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I MM5EE

1.1 #HE5uEF

SRR A FREBRER G REE( polymeth-
vlmethacrylate , PMMA) $8%4,0.5 mm.4.0 mm FRf[E
EAAE, T AMEES R EHR AR A -

Wl HEE . NE K. S0, fRER, IRBBEER
POEVIR D NaOH, I B ESH HEEML T BRE R
Bl BEZR, WEEEMAE, WE K. HARRE
MR FIE, BN X BEYHEERAE -

8] = M3 R A B MREX 8.0 g NaOH, B F25 mlL
FEKP,FE2RAE.MA 08107 g AIE=KF
NER . REEBISOnL BERPES  BEEH-
1.2 (UEBE51RE

YoungLaser-V12 B Z F LIRS A BEZINL, 75
MHBESRBARBRAGE, DV RIBRBREFAE( -
86 C) , BREMETT 18] Scientz-N BEZ 8K F
B, TIRMZEYEARRMDBR QS FA 1604 B
FXE, EBBRKBER 2L Milli-Q E*Wﬁ%’:*ﬁ
(18 M) , 2= F Millipore 23 5]; U2900 B 4h 2] I
AAXET, BUSHERALE-

L3 SKE5E
1.3.1  f&MRIE

RIEDHAAERE,  AREEREFRGTSEE=
EEHRESRMEEMBLBLEY, TUEEENM
R E N EMTE 470 nm SERYIREE R E & 5 A
Bag". FE, RENESKREENXTZMIR
fERBRH , WEKEBRMBARPSHE FEMRIZERN
BEERefEasy, rlaEE B RMIRERNNXLENE
410 nmLMIR X EREESHINEKSED; RIB
B B RRIERNA T ZEREIREH,50, BT KE
ERMNTREBEEFR _NAEFEEATREF,
TiEFAFEAILTIERERRESY, sTEEIX L
MIE 410 nm AR AEREE ST S0, FE™.
1.3.2 SRR 5HIE

WME 1A R, RKRBEMZTHHBRERMRRESH
HIBEREMN,BRFEFE 48 mn, BRBEE. K
WA RRHEE 0.5.4.0.0.5 mm B PMMA BEF . B
MRS B A BEE L #E X fERK 480X
i ERX GBS FEF LA B 1-8) ,E':F',
X AR R X B R X AR R 59 Al 9 360
100100120 L.

ARG 855, A SolidWorks 3R 4
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wRER EBEEERMRRERRE, HF—XMKEE
R MiRER R -

1SG A B EL: 2R 3B 4 FRRE AR I B,
Ah-FREIKAEME; 4050, KM ; 53R 7; 6 R X
TSRS L 8L
RIESAZHERTEE(A)
FEmEHRBE( B)

Fig.1  Three-dimensional strueture schematie diagram of

B1 B

[an—shaped microfluidic chip ( A) and schematic

diagram of plane structure ( B)
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1B RS AR 4a.4b.de FHORIA 3 pL
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WA A0 L B BERREE LR D, 5
AT &, WWEKF SO, BYRER N, £ B {IRR
TZ/E-80 CTFHUA 30 min, ZEETEE S ETIEN
MISERT B2 h, RIGMAF M MIAF O RURIESR -
1.3.4 BT 6 #E 0 MUR IR &M

EHEARCRIZRNANE 2-A FiR, HERAR
BEABARMRER GEERLK( BORR) FHHEL
BERR(E 2-B) . HA,KBEEMRRE LED X
R BN R N 2R LA AN TR R R B IE AL
FiSsh. MAR,RERAFTNRRIESH ¥, —
EREEEMNELL, LED XBES5EH LB ERN
S XN, BT R BRNEFIERES, BE2EH
EAEER, SRR X B EE-
1.3.5 RIRBYIRE

MAESHNESKIEIESEMSHIRFEETT
BETTEMNMNES £ AMKUMEREAESHR A
EREOAE R Pl IR R . WA 3 R, ARG
RRMAHEEX(ZR 1) BT ETE MRS
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Fig.2  Appcarance of portable microfluidic tachymeter (( A)

and schematic diagram of the system composition ( B)
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Fig.3 Fluid<riven process on microfluidic chips

1.3.6 RMmDZE

FHEE X E K. SO, BFISKHIRE 5 5EE 5.5,
I mg/L, CAZRDOYD 2 [ B 18] 7 #8 AR 4R, R X B2 0 4\ A
o420 3 MRV R el DF ML, ERNNZFE
B4k £ RIS E I (8] 0 R0 AE A 8] -
1.3.7 RB{EE
1.3.7.1  tRAEH LAY

ARRANEREM R E. WEIK. S0, FRi#
TREER, ARIYIRE D ERIR, R E 4
%, (£ A Origin 9.0 BREFHFITERMELN S 47, 425 3 M
ARINMIBIAR B 2, FHERTE 3 MR & MHEE,
PA 12 REBSLRMFERY 3 & 45 E = ( standard
deviation, SD) SE R MY EH &R REIELEF R
MR
1.3.7.2  miREUSEIR

ATERFEFEWEREY, #ITMRLEKSEE . B

oA S5iei

K= RBIBAMERF RE R, RN 3 MR —HEE.
WEK SO, HRERRESHIZE 5.10.20 mg/L, 4
IFREM 6 MNEESLR, RAMRESHRRARNTE
SHMIRE- T8 3 MR 6 XNEREL
RN EMITERE UEDKRR. BN ERE
( relative standard deviation, RSD) fE W EER LR K HEME
EFBEERE-

2 HFREDH

2.1 DA ST RATRRE

BETFRAERNREE, SRENXRERAE
KIENAZEMNERERAMNEN, RIBAMBILRE
BB ETUERESKNRSE, 5 —FHm, 8
AXBERSTEAMHAENRFEEED. &
SEEENRHE . SAMHEEURIAFIEEE,
ERERBEE. KRS FAEE 0.5.4.0.0.5 mm
B PMMA B R . RIEZSEGRNIENEE, EHRE
oA BT “HHEX—ERE—RNX "R RS
9, EL AR X JEE EB B 7 46 MK U, %% X A4 M X
Z B LA BB E R, ZBEED “EMER HER.
M- TRBIATSRESZREBEETH, FH
W TE R 8 18 R (8] A0 3K R 454

BT T B ORR I BESE T5 [0 B 3 1 K/ R 18
BERGRE, NE 4-A FiR, & A EEE N 360 pl
B, SR AEMNEEXK, 3D RRL TR E
(600~1 000 r/min, #ETE) EITREH, FIEREFE
D3 HEREMEX,BLERE “ERER" .M
ERNGFERISHEBERBEX(E 4-B); HEL0E
RAETF &R KT 1300 r/min, A ) BITIRSE,
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X (& 4-C) .
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EEBLRE(C) BEBOIKE

Fig.4 Microfluidic chips under different states ( A)
sampling state ( B) low velocity centrifugal state { C)

high velocity centrifugal state
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KEEN, RAEIERR 90 s RAZ S AE, AR
NEgA7T,90 s FIRAEEZIM TREER WaK
(5 mg/L) MIREELERISE, R 30 s FATFRE
AR SO 1 mg/L) MIRAEER R 60 s B EIAR{Z K
B, Z2EREFBENRERS. B8EEIMINMYR
NRIEh NFE L, HFRETAERIEEEEMNERE,
HAE & E RS MET 8] J9 60~90 s.
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Fig.5 Reaction kinetics curves of three

additives in microfluidie chips
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2.3.1 AREERRZAIESL

6 BARTHRURIEC A B 3 MRN8 45 Bl
£, EE . NEK. S0, FIRTER I R 7 51520.998 7.
0.999 4.0.999 1, U SERF, TRATHRMVNER
ik el
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Fig.6 Standard curves of three kinds of

additives in microfluidie chips

B NEKHEHEEREE, 755 0.5~50 mg/L.
1~50 mg/1.,80, B9 HESEE H 0.5~ 30 mg/L, BE05 5
EHERNEE.
2.3.2 INREIUESEEE

=1 TRURETS R LRINFRE WSS, Fril
18 3 MRS E WRTE 92.38% ~ 107.98% , $B 34 4R
ERERT 4%, RIPERESH RAREBWE
BEERE, AL, EEXMERESRRZAT AR
BEITKFE R RMNPIBBRIE  ERRAE .

1 MRESH EMIRDRER

Table 1 Recoveries from spiked sample in
microfluidic chips
R0 WME/ EANE(E=SD) ) EigE/ RSD/
(mg=1") (mg- L") G % n==6)
5 4.62+0,17 92.38 3.62
=28 3 10 10.80+£0.43 107.98 3.98
20 20.81£0.42 104.05 2.03
5 5.37+0.06 107.41 1.07
WE K 10 10.37£0.59 103.70 5.70
20 20.80£0.31 103.98 1.49
5 4.93+0.16 98.68 3.19
80, 10 10.66+0.08 106.61 0.78
20 20.26+0.45 101.29 2.22

2.3.3 FEiEMEE

R ARIE R 75 7% — AR R A3 B9 =2 1R A A8 0 st 571
EEED AR ENERIR LG ERMRE
SHESEEARNREEMNR. AR2 SJUEH, W
EEfE e bR AL N 5 0% , RUR RIS A BT B A 571
mME@ESH £, TRUBEHEE, BNEFEEM
SERBAMEMITRE, BIEREE. —REBFMRED
FeTCARIB A2 3 FpEE AR, $€ AT B 29 D & R RE AL
MEy 174, WAKIES TN E, 4558 7 420 6 j8);
BHARBEN RERPRIENN 1/4, AT BELH HE
SR ME) 1/8, ERBESEFRNBESAALE
R :CER

R*2 WRERASEGHRERNTI AN

Table 2 Comparison between microfluidics and traditional rapid detection methods

A& L%l BRIFSIR opllpve

A i B 8] /

PEAHE RHGER PR/ mg + L)

BE/. MR, BE  WEk S0,
MRS T mHE  SXeAEE N ,

ERS AR TR maeeck e 3 MRS 120 #=10 b3 04 L
e SR

IR -4 InE g7 | FIEIT 15~20 500 80 0.2 0.2 0.2
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HE&R, BN S B oh 58 A B AN N i F2) (2) 425
MER, FRETLAREHE M 3 FRIE4R, 16 B 8{R H
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ASRYPMMA A HEM S E, SHEBE.
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B —RAHRNENER, RSENESE
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RAKE WEVBUR B I 7 8RIER N, 7=k N A
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Development of microfluidic chip system for simultaneously rapid detection of

formaldehyde, hydrogen peroxide and sulfur dioxide in aquatic products

ZHOU Xinli" , SHEN Bingyang', KONG Bing’, GAO Lijuan®,

FENG Luolan®, WANG Zhenhua

£ » YE Jiamingz'?’*

I{ School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

2( Analysis and Testing Center, Yangtze Delta Region Institute of Tsinghua University, Jiaxing 314006, China)

3( Cooperation Center lor Applicalion Technology, China National Center [or Food Salety Risk Assessment, Jiaxing 314006, China)

ABSTRACT Based on microfluidic technology and spectrophotomeltry, a microfluidic chip system for rapid detection

of formaldehyde, hyvdrogen peroxide, and sulfur dioxide in aquatic products was developed. This disposable fan—

shaped microfluidic chip was integrated with sampling, color reaction, and detection chamber. Each chip could detect

3 indexes such as formaldehyde, hydrogen peroxide, and sulfur dioxide at the same time. The results showed that the

microfluidic chip system could accurately detect formaldehyde, hydrogen peroxide, and sulfur dioxide in aquatic prod-

ucts in 5 minutes with detection limits of 0.3 mg/l., 0.4 mg/L, and 0.2 mg/l., respectively. The recovery rate was

92.389%—107.98% , and the relalive standard deviation was less than 4%. The microfluidic chip system can realize on-

site, rapid, automatic, and high throughput detection of formaldehyde, hydrogen peroxide and sulfur dioxide in aquat-

ic products, which is suitable for unprofessional individuals to screen the products, showing a great potential of apply—

ing microfluidic chip in rapid detection for foods.
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