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Nondestructive Detection of Chlorpyrifos in Apples Based on
Surface Enhanced Raman Scattering

Zhai, Chen Peng, Yankun Li, Yongyu* Xu, Tianfeng
(College of Engineering, China Agricultural University, Beijing 100083)

Abstract A new non-destructive, rapid and accurate surface-enhanced Raman spectroscopy (SERS) assay method using
silver colloidal nanoparticles for the detection of chlorpyrifos pesticides in apples is developed and optimized. Silver colloidal
nanoparticles are paperad by reduction of silver nitrate with hydroxylamine hydrochloride and investigated using scanning
electron microscope and visible-ultraviolet spectroscopy. Trace amounts of acetone, silver colloid, and nitric acid are dropped
onto apple samples and air exposed for 20 s. The SERS spectra are collected non-destructively from the apple sample with a
self-developed Raman system. The relative standard deviation (RSD) is calculated to evaluate the stability of the present
method, including the stability of silver colloid and the stability of the Raman system, which indicates that the proposed
strategy has good stability. Secondary derivative transformation and min-max signal adaptive zooming method are used to
remove the fluorescence background for eliminating the environmental impact and improving the accuracy of SERS results.
Raman spectral signals are collected from 30 points on each sample with 450 mW laser power and 3 s exposure time.
Chlorpyrifos concentrations in 41 samples are determined with gas chromatography after SERS spectra taken. The character-
istic peaks of chlorpyrifos at 621 cm ' and 680 cm ™' are visible even at the concentration of 0.064 mg/kg. Under optimal
conditions, linear regression models are established between the SERS signal and the chlorpyrifos concentrations in the range
of 15.52~0.064 mg/kg. There are good linear relationships between the concentrations of chlorpyrifos pesticides in apples
and the Raman intensities of its two major characteristic peaks, for the best of which the correlation coefficient of prediction
(R,) is 0.969 and the root mean square error of prediction (RMSEP) is 1.24 mg/kg. The present study provides a potential
method for the rapid detection of pesticides which can help to strengthen the safety and quality of our food supplies.

Keywords surface-enhanced Raman spectroscopy; silver colloid; chlorpyrifos; nondestructive detection; apple

1 5|8

5 SL 1 (Chlorpyrifos) /& — Fift i 247 HLIE S L
7R, FT A A P IR P e 1, AR S R R L R
R B b FE AR, Sk AR A H AN
N B 7= A 7 R A £ T . A G AR 24 ke R A N 2
E B SAE BATERR LS, B B ARG
v FHASL 0 PR S50 R, EL R 3% 6 777 92K FH R A 28 R AR

* E-mail: yyli@cau.edu.cn
Received May 11, 2015; published July 20, 2015.

K, FERATAEESEB, (AR RO A, IRAEARE D —
PSS S PR, TR T H R AR o SRR RO T B
PRIE T 4R — AR AR PR AR 254 B g Bl s
AR E AL

A e T BORE SR R ik o 22 A AT A 2 3 L
PRI T AR BRI R AT RS v R ST
AL PR RO, R EL N AR B 7 ) A D A
HERES RO R T TR, AR HL

Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Science and Technology Support Program (No. 2014BAD04B05).

T H 52 [ 5 ks 4750 H (No. 2014BAD04B05) %% .

Acta Chim. Sinica 2015, 73, 1167—1172

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 1167



¥ F R

TR 2 S ot B AN [ R B X R, s 8 1 A6
FEM O ATACEE, T ERANE, ORE TS B e 8
PE. ERR S BUN BN R AR 55 S AR, — RO
LN IR 1071, Frbidn 245 5 ik s, £l
1455 57 %2 6 1% (Surface Enhanced Raman Spectroscopy,
SERS)J5 % Re 2 EHe mhi 215 5 R E, nIES 1K
e FEEMSEE R, FeRA SERS HARK ML 2
A3 ORI TUAE FRRF 72 A 5 L ir 588 0 13 28 T 189 568 (14 2
S5 R Y SRR R B I OG, Horh DL AR K
KRR BT, MUK RLT, HRAK R BRI R
T 25 B 1 3L 4R 0N (SPR)!M™, 26 T 9 o e O o fR 3
HI5E ZECN SRR 10 2 100 £, BEEEFRI
AL H DL B BRI i v ) £ ARV IR, FLtf) % I AR 1
B, Mk, WEEH TR 2ES MR, HEAR
U AR E 1.

T LA, M) FH 2R TR i A 6T SR Bk 2 T ) R 2455k B
TR AR, IR R R RN S
FORRENS B3 PR 25 A PR, (R X ST VR AE 4
P GIE T, T BRI AT — € I RTALER, 9] WK e
i TR B SR P A DL R i R R IR 2. T A
WF 703 T S2 30 = AT HE A B O R AR TR,
P EAE G R A E, v SEHLN S B G I TG R
D, e R FH P 2 T 38 i R Tl R e P B U B R
T, ATEXEE AT IR, RUE TR ) e B

A AR A R T 577, 03 S A i 2 AR
BB AR, FESE IR R AT 2 AR R 2O
W5, SR M 5 0% (Secondary Derivative Transfor-
mation, SD) 1% /% K AE H & B 46 8% U/ (Min-max
Signal Adaptive Zooming, MSAZ)F Y61 1) T 5,
SRJE B S A R B AR B S B O R
it

2 ZR5TR
2.1 SRIARHIRIE

of 1] £ 0 ER  J R AT 14 R T R BT (SEM) Al ]
TS ARG E A BT, B 1a HARVE IR SEM B, 94
KKLF A8 5], BifeK/ANN 100~150 nm. B 1b i@
B CURYE JE AR VA IR SEM BRI TARER %5 BEAR K,
ERIFRRAERE, B lc NESRGRS G IRER
SEM K%, i BAEONHE M RIRMER, HlHKe
AR A, & 1d R 1 RV SR AN T G
AR E 1 5 3 T 25 38 T AR LR U 2 /9 423 nm!' ", iy
25 2 NS RZGIEA G ARV ISR AT e E, 1 R
FER, MR R PR 2, U ARV i R AE T AR,

RiGhi 72 =GR, N7 “#as” 5 fF
W5y FAEAR YA B DU FE b 2R S W PR 3 “ A5 I,
MM f# SERS {5515 21| 1 5118191,

1168  http://sioc-journal.cn

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2
700

300 400 500

Alnm

B 1 RIER ), IRARHRIE I (b) R 5 Kk 25 N AR I ()1 SEM
PR (dY RIS () AR R 5 A 24 S I (2) R Sh—wT L4316 1 i
£

Figure 1 SEM micrographs of silver colloid (a), concentrated silver
colloid (b) and silver colloid after reaction with pesticides (c); (d) UV-vis
absorption spectra of silver colloid (1) and silver colloid after reaction
with pesticides (2)
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Figure 2 Schematic diagram of SERS experiments
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Figure 3 SERS spectra of apple samples added with the same concen-
tration of chlorpyrifos at different storage period from 1 d to 7 d. Inserted
image: influence of storage on peak intensities of Chlorpyrifos at 621
cm ' and 680 cm™
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Figure 4 SERS spectra of 50 samples under same conditions
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Figure 5 Representative SERS spectra without treatment (a) and with
SD (b) and MSAZ (c) treatments
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Figure 6 Average SERS spectra (n=30) of chlorpyrifos at different
concentrations after MSAZ (a) and SD (b)
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Table 1 Calibration and prediction results of chlorpyrifos concentra-
tions by using MLR method

RIARER DV R BiE/om! R, RMSEC R, RMSEP
621 0.905 133 0.887 143

SD e 5 5 680 0.916 131 0896 1.49
621 F1 680 0.921 130 0903 1.42

621 0926 134 0911 135

MSAZ &R 680 0.929 129 0916 131
621 1 680 0.953 128 0915 133

621 0966  1.18 0.954 129

g 5 i 680 0.970 1.15 0960 1.34

621 F1 680 0.972 1.19  0.969 1.24
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