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Rapid Detection of Heavy Metal Contaminated Tegillarca granosa by
Temperature-dependent Near-infrared Spectroscopy

ZHOU Qiwei, SONG Yanru, ZHANG Zhanshuo, YUAN Leiming, SUN Yiye"

(College of Electrical & Electronic Engineering, Wenzhou University, Wenzhou 325035, China)

Abstract: Objective: To explore a rapid determination method of heavy metal contaminated shellfish based on enzymatic
hydrolysis and temperature-dependent near infrared spectroscopy. Methods: Shellfish of Tegillarca granosa was reared
artificially and used in this paper. Three heavy metals, including copper (Cu), cadmium (Cd) and lead (Pb), were used to
contaminate Tegillarca granosa. The full protein supernatant samples of heavy metal-contaminated and healthy Tegillarca
granosa were extracted by enzymolysis and centrifugation pretreatments. Fourier transform near-infrared spectroscopy (FT-
NIR) was employed to collect spectra of each sample under the process of elevating temperature with each 5 °C interval in
the range of 25~60 °C, and a discriminant model was constructed to distinguish these samples contaminated with heavy
metals. Results: Partial least square-discrimination analysis (PLS-DA) was used to identify the heavy metals contaminated
Tegillarca granosa under each temperature. The accuracy rate was influenced by the temperature first increasing and then
decreasing with raising the temperature. When the temperature of sample was kept at 40 °C, the accuracy of discriminant
model was 92%, and it can be improved up to 98% by the optimized parameters through variable selection methods.
Conclusion: With the help of chemo-metrics, near infrared spectroscopy and enzymatic hydrolysis, the heavy metals-
contaminated Tegillarca granosa can be quickly identified and the detection methods of heavy metal pollution of shellfish
can be enriched.

Key words: shellfish; heavy metal contamination; near-infrared spectroscopy (NIRS); temperature effect; partial least

squares-discriminant analysis (PLS-DA)
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PO FEYRMZ oA XF—Seik = HEVS A E . TE TS
FE AR A B X, w5 B R AR A TE YL, Hi
HEEIGY IR P RN E N —M . EEE
1S YA BEE K A4, il B e an i Latt A
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et M . SERAR RS, i i T DL SR A
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R R A | FEI RS A R P,
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A DI ISP E T | RS ARSI 2 A, i i D1 2%
4B G YR NEINEE ST . ITLIAMGIRE(780~2526 nm)
FEARMH I, MRPI SRR T AL, EEAE R
TG | ARSI . BB TR S, X o U R
F R PERE SRR, BESE I HE AR AR B PR A
B N e o/ i Lo L= O 5 e = 22 e =g e S i I Y e Y
ST SEHEI . I O-H . N-H 4577 AR P — 2845
B, =R S IR N, [ — SR AH T B
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B < T W AW 5Lt % 507 N (7 ] 5 a VT E =97 L
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I TERSE o

AR T AEF) AR A iR AR X 5 4 8 V5 Y g et
T4 B, AT TR B A (5 BRI 2T
I E S, BB EGRBISR IX 4345 Fh B 4 JE 15 YR
Jeult, et At —FhERAS DGHUK I T 4R VS YL VR I
FEEF RN I o
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RESLVRUH (Tegillarca granosa)  iXHs N T 375H;

PbCl,. CdCl,, CuSO, sr#raf, b ifgfb=iaGR A ER
N EEARF] Sigma 4] BEIEKES RN
60 cmx50 cmx40 cm; LA B 2 mm; ¥RHS S

£% 50 mmx=<70 mm,

ML204T/02 HF R fEEMGRFER =0
H]; TGL-12GB-C = 5.0l i =fles
IXER) 5 VS-35S TSRy U IRIFINAR
A RN F]; Bruker Vertex 70 5 ROGHREY 78 [ A &
FLAE] KEEF BCD-500WL vK4f . DW-86L959BPT
HRIRARATAS  M/REEH]; M-Cube-T RIS I
WEDER AN LA R A s VX200-T eIz o
EE MET 2\ Fl.
1.2 SLWHE
1.2.1 JeifRassE SR80S ARME(DB37/
T 2069-2012) 777k, FHEEAR N 5L AL R B FE5E fER T IR
2H N T 4 T8 a4 TR . 43 0 B B AS [R) R B Y
Pb**(0.611~1.833 mg/L) . Cd**(0.545~1.634 mg/L) .
Cu”"(20~100 mg/L) T 4 J& W T 1M 85 5 I /KR AA .
FEHITEAE(20.8+2.6 °C) . REE(8.05+0.1) . FhEE(2.1%).
WA (>6 mg/L) | 7KL (3 L/h) SR PRI
FEFEVEHH, 3535 7~14 d, [FHAARN EE AR S 2N E
&8 o FIRl—2KGFE N FRGE R, B 5~7 - Uenit
VE—2H, 252 B SR, FE2RIbRIC, T
—18 °C VKFAV I ARAT - WLEENY 4 ZEFEASFLFE: Pb.
Cd. Cu B—TH 4 B 15 YA FIER R EAS; 55— 25HF
ALRWER 15 DB, 60 g EREyRIIEA
1.2.2 FHEEAEBOTE: MK IR ER EE4E, R
W PR TR S, 4285 T B N C S R AR i —
RN, 275 3wk [23] Bo b A-RIR EE, HITE &R
FHAFIER GG . BT R HEFFREL 100 mg #F 5 &
F 1.5 mL B T, B EHAEEIE 4 A TRE
(HTY AR, BB 150 0.1 mL 43501 A%
BELLE T, TIRG A F3E5 10 min 2GR4T
f#; 8000 r/min =iE EL0> 2 min J5, B E 2 ER T
U, B T80 C vKFATRIER, B 1L FREN A 2R I 25+ 9%
WK . ARG B R T, A A6 & i FH L 22351
PIFG2ETA 2 0 °C i, &P RE, 81
2R 60 P/NECRD 15%4), HiAr A2 B AU RT 40
AINEEVE IINLREE, J5 20 D/ INEEVE TR AE
1.2.3 SGiRAE & AOGIHL (B EGE U 4000~
12000 cm™', Z3HERE 2 cm™ ) FFHLH 10 min, BEE
R BIIRE 25 ¢ FHEZE 60 °C, [AlfFN 5 °C,
it 8 MIRBERSEE . BEWEAC NSO AL 0.2 mL
FESR T H UL (2 2 mm), 3 A RIS RS AR
A, 1 min Z23ERE S, FEREGE DGR E S B
HZ L AILRY 2 s i, FRRIEHD G, =R IE
3 WE, L E IS5 R_AF VKA 18 C, fFF F—1>
TR RS S UL SR G FEE . B 3 YRaENHGHE
P BEAE AR AS 2 RTRLEE RaE HGE . TR
BERR R A, SRAESEIT A FEAS OGS BUn, R R
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TEH AL BE AR T 2 ) 51 SR v T 5 2%
Tk, AR GIE AR 22, frAe e M a] i, A SC DA A
7N 3 SR 51 5 (Partial Least Squares-Discriminant
Analysis, PLS-DA) 2K F: 4 Y6k 2= [A] 8 52, X JetiAf
ATGRAE BTSN X 51 o AR 53 2E TN

G B kG MR (Precision) . fUEM: (Sensitivity )
Fr5M: (Specificity) o HH FEIE AR R £, Je &4
AR T A5 v R 35 HE X VRL P SRR ST AR AR
&, ASCPATES 3G W IR (Competitive Adap-
tive Reweighting Sampling, CARS) . Jofg B A8 5 5
372 (Uninformative Variable Elimination, UVE) . &
1£851: (Genetic Algorithm, GA), £~ PLS-DA 432%
2 AT v 728 B 0 106 O vk o T A 38 T- MATLAB
(2018b, Mathwork Inc.)ZbFH
2 FER57Hh
2.1 EIEHREL SR

El 124 25 °C B4 JEURIHAEEAR (T 2T 4 M- 2%
WO GRS, S ih£e 2%, JoiH ke, HAR b
BB AP BT LT AMX ) 8500~12000 cm ™!
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Fig.1 The averaged transmittance of NIR at termperature of 25 °C

for four classes of Tegillarca granosa samples
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Fig.2 The averaged transmitted spectra of Tegillarca granosa
samples at different temperatures
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11, Yty —3fe- 51 53 A1 (PLS-DA) 43254, 15
AT A A SR T a4y SRR I T A 1, A5 B a5 95
Fis I DAy e d oA R 3R 1) PLS-DA 43254,
ZEIRUNE 3 i AHE YRR ROoR 8 AT IR, AN
[FI 3 R YR HZE ) SEHERA 54 A AH A, I shie K,
HEIFR SR 25 °C 1 51% Bt 2] 40 °C BHY
e i MR 232 92%, IU S 1R X [a] R 2 50% 245
TR GIE R AL T — 1R T i L R, S A
M VR EEAEZ AL THEZE 40 °C I, B4R 88 1. B
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Fig.3 Classification accuracy of PLS-DA at different
temperatures

100 -
< 80 ]
=
B |
260
40 T T T T T T
50 55 60



%434 5 19

JR | 45 BETRIEIT LA G Pae I ek o R 5 - 329 -

FIE SRS TS . (HETE 40 °C JadkLTHE,
FEREPURE R 2 — IR BB X ], ZRBH R B
FRITRLRE AR Aot B 4 B 45 S A R s/ ), 2 vl TR
o i P EUFE S B A AR | 45 S AR, L
X LE LB Y LE R AR T TR U HRas G 1] 2
S X 38 (9000~12000 cm ™) FYAS LA, ZETHE)
JEERR( = 45 °C), BwHPGIS AR fbkaFA2E Fsi),
WA/ N TR ATE AR . PRI, 7EE0A i 28
ST, 40 °C B TR 2R 1 B O T 45 A i As Ta)
LEMY B A 2% TG FRAE, SRl = 4| V5 Y i fefde
1 HIHT 40 °C BFYRRHAEAS I TII 43245 51
{5 2H Y i AEAS T A 1Y) o S ik B 73%, 52
H 4@ Cd. Pb 75 4L 14 lrad YR mHARE AS 11 7510 55 HE A
PEREIRE] 100%, XTHIAFE 4 )8 Cu Mg A4 iy il
SEHERPEIR ] 94%, BAIRBIMERG RN 92%., MK
FraT L, X TR YRR, A 27% BOREAS B G
JEIGYY; WX TRET5 YL BIREAS, JEASHR I E A

#2140 °C PLS-DA 43254k

Table 1 Classsification results of 40 °C PLS-DA
255 (%) TR (%) Rt (%)
fetRE e 4 94 89 73
CAi5 A 100 100 100
Culs e A 97 100 94
Pbis R 100 81 100
EEZUN 98 92 92

2.3 ETTEFFEM PLS BRSO

ZCHEAN AR AR B — G 34T 2074 S DEEL
S BRI S, A 1L & 2 AT L, FE X [A] 4000~
7200 cm ' Z [A) RIS HOGIE 3 22 502N, ASBifi
Tk BE AR Ak, VE I b DX AZ i B S 0 T LA 2208, ik DX R
PGS B TR B 4w V5 YL i AN EB 2L 5
A, BT AR G AR B (R A A E L PR R, 2RI
IR . DRI, A3 B REE IRE T G5
YEEF AR e . ASSCEA CARS. UVE, GA =Ff
IR TAR R e, DA IENAREE SR e S
E A, A3 AR S B s U @ AR s 285

LIREAS W INBVE TR ZE 40 °C B 3RBURSGIREEE,
ZPHEA CIRETRAL TS, T LAAS R0 158 7 TR B s
Yk, et AR RPN, SHO E S SR [7-8];
XFF UVE. GA 53, WIEZLETT 10 REFEIRFENLYE
3y, B PR 1) — RGBT A SR T DAl sk, T a2k
ST . AREANA SSRGS 2 R, &l Na
Ak, PLS @RS 153810 4 2L A3 T AN RIRREE Y
P, ELOR 3k i AR B R T, FIIKF 100 U EK
KL SRR 5% LA Hoh CARS A3 EASIRL
RES, IRENT 98% MIHERAZ; 1 GA ALBSAARR
TR ENAT T REAIR, 31X FTRE & GA 7EALHEYGIE 2k
PR AT R i — 2R, HAG B ARME B G, i

AR L D, RAEIR PGSRt BBy . Kk,
1A CARS 5 UVE Al3&E A FHEH MR T i 6i%
B A Bk

240 C RGeS AR 4G
Table 2 Modeling classification results by variable selection at
temperature of 40 °C

BRI ToAbFR CARS UVE GA
Tk 2074 98 66 74
HEWR (%) 922 98 97 88

XF TSR AV R i 4 i T Y ), 7
SCHER [25] TR URMET L R L TR S TIAL B, LA
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MBS RE RN L BT ESRE TS T
JERREAS, SCRR [26—27] 15 B < Jm B & 0715 3
65 St FOCEHOR, IR E SR UR G L, H
VelA AUREAS AN 520, PUSIDRS B2 5 rh 2146
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