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Abstract; Food safety issues have frequently occurred worldwide, which are mainly resulted from all kinds of food
contaminants. Up till now, during the practical applications, the quantitative detection of food contaminants has tradi-
tionally relied on sophisticated instruments such as liquid chromatography, gas chromatography, ion chromatography,
mass spectrometry or combinations of these techniques. They can achieve high detection accuracy and stability. How-
ever, these methods are costly and time-consuming, have complicated operation, and use large equipment, making
the on-site and rapid screening of a large number of samples difficult. Thus, to ensure the foods in a safe level, re-
searchers are dedicated to develope sensitive and rapid analytical methods for the detection of food contaminants. Pa-
per-based microfluidic chips ( wPADs) is a micro-laboratory analytical system that miniaturize biochemical reactions
using paper as the main substrate. In recent years, the technology of wPADs has undergone rapid development and
provides a feasible, low-cost alternative to traditional rapid tests for detecting harmful compounds. In fact, wPADs
were developed rapidly in chip design and functional integration, and widely used to ensure food safety due to the ad-
vantages of low cost, small sample size and portability, which have unique potential in rapid detection. Using paper as
an inert analytical support, the capillary action of paper allows the solution to flow without external tools, eliminating
the need for external pumping for paper sensors and thus limiting the cost of more sophisticated microfluidic devices.
Compared to other detection methods, fluorescence-based wPADs have the advantages of good selectivity and high
sensitivity, which can quickly and accurately determine the target and meet the needs of on-site detection, providing
an ideal solution for food detection. They show great promise in different practical applications and are capable of de-
termining various contaminants in food, including pathogenic microorganisms ( Escherichia coli, Staphylococcus au-
reus, Salmonella, Listeria monocytogenes and Vibrio parahaemolyticus) , harmful chemicals ( pesticides, Sudan red

dye, nitrites, formaldehyde and antibiotics) and heavy metal ions (Pb, Cd, Hg, As and Cr). This study introduces
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the basic concepts of wWPADs, including the advantages of paper as a substrate as well as the characteristics of two-di-

mensional and three-dimensional chips, and focuses on the fluorescence detection principle and its application in the

field of food detection. The results of this study will contribute to the development and application of more novel

wPADs based on fluorescence analytical methods and provide a reference for the development of accurate and sensitive

on-site detection methods for food contaminants.
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Table 1 Detection principles of different testing methods and their advantages and disadvantages
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Fig. 1 A paper-based analytical device integrated
with a dual-state emissive chalcone probe
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RSG5 R ™ EN EH AR . Pang
SR IR R AR IR DS (LAMP) BERTF R T —
b A W R I R RESEUE ( PDMS ) /4RIR & T 45508
H(SPH ), BA R IAG TN 8 AFE 5L I RE T, 9%
N TAES LAMP ANREEAT Z H A A 2 . 43
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S fele R s B0 2, 7 Tk A o M ) R R G SR 4 R
WALTEN Y, Zuo S IF & T —FhH TR JEIA
K (4 — 2 2 Dy Re e ek W 7 vk, i kA A
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Fig. 2 Design and structure of a detection
chip for Listeria monocytogenes
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WPAD FH A 2,4-D, 450 FEMH % wPAD X} #

JNEE & 2, 4-D B9 K DU S [l 0. 51 ~ 80. 00
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U (A FL 3244, T DUE RS0 TR B R K
9, PFO/CMCs-g-PPDO #EF X 7577 T HA
RN N R R AR (BT b
R RS ) Tk,

323 LB

AR B A R, T B 1R RUE A
DL RAN I RGP A, 6 R h RE A% 5 A Jrie R
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REEHEA WPAD HIRE DGR, Rt
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min B AT K 0 58 Ak, R BRE 43 50 R 0.47,0.48 FiI
0.34 ng/mL, I SEIK ™ b e A 22 0% [R] s AT 400
A, vy 7z T B R 2 BRI, Wang
SRR T R I RE S TE R AW
(MIP) ¥ A5 48 (MIP-CP ) f& J | 12 4R A% Jaeatie X iy
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4@ - HUHESE (MOFs ) R AR e M b i
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FF MOF 1 5¢ S A% 8% 25 1 I F 4 i A= 3.
Zhang % R MO A BT 8 (D) - = RE 4
JEAHE S (Zn-BTC) , IR E (TC) KW 5
Zn-BTC 454 W43 7= A= e e 1y o, A FH 3 A 14 i vf
X4 TC 5 HAbS AR, H Zn-BTC 7405 35 1
LT AEPEAR ok A IR 48 F, n] T AT AL R
I, KM B A 24 nmol/L, ZAUHh, Jia 261 HRIE T
—FPIE T RIRGUK iR S 2 A 1 2 a5
RASG KA i FH 4G I 2 1% e 2 o i TC 7%
LS TS A Y EA BRI L 06 R T, TC
Al A B B- R 25 5 A B IR AR A C
B (Eu-TC) , TC M EEHMNE S 3 & rho i i 1 g it
A SE I RN (AR) " A &L 3 45 Eu® | IS
i B’ RRIEZEOE,, 2 AL AR 1T #E 0.025 ~20.000
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R0 B O F v 5 T AH 3 - 3 v . Yue 2507
DL ALCID) &)@ A ALE 2R (AL-MOF) 42K Fr ok 5¢
TEHRED , K B & — R R K RS CIR AL, i 9 g
SOV DN A L R R, AR A T 2 S A DU A B
MR P98 'R, ) FH T 2 5 i ek e ) R H
FASI bR %4 88.14% ~ 126.21% , A X 5
WM 2.85% ~8.13%

33 KNESESEF

4 8 15 Y L XA — A PR LA OK 7R R
P22 B — e 5 Y AR B S AR P T A
AP S B A JRORE AT BT B i R
W, fE4 FE &)@, #f (Pb) 4 (Cd) . R
(Hg) [68] \ﬁﬂa( AS) [69-70] ﬁ%( CI‘) [71-72] %X‘TA'MKE‘
AmEERE, mEEEENE D BRAE R,
St U P R T S B RE ENEERS Ol
AP R At £ R 1) R B o R A
T ABAREE 5 38 i A B AR K AE AR N &
LT AR ] A A ) B 4 R S A R B, 7K
Jt wPADs FJ 43y S E A DU AN 22 EEAG I
3.3.1 FEha

BT ARG BARSE DO X H 4 B i
T —FE SR, BT SR 4 i — 2
2D B, WA 3D 4UE LR E 2 YO TR
H HT AR B9 R KR, RIERET 2k
TEHPRYE 48 B AR T Sl ok B O
TCHIPIIT, Guo 57 R T — Fh 4 20 BR & Ak
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EX 5 POCAEEROR A e A s b A R 7

1k MoS, 1 1. ( B-MoS, ) 7 E 4R AL I A% , B-MoS,
PENCAE He™ fA7E T Al K, X e T He™ 2
T O EENR 1) 4 SR AL A SOV, TE A 6
HHLRYIB, SR EAMKZE 10 nmol/L )
Hg™ B, KSR RETE 28 MR B0 A AR K A,

Thepmanee 57" JF & T —FhHi 5L T /8 B i
CdTe( MSA-CdTe ) Tt ¥ s #5 25 7 18] 4% 5L 1 25 ]
FAGI KL AgER S A BAEAERT, Cd AT &L
HIEE As 54, i FIE T AR E As, IS
HEOEHEK . RGERRIIFE N 0.016 me/L, {HZETFH
B 7 — TR WA QR (T LS ST Hg™
I PL> SO ) AR 4R 4% b e A 4G It 4K 4% 10 iy
T, BEIRTELC S a AU MSA-CdTe 1 &5 % 31X
SEECF T, Lin 277 45 G Cu 90K 5% (&
TR 14.6% ) H MSA-CdTe T2~ 25 K6 ) B 5 %
(92.96 nmol/L) , AT SZEL L 7K H As (TIT) A9 AT 41
BRG], Yang 257 il 1 2 — e VU 212 (EDTA ) £
1 — LK B A B T B BRI B O EUR
It CDs, ZEMIA Cr( V1) J& CDs ZAZOETK il
FRA 10 pmol/L, i M4 1Y CDs 7K 15 W A i€ 4K
T AR TR A LD AR AR IR S AT A A A DU
X FS2 BRI 55, 1% wPADs AR PR 2> o H:
BB, CDs PREF 1A I PR B 3 1 3k AN B SE PR K
Bezuneh 257 4 T MIXT T P2 N 22% 19 N A
S B AR W A9 A S5 M B F L (N/S-GQDs ) , Cr
( VD) BRI 2 5 T H X N/S-GQDs 96 & it 5t
SRR R BAONE , X RS0 S P IE 8O 5 R 1 o B L
PEERAEARIE AL AT Co (VD) R, KR 7 0.4
pmol/ L, X A S AL A vl FHF Cr( V1) I 23% |
[ €27y ol I I 0 Y SR S S S P R BT 53
A& e % wPADs, % BiE %% wPADs B JE T CdTe
TR B ED IR SR AT RN 3 AR, 7T LA
XF Cr( VD) 47 4 4, B2 ER AL 3 A P17
SEEE Cr( VD) B2 B 5E , LoD MK 0.26 wg/L™
BEAR R HZEEH K S FE | 875 2 T2 G HE 2 1
WP ADs , FIl I HAE K 585 1) BE B8 I L 4 i 25 1 1)
e

“TFIE " BUDOCARAG IRAR 2 I AT R ) 8 4
JEE TR, B OCHIR E siR , Panil 2% %t
T T IR EEEEAL S P (RDV) 845 19« JF
7R B AAL RS . RDV 84 #9 LOD Bk =
136 nmol/L, il & i i 4RAL I8 o] FH T 3L Bk A Hp
10x107° 7K F He™ Ay A
3.3.2 &40

R AU s g = R At el ] B =

T PRSI ) R A2 BT R, AR A
BRI DGR EN Hh & S B 2 Fh i 4 I8 15 1 I
BRI, Liu 26050 B2l 4 7 —Fhor R g 4 )8
FHHLEERE (MOG ) ¢ 614K, 18 1 28 A Fl o #r
Z (AR BB R AL RS R 56 85 BT,
IMXF Cr( VL) Fl Fe( T) #4738, Rl BR 435311 4y 24
nmol/L Fl 1.2 pmol/L, Qin £ & I4E R HLiE I
AR R BEFR R E SR IOE T S i EZRIE, AT
FHEFHER AR NI 1 A K96, 45F Mn B4+
ZnS(Mn:ZnS) & F 55 AT 80, 44 2 H ] 2 Ol 4K
LR T ARFE M A 5 5T SO S B A I %) T
P, % cd™  Hg™ FlPh™ ARG B 4 ik 2 161,
0.01 1 0.02 nmol/L, Patir 2%/ DL JR Z #l EDTA
S HT IR A G R B AR 0 I A 1B 4 B
(NCDs) , & Fro %N 11.26%, 18 it %% “ ON-
OFF-ON” i f2 SZ ¥0 Hg™ Al Cu™ HY £ B A I, 7E
Hg™ Fl/ 8¢ Cu™ BIAFEFE R, NCD M9 e i K, 4
PUIR MR AELERT , He™ VR K B9 MK &2, hi e A
FEBETR = A LR, Cu™ K 2 ik 2, A
M X4 He® F1 Cu™ , M) % R B D & T —Fh
%38 NCDs , HUIR Il R 147 168 R — 44 1 wPADs,
Hg™ Al Cu™ (AR FR#B R 50 pumol /L, 35 At {4t
AR E &8 8 1, mn H S E SR 3 T
FESEVESE A RETT, Yuan 5% & T —FhfRi i £
A 9 AR AR AR, T R BRI Ph (1) |
Hg( 1) .Cd( 1) A1 As( I )4 FhE 4R,
TR LR AT LIAR 25 5 S I sk 31 & LA
TE 2 Bt ek £ 2 i A 18, DR b 30 T 3 el i 3
USRS E SR S T2 EAN, ILE
AN A ) A B3 SR 4RI A T 3D
TR Y S AT LA P A 0 X2 BR AR R OE T
TILFEM , Zhou %" IKTLE 3D HEFE wPADs
B BT — Mo AL B T BN Ot ZnSe T
J(ZnSe QDs) , 3% i IE % B THAEAE db 1HE AN X
JE 52 ZnSe QDs ﬁi&@,%?&%ﬁ'ﬁﬁap{,/ﬂ;
MR H bR 8 F (Pb> 5 Cd™ ) A 7ERT, QDs I
AR IS BARE T 2 B & JE i Meisenheimer &
B R)E QDs IR E A OLREm S B AIZE S
Wb AT T Cd® A Ph> 1 e S P R 22 A
MATE T2 2 TEHE Y ZnSe & T AL 5 CdTe
T AN SRR TS Y AR, %
P ADs Xf Cd** AL LM RS 4 1~70 pe/L, LOD
$90.245 we/L, PH* (A £ M i R 5 [N 1~ 60
ne/L,LOD 4 0.335 wg/L, Wang %" {3t T
— P XG4T 3D-pwPAD , 8 i 3% T H 7 i A RN
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Yoy IRl B ST A AR B E
A FH 2 s A B 3 2 A 2K 8 A O X
SERUREE JE  MCRE KU R | a3 il DX AT DL 22 5%
TEWCOET 58 Cu™ \Cd* \Pb™ FIl Hg™ Y Z A
T 38 3 AR IRE B s 107 B 4 s 15 - P vk 3,
TER43 914 0.25,0.17,0.23 F10.36 pe/L,

4 & &

Gt T2 R, AT T & B
WPADs HEAT T T Z 6058, Bt T 2R &5 = AL
1 wWPADs, X268 DLAG 5K A JE AR il 11 wPADs, H
B2 m, - B wPADs B & 5 i A W &
& i 2D W%tk &N 7S SE B R # 8 1Y 3D-
wPADs, BERE AT 24 A i A AL R 0, I8 A 5 R
TRORE R RV LT 0y SR A B R B A
TOCHRE AR 4O b, SCB b I B A
), BAREEISINT .

1) 55 wPADs Xf HERY) I 7 vk 32 825k
W i Y I B AR IX, 28 0o e 4 3 3 A ARG X
B 5 A DX B A S CHRET AT SO, 38 2k 2R A
MDA TR eI POUE S b 45 1, =
o BRI A Y A A ) N R S e
faFE ML EERE, ERN—REoRHE
W A b B3k G LA A W B0 TR DA SR A 5
WZE R B AR 2 Tl & (5 SE 0 DA
YR Ry I R AL R KGE B R B B A, A5
WPADs JCANAMRAEIR | WA T B A A DX

2) wPADs X 350 Tk 2B A Y g A 3
B THELR RN S BURTEE S 1RO CRET
T BURE S N R IR, H AT 3SR T
AR TFIE BC AR M SR I8 2 S e S U (H T
PRFNIE ORI A% B 5 H 520 0% , il BE & S8 SR A
R TR & ELA A I 00 T TR I S 2T
YR ELE E S KR Ty, ARGFPTE R |
ARSI Tl e 0500 554 F A oS e 2 Y
T OURE & HIZE0 wPADs Al XA F W) k17
W, PR 2 4 (HRE S R I i A b 2E ) i
HBR I T BRI S5 F Nk R O AS R T & 22 6
PNCHREN . A B B 75 et 1 5 & A I 1Y)
FEIRBR R, 7E B A B I AR R A TS Y R
B, £5 Fh 2 SRR I 1o 56 w9k T & R R —
WEME SRS REZIOCRIN TES BT
ARSI R 2 2835 3 nmol/L 7K, {H—Fh 3 LR 5
oy xf Z AN AR A AR e N, 7 SR S B AR
AR BT IR AR T SEBRRE S 53T

I, BEOREAN [ A ot G I H ARy, 7 5 BT
DOCHRET LA RO P8 I8 | JT A B 48 PRk |
RIPATH IO pPADs,

3) TS e ) o A2 v ) 000N Fr A A 00 B
B BB ZEO R B , Al 4 = FE 3 PO LR B m 4K
e R B S PR A R AR (A R . A X T
sty A it T [ P i 55 Ak B R A A 5
B, Ak B — PR At R R B wP ADs A A%
R—ADT7 0], SR BL, 5T wPADs B 50K
WITIEAE T b2 2 B b B ) R ) A RS
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