AEORE CRID R 1Ay BRI AR RO SR AR, B, Zn® i R
(0.037 pA/(pg « L "D FHABE 4 JE (Cu™ ¢ 0.344 pA/(pg » L 1), Cd*7: 0.344 pA/(pg = L 1),
Pb*': 0.372 pA/(pg« L 'O)DBAL. XATEERFE B S HAMESIRAM L, Zn® MISKERE, AESgRk
SR A AL R . AN T SO L AR 5 B A
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BEFOR R® WA N, 45 R 8 Fian, WEW T 4 i &8 & 1 22 [ A7 46 ™ H 1 58 53

TELZMESIEILAFNERRT, 4 MR8 7R R R ML MR IEMZ R® 428 — R
R, 2 TIMAEERERE Zn", HAI R EUE M 0. 037 pA/(pug « LD FFEEF] 0. 013 pA/(ug+ L7,
K BR AN 4. 70 pg/L HEIN 2 13.38 pg/L, ZHPRMMEEAE R T Y 3 %, LMERIEMZ R* A 0.997 BEIRE
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0.372 pA/(pg « L DEEMRHE] 0. 110 pA/(pg « LD, FMFRA 0. 16 pg/L BN Z 0. 55 pg/L (2 R Bl )
RARTH 365, HHLWAEML R” 4R 78 0. 995 WA m K F. Cu*" 52 TR A/, H R BUE M
0.344 pA/(pg « LD FEIEACE] 0. 307 pA/(pg « LD, KR R® AR E .,

TR, EIRAHW P ES RS T2 TR E B KBEMKIK R Zn® >Cd*" >Pb* >Cu’', X E K
EEZMEEBIAFRNE LT . W AR 25 0 H 4 AR B ) R ek 55 . ME LA 2 X I B G JE Y v
Ao 5 5K

A0 G Jm %k HA 3 AhEE 4w i T SE IR A5 R A AT 9 TR
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Wik ob R . B Zo® WRBER TR, HALE SR B RA S R R RES, Kb Cd F 5 T2
Hilfe 3. M Zn® WKL E] 800 png/L WF, HAL WA S IR EVIIR MM =502 —; Cu® Al Pb*" AL (5
T RIRA — E TR BRI (T R IR R R X A 4z

Wk 9c FioR . BEE Cd* WREER THE . Pb* MU 5 iR R GBI KB, Zo® B Cu*' 5 5 5B R
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T 20 pg/L IR TR,
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N7 PLS ASEARURS RS BEAH L T ULR A & b, 4 FhiE G809 RS ¥93k %) 0. 8 DL L, aniE 11 Fros, Hii % &
IR LS5 W Z AR AE — B R L Re A2 Z R 2 8 L Ar S BONE 5 T4, BT PLS AR 4/
ORI TLRAE MR, A4 31 ™ 5 AR R TR, HASIERE DR IR . ARSI A5 SRR B, R T Cu®' i
rRMSE, 2} 10. 9% LASL, Zn®" | Cd*" | Pb*" 3 P &8 B F 1) rRMSE, 3K F 25% . 15 B A7 1 6 I A
JEA A Rt . M2 T . SVR B e 30 et po A M MRk 3L R2 3358 0.9 DL b, rRMSE, BRI %
2176 LAF 4 Fh 4 Jm B I BE s B A e 1 s 1 RBHIE . WA 12 R, X — 25 R R W] SVR HE R AR 547
WA Z AR LM SC R, BN E 4 T v A AT

X H 3 AR I AR N UE SR FR bR, ANFE 2 PR . L R? . RMSE . rRMSE 3 M &FRE 4 %5 15, BiR
PERE R I SVR S, PLSIRZ . ULR &2 mlads, toh, X T SVR 7RI 550 UESE T8 bk 2
5. PIEM R? F1 RMSE 225146/, W] SVR SRR 0] B s A 4, R RAFIIZIbae . &
b, AT ULR R PLS 5 8, SVR BRI A B8R 19 2 4 R Lk vE 405 B8 00, RERS 5o i 2 Fh i 4 )@ =2 B+ 4k
SRR U0 45 SR 0 S I AT RCHR R T 2 R 4 T ) G T Y T

% 2 ULR, PLS 70 SVR # & 946 U 45 R 3 Lk

. ULR PLS SVR

T

ey : RMSE/ rRMSE/ RMSE/ rRMSE/ RMSE/ rRMSE/
%¥‘ R2 RZ RZ

(pg+ LD % (pg+ LD % (pg+ LD %

g Cu*r 0.719 42.7 41. 8 0. 954 17.2 10.9 0. 959 16.3 9.5
Zn*"t  —10.479 527.5 248. 8 0. 892 51.2 29. 2 0. 949 35. 6 16. 7
cd*t —0.907 20. 9 88.1 0. 841 6.0 25.8 0.948 3.5 18. 1
Pb*"  —0.319 87.6 73.8 0. 752 38.0 26. 6 0. 937 19.1 16. 2

BE4E  Cu* 0. 468 41.3 41. 8 0.964 10.7 10.9 0. 966 10.5 10. 6
Zn®" —9.700 464. 6 248. 4 0. 852 54. 6 29. 2 0.929 37.7 20. 2
cd®™  —0.782 20. 2 88. 1 0. 847 5.9 25.8 0.932 3.9 17. 3
Pb*" 0.088 73.3 73.8 0. 882 26. 4 26. 6 0. 944 18.0 18. 1

2.5 ESBEAHRRESLBESRESTRERIT

Bt SR A B R B JEBR AR i 4, FUJH Python T T — B & R A RS S AL AR 1
5 R b S B G b R I A J R B T, AR T A 13 TR . AR R T B I # . SG
IR UL . A B S0 LA R AR SR IR RO T RE R BE S D R O AR 2 AE S e L W TR T
B SRR AE AR 5 . BPE I T SVR R, nf WAB KM Cu®" L Zn®" L Cd*" L Pb YUK, JRHs 25 21
S 3 Excel A&, KM RREZBENERES B ESBREN LSRN, VMW HIEELE
o I 4R A TS TR
2.6 EERTEHSWIE

N T 2D BRI AR vk i S P . R 4 Oy BT LR R HEAT IR R RN AR S E . SR AR R A TR
WARZAF S, RIS 45 5 b L5 43 BT 1R X0 R 4R B 10 S0 15 5 HEAT AL B, 5 W o 4 ) A 28 U0 R s
MEAR S H L, IR IR DY SVR BB X 5 43 Ja vk BE HEA T ARG I o 43 ) W0 R f5t Jon A 115 5 ) B 45 TS 85 F IR 2
PR Cu® L Zn® L CdTT L P bR R
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{ BHRSESHE - o0 x
REER iR E
RS [
|
SGERSHMIRHE |®O: 3 SG¥Fi
RBGE HGR/E 1
HHEGER FitEER }
PITTERE SHFExcel §
= — = — ~
5=
RNER b
b 3 Zn?* cd» Pb?* Bi** cuz
BE(V) -1.08 -0.76 -0.53 -0.16 -0.00
(A 2257 639 17.03 17.70 27.84
GERAMEAY) 2231 0479 0.907 1.207 2.026
0.365 0.205 0.250 0.180 0.245 0
el “14 -12 -10 08 06 04 02 0 02
SRBE(pg/L) 200.8 401 75.0 500.0 68.5 HE/V

13 ESEf4RE
W2 3 i . BT I B AN AL AR 68 v aff 2t R 01 bR 4 T O R S, 34 R A A A R e S U R 4 ) vk
L 4 FhEE 4R M AR [FICR I FE 70 %0~ 110 Y Bl P . Cu® IR MR AE 77. 9% ~109. 8%, F- 3 ks
Ml % 93. 6% 5 Zn® " MR IR TE 71. 7% ~102. 9%, FEX bR R 91, 9% 5 Cd* (i max [l %
FE 70. 7% ~107. 7%, AR 86. 9% 5 Pb* By AR ISR ZE 70. 2% ~101. 1%, “F-3 ks [l i
HH 90,20, FIREERERH], I 0 A RSN, AT DU TR A R A
%3 AHRREEANBR2IMINIERATELBRENRAUER

Cu*” In* Cd* Ph*
e It/ RWE kSR iR/ RWE wiEEMe kR RIME dERE s/ RIES dRm ik

(ug+ LY (ug+ LY F/U% (ug+ LY (gL /% (ugeL ) (uge L7 /% (ugeL ") (ugeLTH R/U%

+3-1 - 0.7 - - 12.5 - - 9.6 - - 8.5 -
20 22.7 109. 8 150 166.9 102.9 20 24.6 74.8 20 28.7 101.1
50 44,8 88. 3 300 266. 6 84.7 50 44,9 70.7 50 56. 9 96. 7

-2 - 8.6 - - 5.0 - - 7.4 - — 4.8 -
50 50. 3 83. 4 150 148.3 95.5 35 35.6 80. 8 50 49.9 90. 2
90 91.2 91.7 300 300. 2 98. 4 60 59. 4 86.7 90 89.3 93.9

+H-3 - 79.3 - - 105.0 — — 15. 6 - - 10.7 -
120 195.8 97. 1 350 355.9 L7 110 109. 0 84.9 110 118.0 70. 2
180 219. 4 77.9 600 599. 3 82.4 180 179.3 90. 9 180 178.5 76.5

-4 — 0.1 - - 0.4 - - 1.7 - - 7.4 -
70 71.8 102. 4 350 350. 2 99.9 110 120.2 107.7 110 113.6 96. 5
120 118. 4 98.5 600 598. 9 99. 8 180 179. 4 98.7 180 180.5 96. 1

3 #Hig

P T LA o Bl B A A A i R AR T i, AR T 2 M E SR TR, SEE T
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Cu’' | Zn® | Cd* | Pb* 4 M EE 4GB BRI, FZE50 T .

D B TR SELE S8 (BE W B, DURL A . DU [a)) , X 5 — 5 4 @ 55 A9 46 0 BR 43 51 4 -
Cu’" 1.79 pg/L. Zn"" 4.70 pg/L. Cd*" 0.17 pg/L. Pb" 0.16 png/L,

2) FRTESBLE TS, IV T 2 E S8 Z RIAF7E R & WIELNE T, SBE%N ULR B
KRR

3) HNL T HLAR R, AR T ULR B8, 4% Cu® | Zn® | Cd* | P 4 FE LRI R 435
M 0. 468 $2 55 E 0. 966, —9. 700 $2E5F 0. 929, —0. 782 255 F 0. 932, 0. 088 $EF % 0. 944 ; 4 FPE AR
rRMSE , #ARE 21 % T .

4) JFJR T SRR A SEER UG UE . BT A kX Cut L Zn® L YL PP 4 R 42 JE Y S 2 0 A R
W55k 93. 6%, 91.9% . 86. 9% 90. 2%, WEHH T %7 ik 1Y SE I .

ZERFRWY, HLE = 2T 0T LSO RO Z SRR A B2 IR, A R T R A A 0 AR kxR 4 S it D o
e, hrErh 2R E S B E D P AER AR AL T A ) S
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