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Identification of heavy metal Pb pollution in Perna viridis
based on near-infrared spectroscopy

JIANG Wei'  LIU Zhongyan' LIU Yao® XIONG Jianfang' ZENG Shaogeng'

(1. School of Computer Science and Intelligence Education, Lingnan Normal University, Zhanjiang,
Guangdong 524048, China; 2. School of Electronic and Electrical Engineering, Lingnan Normal
University, Zhanjiang, Guangdong 524048, China)

Abstract: [ Objective ] Addressing the heavy metal lead pollution in oysters using near-infrared spectroscopy technology.[ Methods ] This
study proposed the use of near - infrared reflectance spectroscopy combined with pattern recognition for detecting Pb contamination.
Initially, spectral data of healthy mussels and Pb-contaminated mussels in the range of 950~1 700 nm were collected. The wavelength
selection algorithm of variable importance analysis based on the random variable combination (VIAVC) was utilized to reduce the
dimensionality, and selected the optimal subset of wavelengths. Considering the detection of healthy mussels and Pb - contaminated
mussels as an imbalanced classification problem, the gravitational fixed radius nearest neighbor (GFRNN) method based on universal
gravity was explored for identifying Pb contamination in mussels. [ Results| The experimental results demonstrated that the proposed
VIAVC-GFRNN method outperformed traditional algorithms such as K-nearest neighbor, fixed radius nearest neighbor, and support
vector machine algorithms in detecting Pb contamination, while remaining unaffected by the imbalance ratio. The area under the receiver
operation curve value of the VIAVC - GFRNN model reached 0.988 6, with a detection accuracy and geometric mean of 99.17%.
[ Conclusion] Near-infrared spectroscopy combined with pattern recognition methods has great potential for detecting Pd pollution in
mussels.
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Figure 3 Spectrum curves of Pb-contaminated and healthy mussel samples
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Figure 5 Accuracy and AUC values of variable sets selected in descending order
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ZH0R 1000, 13 3 T 6 A4 K AR &4yl Ry 1 522.54,
1672.47,1516.0,1 079.59,1 476.69, 1 052.85 nm. it
I i 75 B AR A B GFRNN L, FRNN  KNN 1 SVM ##
HY g ST A R 25 R 1 AR o i, TR DI 2k
SRR A B AL 16y 622,
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Table 1 Performance comparison based on different

classifiers
Sr IRl HER 2/ 00 LTI AUC
GFRNN 99.17 0.9917 0.988 6
FRNN 97.50 0.9751 0.933 3
KNN 91.67 0.922 4 0.9219
SVM(C=1,y=1) 97.50 0.9759 0.946 2

IR LRI LU Y 4 A5S80Sk 4% 35 e 0 DL A 14 500 2k R
H AT, Ay SRR R >>91.67 % , Hih GFRNN 7E Il 25 1
& B M Y BOUE S L R M AE 2 B TE AR R FRNIN AN
SVM BRI 2 KNN B A i 2% 45 5K ], 5 FRNN,
KNN Hl SVM 43 25 #8841 b, Bl H GFRNN 5 B % 53 25 4
JE .G -mean Al AUC A I+ H AT #5010 50 4 J , HoAR A 432
HERG K 99.17% ,G-mean 4 0.991 7, AUC {4 0.988 6.

WAL, 52 4 TR AT Y A s LB A 5
5 BIOR A AR AR v fede JE T DL AN 32 0 4 J AT TS e TR DL 4R
RN EMRA . BT BRI VIAVC & &
GFRNN A58 70 55 b 45 0 £ o0 4 g 445 75 2 iy DL AG: 0 1
F P BE X T 4 AT T YR G DU R B AR A TR AS S A L )
AT T

F2~F AWM T GERNN L5 HAs ) Fe A5 5 i 46
DAEDAH 22 . G-mean Al AUC {8 @I 254 v e 5 i DL A TR 45
JB Y5 Y T DL B0 L AR e gt g 25 5 0 ) R
S A0 f R TG DUREAS 60 4, TH7 495 15 Y B A 119 25 I 50 4

kD E] 104, B 1040 R 2~FK AT LIE Y, 4 Fif
G FEMER B HEFR R G-mean F1 AUC {134 bifi % #575 YL BEAR
B R U R B, ELS R TE R TR R IR R DN AR R B
WG K . VIAVC-GFRNN R (14 o i 28 fiw i, H A 25
WA AR /N o 855 G ZRE AR B0 D B 40 1 2%
43 JE R ARG I R R AR OR KA 5 24 e/ B 20 A4S
VIAVC - GFRNN # B i o 8 % fig 15 3 96.25%,
VIAVC-SVM #E 8 1 o i 5 080 /N B 85065 4 A 104>
i, VIAVC-GFRNN A A {1 o 1 2% 35 £ 94.29 %, Ho Al 52
A 7 B R AR T 85% , VIAVC-KNN A8 8 iy 28 T 8% 2%
SRR, 5 H AL 3FAAH H, VIAVC-GFRNN 5 (1
3 A 3 52 I8 AN - A 1 B AR A S N B B
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Table 2 Demonstrates the detection accuracy of healthy
mussels and Pb-contaminated mussels at different
ratios of quantity %

SYZEEA 60:50  60:40  60:30  60:20  60:10
GFRNN 99.09 98.00 96.67 96.25 94.29
FRNN 97.27 94.00 85.56 83.75 78.57
KNN 90.91 89.00 83.33 77.50 72.86
SVM 96.36 95.00 91.11 85.00 81.43
3 &

WS I & T — 4040 ik 5 VIAVC-GFRNN
DA ES A WA LU & TR A TS R R DL . 1L
FE VIAVC B0k 3 55 0 R AE 8 B (6 4 ) 7T LAAT 211X 3 e
T DUFNE 75 e (i s D o ok, 9 4 B GFRININ A%
T fiff R 4 S T Y AN ST A SN A R U (Y TR DA R
G-mean 1 AUC {EAF ¥ BB 46 A, GFRNN B2 (1) 4 BE A

95
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Table 3 Presents the G-mean values of healthy mussels and

Pb-contaminated mussels at different quantity ratios

IYBER 60:50  60:40  60:30  60:20  60:10
GFRNN 09901 09792 0.9535 0.9431 0.8585
FRNN 0.9695 09346 0.8324 0.7707 0.6325
KNN 09129 0.8834 0.8124 0.7057 0.587 2
SVM 0.9623 09440 0.8911 0.7862 0.6594

R4 BRRBRMESRENETRBELG THAUCHE
Table 4 Shows the AUC values of healthy mussels and

Pb-contaminated mussels at different quantity ratios

YRBERS 60:50  60:40  60:30  60:20  60:10
GFRNN 09881 0.9720 0.9605 0.9425 0.8526
FRNN 0.9424 09319 0.8297 0.7893 0.6305
KNN 09122 08634 0.8069 0.7011 0.5791
SVM 0.9483 09369 0.8854 0.7846 0.6612

F FRNN . KNN A SVM 53k, )5, % VIAVC-GFRNN
H Y AE AN [ LG A5 S S 4 5000 45 vh i K0 R RE R AT T 43
Hro alub25 B E W], VIAVC-GFRNN #5452 3 T 58 411
Sy 2k RE X B i DU AT V5 G G DL B S BORR
FI AT 21 40 3% 5 VIAVC-GFRNN J5 ¥ A 45 4 ok 46
Ut D1 rp E 4 R Vs PR AT R AR ROR B SR o, W DL
A 000 T A R R A I R v R A RE AR R B 0 5K
W, Sk Bl Bk LB R AR o NIRS 548 QIR 2 4 4%
B A R DU 2R il v A T e R 4 R AR
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