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HEAMA, (AR AR 4R E A FRBE 0 AR 5
AR N T 4 )R P R BRUS®) Shao
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1.1 #ME5iF

LISEVINY A | N B [ R W AW R R S 4 <]
RN Fl 4L

SQ-407 Al BE £ W BB B, V95 95 7 K Ak
HEA B2 ] B3 5 A bR v VS TR (100 pg/mL) , 6 5K
A 104 JE FH AR AT Pt s TEOK S (G
Braf) Ehme (st mR (Phgiat ), B 25 4 M1k
SRR RA A
1.2 UE5EE

Anton Paar S IH R4, IR FEREIN#5 HR
RS 7 s NexION 350X % e, 8% & 45 55 11K

(ICP-MS) , % [H PerkinElmer £ BR 2\ &) ; FDI-50 %!
BTN, b s B B S A A PR A
Frontier B 3T 2T /MG AX , 92 [ PerkinElmer 22 7] ;
F AL B 3 LT, T R R Y U PR
H];DELTA 320 pH it, M4 —FCR 2854 R
NI
1.3 REH*
1.3.1 /NJRURFESRTALBEE O T H R 10~15
g P T /N I FH 4RCE Rl B 8 T, K el sk S
T VKA (=50 °C) W ZR AL B, Uk H B AR
TR T 24 b BUE B E R AR, & .
1.3.2 /NIRRT AR W R S HERR PR 0.300 g
5 B4 1 /N e R A i (42 3 ) T 1 ¥ 1 BRI O e
W % BB Z AR E GB 2009.268-2016 (& fi h £
JCE I YR I AT O T AL R B
(25 °C)JF B BB 4liK 2 45 50 mL, AT, 45 H
[i] B i 2 R
1.3.3  RIIRMINE AL BUE & SQ-407 AR T 1
et e HJC/K S BV ORI 30 min, 88 417K
2T OB B0 B0h 2% 1 A A AR R
W1 h, AR AR R KA LS A R E
PE T S KT AE 45 CCHET (8 BB AR ZRkL
STESENE) A
1.3.4 WS4

1) WeBft pH ER LA FREL SQ-407 # i &
1 g TR G5 (A bedt e 43 S ACHH [R] Jo 2 vk B2
(100 we/L) WA AR HERS 100 mL, FH % $h 1R F1 &
S AL BR I T W pH 1 43 3 R 6.0,7.0,8.0, 40 C
W B 90 min , SR ICP-MS J5 2% 2 78 AR [ pH {H
TR BT S SQ-407 R AR ki BE L O B
(1) IHEEme 5

C,~C.

E(R)==¢—

K, E——SQ—-407 1} g XF fift i1 W B % %
Co—H B BB e ¥ | we/L; C—— W B I Jo
JE, ng/Lo

2) MR EE RO BRI SQ-407 B AE 45 1
g TR G5 AR, 4 S A A (] Jo ok
(100 pg/L) R BR AE 7 W 100 mL, FH&CE Ak Ak i
TIHW pH (EA 7.0, 230 5I7E 35,40,45 CFf 90
min, K H ICP-MS J7 0 & AS [F]3 5 T 0 B i

x100 (1)
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3) WEMEF A PLAE FREL SQ-407 M AR 45 1
g TR G5 B BERt 43 S K [R) 5T vk i
(100 we/L) B RAR HER T 100 mL,  FH &0 48 AL 80
TR W pH {4 7.0, 7 40 °CH3 I K} 60,90, 120
min, K ICP-MS J7 32 % AN [7] W B B[] 1 1 B
AT 5 SQ-407 B i i p e i, #aC (1) THER
1.3.5 /NI HR I A WA A R B SR ICP-MS
PR 0 7 /0N I T AR A AR B AR R
W PE 1 /N T MR TR 100 /L AR VR 15 305 4 531)
ImARALEEZ 0.1,0.2,0.3,0.5,0.7,0.9, 1.0 mg/kg., Bt
SQ-407 BG4S 1 g BT 50 mL Ll 451k /N B iR
T FE R AR pH A IR B ) R 2R AT
W BFF o W B 5 B LS S U, B R B XL R A
HEF 2 TR, SR ICP-MS Jy 0 5 W b ) 5%
RIFW RS,
1.3.6 GG RE WIS B SQ-407 B AE (42
) RN TR AT (EAN 1 em) &
T 2T AN S R B B R E LD A K E
10 000~4 000 em™, & A W ikt i) SQ—-407 4 i 1
U LLANETE | R I 2 1 e T S DA W A A
[ SQ-407 B g fizs (I IR fE sE e g, e
s LA ASCIT S 205 5 Ab B
1.3.7 JGiEWiab B T MG CR R SQ-
407 W RECISEHE , ACELE T /N e M b i B
5, eI e TG R . ZORIES a1
PR R ] TR R AT TRAL R AR
o, R B (1) bR M I RS R I
(SNV) \ Z JUHUH 1 IE (MSC) Fl/IN I A8 e (WT) 5
PR RE AT WAL B, DR MR R e R
B 15 25600 B 52 e B DG A RUE B T
TE IR I 1 4 B
1.3.8 PLS #AIRy &S REMLIEIR 2/3 (28 1) &
AL B SIS AE I GREE 5 SQ-407 A4 A 1k B
(189 7N g 1 ik 8 v e ok 32 A Ny PLS ABE A

) WFEmehe  RAP —38 Xkl
PLS 7Y [ %5,

2) sk A IE N E ARG R (CARS) K 1
VRl E AR AE (ARS) $ AR Ui 32 11 15 22 %

2 XHE R K A, S BRACE /N 0 R 28
S UE e HE R TR AR S IE Yy 25 R AR Y T4
Ry R R B
1.3.9 PLS BRI TUE A PF M # 37 A9 12 1 5 7
(N GE F7 T A 14 oK S 5 @B W IR I 21
AN ETEAE R TS | X ir 57 1) 2 B HEA T RIE
1.4 HHELIE

K SPSS 19.0 4341 b 38U A W B 2% 1400 Ak
A B0 B Ml | R A B EE A 3 K, A AR DL
fH + brifE2E (2 £ 5) 3R, RH ANOVA #E47 77 22
AT, Duncan 22 51 A% 25 K 56 U 350 - 29 (E 78 0 & 1
K LR 225, Hd P<0.05 HlE W ER B E,
PLS 1* CWT MSC Fll SNV 4% 45 54 4l 4b 2 A1 i1
B3 i Matlab 2018a H [ 4R AR P 52 .

2 ZERE5HH
2.1 LB RE R B 5214

FH R i Wi B T 4 S IS, TR R 2% 12 X A B 14 %
B SCSR A % TE R, W pH (B TR R W R S ()
2 5 T A IR W R S0 1 S R R O TR W 4%
P (pH A JEEE (B[R] T SQ-407 B g XoF At (1t W [
BRI 1 iR,

Bt pH E 8 TH =, SQ—407 B} JE X fft iy W B
RS LR TR H2: 5 W3 (P<0.05),
FE pH 7 (1 R EE T B AR T B R A 5 (97.99% ),
I Pl T2 O B 2% 1 25 R R 1 SQ—-407 A i Xof A
(B o 98 /N R ) pHL AL, 76 T M A 1
AT R R . BE R IR 0T, SQ-407 B
Xif (R T B R T 5 L 40 °C B WG B R Gk R
98.68% ; 4k ZLFt i W B, WL B8O 22 O Wk 3 (P>
0.05), & JFE iM%, SQ—407 W I XF Bl fity W% Bff 2 R
% IR B &, 25 G AR AR A8 M 2R G, 25 IR SR
JEE AR B 1) 5 e B 4 AR, A EAT /N T BRI i
TR R4 B B 43 U BRI B 40 °C, SQ-407 Y i
Xof e 118 2 6 23 i PR o B T 19 S K T % 3 T v A
W BB 1] 90 min B, W2 BF 58 45 157 (98.51% ), 4k 2k
A o B ] 2 o 3 A B 25 7 (P>0.05) i
LR PR B TE] 90 min

zi ERTR, 1E pH 7.40 °CF W Fff 90 min, SQ-
407 B g X5 A e W BT ROR B0 AR R B AR 1%
SR HEAT /N T R i i R TR B
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F1 RNEWRMEE (pH EGEE BFE) T SQ-407 4 fis X3 8 &9 U% B %
Table 1 Adsorption rate of SQ—407 resin to arsenic at the different conditions(pH, temperature and time)
pH LB 38 JE/C GLUHR /min MR A g L M AR E R gL P L
6 40 90 100 12.600 87.40 + 0.020"
7 40 90 100 2.010 97.99 + 0.061*
8 40 90 100 15.200 84.80 + 0.021¢
7 35 90 100 3.572 96.56 + 0.012"
7 40 90 100 1.243 98.68 + 0.126"
7 45 90 100 1.126 98.77 £ 0.019*
7 40 60 100 10.472 88.64 + 0.098"
7 40 90 100 1.672 98.51 + 0.160*
7 40 120 100 1.126 98.87 + 0.050°

TE 7] — S B v S TN R 2OR 22 5 3 (P<0.05)
2.2 INJ MR IH R R B A B R B

TERAE Y W B 25 F (pH 7.40 °C, W FF 90
min) T JH SQ-407 44 iz W2 B /)N I 8 I ik v b A R
TP AR A el R U R O 1 - R R R LR 2,

SQ—407 A4 JiE ek AS 1] 75 F7 Al 14 W o 0 SR s A7 AN ]
ZFAREE (P>0.05) , X5 AN [A] & ot fift (%) 57 357 0
FIGTE 99% LA I, Ui W SQ-407 B i W Bt /1N e
U fot TR P A A SR R A

&2 SQ-407 B g3/ g WF H % & o R [B) & 2 0 04 IR B 22

Table 2 Adsorption rates of SQ-407 resin for arsenic with different content in crayfish digestion solution

JR A A 8% Img - kg™ B MG AP 8 F /mg - ke pH 1& R IR R/ C B B 18] /min B /%
0.1 0.0014 7 40 90 99.30
0.2 0.0017 7 40 90 99.13
0.3 0.0020 7 40 90 99.34
0.5 0.0032 7 40 90 99.36
0.7 0.0056 7 40 90 99.20
0.9 0.0076 7 40 90 99.15
1.0 0.0070 7 40 90 99.30
2.3 RERWER

MR R B W BFE AN [) ¥ J3E A 19 SQ—407 4 i 1)
LA, WE 1 R, BT SQ-407 #AEIE
ARKANARIRA ] L2525 0 o3 A AN 3557 BRI
S R AT B 25 5 77 A GBI RO, %o i 4t
GERIE R2E . HAh R RO S B P ERAE
A BB, A H e JE s B
N N =Sy RS VA R IO
T EATAG TE Ab B % g A5 AR ) S P B TROORG
2.4 RiEWAE

SO B WE 0T DAY B R R TR R BT 2 Y
R R, T DGR B — 1 B E S A
AR T R AR Jit B R IS 5 O T i K 1 o
FE(A /M) R (L) 1 R EE  — B SO

1.60

8
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<
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Bl 1 WREHAS[E R B Ry SQ-407 #4589 R 1A S 1 B
Fig.1 Original spectra for SQ-407 resin adsorbed

with different concentrations of arsenic
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Fig.2 Calibration spectrograms of different pretreatment
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WEITIENSE — B E N LR K RMSEP
/N ALY ) T B R A | ST %) T 0 A A
R A R, R 3 R N A G T Ak B K R
Bohf e 5 @ S BRI TR R 22 MRS S
JE AR CTEAE L, A () 1Ak HL S A4S 0 ) T A O
Py A, Horb 1 Ak B S O R 0 Rk R A
4

2) CARS J{K il Z K ARS RHH ARG
ok T A AR v o] U 2R R e X R AP K s, IR
BrEE ST PLS [l JAREAY ) 1A AL (14 38 ) TIE 35
1% 22 (RMSECV ) {H , % # RMSECV {A fie /)M ) 4

SR BV R R B, 4 & 14k
A B U B B OGIE IR, 28 CARS MK #EHE Ok
WA RUE BRI, 7E 4 000~7 500 em™ X3,
Wdh T ZBOR PR . AR FE 4 000~7 500
em™ 5 LA PLS 35 2

Z— B R T Al 5 4 000~7 500 em™
X (] g 7. PLS BEAYIF G UE AR 7R 131 0 A G 25 0an
4 Frox, U4 RMSECV {64 0.033,R, N
0.995; iE% RMSECV {44 0.032,R, } 0.995,
/N S R 1 T 45 SR S B AH G B 5
iR, HAHE R BN 99.50% , Wil i 22 45/ B Rl
oI o A

0.60
4r —=— Raw
—o— ¥ 030}
—A— WT
& & =g |
£ = §
z = 2r E‘E = -o60f
A ; 090}
1k
\@&ig 120}
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A% &3
Latent vanable number Wave number/cm™
B3 BEFH B4 19 BEE
Fig.3 Latent vanable number Fig4 Wave number selection of 1% spectrum
*3 AEATAEEERENEXSH
Table 3 Model parameters after different pretreatments
SRAES BriE %
AL 22 7y ik
¥ 7 % £ (RMSECV) %k A (R,) ¥ 7 ik £ (RMSEP) % £ (R,)
Raw 0.049 0.989 0.074 0.970
1" 0.039 0.993 0.031 0.995
MSC 0.046 0.990 0.060 0.980
SNV 0.045 0.990 0.060 0.980
WT 0.039 0.993 0.043 0.991
* 4 £#%F CARS KEEREMEXSH
Table 4 Model parameters after CARS band selection
FRm 4 e iE £
TR AL 22 7y k&
¥ 7 % £ (RMSECV) % R H(R,) ¥ 7 % £ (RMSEP) % % #(R,)
1"+CARS 0.033 0.995 0.032 0.995
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Establishment of Prediction Model of Arsenic Content in Crayfish
Using Near Infrared Spectroscopy

Xu Yan', Chen Jiwang'?*, Zhan Ke', Liu Yan'?**, Liao E'?*, Zou Shengbi**

(‘College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023
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Abstract A method for detecting the arsenic in crayfish rapidly was proposed in this study. The selective adsorbing
resin  (SQ-407) was placed in 100 mL arsenic standard solution (100 pg/L), and the adsorption conditions were opti-
mized. Furthermore, fresh crayfish was freeze—dried and digested by microwave, then the digestion solution is adsorbed
by SQ-407 under optimized adsorption conditions. The near—infrared spectra of SQ-407 absorbed resin was collected and
optimized by using different spectral pretreatment methods (first derivative spectrophotometry, 1%; standard normal variable
transformation, SNV; multiplicative scatter correction, MSC; wavelet transform, WT). Partial least squares (PLS) method
was used to establish a quantitate model. The arsenic predicted by the established model was compared with the standard
method to evaluate the prediction accuracy of the model. Compared to other conditions, the adsorption rate of arsenic
was higher (99.30%) at pH 7.0 and 40 °C for 90 min. Model constructed by the spectra preprocessed by 1% have shown
higher accuracy: the root mean square error (RMSECV) of the training set and the correlation coefficient (R) was 0.033
and 0.995, respectively; the root mean square error (RMSEP) of the prediction set and the correlation coefficient (R)
was 0.032 and 0.995, respectively. The results indicated that combining near—infrared spectroscopy with resin adsorption
may provide accurate and rapid method for arsenic assessment in crayfish.

Keywords crawfish; arsenic; near infrared spectroscopy; prediction model; resin adsorption



