#5124 55 10 ) B 2 4 o iR A A Vol. 12 No. 10
2021 45 H Journal of Food Safety and Quality May, 2021

paw R, A, AR

[1. BT AEYRBEARAR, Ma 210002; 2. FEKFEEEZBE, BE  210089; 3. Bim K2 b# b T2, B
210023; 4. LT A i e e Pl AR 5 B MBS IR I i O (), i 201708]

¥ OE: BM @SRRI R R RETF LR A S SR 3 R 2GR T k. i
PRIK I il B S A AP LAGES Ao H I 50 L AR i CAEVRN 50 wL AH R B A KERARICHTIR, £ 37 °C. 600 r/min
TRV 15 min; FRAIA 50 pL S AT G IF R R TP THI IR, Photoshop X IR AT S AH, FEH]
genpix FFHRIES S EAKEEEIEF T T, R ZIEXZEA L AW . 0 E A R I 4 i)
}1 3~243 ng/mL . 3~243 ng/mL . 0.5~8 ng/mL, AHICREL r>0.99, H 3 HZIAIMEE LR N ZEEI<1%; A [FEFHE
B2 LB 2 R I 4 b AR [ v BE A b o o0 BE, G0 45 SR EL A e A o R ORI A, iR [T iR R
84.0%~118.0%, ZES RZEI<10%(n=3); KBRS HN 79, 69, 15 ng/mL. & XL HABRIERE , KR
i, miiE . AR FBTAGIN, FLICTH Ll A o5 SR 00 A, 3 Pk 3 A 24 5% 1 104 [m] i FRskAG )
KEA: B BT BALS s ZEA; AR, A, KRGk

Detection of pesticide residues in vegetables by smartphone
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ABSTRACT: Objective To establish a fast and simultaneous detection method of 3 pesticide residues in
vegetables by smartphones based on visual protein chip method. Methods The prepared microporous plate chip was
successively added with 50 pL standard working solution and 50 pL corresponding nano silver labeled antibody, and
reacted at 37 °C and 600 r/min for 15 min. Then 50 pL color rendering solution was added for color rendering and
photos were taken with a smartphone. Photoshop software was used to invert the image, and then genpix software
was used to extract the gray value on the array points for analysis. Results The quantitative detection ranges of
carbendazim, chlorothalonil and carbobicarb were 3—243 ng/mL, 3-243 ng/mL, and 0.5-8 ng/mL, respectively. The
correlation coefficient r>0.99, and the cross reaction rates of the 3 groups were all less than 1%. When 4 kinds of
standard substances with different concentrations were added to different kinds of blank vegetables, the detection

results had high accuracy and repeatability. The recoveries were 84.0%—118.0%, and the coefficients of variation
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were all less than 10% (n=3). The limits of detection were 79, 69 and 15 ng/mL, respectively. Conclusion This

method has the advantages of simple operation, low detection limit, high throughput, simultaneous detection of

multiple indicators, and no need of professional testing equipment. It is suitable for simultaneous rapid detection of

pesticide residues in vegetables.
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®1 ZHER. BEE. RERBRHXXREE

Table 1 Cross-reaction rate of carbendazim, chlorothalonil and

carbofuran
Rt EATDIEIRE ER RGNS LAY (RIRES
ZHWR 100% <1% <1%
HIA <1% 100% <1%
LiAE: ) <1% <1% 100%

24 REMER

K EE G Z R | E B A E BRI A
PR TR G B P PR RIS I B BT 4~8 °CoKA o 4334 JA ok
FT—RFE LS, FRBEE 0. 3 ng/mL FRuE S TEAE Yt
A EHAT RN, SEREOR 12 HEEER . ARG M
BB TE S R B AR R R — B, 2 R
75%~85%, I N 70%~80%F 5L B K 30%~40%( /&
3) WHZE R . BRGNP FIRRE 5
eI R B R E .



5510 19 Wil, A B RETHUAL I BESE b 2 R 255 4139
100 - FaEMEEE &= 2%E)
M N R ; : i oy POEFERRIMIE KR BRI

S 60 b LB /(ng/mL)  /(ng/mL) 1% W2%/%
ﬁ- 0 28 8.3
&£ 40 | - .
S ® 43t sttt
20 + . 500 462 86.8 6.1
*ZHRA WEHEW CHER i
0 . . . . . . . 2500 2601 102.9 7.1
0 2 4 6 8 10 12 14
JA%K 5000 5361 106.7 4.2
B3 ZHR . A SR bR A Sk 1R P (n=3) 0 36 - 31
Fig.3 Stability of carbendazim, chlorothalonil and carbofuran
antigens and standards (n=3) e 300 325 9738 31
2500 2532 99.8 3.1
2.5 BRSEFEAINFREIER AN E
B 5000 5662 112.5 5.6
H A DL by p A v 2, G I AN ) o 2K 2 S A o I
FRIECR . SRR T 5 M B T, 3 P A 0 ! ] +3
£0,33% - 1% 56 F 5 (high performance liquid chromatography 500 526 95.0 2.6
R €[
/\ \/»\ 3 FJJ

-mass spectrometry, HPLC-MS)JEIEA & A& 2558 B4 . T 4 i 2500 2813 1105 58

AR RAEA, FERFEATR 4 4, Horb 1 B/ BIHEXS

B, HLAk 2 T R BE FEEATRRVE S 500, 2500, 0000 e sz 39

5000 ng/mL, 5 BAIIFRASE S 50, 100, 250 ng/mL. 0 43 - 48

ISR I 2. i 2 T HIZESEREA TP 2 B R AR w0 sel 1e  8a

W K Ry 87.4%~114.5%, F W W B0 bR g R A VI

86.8%~116.0%, ¥ 1 ELHIINFR [y 84.0%~118.0%, H. 2200 2613 1028 81

AL AR XS AR I A 22 5B /N T 10%(n=3), FF 5K 25K 5000 5843 116.0 3.8

0 3 - 3.9
F 2 BREHEARMEREWE BN RERE (=3)
Table 2 Spiked recoveries and relative standard deviations of 50 45 84.0 76
vegetables (n=3) A
e NN S . 100 97 94.0 6.8
oy DORPEA MO IR kR HIXTERE
0 20 - 6.3 0 5 ) 35
500 482 92.4 5.6
Al 50 64 118.0 3.4
2500 2689 106.8 3.1 e
5000 5743 114.5 59 100 109 104.0 5.2
0 41 _ 85 250 268 105.2 5.6
- 500 493 90.4 7.4 SHA 0 1 . 6.4
2500 2478 97.5 8.2 50 66 110.0 16
ZHR 5000 5447 108.1 5.6 E[3
0 35 ) 6.4 100 123 112.0 7.9
s 500 51 95.2 3.6 250 228 6.8 5.9
- 2500 2281 89.8 4.9
0 3 - 4.2
5000 5231 103.9 5.9
0 25 - 4.2 50 45 84.0 7.1
[iE )
—_— 500 462 87.4 73 100 . 85.0 56
2500 2458 97.3 2.9
250 243 96.0 4.9

5000 5271 104.9 59




4140

1 i 2 A iR AR I

1l LERVES

2.6 HEAREHRAVE

XF 20 A BITEGESEREASEA TR, ARk 20 ANFHPERE AR
FIRI S50 | 3 REAn R 22 TSR S A DU BR, 2104
RGBSR 79 ng/mL, AEIE R 69 ng/mL, 7 HEN
15 ng/mL, i /& FE S0 5% 2 4% B B kR o I 223K
2.7 SEBREEARRIE

o AT 0 B AL A SR T 1Y 40 AN BESeAEAR E
AR, A6r I 45 S35 A Hh ) RN 1 5k P PR 200K

3 #it5itie

$ﬁ%@ﬁ7%?ﬁ%%ﬁﬁﬂ%éﬁﬁ% K H
B RET-HLA G Hh 2 A 255k B R b A ) .l piefe

T AEPURPUARE, TTH 3 FZE A % pEiava
ek, AR ERPEZER . ARG . EBNR
L1 TS e S = E = O S| A 1 [ e o
84.0%~118.0% M, FHXTFRUEMZEII/NTF 10%. Jrikike
FRA>5I M ZH R 79 ng/mL. A HIE 69 ng/mL., % HE
15 ng/mL. FHEEST 15 76 0 FH 2 b 45 R 7 A B S8
i RO, G I 25 SR 357 A e o ) R R 1) B PR K

ﬂﬂ%ﬁﬁﬁﬁ%ﬂﬁﬁ@ﬁﬁ\mwwﬁﬁ\ﬁ&ﬁﬁ
SRR Z AR IR G, FLF A RE T-HLEN T SE B e

i, %*%ﬁ%hwuﬁﬁmm,ﬁ?wﬁﬁ%¢zﬁﬂ
2 5% BRI AR DA R A 0 A AT ARG A 7l ) e R RS B LY
=9V

EE P

[1] CHORMEY DS, DURAK BY, BAKIRDERE S. Determination of
pyridaphenthion in aqueous and food samples by reverse phase high
performance liquid chromatography (HPLC) after quechers extraction and
degradation studies under ultraviolet (UV) radiation [J]. Anal Lett, 2021,
54(4): 637-645.

[2] ®EE, TkiEwe, 28k, 45 RIEGEHSETR 15 R PLEiR 2 sk

[7]. B ST, 2019, 40(16): 113-118.
ZHAO L, ZHANG YY, LI Y, et al. Simultaneous determination of 15
organophosphorus pesticide residues in vegetables [J]. Food Res Dev,
2019, 40(16): 113-118.
[31 HE ZY, XU YP, ZHANG YW, et al. On the use of in-source

fragmentation in ultra high-performance liquid chromatography
-electrospray ionization-high-resolution mass spectrometry for pesticide
residue analysis [J]. J Agric Food Chem, 2019, 67: 10800—10812.

[4] MAO XJ, YAN AP, WAN YQ, et al. Dispersive solid-phase extraction
using microporous sorbent uio-66 coupled to gas chromatography-tandem
mass spectrometry: A quechers-type method for the determination of
organophosphorus pesticide residues in edible vegetable oils without
matrix interferenceagric [J]. Food Chem, 2019, 67: 1760—1770.

[S] MAESTRONI B, ALNASER AA, GHANEM I, et al. Validation of an
analytical method for the determination of pesticide residues in vine leaves

by GC-MS/MS [J]. J Agric Food Chem, 2018, 66: 6421-6430.

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

XIE Y, KOU Q M, SUN Q, et al. Development and validation of an
immunochromatography test strip for rapid detection of pyrimethanil
residues [J]. Food and Agric Immuno, 2020, 31: 393-405.

KONDO M, TSUZUKI K, HAMADA H, et al. Development of an
enzyme-linked immunosorbent assay (ELISA) for residue analysis of the
fungicide azoxystrobin in agricultural products [J]. J Agric Food Chem,
2012, 60: 904-911.

VASYLIEVA N, AHN KC, BARNYCH B, et al. Development of an
immunoassay for the detection of the phenylpyrazole insecticide fipronil
[J]. Environ Sci Technol, 2015, 49: 10038—10047.

CAO Z, ZHAO HW, CUI YL, et al. Development of a sensitive
monoclonal antibody-based enzyme linked immunosorbent assay for the
analysis of paclobutrazol residue in wheat kernel [J]. J Agric Food Chem,
2014, 62: 1826-1831.

SHIM JY, KIM YA, LEE YT, et al. Monoclonal antibody-based

enzyme-linked immunosorbent assays for the organophosphorus
insecticide o-ethyl o-4-nitrophenyl phenylphosphonothioate (EPN) [J]. J
Agric Food Chem, 2010, 58: 5241-5247.

B, EXCT, MR, AF TRFEERAE 10 Rl 25 2R P
LI, SirikaE, 2019, 47(11): 1759-1766.

ZHAO Y, WANG SJ, LIU Y, et al. Immunochip assay for multi-residue

RIS

rapid detection of ten kinds of common pesticides [J]. Chin J Anal Chem,
2019, 47(11): 1759-1766.
DUFORD DA, XI YQ, SALIN ED. Enzyme inhibition-based
determination of pesticide residues in vegetable and soil in centrifugal
microfluidic devices [J]. Anal Chem, 2013, 85: 7834-7841.

TR SET RGN BB SACL R B PO AT 0], Al BiAR
$4%, 2019, 357(9): 28-29, 31.

DING ZF. Rapid detection of pesticide residues in vegetables based on
enzyme inhibitory method [J]. Agric Technol Equip, 2019, 357(9): 28-29,
31.

R, BREESE, AT, AR T ARER PRGN ¥ B OB s
. s R, 2017, 38(12): 292-297.

YE M, SHAO JM, YANG P, et al. Fabriction and application of
centrifugal microfludic chip for rapid detection of pesticide residues [J].
Food Sci, 2017, 38(12): 292-297.

LI ZM, LI ZH, ZHAO DY, et al. Smartphone-based visualized microarray
detection for multiplexed harmful substances in milk [J]. Biosens
Bioelectron, 2017, 87(15): 874-880.

CHU SY, WANG HQ, LING X, et al. A portable smartphone platform
using a ratiometric fluorescent paper strip for visual quantitative sensing
[J]. Appl Mater Interfaces, 2020, 12: 12962—-12971.

XIAO M, LIU ZG, XU NX, et al. A smartphone-based sensing system for
on-site quantitation of multiple heavy metal ions using fluorescent carbon
nanodots based microarrays [J]. ACS Sens, 2020, 5: 870—878.
CAPOFERRI D, ALVAREZ-DIDUK R, CARLO MD, et al
Electrochromic  molecular sensor for visual and
smartphone-based detections [J]. Anal Chem, 2018, 90: 5850—5856.

KOOHKAN R, KAYKHAII M, SASANI M, et al. Fabrication of a

imprinting

smartphone-based spectrophotometer and its application in monitoring
concentrations of organic dyes [J]. ACS Omega, 2020, 5: 31450—31455.
SENA-TORRALBA A, ALVAREZ-DIDUK R, PAROLO C, et al.

Paper-based electrophoretic bioassay: Biosensing in whole blood



%510 4 Db, 45 B RETHUGIGESE th Z Rk 255k B 4141

operating via smartphone [J]. Anal Chem, 2021, 93: 3112-3121. detection [J]. Anal Chem, 2017, 89: 11219-11226.
[21] CHU SY, WANG HQ, DU YX, et al. Portable smartphone platform (ﬁ’f{‘?ﬁ]ﬁ:{i I ﬁ)}i)
integrated with a nanoprobe-based fluorescent paper strip: Visual
o Lo . . e
monitoring of glutathione in human serum for health prognosis [J]. Sustain 115 % i) fl\
Chem Eng, 2020, 8: 8175-8183.
[22] XIA YQ, CHEN YZ, TANG YM, et al. Smartphone-based point-of-care SHIERR, TEHRSEATRZSR,
microfluidic platform fabricated with a zno nanorod template for E-mail: 949400966@qq.com

colorimetric virus detection [J]. ACS Sens, 2019, 4: 3298-3307.

[23] ZENG XL, HU J, ZHANG M, et al. Visual detection of fluoride anions
using mixed lanthanide metal-organic frameworks with a smartphone [J].
Anal Chem, 2020, 92: 2097-2102.

[24] CHEN WL, YU H, SUN F, et al. Mobile platform for multiplexed

FEE, L, #In, TEMRAEAE
SREMNRARERRRERNPIEA.
E-mail: lizhoumin@126.com

detection and differentiation of disease-specific nucleic acid sequences,

using microfluidic loopmediated isothermal amplification and smartphone



